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AIMS OF THE ARW:

The purpose of the workshop is the critical assessment of the current
developments and discussion of the future perspectives in the field of
utilization of natural microporous materials (zeolites, clays, oxides) for the
solution of problems related to the toxic and nuclear waste management, the
water pollution control and decontamination, the environmental catalysis
associated to the atmospheric pollution, the creation of new materials for
energy storage and agricultural management including the development of
artificial soils for plant growth in the space.
Of especial importance for this meeting will be the exchange of information
and know-how among specialists working in institutions of NATO and
Cooperation Partner countries aiming in the development of common strate-
gies for the solution of environmental problems and the promotion of the
further scientific and technological collaboration.
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Program of the ARW

Mo. 26th of October 1998:

Transportation - Registration - Arrangement of Accommodation in the Castle

12:30-14:00 Lunch

14:00-15:00 Opening - Introduction to the Scope and Aims of the Workshop

15:00-15:45 P. Komadel "Structure and chemical chracteristics of modified clays"

15:45-16:30 R. Schoonheydt "Al-pillared clays: chemistry and uses in environmental

technology"

16:30-17:00 Coffee Break

17:00-17:45 R. McCabe "The use of clays as sorbents and catalysts"

17:45-18:30 S. Boyd "Organic Contaminant Interactions with Native and Organo-Modified

Smectite Clays."

19:00 Welcome Reception

Tue.27^ of October 1998

09:00-09:45 T. Pinnavaia "Heavy metal ion (Hg2+) trapping by organofunctionalized

nanoporous molecular sieves ans porous clay heterostructures"

09:45-10:15 J. Breu "Atomistic computer modelling of chiral pillared clays"

10:15-10:45 Coffee break

10:45-11:30 C. Colella "Environmental applications of natural zeolites based on their ion-

exchange properties"

11:30-12:15 G. Manos "Catalysis at supercritical conditions using microporous catalysts:

environmental advantages"

12:15-13:00 L. Liberti "Application of Microporous Materials for Recovery of Nutrients from

Wastewaters"

13:00-14:30 Lunch



14:30-15:00 F. Sebesta "Preparation of granular forms of powdered materials for their

application in column packed beds"

15:00-15:45 F. Macasek "Sorption properties of the complexes and composites of natural

microporous materials'1

15:45-16:30 B. Fursenko "Environmental applications of Russian natural zeolites"

16:30-17:00 Coffee Break

17:00-17:30 D. Kirov "Natural zeolite fillers in the recycling of unsorted waste polymers"

17:30-18:00 P.Rajec "Sorption of metals on zeolites and bentonites"

18:00-19:00 Poster presentation

19:00 Dinner

We. 28* of October 1998

07:15-7:30 V. Sucha "Slovak natural microporous materials" - Introduction to the Field Trip

Field Trip to the bentonite deposits of Banska Stiavnica, Kremnica, Polana,

Javorie Regions

19:00 Dinner

Th. 29* of October 1998

09:00-09:45 P. Misaelides "Interaction of actinides with natural microporous materials"

09:45-10:30 D. Bish "Natural zeolites and nuclear-waste management: the case of Yucca

Mountain"

10:30-11:00 Coffee Break

11:00-11:45 W.H. Casey "A framework for reaction kinetics at the aqueous -oxide interface"

11:45-12:30 J. Navratil "New magnetic field-enhanced process for water treatment"

12:30-13:00 St. Gaydardjiev "Magnetically supported zeolite adsorbents for effluent

treatment"

13:00-14:30 Lunch

14:30-15:15 M. Johnson "Using magnetites to remediate heavy metal wastewaters from acid

mine drainage"

15:15-15:45 K. Matis "Goethite mineral as a sorbent for heavy metal ions"
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15:45-16:30 D. Caputo "Zeolitized materials from the Mediterranean area as adsorbents in

the environmental protection"

16:30-17:00 Coffee Break

17:00-17:45 D. Ming "Zeoponic Substrates for space applications: Advances in the use of

natural zeolites for plant growth"

17:45-18:30 J. Lopez-Ruiz "Zeolites in the aquacultural primary production"

19:00 Dinner

Fr. 30th of October 1998

09:00-09:30 E. Helios-Rybicka "Study on the formation of heavy metal sulphides using clay

minerals as sources of metals ions: environmental aspects"

09:30-10:00 E. Popovici "Contribution regarding romanian volcanic tuffs valorization in

environmental technology"

10:00-10:30 Y. Tarasevich "Preparation of modified adsorbent based on clinoptilolite and

its application for the demanganation of artesian drinking water"

10:30-11:00 Coffee break

11:00-11:45 A. Godelitsas "Transition-metal complexes supported on natural zeolites"

11:45-12:15 Vera Jedinakova-Krizova "Sorption and diffusion processes of long-lived

radionuclides on natural sorbents"

12:15-13:00 Closing discussion - Formulation of recommendations

13:00- Lunch
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Posters

Preparation of Chromatographic Solid Support on the Basis of Perlite and Separation of

Uranium on a Tributyl-Phosphate-Loaded Perlite Column.

H. Akcav

Natural Chitin Containing Materials For Colour Removal from Textile Wastewaters.

S.A. Fiqueiredo. R.A. Boaventura and J.M. Loureiro

Characterization Of Natural Microporous Metal-Oxides: The Case Of Todorokite

A.Godelitsas, P. Misaelides, T. Katranas. H. Klewe-Nebenius, C.Triantafyllidis, E.

Pavlidou and I. Anousis

Environmental impact of zeolite usage in the paper industry

K. Ivanov, N.lvanova, P. Kirov. G. Kirov

Diffusion of radionuclides in clay-based ceramics.

'•A. Ivanov, V.I. Tsvetkov, A.N. Gulin, V.M. Shatkov

Prospection Of Industrial Minerals In Sardinia (Italy): Zeolites Of Heulandite Group In

Volcaniclastic Products

A. Lanqella

Adsorption Properties Of Some Natural Zeolites to Zn(ll), Ag(l) and Fe(lll)-ions in

aqueous model solutions

Vasil Koprda. Eva Chmielewska, Jan Kozac, Eva Samajova



A Comparison of inorganic Sorptive Materials for the Removal of Metal Ions from Dilute

Aqueous Solutions.

M.Lehmann. A.I. Zoumboulis and K.A. Matis

Sorption Of Cadmium (II) And Nickel(ll) On Natural Zeolites

Maria Martinez, Lara Duro, Miguel Rovira and Joan de Pablo

The Molecular Layering Method As A Basis Of Chemical Nanotechnology

A. A. Malygin

Environmental Applications of Modified Natural Zeolites

V.A. Nikashina. B.F. Myasoedov

Preparation of Modified Al-Pillared Clays With Nanodispersed Iron Oxides and Their

Magnetic Properties at Room Temperature.

A. Skoutelas and P. Petridis

A Preliminary Study Of Mercury Uptake by a Greek Zeoliferous Rock

M. Soupioni, B. Svmeopoulos, J. Athanasiou, A. Gioulis, P. Koutsoukos and P. Tsolis-

Katagas

Natural Sorbents As Barrier Against Migration of Radionuclides from Radioactive Waste

Repositories.

Ira Stefanova

Slovak zeolite and its ion exchange behaviour towards

Foldesova M., Dillinger P., Lukac.P.
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SK98K0309
The Use Of Clays As Sorbents And Catalysts

R. W. McCabe

Centre for Materials Science, Univ. of Central Lancashire, Preston PR1 2HE, UK.

This paper attempts to show how the structural, physical and chemical properties of
clay minerals relate to their laboratory, industrial and environmental uses as sorbents
and catalysts.
Clay minerals are microcrystalline, layered materials with particle sizes generally in
the range 0.02 to 2 urn. The vast majority of them are aluminosilicates or
magnesiosilicates, although some calcium and iron silicate clays do exist. The
properties of clays can make them highly versatile materials that are used extensively
both industrially and in the laboratory as sorbents and highly specific catalysts for
organic reactions.
A brief review of the formulae and structures of clays and their relationship to their
chemical and physical properties follows. Clay structures consist of arrangements of
alternating linked tetrahedral (T) silicate layers and octahedral (O) metal oxide layers.
The main groups have T:O (1:1) and T:O:T (2:1) arrangements with trioctahedral and
dioctahedral packing in the octahedral layers. Isomorphous substitution of cations in
the layers by cations of lower charge generate negative layer charges (cationic clays),
whilst substitution with cations of higher charge gives positive layers (anionic clays).
These layer charges are neutralised by the presence of exchangeable, compensating
ions in the interlayer. Negative layers give the clay a large cation exchange capacity,
whilst positive layers give an anion exchange clay.
Acid activation of clays increases its surface area (often from ca. 60 to 300 m2g"') and
the acidity and sorption characteristics of the clay are improved. Industrially, this
produces a large volume of acidic aluminium salt waste, disposal of which can be a
severe problem. Cationic clays often have a high acidity, both Bronsted and Lewis.
Measurement of the general acidity can be made with Hammet type indicators and
base sorption can give a measure of the different types of acidity. The Brv|/nsted
acidity can be increased by exchange with cations of greater charge and dehydration
increases both Bronsted and Lewis acidity, but a point is reached (typically at ca. 600°
to 700°C) where loss of activity occurs through ceramic formation. As well as its use
in pottery and ceramics production, kaolinite is also used as a filler in quality paper
manufacture due to its high whiteness and its rapid sorption of inks.
Clays can be used as clean, often highly specific Bransted catalysts in organic
reactions, e.g. ether and cyclic anhydride formation. Formerly, the petroleum refining
industry relied on clays for catalytic cracking, but currently the more thermally stable
zeolites are preferred and clays are being looked at for more specific, "low-
temperature reactions", e.g. ester formation from alkenes and acids. Anionic clays can
be used as base catalysts.
Cation exchange profiles may be constructed for clay minerals. Batch cation
exchange experiments can be used in the comparison of the exchange sites available
in intact and acid activated minerals, via Langmuir or Freundlich type isotherms and
Rd plots. Careful manipulation of the mineral suspensions can demonstrate kinetic
control of the exchange rather than the expected thermodynamic control. The



question as to whether these exchange profiles may be applied to production of more
highly specific catalysts remains open.
Acid activated clays are used in the removal of carotenoids and chlorophyll from raw
vegetable oils to give pale amber cooking oils and in the manufacture of light
coloured soaps. This leaves a large disposal problem as the majority of the spent
bleaching clay is currently being dumped in landfill sites. Calcium montmorillonite is
used as the sorbent in cat litter as the clay retains the odorous chemicals and also
binds ammonia formed by bacterial degradation of urea. Carbonless copying paper
relies on both the sorbent and catalytic properties of clays. The development of the
colourless leuco dyes into their coloured forms involves a combination of Brensted
and Lewis acid catalysis (primary dyes) and redox catalysis (secondary dyes). These
coloured forms of the dyes adsorb both onto the surface and into the interlayer regions
of the clay, often re-ordering the disordered structure of the acid activated clays.
Singlet oxygen generated by these dyes can cause fading of the image, an autocatalytic
effect in their own destruction.

In the laboratory clays have been used extensively as acid catalysts, as selective
supports in g.c. and as active supports for oxidants (e.g. clayfen and claycop) and
Lewis acids (e.g. clayzic). These Lewis acid catalysts are now being marketed under
the trade name Envirocats and are beginning to replace traditional environmentally
undesirable materials such as aluminium chloride. A question still arises about their
true environmental friendliness as they still have to be disposed of eventually and they
usually contain large amounts of potentially toxic metal cations. More recently,
however, clay catalysts have been used in redox reactions, as regioselective catalysts
for Diels-Alder reactions and for the generation of reactive intermediates such as
carbenes. The thermodynamically less favoured isomer can often be selected for if the
transition state of formation is less bulky than that of the more favoured isomer.
Due to the balance between their layer and edge charges, some clays can form gels at
certain concentrations with water; bentonite gels are used for clarifying wines and
beers and synthetic hectorite gels are used in clear tooth pastes (e.g. Aquafresh) and in
non-drip paint manufacture. Partially gelled clay suspensions, called drilling muds,
are used by the oil industry to cool and lubricate the drill bits at oil wells.
In the environment, clay minerals are highly important in soils, as they are able swell
and retain water. They are also able to act as pH buffers and as slow release agents for
essential minerals, such as calcium, magnesium, potassium and ammonium. They are
also useful in environmental protection as they can adsorb crude oils from spills and
they are used, sometimes mixed into concrete, as containment barriers for
radionuclides especially caesium 137 and strontium 90. Clay soils can also act as
natural barriers to the migration of radionuclides in the environment.
It is questionable whether the acidic properties of clay minerals will be sufficiently
high under natural, highly aquated conditions to give catalytic transformations of
environmental pollutants. However, under conditions of drought and in the presence
of, especially, transition metal cations (which may also arrive as pollutants) numerous
reactions may be envisaged.



Environmental applications of natural zeolitic materials based on their
ion-exchange properties

Carmine Colella SK98K0310

Dipartitnento di Ingegneria del Materiali e del/a Produzione, Universita Federico II,
Piazzale V. Tecchio, 80 - 80125 Napoli, Italy

Summary

Natural zeolites, such as clinoptilolite, chabazite, phillipsite and mordenite, exhibit
good selectivities for some water pollutants, e.g., Cs+, NH4"1" and Pb^4". Zeolite-rich tuffs
may be therefore utilized for removing the above and other cations from wastewaters
before discharge. Continuous processes with fixed beds are usually employed for water
purification, such as those in service in the USA for ammonium removal from municipal
sewages. Direct addition of the ion exchanger is needed when the pollutant must be
removed from soil and trapped in the zeolite framework. Discontinuous processes
(addition of zeolite to the waste solution) are also possible, provided the polluted zeolitic
sludge is stabilized-solidified in a cement matrix before disposal.

Introduction

Water pollution is matter of deep concern. Toxic cations, such as many heavy metal
cations or ammonium, may be detrimental for the aquatic life and may reach also man
through the food chain. This is why strict limitations have been imposed by many
countries to wastewater discharge in the aquatic bodies (sea, rivers, lakes).

Municipal sewages or wastewaters of industrial origin must therefore be submitted to
chemical and/or biological treatments prior to discharge. Cation abatement is achieved
usually by precipitation, whereas ammonium is removed biologically, but both treatments
may turn sometimes unsatisfactory, e.g., the limit for discharge is missed, because of
peculiar troubles of chemical and/or physical origin (1). Ion exchange can be a feasible
alternative to the usual chemical and biological methods. Zeolites in particular have
demonstrated excellent selectivities for hazardous cations, reasonable reaction kinetics,
and very moderate environmental impact. Natural zeolites present in addition the
advantages of large diffusion and low costs.

This paper intends to review the main successful uses and prospects of applications of
natural zeolites as cation-exchangers in the environmental pollution control.

Chemistry of natural zeolites

Natural zeolites, which can be conveniently utilized in processes of technological
relevance, are those present in the large sedimentary tuff deposits, often of volcanic origin,
widespread all over the world (2). Zeolites which are exploited or exploitable as ion
exchangers are limited to four types: chabazite, clinoptilolite-heulandite, mordenite and
phillipsite. All these types may be classified as siliceous zeolites, as their Si/Al ratio
ranges between roughly 3 for phillipsite and chabazite and at least 4 for clinoptilolite and
mordenite. Accordingly, considering that the zeolite percentage in the original rocks is
normally greater than 50%, the average cation exchange capacity stands in the range 1.5-
2.5 meq/g.

Cation selectivity and exchange kinetics

Although selectivity is a function of several parameters, either depending on the
framework type and composition and on the nature of the cations in competition, a simple
relationship of the selectivity with the framework composition may be worked out. Since
the siliceous zeolites, as those of sedimentary origin, present a low anionic field strength,
in a uni-univalent cation exchange, cations with low charge density,such as cesium and
ammonium, are preferred. In the di-divalent exchange zeolites prefer in any case large
cations, irrespective of their framework composition. Finally, in the uni-divalent exchange
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selectivity is determined by the hydration energies more than by the cation-lattice
interaction. Accordingly natural zeolites evidence a marked preference for cations with
low hydration energy, e.g., lead.

With reference to the exchange kinetics, as the tuff pore dimensions are in the range
10 -10-> A (4), cation diffusion is not affected by the porous matrix of the rock, so that the
zeolite-rich tuffs behave as pure zeolites. Rate constants of the exchange reactions of Na-
exchanged clinoptilolite-, chabazite- or phillipsite-rich tuffs for most heavy metal cations

are in the range of KT^-IO"* 1/meq-min (5,6).

Continuous and discontinuous removal processes

Removal of hazardous cations by ion exchange using natural zeolites is commonly
devised as a continuous process. Fixed beds of zeolite tuff grains are percolated by the
water containing the cation(s) to be removed up to exhaustion and then regenerated by
eluting them with a concentrated salt solution. Discontinuous removal processes (addition
of zeolite to the waste solution) are also considered, when the efficiency of the continuous
process is low, but in this case an additional procedure for stabilizing the pollutant-loaded
zeolitic sludge, for instance in a cement matrix, is needed.

The main use of natural zeolites as cation exchangers for environmental protection have
been reviewed recently by Pansini (7). The main fields in which the use of natural zeolites
is advisable are:
(a) Removal of ammonium from municipal sewages. Clinoptilolite is being used in some

large-scale facilities in the United States, where ammonia is removed and recovered as
ammonium sulphate fertilizer solution. Improvement in the process, still at level of
pilot or demonstration plants, have been introduced with the RIM-NUT process, in
which either ammonium or phosphate are removed and recovered as a solid fertilizer
(8). Application of zeolites for ammonium removal in aquaculture is also reported in
the literature.

(b) Removal of heavy metals from wastewaters. These processes, either continuous or
discontinuous, are still at level of laboratory tests. Zeolites utilized are clinoptilolite,
phillipsite, chabazite; cations tested, are mainly lead, chromium, cadmium. Treatment
of acid mine drainage has been also considered.

(c) Removal of radionuclides from nuclear power plant waters. The decontamination of
radioactive waste solutions is favoured by the high selectivity of natural zeolites for
cesium, which is usually separated by ion exchange in fixed beds and then recovered
as salt (Hartford Atomic Energy Project) or disposed as a solid waste (Idaho Nat. Eng.
Lab.). Zeolite mixtures are usually nrcessary for the joint removal of cesium and
strontium, because of the poor selectivity of natural zeolites for the latter contaminant.
Mixtures of natural and synthetic zeolites have been used also for reducing the
environmental impact of major accidents occurring in nuclear power plants, like those
occurred in Three Mile Island, USA, and in Chernobyl (Russia). Preliminary data
regarding other less common radionuclides are also available in the literature.
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SK98K0311

Preparation of Granular Forms of Powdered Materials for Their
Application in Column Packed Beds

Ferdinand Sebesta

Czech Technical University in Prague, Department of Nuclear Chemistry,
Boehovd 7,11519 Prague 1, Czech Republic

Natural or synthetic materials used in separation of various contaminants from aqueous media
are often obtained in the form of fine particles that are unsuitable for their application in
packed bed columns. This contribution summarises and evaluates the published procedures
for preparation of "engineered" (granular) forms of such materials with regard to their
potential application in environmental technologies. On the basis of the preparation method
(technology) used the resulting granular materials are classified in three groups - intrinsic,
supported, and composite absorbers.

The processes used for the granulation are demonstrated on selected examples. The
advantages and disadvantages of the presented technological schemes are discussed and
compared with regard to the properties of an ,,ideal" granular absorber. Applicability of the
above defined groups of granular materials for the treatment of nuclear waste, mixed waste,
toxic or hazardous wastes, separation of various contaminants from surface and ground water,
or for water pollution control are compared.

In the last part of the contribution, composite absorbers which contain finely divided materials
granulated using a binding matrix based on modified polyacrylonitrile are briefly
characterised.
The universal character of the proposed granulation procedure as well as the possibilities of
application of the resulting composite absorbers are demonstrated on the results of several
laboratory, bench scale, and pilot plant studies.

21



SK98K0312

Sorption and Leaching Properties of the Composites

and Humic Complexes of Natural Microporous Materials

Fedor Macasek

Department of Nuclear Chemistry, Faculty of Science, Comenius University

SK-84215 Bratislava, Slovakia

Abstract

Our workshop focuses on the scientific basis and engineering practices of natural
microporous materials (NMM). The scientific understanding is important for prediction
of long-term NMM behavior in engineering barriers and waste sorbent fixation, and
improvements in design of their fabrication and modification. This particular contribution
to ARW deals with those aspects of application of NMM which are projected for a
millennial horizon of the environmental protection.

Inorganic microporous sorbents are characterized by microcrystalline and
multiporous structures, and well developed specific surface area. Though the NMM
possess excellent sorption properties, their natural physico-mechanical form usually limits
their application in technological processes such as packed-bed columns because their
poor mechanical properties results in clogging the column with pulverized NMM
particles. Further, because they are generally sensitive to strong acidic and alkali media, in
practice of the fifties and sixties they were replaced by synthetic polymeric materials.
However, due to their thermal and radiation stability, compressing strength, steadiness
towards the freezing/thawing and wetting/drying cycles, they have received increasing
interest in the long-term hazardous waste treatment both in situ and plant performance. To
improve mechanic properties of crystals, the solid carriers such as cellulose and carbon, or
binders like the organic polymers are applied. By surface modification of the sorbents also
their affinity towards non-polar substances of the sort of oil can be improved. The low
leaching and corrosion resistance is of crucial importance for long-term deposition of
toxic pollutants. Transformation of spent NMM sorbents to solid blocks by cementation
and vitrification, but in specific case of some alumosilicates also the collapse of crystal
interlayers, makes the sorption and mass transfer of pollutants practically irreversible.
Hence, the properties, abundance and industrial availability of NMM make them a unique,
strategic material for design of environmental security.

Artificial formation of composites and both inorganic and organic complexes of
NMM is applied for:
(1) field barriers, fills or supporting structures,
(2) reagents and organic coating supports,
(3) granules, pellets and column packings,
(4) additives to cementitious fixation matrices, and
(5) glass formulations.

In natural conditions, by application of NMM backfills in mixtures with soil and
ground, and in mortars and grouts, the complexes of NMM with natural organic
components, namely humic substances, play important role in modification of their
sorption properties and immobilization of pollutants.
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NMM appear to be the most promising candidate for use as a material to construct
in situ non-permeable zone and are widely used for the treatment of radioactive waste
liquids and gases. NMM have marked superiority over commercially available cation
exchange organic resins due to high cation exchange capability, thermal, radiolytic, and
the possibility of transformation to stable ceramics and compatibility with cement. Though
the potential exists for clay minerals to alter over long periods of time if in contact with
this concrete, the clays have a substantial buffering capacity to neutralize much of the
alkalis potentially released from concrete in a vault. NMM, the zeolites and their zeotypes
in particular, can replace sand materials that are used in the cement formulations. As the
cement additives, they not only rise the compressive strength of waste form, but also
decrease the leachability of waste form. Glass-bonded NMM are being developed as a
potential ceramic waste form for the disposition of radionuclides.

Though positive achievements were obtained in many practical applications, it is
required a fundamental understanding of the behavior of composite systems at long ages
performance, as well as of the chemistry, microstructure and mass transfer of the waste
species. The high-tech material science approach, known from the design of "true"
construction composites, to NMM is still in embryonic stage, when their modification
concerns. Such properties as microcrystalline structure and controlled porosity,
transformation to ceramic matrices and magnetic beads should be better understood and
designed. The realization of these capabilities may revolutionize the role of NMM in
environmental cleaning processes over the next decades. Better and cheaper leach tests,
such as SIMS and small-angle particle scattering, are needed to quicker and cost effective
screening of NMM composites and their performance.

An overview of the different problems to be solved is presented and about 200 of
selected papers in the field are reviewed, comprehensively from the last two decades.
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Environmental Applications Of Russian Natural Zeolites

Boris A. Fursenko

Institute of Mineralogy and Petrography, Novosibirsk, 630090, Russia

There are more than 70 deposits and localities of zeolite-containing rocks (ZCR) in Russia.
Total resources of relatively rich (more than 40% of zeolites) rocks are estimated as 3.8
billion tons. The main Russian deposits are located in Siberia and Far East. They are
represented by volcanic and volcanic-sedimentary rocks predominantly of mezozoic age. The
most abundant minerals are clinoptilolite, heulandite, and mordenite.
Mineral and physico-chemical properties of ZCR from main Russian deposits have been
intensively studied during last two decades. In the last ten years an emphasis was given to the
study of structural transformations occurring in zeolites under varying temperatures,
pressures, pH, and exchangeable cation composition. Natural and cation-exchanged zeolites of
various structure types: NAT, ANA, HEU, LAU have been studied at high temperatures and
high pressures using specially developed in situ methods and apparatus (diamond anvil cell,
Raman microspectroscopy, NMR-bomb etc). A number of express field methods have been
invented for the rapid diagnostics and estimation of the amount of zeolite in the rock
including thermochemical, IR spectroscopic and gas absorption techniques.
At the same time the studies were conducted on the biological activity and sanitary limitations
of ZCR from the main Russian deposits. It was of prime importance in safety regulations
especially when using ZCR for drinking water purification, as food additives in agriculture
and for medical applications.
A number of traditional ways of ZCR utilization for environmental protection have been
developed in Russia during last two decades, when a few governmental scientific programs
were in operation. These were:
1. waste water treatment (galvanic waste, oil-product pollution, municipal waste water,

radioactive pollution);
2. drinking water preparation (municipal and individual filters, coagulation method, lemonad

production);
3. gas drying and purification (natural gas drying, stack-gas cleanup, oxygen enriched air

production).
Some innovative applications were: environmentally safe fertilizers preparation (zeolite-
phosphate mixtures, direct K-enriched zeolite production from see water); lightweight
incombustible construction materials produced from low-grade ZCR (cement, Sibeerfoam).
Growing interest was attracted to zeolites due to their potential utilization in the nuclear waste
treatment, recultivation of technically polluted territories and especially after they were used
for localization of the large radioactive accidents on the atomic power stations (Three Mile
Island, USA in 1981 and Chernobyl, USSR in 1986).
Detailed analysis of existing experience on zeolite utilization for environment protection
shows however that zeolites cannot be regarded as a "panacea". They are really very good
selective ion-exchangers of high capacity (up to 2 meq/g), radioactive resistant, available in
large amount and relatively chip. But a large-scale utilization of ZCR as contaminants of
radioactive and toxic elements have to be preceded obviously by the elaboration of special
technologies of gathering contaminated ZCR, their utilization and long-term deposition.
Laboratory experiments conducted in this direction were focused first on the detailed study of
ion-exchange process on ZCR especially for Cs, Sr and some heavy metals. It was shown that
ion-exchange capacity (CEC) of original, non-modified heulandite- and/or clinoptilolite-rich
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tuffs from 10 Russian deposits as determined in static conditions by absorbed cations NH4,
Pb, Cs, and Sr from corresponding nitrate or cloride solutions is about 1.5 meq/g though
varied significantly for various deposits. Dynamic ion-exchange capacity DCEC (till
breakthrough point) values determined for the tuff specimens from a few deposits in column
experiments with the same salt solutions of lower concentration were substantially lower than
corresponding full CEC values. The sequence of cation displacement from the original ZCR
was as follows: Na was usually displaced first, then Ca, and Mg and K only next to this.
On the second stage the stability of ion-exchanged ZCR have been studied under varied
conditions, pH of solution first of all. NH4-, Pb-, Cs- and Sr-loaded heulandite-clinoptilolite
ZCR are stable only in close to neutral conditions. Cations introduced into ZCR during
solution filtering in column experiments were displaced intensively while passing HCI
solutions with pH<3 through the columns. Though original clinoptilolite-heulandite ZCR as
ion-exchangers do not compete with organic resins, synthetic zeolites and some other
materials, they supplement a set of known ion-exchangers and may be good candidates for
resolving large scale environmental problems as easy accessible non-expensive non-
regenerable decontaminants.
Third stage includes study of phase transformations and amorphization of ZCR upon heating
it up to high temperature (1000°C and higher) followed by recrystallization and formation of
new stable phase assemblages which are shown to be acid and thermally resistant under
extreme conditions of the deep geological environments. Thus Cs-loaded ZCR annealed at
1000°C and higher were shown to be stable even in acid solutions with pH=l.
High temperature treatment of Cs- and Sr-contaminated ZCR allows one to obtain an
aluminosilicate matrix which safely holds Cs and Sr no matter in which way cations were
introduced in ZCR before heating. Amount of Cs or Sr passed into neutral solution from
glass-crystallite (GC) containing <1 meq Cs or Sr per 1 g of GC was less than 10'5 g/cm2day.
These experimental results made it apparent that ZCR can be used not only as decontaminants
of radionuclides but also as flux additives during Cs- and Sr-containing RAW processing and
transforming it into relatively stable acid-resistant aluminosilicate glass-crystalline materials.
Another areas of zeolite utilization directed to environment protection are production of long-
live fertilizers and manufacture of lightweight incombustible construction materials.
Separate stages of solid state tribo-chemical interaction between clinoptilolite and calcium
phosphate, clinoptilolite and ammonium phosphate as well as physico-chemical
characterization of resulting phosphates were studied recently. This modified product was
shown to have much lower content of water-soluble forms of P2O5: 6-9% against 34% in
original phosphate. At the same time phosphorus extraction by the citric acid which is the
standard test on agrochemical activity of phosphate compounds is practically the same in
comparison with original phosphate compound. It is suggested that further studies in this
direction will provide a basis for preparation of new zeolite-phosphate environmentally safe
fertilizers of high agrochemical activity.
On the basis of detailed study of high-temperature phase transformations, dehydration, and
amorphization of zeolites a series of lightweight foamglass-like construction materials were
invented which can be manufactured from low-grade ZCR (containing less than 40% zeolite),
thus providing more effective exploitation of zeolite deposits.
Despite much efforts applied in Russia and other countries to provide scientific background
for zeolite utilization in environmental protection the real scale of application of these
technologies are relatively low. It is especially true now for Russia where poor economic
situation hinder zeolite output and application drastically.
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Sorption of metals on zeolites and bentonites

P. Rajec*, F. Macasek*, P. Misaelides**

* Nuclear Chemistry Department, Comenius University, Bratislava, Slovakia
Department of Chemistry, Aristotle University, GR-54006 Thessaloniki, Greece

This contribution presents the recently obtained results on the sorption of heavy metals
by natural microporous materials (especially zeolites and bentonites) of different origin.

The sorption of caesium and strontium from its aqueous solutions by ten clinoptilolite-
mordenite-containing sedimentary materials from Slovakia, Bulgaria, Ukraine and Greece and
bentonites was investigated a batch-type procedure and radiotracer techniques. The
concentration of the solutions, that were performed in and without the presence of competing
cations (0.005mol dm'3 KC1) varied between lxl0"4 and 5 x 102 mol dm"3. The uptake and
distribution coefficient (Kd) values, that were determined for the materials of the different
origin, were correlated with their mineralogical composition and gross cation exchange
capacity (CEC). The identification of specific uptake sites was attempted on the basis of the
sorption isotherms and the content of exchangeable cations. The experimental results provide
information on the suitability of the individual materials for the treatment of radioactive waste
and their application as backfills in potential nuclear waste repositories.

Furthermore, the sorption of Cd-, Hg- and Zn-ions from their aqueous solutions by
slovak and greek zeolites and bentonites was investigated using batch techniques and
radioactive tracers. Uptake values and distribution coefficients were calculated in order to
study the suitability of these materials for utilization in the environmental technology (e.g.
treatment of industrial waste).
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Interaction Of Actinides With Natural Microporous Materials

P. Misaelides and A. Godelitsas
SK98K0315

Department of Chemistry, Aristotle University of Thessaloniki,
GR-54006 Thessaloniki, Greece

Natural microporous materials include several types of minerals such as zeolites, clay
minerals, micas, iron and manganese oxides/hydroxides/oxyhydroxides present in various
geological environments and soil formations. Their crystal structure is characterized by the
presence of intracrystal micropores (channels or interlayer void spaces) providing high
microporosity - surface area and distinguished physicochemical properties such as sorptive/ion-
exchange and catalytic. For this reason these materials have found a wide spectrum of industrial
and technological applications. The investigation of the interaction of the actinide elements with
natural microporous materials is of especial significance for the nuclear industry because of the
suitability of these materials for the treatment of liquid effluents and the final storage of
radioactive waste (sorbents, backfill materials, constituents of disposal host rocks) produced in
the nuclear fuel cycle. On the other hand, the environmental geochemistry of the actinides is of
increasing importance because of their high radiotoxicity and their involvement in different
geochemical and biogeochemical cycles.
The transport of the actinide elements in the environment is mainly performed through aquatic
pathways (streams, rivers, underground waters) and their mobility is strongly related to the
interaction of their dissolved species with geological materials and especially with the highly
sorptive microporous minerals.

The existing studies mainly concern the sorption of Th, U, Np, Pu and Am from aqueous
media by clay minerals (e.g. montmorillonite, kaolinite) and zeolites (e.g. heulandite/
clinoptilolite) as well as the determination of the corresponding chemical processes taking place
at the mineral-water interface. The investigation techniques applied for this purpose include,
except the conventional wet-chemical and radiochemical methods, advanced spectroscopic
methods such as Extended X-ray Absorption Fine Structure Spectroscopy (EXAFS), Rutherford
Backscattered Spectroscopy (RBS), X-ray Photoelectron Spectroscopy (XPS) and Raman
Spectroscopy. These techniques significantly contribute to the characterization of the reacted
mineral surfaces and to the explanation of the structural and compositional characteristics of the
sorbed actinide species. Theoretical models regarding the aqueous chemistry and speciation of
the actinides have also been developed aiming the elucidation of the complex actinide sorption
mechanisms.
This contribution will critically review of the existing literature, present some recently obtained
unpublished results and discuss the necessity of future work in the field.
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Natural Zeolites And Nuclear-Waste Management: The Case Of Yucca
Mountain, Nevada, Usa

David L. Bish

Geology & Geochemistry, Los Alamos National Laboratory
Mail Stop D469, Los Alamos, NM 87545 USA

Natural microporous zeolites first gained widespread attention in radioactive waste applications
after the pioneering research of Ames in the late 1950's. In particular, clinoptilolite was
demonstrated to be effective in removing Cs and Sr from process wastewaters. We now know
that zeolite-rich rocks can retard, via simple cation exchange, the migration of radionuclides
occurring in solution as simple cations (e.g., Cs+, Sr2*, and Ba2+). In addition to possessing very
high cation-exchange capacities (~2 meq/g), clinoptilolite and mordenite have high selectivities
for Cs, Ba, and Sr. Their high selectivities mean that these zeolites can sorb Cs, Ba, and Sr from
solutions, even when these cations are present in small amounts together with large amounts of
other competing cationic species. Both their high cation-exchange capacities and their selectivity
for Cs and Sr are key in their use in radioactive waste applications.
The cation-sorbing capabilities of the natural zeolites, clinoptilolite and mordenite, were
emphasized early in studies of the potential high-level radioactive waste repository at Yucca
Mountain, Nevada. Indeed, the presence of zeolites at Yucca Mountain and the minerals' cation-
exchange properties first drew attention to volcanic tuffs as possible hosts for radioactive waste
disposal. However, further studies of natural zeolites at Yucca Mountain over the past two
decades have illustrated that many different aspects of zeolite mineralogy are fundamentally
important in radioactive waste isolation. Interestingly, sorption of simple cationic radionuclides
by natural zeolites is only of minor significance in a geologic repository due to (1) the short half-
lives (<30 yrs) of most of these radionuclides (e.g., 137Cs and 90Sr); and (2) generally high
sorption coefficients of many other common minerals for simple cationic species. It is
commonly considered that the primary heat-producing radionuclides, l37Cs and 90Sr, will have
decayed long before the engineered portion of a repository (e.g., the waste canister) is breached.
Although at least one isotope of Cs (l35Cs) has a half-life sufficiently long (2.3 x 106 yr) to be of
concern, the most important radionuclide migration issues in a geologic repository for high-level
radioactive waste concern anionic species (e.g., TcO3\ NpO2CO3', and I") and long-lived
actinides (e.g., Np and Pu) that often form large, complex aqueous species such as NpO2

+and
UO2

2+, Few, if any, minerals at Yucca Mountain, or in nature in general, interact significantly
with anionic species. However, minor and trace minerals such as smectite and Fe and Mn oxides
and hydroxides can be important in retarding the migration of complex actinide species such as
neptunyl. These details of the importance of zeolites in retarding the migration of radionuclides
point to some of the limitations of natural microporous materials in real-world applications.
Many of the radionuclides important in radioactive waste isolation form aqueous species too
large to be accommodated in the extraframework positions in natural zeolites. However, the
exchange capacities of clinoptilolite and mordenite are so large and their selectivities for Cs and
Sr so great that their presence should not be discounted. The short-lived nuclides of Cs and Sr

37



account for 2/3 to 3/4 of the total activity in high-level waste at 100 years, and the presence of
these zeolites provides assurance against significant movement of any simple cationic
radionuclide. The fact that natural zeolites can act as efficient retardation barriers to the
migration of Cs and Sr is confirmed by detailed trace-element studies on Yucca Mountain tuffs.
Even thin layers of zeolitic tuff have effectively retarded the downward migration of Sr in the
past.
In addition to the problems posed by the large radionuclide inventories in high-level radioactive
waste, it is now well known that geologic emplacement of such waste will heat large volumes of
rock, depending on the exact distribution and density of waste canisters. The potential repository
horizon at Yucca Mountain is in the vadose (unsaturated) zone, and both zeolites and smectite
will be important sources and sinks of water and thermal energy during dehydration/rehydration.
These sources and sinks must be considered when modeling the long-term thermohydrologic
behavior of Yucca Mountain. For example, simple calculations considering both the water
content of clinoptilolite and the measured porosity of zeolitic tuff at Yucca Mountain show that a
clinoptilolite-rich tuff contains approximately as much water in its structure as contained in the
rock pores at 92% saturation (approximate measured saturation value in the vadose-zone zeolitic
tuff). Heating a rock containing 80% clinoptilolite to 200°C will release an amount of water
equivalent to -27% of the available porosity and will result in a small but potentially significant
volume decrease. Likewise, on cooling, partially dehydrated zeolites will rehydrate, readily
taking up any free water initially available in the rock pores. Given the importance of water as a
transport medium, it is clear that clinoptilolite and mordenite are extremely significant as both
sources and sinks of water in the vadose zone. In addition, dehydration and hydration reactions
of clinoptilolite and mordenite in the vadose zone can have important impacts on the total
enthalpy of the natural system. Because the H2O molecules in clinoptilolite extraframework sites
are energetically distinct from liquid water, the energy to heat and dehydrate a given amount of
clinoptilolite to 200°C is 71 to 81% greater than the energy to simply heat the material, without
dehydration, to the same temperature. Thus, the presence of hydrated natural zeolites can exert a
considerable damping effect on the thermal evolution of a repository.
Finally, mineral reactions such as the transformation of clinoptilolite to analcime, may also be
important if temperatures are sufficiently high. Such reactions are particularly important because
they give rise to large volume reductions and production of water. Observed natural paragenetic
sequences suggest that clinoptilolite may react to analcime at temperatures as low as 90-100°C,
although the exact temperature depends on the associated aqueous silica activity. Crystallization
of one mole of analcime from clinoptilolite produces 16 moles of silica, which may either be
precipitated (as cristobalite or quartz) or may be carried away as aqueous silica. The reaction
also produces 48 moles of H2O for each mole of analcime produced. Perhaps more importantly,
the reaction results in a volume decrease of 21.5% if quartz is produced or 16.9% if cristobalite is
produced. Clearly, the reaction of clinoptilolite to analcime would have profound effects on the
rock mineralogic and hydrologic properties, resulting in a rock containing a much less sorptive
zeolite (analcime). The large associated volume decrease would greatly impact the hydrologic
properties of the rock.
These examples show the variety of ways in which natural microporous zeolites are important in
a high-level radioactive waste application. Most importantly, the examples illustrate that the
importance of zeolites extends far beyond simple cation-exchange interactions to phenomena that
can affect the entire thermohydrologic system.
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New Magnetic Field-Enhanced Process for Water Treatment

James D. Navratil

Idaho National Engineering and Environmental Laboratory,
P.O.Box 1625, Idaho Falls ID 83415-3921, USA

A new magnetic field-enhanced process is under development at the Idaho National
Engineering and Environmental Laboratory for water treatment; the process uses
inexpensive magnetite (FeO.Fe2O3) in a supported mode to remove actinides and
fission products from water. Magnetite has been used to separate a wide variety of
substances, such as dissolved metal species, particulate matter, and organic and
biological materials. In the absence of an external magnetic field, activated magnetite
readily adsorbs numerous metal species including actinide elements. In an external
magnetic field, a synergistic effect was observed in using supported magnetite in a
fixed-bed for removal of plutonium and americium from wastewater. Using a
magnetite-containing, nonporous polyamine-epichlorohydrin (MPE) resin bead,
Kochen and Navratil observed that in the presence of a relatively weak magnetic field
(0.3 Tesla), the sorption capacity of the resin for both plutonium and americium
increased by a factor of five compared to data that were obtained with unsupported
magnetite particles in the absence of a magnetic field. These observations may be
explained by a nanolevel high gradient magnetic separation effect, as plutonium and
americium are known to form colloidal particles with satisfactory magnetic properties
at elevated pHs. The surface irregularities of the MPE resin are large enough to
permit the free displacement of the colloidal particles. When the field of the magnet
is turned on, the magnetite particles are magnetically induced, creating a field, or
locally induced magnetic moment, that contributes to the net field sensed by the
colloidal particles. In the absence of convection and when the magnetic force is
sufficiently greater than the force associated with Brownian (thermal) motion, the
magnetic force created by the field can be attractive and large enough to allow the
magnetite to adsorb the colloidal particles. When the field is turned off, the
nanoparticles are released and dispersed in solution by thermal motion. Recent
research has focused on supporting magnetite in an economical and inert environment
that promotes both adsorption and satisfactory flow characteristics. An overview will
be presented of the results to date testing the process for groundwater treatment at the
Idaho National Engineering and Environmental Laboratory.
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Magnetically Supported Zeolite Adsorbents For Effluent Treatment

Stoian Gaydardjiev

Department of Mineral Processing, University of Mining and Geology, 1700 Sofia,
Bulgaria

An attempt was made to remove heavy metal ions from metallurgical effluents by
means of magnetically supported fluidized bed column employing zeolite-magnetite
complexes as adsorbents. An approach known from the literature was followed.
However, the natural sorptive properties of acid modified clinoptilolite were used
instead of synthetic beads. X-ray diffraction and DTA studies on the raw material
confirmed that the main zeolite mineral was clinoptiolite.
Ground magnetite particles implementing magnetic properties to the zeolite were
bound onto their surface. The zeolite-magnetite adsorbents, thus designed, were
transferred into a plexyglass column having "false" bottom. The whole column was
placed inside a conventional magnetic system, generating constant magnetic field with
induction B=1.4 T. Effluents with various heavy metal content were contacted with
the zeolite-magnetite complexes in two different ways - under gravity and under
forced circulation with a peristaltic pump. The contact time and the circulation
velocity were varied, but were always kept below the escape velocity of the bed.
Experiments with only zeolite were performed in order to delineate the influence of
the magnetic supports. The degree of metal uptake by the zeolite in both cases was
calculated taking into account the difference between the input/output concentration
of the fluid. Heavy metal content was monitored by the means of ICP-AES.
After the elapsing of the loading cycle, spent the zeolites obtained in the various
batches were examined by the help of IR spectrophotometry. Some loaded samples
were also subjected to X-ray fluorescence mapping on SEM-EDAX system in order to
reveal the sorption mechanism. Table 1 presents the results of the SEM analysis in
five points of the zeolite granule slice after contact with the effluent (case of a zeolite
without magnetic support). Point 3 coincides with the bulk of the granule, while 1 and
5 are edge points (i.e. surface), 2 and 4 - at 1 mm distance from the surface, i.e.
superficial points.
Table 1 suggest that no significant adsorption of elements of interest was observed
when untreated zeolite was used. On the other hand, Table 2 presents a similar SEM
analysis of spent adsorbent after its contact with the effluent, however the adsorbent
had the form of a zeolite-magnetite complex.
The results of Table 2 indicate the appearance of copper and its sorption
predominately in the bulk of the cavities, in contrast to the surface sorption observed
on the "non-magnetic" zeolites. This explains the improved copper removal from the
effluents using a "magnetic" column. An explanation of the phenomenon is attempted
and the potential application of the suggested method to environmental clean-up
scenarios is discussed.
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Table 1. SEM-EDAX analysis of five points of a zeolite granule slice after contact
with effluent.

Element
Assay point

H
0

Na
Mg
AI
Si
K
Ca
Ti

Mn
Fe

1
1.54

55.27
0.23
0.71
5.31

31.54
2.13
1.19
0.17
0.04
1.89

2
1.54

54.27
0.27
0.66
5.84

29.50
3.02
1.90
0.22
0.00
2.77

Percent by weight
3

1.54
55.17
0.87
0.46
6.72

30.72
2.29
2.00
0.00
0.04
0.20

4
1.54

54.90
0.17
0.61
5.21

31.01
2.54
1.22
0.21
0.00
2.59

5
1.54

54.49
0.00
0.00
5.32

30.89
3.84
3.57
0.00
0.06
0.25

Table 2. SEM-EDAX analysis of five points of a zeolite-magnetite granule slice after
contact with effluent.

Element
Assay point

H
O
Na
Mg
AI
Si
K
Ca
Ti

Mn
Fe
Cu

1
1.54

55.89
0.49
0.28
4.92
33.13
1.68
1.37
0.00
0.00
0.70
0.73

2
1.54

54.87
0.90
0.42
6.29

30.49
2.49
2.16
0.01
0.04
0.78
0.81

Percent by weight
3 | 4

1.54 1.54
53.33 54.80
1.22 0.53
1.11 0.39
4.94 6.24
28:27 30.45
2.15 1.99
1.47 2.09
0.18 0.00
0.01 0.00
2.97 0.89
2.62 1.07

5
1.54

54.66
0.22
0.43
6.07

30.20
2.87
2.02
0.11
0.00
1.88
1.96
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Using Magnetites to Remediate Heavy Metal Wastewaters
From Acid-mine Drainage

Michael D. Johnson

Department of Chemistry and Biochemsitry, New Mexico State University
Las Cruces, NM 88003, USA

The remediation of heavy metal wastewaters using magnetites, also known as ferrites, has
been an area of investigation for many years. Early investigators used a synthetic procedure for
the production of magnetites at 70°C. Although quite effective, as demonstrated by remediation
of small waste streams from universities in Japan, this method is too energy intensive for
application to large volumes, such as found in acid mine drainage. Other researchers have
investigated room temperature production of magnetites using thin film oxidation of ferrous ions
or electrolytic oxidation of iron electrodes. Again, these methods have not been found to be
easily applied to large scale applications. Recently we have discovered a catalytic method of
production of magnetites at low temperatures using stoichiometric quantites of iron salts. In
addition, we have found that the presence of organic chelators can dramatically enhance or
inhibit the removal of heavy metals using this technique. Both of these avenues of investigation
will be discussed in this lecture.

Our work with magnetite synthesis at below room temperature was initiated to meet the
demand from the US Bureau of Reclamation for the remediation of heavy metals from the
Leadville Mine Drainage Tunnel (LMDT) effluent. This water comes from the tunnel at 9°C year
round. They presently use a typical high pH treatment process and generate large quantities of
sludge that requires extensive dewatering. The Bureau is interested in new cost effective
technologies that meet their discharge levels and reduce sludge and the plant footprint. In a
combined effort between Los Alamos National Laboratory and New Mexico State University, we
are attempting to meet this challenge.

The current literature states that rnagnetite formation at temperature less than 70°C is very
slow and our preliminary work with the LMDT effluent agreed with this conclusion. Treatment
times ranged between 24 and 48 hours to form magnetites for temperatures around 10°C. This
observation however is in contrast to studies done in deionized water. Under these conditions,
magnetite formation was complete within a few minutes. In an attempt to determine the cause for
this deceleration, we investigated the effects of several divalent metal ions several negative ions
on the magnetite formation times. It was found that by themselves, none of these ions
appreciably affected the magnetite formation. When in combination however, the presence of
both calcium and bicarbonate dramatically inhibited magnetite production. Although preliminary
in nature, we feel that the formation of insoluble calcium carbonate, formed at the pH of these
studies, interferes with the magnetite formation. Several experiments have been carried out to
support this view.

Although many attempts at removing or masking these ions were made, no suitable
method was found to circumvent their effects. It was found however that the addition of pre-
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formed magnetites completely overcomes the presence of these ions and permits the subsequent
rapid formation of magnetite in which entrapment of the heavy metals can take place. This
represents a significant step toward the implementation of this technology in waste streams that
are at ambient temperatures found in industry.

Another aspect of our work is the examination of the effect of chelators on the removal of
heavy metals from waters using an in-situ method of magnetite formation. Other researchers
have used strong oxidants, such as permanganate, to chew up organics before forming
magnetites. This was done in the belief that these chelators would inhibit the removal of heavy
metals by tying them up and preventing their incorporation into the magnetite matrix. Although
perfectly reasonable, in our attempts to quantify the extent of inhibition, we have found this
premise to be somewhat simplistic!

For example, with Pb2+, Cd2+ and Hg2+, we have found that the presence of chelators,
such as EDTA or NTA, can either inhibit or enhance the removal efficiencies. In fact, with the
appropriate selection of chelators we can chemically separate these three ions using magnetites.
We have investigated this effect on several transition metal ions with a variety of chelators. The
precise nature of this selectivity is under investigation in our laboratory.
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Sorption and Diffusion Processes of Long-Lived Radionuclides on Natural
Sorbents

Vera Jedinakova-Krizov£ \Michaela Kohlickova1, Petr Jurcek2

'Department of Analytical Chemistry, Institute of Chemical Technology, Technickd 5,
166 28 Prague 6, Czech Republic

2Nuclear Research Institute, Department of Waste Disposals, 250 68 Rez, Czech Republic

The mechanisms of the radionuclide retardation on the natural sorbents considered in
evaluating radionuclide migration from their solid state, include diffusion, molecular filtration,
ion exclusion, physical sorption, ion exchange, precipitation, etc.
The distribution coefficient (Kd) is a parameter valid for the specific physical and chemical
conditions, the Kd value depends for example on the solid-liquid ratio, composition of the
aqueous phase, pH and redox potential. The oxidizing or reducing conditions in the system
play the important role mainly in case of the retardation of the multivalent elements. The Kd of
the radionuclide is possible to obtain by static batch method, or indirectly by calculation from
the diffusion coefficient of selected radionuclide. One of the most common methods for the
determination of the diffusion coefficient is the through-diffusion method.
The through-diffusion and the modified breakthrough methods have been used for the
determination of the effective (De)and apparent (DJ diffusion coefficients for 85Sr and i37Cs in
the compacted bentonite. Dry bulk density and the porosity of the dry bentonite together with
the water content in the saturated bentonite have been measured as well. Distribution
coefficients have been calculated from the results of the diffusion experiments and they have
been compared with the values of the distribution coefficient determined by batch method.
The sorption experiments with "Tc on bentonite have been carried out under various oxidizing
conditions. Polarography is possible to apply in case of analysis of the speciation of
multivalent elements. The DPP polarographic reduction of ammonium pertechnetate has been
studied in alkaline, neutral and acidic media. The Kd values have been determined using two
different analytical methods - radiometry and polarography.
The acquired results of the comparative study of the Kd ("Tc) determination will be discussed
form the point of view of the speciation of studied radionuclide.
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Preparation of Chromatographic Solid Support on the Basis of Perlite, and
Separation of Uranium on a Tributyl-Phosphate-Loaded Perlite Column

Hiisamettin Ak^ay

Chemistry Department, Dokuz Eylul University, 35150 Buca- Izmir, Turkey

The SiO2 content of the mineral perlite, which is of the 70-75 % range, was converted to
soluble silicates by NaOH. The acidification of soluble silicates in the perlite formed
hydrogels which turned into xerogels upon drying. Several parameters, particle size, specific
surface area, pore size and volume, and surface hydroxyl group density were investigated for
perlite standardized by NaOH. The standardized perlite was silanized and loaded with 20%
(w/w) tributyl phosphate before use as a reversed-phase column chromatography solid support
for the investigation of the chromatographic behavior of UO2

+2 and Fe+3.
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Characterization Of Natural Microporous Metal-Oxides: The Case
Of Todorokite ([Mn2+,Ca,Mg]Mn4+

3O7 H2O)

A.Godelitsas1*, P. Misaelides1*, T. Katranas1, H. Klewe-Nebenius2

C.Triantafyllidis3, E. Pavlidou4 and I. Anousis5

/. Dept. of Chemistry, Aristotle University, GR-54006 Thessaloniki, Greece
2. I.F.I.A., Forschungszentrum Karlsruhe, Postfach 3640, D-76021 Karlsruhe,

Germany
3. Department of Chemistry, University of Ioannina, Ioannina, Greece

4. Dept of Physics, Aristotle University, GR-54006-Thessaloniki, Greece
5. Institute of Nuclear Technology and Radiation Protection, NSCR "Demokritos",

GR-15310 Aghia Paraskevi-Attiki, Greece

Todorokite is a naturally occurring hydrous Mn-oxide exhibiting a
complicated chemical composition. It shows a referred unusual crystal structure
characterized by the presence of micropores (tunnels) with a free aperture of 6.9 x 6.9
A and therefore exceptional physicochemical properties. Todorokite is a quite
common phase at particular Mn-containing ores of economic interest in association
with relevant minerals (e.g. pyrolusite, romanechite), as well as major constituent of
the so-called Mn-nodules existing in big quantities at the bottom of the oceans. As a
consequence, this mineral shows an increasing importance for novel industrial and
environmental applications rather than to be used as a natural Mn-source. According
to the limited literature individual samples of the material have already been examined
in sorption experiments, whereas synthetic analogues have been tested in catalytical
and electrochemical procedures.

Within the frame of the present work reference todorokite specimens
originated from a known Cuban deposit were detailed investigated in order to define
the compositional and structural characteristics of the mineral and especially its
physicochemical properties. For this purpose a number of characterization techniques
were used including XRD, SEM-EDS, XRF, AAS, FT-IR, XPS, TPD, Z-potential
measurements and TG/DTA combined with microporosimetry (surface area
measurements). The obtained results were compared to relevant ones concerning other
natural microporous materials (e.g. clays, zeolites, micas) and were used to predict
potential applications of the material.

' Present address: TVX Hellas S.A.-Mines and Gold Industry/Environmental & Quality Control
Division, 63082-Stratoni, Chalkidiki, Greece (E-mail: athgod@tvx.gr)
• Corresponding author (E-mail: misailid@chem.auth.gr)
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Diffusion Of Radionuclides In Clay-Based Ceramics.

LA. Ivanov, V.I. Tsvetkov, A.N. Gulin, V.M. Shatkov

Dept. of Engineering Radioecology and Radiochemical Technology, St.-Petersburg
Institute of Technology, St. Petersburg, Russia

One of the most important problems created by the development of nuclear
power engineering is the safe storage of different types of radioactive wastes formed at
various stages of the fuel cycle. The necessity of solidification of intermediate and high
level wastes is universally accepted. Basic researches carried out in different countries
concern the use of some types of glasses and ceramics. Ceramics, based on inexpensive
mineral raw materials (in particular clays) , are perspective materials for use as mono-
and multibarrier compositions, capable to ensure safe retension of intermediate and high
level wastes. Such ceramics have satisfactory mechanical, chemical and radiation
stability. The technology of their production is rather simple and does not require very
high temperatures.

The difficulty of materials selection is largely due to the lack of relevant
information concerning the rates and mechanisms of radionuclides leakage. This fact
has motivated recent interest to study the various physical-chemical properties of the
above-mentioned materials and in particular the diffusion of radionuclides in these
materials. The study of the ion migration is important for the understanding of the
possible mechanisms of delocalization of radionuclides from the material and, to a
certain extent, allows the estimation of its barrier properties. The results will also be
useful for the optimization of the ceramic composition.
There is a very little information on the diffusion of radionuclides in clay-based
ceramics. In this connection the diffusion coefficients of 22Na, 90Sr and 134Cs were
determined by the integral residual activity method in clay-based ceramics (see table 1).
It was established, that in the investigated temperature range, the diffusion coefficients
of radionuclides decreased in the following sequense: 22Na > l34Cs > 90Sr. The migration
of 134Cs, in comparison with 22Na, is characterized by the, essentially, lowest values of
preexponential factor and activation energy of the diffusion process. It was shown that
in the case of ceramic, containing 89 wt% of Cambrian clay and 11 wt% of perlite, the
increase of the relative moisture content from 0.05 to 0.3 % resulted in substantial (2-3
orders of magnitude) increase of the diffusion coefficients of the radionuclides.
Subsequent increase of relative moisture content did not practically influence their
diffusion mobility.
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Table 1. Composition of the ceramics (wt%).
Material

Cambrian clay
Veselov clay
Chasov-jarsk clay
Prosyan kaolin
Aragats perlite
Silicon oxide
Calcinat*

Type of the ceramic
Kl
50.0

-
-
-

50.0
-
-

K2
70.0

-
-
-

30.0
-
-

K3
-

10.0
-

40.0
50.0

-
-

K4
-

14.0
-

56.0
30.0

-
-

K5
-

17.8
-

71.1
11.1

-
-

K6
89
-
-
-
11
-
-

F
-
-

50.0
-

10.0
10.0
30.0

* - calcinat composition, wt%:Na2O - 32.6; Cs2O - 4.6; SrO - 3.1; Fe2O3 - 6.4; AI2O3 - 13.9; P2O5 - 39.4.
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Vasil Koprda1, Eva Chmielewska2, Jan Kozac3, Eva Samajova2

7 Faculty of Chemical Technology, STU, 81237 Bratislava, Slovak Republic
2 Faculty of Natural Sciences, Comenius University, 84215 Bratislava, Slovak

Republic
3 Geological Service ATNS, 04011 Kosice, Slovak Republic

Basic properties of inland and Chinese zeolites for ion separation in aqueous solutions
of FeCl3.6H2O, AgNO3 and Zn(NO3).6H2O has been studied.
Domestic clinoptilolite originated from the industrial deposit of Nizny Hrabovec,
inland mordenite from the East Slovakian locality Bysta (not industrial deposit) and
Chinese clinoptilolite obtained from Agrotec - Wasser und Bodenschutz, St. Augustin,
Germany, originated from South-Eastern Hubel.

Physico-chemical and mineralogical specifications of all investigated mineral samples
using various techniques, e.g. X-ray diffraction, water vapor desorption, ion-exchange
and chemical analysis, ESM (Electron Probe Microanalyzer JEOL - JXA 840A) will
be presented.

To compare qualitative, adsorption capacity data of the studied natural zeolites
towards Zn(II), Ag(I) and Fe(III)-ions, natural and chemically modified forms (Na+,
NH4

+-converted) have been utilized respectively.

The equilibrium kinetics of some species from synthetic aqueous solutions by ambient
and elevated temperatures on slovakian and Chinese clinoptilolites as well as
calculated thermodynamic parameters of the process will be introduced.

The concentration of the ions in the aqueous solutions have been measured by means
of radioactive indicators, i.e. solutions labelled by 65Zn and 59Fe and analysed on
multichannel gamma-spectrometer MCA EG&G, Berthold Ortec, USA with
scintilation detector. Ag-concentrations have been analysed by atomic absorption
spectrometry on a Perkin - Elmer Apparatus (USA) with flame technique.

On the basis of the plotted dimensionless adsorption isotherms for the studied
systems: clinoptilolite, mordenite-solutions of Ag(I) and Zn(II)-ions the selectivity
preference of zeolites has been concluded and the process was mathematically
described.
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Vernadsky Institute of Geochemistry and Analytical Chemistry RAS, Kosigin str .19,
Moscow, 117975, Russia

The field of environmental applications of natural zeolites is quite well investigated. The
chemical modification of the zeolites considerably extends their application possibilities
and increases their effectiveness providing them with specific properties. Because of this
reason, the investigations in this direction are of particular interest. A number of reports
concerning the chemical modification of an inorganic carriers with compounds of
different nature has already appeared in the literature /I-3/. This contribution presents a
classification of the zeolite modification methods as well as some applications of the
resulting in modified zeolites based on literature data.
The following techniques were used for the chemical modification of the natural zeolites:
1. Treatment of natural zeolites with organic substances.
Water soluble polyelectrolytes with aminogroups - polyhexamethyleneguanidine and
polyethylenimine were selected for this purpose 141. As a results, the sorbents ,
retaining the cation-exchange properties of the initial zeolite - carriers ( cation-exchange
capacity 1,2 - 1,3 meq/ml) were obtained. The materials additionally acquired anion-
exchange properties ( anion-exchange capacity 0,2 - 0,6 meq/ml) and the bactericidal
activity. The selectivity to oxygen-containing anions (CrO4

2", AsO4
2', PO4

3', etc. ) is the
characteristic property of these organozeolites.
Examples of applications of these sorbents to the decontamination and desinfection of
solutions of different composition and surface waters are presented in this contribution.

2. Treatment of the natural zeolites with a inorganic substances.
2.1 The clinoptilolite-rich tuffs were treated with a hot suspension of freshly
precipitated magnetite 151. This leads to the preparation of sorbents possessing magnetic
properties. The sorbent obtained is characterized by magnetic susceptibility of (5-6) x 10'3

CGSM units. The cation-exchange capacity of the initial zeolite and the selectivity to Sr,
Cs and heavy metals was retained. The radionuclides and heavy metals recovery from
soils and silts was investigated using different soil and ferromagnetic zeolite weight ratios
and contact times. Different soils and sorbent of varying capacities were used for these
investigations. As example, the recovery I37Cs and 85Sr from soils of different nature is
presented in Table 1.
The specific properties of the materials obtained and the experimental data, suggest that
these materials can be used for the decontamination of soils, silts and highly turbid
solutions from cationic contaminants using magnetic field for the subsequent separation
of phases.
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2.2 Treatment of natural zeolites with Fe-containing solutions or Fe-containing
natural waters. The filtration of these solutions through clinoptilolite-rich tuffs makes
leads to preparation of materials possessing high selectivity to PO4

3" - ions . For example,
this sorbent removes up to 2,5 meq/g of PO4

3" - ions at pH 10 - 11,5.
The properties of these sorbents can be utilized for the PO4

3' - decontamination of waters
(e.g. waste waters) and for the subsequent use of these materials in agriculture as
fertilizers.
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Table 1: Removal of radioactive Cs- and Sr-isotopes from various soils by ferromagnetic
natural clinoptilolite-rich tuff '*

w,/w,

1.5
3.0
5.0
10.0
15.0
20.0
25.0

Recovery, %
Soddy podzolic Soil

Sr

95
90
82
66
60
50
45

Cs

56
43
20
20
18

13

Chernozem
Sr

71
63
61
33
29
25
21

Cs

40
20
8
7
4

") W,/W2: wt Soil/wtzeolite, Contact time: 24 days
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Radioactive Waste Repositories
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Introduction
Natural inorganic sorbents are known as effective barriers that reduce the migration of radionuclides

from radioactive waste repositories and contaminated sites. They could be used as buffer, backfill and
sealing materials in the repository [1,2], and their presence in the host rock and the surrounding geological
formations increases the retention properties of the strata [3].

Materials and methods
Natural occurring minerals from local origin are used in the study. Zeolites (clinoptilolite and

mordenite) originate from deposits in north-east Rhodope mountains [4]. Clinoptilolite rock contains
celadonite, minor amounts of crystalIoclasts (quartz, plagioclase, sanidine, biotite, etc.) and lithoclasts.
Mordenite rock contains small amounts of celadonite, opal and chalcedony. Glauconites and celadonites are
widely distributes in sandstones and siltstones, limestone sand and sandy limestones, marls, limestones and
clays [5,6]. Clinoptilolite rock contains up to 5-7% celadonite [7]. Monomineral fractions separated from
sandstones and clinoptilolite are used. Loess formation in north-west part of the country is identified as
potential host rock for repository for low and intermediate level waste [8]. Loess is composed of the
minerals chlorite, micas, quartz, feldspars, calcite and dolomite.

Sorption of radionuclides is studies. Batch capacity is determined. Sorption of radionuclides from
simulated natural solution is studied. Distribution coefficients are calculated from sorption isotherms.
Desorption in presence of different natural solutions is studied.

Results and discussion
Sorption properties are compared. It is shown that clinoptilolite acts as effective barrier against

migration of radionuclides from repositories. The presence of celadonite in the clinoptilolite rock increases
the retention of polyvalent ions. The retention of radionuclides on loess samples fulfils the requirements for
host media for repository for low and intermediate level waste. A method for construction of additional
barrier to the existing in the country disposal vault for spent sealed sources is proposed.

References

1. International Atomic Energy Agency, Performance of Engineered Barriers in Deep Geological Repositories,
Technical Reports Series No. 342, IAEA, Vienna, 1992.

2. International Atomic Energy Agency, Sealing of Underground Repositories for Radioactive Wastes, Technical
Reports Series No. 319, IAEA, Vienna, 1992

3. Stefanova I., Disposal of Radioactive Waste, in press
4. Djurova E., Stefanova I., Gradev G., Geological, mineralogical and ion exchange characteristics of zeolite rocks

from Bulgaria, J. Radioanal. Nucl. Chem., Art., 130(2) (1989) 425-432
5. Natchev I., Bulg. Acad. Sci., Ser. Paleont. Stratigr. Lithol., 1(1975) 85-100
6. Natchev I., Bulg. Acad. Sci., Ser. Paleont. Stratigr. Lithol., 1(1975) 73-84
7. Daiev H., An.Univ.Sofia, Fac.Chem., 1975/1976, 70, 95
8. Evstatiev D., I.Vaptsarov, Y.Evlogiev, Y.Simeonov, R.Angelova, P.SokoIova, V.Spasov, Possibilities for

construction of low- and medium level radioactive wastes in loess soils, in "National Concept for Radioactive
Wastes Management and Disposal in Republic Bulgaria", Sofia, May 1993

85



SK98K0327

Slovak Zeolite and its Ion Exchange Behavior Towards

Foldesova M., Dillinger P., Lukac P.

Faculty of Chemical Technology, Slovak University of Technology
Radlinskeho 9, 812 37 Bratislava, Slovak Republic

Zeolites are crystalline aluminosilicates from natural or synthetics sources. The physical

structure is porous with interconnected cavities in which metal cations andwater

molecules are contained. The zeolitic material used in all our experiments was from

Nizny Hrabovec deposit, Slovak Republic. The XRD-analysis indicates that this

material mostly contained clinoptilolite (40-70%) than quartz, crystobalite, feldspars

and volcanic glass. The clinoptilolite pore opening is 0,41 - 0,74 nm. Si/Al ratio of

Slovak zeolite is between 3,4 - 5,2. The priority of Slovak zeolite is absence of

mordenite which has the fibrous structure and can be regarded as carcinogens material.

The ion exchange capacity of zeolite is directly related to the quantity of aluminium

present in the zeolite framework. Low Si/Al ratio, or rather, a high aluminium

concentration mainly favors this process.

Many authors state that the natural zeolite, containing several exchange cations, needs a

pretreatment, which tends to replace them by only one kind of cation. This procedure

improves the zeolite exchange capacity, which means that more aluminium sites are

capable of undergoing ion exchange. The exchange behaviour can be shown through

isotherms. These isotherms present concentrations of a given ion, both in the zeolitic

phase and in solution, in an equilibrium system.

The simply and very precise method for the studying of adsorption of cations onto

zeolite is radioexchange method. This method uses the radionuciides like radiotracers.

The solution with studied cation is labelled with its radioisotope and the adsorption of

cation is studied by the measurement of radioactivity in selected time intervals.

The changes in the zeolitic material on reaction with NaOH solution, temperature and pH

were characterized by chemical analysis, XRD analysis, by the measurement of surface

characteristics, DTA and TG, ETA and REM methods. The leachability of cations loaded

onto natural and chemicaly modified zeolite was studied with aqueous solutions of acids

and basis by radioexchange method. Immobilization of cesium and cobalt in matrices

based on the blast furnace slug incorporating zeolitic additives was studied.
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