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ABSTRACT

Metal-containing zeolite adsorbents and ion exchangers are promising for
environmental protection and medical application. Of this work is described the scientific
substantiation of the possibility of using clinoptilolite for water purification and
decontamination. The environmental use of zeolites, aluminosilicates is based on the complex
of their properties, especially on the ability of zeolites to enter into ion exchange reactions
with the participation of Me™ ions compensating the negative charge of the crystal lattice
constructed from alternating SiO4 and AlO,™ tetrahedrons. Many studies showed that natural
and synthetic zeolites exchanged by ions of silver, copper, zinc or some other transition
metals (M-Z) exhibit antimicrobial activity toward a broad range of microorganisms. The
group of researchers who presented the work from the Petre Melikishvili Institute of Physical
and Organic Chemistry at Thilisi State University (Georgia) and M.Auezov South Kazakhstan
State University (Kazakhstan) believes that the development of methods for producing new
zeolite filter materials, including bactericidal ones, with desired properties and improved
characteristics, is relevant.

Key words: zeolite, clinoptilolite, water purification, ion-exchange, antibacterial
activity, zeolite filter.

INTRODUCTION

Zeolites are aluminosilicates of general formula My [AlxSiyOzx+y)]. MH20, where the
metal M (usually Na, K, Ca, Mg) is in a ionic form M™", compensating the negative charge of
the aluminum in crystal lattice. Each silicon and aluminum atom has covalent bonds with four
oxygen atom, SiO, and AIO,4 tetrahedrons are linked in their corners forming open,
“framework” structure with cages and channels. For example, the most commonly used
zeolite of the HEU type (clinoptilolite) forms a monoclinic crystal structure with “wide”
channels formed by 10-membered rings with sizes 0.31 x 0.75 nm, and “narrow” channels
formed by 8-membered rings (0.28 x 0.47 and 0.36 x 0.47 nm)(Fig.1). Presence of channels
and cavities causes molecular-sieve, sorption and other properties of zeolites, they adsorb a
variety of heavy metals and ammonia, and remove a wide range of pollutants.
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Fig. 1. Framework of Clinoptilolite

The environmental use of zeolites, aluminosilicates is based on the complex of their
properties, especially on the ability of zeolites to enter into ion exchange reactions with the
participation of Me™ ions compensating the negative charge of the crystal lattice constructed
from alternating SiO,4 and AlO,™ tetrahedrons (Fig. 2).
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Fig. 2. lon-exchange and Catalytic Properties of Clinoptilolite

Started at the beginning of the 21stcentury and continuing to this day, studies showed
that natural and synthetic zeolites exchanged by ions of silver, copper, zinc or some other
transition metals (M-Z) exhibit antimicrobial activity toward a broad range of microorganisms
[1-11]. In comparison to other transition metal-containing zeolites, Ag-Z exhibits the most
powerful antibacterial activity [3, 8, 10]. In general, silver is considered as antibacterial agent
with well-known mode of action, bacterial resistance against silver is well described [12],
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similarities and differences between silver ions (Ag") and silver in nanoforms (Ag®) as
antibacterial agents were discussed recently [13].

Treatment of water used for municipal and industrial purposes refers to the removal of
impurities such as dissolved substances, as well as suspended colloids and solids. Among all
available water treatment technologies (coagulation, foam flotation, solvent extraction,
electrolysis, etc.), adsorption is considered the best option because of convenience, ease of
operation, and simplicity of design [14]. Activated carbon [15], clay minerals [16],
biopolymers [17], some solid waste materials [14, 18, 19], and zeolites [20-26] have been
widely used as adsorbents for adsorption of ions and organics in wastewater treatment.

MATERIALS AND METHODS

At first, most of the studies in the area of utilization of the natural zeolites in water
treatment were concentrated on the use of clinoptilolite in the removal of ammonium ions
[27- 29] and heavy metals [29-46].The results of the experimental study of adsorption of
heavy metal ions by Na-clinoptilolite [45,46] suggest that the selectivity of zeolite is strongly
influenced by the pH of the contact solution, as well as dehydration energy and diffusion
coefficient of ions, and for the pH>4 can be expressed by the series:
Pb*>Cd?*>Cu*>Zn**>Mn?*>Co*>Ni*.In the case of simultaneous contamination of water
with iron, copper, manganese, nickel and lead ions, a combined filter consisting of quartz
sand, clinoptilolite and laumontite turned out to be effective [47].

From a practical point of view, it was suggested [10] that zeolite formulations
containing biologically active metals could be combined with various materials used in
manufacturing medical devices, surfaces, textiles, or household items where antimicrobial
properties are required. Other problem that can be solved by application of metal-containing
zeolites is possible microbiological contamination of zeolite sorbents used in the remediation
of hazardous heavy metal-polluted soils [48] or in the purification of industrial wastewater
[49]. In such cases it is necessary to provide the sorption materials with bacteriostatic
properties in order to prevent the growth of microorganisms on their surface.

RESULTS AND DISCUSSION

Today it is recognized that natural zeolites outperform conventional granular materials
in water purification, they are cost-effective, abrasion resistant, non-toxic and
environmentally friendly, especially in the treatment of such special wastewater streams as
acid mine drainage, landfill leachate, nuclear fallout, and urban runoff [25]. To obtain ion
exchangers saturated with biologically active transition metals, either cheap natural
clinoptilolite of different origin [28-46,1-4,6, 8, 9,11-13,48,49] or synthetic zeolites of types
A, X, and Y with high aluminum content [5, 7,10,50-53] are applied.

However, the content of bioactive metals in synthetic zeolites and in natural
clinoptilolites does not exceed 0.3 meq/g, which is much lower than the scientific ion
exchange capacity of this zeolite (3.08 meqg/g at Si/Al=3.5). Besides, by the method of ion
exchange isotherms, it was shown [3] that clinoptilolite can contain up to 1.85 meq/g of silver
and up to 1 meqg/g of zinc. The adsorption and ion exchange characteristics of any zeolite are
defined by its chemical and structural properties (the Si/Al ratio, nature of compensating
metal ions, their charge and location, etc.) that can be changed by several chemical treatments
to improve efficiency of raw natural zeolite. To obtain materials with a higher content of
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bioactive metals, it is also possible to use not clinoptilolite, but zeolites with a higher ion-
exchange capacity (phillipsite, laumontite, etc.).

The main problem in the use of materials containing bioactive metals is the uncertainty
of the mechanism of their action. Several studies showed that zeolites not containing silver,
copper, zinc or other transition metals (such as mercury, cadmium, chromium, and lead) are
not active toward microorganisms [6,51], but it has recently been established that in some
cases the antibacterial activity could be attributed to the metal-containing material M-Z itself
[53,54], while the original zeolite remains inert. The introduction of silver, copper and zinc
ions into the zeolite lattice has an insignificant, but still an impact on many properties of the
zeolite, so only a multilateral thorough study of the composition, structure and properties of
the materials obtained will help shed light on this problem.

Currently, filter materials, including zeolite, are widely used in replaceable holders filter
cartridges of systems mounted on water taps (faucet mount filters). Drinking water filtration
systems are now found in the majority of homes across the world in developed nations’, their
number is growing rapidly in Georgia and Kazakhstan. Manufacturers have come up with an
extremely large variety of different types of filtration systems to meet consumer’s pure
drinking water needs.

Zeolite filter materials are developed by research laboratories in many countries,
including Canada, USA, Australia, China, Romania, Slovakia, Greece, Bulgaria, Turkey and
in several other countries.

CONCLUSION

As a result of the study, and also drawing on its scientific experience, a group of
Georgian and Kazakh researchers believes that as a result of solid-phase ion-exchange
reactions between Georgian and Kazakh natural clinoptilolites and a salt of the corresponding
transition metal, followed by washing, zeolite materials will be obtained that will have
sorption and bactericidal properties sufficient for their use in the purification and disinfection
of water.
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