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In recent years there has been an increasing interest in the possibility of the use of
natural aluminosilicates in agriculture and environmental protection. Zeolites are a large
group of (cluster silicates) aluminosilicate minerals with different chemical composition. Due
to their unique physical and chemical properties (high sorption capacity and ion-exchange,
ion-exchange selectivity and structural thermal stability), they can be used for example in the
production of mineral fertilizers. Zeolites can also be used as a medium of the active
substances i.e. pesticides, herbicides, fungicides or pesticides. Their addition increases plant
production levels and biological activity of the soil. Also zeolite's excellent sorption properties
can be used for the remediation of soils contaminated with heavy metals. The history,
structure, properties and application of natural zeolitesis presented in this publication, based
on therelevant literature.
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OctanniMu poxamMm 3pic iHTepec A0 MOMKJMBOCTI BHKOPHUCTAHHSI NPUPOAHUX
AIOMOCHJIIKATIB y CiIbCHKOMY IOCHOJAPCTBI Ta 0XOPOHi HABKOJMIIHBLOIO cepeaoBuina. /1o
HallBaKJIUBIIIMX CKeJIETHUX AJIOMOCHJIIKATIB HajlexaTh HeoaiTu. LleosiTn — ne Beauka rpyna
MiHepaJiB 3 pi3HMM XiMiYHMM ckJaagoM. 3aBAAKH iX YHIKAJIbHUM (isuuHuM i XiMiYHHM
BJIACTHBOCTSAM — BUCOKIil copOuiiiniii emHocTi Ta ioH000OMIHHOCTI, CeJIEKTUBHOCTI i0HOOOMIHY i
CTPYKTYPHiil TepMocTadiIbHOCTI BOHU MOKYTh OyTH BHKOPUCTAHI, 30KpeMa, Y BUPOOHUITBI
MiHepaJbLHUX J00PUB, a TAKO0K AK HOCIi AKTUBHUX PeYOBHH — 3aC00iB 0XOPOHHU POCJIHH, TOOTO
necTUNUIIB, repOiuuaiB yu ¢GyHrinumis. Ix nopaBamus 30LIbIIYE€ BUPOOHMITBO POCIHMHHOL
npoaykuii Ta 6ioJioriuny akTUBHicTh IpyHTY. | HaBiTH Olb1IE, XOpo1Ii copOuiiiHi BJacTHBOCTI
1eoJiTiB MOKYThb BHKOPHUCTOBYBATHUCH AJ PeKyJbTHBaNLil IPYHTIB, 3a0pyJIHEeHUX BaKKHMH
Meraiamu. IlomaHo orasig Jgirepatypum Ha TeMy icTopii, CTPYKTypHM, BJacTHBOCTEH Ta
3aCTOCYBaHHS PHUPOIHUX LEOTITIB.

Kuio4ogi cjioBa: meotiTH, KIAMHONTHIIONIIT, CiIbChKE roOCNoAapCcTBO, BiTHOBJIEHHS.

Introduction

Thefirst zeolitc mineral, stilbite, was discovered in 1756 by Swedish chemist and mineralogist Axe
Fredicka Cronstedt. He noted that during heating, this natural mineral intensively loses water and named it
using the Greek words: dzeo boil and lithos stone, rock. (Polat et al., 2005). Currently, there are over 40
known types of natural zeolites, but only seven of them (clinoptilolite, chabazite, mordenite, erionite,
ferrierite, analcime, philipsite) are being exploited. Among natural zeolites most common and most studied
mineral is clinoptilolite; not only because of its high occurence in nature and the lowest price, but also
because of its unique physicochemical properties (Hubicki et al., 2000). Rich depasits of the clinoptilalite,
the so-called clinoptildlite tuffs are present, among the others, in the Carpathian Mountains. It is estimated
that there are deposits of the natural zeolite of over a billion tonnes in the village Sokirnica (Vasylij et al.,
1998). Clinoptilolitee tuffs contain from 70 to 90 % of clinoptilolite and have a clear color with a tinge of
white, gray, green or pink depending on the presence of impurities. Associated minerals are
montmorillonite, seladonite, chlorite, cristobalite and pyrogenic minerals - quartz, plagioclase, bictite and
K-feldspar. Currently, there are three ways of classifying zeolites. The first method is based on the
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topology of the framework (the three letter code), (Meier et al. 1996). The second way is classification in
terms of the so-called "Secondary bulding units' (SBU’s), (Breck 1974). The third scheme is similar to the
classification type SBU (Breck 1974) including the chronology in which zeolites were discovered
(Baerlocher et al., 2007).

Structure and properties of zeolites

Zeolites are minerals naturally formed in the reaction of volcanic ash with surface water or
groundwater. They can also arise in the non-volcanic environment during an interaction between the saline
soil particles with strong basic solutions (Gworek and Suchard-Kozera 1999; Kumpiene 2010). They are
crystalling, hydrated aluminosilicates of metals, including calcium, magnesium, sodium, potassium,
strontium and barium. Due to their inner structure they are characterized by unique physicochemical
properties: high and cation exchange sorption capacity, ion-selectivity, molecular sieving, catalytic activity
and high thermal stability up to 750°C (Hubicki, 2000, Pitcher et al., 2004). The general chemical formula
of zeolitesis written as [Barrer 1978, Chen 1978]:

Mx/n[AIXSiyO4(x+y)]-pH20

where M is (Na, K, Li) and/or (Ca,Mg, Ba, S), nis cation charge; y/x = 1-6, p/x = 1-4.0ther

formulas are also being used e.g. using patterns of oxide (Ciciszwili G.W. &t al., 1990):
Myno A|203XS| Ozszo

for examplefor clinoptilolite: (K,Na,1/2Ca),0 Al,O; 10Si0, 8H,0

The primary building unit of zeolite framework istetrahedron, the centre of which is occupied by a
silicon oraluminum atoms, with four oxygen atoms at the vertices.Substitution of Si** by AI** provides the
negative charge of theframework, which is balanced by monovalent or divalentcations located at the
surface. The aluminosilicate framework,definingthe structure type, is the most stable component.
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Fig.1. Schematic ructure of the natural zeolite (Ciciszwili G.W. et al., 1990)

In natural zeolites, the molar ratio of silicon to aluminum (Si /Al) in the crystal isin therange 1 to 6
and is called a zeolite module. The Lowenstein rule determines the lower limit of the module. According to
this rule AlO, tetrahedrons cannot be combined with other tetrahedron AlO, by mutual oxygen atom, and
at the Si /Al ratio = 1 where AlO, and SiO, tetrahedrons form alternately the mineral skeleton (Barrer,
1980). In the clinoptilolite upper limit of Si / Al ratio reaches a value of 5+6. Clinoptilolite is characterized
by high thermal stability, which increases with the rise of their module. Clinoptilolite specific density isin
the range 2,02-2,25 g/cn®, and its hardness on the Mohs scale ranges from 3.5 to 5.5 (Brzychczyk., 2008).
Zeolites have a high porosity. The porous structure of the zeolite crystals allows the selective penetration
of particles of a certain size, dehydration and hydration of the crystals, the exchange of water to other
mol ecules and the exchange of ions to different ones (while maintaining the condition of ectroneutrality).
For this reason, zeolites are well known as molecular sieves (Ceynowa J., 2005). In contrast to other
known absorbents such as activated carbon or activated alumina, zeolites have a regular, replicable
structure of internal pores and channels from 0.3 to 0.15 nm (Zygadto et a., 2010). Apart from high
porosity zeolites are characterized by well developed surface area (about 200m?°g™). Moreover zeolites are
capable to exchange ions with external medium,which is the most significant characteristic of zeolite. The
equilibrium ion exchange isexpressed by the following equation(Pollard et al., 1992)
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zBAZA +zpBL;y & zABZB +2zAL;,

where za+ and zg+ are the valences of the respective cations, and L is defined as a portion of zeolite
framework holding unit negative charge. The ion-exchange behavior of natural zeolite depends on several
factors, including the framework structure, ion size and shape, charge density of the mineral network, ionic
charge and concentration of the external electrolyte solution (Bish and Ming, 2001).

All the above characteristics had the effect that zeolites are been used in various areas of human life
where chemical and physicochemical processes are taking place.

The use of zeolitesin agriculture

Natural and synthetic zeolites due to their unique physicochemical properties, have found wide
application in many fields related to agriculture. They are being increasingly used in the production of
mineral fertilizers with slow release and as carriers of active ingredients of herbicides, fungicides and
pesticides.

One of the main advantages of using zeolite additive to fertilizers is their beneficial effect of
retention of nutrients in the soil (Anonymous, 2004a). The nutrients are released gradually, not only in the
first year of the vegetation period but also in the second or the following years. The most important
nutrients necessary for proper growth and development of plants, are nitrogen, potassium, calcium and
magnesium. They affect not only the size of the crop but also its quality. Zeolites have the ability to retain
nutrients in the topsoil, which are slowly and gradually leached from the soil. This allows the use of
smaller doses of fertilizer, which is associated with a reduction in the cost of crop production (Deluca DK,
1997). The addition of zeolite to the fertilizer has a significant impact on the content of assimilative forms
of nitrogen in the soil, especially on light and sandy soils (Polat et al., 2004). Because the soil doesn’t
absorb nitrates, these are washed out from the soil. The form of nitrogen that takes the longest to leach
from the soil is an amide.The fertilizer of high nitrogen concentration in the form of an amide is urea
(about 46 % by weight), which is used for the production of mineral fertilizers for several reasons. Firgtly,
the nitrogen of the ureais gradually taken up by plants. Secondly, the use of ammonium forms conducts the
development of the root system as well as supports the downloading of phosphorus, sulphur and boron
elements that stimulate normal growth anddevelopment of plants. Urea is used in the production of
fertilizers with slow and controlled release. Zeolites are being used to produce this type of fertilizer.
Production of the fertilizer consists of heating the zeolite to 400 ° C. During this process the water
contained in zeolite's pores vapours and is being replaced by urea. The fertilizer of this type can consist of
about 17 wt% of nitrogen. Urea, which is being closed on zeolites tubular takes a slow conversion to
ammonium ions. As a result the nitrogen is slowly delivered to plants and it remains longer in the topsoil
(Kowal, D., 2009).
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Fig.2. Scheme ion exchange of ammoniumion for sodium

Another advantage of zeolites is their ability to hydrate and rehydrate which may have a significant
impact on maintaining proper water balance in the soil and prevent drying of soils and soil-like substrates.
Due to high porosity, zeolite can store large amounts of water. Thisis particularly important during events
of water deficit. Drought contributes significantly to the reduction of crop production, especially during
active growth (Phillips 2006). The use of zeolite in drought periods has a significant effect on essential oil
yield of Medicinal Peppermint (Ghanbari and Ariafar 2013). The addition of zeolite had a positive effect
on physicomorpological characteristics of Moldsvian Balm (Gholizadeh et al. 2010).
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An interesting application of zeolites is the production of antibacterial agents. They are obtained by
introducing Ag" ions into zeolite structure. Antibacterial activity is due to slow release of the active
oxygen. Studies have shown the efficacy against bacteria such as Pseudomonas aeruginosa, Escherichia
coli, Staphylococcus aureusm (Y oshihiro I. et al. 2002).

Zeolites are also used as a dietary additive to fodder. They help to partialy neutralize the negative
effects of micotoxins present in the feed. The zeolite action occurs predominantly in the gastrointestinal
tract; it consists of disconnection of mycotoxin from the fodder particle and its absorption. Then it is being
released with faeces. Adding natural zeolite of the clinoptilolite type to feed mixtures in low doses of about
1-2% influences very important functions heretofore not recorded by other natural compounds (Rehakova
et al., 2004).

The use of zeolitesin soil remediation

Increase of soil pollution by heavy metals is one of the main problems of modern agriculture. The
increased accumulation of metals in soils is highly influenced by human activity and the reated
development of industry and irrational use of fertilizers. Heavy metals may persist in the soil for hundreds
of years, which is associated with the risk of their inclusion in a trophic chain. Methods of the prevention
of chemical degradation of soils are a complex and depend on many factors. The main factor determining
the solubility of heavy metalsin soil islow pH. Thisis explained by the fact that thereis a slow dissolution
of the oxides of iron, aluminium and manganese and also the release of heavy metals from the primary and
secondary minerals in acidic environments (Karczewska 2002). Ancther important factor that determines
the retention of heavy metal ions is the sorption capacity of soils, which is determined by the number and
quality of soil sorption complex.

The ongoing concern in relation to the purity of the soil and the need to restore its original properties
forced us to seek new and alternative ways of the soil cleansing. Natural and synthetic zeolites are being
used among other additives (Leggo &t al. 2006) to reduce the bioavailability of heavy metalsin the soil The
beneficial effect of zeolite on the pH and increase of soil sorption capacity is being a subject of studies for
many years. The use of zeolitesin acidic soils cause an increasein pH that significantly affects reduction in
heavy metals solubility and bioavailability for plants. Except of ion exchange reactions, the pH increase
promotes the adsorption of heavy metals on the surface of zeolites and their oxides precipitation (Yu et al.
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Fig.3. The scheme for the single-remediation of heavy metal-polluted
soil with natural zeolite (Wei Shi -Yu et al., 2009)
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Until now some studies have demonstrated advantages of zeolite for the remediation of heavy metal-
polluted soils. The use of zeolites significantly reduced the uptake of cadmium and lead by wheat (Chen et
al. 2000). Studies concerning the effects of various additives on a change of the solubility of lead,
cadmium and zinc have shown that zeolites significantly reduced the solubility of lead and cadmium in
polluted soils. As a result their content has significantly decreased in lupine white (compared to plants
grown without the use of additives (Castaldi et al. 2005).

Conclusion

Under the present requirements of ecological agriculture there are wide areas of use for a natural,
inert and non-toxic material such as the natural zeolite. Due to its structure and properties zeolite may be
used as a dow-releasing carrier of agrochemicals of various kinds and fertilizers. Natural zeolites are
effective in improving soil properties and treating contaminated soil. A wide range of applications of
zeolite promotes the pursuit of other possibilities for their use.
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PRELIMINARY STUDIESOF DYNAMIC PARAMETERSIN MULTI-
MATERIAL STRUCTURESWITH THE ADDITION OF ZEOLITE
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The aim of this article is to present the results of preiminary research of the damping
parameters of vibration in the constructions with the addition of zeolite. The first part of the article
dealswith the char acteristics and application of zeolite. It describes mainly the impact of the addition
of zeolite on the concrete parameters. The main part of the article presents the resear ch outcomes of
the damping par ameters of the three models of plate-beam. The modes contain modified binder in
which the part of the concrete is replaced by the zeolite (with more than 85% content of the
clinoptilalite). The values of the damping coefficients of vibration are determined by the collocation
method as well as the method based on the estimation of kinetic energy of the vibrating system. The
damping coefficients of thefirst three models of model vibration are deter mined.

Key words: damping parameter of vibration, zeolite, clionoptilolite, concr ete.

Ilogano pe3yabTaTH MNONEPeIHBOr0 TOCHIIKEHHA eMN(pipyBaJbLHUX NapaMeTpiB
BiOpauii y koHcTpykuisx 3 aoaaBanHsaM ueodiry. Ilepma wyacTuHa cTaTTi cTOCY€ETHCH
XapaKTEePUCTUHK Ta 3aCTOCYBAHHSH 11€0JIITY, ONMMCAHO BILUIMB J0JaBAHHA LEOJIiTy Ha KOHKPeTHi
napamMeTrpu. OCHOBHa 4YacTHHA CTAaTTi — Le pe3yJbTAaTH BHBYEHHA JAeMIdipyBalbHUX
napaMeTpiB TpPbOX MoaeJieil muacTuu 6aaku. Mojeni mictaTs MoaudikoBaHe 3B’ si3yBaJibHe,
B SIKOMY YacTHHY 0eTOHY 3aMiHeHO Ha HeoJiT (3 monax 85 % BMiCTOM KJIMHONTHJIOJITY).
3HayeHHs koe(ilieHTIB 3aracanns BiOpanii BU3HAYAIOTHCS KOJOKAUIHUM METOA0M, a TAKOK
METO0J0M, OCHOBAHUM HAa ONiHII KiHeTHYHOI eHeprii koJuBaAbHOI cucremu. KoediuienTu
3aracaHHs NepuIuX TPbOX Mojesell Biopauii BU3BHAYAIOTHCS.

Kurouogi cjioBa: mapaMeTp 3aracaHns Biopauii, neosit, KIHHONTHJIONIT, 0€TOH.

Introduction

While designing more complex bridges, overpasses, viaducts with substantial spread and low
stiffness, it is significant to determine correctly the dynamic response of the structure. The operation life of
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