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MAIN PROPERTIES OF ZEOLITES
AND THEIR MULTIPURPOSE APPLICATION

Abstract. The study of the geological system of zeolite deposits in recent years in developed countries is beco-
ming more profound, since zeolites are significant in a broad sense mineral objects. The scientific research in this
field is carried out in many countries of the world, especially in European countries. Over the past century, the use of
zeolites has been expanding more and more. This is explained by the valuable mineral composition and various
chemical properties of zeolites. When carrying out geological studies on this project, zeolite deposits Birlik, Kainar-
bulak, Kainar will be thoroughly studied and the original origin in all arecas of geology is revealed. In addition,
laboratory work will be carried out with the appropriate kinds of analyzes required for studying the composition and
propetties of zeolites.
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After the discovery of catalytic properties of zeolites in the late 50's, intensive studies of their
structure, properties and methods of production began. In nature, zeolites are formed as a result of
hydrothermal synthesis. Effective ways of enriching the rocks do not exist, therefore in practice only rich
deposits of zeolites are used.

Natural zeolites refer to the first group of natural materials on thermo-and acid-fastness (i.e. highly
resistant). Zeolites have good regenerative abilities, withstand high temperatures (up to 600 ° C), are
resistant to aggressive environment without visible traces of destruction. Zeolites are not toxic, no
mutagenic actions have been detected, and the use of zeolites has no limitations in all arcas of the
economy.

Chemical composition of zeolite: (Na, K2) O-Al,05-10S10,-8H,0. The total cationic capacity is
87 mg-equ/100 g of rock, the ion exchange capacity is 2.5 mg-equ/g. There is an adsorption capacity for
H,0 (water), methanol, CO; (carbon dioxide), O, (oxygen), SO, (sulphurous gas), H,S (hydrogen sulfide),
NH; (ammonia), N2 (nitrogen), large organic molecules (table 1).

Table 1 — Chemical composition of zeolite

Si0 69,0-74,0 % CaO 1,7-3.3 %
TiO 0,08-0,16 % MgO 0,4-1.7%
ARO3 11.4-14,0 % K,0 4,0-5,5%
Fe203 0,60-1,8 % Na,O 0.4-0,9 %
MnO 0,02-0,05 H20 10 10 %

On an industrial scale, synthetic zeolites are mainly used. Although more than 30 natural zeolites are
known, only 8 of them (analcime, chabasite, clinoptilolite, erionite, ferrierite, lomontite, mordenite and
phillipsite), found mainly in sedimentary rocks, can be of industrial importance. Difficulties are associated
with exploration, study and development of deposits [1]. In general, the world wide potential supply of
zeolites suitable for use is sufficiently large (Figure 1).
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Figure 1 — Application of zeolites in various industries

The level of modern industrial production of synthetic zeolites reaches several hundred thousand tons
per year and is mainly determined by the needs of the petrochemical industry, where synthetic zeolites of
some structural types find wide application as catalysts or their carriers. Also zeolites are widely used for
drying, cleaning and separation of substances, as well as ion exchangers. The effectiveness of using Zeo-
lite perfectly aerates the soil, promotes the development of the root system, the growth of the entire plant;
keeps in the root zone a sufficient amount of water — 40-70% of its weight, works as a storage tank for
fertilizers - nitrate, phosphates, potassium, nutrients, the most important components for plant health and
its growth. Zeolite captures fertilizers in its branched structure, until the roots of the plants find them.
Nitrogen, detained in Zeolite, is insoluble in water and is not washed out by rain for a long period of time.
Zeolite saves fertilizer. Less fertilizers, especially nitrogen, fertilizers are washed into groundwater. It
increases fertilization by 20-40%. Without the use of Zeolite, about 35% of the nitrogen is washed out of
the root zone and enters groundwater and pollutes it with nitrates and nitrites.

The use of Zeolite can give positive results in almost all types of soil and according to some data it
can increase the yield of many crops - potatoes, barley, winter wheat, clover, maize, etc. by 10-30%. After
the application of Zeolite, increased yields can be observed for 3- 4 years and more. According to some
researchers, even after 7 years from the introduction of zeolite into the soil, its adsorption and cation-
exchange functions did not change. In plant cultivation, Zeolite is extremely useful because of the stimu-
lation of crop yields. When zeolite is introduced into substrates in organic mineral mixtures of the earth,
the quality of the soil will improve by the majority of its parameters.

The results of numerous studies conducted in more than 20 scientific and research institutions in
Ukraine show that the introduction of 4-10 tons / ha of zeolite fraction of 0-1 mm against a background of
full mineral and organic fertilizer provides an increase in the yield of the main agricultural crops, reduces
the consumption of nitrogen fertilizers (Table 2). Due to adsorption of gaseous and water-soluble nitrogen
compounds, the coefficient of their use increases by 20-25%. Simultancously, when zeolite is introduced
in the calcarcous soils, the content of exchangeable potassium increases by 20-45%.
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Table 2 — Efficacy of using zeolites as a fertilizer

Efficiency of application

Crop Dose tha — —
Yield increase Other indicators
Cereal crops The duration of the action is 4-5 years, the improvement
wheat 4-10 10% of the nitrogen nutrition regime, the reduction of heavy metals,
barley 20% radionuclides.
Potato 4-10 3% Decrease in the content of nitrates, heavy metals, radionuclides,

decrease in nitrogen washability by 5 times.

The effective use of zeolite in the feed of agricultural poultry was unmatched. The use of natural
zeolites in poultry farming began with the replacement of gravel chips, traditionally used in poultry
feeding as a physiological and mechanical factor. However, as it turned out, zeolite crumb helps to
accelerate the growth rate of broiler chickens in comparison with ordinary gravel. Now a lot of experience
has been acquired on the use of zeolites in poultry feeding, as evidenced by a number of methodological
and practical recommendations. In the wild nature (established on the basis of research and observations),
chicken (grouse, hazel grouse), inhabiting the area of zeolite deposits, gastroliths prefer this mineral in
selection. In addition to mechanical functions, gastroliths also participate in the chemical processes of
digestion.

On the basis of available data, it can be said that the use of zeolite additives in feeding all types of
agricultural poultry, in amounts of 3 to 6% of the composition of feed increases the body weight, reduces
the cost of feed, protein and exchange energy per 1 kg of growth by 3-19%, and in adult poultry increases
the incubatory quality of eggs and the strength of the shell (Table 3). As in ruminants and other animal
species, the chemical composition of the carcass meat of the control and experimental groups was
practically the same.

Table 3 — Change in live weight of experimental chickens

Groups At the Dbeginning of the experiment After 7 days At the end of the experiment
Average weight of Average weight of Average weight of
one chicken one chicken one chicken

year /% year/ % year /%

If 553,7 /100,0 681.3 /1230 795,6 /1477

I 540,7 /100,0 6723 /1240 7780 /1430

[T 559,7 /100,0 684.3 /126,6 796.,0 /1430

v 5565 /100,0 680,7 /1223 789.3 /1412

In addition to the use of zeolites as a mineral additive in rations of farm animals and poultry, as well
as the use in the production of mixed fodders and premixes, the use of natural zeolites as a mineral
hygienic litter and deodorant for livestock and poultry houses is highly effective.

Natural Zeolite eliminates unpleasant odor due to enhanced adsorption and the ability to ion
exchange. In addition, Zeolite adsorbs water well and is used as an excellent desiccant.

When applying Zeolite on the floor of poultry houses in the amount of 150-200 g per m’, the
unpleasant odor disappears within 15 minutes. The systematic application of this amount of Zeolite with
an interval of 2-3 days is sufficient for almost complete deodorization of air.

Adding 200 g of Zeolite to 1 kg of chicken manure completely destroys the unpleasant odor, while
the time that is required to reduce the humidity of the litter to 25% when dried in the sun is reduced to two
days, whereas without zeolite, it takes 4 days.

The use of Zeolite provides a litter with a large content of fine particles, which increases its value
when used as fertilizer.

At the same time, zeolites themselves are interesting objects for scientific research: they are porous
bodies characterized by a specific skeleton structure and regular pore geometry (intracrystalline cavities
and channels). An important feature of zeolites is the possibility of varying the chemical composition of
crystals and the geometric parameters (shapes and sizes) of intracrystalline pores, i.¢., the possibility of
their structural and chemical modification, which can be carried out either by varying the conditions for
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direct zeolite synthesis, or by changing the chemical composition of zeolite crystals of one and the same
structural type. Due to the comparative ease of chemical modification of zeolites, there are ample oppor-
tunities for implementing controlled changes in the structure and properties of crystals. This circumstance
makes zeolites very convenient objects for studying adsorption equilibria, the nature of adsorption
interactions, the mechanism and kinetics of catalytic reactions, molecular sieve effects and diffusion of
molecules in thin pores of controlled sizes.

When considering the chemical and catalytic properties of zeolites, a phenomenological description is
often enough, but one can really understand these phenomena only by studying in detail the crystalline
structure of zeolites.

Due to the complexity of the physical properties of the zeolites, it is difficult to give an accurate
definition. Therefore,one of the authors [2] suggests to call zeolites as "aluminosilicates with a framework
structure in which there are cavities occupied by large ions and water molecules, both of which are
characterized by considerable mobility, which provides the possibility of ion exchange and reversible
dehydration." The frame structure is constructed from tetrahedrons connected by peaks, in which small
atoms (called as T-atoms) lie in the centers of tetrahedra while oxygen atoms at their vertices. The
positions of T in natural zeolites are predominantly occupied by Al and Si atoms, but in synthetic zeolites
they can be replaced by Ga, Ge, and P atoms close in nature. The role of large ions in the cavities of
natural zeolites is performed by single- and double-charged cations as Na, Ca, K, Mg and Ba, the content
of which depends on the geochemical composition of the mineral formation environment and the
distribution of elements between the crystallizing minerals. Under laboratory conditions, a wide range of
other cations can be introduced into the zeolite by ion exchange or direct synthesis. The general formula
for zeolite is MpDq [Alp + 2qSirO2p + 4q + 2r] ChsH;O. Since each vertex belongs to two tetrahedra, the
oxygen atoms in the framework must be twice as large as the T-atoms. For the charge to be compensated,
the number of triple-charged Al ions should be equal to the sum of p (the number of singly charged
cations) and 2q (twice number of doubly charged cathionions).

In addition, A. S. Shakora was engaged in studies of the properties of cement-zeolitic, ash-zeolitic
and cement-ash-zeolite compositions for use in mortars, heavy and light concretes, non-autoclaved cellular
acrated concrete, and overburden zeolitic rocks in the production of ceramic products. In his experimental
work, the rocks were crushed in a ball mill to the fineness of grinding, characterized by a residue on a No.
008 sieve in an amount of 15 ... 20%. Then, compositions were made with the addition of zeolites from 10
to 40; (on the weight of cement and cement-ash binder) with a gradation of 5%.

As a result, it has been found that the addition of zeolite additives of 10 ... 15% makes it possible to
reduce cement consumption and use an astringent optimum ratio in mortars and heavy concretes of class
B15 ... B10 [3-4]. Samples were made from non-autoclaved aerated concrete of grades D500 ... D700, in
which the siliceous component was completely replaced by ground zeolite-containing tuff, and cement-ash
and cement-ash-zeolite compositions were used as a binder.

From overburden zeolite-containing rocks, a brick of grade 150 and expanded clay gravel with a bulk
density of 400-600 kg/m’ was obtained.
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OEOJUTTEPAIH HET'T3I'TI KACUETTEPI MEH
OJIAPJABIH 9PTYPJII CAJTAJA KOJJAHBLITYbI

AnnoTtanust. L{eonuTTi KEHOPBIHIAPBIHBIH TEOIOTHSUIBIK SKYHECIH 3€PTTCY COHFBI JKbLTIAPHI JAMBIFAH CIIACPIC
TEPCHACTLIN 3epacneyae, ce0eOi ICOMUTTep KCH MAFBIHAAA ACa MAHBI3IBI MUHCPAIILI HBICAHIADP OOJIBIN TAOBLIATIBL.
By camama opblHAANATHIH FRUIBIMH 3EPTTEYICp d71eM OOMBIHINIA KONTETCH CIIACPAC OPBIH aJBIN KATHIP, dcipece
Eypoma memmekerrepinae. COHFBI KY3KBULABIKTA LCOMUTTCPAl MaHAadaHy caiajgapsl KCHIHCH Tapanyia. byn
JKaFIal MeoauTTepaiH Oaraxbl MUHEPAIIbl KYPAMBIMCH JKOHE OPTYPIIi XUMILIIBIK KACHETTEPIMEH TYCIHAipineai. by
SKYMBIC OOMBIHINA SKYPTI3INTCH TEOIOTISUIBIK 3epTTeyIepain HoTmkecinae bipmmk, Kaftnapoynak, KaltHap nieonmrri
KEHOPBIHIAPHI ATBIHFAH >KOHE T€OJIOTH OAFBITBIHAA OJAPIbIH aJFAIIKBI TY3LTY YAepicTepi araibin kKeTkeH. COHBIMEH
KaTap OCOTMTTCPIIH KYpaMbl MCH KACHCTTCPI OOMBIHINA OipKaTap 3¢PTXAHAIBIK )KYMBICTAP COWKCCIHIIC aHAH3ACH
JIC JKYPTi3LIreH.
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OCHOBHBIE CBOMCTBA IIEOJIATOB
U UX MHOT'O®YHKIIMOHAJBHOE IPUMEHEHHWE

Annortamus, U3ydcHHC TCONMOTHICCKOH CHCTEMBI IICOTHTOBBIX MCCTOPOKICHHHA B MOCICIHUC TONBI B PA3BH-
THIX CTPAHAX CTAHOBHUTCA BCE 00 TIYOOKHM, TaK KAK, LCOIUTHI ABJIAFOTCA 3HAYMMBIMA B ITHPOKOM CMBICJIC MHUHC-
panbHBIME 00BeKTaMH. OCYIICCTBIACMBIC HAYYHBIC HCCICAOBAHMS B 3TOH 001aCTH MPOBOIATCA BO MHOTHX CTPAHAX
MHpa, ocobcHHO B EBpomelickux. 3a mocnemHee CToaeTue C(ephl HCMOMB30BAHUS ICOTUTOB BCE OOMIBIIC M OOIBIIC
pacumpsarorcsa. OOBACHACTCA 3TO IICHHBIM MHHCPATBHBIM COCTABOM W PA3IMYHBIMH XUMHYCCKHMH CBOHCTBAMH
neomToB. [IpH MpOBEACHUH TCOMOTHUCCKAX HCCIICIOBAHAHN MO JAHHOM PabO0Te BCCCTOPOHHE M3YUCHBI HCOIHTOBBIC
mMecropokacaua bupimk, KatinapOynak, KaiiHap u paCKpsITO H3HAYAIBHOC MPOUCXOKACHAC TI0 BCCM HATPABICHUAM
reostorud. [IpoBeacHB! 1a00PaTOPHBIC PAOOTHI C COOTBETCTBYFOIIMMH BHAAMH AHAM30B TPCOYCMBIX I H3YUCHHUSI
COCTAaBa U CBOUCTB LICOIUTOB.

KimodeBnie ¢J10BA: [ICOJHT, MHHCPAJIBI, TCOMOTHYCCKAS CHCTEMA, XHMHUYCCKHC CBOHUCTBA, OYHCTKA, IUTOIO-
poxame.
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