662 IIPOBJIEMBI IT'EOJIOI'MTH 1 OCBOEHUA HEJ[P

YcraHOBIIEHHBIE TPOSIBIICHUS BYJIKAHOT€HHOTO TIeIUIa, B BHE NPHUMECH B TOPIOYMX CIIAHIAX HIDKHETO JOIICHa,
MIPE/ICTaBIICHb] BYJTKAaHUUECKUMHU CTEKJIAMH (YHCTO Pa3I0KEHHBIMU B 30HE THUIEPTHHE3a 0 LEOTHTOB) CBUAETENBCTBYIOT
0 MaccoBoil rubenmu wuxTHOGayHbI W BOAOpOCIEBOW (uopbl oburaresneil aryHsl. B cpemHe’oleHOBOe — Bpems
MEPETHUBIINKA Camlpomenb, B3MYy4YEHHBIH TNPUIMBHBIMHU TEUCHUSIMH HACTYMAIONIMMU C 3alaja Ha [OT MOpPCKOH
TpaHcrpeccun, ¢ obmoMkamy KamadannTa-GpocoTH3NpoBaHHBIX (ParMEeHTOB OEperoBHIX POIOIIMX OPraHU3MOB,
CIYXKWJIN CyOCTpaTtoM COOCTBEHHO (OC(OPHTOBBIX INIACTOB, JIOKAJIN3OBAHHBIX CTPATHIPa(UUecKH BBIIE TOPU3OHTA
pa3MBIBacMBIX TOPIOYHX CJAHIEB HIDKHETO doneHa. [leperHuBmmii camponens Bomopocied, gocdop kocteil BrIMepIei
UXTHO(AYHBI, PBIOWH WP - TepepabaTHIBAINCh KUIIEYHOIIOJOCTHBIMH, O 4Y&M CBUJETEIBCTBYET XOABI POIOIINX
OpraHMU3MOB M HX KOIPOJHTHI, BBIIOJHEHHbIE KOIOGAaHUTOM ((PPaHKOIUTOM) C BBICOKUMH conepkaHusMu P,Os,
3a()MKCHPOBAaHHBIE B OOJBIIOM KOJHMYECTBE B IIIACTE TOPIOYMX CJAHIEB HIKHero soneHa. Oprodocdar Kambmus,
conepxammit ¢prop u mpumecrn P33 nmMeer kak XeMOTeHHYIO, Tak W OHoreHHYI0 mpupony. PpankomuT (Wi KapOoHAT-
(dTopamaTuT) OCaXIAIOTCS Ha IIOBEPXHOCTH IIECYAHWKOBBIX WIM MEpPrelbHBIX OYypOXKETIE3HSIKOBBIX Cerperarui,
cogepxkamux oT 1,5 mo 2,5% dropa, sBiIsercs Taxke HOCUTeNeM He Toidbko P3D, HO M SKOJIOTHYECKHM OMAaCHBIX
anemeHToB (BXB), cBA3aHHBIX ¢ opraHukod. Mpl OTMeYaiaM BBILIE ypaH M TOpPUH (XOTA  NPaKTUYECKH  BCe
MeCTOpOsKACHUS (POCHOPUTOB COCTOAT U3 ypauuiudocharos), B coBoKymHoCcTH ¢ peakumu 3emisivu (La, Ce, Eb, Gd, Y,
Nd), cymmapHo mocturaromumu 3Hadenuid 10 400 r/T, a TaKXKe CTPOHIME - CO CPEIHUMH 3HA4YeHUSIMH 1,5 ©
MaKCHMATBHBIMH 5,2 KI/T, CENICH U MOJTUO/ICH (OT MEPBBIX T/T 10 24 r/T) U Apyrue.

TakuMm 00pa3oM, OLEHKY MHHEPAIbHO-CHIPHEBBIX PECYPCOB 3E€pHHCTHIX (ochopuToB Kepuikyma,
coZepKalluX PEIKHe 3eMJIM, JKeJaTelNbHO INpPU JAIbHEHIIeM YIIIyOJeHHOM WX HM3YYSHHH BO3MOXKHOCTH IIOIYTHOTO
W3BJICYCHUS IIEHHBIX KOMIIOHEHTOB (KpeMHHH, ¢Top, ypaH u P3D) mpu mepepadorku HochOpUTOBBIX KOHLIEHTPATOB.
XKenateapHO CONPOBOXIATH MHHEPAITBLHO-TEXHOJOTMYECKMM KapTHPOBAaHHEM IPUPOIHBIX conepkanuid  P,0s m
pa3mmuaeix BXB mpumeceid, ¢ uX JOMYCTHMBIMH 3HAYEHMSIMH B KOHEYHBIX MPOAYKTAaX ynoOpeHuid — ammodoce u

cymepgocdare.
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Abstract. Zeolites stand apart among the many families of porous materials. Due to their structure, they have a
number of important practical properties such as a high adsorption capacity and the ability to cation exchange. However,
the main feature distinguishing them from other porous bodies and inherent only for zeolites is the ordering of the pores
in their size, orientation, and mutual locations. Pore diameters for the crystalline structures of various zeolites may vary
from 0.25 to about 1.5 nanometers. The crystalline arrangement of these pores in space converts zeolites in the naturally
existing nanostructured materials.
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Introduction.

In countries such as Cuba, Japan and the USA, many studies have been conducted that have led to new and
innovative applications of natural zeolites. Other countries, such as Russia and Mexico, where zeolites are found in
abundance, have the potential to become an industry leader of zeolitic materials. Innovative research work is needed to
find new ways in which zeolites can be used to benefit people and the environment.

Although, there are no certain figures on the total amount of zeolites in the world, it is well known that they are
present on all the continents with varying mineral contents and kinds. World production of natural zeolites was estimated
in the year 2004 to be between 2.5 and 3 million metric tons based on reported production by some countries. Estimates
for individual countries were China, 1,500,000 to 2,000,000 t; the Republic of Korea, 150,000 t; Japan, 160,000 t; the
United States, 57,400 t; Cuba, 37,500 t; Hungary, 30,000 t; Slovakia, 25,000 t; South Africa, 15,000 t; New Zealand,
5,000 t; Canada, Italy, and the Commonwealth of Independent States (Russian Commonwealth), 4,000 t each; Greece,
3,000 t; and Ecuador, 2,070 t [9]. The major fields of applications of zeolites in the world were in animal feed, pet litter,
water purification, and odor control, in decreasing order by tonnage. Some details of zeolite consumption [8] are shown
in the Fig. 1.

Less than ten deposits are exploited at present in Russia, between others the Holinsk deposit (clinoptilolite) and
Mukhor-Tala deposit (mordenite) in the Republic of Buryatia, and “Priargunskoe” Mining and Chemical Association [5].
Evaluation of the Muhor-Tala deposit was reported in Ref. [7]. Such a small amount of produced zeolite (between 3000
and 5000 t for all countries of Russian Commonwealth) contradicts to huge reserves of known deposits, and mainly is
due to the few research dedicated to the use of natural zeolites in industry and agriculture.

Most important properties of zeolites.

The ion exchange property is one of the main features that zeolites exhibit. This feature is important from two
points of view. First, cations introduced in zeolite matrices by ion exchange treatment allow subsequent development of
materials for catalytic, medical and antibacterial applications, between many others [3,6]. Secondly, one of the most
important applications is the processes of removing of pollutants such as heavy metals from the wastewater of industrial
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plants, soil, and other sources [1,2]. Chip and abundant natural zeolites are very suitable material for harmful ions
removal, because polimetallic cation mixture inherent to natural zeolitic rock, mineral impurities, and as a rule several
zeolitic phases presenting in the row natural mineral do not hinder their use for accumulation of undesired cations in the
ambient. Cation exchange properties are very important applications, for example in environment protection to trap
radioactive cations. It is well known that after Chernobyl catastrophe "permeable reactive barriers" made from natural
zeolites were applied to prevent diffusion of the radionuclides [4].
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Fig. 1. Consumption (410° tons) (a) and distribution in vol. % of the use of zeolitic materials (b) (adapted from Ref. [8]).

According to reports, the 11 % of total consumption of zeolites came from natural resources, and the rests
from synthetics, such as A, X, Y, and ZMS-5.

Future applications of zeolites.

All of the above-mentioned applications of zeolites are based on the fact what they are naturally existing
nanostructured materials. Advances of modern preparative chemistry and materials engineering allow improving existing
materials, and to give them some new properties. Two main features of zeolites allow synthesize on their base new
modern materials - their regular pore structure and ion exchange properties. Method of creating hybrid materials
composed of nanoparticles deposited on nanostructured supports also exploits the ion exchange properties of zeolites. In
recent years, zeolites have gained importance for their capacity to accommodate clusters of other materials in their void
space (regular channels and cavities, as well as irregular mesoporosity existing due to defects of crystalline structure) and
on the surface. This facility to insert clusters allows one to create new composites with desirable properties for
photocatalysis [7].

Concluding remarks.

Zeolites represent a class of well-known minerals and materials with a high potential for industrial utilization.
Classical fields are detergent additives, catalysts in cracking processes of the petroleum refining industry and as
molecular sieves in environmental applications, soil improvement and nuclear waste treatment. Recent innovative
applications of zeolites regard their use as host matrices for a large variety of guests. These hybrid materials can be
exploited in several research fields, as devices for solar energy harvesting, processing/storing of information, and
advanced sensing technology for analytics and diagnostics on the nanoscale. Many microporous heteropolyhedral
compounds, containing metals such as Mo, V, Sn, Zr, Ti, Ca and lanthanides, with a wide number of distinct structural
types, have been reported and their potential applications in the areas of catalysis, separation of molecular species, ion
exchange and optical and magnetic devices have been evaluated.
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PA3PABOTKA TEXHOTOIM'MU 3KOJTOM’MYECKU YACTbIX TOMNIMBHbLIX BPUKETOB HA
OCHOBE UCNMOJIb3OBAHUA OTXOOO0B YIMEOBOIALWWEHUA, TUTOCYNIb®OHATOB U
r’MAaPOAIMIIOMUHATOB KAIbLIUA
0. O. KoHoHuyK
HayuHbin pykoBoguTens, npodeccop A. V. Anekcees
HayuoHanbHbIlU MUuHepanbHo-cbipbegol yHusepcumem «lopHbIl», 2. CaHkm-llemep6ype, Poccusi

BoBnedyeHne yronpHBIX OTXOZOB B c(epy MPOMBIIUICHHOTO IOTPEOICHUS IO3BOJSET YBEIMYHUTH CHIPHEBOW
MIOTEHIMA YTOJILHOM OTPACIU 3a CYET KOMIUIEKCHOTO Pa3sMelIeHns OpPUKETHBIX NPENpUsITHIl Ha 6a3e MHOTOYHCICHHBIX
MIPEINPHUATHH, TOTPeONIIOMMX dSHEepreTudeckoe TOIMBO. OTXOABI YIIeoOOTaleHHs XapaKTepusylTcs  Oojee
CTaOMIBHBIM COCTaBOM H OOJNBIIMMU BO3MOXKHOCTSIMH €T0 YCPEJHEHHS, YTO JETaeT WX IEePCHEeKTHBHBIM TOIUIMBHBIM
CBIPBEM JUTsl OPHKETHPOBAHMS YTIIECOAEPIKaIEro MaTepHaa.

Llens paGoTHI: CcO3/aHUE TEXHOJIOTHMH OpPHKETHPOBAHHS YIVICOTXOZOB C IOJNYYEHHEM JKOJOTHYECKH YHCTBIX
TOIUTMBHBIX OpHKETOB 0a3MpyeTcss Ha OCHOBE HCIOJB30BAaHUS KOMIIOHEHTOB: YTOJb (OTXOIB! YIJICOOOTAIeHUs B BHIE
HU3KOCOPTHBIX M BBICOKO30JNBHBIC YIIieil) — cBssyromee (murHocynspoHar — JICT) — orBepautens (THIpOATIOMHAHAT
kanbiss — ['AK). J{ns moBBIIIEHHsT MOTPEOUTENBCKOTO0 KayecTBa OpUKETHI JOIOJIHHTEIBHBIN 3a)KUTaTeNbHBIH CIIOM,
MIPUTOTOBJICHHBII 13 TOPIOYEro M BOCCTAHOBUTEIS.

Pa3paboTaHHbBIi TEXHOJOTMYECKUH MpOIecC OPHKETHPOBAHUS MOXKET OBITh OPraHU30BaH IO HENPEpPBIBHOM
TEXHOJIOTHH WIM TEPUOJUYECKMM METOAOM B 3aBUCHMOCTM OT MOIIHOCTH IIPOEKTUPYEMOIO IPEIIpPHSATH.
TexHONMOTHMUECKUI MOJYNb MOXKET OBITh pa3MEIeH B IPOM3BOACTBEHHBIX MOMENICHHSX aHTapHOTO THma. McXoaHeM
CBIPDBEM [UISl OKCIIEPUMEHTAJBHBIX OpPHKETOB SBISIOTCS yrieoTxon (abpuku KysHemkoro OacceliHa, comepamiero B
mac.% C" - 73,0;H"- 4,6; N" - 2,4,0" - 19,5;S" + 0,5; Cymma — 100. PaGouast macca yrineorxona paaa WP—25;  AP-26,2;
cymma (SP+SP)- 0,3;CP58,7;HP-4,2; NP —1,9; OP-9,7. VIIeoTX04 HMEET CIEAYIOIEe 3HAUYEHUsS HH3IIEN TEruIoThI
cropanust paBHoe 4550 MJ[x/kr. MosspHBIH cocTaB 30JIbI YIJICOTXOAA MOCHE CXKHUTAHHWS B MOJb % MpeICTaBleH:
IBYKabIUeBbIi hepput — 19,22; npykanbimesbiid cunukat — 19,2; kaonuauT — 31,0; okena kpemuesema — 41,7.

B KkadecTBe CBsI3yIOIIEro B MPOIECCE IIOJMYYCHHS] TOIUIMBHBIX OpHUKETOB HCIOJIB3YeTCS TEXHHYECKUE

JITHOCYTb(OHATHI, COJEpIKallie HAaTpUEBbIE, AMMOHHMEBBIC WM KaJbI[HEBO-HATPHEBBIE COJH JIMTHOCYIIH()OHOBBIX
KHCJIOT C MPHMECHIO PEAYIHPOBAHHBIX ¥ MHHEPAIBHEIX BEeHIeCTB. JINTHOCYIB(OHATH! BBITYCKAIOTCS B JKHIKOM, TBEPJIOM
W TIOPOIIKOOOpa3sHOM BHJIE TO TeXHWYeCKUM ycioBmwsm TY 2455-028-00279580-2004 Ha uemirono3HO-OyMasKHBIX
KoMOWHaTOB. J[ysi McclnemoBaHUMi HCIONB30BaH JHMTHOCYNbGOHATOBEIH oTxox Csaceckoro LIBK. JlurHocymsdonoBEIe
KUCJIOTHI TIPEICTABIISIOT NOIUIUCIIEPCHBIE KOJUIOMIHBIE CUCTEMBI C IIMPOKUM JHANa30HOM MOJIEKYIIpHBIX Becos (20000-
10000)-HuTeBHHOM CTpyKTYpHI. OmpeieeHH bl dIeMeHTHbII cocTa Mac.% C-53,46; H-5,37; OCH;-12,01; S -
5,02. Bbicmias TemIoTBOpHash CHOCOOHOCTh JUrHWHA coctaBimsier 5300 kkan/kr. BemonHeHHas TepmooOpaboTka
JUTHOCYIb(GOHATa ToKaszana, 9to npu Temmeparype 20-250 °C mpowcxXomuT ynaieHne BOIbI M paspylllEeHHE  €ro
CTPYKTYpBI, TIPH TIOBbIEeHHe Temreparypsl 10 750 °C mpomcxomur okucienue yriepoma 1o CO,. Hcciemoanune
XHMHYECKOT0 cOCTaBa razoBblaenenus 00.%:0,— 10; N,— 5,0;H, — 2; CO - 60,0; CO, — 12,0; CH, — 7,0; H,O — 2,0;
NO — 2,0.1moKa3bIBacT, 4TO OHA COCTOUT TIaBHBIM 00pazom Ha 80 % U3 roprovnx KOMITOHEHTOB.

Ha ocHoBanmm wmccienoBaHWii B KadeCTBE OTBEPAWTENS JUIL TOIUIMBHOM KOMIO3ZWIMH  TIPEAJIOKEHO
HCTIONB30BAaTh  THAPOATIOMHUHATHL  KalbIUs, KOTOPBIE MOXHO JHOO CHHTE3HpOBaTh, JHOO  HCIIOIB30BATH
TUApOATIOMUHATHBIN 1utaM. Hampumep, Ha AYMHCKOM TNIMHO3eMHOM mpeanpustud, Ha 1T Al,Oz momyuaror  0,6-1T
nurama, cogepxkamero 80-85% rupporpanara kamsuus. bonee 3()(eKTUBHEIM METOIOM SIBISIETCS IOJYyYCHHE HA OCHOBE
THIPOAIIOMUHATA KaJIbIUs OTBEPAUTENS C 33JaHHBIMH (DH3UKO-MEXaHHIECKUMH ¥ MUHEPaJIOTHYECKUMH CBOWCTBaMHU.

Vnpasnenne  (QU3MKO-MEXaHMYECKUMH CBOMCTBAMH  OTBEpPIMTEIS OCHOBAHO HA  CIIOCOOHOCTH  psina
THAPOATIOMHHATHBIX COCIHHEHHH 00pa3oBbIBaTH TBepAble pacTBOphl cocraBa: 3CaOAl,03xSiO, (6-2x)H,0, rme x
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