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ANNOTATION

The activities of industrial enterprises in ferrous and non-ferrous metallurgy and other industries
lead to environmental pollution with wastewater containing harmful substances that, even in
small quantities, have a rather serious negative impact on human health and the state of the
biosphere. There are a large number of natural sorbents used to solve water treatment problems.
Among inorganic sorption materials, zeolites are widely used in practice. These natural materials
have thermal and radiation stability and high selectivity. The purpose of this article is to study the
sorption capacity of zeolites modified with nanostructured rare metals in several ways, with
different options for activating the matrix to improve sorption properties with respect to ions of
heavy and non-ferrous metals. Based on the experiments conducted, it was proven that zeolites
modified with vanadium and titanium nanocompounds are highly effective in removing heavy
metal ions from wastewater. The resulting composition on a zeolite matrix creates a highly
dispersed solid phase of nanoparticles in the form of a sol-gel. Such systems have an excess of
energy, which leads to increased reactivity and adsorbing properties. It is obvious that the
activation of zeolites makes it possible to obtain a wider range of active centers of different nature.
This determines the varied use of zeolites in the technological system for treating wastewater from
heavy and non-ferrous metal ions, which will make it possible to achieve MPC standards.
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Introduction

Heavy metals, which have a toxic effect on
even

aquatic organisms in

In this regard, wastewater treatment from
industrial enterprises must be carried out until
heavy metals are almost completely removed. But
using only traditional methods this is difficult to

relatively low .
achieve.

concentrations, are extremely dangerous in natural
waters. The harm of heavy metals to a living
organism is due to their ability to bioaccumulate and
concentrate, which leads to disruption of the
functioning of organ systems. The difficulty of
removing heavy metal ions (HTI) from the body is
due to the fact that they form strong bonds with
proteins and other components of cellular
structures [1].

One of the common methods for treating
wastewater from ITM is sorption and ion exchange
methods, hence the need to obtain cheaper
sorbents with improved physicochemical properties
increases [2]. Despite the variety of adsorbents
used, many of them do not satisfy the full range of
requirements for materials of this type, and
therefore the search and development of new
sorption materials is ongoing. The most efficient and
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cost-effective treatment of water from heavy metal
ions is when using materials such as aluminosilicates
of various types. It is known that the high sorption
properties of natural aluminosilicates, their low cost,
and their large reserves in nature serve as the basis
for their choice as adsorbents for metal impurities
from wastewater from various industries. To expand
the scope of natural zeolites and give them new
additional properties (anion-exchange, adsorption,
magnetic, bactericidal, etc.), zeolites are modified
with both organic and inorganic modifiers.

Recently, there has been anincreased interest in
the use of complex zeolite-containing reagents in
the treatment of wastewater of various origins [3]. It
should also be noted here that an important
approach to the creation of effective and
environmentally safe sorbents is the modification of
the structure of zeolites due to the formation of new
functional groups (sorption-active centers) that
strongly bind heavy metal ions. Adsorbents on a
zeolite carrier, activated by rare and rare earth
elements, deserve special attention, since many of
them show selectivity to heavy metals. Therefore,
developments devoted to the study of the sorption
activity of zeolites modified with rare metals with
different types of activation with respect to non-
ferrous metal ions are relevant.

In English and Russian language publications,
much attention is paid to the toxic effects of heavy
metals on living organisms and methods of its
neutralization. Works [[4, [5], [6]] provide data on
the sources of heavy metals and characteristics of
toxic effects.

The solubility of individual heavy metals in
aqueous solutions and the extent of their removal
using alkaline agents and sodium sulfides are strictly
regulated by the United States Environmental
Protection Agency.

Among modern methods that provide effective
wastewater treatment from various pollutants,
including heavy metal ions, a special role belongs to
physicochemical technologies [[7], [8], [9], [10]].
One of the environmentally safe methods of surface
water purification is the use of the adsorption
mechanism, which is most often implemented as
one of the stages of the complex technological
process of water purification since other methods
can lead to secondary pollution of the natural
environment [9].

A distinctive feature of sorption is the ability to
extract substances from multicomponent mixtures,
high efficiency even at low concentrations of
pollutants, as well as the quality of the sorption
material used.

There are a large number of natural sorbents
used to solve water treatment problems, such as
quartz sand, activated carbon, chitosan, jute,
cellulose, sawdust, bentonite clay, etc. The most
common sorbent in domestic and foreign practice
for deep purification of drinking water is activated
carbons: granular and powdered [11]. But the use of
such traditional sorbents in wastewater treatment,
in the presence of specific contaminants in the
source water, does not provide a guaranteed water
quality that meets sanitary rules and regulations.

Among inorganic sorption materials, zeolites are
widely used in practice. These natural materials have
thermal and radiation stability, high selectivity, fairly
good sorption properties, and the possibility of
obtaining them in granular form make them very
attractive for use in the water sector [12]. Zeolites
can absorb not only ions of heavy metals, organic
pollutants, oil products, pesticides, radioactive
elements, but also pathogenic microorganisms,
bacteria and viruses. The ability to extract heavy
metals, surfactants, organic substances and other
toxicants from water, including biologically stable
ones that cannot be removed by other methods, as
well as the absence of secondary contaminants,
make zeolites especially valuable when used in
systems industrial wastewater treatment [13].

An analysis of modern literature [[6], [7], [8], [9],
[10], [11], [12], [13]] showed a significant increase in
the rate of publications devoted to the study of
numerous modifications based on zeolites with the
introduction of metal nanoparticles and the scope of
the corresponding sorption and catalytic systems.
The high surface energy of nanosystems makes
them especially attractive for use in many catalytic
industries since this property makes it possible to
carry out technological processes under milder
conditions than traditionally accepted ones.
Nanomaterials based on oxides of rare and rare
earth metals have unique properties that make
them promising for wide use in chemistry and
technology.

A promising direction for water purification from
impurities of priority environmental pollutants is the
use of modified synthetic or natural zeolites, which
have a high sorption capacity with respect to many
organic and inorganic substances [6].

In order to improve the adsorption properties of
natural zeolites, they are modified or activated by
heat treatment without destroying the crystal
structure [3]. This leads to the fact that their porous
open microstructure is capable of regulating the
structure, for example, modifying with nanosized
particles of rare and rare earth metals, which
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determines their unique sorption properties,
increases their selectivity, and reduces the sorption
time [4].

In order to use natural zeolites for the
purification of wastewater from industrial and
mining enterprises from salts of heavy metals, the
authors of [13] studied the adsorption
characteristics of natural zeolites with an exchange
capacity of 95-140 meq/100 g during the exchange
of sodium cations or ammonium ions for ions lead,
cadmium, copper and zinc from aqueous solutions at
an adsorption time of 10 - 100 minutes, and the
degree of extraction of heavy metal ions from the
solution is 90 - 98% and decreases in the indicated
series of heavy metals: Pb > Cd > Zn > Cu > Ni.

The paper [14] proposes a method for
wastewater treatment from heavy metal cations,
based on the use of slag formed during the complex
processing of steel, which has a complex chemical
composition and is characterized by a highly
developed surface and the presence of a large
number of microcracks, pores, and active centers,
which determine the sorption properties. slag. With
an increase in the amount of added slag, the
purification efficiency increases, which is explained
by an increase in pH and an increase in the number
of active centers. During the purification process,
the efficiency of purification from Fe**and Fe® ions
was up to 99.5%, from Zn?* ions - up to 97.5% with
the addition of 0.7 g/l of slag and the initial
concentration of model solutions of 30 mg/l.
Shungite rocks of Karelia, which exhibit sorption
activity in the process of wastewater treatment from
heavy metals and oil products, are also material for
solving environmental problems [15].

One of the possible ways to increase the
efficiency of wastewater treatment technologies
from heavy metals is the use of new nanodispersed
sorbents that act as sorbents-coprecipitators of toxic
components. Their basis is natural highly dispersed
aluminosilicates, zeolites, the surface of which is
modified by substances of inorganic and organic
nature [[16], [17], [18], [19], [20], [21], [22]].

Thus, the information obtained from published
sources is fragmentary and does not contain
sufficient information about the possibilities and
advantages of using modified aluminosilicates for
water purification from heavy metal ions, which
necessitated the present research.

Experimental part

The purpose of this work is to study the sorption
capacity of zeolites modified with nanostructured
rare metals in several ways, with different variants
of matrix activation to improve the sorption
properties with respect to ions of heavy and
nonferrous metals. The results obtained will be used
for further development of a hybrid technology for
the treatment of process and wastewater.

In this regard, the task of our research is to
create a rational method for treating industrial
wastewater, which would ensure the
implementation of sorption technology, taking into
account the economic and environmental
requirements for it. The effectiveness of the
developed adsorbents in the process of removing
heavy metals was assessed using model water.

b)

Figure 1 - Scanning electron microscopy of the original zeolite (a) and activated (b)
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As adsorbents with high metal consumption, we
used aluminosilicate (clinoptilolite), zeolites of the
KN-30 brand in statics and dynamics, and modified
with a mixture of vanadium and titanium
nanopowder. Figure 1 shows SEM images of the
original zeolite (A) and activated (B) by nanosized
particles of a mixture of rare metals (V + Ti).

According to electron microscopy data, finely
dispersed structures with d= 2.0 - 4.0 nm
predominate on the surface of the unmodified ZSM-
Al,O; zeolite. The straight channels of the ZSM-5
zeolite intersect with the zigzag channels, forming a
three-dimensional structure of narrow channels
with sizes of 5.1-5.6 A. Such a structure causes, on
the one hand, the selectivity of the zeolite, and, on
the other hand, diffusion restrictions, which lead to
low exchange activity.

As can be seen from the electron microscopic
image (Fig. 1, B), formations with d = 3.0-5.0 nm,
consisting of V,0s and TiO,, prevail on the surface of
the activated zeolite. There are structures, the size
of which varies within 5.0-7.0 nm, formed by VxTi..
x02. There is also an insertion of vanadium and
titanium atoms into the structure of the zeolite and
Al203 with the formation of V,4Ti:Sis010 and
VO,TiOAIlO:s.

Nanoparticles of many substances exhibit
properties that make it possible to use them as
catalysts and adsorbents, and the question of the
size at which the catalytic and sorption features of
the nanostate of the studied materials begin to
appear becomes important. In addition, it was found
that at the nanolevel, the properties of the elements
used for modification, for example, nanovanadium,
nanocarbon, nanotitanium, etc., change significantly
[[5], [19]]. This is apparently due not only to an
increase in the active surface of the adsorbent,
consisting of nanoparticles, but also to the fact that
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a significant proportion of the atoms that form its
surface are in the so-called low-coordinated state, in
which they exhibit maximum activity, both catalytic
and sorption [20].

Results and Discussion

The zeolite sorbent used in the work was
activated with nanostructured titanium-vanadium
powder prepared from titanium dioxide and
ammonium metavanadate. A promising raw
material for obtaining a Ti-V-O hybrid composition is
middlings and wastes of titanium-magnesium
production, as the most accessible and cheap.

During the research, conditions were worked
out that combined optimal adsorbent
concentrations, mixing mode, and reagent supply
rate, ensuring the precipitation and removal of
heavy metals from the solution. The work studied
sorption properties, and assessed the static
exchange capacity (COE, mg/g) under standard
conditions (initial concentration of heavy metal ions,
ratio of solid to liquid phases 1:10, particle size,
static sorption time). Determination of the
concentrations of various ions from aqueous
solutions was carried out using certified methods in
accredited laboratories.

Figure 2 shows the technological scheme of
wastewater treatment from ITM under static
conditions using the obtained activated zeolites. The
process of sorption from wastewater can be carried
out under static and dynamic conditions. In the
static mode, the liquid particle does not move
relative to the sorbent particle; moves along with
the latter in a sorption reactor with a stirrer.

Purified

Disposal of spent l
adsorbent ’

Figure 2 - Scheme of the adsorption plant in static conditions: 1 - sorption reactor; 2 - sump; 3 — stirrer
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Table 1 - shows the ZOE values (mg/g) for heavy metal ions when using zeolites.

Zeolites Cations
Cu2+ Ni2+ Zn2+ Pb2+
Aluminosilicate 3.97 1.75 2.28 2.50
(clinoptilolite) 2.53 1.53 1.81 2.20
Zeolite KN-30 2.04 1.47 1.78 1.88
(processing in static) 1.83 1.17 1.53 1.61
0.12
0.10
g 0.08
2
téo 0.06
w
9‘ 0.04
0.02
0
0 50 100 150 200 250 300

atomic mass, Yes

- zeolite, ___-zeolite (activated)

Figure 3 - Dependence of ZOE values (mg-ion/g) for heavy metal ions on atomic mass
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Figure 4- Determination of the sorption capacity of the zeolite from the mass of the introduced element:
1- Cu(I1), 2- Ni(Il) 3- Zn(l1)
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The table shows that the studied zeolite samples
have a significant and close sorption capacity for
heavy metal ions (Cu?*, Ni**, Zn?*), and a particularly
toxic Pb? ion, which is currently very likely to be
found in natural waters. At the same time, the
activated zeolite sample is more selective to the Ni**
and Zn%* ions, and the zeolite (in dynamics) is more
selective to the Ni** ion, although they also have an
increased selectivity to the Cu** and Pb?* ions.

It was shown [11] that the removal of lead from
natural waters using natural zeolites is very effective
both on pure clinoptilolite rocks and in combination
with clinoptilolite with other minerals. In the
conducted studies, a sample of the zeolite activated
with nanocompounds shows an increased selectivity
in relation to the lead ion.

Hence, it follows that the sorption capacity of
activated zeolite is much higher than that of
synthetic non-activated ones. For example, the
dynamic sorption capacity before the breakthrough
of 0.01 mg/l was at least 0.022 mg/|, and before the
breakthrough of 0.1 mg/I| - at least 0.034 mg/I. It
should be noted that the dynamic curves of lead ion
sorption on natural zeolites differ from the curves on
activated samples in a flatter form, which requires
the use of a sorption load height of at least 2-2.5 m
to obtain effective purification. Figure 3 shows the
dependences of ZOE mg-ion/g on the atomic mass of
these metals.

The dependences obtained for various zeolite
samples practically converge in the region of high
values of atomic masses. This makes it possible to
determine with high accuracy by extrapolation the
limiting value of ZOE for metals, which is very
difficult to determine experimentally for high
concentrations due to the high contamination of
wastewater with multiple impurities.

The sorption capacity of the zeolite was
determined experimentally in the process of
studying Cu®*, Ni**, and Zn?* ions.

For the studied "sorbent-metal" system, a series
of solutions were prepared with the same content of
the sorbent (0.1 g) and different increasing content
- 60.100, 140, and 180 pg/ml of metal cations. The
optimum acidity of the medium was created and
mixed on magnetic stirrers for the optimum time
and at the optimum temperature, which were
previously selected for these systems. The amount
of the adsorbed element was determined in each
experiment, as described above, and a graph was
plotted in the coordinates: "the degree of sorption
(R, %) - the mass of the introduced element" (Fig. 4).

A specific property of zeolites is the rate of
sorption of metal ions, which depends on the
structure and properties of the zeolite matrix, the
nature of the ion, and the degree of dispersion of the
sorbent. When the temperature rises to 60°C, the
sorption time is slightly reduced, by an average of 10
minutes.

Studies of the properties and structure of the
substrate of various sorption materials and modified
zeolite activated with a mixture of titanium and
vanadium nanopowder applied powder showed that
an increase in adsorption on the sorbent occurs on a
highly developed substrate structure due to the
formation of adsorption layers on the surface and in
the pores activated by the powder. The activity of
the modified zeolite depends on the rate of
formation and subsequent transformation of
surface intermediates, which is determined by the
nature of the interaction, that is, the nature of
emerging and breaking bonds, in some cases also by
the spatial configuration.

Table 2 - Results of chemical analysis of wastewater treatment from heavy metals in the presence of various sorption

materials
Applied sorption Metal content after treatment, mg/I Degree of removal, %
materials
Cu2+ Zn2+ Ni2+ Pb2+ Cu2+ Zn2+ Ni2+ Pb2+
Clinoptilolite 0.06 0.16 0.08 0.13 89.2 74.2 86.7 59.4
Zeolite KN-30 0.05 0.12 0.042 0.11 91.1 80.6 93.0 65.6
(processing in
static)
Zeolite processing 0.05 0.09 0.024 0.08 91.2 85.5 96.0 75.4
in dynamics
Zeolite activated 0.02 0.02 0.012 0.04 96.4 96.8 98.0 87.5
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Table 2 shows the results of processing a model
solution containing heavy and non-ferrous metals
with the sorption materials wused. Initial
concentration of metals in the model solution, mg/I:
Cu?*-0.56; Zn?*- 0.62; Ni**- 0.60; Pb?*- 0.32

An analysis of the results obtained (Table 2)
allows us to draw the following conclusions: the best
sorption capacity under static conditions with
respect to heavy metal ions has a zeolite modified
with vanadium and titanium, after activation, the
degree of extraction for the studied ITMs ranged
from 87.5 to 98, 0%. The chemical modification of
the zeolite with the use of nanostructured vanadium
and titanium compounds significantly increased the
sorption capacity with respect to Cu(ll), Ni(ll), and
Zn(ll) ions; good sorption properties are also
observed for Pb?, but the recovery is lower. It can
be seen that the sorption capacity of zeolites
activated with rare metals is much higher than that
of activated carbons [5]. It is known [13] that after
water treatment with technical aluminum sulfate
and two-stage mechanical filtration, the zinc content
in it increases significantly. Cleaning with activated
zeolite allows, as can be seen from the table, not
only post-treatment for zinc but also to reduce the
odor, color, and ammonium ion content. To remove
the ammonium ion, the sorption method using
natural zeolites, including modified ones, is also the
most effective, which was shown in [[20], [22]].

Based on the experiments conducted, it was
proven that zeolites modified with vanadium and
titanium nanocompounds are highly effective in the
process of removing heavy metal ions from
wastewater. The degree of metal removal was (%):
Cu2+ - 96.4; Zn2+ - 96.8; Ni2+ - 98.0; Pb2+ -87.5.
Particular consideration should be given to the
removal of lead ions, which are widespread in
industrial wastewater, using the developed
nanosorbent. As has been shown [6], the removal of
lead from natural waters using natural zeolites is
very effective both on pure clinoptilolite rocks and in
a combination of clinoptilolite with other minerals
but does not ensure water quality that meets
sanitary standards [11]. The significant sorption
capacity of the studied samples for the lead ion Pb2+
makes it possible to use them for the purification of
stormwater and detoxification of soils in adjacent
areas of large highways. As a result of studies of the

sorption properties of nanostructured adsorbents
based on a zeolite matrix, their ability to extract
heavy metal ions from water, as well as to remove
ammonia nitrogen, has been proven.

Conclusion

The resulting composition on a zeolite matrix
creates a highly dispersed solid phase of
nanoparticles in the form of a sol-gel. Such systems
have an excess of energy, which leads to increased
reactivity and adsorbing properties. It is obvious that
the activation of zeolites makes it possible to obtain
a wider range of active centers of different natures.
This determines the varied use of zeolites in the
technological system for treating wastewater from
heavy and non-ferrous metal ions, which will make
it possible to achieve MPC standards.

Modification of zeolite-containing rocks with
nanostructured compounds of rare metals changes
their physical and chemical characteristics, their
molecular structure is ordered and acid and
adsorption properties are improved.

Thus, the study of the processes of sorption of
heavy non-ferrous metals by natural materials, such
as zeolites, is of practical interest to the water sector
of industry. Of particular priority is the production of
relatively cheap sorption materials based on
industrial waste, since this waste is reused.
Industrial wastes used as adsorbents do not have the
main disadvantage of most used adsorbents - high
cost. Taking into account the high cost of individual
compounds of vanadium and titanium, samples of
nanostructured adsorbents were obtained from
technogenic vanadium-titanium-containing
solutions of the titanium-magnesium plant (Ust-
Kamenogorsk), which showed high efficiency. This
advantage will reduce the amount of production
waste, which will have a positive impact on capital
costs. The use of waste and by-products of the
metallurgical complex to activate matrix structures
is promising and economically beneficial for
purifying aqueous solutions of various compositions
from ITM, ranging from wastewater from industrial
enterprises to natural waters and food systems.
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TYWIHAEME

Kapa aHe TycTi meTannyprua xaHe 6acka Aa cananapfafbl OHEPKaCinTiK KacinopblHAAPAbIH,
KbI3MeTi KopLUaFaH OpTaHblIH 3UAHAbI 3aTTapbl 6ap afbiHAbI CyIAPMEH NIaCTaHybIHa SKeNin coFaapl,
onap a3 menwepge 6osnca Aa afam AeHcaynblFbiHA XKaHe buocdepa KafoaribiHa alTap/ibiKTan
Tepic acep eteai. Cyapl TasapTy MacenenepiH WewWy YLWiH KONAAHbINATbIH KenTereH Tabusn
copbeHTTep 6ap. belopraHuKanblK COpbUMANBIK MaTepuangapaplH, iWwiHae Toxipubene
LLeonunTTep KeHiHeH KongaHbinagbl. byn Tabusn matepuangap TEPMUANDBIK KaHE PaanaLuanbik
TYPAKTbI/IbIKKA »KIHE KOFapbl CeNeKTUBTINIKKe ne. Byn makanaHblH, MaKcaTbl ayblp KaHe TYCTi
MeTanfapablH, MOHAAPbIHA KATbICTbl COPOLMANBIK KacuMeTTepiH »KaKcapTy YWiH MaTpuuaHbl
benceHaipyniv  9pTYpAni  HycKanapbl 6ap  HAHOKYpbUIbIMAbl  CUpPEK  MeTangapmeH
MoandUKaLMANaHFaH LEeoNnTTEpAiH, copbumnanbik KabineTiH bipHewe TacingepmeH 3epTTey
6onbin  Tabbnaabl.  MyprisinreH  Toxipubenep  HerisiHge  BaHagMM  KaHe  TWUTaH
HaHOKOCbI/IbICTapbIMEH MOAUPUKaUMANAHFAH LEONUTTEPAIH, afblHAbI CynapAaH ayblp meTann
MOHZAPbIH KeTipyae TUiMmAiniri )ofapbl ekeHairi AanengeHai. Lleonut matpuuacbiHaa anbiHFaH
KOMMO3UUMA 30Mb-reNb TypiHgeri HaHoBenweKTepAaiH, »ofapbl AWCNepCTi KaTTbl ¢dasacbiH
Kacangpl. MyHaal xyvenepae sHeprusHbiH, apTbik Meawepi 60naabl, 6y peakumanbik KaHe
afcopbumAnbiK KacueTTepaiH, ofapblaayblHa akenegi. Leonutrepai 6encengipy Tabufatbl
apTYpAi benceHai opTanbikTapablH KeH, CNeKTPiH anyFa MyMKIHAIK 6epeTiHi aHbIK. byn ayblp KaHe
TYCTi MeTann MOHAAPbIHAH afblHAbl Cynapabl Ta3apTyApblH, TEXHONOTMANBIK KyheciHae
LLeoNUTTepAiH SPTYPAI KONAAHBINYbIH aHbIKTalkAp!, 6y LLUPK (LweKTi pyKcaT eTinreH KOHLEHTpaLms)
CTaHAAPTTapbIHA KON XKeTKi3yre MyMKiHAIK 6epesi.

Tyiiin ce30ep: LEONUT, COPOLMANBIK TEXHONOTMANAP, ayblp MeTanaap, afblHAbl cynap, afcopbeHT.
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AHHOTALUMUA
[eaTenbHOCTb NMPOMBILWNEHHBIX NPEANPUATUIA YEPHOM WM LBETHOW METANNYpPrun U Apyrux

oTpacneit NPUBOAUT K 3arpA3HEHMIO OKPY»KaloLel cpelbl CTOMHbIMWM BOAAMM, COAEPKALLME B
CBOEM cocTaBe BpeAHble BeLECTBa, OKasblBalowme U B HEBO/bLIMX KOAWMYECTBAX A0BOJIbHO
cepbé3Hoe HeraTMBHOE BO3AENCTBME Ha 340POBbe YenoBeKa 1 cocToaHme buochepsl. Cywiecteyert
60/1bLIOE KOIMYECTBO NPUPOLHLIX COPBEHTOB, UCMOb3YEMBIX A5 PELLEHWUA 33134 BOAOOUMCTKU.
Cpean HeopraHWYeckMx COPOLMOHHBIX MATEPUANOB Ha MPaKTUKE LUMPOKO WCMONb3YHTCA
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LeonuTbl. 3TWM  NpUPOAHble MaTepuanbl 0613JalT  TEPMUYECKOW U paguaLMOHHOM
CTabUNbHOCTbIO, BbICOKOW CENEKTUBHOCTbIO. Llenb AaHHOM cTaTbM — u3ydyeHue CcOpOLMOHHON
CNocoBbHOCTU LLeoAnTOB, MOAUPULMPOBAHHBIX HAHOCTPYKTYPUPOBAHHBIMU PEAKUMU MeTannamm
HEeCKONbKMMK cnocobamu, Npu pasHbiX BapMaHTax aKTMBaLMM MATpUUbl ANA  YyAydLWeHUA
COPOLMOHHBIX CBOWCTB MO OTHOLUEHUIO K MOHAM TAXKENbIX U LIBETHbIX MeTannoB. Ha ocHoBaHMK
NpoBeAeHHbIX 3KCNEPUMEHTOB Obln0  AOKas3aHo, YTO  LEONUTbI, MOAUDULMPOBAHHbIE
HaHOCOEAMHEHUAMMN BaHAgMA M TUTaHa, 061afatoT BbICOKOW 3dGdEKTUBHOCTBIO B Mpoueccax
yA3aNeHVUA MOHOB TAXKENbIX METANNIOB U3 CTOYHbIX BOA. MONyYeHHaa KOMMNO3MLMA Ha LEeONUTHON
MaTpuLie co34aeT BbICOKOAMCNEPCHYIO TBepAYIO pa3dy U3 HaHouacTul, B popme 30na-rens. Takue
CUCTEMbI MMEIOT NepensbbITOK 3SHepPruu, UYTo WM NPUBOAUT K MOBbIWEHHOW pPeaKLUOHHOW
cnocobHOCTM U aacopbupyowmm ceoicTBam. O4YEBMAHO, YTO aAKTMBMPOBAHME LEO/UTOB
nossosnAeT nonyuyutb bonee LIMPOKMIN HAaboOp aKTUBHbIX LEHTPOB PasNYHOW npupodbl. 310
obycnasavBaeT pazHoobpasHOe NCNONb30BaHWE LLIEOIMTOB B TEXHONOMMYECKON CUCTEME OYUCTKU
CTOYHbIX BOJ, OT MOHOB TAXE/bIX W LBETHbIX MeTann0B, BBMAY Yero CTaHeT BO3MOMHbIM
[ocTuxKeHne HopmaTtumsos MNAK.

Kniouesbie cnoea: LeONWUT, COPOLMOHHbIE TEXHONOIMMU, TAME/ble MEeTan/bl, CTOYHble BOAbI,
afcopbeHT.
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