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Abstract

We studied the composition and structural propgereamorphous, uncrystallized, fullerene analograrbon
containing natural mineral shungite from Zazhogoeskepositn Karelia (Russian Federation) and microporous
crystalline aluminosilicate mineral zeolite (MoBulgaria). There are submitted data about the rerare,
obtained with using of transmission electron micogy (TEM-method), IR-spectroscopy (NES and DNES-
method), as well as composition and physical chahitoperties of these minerals. The average en@fgy . o)

of hydrogenH...O-bonds among individual molecules®after treatment of shungite and zeolite with wige
measured at -0.1137 eV for shungite and -0.1174oe\2eoclite. The calculation ofE, o for shungite with
using DNES method compiles 0.0025+0.0011 eV andzfwlite -1.2+0.0011 eV. This result suggests the
restructuring ofAE,  ovalues among D molecules with a statistically reliable increaddocal maximums in
DNES-spectra. Also are demonstrated the prospéctsing shungite, possessing high absorption, yatednd
bactericidal activity, as an adsorbent in wateattment, water purification, and other industries.

Keywords. shungite, zeolite, nanostructure, fullerenes, waestment, water purification

1. Introduction

Shungite and zeolite — the minerals refer to nemegation of natural mineral sorbents (NMS). Shunggtan
intermediate form between the amorphous carborttendraphite crystal containing carbon (30%), aili¢5%),
and silicate mica (about 20%) (Khavari-KhorasanW&rchison, 1979). Shungite carbon is a fossilizeganic
material of sea bottom Precambrian sediments df leigel of carbonization containing the fullerefeslregular
structures. Shungite got its name after the villag8hunga in Karelia (Russian Federation), locatethe shore
of Onezhskoe Lake, where is located the only oneeral Zazhoginsky deposit of shungites on thettayriof
the Russian Federation. The total shungite resafvsazhoginsky deposit amount to approximatelyr8ion
tons of shungite. The plant production capacity lee mining and processing of shungite makes up 200
thousand tons of shungite per year.

Zeolites are the alumosilicate members of the fawiilmicroporous solids known as "molecular siey@simed
by their ability to selectively sort molecules béggimarily on a size exclusion process. Naturallizes form
when volcanic rocks and ash layers react with alkajroundwater. Zeolites also crystallize in pdspositional
environments over periods ranging from thousandsilions of years in shallow marine basins. Nallyra
occurring zeolites are rarely pure and are contataihto varying degrees by other minerals, metpiarts, or
other zeolites. For this reason, naturally occgrrireolites are excluded from many important comrakrc
applications where uniformity and purity are esgént

As natural minerals shungite and zeolite has urlysbiad scope of application in industry. Shuagitas used
initially, mainly as a filler and substitute of tlkarbon coal coke (fuel) in blast furnace productd high-silicon
cast iron, in ferroalloys melting, in the productiof non-stick heat-resistant paints and coatiags, as a filler
in rubber production. Subsequently there were e other new valuable properties of shungite —
adsorptional, bactericidal, catalytic, reductiondation properties, as well as the ability of shitmgninerals to
screen off electromagnetic and radio radiationses€hproperties have made the use of shungite iougar
branches of science, industry and technology, feating on its basis a variety of new nanotechriobdg
materials with nano-molecular structure. On theida$ shungite have been created new conductivetpai
fillers for plastic materials, rubber and carboadi substitutes, composite materials, concretek®ristuccoing
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plasters, asphalts, as well as materials havingebeaical activity, and materials shielding off thedio and
electromagnetic radiation. Adsorptional, catalyéind reduction-oxydation properties of shungiteofad its use
in water treatment and water purification technaegi.g. in treatment of sewage waters from maggaiic and
inorganic substances (heavy metals, ammonia, oofdorine compounds, petroleum products, pesticides,
phenols, surfactants, etc.). Moreover, shungite &astrongly marked biological activity and bactietad
properties.

Zeolites as shungites are widely used in indussra alesiccant of gases and liquids, for treatmédtioking
and sewage water from heavy metals, ammonia, pbosphas catalyst in petrochemical industry forZese
extraction, for production of detergents and faraoting of radionuclides in nuclear reprocessiFigey are also
used in medicine as nutritional supplements hasintgpxidant properties.

A wide range of properties of shungite and zealiéines the search for new areas of industrialiegipdn of
these minerals in science and technology that ibwutés to a deeper study of the structure with gighme
modern analytical methods. This paper deals witlestigation of the structural properties of shumgnd
zeolite and their composition.

2. Materialsand M ethods

2.1. Materials

The study was performed with samples of shungit&iobd from Zazhoginsky deposit (Karelia, Russiadl a
zeolite (Most, Bulgaria). Samples were talewl analyzed in solid samples according to Nationahdard of
the Russian Federal Agency of Technical Regula@on Metrology. Samples were put into 1003cm
hermetically sealed glass tubes after being washddt. HO and dried in crucible furnace, and homogenized
in homogenizer by mechanical grinding. For the degosition of the shungite samples a system of miave
decomposition was used. Other methods of samplesegsing were washing with dist,® drying, and
homogenization on cross beater mill Retch SK100etsBh Co.”, Germany) and Pulverisette 16 (“Fritsch
GMBH”, Germany).

2.2. Analytical Methods

The analytical methods were accredited by thetlrstiof Geology of Ore Deposits. Petrography, Mategy,

and Geochemistry (Russian Academy of Sciences)pamvere treated by various methods as ICP-OES, GC
and SEM.

2.3. Gas-Chromatography

Gas-chromatography (GC) was performed at Main figsGentre of Drinking Water (Moscow, the Russian
Federation) on Kristall 4000 LUX M using Chromat&V-DMCS and Inerton-DMCS columns (stationary
phases 5% SE-30 and 5% OV-17), equipped with flanzation detector (FID) and using helium (He)aas
carrier gas.

2.4. Inductively Coupled Plasma Optical Emission Spectrometry (I CP-OES)

The mineral composition of shungite was studiednouctively coupled plasma optical emission spaugtyy
(ICP-OES) on Agilent ICP 710-OES (Agilent Technaésy USA) spectrometer, equiped with plasma atomize
(under argon stream), MegaPixel CCD detector, abdMHz free-running, air-cooled RF generator, and
Computer-optimized echelle system: the spectrajeaat 167—785 nm; plasma gas: 0-22.5 I/min in /tvfn|
power output: 700—-1500 W in 50 W increments.

2.5. Elemental Analysis

The total amount of carborCg,) in shungite was measured according to the ISO429§andard using
elemental analyzer CHS-580 (“Eltra GmbH”, Germarsguipped with electric furnace and IR-detector by
combustion of 200 mg of solid homogenized sample $tream of oxygen at the temperature 1%00

2.6. Transmission Electrom Microscopy (TEM)

The structural studies were carried out with usigi! 35 CF (JEOL Ltd., Korea)evice, equipped with X-ray
microanalyzer “Tracor Northern TN”, SE detectorrinomolecular pump, and tungsten electron gun (Harp
type W filament, DC heating); working pressure®*®a (1¢ Torr); magnification: 300.000, resolution: 3.0 nm,
accelerating voltage: 1-30 kV; sample size: 60-+hafQ

2.7. | R-Spectroscopy

IR-spectra of water samples, obtained after betnrgacted 3 days with shungite and zeolite, werestegd on
Fourier-IR spectrometer Brucker Vertex (“BruckeBermany) (a spectral range: average IR — 3707809 c
visible — 2500-8000 cth the permission — 0.5 ¢accuracy of wave number — 0.1 ¢mn 2000 crif); Non-
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equilibrium Spectrum (NES) and Differential Non-didpium Spectrum (DNES).

3. Results and Discussion

According to the last structural studies shungiteaimetastable allotropic form of carbon with higkel of
carbonization (carbon metamorphism), being on pographite stage of coalification (Volkova & Bagtbv,
1986). Along with carbon the shungite, obtainedhfrdazhoginsky deposit in Karelia (Russian Fedentio
contains SiQ(57.0%), TiQ (0.2%), AbOs (4.0%), FeO (0.6%), KF®; (1.49%), MgO (1.2%), MnO (0.15%),
K,0O (1.5%), S (1.2%) (Table 1). The product obtainédr the thermal firing of shungite (shungizit) 1&200—
1400°C contains in small amounts V (0.015%), B (0.0048)(0.0085%), Mo (0.0031%), Cu (0.0037%), Zn
(0.0067%), Co (0.00014%) As (0.00035%), Cr (0.7226)(0.0076%) and other elements (Table 2).

In comparison with shungite zeolite comprises aromiorous crystalline aluminosilicate mineral comiyarsed

as commercial adsorbents, three-dimensional framewbd which is formed by linking via the verticebet
tetrahedra [AIQ]* and [SiQ]* (Panayotova & Velikov, 2002). Each tetrahedron [AfOcreates a negative
charge of the carcasses compensated by caticndN@ K*, C&*, NH,", etc.), in most cases, capable of cation
exchange in solutions. Tetrahedrons formed therskoy structural units, such as six-membered rifigs;
membered rings, truncated octahedra, etc. Zeotaendwork comprises interacting channels and cavitie
forming a porous structure with a pore size of 0.8-nm. Average crystal size of the zeolite mayeafiom 0.5

to 30pm.

Table 1. The chemical composition of shungites fitamhoginsky deposit (Karelia, Russian Federatiorp

(wiw)

No Chemical component Content, % (w/w)
1 C 30.0
2 Sio, 57.0
3 TiO, 0.2
4 Al,O4 4,0
5 FeO 0.6
6 FeO; 1.49
7 MgO 1.2
8 MnO 0.15
9 CaO 0.3
10 NaO 0.2
11 K,O 1.5
12 S 1.2
13 HO 1.7

The empirical formula of zeolite can be represeiaisd

M;OAl;,05YSIO, WH,0,
where n — the cationic charge (n = 1) the molar ratio of oxides of silicon and alumimin the zeolite
framework, indicating the amount of cation exchapgsitions in the structure (y = @); w — the amount of
water.
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Table 2. The chemical composition of shungite aftat treatment at 1200—480D

No Chemical component Content, % (w/w)
1 C 26.25
2 SiG 3.45
3 TiO, 0.24
4 Al,O5 3.05
5 FeO 0.32
6 FeOs; 1.01
7 MgO 0.56
8 MnO 0.12
9 CaO 0.12
10 NaO 0.36
11 KO 1.23
12 S 0.37
14 ROs; 0.03
15 Ba 0.32
16 B 0.004
17 V 0.015
18 Co 0.00014
19 Cu 0.0037
20 Mo 0.0031
21 As 0.00035
22 Ni 0.0085
23 Pb 0.0225
24 Sr 0.001
26 Cr 0.0072
26 Zn 0.0067
27 HO 0.78
28 Calcination (burning) losses 32.78

The composition of zeolite is analogous to thashaingite (Table 3), except for carbon which dodsogour in
zeolite. The amounts of core elements (SKD,, Al,O3, FeO, FgO;, MgO CaO, NaO, KO, S) constituting
these minerals differ from that of shungite: th&intent is higher than that of shungite excepfri@, and KO,
the contents of which in zeolite were decreasedl€T8). The content of microelements as V (0.0213),
(0.0045%), Cu (0.0151%), Mo (0.0012%), As (0.0025%) (0.0079%), Zn (0.1007%), Z(0.1007%) was
somewhat increased in zeolite, while the contelBan{0.0066%) and Cr (0.0048%) was increased (Table
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Table 3. The chemical composition of zeolite (Buighg in % (w/w)

Chemical component

Content, % (w/w)

No
1 SiO, 22.14
2 TiO, 0.01
3 Al,O4 17.98
4 FeO 23.72
5 FeO, 1.49
6 MgO 14.38
7 MnO 0.61
8 CaO 0.36
9 NaO 0.5
10 KO 0.4
11 S 0.32
12 ROs 0.06
13 Ba 0.0066
14 \/ 0.0272
15 Co 0.0045
17 Cu 0.0151
18 Mo 0.0012
19 As 0.0025
20 Ni 0.0079
21 Pb 0.0249
22 Sr 0.0021
23 Cr 0.0048
24 Zn 0.1007
25 HO 1.43

Physical and chemical properties of shungite hagenbsufficiently studied (Parfen’eva, 1994). Dgnsif
shungite 2.1-2.4 g/cinporosity — up to 5%; the compressive strength080:1200 kgf/crh) conductivity
coefficient — 1500 SI/m; thermal conductivity coeiint — 3.8 W/nK, the adsorption capacity up to 26/m

Shungites differ in composition of mineral matridlminosilicate, siliceous, carbonate), and the arhof
carbon in shungite samples. Shungite minerals silitate mineral basis are divided into low-carliéfbo C),
medium-carbon (5-25% C), and high-carbon shun¢#&s80% C) (Kasatochkin et al., 1978). The sum &)+
in shungites of Zazhoginsky deposit (Karelia, Raisdtederation) is varied within 83—-88% as showhigure 1.

14



Advances in Physics Theories and Applications www.iiste.org
ISSN 2224-719X (Paper) ISSN 2225-0638 (Online) l'—,i,!
Vol.28, 2014 IIS E

L
3

%
30

25

20

15 4

10 4

10 20 25 30 35 40 45 50
? ontent, w/w %

Figure 1. The distribution (%) of carbon (C) (sdiitk) and silicon (Si) (dotted line) in shungitngples from
Zazhoginsky deposit (Karelia, Russian Federatieopading to atomic emission spectrometry (AES)

The crystals of crushed, fine ground shungite msss&ong bipolar properties. This results in dtaghesion,
and the ability of shungite to mix with almost atjanic and inorganic substances. Besides, shumait@ broad
spectrum of bactericidal properties; the minerahdsorptive active against some bacterial cellagph, and
pathogenic saprophytes (Khadartsev & Tuktamysha@2p

The unique properties of the mineral are definechéyostructure and composition of its constitudaments.
Shungite carbon is equally distributed in the atiicframework of fine dispersed quartz crystalsrmthe size
of 1-10um (Kovalevski, 1994; Mosin & Ignatov, 2013a), asfioned by studying of ultra-thin sections of
shungite by transmission electron microscopy (THEWMjbsorbed and backscattered electrons (Figure 2).
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Carbon

Silicates

Figure 2. Structure of shungite rock obtained byTiethod. Scanning area 1800 mm, resolution 0.5 nm,
magnification 300.000 times. The arrows show theate framework of fine dispersed quartz with $iee 1-10
um, and uniformly distributed carbon

The carbonaceous material of shungite is the prtodiui@ high degree of carbonization of hydrocarbdts
elemental composition (%, w/w): C — 98.6-99.6; H.45-0.5; (H + O) — 0.15-0.9 (Golubev, 2000). With
virtually constant elemental composition of shuagiarbonaceous matter is observed variabilitysrstitucture

— molecular and supramolecular, as well as surfaoe, porous structure. X-ray studies showed that th
molecular structure of shungite carbon is represkbly a solid uncrystallized carbon, which compdsienay
be in a state close as to graphite and carbon ldadkglassy carbon as well, i.e. the maximally disced
(Kovalevskiet al., 2001). Carbonaceous matter of shungite havistgomgly marked structural anisotropy shows
a significant increase in the diamagnetism at lemgeratures that is characteristic for fulleredestikin, 1994).
The basis of shungite carbon compose the hollowatafullerene-like multilayer spherical globulesthwia
diameter of 10-30 nm, comprising inclusive packaafesmoothly curved carbon layers covering the panes
(Figure 3). The globule structure is stable refatte shungite carbon phase transitions into otlietr@pic
carbon forms. Fullerene-like globules (the contehfullerenes makes up 0.001%) may contain fronew f
dozen to a several hundred carbon atoms and mgyrvahape and size (Reznikov & Polehovsky, 2000).
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globules with a diameter 10-30 nm, obtained by Tia&thod (probe 0.5-0.7 nm, the energy of the elactro

beam 100—200 kV, the beam radius 10 nm, the rafhije @oniometer rotation -27 ... +97 On the left are

shown fluorescent spherical fullerene-like globutasthe right — the multi-layered spherical futlee-like
globules with packets of carbon layers, recordedllagher resolution

By the measurement of IR spectra in the rangeloftions in the crystal mineral framework one chtam the
information: a) on the structure of the framewgshrticularly type lattice ratio SKZAI,Os, nature and location
of cations and changes in the structure in thege®of the thermal treatment; b) on the naturéesurface of
the structural groups, which often serve as adgorpind catalytically active sites.
Other method for obtaining information about therage energy of hydrogen bonds in an aqueous sample
measuring of the spectrum of the water state. ¥ established experimentally that at evaporationvater
droplet the contact anglé decreases discretely to zero, whereas the dianwdtehe droplet changes
insignificantly (Antonov Yuskesseliva, 1983). By aseiring this angle within a regular time intervals
functional dependencefi( can be determined, which is designated by thetape of the water state (Antonov
Yuskesseliva, 1983; Ignatov, 2005; Ignatov, 20g2atov & Mosin, 2013). For practical purposes hyistering
the spectrum of water state it is possible to obiafiormation about the averaged energy of hydrdgamds in
an aqueous sample. For this purpose the model &gk is used, which consider water as an associate}iqu
consisted oD-H...O-H groups (Lucket al., 1980). The major part of these groups is desgghhy the energy
of hydrogen bonds (-E), while the others are fiee=(0). The energy distribution function f(E) is asered in
electron-volts (eV) and may be varied under the influence of variexiernal factors on water as temperature
and pressure.
For calculation of the function f(E) experimentajp&ndence between the water surface tension medsyibe
wetting angle ) and the energy of hydrogen bonds (E) is estadalish

f(E)=bfe)/1—- (1 +bE)"?
where b = 14.33 eV 0 = arcos(-1 — b E)
The energy of hydrogen bondg)(measured in electron-volts (eV) is designatedth®y spectrum of energy
distribution. This spectrum is characterized by-eguilibrium process of water droplets evaporatihis the
term “non-equilibrium energy spectrum of water” (8)&s applied.
The differenceAf(E) = f (samples of water) — f (control samplenter)
— is designated the “differential non-equilibriumeegy spectrum of water” (DNES). (Antonov, 1990ndtpv,
1998)
DNES calculalated in milielectron volts (0.001 eiVneeV) is a measure of changes in the structureatér as a
result of external factors. The cumulative effetalb other factors is the same for the control gkarof water
and the water sample, which is under the influeridlis impact.
The research with NES method of water drops redeafter 3 days stay with shungite and zeolite iiomieed
water may also give valuable information on thesgde number of hydrogen bonds as percent of water
molecules with different values of distribution eriergies (Table 4). These distributions are bdgicahnected
with restructuring of HO molecules with the same energies.

Table 4. Characteristics of spectra of water &tday infusion with shungite and zeolite obtaingd\ES-

method

-E(eV) Shungite Zeolite -E(eV) Shungite Zeolite
X-axis X-axis

(%((-Evalue)/ | (%((-Evalue)/ (%((-Evalue)! | (%((-Evalue)/

(-Etotal value) | (-Etotal value) (-Etotal value) | (-Etotal value)
0.0937 2.85 6.3 0.1187 0 12.4
0.0962 8.8 6.3 0.1212 5.9 6.3
0.0987 5.9 0 0.1237 0 0
0.1012 11.8 12.4 0.1262 0 0
0.1037 11.8 6.3 0.1287 0 18.7
0.1062 0 6.3 0.1312 8.8 6.3
0.1087 0 0 0.1337 2.85 0
0.1112 5.9 0 0.1362 0 0
0.1137 11.8 0 0.1387 11.8 2.4
0.1162 11.8 6.3 — — —

Another important parameter was measured by the MEod — the average energyE(.. o) of hydrogen
H...O-bonds among individual molecules®after treatment of shungite and zeolite with watebe compiled
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at -0.1137 eV for shungite and -0.1174 eV for zeolThe result for control sample (deionized waigrD.1162
eV. The results with NES method were recalculatgdhe DNES method. The result of shungite with DNES
method is 0.0025+0.0011 eV and for zeolite is -0.2811 eV. The results suggest the restructuringnefgy
values among D molecules with a statistically reliable increa$éocal maximums in DNES-spectra.

— Shungite

Zeolite

%, -Evalue/-Etotal

0 0,05 0,1 0,15

-E(eV)

Figure 4. The distribution (%, (-Evalue)/(-Etotalwe) of water molecules in water solution of shiteigeolite
according to energies of hydrogen bonds (-Evaluédtal result of hydrogen bonds energy

There are two conclusions from the DNES spectrufrghongite and zeolite. For the value -0.1387 eAfdhs
local maximums with positive values of shungite aedlite. Antonov was shown that in the solutiothvtumor
cells there was decreasing of local maximums. Siteirgend zeolite make restructuring of water molesuind
on molecular level make prophylaxis of developmeitancer cellsAntonov was studied that the spectra of
solutions containing calcium ions have a local minin of energy at of -0.1 eV and a local maximurarat0.11
eV. It was established that the solution of shuinbis local minimum of energy at of -0.0987 eV arldcal
maximum at an -0.1137 eV. The results of shungite annected with improvement of the conductivity o
nervous tissue.

Studies were performed on a 1% solution of bloadrsewith NES and DNES. Empirical blood serum sammple
were provided by Kalinka Naneva, Municipal Hospitatteven, Bulgaria. The samples were divided Rito
groups of people between 50 and 70 years of age fifdt group consisted of people in excellent tiealhe
second group consisted of people in a criticakssad suffering from malignant tumors. The avemgergy of
hydrogen bonds among water molecules in the bleaghs was examined as a biophysical parameter. haétr
was obtained as a difference between the spectfurfosolution of blood serum (NES) and a controhpke
with deionized water (NES). This spectrum is DNEBe first group obtained the result — -9.1+1,1 e\ the
second — -1.6%1,1 meV. There is statistical diffieee between the two groups of results accordinth¢ot-
criterion of Student at level p <0,05. For the cohgroup of healthy people the value of the speutof the
largest local maximum is at -0.1387 eV or at a Wevgth of 8.95um.

Owing to the unique porous structure the naturalemals shungite and zeolite are ideal absorbentdiltars
(Gorshteyret al., 1979), and as sorbents have a number of positigeacteristics:

- High adsorption capacity, characterized by lowstasice to water pressure;

- Mechanical strength and low abrasion resistance;

- Corrosion-resistance;

- Absorption capacity relative to many substancesh lmoganic (oil, benzene, phenol, pesticides, etc.)

and inorganic (chlorine, ammonia, heavy metals);

- Catalytic activity;

- Relatively low cost;

- Environmental friendliness and ecological safety.
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According to the data on adsorption capacity sterigses effectiveness before the activated cafitienin the
first stage of filtration, during the first 24 hyrther shungite began purified water with a higld @onstant
speed. This is explained by high catalytic propsrof shungite and its ability to catalytically dizie organic
substances absorbed on the surface. The mecharisntecaction of shungite with water has not been
completely understood. It is assumed that shumgiteadsorb oxygen actively interacting with thena atrong
reducing agent in water and in air (Cascarini de€let al., 2004). In this process is produced atomic oxygen
which is a strong oxidizing agent oxidizing adsatbt@n shungite organic substance to,@@d HO, thus,
freeing the surface of shungite for new acts obgutton. Overexposure of shungite in respect teahied metal
cations in water as €3 Mg*, F&* and Fé& is explained by the fact that the metals are feared by the
catalytically active shungite into the form of ifiole carbonates due to the oxidation of organittendao CQ.

The research of antioxidant properties of shunigiteelation to organochlorine compounds, and fragicals
have shown that shungite removes free radicalobutater in 30 times more effective than activatadbon
(Mosin & Ignatov, 2013b). This is a very importafaictor, because the free radicals formed duringemvat
treatment with chlorine and its derivatives, havesgative impact on the human health that is thiseaf many
diseases (cardiovascular diseases, cancer, etc.).

These positive qualities allow using shungite aseéffective filter material for wastewater treatmeantd
purification from organic and chlorinated organistances (oil, pesticides, phenols, surfactamsjre, etc.).
Thus shungite is able to purify wastewater fromupilto threshold limit value (TLV) of water disclgarinto the
water reservoir. Shungite adsorbs on its surfaceta®5% of contaminants, including organochlorine
compounds, phenols, dioxins, heavy metals, radiaes; etc., removes turbidity and color, and gitreswater
good organoleptic qualities, additionally saturgtinwith micro-and macro-elements (Table 4). Thadsorption
activity of shungite relative to phenol makes up rhd/g , while for thermolysis resins — 20 mg/g, for
products — more then 40 mg/g. Model experimentsvedathat heavy metals (copper, cadmium, mercuay)le
boron, phenol and benzene contained in water ntewrations being in 10-50 times higher than thesT
after the treatment by shungite in stationary anadgic conditions on the shungite filter units, ttemtent of
these pollutants in water is reduced below thebéisteed levels of regulatory documents. In thiseceo the
water does not enter any toxic elements from sheragisorbents.

Table 4. Indicators of performance of filters basédineral shungite

No Common water pollutants The removal degree, %
1 Fe'lFe” 95
2 zrt* 80
3 PE" 85
4 cu”* 85
5 cs’ 90
6 st 97
7 Radionuclides 90
8 Fluorine 80
9 Ammonia 90
10 Chlorine and  organochlorirje85
compounds

11 Phenols 90
12 Dioxins 97
13 Helminth's eggs 90
14 Smell 85
15 Turbidity 95

In addition, owing to adsorption activity of shutggiagainst pathogenic microflora shungite has gtron
bactericidal properties that allow carrying out #ficient disinfection of drinking water by thisimeral in water
treatment and water purification technologies. dtobserved the bactericidal activity of shungiteniast
pathogenic saprophytes and Protozoa. There is moadihat after the passage of water containingebiaot E.
coli, through shungite filter there is an almost conglemoval of this bacterium (the viral titer varifom
2300 cells /I'in initial water up to 3 cells/I ireaited water) (Mosin & Ignatov, 2012). Of 1785 s#lbf protozoa
(ciliates, rotifers and crustaceans) containechainitial water after the treatment by shungiteevebserved
only a few exemplars (5 cells/l). In addition tes$le qualities, shungite has biological activity.

Owing to all these positive properties shungite rfiag its application for the preparation of dringi water in
flow-through systems of any capacity for industaald domestic purposes, as well as in the wellsrder to
improve the quality characteristics of water taratwater its beneficial properties.
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Especially effective and technologically justifiedthe use of complex filter systems based of tirdures of
shungite with activated carbon or zeolite, with seduent regeneration of the absorbents (Podchag06v,).
When adding to the treatment scheme to shungiter atlatural absorbents (zeolite, dolomite, glau&nit
purified water is enriched to physiologically opéihlevels by calcium, magnesium, silicon and sodions.

4. Conclusions

The fullerene-containing natural mineral shungitg anicroporous crystalline aluminosilicate minerablite
can find wide practical applications in many braeglof science and industry, and can be used aeanative
to activated carbon the natural mineral absorbenivater treatment. Efficiency of using these twdure
minerals is stipulated by the high range of valaghloperties (absorption, catalytic, antioxidargenerative,
antibacterial), high environmental safety and reddy low cost of filters based on shungite andliteas well
as existence of the extensive domestic raw matbaak of shungite and zeolite deposits. All theszofs
contribute to the further expansion of these milsemad a big variety of materials based on it.
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