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Natural mineral raw materials as granular filtering materials
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ABSTRACT

Analysis of currently existing methods of natural and waste water treatment from heavy metals
has shown that one of the most promising is the sorption method using natural inorganic
materials as sorbents: zeolite, diatomite, and vermiculite. The relevance of the topic is dictated
by the need to develop an original technology of wastewater treatment and water treatment,
which allows constant monitoring of the level of pollution of natural waters by industrial
wastewater from metallurgical enterprises. The proposed methods of sorbent modification
create a basis for studying the structure, porosity, and sorption capabilities of the mentioned
natural materials. All three minerals: zeolite, diatomite, and vermiculite belong to highly porous,
structured materials, promising for use as stable sorption systems in water treatment and water
purification. The influence of physical and chemical characteristics of natural sorbents and the
application of new promising environmentally safe materials and reagents for water treatment
are considered. The sorption of copper ions on natural zeolite material before and after its
modification by hydrothermal method was investigated. The activity of sorbents was estimated
by the value of sorption capacity, i.e. the amount of heavy metal ions absorbed by a unit mass of
sorbent based on zeolite and its modified form.

Keywords: wastewater, treatment, sorbents, zeolite, diatomite, vermiculite, clinoptilolite, waste,
minerals.
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Introduction

Today, an urgent environmental task for
mineral resource complex facilities is the
development of highly efficient and economical
technological and technical solutions for
wastewater treatment.

Of particular concern is the constant increase in
contamination of water supplies with heavy metals,
which are toxic to living organisms even at
extremely low concentrations. Removing or
reducing the total concentration of heavy metals to
less than 10 mg/l is a primary objective when

treating any natural and wastewater. The relevance
of the issues of efficiency of purification and
preparation of drinking, industrial and waste water
and their cost reduction explains the existence of
many purification methods. among which the most
commonly used is sorption because it allows you to
increase the degree of purification to almost any
required concentration. For the production of
environmentally friendly sorbents, the most
attractive are natural organic raw materials and
production waste of plant origin, therefore
sorbents based on them are most compliant with
environmental requirements.
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Such sorbents are also promising for the
extraction of ionic impurities and contaminants
from solutions, natural and waste waters, liquid
radioactive waste, extraction and concentration of
ions of heavy and radioactive metals (uranium,
cesium, arsenic, chromium, manganese, strontium,
zirconium, etc.)

A promising direction for intensifying deep
cleaning processes is the use of natural mineral raw
materials as effective sorbents. The main
advantages of natural sorbents are environmental
friendliness, a wide raw material base, high
hydrophobicity and sorption capacity at a relatively
low cost.

When treating industrial and waste water, the
practical task is to select local natural materials as
raw materials that optimally combine economic
profitability and effective treatment. Our research
suggests minerals zeolite, diatomite, vermiculite
and their modified forms. Their structure and
properties have been studied, because there is little
in the literature The listed minerals were studied as
sorbents for solving environmental problems.

Modern highly effective and safe sorbents for
wastewater treatment include zeolites, which are
minerals with ion-exchange properties. Generalized
formula of zeolites:

KynAlSiyO2(x+y)*ZH,0

where K are cations of alkali and alkaline earth
metals, ammonium, etc.; n is the charge of the
cation.

More than 40 types of natural zeolites are
known. The most common ones are :

1. Ph|II|pS|te K 2 (Ca 0.5 Na) 4 [A| 55I 100 32]*12H20

2.Mordenite (Na 2,Ca,K 24(Al §Si 40)09628H , O

3.Chabazite (Ca,Na 2)2 [Al 4SigO 72]*28H »0

4.CIinoptiIoIite (Kz Naz Ca)3 [Al GSi 300 72]*20H20

Zeolite contains approximately 70% silicon
oxide, the rest is oxide compounds of titanium,
iron, manganese, magnesium and several other
metals, including copper. The mineral has a special
mature microporous structure with pore sizes from
3 to 10 A ® Molecular-sized pores, like a sponge,
can absorb and firmly hold a wide variety of
contaminants. These include heavy metals (lead,
cadmium, zinc, strontium, chromium),
radionuclides, nitrates and nitrites, ammonium
salts, oils, petroleum products and a whole range of
chemical and biological contaminants.

The composition of zeolites can be described by
the following empirical formula:

(Me+,Me 2+0.5)x...[AIxSiyO%(x+y)] (H20)n, (1)

where Me - metal cation, values x and y
determine the number of atoms of silicon,
aluminum, oxygen in the unit cell, x|y, depending
on the type of zeolite, usually takes values from 1
to 5, nis the number of water molecules.

Thanks to the relatively high The Si / Al
crystalline frame of clinoptilolite is heat-resistant
(in air up to 700 ° C), and is also resistant to
aggressive substances and ionizing radiation (Fig.
1).

Figure 1 - Clinoptilolite frame fragment

In Kazakhstan, large deposits of zeolites are in
Tayzhuzgen (Tarbagatai district of the East
Kazakhstan region, approved reserves - 7 million
tons, forecast - 215 million tons) and Chankanai
(Kerbulak district of Almaty region, approved
reserves - 5.5 million tons, forecast - 120 million
tons). Zeolites from the Chankanai and Taizhuzgen
deposits are medium-porous zeolites and can be
used to extract pollutants from natural waters.

In Southern Kazakhstan, the Altyn- Emel (41
million tons), Karzhantau and Daubabinskoe zeolite
deposits have been preliminarily assessed [1].

Modern wastewater treatment technologies
include the development and implementation of
technological processes that ensure:

- complex processing of mineral raw materials;

- reduction or complete elimination of
environmental pollution from production waste;

-processing of production and consumption
waste by obtaining commercial products;

-creation of closed systems providing recycling
water supply [2].

Improvement of the main technological
process, wastewater treatment methods, and
disposal of resulting sediments make it possible to
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create closed (drainless) water supply systems at
enterprises. In this case, the main technological
process and wastewater treatment are considered
as a single integrated system.

Inorganic compounds of heavy metals belong
to the group of highly hazardous pollutants with a
wide range of toxic effects. Under natural
conditions, along with surface waters, they also
enter underground waters. One of the promising
ways to solve this problem is the use of sorption
technologies, which ensure the removal of
pollutants of a wide nature to almost any residual
concentration. An alternative raw material for
removing toxicants from aquatic environments can
be natural minerals: zeolite, diatomite, vermiculite
and their modified forms. Modern enterprises are
in dire need of a methodology for assessing the
state of wastewater, solving problems of their
treatment and prospects for the development of
this area based on forecasting and management.
This requires setting the problem of the need for
theoretical and practical developments that ensure
the implementation of organizational innovations
designed to adapt the problems being solved in the
field of wastewater treatment in various industries,
including the metallurgical industry.

Experimental part

The need to increase the sorption capacity of
filters in wastewater treatment plants leads to the
search for new, cheaper and widespread materials
characterized by sufficiently high mechanical
strength, and chemical stability and at the same
time possessing a more developed specific surface
area and greater porosity. A significant indicator of
the quality of filter materials is their resistance to
acidic and alkaline environments. The use of natural
zeolites in solving environmental problems of
environmental objects is due to their adsorption
properties, as well as thermal, chemical and
radiation resistance. Zeolites are suitable for the
sorption of amines and heavy metals from
industrial wastewater. Data [3] show that long-term
contact of the natural material, clinoptilolite, with a
NaOH solution at 100-150 °C did not lead to any
noticeable changes in the composition and
structure of the zeolite, which confirms its physical
and chemical stability. To test the resistance of this
mineral to acids, the effect of a five-hour treatment
of clinoptilolite with hydrochloric acid of various
concentrations at 100-2 00°C on the dissolution of

heavy metal oxides: zinc, lead, cadmium, etc. was
studied. It was established that clinoptilolite rocks
meet the requirements for granular filter materials.
Clinoptilolite, as mentioned earlier, is characterized
by a noticeable cation exchange capacity and high
selectivity to ions with a large radius: Cs™,Rb*,
NH}, Ba?*,Sr?* [4].

Due to their unique properties: - developed
internal surface, zeolites have high absorption
characteristics for impurities found in the water
being purified.

The advantage of sorption wastewater
treatment is the ability to optimize the parameters
of sorption columns, which is carried out through
the use of natural sorbents, their modification and
the combination of two or more granular sorbents
in one adsorption column.

Table 1 shows the capacity values of
clinopthiolite for cations of mono and divalent
metals (Me * Me %" expressed both in milligram
equivalents per gram of zeolite in the cationic form
of the corresponding ion (E), and in milligram
equivalents per gram of Na — forms of zeolite (E .
Capacity values in milligram equivalents per gram
of zeolite in the cationic form of the corresponding
ion (E) are given to show its dependence on the
atomic mass of the cation, while the analysis of the
results obtained was carried out using capacity
values expressed in milligram equivalents per gram
Na — zeolite forms, which were calculated using the
formula:

E" = E dkat/ dna,

where d ot/ d na are the specific gravities of the
zeolite in the corresponding cationic and Na -
forms.

To increase the adsorption capacity of natural
zeolites about various  pollutants, it s
recommended to pre-grind them to particles of
about 150 microns in size, due to which the specific
surface area of the sorbent increases. This makes it
possible to remove up to 90-95% of polluting ions
from industrial wastewater.

Based on structural features, chemical
composition, and physicochemical properties, three
large groups of natural sorbents can be
distinguished: dispersed silicas, layered and
layered-tape silicates, frame silicates, and zeolites
[5]. Dispersed silicas are of sedimentary origin.
They are 60-95% composed of amorphous Si0, —
silicon dioxide.

— 72 —/—
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Table 1- Exchange capacity of high-silica zeolite

Cation Clinoptilolite

metals E,mgeq,/g dkat/dna E,mgeq,/g
Li* 1.65 0.98 1.62
Na* 1.95 1.00 1.95
Ag* 1.73 1.12 1.94
K* 1.93 1.02 1.97
NH4* 1.95 0.99 1.93
Rb* 1.77 1.09 1.93
Cs* 1.68 1.15 1.93
Ca* 1.26 0.99 1.25
Sr2* 1.32 1.03 1.36
Ba%* 1.42 1.06 1.51
Zn% 1.09 1.01 1.10
Cu? 1.09 1.01 1.10
cd* 1.25 1.06 1.33
Pb%* 1.45 1.11 1.61

One of the most promising filter materials in
treatment facilities of metallurgical plants is the
highly porous minerals zeolite, diatomite, and
vermiculite, used to purify wastewater from iron,
ammonium ions, heavy metals, radionuclides,
organic compounds and various trace elements [6].

The sorption properties of clinoptilolite rocks,
and zeolites from the Chankanai and Taizhuzgen
deposits with a clinoptilolite content of at least 60-
70%, were studied. The studies assessed the
sorption exchange capacity (SOE, mg/g, mg-ion/g)
in static mode (ion concentration 7.0+0.1 mg-ion/I,
ratio of solid and liquid phases 1:10, particle size
0,8+1.2 mm, sorption time 24 hours). Zeolite
samples have significant sorption capacity not only
for particularly toxic ions (Cd " Pb ") but also for
other heavy metals (Cu 2" Zn 2" [[7], [8], [9]].

The studies were carried out under static
conditions with aqueous solutions of metal salts at
a concentration of 0.1-0.5 g/I, T = 20 ° C. lon
content heavy metals in powder samples and
depending on time defending model solutions
determined X-ray fluorescent method according to
a certified methodology. The activity of sorbents
was assessed by the sorption capacity, i.e., the
guantity of heavy metal ions, absorbed unit mass of
sorbent based on zeolite and its modified form
[[10], [11], [12], [13], [14]].

Analysis of the sorption capacity showed that
the sorption capacity of zeolite can be significantly
increased due to its modification (Fig. 2).

In addition to zeolites, diatomites have been
studied as sorbents. In Kazakhstan, the largest
deposits of diatomite in the world are located in
the Aktobe region. In total, the forecast resource of

Kazakhstan's diatomite reserves is three billion
tons. For comparison: in the United States,
diatomite reserves are estimated at 500 million
tons. It is a sedimentary rock, usually loose or
weakly cemented. Diatomite is a good absorbent
material with low heat and sound conductivity; in
addition, it is refractory, acid-resistant, and non-
flammable. This material is unique in that in one
case it can be used as a hygroscopic material, a very
strong absorbent that absorbs moisture, and in
another case - as a superhydrophobic material that
repels liquid. Diatomite itself is a natural
nanomaterial containing up to 80% silicon dioxide.
Diatomite is promising as:

- filtration material for water treatment of
industrial wastewater;

- Universal sorbent for eliminating emergency
spills of oil products and aggressive environments;

- filtration material for purification of food and
technical liquids.

One of the promising materials for water
treatment is also vermiculite. Vermiculite is a
mineral from the group of hydromicas that have a
layered structure.

Important  properties of  expanded
vermiculite are chemical inertness, heat resistance,
strength, safety, high adsorption capacity, and ion
exchangeability. It is thanks to these properties that
vermiculite serves as an inorganic matrix for
creating a sorbent. During the expansion of
vermiculite, water crystallized between mica flakes
evaporates, which leads to the formation of macro-
and micropores in the vermiculite particle and an
increase in the specific surface area by
approximately 5 times. Expanded vermiculite itself

— 73 ——=
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is hydrophilic. To turn vermiculite into an effective
sorbent, it must be chemically modified. In this
case, macropores become hydrophobic, while
micropores remain hydrophilic. Pores of different
sizes and wettability characteristics give modified
expanded vermiculite unique sorption and ion
exchange characteristics [[15], [16], [17], [18], [19]].

Expanded vermiculite is used:

- for removing petroleum products, organic and
toxic liquids from the surface of water bodies and
soils;

- for localization and removal of oil in case of
accidents of underwater oil pipelines and during
offshore oil production;

- for wastewater treatment from oil and other
contaminants.

The above-listed macroporous granular
sorbents with a high exchange capacity have good
kinetic characteristics for the sorption of heavy
metal ions.

2=
N i ()]

=

Results and discussion

Composition and content are given in Table 2 of
model solutions of heavy metal salts.

Sorbents based on mineral raw materials and
their modified forms can be used for selective or
group extraction and concentration of metal ions.
The kinetic laws of the cleaning process were
studied to establish the optimal cleaning regime.
The proposed methods for modifying sorbents
create the basis for studying the structure, porosity,
and sorption capabilities of these natural materials
[[20], [21], [22]]. Zeolite has a significant and
similar sorption capacity not only for particularly
toxic ions (Hg %" Cd 2* Pb 2%, but also for other
heavy metals (Cu 2* Co 2* Ni 2* Zn 2* Ba 2" Sr 2¥,
present in natural and waste waters in different
quantities. A special role is played by the significant
sorption

Copper concentration, mg/ml
o
o]

0,6
0,4 —e
0,2 ——
00
0 100 200 300 00 600 700 800

. 400. 5
Time, minute

Figure 2 - Kinetics of copper ion sorption by natural sorbents
(1 - copper concentration on zeolite sorbent; 2 - on modified zeolite sorbent)

Table 2 - Composition and content of the model solution

Cation NHs* | Pb?* Ba%* Nl Ccd? Cu? Zn* Co? Ni%
Concentration (in mg/l) 40.0 2.95 3.68 1.65 2.15 2.20 2.5 2.5 1.2
of metal in wastewater

—— 74 ——
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capacity of the studied clinoptilolite samples for
lead ion, which makes it possible to use them for
wastewater treatment and soil detoxification in the
adjacent territories of metallurgical enterprises.

Diatomite, untreated thermally, with high
adsorption rates and low permeability values, can
be used as an adsorbent for fine wastewater
treatment in a stationary mode. The advantage of
using diatomite for fine purification of wastewater
from pollutants is the possibility of restoring the
adsorption properties of diatomite after calcination
at 300-400 ° C. Diatomite used for fine purification
of wastewater from heavy metal cations can also
be regenerated or recycled. Calcined diatomite,
which has a relatively high permeability with a fairly
low adsorption value, can also be used as a filter
material for rough water purification [[23], [24],
[25], [26]]. It is possible to use diatomite in the
form of granules of fractions 0.5-1.0, 0.8-2.0; 1.0-
4.0,2.5-5.0 mm.

Conclusions

In the EU countries and the USA, lists of priority
environmental pollutants have been compiled,
which for various matrices (water, soil, air, etc.)
contain approximately 100-150 of the most
dangerous pollutants that are constantly found in
environmental objects.

In Kazakhstan, there is not yet a scientifically
based (from the point of view of ecology,
toxicology, hygiene and eco-analytics) list of priority
pollutants for water, air and soil, which makes it
difficult to periodically systematically monitor their
content in various natural environments.

Therefore, it is necessary to compile a
scientifically based list of priority pollutants in the
natural waters of Kazakhstan.

One of the most promising filter materials are
zeolite, clinoptilolite, and diatomite vermiculite,
which can be used in wastewater treatment from
iron, ammonium ions, heavy metals, radionuclides,
organic compounds and various trace elements.
The sorption properties of clinoptilolite rocks from
the Chankanai and Taizhuzgen deposits with a
clinoptilolite content of at least 60-70% have been
studied.

Based on a detailed analysis of foreign
experience in wastewater treatment technologies,
research has been carried out on the possibilities of
using effective adsorption methods along with
traditional reagent treatment methods.

The experience of American and German
scientists were studied in detail: modern methods
of purification of natural and waste waters and the
capabilities of new generation equipment in
identifying toxic substances in natural and waste
waters. The development of new and improvement
of existing treatment methods, and their
implementation at enterprises in Kazakhstan will
allow solving the following practical problems:
fundamentally new approaches to organizing
energy- and resource-saving highly efficient
technologies for wastewater treatment and water
treatment will be developed.

Zeolite, diatomite, and vermiculite rocks for the
extraction and concentration of metals in their
modified forms through preliminary
thermochemical treatment.

Research on the extraction of heavy metals on
granular filters with zeolite, diatomite, and
vermiculite loading, with a mineral content of 90-
95%, fractions of 0.5-1.0 mm at a temperature of
300 ° C - 400 ° C, has established the almost
complete extraction of large Pb cations 2" Fe % Ni
2+, Mn 2+, Zn 2+.

Zeolite exhibits sorption capacity not only for
particularly toxic ions: Hg % Cd % Pb ** but also for
heavy metal ions Cu * Co 2 Ni 2* Zn ** Ba ** Sr 2*
present in natural and waste waters in different
quantities.

Thus, natural mineral raw materials (zeolites,
diatomites, vermiculites, and their modified forms),
the reserves of which are sufficient in Kazakhstan,
can be used as a granular load for wastewater
treatment and water treatment. All three minerals
are highly porous, structured materials that are
promising for use as stable sorption systems in
water purification and water treatment.
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OHpAipicTiK aFbIHAbI CyNapAbl Ta3apTyAa TYHipLWIiKTi cy3ri matepuangapbl
petiHaeri TabuFu mnHepanapbl WKKi3aT

L2Mbip3anuesa C.K., “?6arawaposa X.T., 'Akunbberosa LU.K., “*Cepukbaes MN.K.

L KazakcmaH PecrnybuKacbiHbiH MUHepandbiK wukizammel KeweHdi Kalima eHoey #eHiHOeai yaimmsiK opmarnbiFsl, Aamamel, KazaKkcmax
2an-®apabu ameiHOarsl Kasak ¥ammeoiK YHusepcumemi, Aamamel, Kazakcmax

TYWIHAEME

Kasipri yakpITTa Tabufu KaHe afblHAbl CyNapAbl ayblp MeTanfapAaH TasapTyablH, KONAAHbICTAfbI
aaictepiH Tangay copbeHTTep peTiHae Tabufu BeiopraHuKanblk, maTepuangapabl: Leour,
OVaTOMUT,  BEPMMKYIUT  KOAAaHaTblH  copbumsanbiK  a4ic  nepcnektvsanbl  60sbin
TabblNaTbIHAbIFBIH - KepceTTi. TaKbIpbINTblH, ©3eKTiNiri Tabufn cynapaplH, MeTannypruanbik
KaCiNOpbIHAAPAbIH, OHAIPICTIK CapKbIHAbI Cy/lAapbIMEH NacTaHy AeHreliHe TypaKTbl MOHUTOPUHT

Makana kengi: 17 kasan 2023 JKyprisyre MyMKiHAIK 6epeTiH afblHAbl Cynapapl TasapTy MeH cy AalblHAdyablH, ©3iH4iK
CapantamagaH eTTi: 29 Kapawa TEXHONOTUACBIH 23ipNey KaXKeTTiniriHeH TybliHAAAbl. CopbeHTTepAi ©3repTyAiH, YCbIHbIAFaH
2023 Kabbinganabl: 29 aknax 2024 dficTepi  aTanfaH TabwfM  mMaTepuangapdblH  KYPbUIbIMbIH,  KeYeKTiniriH, copbumanbik

MYMKIHAiKTepiH 3epTTeyre Heriz 6onafbl. ATanfaH yw MUHEpan: LeonuT, AMaTOMUT, BEPMUKYANUT
JKOFapbl KeyeKTi KypblabiMAbIK MaTepuangapsa »Katagpl, onapabl Cyfbl TasapTy MeH cyabl
JaviblHaayaa  TypakTbl cOpbUMANbIK Kyiienep peTiHAe naiganaHy nepcnektusTi 6onbin
Tabblnagpl. byn Kymbicta Tabusn copbeHTTepAiH GU3NKA-XMMUANBIK CMNATTaManapbiHbIH, acepi
JKOHe Cy AaWiblHAAy YWiH KaHa NepCcrneKkTUBanbl 3KONOTUANBIK Kayincis matepuangap MeH
peareHTTepAi KONAAHY KapacTbipbinagpl. MMApoTepMUANbIK daicneH mogudukaumanayra aemiHri
KOHe KeMiHri Tabufn ULEOoNUT MaTepuanbiHA@ MbIC MOHAAPbIHBIH, copbumAckl 3epTTengi.
CopbeHTTepaiH, 6enceHainiri CopbuMANbIK CbIMbIMAbINLIKTbIH, Menlwepi 6oMbIHWa, AFHU LeoauT
neH OHbIH, MoauduKaumanaHfFaH TypaepiHaeri COpbeHT maccacbiHbIH, BipAirimeH ciHipinreH aybip
MeTaNN MOHAAPbIHbIH MeLWepiMeH bafanaHapl.

Tyiiin ce30ep: afblHAbI cynap, copbeHTTep, LLEOAUT, ANATOMUT, BEPMUKYIUT, KAUHONTUNOAUT,
KanAblKTap, MMHepanapl LWKKi3aT.
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AHHOTALMUA

AHanus cylwiecTsyowmMx B HacToAalee Bpema metTo40B OYUCTKU NPUPOAHBLIX U CTOYHbIX BOA OT
TAXEeNbIX MeTannoB NokKasaa, YTO OAHUM U3 NepPCneKTUBHbIX ABAETCA COp6LJ,MOHHbIF1 meTopn C
MCNoNb30BaHMEM B KayecTse COp6eHTOB APUPOAHbLIX HEOPraHUYeCKUX maTepuanos: UEeONUTa,
ANATOMUTA, BEPMUKYNUTA. AKTya/]bHOCTb TeémMbl NPOANKTOBAHbI HeoﬁXOﬂ,MMOCTbI'O pa3pa60TKV|
OpMI'MHaﬂbHOﬁ TEXHO/IOMTMU OYUCTKU CTOYHbLIX BOA M BOAOMNOArOTOBKMW, I'|03BOI1HIOLLI,6171 Bectn
NOCTOAHHbIN MOHUTOPUHT  YPOBHA SBFPHSHEHMVI npupoaHbIX BOA MNPOU3BOACTBEHHbLIMU

Mocrynuna: 17 okma6ps 2023 CTOYHBIMM BOAAMW METasITlyPrAYeckmX NpeAnpuaTHii. NpeaioxeHHble cnocobbl MoanpUKaLmMm
Peuensuposanue: 29 Hoabpsa 2023 COpbEeHTOB  CO3Jal0T  OCHOBY ANA  M3yYeHUA CTPYKTYpbl, MOPUCTOCTH, COPBLMOHHBIX
MpuHATa B Nevatb: 29 eepana 2024 BO3MOXHOCTEN Ha3BaHHbIX MPUPOAHbLIX MaTepuanos. Bce TpU MUHepana: LEOAUT, AUATOMMT,

BEPMMKY/IUT OTHOCATCA K BbICOKONOPUCTbIM, CTPYKTYPUPOBAHHbBIM MaTepuanam, NepcnekTUBHbIM
ONA UCMONb30BAHWA B KayecTBe YCTOWYMBBIX COPOLIMOHHBIX CUCTEM B BOAOOYUCTKE U
BOAOMNOArOTOBKE. PaccmoTpeHbl BAUAHUE GU3MKO-XMMUYECKUX XapaKTePUCTUK MNPUPOAHBIX
copbeHToB, MPUMEHEHME HOBbIX MEPCMEKTUBHbLIX IKONOTMYECKU 6Ee30MacHbIX MaTepuanoB U
peareHToB A/18 BOAOMOATOTOBKM. WMccnepoBaHa copbuuyv MOHOB MeAM Ha MPUPOAHOM
LLeO/IMTHOM MaTepuase A0 M nocie ero MoaudUKauMM MMAPOTEPMAsbHBIM  METOLOM.
AKTMBHOCTb COP6EHTOB OLLEHMBANU MO BEUYUHE COPBLMOHHON EMKOCTH, T.€. KONNYECTBY MOHOB
TAXENbIX METaNN0oB, MO/OWEHHbIX eAuHNULENn Maccbl copbeHTa Ha OCHOBe LeonAuTa U ero
MoANULMPOBAHHOM GOPMbI.

Knioyeeble €108a: CTOYHbIE BOAbl, OYWUCTKA, COPOEHTbI, LEONWT, AMATOMMUT, BEPMUKYIMUT,
KJIMHONTUNOANT, OTXOAbl, MUHEPaNbHOE CbIpbe.
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