Chemistry, Physics and Technology of Surface. 2017. V. 8. N 4. P. 384-392

UDC 544.723 doi: 10.15407/hftp08.04.384

V.V. Galysh 2 M.T. Kartel !, W. Janusz *, E. Skwarek *, A.A. Nikolaichuk *

SORPTION OF STRONTIUM ON THE COMPOSITE SORBENT
BASED ON CELLULOSE AND HYDRATED ANTIMONY
PENTOXIDE

! Chuiko Institute of Surface Chemistry of National Academy of Sciences of Ukraine
17 General Naumov Str., Kyiv, 03164, Ukraine, E-mail: v.galysh@gmail.com
2 1gor Sikorsky Kyiv Polytechnic Institute
37/4 Peremogy Avenu, Kyiv, 03056, Ukraine
¥ Maria Curie-Sklodowska University
3/20-031 Maria Curie-Sklodowska Str., Lublin, Poland

In this study cellulose-inorganic sorbents based on bleached cotton fibres and hydrated antimony
pentoxide were prepared and used for strontium ions sorption from model aqueous solutions. The
adsorption of strontium ions was determined by the radiotracer method using radioisotopes. A
comparative analysis was made of sorption properties of the obtained sorption materials with different
contents of hydrated antimony pentoxide towards strontium ions. The efficiency of strontium sorption
increases with the increase in the modifier content in the composite cellulose-inorganic sorbents. The
maximum efficiency of strontium sorption from solution (99 %) and the maximum distribution coefficient
(1400 ml/g) correspond to the sorbents with the hydrated antimony pentoxide content 2.9 %. The effect of
pH on the density of ions sorption on the cellulose-inorganic sorbent and the distribution coefficient was
investigated. The experimentally determined density of ions sorption and distribution coefficient for
strontium varied between 0.045 and 0.076 pmol/m® and between 100 and 1400 ml/g respectively
depending on pH of model aqueous solutions. Chemical and structural properties were investigated by the
low temperature nitrogen adsorption—desorption method, X-ray diffraction, infrared spectroscopy,
differential thermal analysis. Surface area of the sorbents was determined by Brunauer, Emmett and
Teller method. All composite cellulose-inorganic sorbents were characterized by a low specific surface
area (1 m?g). Hydrated antimony pentoxide characterized by amorphous structure and modification
process does not affect cellulose crystallinity.

Keywords: cellulose-inorganic sorbent, antimony pentachloride, hydrated antimony pentoxide,
strontium, removal efficiency

INTRODUCTION are widely used in order to purify contaminated
water from different compounds. Adsorption is one
of the most important techniques in separation and
purification processes used in water conditioning
and waste water industry for the removal of
different pollutants. The importance of adsorption
comes from the separation of trace amounts of
elements from the large volume solutions. Because
of its easy use and low cost, adsorption is the
preferred method.

Different types of organic and inorganic
materials have been proposed for the removal or
concentration of strontium ions from aqueous
solutions. These are activated carbon [1,2],
hydrous metal oxides [3] or titanates and
silicotitanates [4, 5], hydroxyapatite [6], zeolites

Strontium is present in the environment as a
decay product from nuclear power plants, and is
also produced in the reprocessing of nuclear
fuels, such as %°Sr and ®Sr with half-life of 51
and 29years respectively. Strontium is
chemically similar to calcium and tends to
deposit in human body causing different
illnesses. Removal of radioactive strontium from
liguids  ensures  health  security  and
environmental protection.

Variety of methods are applied to remove
radioactive elements from liquid  wastes.
Nowadays, such methods as coagulation,
extraction, precipitation, membrane filtration, etc.

© V.V. Galysh, M.T. Kartel, W. Janusz,
E. Skwarek, A.A. Nikolaichuk, 2017 384



Sorption of strontium on the composite sorbent based on cellulose and hydrated antimony pentoxide

[7-9], clays [10,11]. To increase selectivity of
natural minerals towards radionuclides, several
methods have been proposed. The most widely
used are acid and alkali treatment, thermal and
hydrothermal treatment, mechanical activation
[12-14]. In the last few years it has been proposed
to impregnate the carriers with specific inorganic
compounds which show selectivity for certain ions.

It is known that hydrated antimony pentoxide
(HAP) is also characterized by high sorption
capacity with the respect to strontium. For
preparation of HAP, mainly hydrolysis of SbCls is
considered. It can be obtained either in an
amorphous or in a crystalline form. HAP is highly
dispersed substances making their application
difficult connected under individual condition for
radioactive water decontamination. In order to
improve the operational performance, the
immobilization of such sorption materials on
different carriers can take place or binding
materials can be used. It is appropriate to use
fibrous materials as a carrier-matrix for HAP that
allows us to improve Kinetic and sorption
characteristics. In this regard, bleached cotton
fibres (BCF), which are widely used as the
technologically suitable material for the production
of the filter and membrane materials, could be also
considered as a carrier of HAP. Another advantage
of using plant materials as sorbents is a possibility
of their utilization by the thermal degradation that
can reduce the volume of solid wastes by a
thousand times with the formation of ash residue
[15].

The aim of this study is to prepare cellulose-
inorganic sorbents based on the bleached cotton
fibres and hydrated antimony pentoxide, to study
structural  characteristics and sorption of
strontium ions from aqueous solutions as a
function of modifier content and pH.

EXPERIMENTAL

BCF were used as a raw material and the
content of the main components was as follows:
cellulose — 95.5%; lignin — 0.45%; ash —
0.05 %: ethanol-benzene extractives, hot-water
and 1% NaOH solubility are absent. The
chemical composition of the initial material was
determined according to the corresponding
TAPPI standards for the different components:
T-222 for lignin, T-211 for ash, T-204 for
ethanol-benzene extractives, T-257 for hot-water
solubility, T-212 for 1 % NaOH solubility. The
Kurschner-Hoffer method was used for cellulose
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determination: BCF was extracted with a mixture
of nitric acid and ethanol (1:4) four times in a hot
water bath and then filtered and dried. The
content of cellulose was determined
gravimetrically. BCF used for modification with
the moisture content of 5% were stored in
desiccators for permanent humidity and chemical
composition.

All chemicals of analytical grade were used.
Deionised water from a Millipore-MilliQ system
(p =18 MQ-cm) was also used throughout the
experiments.

The preparation of the cellulose-inorganic
sorbents was made by impregnation of cellulose
material in deionised water during 10 min at
100 °C followed by the addition of SbCls under
continuous stirring. Antimony pentachloride
consumption was 1-10 %. Then the solution was
heated for 30 min at 100 °C. The ratio of solids
to liquids was 10:1. The product was then
separated from the solution by filtration, washed
with deionised water at 80 °C to achieve a
neutral medium, dehydrated and dried at 50 °C
to a constant moisture content of 5-7 %.

The specific surface area of the obtained
sample was determined by Brunauer, Emmett
and Teller method. To determine parameters of
sample surface porous structure, the low
temperature  nitrogen  adsorption—desorption
method was used. The measurements were made
by means of an automatic adsorption analyzer of
the ASAP 2405 type (Accelerated Surface Area
and Porosimetry) by the Micromeritics
Instruments, Co firm.

Infrared (IR) spectra of the samples in the
range 4000-300 cm™ were performed in KBr
pellets and were recorded on a
spectrophotometer Specord M80 (Carl Zeiss).
Preparation of cellulosic samples for research
was done by rubbing materials with KBr at the
ratio 1:100.

X-ray diffraction (XRD) patterns of the
samples were recorded at room temperature on a
DRON-4-07 diffractometer using Ni-mono-
chromated CuK, radiation. The crystallinity
index of cellulose samples was calculated from
the heights of the (200) peak (lpp2, 20 =22.6°)
and the intensity minimum between the (200)
and (110) peaks (l.n, 26 = 18°) following Segal
method [16], C, (%):

C, =[1-(1,,/14,)]-100, (1)
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where Iy, loo2 are the amorphous and crystalline
materials respectively.

The differential thermal analysis (DTA) of
the initial and modified samples was performed
in air atmosphere using a Q-1500D device with
digital recording of the thermography data, the
heating rate of 10 °C min™. The HAP, BCF and
BCF-HAP samples of 50 mg were used for the
analysis. The samples were heated to 950 °C.

The adsorption of strontium ions was
determined by the radiotracer method using
radioisotopes. The initial concentration of the
cations was 1x107° mol/l. The NaCl solution of
the concentrations 0.001 mol/l was used as a
background one. The adsorption of Sr ions was
determined by the radiotracer method using
radioisotopes “Sr. Adsorption also was studied
as the function of pH. The radioactivity of
electrolyte solution before and after adsorption
was measured using a liquid scintillation counter
LS5000D by Beckman. Based on the changes of
radioactivity before and after adsorption, the
removal efficiency S (%), the distribution
coefficient Ky (ml/g), the specific distribution
coefficient SKy (ml/g) and the density of ions
sorption on the cellulose-inorganic sorbent I”
(umol/m?) were calculated:

5= %G 100, (2
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where C,, C. — the initial and equilibrium
concentrations, respectively, mol/l; V - the
solution volume, I; ms and m,, — the masses of
sorbent and modifier in the composite sorbent
(HAP), respectively, g; S, — the specific surface
area, m2/g; No — the number of counts from the
source taken up before adsorption and N, is that
during titration.

RESULTS AND DISCUSSION

During treatment of the BCF in aqueous
solution, the hydrolysis SbCls with the formation
of Sb,OsxnH,O and its sedimentation on the
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cellulosic  fibres took place. Thus the
modification of initial organic material under
such conditions with heating leads to the
immobilization of inorganic phase on the
cellulose surface with the formation of
composite BCF-HAP sorbents. The effect of
modifier consumption in the modification
process on the modifier content in BCF-HAP is
presented in Fig. 1. The values given in Fig. 1
are averaged over three replicate runs and the
relative error does not exceed 10 %.

Modifier content, %

HHH

Maodifier consumption, %

Fig. 1. Effect of antimony pentachloride
consumption in the modification process on
the modifier content in the BCF-HAP
sorbents

Increasing the consumption of antimony
pentachloride during modification leads to an
increase in modifier content in the samples of
obtained materials. As can be seen (Fig. 1), an
increase in the modifier consumption to 8 %
leads to the increasing content of HAP in the
carrier bulk and its further increase does not
affect the modifier content. According to the
results of low-temperature nitrogen adsorption
experiments, increasing of HAP in cellulose-
inorganic sorbents does not influence on the
specific surface area values. All obtained
sorbents are characterized by a low specific
surface area ~1 m%/g.

The IR spectra of the modifier, initial and
modified BCF are shown in Fig. 2. As follows
from the obtained results, the IR spectrum of
individual HAP is characterized by the bands
about 766 and 552 cm™ attributed to the Sh-O
stretching modes of Sb-O-Sb and Sb-OH,
respectively [17]. The peak at 1170 cm®
indicates the presence of Sb-O-H bending
vibration. The band at 1618 cm™ is due to the
bending vibration of molecular water. The band
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at 3402 cm™ indicates the presence of O-H
stretching in the hydrogen bonds.

The broad absorption in the region
3000-3700 cm™ of initial and modified BCF
also indicate the presence of O-H stretching
involved in hydrogen bonds, while the band at
1636 cm™ is attributed to the bending vibration
of H-O-H of absorbed water [18]. The adsorption
band at 1428 cm™ is assigned to symmetric CH,
bending vibrations. The bands at 1030 and
1060 cm™ for both samples are assigned to C-O
stretching in the secondary and primary alcohol
groups of cellulose elementary units. The
absorption band at 898 cm™ is assigned to the
C-O-C stretching at p-(1—4)-glycosidic
linkages. Analysis of the IR spectra of initial and
modified materials with the HAP content 2.9 %
points out no difference between the spectra
because of the low modifier content.
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Fig. 2. IR spectra of initial materials and composite

sorbent

As known commonly the more crystalline a
sorbent material is, the less sorption capacity it
has for metal. The structure of initial HAP
powder was investigated by X-ray diffraction
and the pattern is presented in Fig. 3. Based on
the XRD pattern, the HAP sample exhibits poor
crystallinity.

The XRD patterns of initial and modified
cellulose (Fig. 4) are characterized by strong
reflections. A narrow intense peak at
20=22.61°, including those of 14.64° and
16.13° and a pronounced reflection at 34.5° are
attributed to the diffraction planes of (002),
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(101), (10-1) and (040) which were believed to
represent typical cellulose 1 crystal form
[19, 20]. The same peaks are observed for BCF
and BCF-HAP. The crystallinity of each sample
is 75 %.
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Fig. 3. XRD pattern of HAP
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Fig. 4. XRD patterns of initial bleached fibers and
composite sorbent

Sorption properties of the obtained cellulose-
inorganic sorbents are shown in Fig. 5.

The study of sorption properties of the
obtained materials towards strontium ions shows
that the value of efficiency of strontium ions
sorption is doubled and the distribution
coefficient increases five times with the
increasing HAP content in the bulk of BCF from
06 to 1.8% (Fig.5a,b). The maximum
efficiency of strontium sorption from solution
99 % and the maximum distribution coefficient
1400 ml/g correspond to BCF-HAP with the
modifier content 2.9 %.

According to the literature data, the
distribution coefficient of strontium on bentonite
is 1400 ml/g [21], clinoptilolite — 850 ml/g,
synthetic zeolites such as erionite, NaA, NaY
and NaX are 283, 471, 220 and 520 ml/g
respectively [22]. Comparing the values of the
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distribution  coefficient of strontium on
BCF-HAP with the literature data, it is possible
to argue about high effectiveness of the obtained
sorbents. It is known that pure cellulosic and
lignocellulosic materials show no affinity to
radionuclides so the wvalues of distribution
coefficient of strontium can be calculated not for
the mass of composite sorbent but on the mass of
modifier in it [23], and the specific distribution
coefficient has been calculated and is presented
in Fig. 5b. As can be seen, the value of specific
distribution coefficient of strontium on HAP in
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Fig. 6. Dependence of the density of Sr** adsorption
from the solution
(0.001 mol/l NaCl + 1x10°® mol/l Sr**) on pH

Strontium ions belong to those which in the
range from 3 to 11 can be present in the form of
Sr** and SrOH*. Up to the pH value 10.5, the
predominant form of strontium ions is Sr*.
SrOH" increases only in the alkaline solution.
The composition of the surface phase of
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the bulk of
4.7-10* ml/g.

The pH of a solution is an important parameter
that controls the adsorption process because of
alteration of the solution composition and
ionization of surface functional groups. Sorption of
strontium ions on BCF-HAP was studied using the
pH values from 3.5 to 7.5. Dependence of Sr** ions
adsorption density on pH is presented in Fig. 6 for
the concentration 1x10°mol/I of Sr** ions and the
BCF-HAP sample with the modifier content 2.9 %
was used.

composite sorbents reaches
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Sorption properties of composite sorbents towards strontium ions: (a) removal efficiency, (b) distribution

cellulose-inorganic sorbents is not constant in the
solution with the value pH in the range 3.5-10.5.
The metal oxide surface can exist as negative,
positive or neutral charge state in an aqueous
solution depending on the pH value. Typically
cation adsorption increases with the increasing
pH.

As the experiment proceeded, it was found
out that the sorption capability of BCF-HAP
towards strontium ions essentially depends on
pH. As can be seen from Fig. 6, adsorption of
Sr** jons in the pH function increases. A
characteristic ~ feature of strontium ions
adsorption on BCF-HAP is a relatively slow
decrease of strontium ions concentration from
the solution due to adsorption, e.g. the
concentration of Sr** ions 1x10™° mol/l quickly
decreases with the increasing pH from 3.5 to 6.3,
with the further increase of pH up to 10.5, the
adsorption value changes slowly.

The HAP, BCF and BCF-HAP samples were
subjected to the DTA analysis and the results are
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illustrated in Fig.7. The HAP powder loses
about 18 % mass in the heating range 50-800 °C
and exhibits two exothermic effects that
represent the partial dehydration (up to about
400 °C) with the following concurrent evolution
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of crystallization water and lattice oxygen, as
well as with the resultant formation of Sh,O,4
which can be seen from the XRD pattern of ash
residue in Fig. 8.

’ 'TG—W
50 |

Voltage, mV

=
Mass loss, %

Lh
=1

-100 H

0 10 | 300 700

500
Temperature, °C
B
0
20
40 =
60 7
3
=
-80
-100

0 100

300

500 700

Temperature, °C

C

Fig. 7. DTA results of HAP (a), BCF (b), BCF-HAP (c)

Based on the obtained results, the TG curve
for the BCF sample can be divided into two main
parts representing the loss of water and thermal
decomposition. The dehydration of BCF due to
desorption of physically and chemically bound
water occurs in the range 100-250 °C. A rapid
depolymerisation of the cellulose chain proceeds
only at the temperature higher than 300 °C.
Oxidative thermal decomposition to CO and CO,
as well as and formation of carbonaceous char
also starts. The stage of BCF thermal
decomposition characterized by the maximum
mass loss (93 %) occurs in the temperature range
of 300-500°C. At the same time, two
exothermic peaks at 365 and 480°C are
observed in the DTA. A thermolyzed cellulose
leaves a small portion of the ash residue (less
than 0.5 %) at 500 °C. The final temperature for
dehydration and decomposition processes of
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BCF-HAP is lower than that of the initial BCF
and the ash residue is nearly 8 %.
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Fig. 8. XRD pattern of ash residue after HAP DTA

The thermal destruction of composite BCF-
HAP sorbents can be used for the effective
disposal of spent materials. This process results
in the formation of only inorganic (ash) residue
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and will reduce the mass of spent sorbent by an
average of 90 %.

CONCLUSIONS

Composite  cellulose-inorganic  sorbents
based on the bleach cotton fibres and hydrated
antimony pentoxide have been prepared. The
strontium sorption investigation confirmed that
the efficiency of strontium removal depends on
the modifier content in the bulk of cellulose
carrier. The maximum efficiency of strontium
sorption from solution 99 % corresponds to
BCF-HAP with the modifier content 2.9 %. The
maximum pH for efficient sorption of strontium
on the cellulose-inorganic sorbents is 6.5.

The structural properties of initial HAP and
on the fibre surface were determined by the

The XRD analysis indicated that BCF retained
the cellulose | crystalline structure with a
crystallinity 75%. It was concluded that
modification of BCF with HAP did not affect
cellulose crystallinity. The DTA results showed
that the decomposition temperature of composite
sorbents was decreased.

As follows from the above cellulose-
inorganic sorbents might be potentially applied
in various fields, such as ecology,
radiochemistry, and analytical chemistry.
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CopOuisi cCTPOHIIIIO HA KOMIIO3UTHOMY COPOEHTI HA OCHOBI LEJTKJI03H
Ta riAPaTOBAHOI0 MEHTAOKCHAY CTHOII0

B.B. 'ajmum, M. T. Kaprean, W. Janusz, E. Skwarek, A.A. Hikoaaituyk

Inemumym ximii nosepxui im. O.0. Yyiika Hayionanvnoi axademii nayx Ykpainu,
eyn. I'enepana Haymosa 17, 03164, Kuis-164, Yrpaina, v.galysh@gmail.com
Hayionavhuii mexuiunuii ynisepcumem Yxpainu
“Kuiscokutl nonimexuiunuu incmumym imeni leops Cikopcovkozo™
npocn. Ilepemoeu, 3714, Kuis, 03056, Vrpaina
Yuisepcumem Mapii Kropi-Crrodogcvkol
eyn. Mapii Kiopi-Cknoooscoroi, 3/20-031, JTo6nin, Iorvwa

B yiti pobomi 6ynu ooepoicani yenrono3Ho-HeopeaniyHi copbeHmu Ha OCHOBI BUOLIEHUX OABOBHAHUX
B0JIOKOH MA 2i0pamoBano2o NeHMaokcuoy cmuoiio 05 copoyii ionie cCmporYiro 3 MOOETbHUX B0OHUX PO3HUHIE.
Adcopbyiio ionie cmpoHYilo SusHAIU 3d OONOMO20I0 PAOIOAKMUSHUX [THOUKAMOPIE 3 GUKOPUCHIAHHIM
paoioizomonis. [IposedeHo NOPIGHAIbHULL AHANI3 COPOYILIHUX GIACMUBOCIIEU 00EPICAHUX COPOYIIHUX
Mamepianie 3 pizHuUM 6MICIMOM 2i0paAmo8aHo2o NeHMAaoKcudy cmubiro wooo ionie cmponyio. Egexmuenicmo
copoyii cmponyiio 3pocmae 3i 30iIbUEHHAM eMICmY MOOUgiKamopa y cKiadi YenroI03HO-HeOPSAHIYHUX
copbenmie. Maxcumanvna egexmusnicmo copoyii cmponyito 3 posuuny (99 %) ma maxcumanvHuil
koeiyienm posnoodiny (1400 mnl2) eionosidaroms copbenmam 3 eMicmom 2IOPAmMoBaHo20 NEeHMAOKCUOY
cmu6io 2.9 %. Jocniosceno ennus pH na winvricmos copoyii ioHie Ha YenroI03HO-HeOPeaHiYHOM)Y copbenmi
ma Koe@iyicnm po3noodiny. ExcnepumenmanvHo 6USHAYEHO, Wo 2yCmuna copoyii ma Koegiyicnm posnooiny
ionie cmponyito eapioroms 6i0 0.045 0o 0.076 mxmonsly® ma 6i0 100 oo 1400 mule sanexcno 6i0 pH
MOOeNbHUX  80OHUX — po3uunie. Ximiuni ma CMpPYKMYypHI  G1aCMUBOCMI  OOCHIONCY8ANU — MEmMOOOM
HUsbKOmemnepamypHoi  adcopoyii-oecopoyii  azomy,  pewmeeniecvkoi  ougpakyii,  iHppavepsonol
cnekmpockonii, oupeperyianvHoco mepmiunoeo ananisy. Ihowy nogepxi copbenmis uUsHAHAIU MEMOOOM
bpynayepa, Emvema ma Teanepa. Bci komno3summi yemono3HO-HeOP2aniuki cOpOeHmMU XapaKmepusyomocs
nuzbkoio numomoio nosepxueio (1 m%2). I'idpamosanuii nenmaokcud cmubito Xapakmepusyemucsi amop@hHoio
CIMPYKMYpoio i npoyec MOOUQDIKYy8aHHs He GNIUBAE HA KPUCTIATTYHICb Y003,

Kntouosi cnosa: yentonosno-neopeaniyHuii copbenm, nemmaxiopud cmubiio, 2i0pamosanuii
nenmaoxcud cmubito, cmponyiil, e(peKmusHiCmMb UOANEHHS
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CopOuusi CTPOHIIMA HA KOMIIO3UTHOM COPOEHTEe HA OCHOBE L EJLIIJI03bI 1
THAPATHPOBAHHOIO MEHTAOKCHUIA CYPbMbI

B.B. I'abim, H.T. Kapreas, W. Janusz, E. Skwarek, A.A. Hukomnaiiuyk

Hucmumym xumuu nosepxrnocmu um. A.A. Yyiiko HayuonanbHou axademuu Hayk YKpaursl
va. Fenepana Haymosa, 17, Kues, 03164, YVikpauna, v.galysh@gmail.com
Hayuonanvuviii mexuuueckuil ynugepcumem Yxpaumvl
“Kuesckuil norumexnuueckuu uncmumym umenu Meops Cuxopckozo™
np. Ilo6eowt, 3714, Kues, 03056, Vrpauna
Ynusepcumem Mapuu Kiopu-Crnoodogckoii
vi. Mapuu Kiopu-Cknooosckotl, 3/20-031, Jlioonun, Iorvwa

B smoitl pabome 6vinu nomyuenvl YeamOI03HO-HeOpeAHUYeCKUe COpOeHmbl HA OCHO8e OeleHblX
XJIONKOBHIX BOJNOKOH U SUOPAMUPOBAHHO20 NEHMOKCUOA CYypbMbl Oisl COpOYUU UOHO8 CMPOHYUS U3
MOOENbHBIX B00HBIX PACMBOPO8. AOCOpOYUIO UOHO8 CIMPOHYUS UZYHATU C HOMOWDBIO PAOUOAKIMUBHBIX
UHOUKAMOPOB8 C UCNOAb308aHUeM paduouzomonos. Ilpoeeden cpagnumenvHulii aHAIU3 COPOYUOHHBIX
CBOUICME NONYUEHHbIX COPOYUOHHLIX MAMEPUANIO8 C DPATUYHBLIM COOEPAHCAHUEM SUOPAMUPOBAHHOO
NEeHMOKCUOA CYPbMbl OTMHOCUMENTLHO UOHO8 CMpOoHYuUst. DPhexmusHocms copoyuu CmpoHyust pacmem ¢
VEEUYEHUEM COOEPICAHUSL MOOUPUKAOPA 8 COCmage YENLTI0N03HO-HEOP2AHUYECKUX COPOEHMO8.
Maxkcumanvnas apgexmusnocmos  copoyuu  cmponyus uz pacmeopa (99 %) u maxcumanvHbiil
koappuyuenm  pacnpedenenus (1400 mnle)  coomeemcmeyiom — copbenmam ¢ cooepiicanuem
euopamuposanno2o newmokcuoa cypvmsl 2.9 %. Hccreoosano enuamue pH na niomumocme copoyuu
UOHO8 HA YeNTION03HO-HEOP2AHUYECKOM copbenme u Koapuyuenm pacnpedenenus. IKCnePpUMEHMAaIbHO
VCMAHOBAEHO, YO NIOMHOCMb COpOYUU U KOdphuyuenm pacnpedenenust UOHO8 CIPOHYUS 8APLUPYIOMCSL
om 0.045 0o 0.076 mxmonslm® u om 100 do 1400 mnle 6 3asucumocmu om pH modenvhbix 600HbIX
pacmeopog. Xumuueckue U CMPYKMYPHblE CEOUCMBA UCCTe008aIU MeMOOOM HUZKOMEMNepamypHoU
aocopbyuu-decopbyuu  azoma, PeHMeeHO8CKOU  ou@pakyuu, UHGPAKPACHOU  CNEKMPOCKONUU,
oughgpeperyuanvroco mepmuyecrkoeo ananuza. Inowads nogepxnocmu copboenmos onpeodensiiu Memooom
bpynayspa, Ommema u Tewnepa. Bce Kkomnosummuvie yeinono3HoO-Heopeanuieckue copoenmol
xapakmepuzylomes Huskoi yoenshoti nosepxnocmwio (1 m2le). Tudpamuposannviii nenmokcud cypbmol
Xapakxmepuzyemcs — amoOp@HOU  CMPYKMYpol U  Hpoyecc MOOUpUYUposanus He Gusgem Ha
KPUCMALIUYHOCIb YEILTIONO3bL.

Knwouesvie cnosa: yennono3no-Heopeanuieckuti copoenm, ReHmaxiopuo cypbmbl, CUOPAMUPOSAHHbILL
HEHMOKCUO CYPbMbl, CMPOHYULL, 3P pHekmusHocmsb yOaieHus
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