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There are many methods for synthesis of tin dioxide SnO,, namely sol-gel, precipitation. However, these
methods do not allow to regulate the physical-chemical properties in wide limits in the synthesis stage. The most
commonly obtained samples are predominantly microporous as a rule. On the other hand, the meso-macroporous
structure is required for the effective use of tin dioxide in sorption processes. The mechanochemical and microwave
treatments can be used for eliminating mentioned above disadvantages. Therefore, the purpose of this work was to
study the influence of the mechanochemical and microwave treatments on the physical-chemical and sorption
properties of SnO, prepared by heterogeneous precipitation.

SnO, gels and xerogels have been obtained by heterogeneous precipitation. The mechanochemical treatment
was carried out in air and water at 300 rpm for 0.5 h in the form of dried xerogel as well as wet gel using a
planetary ball mill Pulverisette-7. Initial wet gel was subjected to microwave treatment for 1 h using a high-pressure
reactor «<NANO 2000». We used XRD and DTA-TG analysis, FTIR spectroscopy, adsorption-desorption of nitrogen
for characterization of initial and modified samples.

The initial sample corresponds to the composition tin oxohydroxide with gross formula SnzO4(OH),. For the
modified samples a partial removal of the structural OH groups occurs. The initial sample is characterized by high
values of specific surface area and high content of micropores. The specific surface area, total volume of pores,
mesoporous size are increased as a result of the mechanochemical and microwave treatments. Formation of the
secondary porosity that presented by meso- and macropores is peculiarity of xerogel milling in water.

The cation exchange capacity under the most optimal conditions for the sorption of U(VI) ions (pH = 5-6, no
background, cationic forms of uranium) for the initial sample was 0.82 mEg/g UO,**. The mechanochemical and
microwave treatments result in drastic increase in sorption capacity of tin oxohydroxide in relation to U(VI) ions.
The greatest effect was observed for sample milled in the form of wet gel, the sorption capacity 4 of which increases
almost in three times while distribution coefficient Ky increases almost 70 times. In case of sorption on the
background of 0.1 M NaHCO; (pH 8, model of block water of the Chernobyl Nuclear Power Plant), the sorption
capacity of sample after mechanochemical treatment of gel increases by 43 % compared to initial sample from 0.31
to 0.43 mEg/g UO,**. Thus, modified samples can remove both cationic and anionic forms of U(VI) ions in the
solution. At the same time, for sorption of Cs(l) and Sr(ll) ions, it has been found, that in both cases the
mechanochemical and microwave treatments negatively affect to their removal in comparison with initial sample.

Keywords: SnO,, mechanochemical and microwave treatments, porous structure, sorption, uranium, cesium,
strontium

INTRODUCTION preparation. There are many methods for
synthesis of tin dioxide, namely sol-gel,
precipitation [3, 8, 9]. However, these methods
do not allow to regulate the physical-chemical
properties in wide limits. Moreover, the most
commonly obtained samples are predominantly
microporous as a rule [2, 9]. On the other hand,
the meso-macroporous structure is required for
the effective use of tin dioxide in sorption
processes. Thus, there is a need to improve the

As well known, tin dioxide belongs to
inorganic ion-exchangers [1] and, dependent on
the conditions, it can exhibit both cation- and
anion-exchange properties [2-4]. Effective use
of tin dioxide in these processes is determined by
the following characteristics: crystal and porous
structure, surface structure, namely nature and
content of adsorption sites [1, 2, 5-7]. The SnO;
structure, in turn, is formed at the stage of its
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synthesis methods of tin dioxide. The
mechanochemical (MChT) and microwave
(MWT) treatments can be used for eliminating
the mentioned above disadvantages. Their
efficiency has been demonstrated for other
oxides and hydroxides [10-13]. Particularly,
formation of meso-macroporous structure was
found as a result of tin oxohydroxide powders
milling [14]. However, published studies that
cover these modification methods for tin dioxide
are not numerous and insufficiently informative.
Therefore, the purpose of this work was to
study the influence of the MChT and MWT on
the physical-chemical and, consequently, on ion-
exchange properties of precipitated SnO..

EXPERIMENTAL

Initial SnO, was obtained by dissolving
SnCl4-5H,0 in water and adding ammonia
solutions to the gel-like precipitate formation.
Aging of wet gel was performed at room
temperature for 25h. Then precipitate was
washed, filtered. The part of gel was dried at
20 °C for preparation of xerogel.

The SnO, samples were subjected to
mechanochemical treatment MChT in air and
water at 300 rpm for 0.5 h in the form of dried
xerogel as well as wet gel using a planetary ball
mill «Pulverisette-7»  («Fritsch», Germany).
Microwave treatment MWT was carried out in
the form of wet gel for 1 h using a high-pressure
reactor «NANO 2000» («Plazmotronika»,
Poland).

Physical-chemical parameters of initial and
modified samples were determined using the
following techniques. XRD analysis was done on
a diffractometer Philips PW 1830 with CuK,-
radiation. Curves of differential thermal analysis
(DTA - TG) were obtained using apparatus
Derivatograph-C (F. Paulik, J. Paulik, L. Erdey)
in the range of temperature 20 — 600 °C at the
heating rate 10°/min. FTIR spectra were
obtained using a spectrophotometer «Spectrum-
One» (Perkin-Elmer, USA) in reflection mode.
For this measurements, a mixtures of powders
with KBr in ratio a sample/KBr=1:20 were
used. Parameters of porous structure, namely
specific surface area S, sorption pore volume V,
micropores volume Vy,;, mesopores volume Ve,
were determined from isotherms of low-
temperature nitrogen adsorption obtained with
the help of an analyzer ASAP 2405N
(«Micromeritics Instrument Corp») using BET,
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t- and the BJH methods. The mesopores diameter
dme is calculated from the pore size distribution
(PSD) curves plotted using desorption branches
of isotherms. The total pore volume Vs was
determined by ethanol impregnation of granules
of the samples dried at 150 °C. The volume of
macropores Vn, was calculated as the difference
between Vyand V..

The sorption properties of the tin(IV) oxide
were characterized by sorption capacity A and
distribution coefficient Ky. The studies were
performed under static conditions, ratio
solid : liquid was 1:2000. The pH value was
adjusted to 5.4 (no background) during sorption
of ions U(VI), Cs(l) and Sr(Il). During sorption
of ions U(VI) from a solution, that simulates
«block» waters of the ChNPP, the pH value was
8 (on the background of 0.1 M NaHCQs). The
uranium  concentration in  solution  was
determined on a KFK-3 photometer by the
technique based on formation by UO,*" ion of a
stable colored complex with arsenazo Ill at
pH 1.0-3.0 [15]. The concentrations of Cs and Sr
in solution were determined on an atomic
absorption spectrophotometer AA-6300
(Shimadzu).

RESULTS AND DISCUSSION

According to these data DTA-TG (Fig. 1),
the initial sample corresponds to compaosition tin
oxohydroxide  (with  gross  formula -
Snz04(0OH),). Similar results were obtained by
the other authors [16] for tin dioxide prepared by
sol-gel method. Mechanochemical treatment of
samples in air and water leads to partial removal
of OH groups. This process is accompanied by
partial transformation of Sn;O4(OH), into SnO.,.
Moreover, ratio the number of structural
OH groups/Sn is changed from 1.114 to 0.908,
depending on the conditions of MChT. In turn,
the similar processes occur at MWT of gel.

On the FTIR spectra (Fig. 2) of samples after
MChT is observed decrease in the intensity of
several absorption bands, namely: in the region
of stretching vibrations of OH groups
(3000-3500 cm™) and bending vibrations of OH
groups (1235cm™). This correlates with the
results of thermogravimetric analysis, namely
with a partial removal of OH groups during
milling. It should be noted that the largest
removal of OH-groups occurs in MChT of gel.

The diffractograms for initial and modified
samples are depicted in Fig. 3. It should be noted

ISSN 2079-1704. CPTS 2018.V.9. N 4



Study of the physical-chemical and sorption properties of SnO, prepared by mechanochemical and microwave routes

that positions of diffraction peaks, which
correspond to the planes (110), (101), (200) and
(211) for  tetragonal = modification  of
cassiterite/rutile  (JCPDS N  41-1445), are
identical for tin dioxide and hydroxide [17].
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These reflexes differ only in width, which is a
measure of crystallinity. The patterns from these
planes are observed for all studied samples that
have an imperfect crystal structure.
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Fig. 1. DTA-TG curves for tin oxohydroxide: initial xerogel (a) and that after MChT in air (b)
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Fig. 2. FTIR-spectra of samples of the initial (1) tin oxohydroxide, as well as those after MChT of xerogel in water
at 300 rpm (2), in air at 300 rpm (3) and MChT of gel at 300 rpm (4)

The MChT almost does not change the
crystal structure. But a decrease takes place in
the intensity of reflexes and an increase in the
values of full width at half maximum (FWHM),
which correspons to 110 plane, from 3.86 degree
(initial sample) to 3.97 degree (for xerogel
milled in water). On the contrary, MWT
contributes to the formation of a more perfect
crystal structure and the value of FWHM for
reflex from this plane decreases almost twice.
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Isotherms of nitrogen adsorption - desorption
for the initial sample close to type | (Fig. 4)
although this sample also contains the smallest
mesopores with a size of 2.3 nm (Table 1). In
turn, the isotherms for modified samples belong
to different types. Thus, isotherms of samples
after MChT are similar to that for initial sample,
but there is insignificant rise in the region of
values of P/Py>0.95, which corresponds to
filling of macropores. The isoterm for sample



M.M. Samsonenko, O.l. Zakutevskyy, S.V. Khalameida et al.

after MWT is close to type IV and shows the L au.
presence of a hysteresis loop in the region of 110 ;oq 4
average values of P/P, (0.4-0.8). It is evidence
for formation of mesoporous structure at MWT,
which is characterized by significant volume and
larger size of mesopores (4.3 nm).

Parameters of the porous structure for all

3
samples, calculated from the isotherms, are given
in Table 1. The initial sample is characterized by

high values of the surface area (178 m%g) and

high content of micropores (60 % of the total 2
pore volume Vs). The values of Vs and Vi, (and M
fractions of the latter) as well as size of

mesoporous (Table 1) increase as a result of

MChT and MWT. The feature of wet MChT, M
namely milling of gel and xerogel in water, is the

211
200

formation of secondary porosity, that presented 10752025 30 35 40 45 50 55 G0

by large mesopores and macropores. As a result 20, degree

of MWT of wet gels, uniform mesoporous

structure is formed, as demonstrated by the Fig. 3. XRD for samples tin oxohydroxide: initial
isotherm, PSD curve and the data given in the (1) and MChT in air at 300 rpm (2), MChT
Table 1. Such a structure is the most requested in in water at 300 rpm (3); MWT of gel at
adsorption. 235°C (4)
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Fig. 4. Isotherms of nitrogen adsorption—desorption (a) and curves of PSD (b) for samples tin oxohydroxide: initial
(1), and after MChT in air at 300 rpm (2), MChT in water at 300 rpm (3), MChT of gel at 300 rpm (4), and
after MWT of gel at 235 °C (5)

Table 1. Porous structure parameters of initial and modified samples of tin oxohydroxide

VZ! VS! Vmi: Vme, Vmaa

Modification conditions S, mZ/g cm3/g cm3/g cm3/g cm3/g cm3/g e, NM
Initial xerogel 178 005 005 0.03 0.02 - 2.3
>.5< é MChT xerogel air 300 rpm 138 0.08 008 0.04 0.03 - 4.1
S _g MChT xerogel H O 300 rpm 163 033 010 004 005 0.23 4.3
= 2 MChT gel 300 rpm 180 017 009 004 004 0.08 3.4
MWT gel 235 °C 156 - 0.25 - 0.25 - 4.3
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Sorption properties of initial and modified
samples were investigated by the example ions
of stable isotopes of U(VI), Cs(l) and Sr(ll).
Radioactive isotopes of these elements form the
main part of the activity of the «block» waters of
the Chornobyl Nuclear Power Plant [18] and
other liquid radioactive wastes.

Among the above-mentioned elements,
U(VI) has features that make it difficult to
extract, in particular the variability of its soluble
forms. Up to pH=5, U(VI) is present
predominantly in the form of uranyl ions (UO,**)
in the solution while hydroxides and anionic
carbonate complexes are formed at higher pH. It

should be noted that vast majority of these
complexes are polymeric (bi- and more nuclear
complex) [19].

The results of investigations of the sorption
properties for tin oxohydroxide samples in
relation to the ions U(VI), Cs(l) and Sr(ll) are
summarized in Table 2. In order to study the
cation exchange properties of samples, sorption
of ions U(VI) were performed in the most
favorable (reference) conditions at pH=5.4 in
the absence of background. Sorption of Cs(l) and
Sr(I1) ions was also carried out according to the
same conditions for correct comparative analysis
(including under the same pH value).

Table 2. Estimation of sorption properties of initial and modified samples of tin oxohydroxide

Sample i)f;rmag;'ée Solution (mlgglL) A, mEqlg Kg, L/g
Initial 0.82 0.75
MChT gel 300 rpm 2.90 51.50
MChT air 300 rpm No bi“{dﬁggof”d' 15 1.53 2.10
MChT H,0 300 rpm U(VI) pH = 1.80 2.85
MWT gel 235 °C 1.57 2.15
Initial 0.1 M NaHCO4 10 0.31 0.34
MChT gel 300 rpm (pH =8) ' 0.43 0.51
Initial Cs 0.21 2.27
MChT gel 300 rpm No background, 0.2 0.01 0.66
Initial S pH=54 ' 0.26 2.6
MChT gel 300 rpm 0.03 0.14

It has been found, that MChT and MWT
result in drastic increase in sorption capacity of
tin oxohydroxide in relation to U(VI) ions to a
level characteristic of the most common cation
exchange resins [20]. The greatest effect was
observed for sample milled in the form of wet
gel, the sorption capacity 4 of which increases
almost in three times while distribution
coefficient Ky increases almost 70 times.
Samples milled as xerogels in water and air, as
well as that after MWT of wet gel also show
higher (compared with initial sample) values of
A and Ky for sorption for U(VI) ions (Table 2).
The favorable effect of MChT and MWT s
related to the formation of mesoporous or meso-
macroporous structure. It is obvious that such a
structure is more accessible for various ionic
species of U(VI), the size of which is within
0.4-1.0 nm [21, 22] while kinetic diameter of
nitrogen is 0.36 nm [23, 24]. The accessibility of
pores can be determined not so much by their
size, calculated from the PSD curves, as by the

ISSN 2079-1704. CPTS 2018. V. 9. N 4
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size of the entrances to the pores: so-called «ink-
bottle effect» [25]. It is necessary to pay
attention to the fact that sample milled in the
form of wet gel has practically the same specific
surface area and somewhat larger mesopore size
compared to the initial sample. Nevertheless, this
sample shows significantly higher, namely
maximum values of sorption capacity. On the
other hand, this is the only sample, during the
modification of which the complete repacking of
globules in the framework occurs. As a result,
the shape and size of entrances to the pores can
be changed and «ink-bottle effect» can be
eliminated. Therefore, uranium sorption is very
sensitive to the pore size. This sample is also
distinguished by the presence of macropores in
the structure (Table 1). The latter ensures the
acceleration of diffusion processes, as for
xerogel milled in water, which also contains
macropores.

Next studies of sorption of ions U(VI) were
carried out from a solution that simulates
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«block» waters of the ChNPP (background
0.1M NaHCO;, pH=8). Under these
conditions, U(V1) is present in the solution in the
form of anionic carbonate complexes [18] and
SnO, samples demonstrate their anion exchange
properties, which are determined by the number
of anion-exchange centers, presumably Sn-OH
groups [26, 27]. Under these conditions, a
positive effect was also obtained as result of
MChT (Table 2). In particular, the sorption
capacity of sample after MChT of gel at 300 rpm
increases by 43 % compared to initial sample.
Thus, sorbents based on modified samples can
remove both cationic and anionic forms of U(VI)
ions in the solution. In other words, these
samples demonstrate the ampholytic properties.
This makes it more versatile, for example, in
comparison with titanium phosphates, cation
exchange and anion exchange resins.

At the same time, for sorption of Cs(l) and
Sr(I) ions, it has been found that MChT and
MWT negatively affect to their removal in
comparison with initial sample. This can be
explained by the collapse of the microporous
structure during MChT and MWT (Table 1).
According to modern notions about sorption
processes, pores comparable in size with the
removed ions can be regarded as adsorption
centers for them. This hypothesis was first
proposed by the authors of work [28] and later
confirmed in many studies on the sorption of
alkali and alkaline earth cations by phosphates,
heteropoly compounds, titanosilicates
[7, 29, 30]. It should be noted that the size of the
Cs(I) and Sr(Il) ions is 0.2-0.4 nm [31], which
corresponds to micropores size.

This feature of modified SnO,, namely its
indifference to the Cs(l) and Sr(Il) ions in
combination with the significant sorption
capacity of the U(V1) ions, is rather unique, since
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the most sorbents are capable of one or another
way adsorbing ions of Cs(l), Sr(Il), and U(VI).
Thus, even a classical crystalline titanium
silicate, which is considered as high-specialized
sorbent for extraction of isotopes Cs(l), together
with it, accumulates certain amount of ions
u(vi) [32].

Thus, MChT of gels allows to significantly
improve the sorption properties of tin
oxohydroxide.  Particularly, it facilitates
increasing the selectivity of the extraction of
long-lived isotopes of U(VI) from: 1) mixtures
with the intermediate-living Cs(l) and Sr(ll) for
further separate utilization; 2) including on the
background of cations Na* and Ca?*, adsorption
of which can also be complicated by analogy
with ions of Cs(I) and Sr(ll).

CONCLUSIONS

It has been studied the influence of
mechanochemical and microwave treatments on
the physical-chemical and sorption properties of
precipitated tin oxohydroxide. It has been found
that MChT of xerogel in water promotes to the
formation of meso-macroporous structure.
MChT and MWT in the form of wet gels
promote to the formation of a homogeneous
mesoporous structure with high values of the
specific surface, pore volume and diameter of
mesopors. Mechanochemical and microwave
treatments improve the sorption characteristics
of the samples with respect to the sorption of
U(VI) ions from aqueous solutions. This is the
result of the formation of a more accessible for
hydrated uranium ions surface. But on the other
hand, both types of treatment negatively affect to
removal of Cs(I) and Sr(ll) ions, in comparison
with initial sample. This can be explained by the
collapse of the microporous structure during
MChT and MWT.
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BuBuenHs ¢izuko-xiMiuHuX Ta copOuiiHuX BaactuBocteid SN0y, OTPUMAHUX HLISAXOM
MeXaHOXIMiYHOI Ta MiKpOXBHJIbOBOI 00p00OK

M.M. Camconenko, O.1. BakyteBchkuii, C.B. Xanameiina, J. Skubiszewska-Zieba, M.®. Kostyn

Incmumym copoyii ma npobaem endoexonocii Hayionanvrnoi akademii nayk Ykpainu
eyn. Ienepana Haymosa, 13, Kuis, 03164, Vipaina, mashuna.08@gmail.com
Faculty of Chemistry, Maria Curie-Skfodowska University
3 Maria Curie-Skfodowska Sg., Lublin, 20031, Poland

Icuye bazamo memooig cunmesy diokcudy onoga SNO,, 30Kkpema 301b-2eb ma ocaddcenns. Ilpome yi memoou
He 00380JA10Mb pe2ynoeamu i3uKo-XiMIuHi 61ACMUBOCMI 8 WUPOKUX Mexcax Ha emani cunmesy. K npaeuno,
OMPUMAHI 3pA3KU € NepesacdcHo Mikponopucmumu. 3 iHu020 OOKYy, 015l eekmugHo20 BUKOPUCNAHHA OIOKCUOY
0n108a 8 COpOYIIHUX npoyecax NOMpPIOHA Me30-MaxKponopyeama cmpykmypa. Mexanoximiuna i MIKpoXeuibo8a
00pOOKU MOMNCYMb OYmMU 8UKOPUCIMAHT OJi YCYHEHHS 3a3HAYeHux suuje Hedonikie. Tomy memoro yici pobomu 6y10
BUBYEHHSI BNIUBY MEXAHOXIMIYHOT | MIKPOXBUILOBOL 00p0obOK Ha (izuko-ximiuni ma copoyitni eracmusocmi SNO,,
OMPUMAHO20 ULTIAXOM 2€MEPOSEHHO20 OCAONCEHHS.

SN0, ceni ma xcepozeni Oyau ompumani WLISAXOM 2eMEPOSEHHO20 OCAONCEHHS 3 BUKOPUCTNAHHAM PO3HUUHY
amiaky. Mexanoximiuny oOpobKy Cyxoeo Kcepozemio, d maKodic 601102020 e npogoounu Ha nogimpi (cyxa MXO)
ma y 600i npu 300 06/x6 npomsicom 0.5 200 3 euxopucmanusim nianemapnozo Kyavkogozo mauna Pulverisette-7.
Buxionuii eonoeuii eenv 6y6 niodanuii Mikpoxeunvogit 06podoyi npomseom 1 200 3a donomozorw peakmopa 6ucokoeo
mucky «NANO 2000». /[na xapaxmepucmuku GuXiOHUX ma MOOUQIKOBAHUX 3PA3KIE  BGUKOPUCHOBYEATU
penmeenoghazosull ananiz, ougepenyitino-mepmiunuti aunaniz, I49-cnexmpockonito 3 @yp’e nepemeopeHHAM,
adcopbyiro-oecopbyito asomy. Copbyitini enacmusocmi oocnioxcysanucs 6 npoyeci copoyii ionie U(VI), Cs(l) ma
Sr(ll).

Buxionuii  spazox €ionogioac cxnady oxcoeiopokcudy onosa 3 6pymmo gopmynoio SnzO4(OH),. Ilpu
Mooughikysanni 8i06ysacmuoca uacmkoge guoanenta cmpykmypHux -OH epyn. Buxionuil 3pazox xapakmepuzyemscs
BUCOKUMU ZHAYEHHIMU NUMOMOT NOBEPXHI MA BUCOKUM GMICIMOM MIKpONop. 3naueHHss numomoi no8epxHi, 3a2aibHull
00'eM nop ma posmipu Me30nop 30LIbUYIOMbC 6 Pe3yIbmami MeXAHOXIMIUHOL | MIKPOX8Uiboeoi 0OpobOK.
Ocobnugicmio MexaHoximiunoi 06pobKU cyxoeo Kcepozeno y 600i € YMBOPEHHs 6MOPUHHOI NOPY8amocmi, wjo
npeoCcmagiena me30- ma MaKkponopamu.

Copoyitina emuicmo y Hallbitbw onmumanvrux ymosax ons copoyii ionie UNVI) (pH = 5-6, be3 gpony, xamionni
opmu ionie ypany) ons euxionozo spaska cmanosuna 0.82 me-exele UOY. Mexanoxiviuna ma mikpoxsunsosa
00poOKU NPUBOOsIMb 00 PI3K020 30INbUEHH COPOYIUHOT EMHOCMI OKCUSIOPOKCUOY 01084 NO GIOHOWEHHIO 00 [OHIG
U(VI). Haubinvwuii eghexm cnocmepicascs npu mexanoximiuniii 060pobyi 60102020 2enio, copoyitina emuicmo (A)
Yb02o 3pasKka 30iNbUIACA Malidce 8 mpu pasu, moodi aK Koegiyicum po3nooiny Ky 36invuusca matidice ¢ 70 pasis. ¥
pasi copbyii na ¢poni 0.1M NaHCO;3 (pH = 8, moodenv «brounux» 600 Yopnobunvcoroi AEC) copbyitina emmuicmo (A)
3pA3Ka Nicis MEXAHOXIMIYHOT 00POOKU 801102020 2ento 30inbwunacs Ha 43 %, y nopignsanmi 3 GUXIOHUM 3PA3KOM, 610
0.31 00 0.43 mez-exelz UO2".

Taxum 4unom, MOOUPIKOBAHT 3PA3KU MONCYMb SUOANAMU 3 POUUHIE K Kamionni, max i anionni gpopmu U(VI).
Y moii ace uac, 6yno sunsneno, w0 MEXAHOXIMIYHA | MIKPOXBUTLOBA 0OPOOKU He2amuUHO GNIUBAIOMb HA COPOYIIO
ionie Cs(1) ma Sr(l1), y nopienanni 3 suxionum 3pazxom.

Knruosi cnosa: SnO,, mexanoximiuna ma MIKpoXeunvboea oOpoOKu, nopysama cmpykmypa, copoyis, ypaH,
yesitl, cmponyii
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N3yuyenne GpU3NKO-XUMHUYECKUX U COPOIUOHHBIX cBOICTB SNO7, MOJYyYeHHBIX IyTeM
MEXaHOXUMHUYECKOH 1 MUKPOBOJIHOBOI 00padoToK
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Cywecmeyem MHO20 Memo008 cunmesa ouoxcuoa onoeéa SNO,, 6 wacmuocmu 301b-2enb u ocaxcoerue. OOHAKo
MU MeMoObL He NO38OSLIOM PE2yIUpPo8amy GUIUKO-XUMUHECKUEe CEOUCMEA 8 WUPOKUX NPedeldx Ha dmane CUuHmesd.
Kax npasuno, nonyuennvle 0bpasyvl ae1s10mcs npeumyujecmeenno muxponopucmoimu. C Opyeoi cmoponul, 07
ahpexmusHo20 UChONB306aANUSL OUOKCUOA 01064 6 COPOUUOHHBIX NPOYECCAX HYICHA Me30-MAKPONROPUCMAS
cmpykmypa. Mexanoxumuyeckas u MUKPOBOIHOBAsE 0Opabomxu mo2ym 6vlmb UCNOAb306AHbL Olisl YCMPAHEHUs
VKA3aHHBIX 8bliie Hedocmamkog. [losmomy yenvio Hacmosiwell pabomvl ObLIO U3VUeHUe GIUSHUS MEXAHOXUMUYECKOU
U MUKPOBOIHOBOU 00pabomox Ha uauko-xumuyeckue u copoyuonnvle ceoticmea SNO,, nonyueHHo2o nymem
2eMmepo2enHo20 0CaANCOeHUs.

SN0, eeau u xcepozenu OviAU NOIYUEHBI NYMEM 2EMEPOLEHHO20 OCANCOCHUsl C UCNOTb308AHUEM DACMEOPA
ammuaxa. Mexanoxumuueckylo obpabomky cyxo2o Kcepozens, a MAaKice GLANCHO20 2eisl NPOSOOUNU HA 6030yXe
(cyxasn MXO) u ¢ sooe npu 300 06/mun 6 meuenue 0.5y ¢ ucnonvzosanuem nianemaphou wWaAposol MelbHULbL
Pulverisette-7. Hexoonwlii érasicnoiil 2enb 6bL n0O08EP2HYmM MUKPOBOIHOBOU 0bpabomke ¢ meyenue 1 u ¢ nomowwio
peaxmopa svicokozo oaenerus «<NANO 2000». /Jna xapaxmepucmuku UCX0OHbIX U MOOUPUUUPOBAHHBIX 00PA3LO8
UCNONB308ANIU PEHM2eHOPA306bIl ananu3, Juggepenyuarvno-mepmuyeckuii ananus, UK-cnekmpockonuio ¢ @ypve
npeobpasosanuem, aocopoyuio-oecopoyuro azoma. CopOyuoHHble C80UCMBA UCCIe008ANUCH 8 Npoyecce CopoyuU
uonoe U(VI), Cs(1) u Sr(ll).

Hcxoousiii obpasey coomeememeayem cocmagy okco2uopoxcuoa oaoga ¢ opymmo gopmynoti Snz04(OH),. Ilpu
Moouuyuposanuu  npoucxodum uacmuuHoe yoanewue cmpykmypuvix -OH epynn. Hcxoowwui  o6pazey
Xapaxmepusyemcsi 6blCOKUMU 3HAYEHUSMU YOCTIbHOU NOBEPXHOCIU U BLICOKUM COOEPIUCAHUEM MUKPONOp. HaueHue
VOEIbHOU NOBEPXHOCMU, 00WUIL 0O0beM NOP U PAZMEPLL ME30NOP YBENULUBAIOMCS 6 PE3YIbMame MexaHOXUumMUu4ecKou
U MUKPOBOIHOBOU 00pabomok. OcobOeHHOCMbIO MEXAHOXUMUYECKOU 00PabOmMKU CYX020 KCepo2es 8 800e AGISEMCs
06pazosane MOPULHOU ROPUCOCTHIL, KOMOPASL NPEOCMABIeHA Me30- U MAKPONOPAMU.

Copbyuonnas emxocms 6 Haubosee onmumaibiblx yerogusx ons copoyuu uonog UVI) (pH = 5-6, 6e3 ¢hona,
Kamuonmwie Gopmbl UOHO8 ypana) Os ucxoOHo2o obpasya cocmasnsna 0.82 me-sxele U0, %, Mexanoxumuueckasn u
MUKDOBONIHOBASL 0OpabomKu NPUBOOsm K pe3KOMY YEeIUUeHUI0 COPOYUOHHOU eMKOCMU OKCOSUOPOKCUOA 01108A NO
omnowenuto k uonam UNVI). Hauborvwuii s¢pghexm nabniodancs npu mexanoxuMuieckou o0pabomke 8iancHo20
2enst, copbyuonnas emxocmv (A) smo2o o06pazya yeéeruuunace nowmu 6 Mpu pasd, mo20a Kak Kodpguyuenm
pacnpedenenus Ky yseruuuncs noumu ¢ 70 pas. B cayuae copbyuu na ¢pone 0.1M NaHCOj; (pH =8, mooens
«Onounvix» 600 Yeprobuvirvckoti ADC) copbyuonnas emxocms (A) obpazya nocie Mexanoxumuieckou oopabomxu
naxcrozo 2ens yeenuunace na 43 % no cpasnenuio ¢ ucxoousim oopasyom, om 0.31 0o 0.43 me-sxele U0, %",

Taxum obpazom, moougpuyuposanuvie 0Opa3ybl MO2YMm GblOENAMb U3 PACMEOPO8 KAK KAMUOHHblE, MAaK U
anuonnvie gopmor UVI). B mo owce epems, Obiio 0OHAPYIHCEHO, MO MEXAHOXUMUUECKAS U MUKDOBOJIHOBAS
obpabomxu necamusho enusiiom na copoyuio uonoe Cs(1) u Sr(ll), no cpasuenuio ¢ ucxoonvim obpasyom.

Knroueswvie cnosa: SnO,, mexanoxumuyeckas u MUKpOBOIHO8As. 0OPAbOMKU, NOPUCMAs CMPYKMypd, copoyus,
ypau, yezuil, CmpoHyul
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