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B pabome oana xapaxmepucmuxa zpanyn yeonumog LTA u SOD, komopwie 6v11u cun-
Me3UPo6ansvl ¢ UCNOIL30BAHUEM NPEOCAPUMENLHOU YAbMPA38YKOGol o00padomku. Memodamu
penmeenoeckoil ougppaxyuu u HK-cnekmpockonuu ycmanoeieno, umo ucciedyemoie oopasysl co-
oepycam okono 100% ¢pazer LTA unu SOD. Ilokazano, umo uacmuuywl yeonuma LTA umerom pasz-
Mep obracmu KozepeHmHozo pacceanus 780 Hm u éeudUHY CPEOHEK8aAOPAMUUHBIX MUKPOOeqhop-
mauuii 0,05%, 6 mo eépema kax y uacmuy yeoauma SOD smom napamemp cocmaensem 462 um, a
depekmuocmv Kpucmannuyeckou pewemku 0,15%. Onpedenenvt 3nauenus naiouwiaou yoeabHOI
HOBEPXHOCIMU ZPAHYT UEONUMO8, 3HaAUeHUA Komopbix cocmaensiom 148,8 u 115,6 m*/z ona LTA u
SOD, coomeemcmeenno. Ommeueno, umo zpaunyavl yeoauma SOD npaxmuuecku ne umerom MuK-
ponop. llonyuenst pasnosecHvle Kpugble HACLIWEHUA ZPAHYIl YEOIUNO6 KAMUOHAMU KOOAIbmA 8
sagucumocmu om Konyenmpayuu Co>* ¢ 600nom pacmeope xnopuoa ko6arema. Iokazano, umo 6o
6cem uccied08aHHOM OUANA30He KOHUeHMpAayuil Co®" emrocmo yeonuma LTA na 30% o6oavuwe,
yem y yeoauma SOD, umo moixcem obimv 00bACHEHO 08YMA OCHOBHBIMU HpUYUHAMU. Bo-nepebix,
Imo Honee @vicoKoe 3HaAUEHUE N1owadu yoeavhoii nogepxnocmu y yeoauma LTA. Bo-emopuix, smo
ocobeHHOCMU CMPOEHUs KApKAcoe yeoaumos. A umenno, yeonrum LTA umeem oa-nonocmu, Kkomo-
poie umerom Gonvuiyio docmynnocms onsn Co™'. Takyce ycmanosneno, umo npu yeenudeHuu mem-
nepamypul eMKoCHb Heoaumos no Kamuonam Kodansma eozpacmaem. OQonapysceno, umo na UK
CHEKmpax 000ux yeo1umos nocjie HACLIUEeHUA NOAGNACHCA HO8AA NOJIOCA NOZIOWEHUS C BONTHO-
svtm uucinom npu 1390 cm™'. Kpome mozo, ¢ nacviujennpix KoGansmom yeoiumax ommeueno yge-
JuYeHue pamepa InemMeHmapHoil Aueiku u pocm deexmuocmu wacmuy. B coeokynnocmu smu
¢axkmol ykazvieaiom na npomekanue xKamuounozo oomena. Iloxazano, umo 1 2 yeonuma LTA
obecneuusaem npaxmuuecku noanylo ouucmky 50 ma pacmeopa om kamuonos °' Co ¢ ounamuye-
CKOM pedicume.

KuaroueBble cioa: neoaut LTA; neoaut SOD; kaTuoHBI KOOAIbTa; KATHOHHEIA 00MEH
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The paper gives a characteristic of LTA and SOD zeolite pellets, which were synthesized
using preliminary ultrasonic processing. By X-ray diffraction and IR spectroscopy methods, it
was established that the investigated samples contained about 100% of the LTA or SOD phase. It
was shown that zeolite LTA particles have a dimension of coherent scattering region of 780 nm
and root mean square microdeformations of 0.05%, while SOD zeolite particles have this parame-
ter about 460 nm and the defectiveness of crystal lattice is 0.15%. The values of the specific sur-
face area of zeolite pellets were determined, the values of which are 148.8 and 115.6 m*/g for LTA
and SOD, respectively. It was noted that the SOD zeolite pellets have virtually no micropores.
Equilibrium curves were obtained for the saturation of zeolite pellets with cobalt cations depend-
ing on the concentration of Co®" in an aqueous solution of cobalt chloride. It was shown that in
the entire investigated range of Co*" concentrations, the LTA zeolite capacity is 30% higher than
that of the SOD zeolite which can be explained by two main reasons. Firstly, this is a higher spe-
cific surface area of the LTA zeolite. Secondly, these are structural features of the zeolite frame-
works, namely, LTA zeolite has a-cavities which are more accessible for Co?. It is also shown
that with increasing temperature, the zeolites capacity on cobalt cations grows. It was discovered
that a new absorption band with a wave number at 1390 cm™ appears on the IR spectra of both
zeolites after saturation. In addition, an increase in the size of the unit cell and a growth in the
defectiveness of particles were noted in cobalt-saturated zeolites. Taken together, these facts point
to the cation exchange. It was shown that 1 g of LTA zeolite provides almost complete purifica-

tion of 50 ml of the solution from *’Co cations in a dynamic mode.

Key words: LTA zeolite; SOD zeolite; cobalt cations; cation exchange
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INTRODUCTION

Zeolites are aluminosilicates that have regular
cavities in the crystal lattice. The zeolite framework is
formed by TO, tetrahedra (where T = Si**, AI**, etc.).
The excess charge (in the case of T = AI*") is com-
pensated by the mobile metal cations (Na*, K, etc.)
[1, 2]. Therefore, zeolites with a Si:Al ratio close to 1
have the maximum number of exchange cations. For
this reason, one of the applications of low-modulus
zeolites is the extraction of metal cations (including
radioactive isotopes) from solutions [3-5]. In particular,
LTA and SOD zeolites have Si:Al = 1, which makes
them very attractive as cation exchange material.

The empirical formula of LTA zeolite is
[Nay,|[Al1Si1,04], and of SOD zeolite is [Nag|[AlgSisO,4)-
[-cages are the basic building units of the framework
of both zeolites and consist of 24 T-atoms [1]. In the
SOD zeolite framework, B-cages are linked through
simple T4-rings (S4Rs); in LTA zeolite, 3-cages are
combined through double T4-rings (D4Rs) and form
a-cages in the zeolite framework, which are confined
to simple T8-rings (S8Rs) [6].

The traditional method of zeolite synthesis is
hydrothermal zeolitization of metakaolin in a solution
of alkali and sodium aluminate [7, 8]. This method is

characterized by a long process time and sensitivity to
synthesis conditions [9-11]. Another drawback of
these methods is the preparation of zeolites in powder
form which for industrial applications requires the use
of a binder (eg clay) [12]. In Refs [13, 14], methods
for the preparation of granulated binder-free zeolite
have been described, which are also characterized by
a significant synthesis time. To intensify the zeolites
synthesis, ultrasonic processing seems to be very promis-
ing [15, 16]. The use of ultrasound allows not only to
reduce the synthesis time, but also to optimize the
porous structure of zeolites [17-20], which, of course,
will positively affect the cation exchange processes
[2, 4,5,12].

Thus, the aim of this work is to study the cat-
ion exchange properties of LTA and SOD zeolites in
the process of extracting the Co cation from agqueous
solutions.

EXPERIMENTAL PART

For research, granulated binder-free LTA and
SOD zeolites with size of pellets 3 mm have been
synthesized from metakaolin and sodium hydroxide
using ultrasonic (22 kHz) pre-treatment. The proce-
dure for preparing pellets of these zeolites has been
described in detail in Refs [21, 22].
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The powder X-ray diffraction (XRD) patterns
were recorded on DRON-3M X-ray diffractometer
(CuKo radiation, Ni-filter, scan rate was 1 minfl).
Since LTA and SOD zeolites have a cubic lattice [1],
the unit cell size was calculated according to the cor-
responding equation using data on interplanar dis-
tances obtained from XRD and Miller's indexes. The
dimension of the coherent scattering region and the
value of root mean square microdeformations were
determined from broadening the reflection profile
using the Selyakov—Scherrer equation [23].

The Fourier transformed infrared (IR) spectra
were measured by Shimadzu IRPrestige-21 spectrom-
eter. The absorption bands were identified using data
Ref [24].

N, adsorption-desorption isotherms were
measured at 77 K on the Micromeritics ASAP-2400
analyzer. Samples were outgassed at 573 K before the
adsorption measurements. The specific surface area of
zeolites and pore volume were calculated using the
BET equation.

Since zeolites are supposed to be used for
cleaning solutions with a low concentration of metal
cations, only the starting sections of the sorption
curves were studied. To research the cation exchange
properties of zeolites, aqueous CoCl, solutions with a
concentration of 0.1 to 1.0 mg Co/ml were used. The
zeolite pellets were placed in a solution and kept for
7 days in order to achieve equilibrium. The concentra-
tion of the Co* cation was measured by the photocal-
orimetric method.

To study the dynamic capacity of zeolite, a
model solution of cobalt chloride with a concentration
of 0.01 mg/ml was prepared. The activity of 1 ml of
*’Co solution was 2920 Bg. The installation for >’Co
extraction under dynamic modes was a glass column
with a diameter of 7.5 mm; zeolite mass was 3 g; the

flow rate of the solution was 1 ml/s. The content of
*Co after the column was monitored by the activity
of the solution, which was measured using an OSGI
Eu-152 gamma spectrometer.

RESULTS AND DISCUSSION

According to XRD data (Table 1), zeolites are
pellets in which the basic crystalline phases are LTA
and SOD. The sizes of the zeolite unit cells are close
to published data [1]. The dimension of the coherent
scattering region of LTA zeolite particles is more
than 1.5 times larger than that of SOD. At the same
time, the defectiveness of the LTA crystal lattice is
3 times less than the defectiveness of the SOD, as ev-
idenced by the values of root mean square microde-
formations.

The IR spectra of the samples confirm the
XRD data. So, the IR spectrum of zeolite LTA (Fig. 1, 1)
contains absorption bands at 470 and 420 cm*, which
are attributed to external deformation vibrations of
T-O bonds in the B-cell of zeolite [24]. The absorp-
tion band at 560 cm™ corresponds to internal defor-
mation vibrations in D4Rs through which B-cells in
the LTA zeolite framework are connected. The wide
and intense band in the wavenumbers range of 1240-
820 cm™ is a set of absorption bands that correspond
to symmetric and asymmetric stretching vibrations of
the Si—O and AI-O bonds as well as to deformation
vibrations of the Si—-O-Al bonds. The IR spectrum of
zeolite SOD contains characteristic bands at 710 and
665 cm*, which correspond to internal and external
symmetric stretching vibrations in S4Rs (Fig. 2, 1). In
the spectra of both zeolites, a wide absorption band in
the range 1800-1560 cm ™ is observed. This band cor-
responds to bending and stretching vibrations of water
molecules [25].

Table 1

Characterization of crystalline structure of granular zeolites
Tabnuya 1. XapakTepuCcTHKA KPUCTANLJINYECKOH CTPYKTYPhI IPAHYIHPOBAHHBIX IE0JIHUTOB

Percentage of the crys- | | . . Dimension of the co- | Value of root mean
. . 7™ |Unit cell size, . . .
Zeolite type talline phase of zeolite, herent scattering region,|  square microdefor-
a, A .
1, % Dcsg, NM mations, ¢, %
LTA starting 98 24.76 780 0.05
after saturation 96 24.79 772 0.11
soD starting 99 8.88 462 0.15
after saturation 96 8.92 456 0.19
Measurements of the parameters of the porous o Table 2
structure of zeolites show that the specific surface  Characterization of porous (by BET) structure of gran-
ular zeolites

area and total pore volume of the LTA zeolite are ap-
proximately 30% greater than that of the SOD zeolite
(Table 2). It should also be noted that the SOD zeolite
pellets have virtually no micropores.

Investigations of the static capacity of granu-
lated zeolites showed that the cation exchange capaci-
ty of LTA zeolite is approximately 30% higher than
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Tabnuua 2. XapaxktepucTuka nopucroii (mo 63T)
CTPYKTYPBI TPAaHYJIHPOBAHHBIX E0JUTOB

Zeolite Specific sur- | Total pore Micropore vol-
type face azrea, S, volun13e, Vi, ume. V. mm3/g
m-/g cm°/g P
LTA 148.8 0.041 0.007
SOD 115.6 0.033 0.001
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that of SOD (Figs. 3 and 4). Since these zeolites are
1 supposed to be used for the purification of highly di-
lute solutions, it is especially important that the LTA
capacity for cobalt cations is higher at low (up to
0.03 mg/ml) Co®* concentrations. Since these zeolites
are supposed to be used for the purification of highly
dilute solutions, it is especially important that the
LTA capacity for cobalt cations is higher at low (up to
0.03 mg/ml) Co?* concentrations. The higher capacity
. . _ of LTA zeolite compared to SOD with an equal ratio
. of Na:(Al + Si) is due to two reasons. Firstly, LTA zeo-
lite has a larger specific surface area. Secondly, LTA
2 1r'\_ {3\ zeolite, unlike SOD, has a-cavities in its crystal struc-
| "\ [ ture which increases the availability of Co®* to the sites

/ S, a of mobile sodium cations in the zeolite framework.
\ / \/ ”\ Another regularity of the dependences of the
Vo !.q,p[ capacity of zeolites from the solution concentration is
n JJ an increase in the absorption capacity of samples with

\ o
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with cobalt cations z 2
Puc. 1. UK cnextps! nieonura LTA. 1 — ncxoanslii; 2 — mocie g 0,94 1
HACBIIICHUS KaTUOHAMHU KO6a.]'ILTa 8
S 0,61
C
[
L
2
o 0,3
c
7 S
‘a 4
O 0,0 : : : T T
0,0 0,2 0,4 0,6 0,8 1,0

Co” solution concentration, mg/ml
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increasing temperature in the entire tested range of
cobalt cation concentrations (Figs. 3 and 4). This is
due to a decrease in the effective cation size which
increases the absorption capacity of the zeolite [26].
Therefore, the extraction of cobalt cations from solu-
tions by zeolites has a chemical nature, namely, cation
exchange [2]. In the case of physical adsorption, we
would observe the opposite regularities, namely, a
decrease in sorption capacity with increasing temperature.

IR spectra of the samples confirm the occur-
rence of cation exchange. So, the spectra of the start-
ing samples are fully consistent with the declared
types of zeolites (Fig. 1 and 2, 1). On the IR spectra
of the samples after saturation with Co?* cations, an
absorption band appears at 1390 cm™ (Figs. 1 u 2, 2).
This band may be associated with the appearance of
new acid centers, most likely, Lewis acid centers,
which form cobalt atoms [2, 24]. Thus, processes can
be described by gross reactions:

INay2|[Al12Si12048] () + 6C02+(p—p) g
|C06|[A|128i12048](TB) + 12Na+(p_p),
INag|[AleSisOz] ) + 3CO™ ()

|Cogs|[ AlgSisO24] sy + ENA" (-p)-

Analysis of the crystal structure showed that
after saturation with cobalt cations, the unit cell size
and the root mean square microdeformations of both
zeolites increase against the background of a decrease
in the dimension of the coherent scattering region
(Table 1). The combination of these facts can be ex-
plained as follows. The cobalt cation has a larger size
than the sodium cation, therefore, when Na* is re-
placed by Co*, the zeolite frameworks are deformed
which results in an increase in these parameters. The
data of IR spectroscopy confirm the deformation of
zeolite frameworks (Figs. 1 and 2, 2). In particular,
the vibrational bands corresponding to the D4Rs
groups in LTA zeolite and S4Rs in SOD zeolite are
shifted to the long-wavelength region of the spectrum.

Dynamic capacity studies were carried out in
a flow-through installation on LTA zeolite pellets.
Tests have shown that 1 g of LTA zeolite can provide
almost complete purification of 50 ml of the solution
of >'Co cations. Thus, the radioactivity of the solution
decreases from 2920 to ~ 10 Bq (Fig. 5). Also, we can
note that a satisfactory degree of purification in dy-
namic mode is achieved with a solution volume of
about 60 ml per 1 g of LTA zeolite.

CONCLUSIONS

By X-ray diffraction and IR spectroscopy
methods, it has been shown that zeolite granules con-
tain almost 100% of the LTA or SOD phase. It has
been found that the dimension of the coherent scatter-
ing region of LTA particles is 1.7 times larger, and
the value of root mean square microdeformations is 3
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times smaller than that of SOD zeolite. The specific
surface areas of zeolite pellets have been determined,
the values of which for LTA are 30% higher than for
SOD. It has been noted that the SOD zeolite pellets
have virtually no micropores.

Equilibrium curves have been obtained for the
saturation of zeolite pellets with cobalt cations as a
function of the concentration of Co®* in an aqueous
solution. It has been shown that in the entire studied
range of concentrations, the capacity of LTA zeolite
is 30% higher than that of SOD zeolite. It has been
established that with increasing temperature, the zeo-
lites capacity on cobalt cations increases which indi-
cates the occurrence of cation exchange. These con-
clusions have been confirmed by the data of IR spec-
troscopy (the appearance of a new absorption band)
and X-ray analysis (an increase in the size of the unit
cell and the value of the root mean square microde-
formations).

It has been shown that 1 g of LTA zeolite
provides almost complete purification of 50 ml of the
solution from *’Co cations in a dynamic mode.
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