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Abstract: Bentonites from three different deposits (Wyoming, TX, USA and
Bogovina, Serbia) with similar cation exchange capacities were sodium
enriched and tested as adsorbents for Sr2* in aqueous solutions. X-Ray diffract-
ion analysis confirmed successful Na-exchange. The textural properties of the
bentonite samples were determined using low-temperature the nitrogen physi-
sorption method. Significant differences in the textural properties between the
different sodium enriched bentonites were found. Adsorption was investigated
with respect to adsorbent dosage, pH, contact time and the initial concentration
of Sr2*. The adsorption capacity increased with pH. In the pH range from 4.0—
-8.5, the amount of adsorbed Sr?>* was almost constant but 2—3 times smaller
than at pH =11. Further experiments were performed at the unadjusted pH
since extreme alkaline conditions are environmentally hostile and inapplicable
in real systems. The adsorption capacity of all the investigated adsorbents
toward Sr2" was similar under the investigated conditions, regardless of sig-
nificant differences in the specific surface areas. It was shown and confirmed
by the Dubinin—Radushkevich model that the cation exchange mechanism was
the dominant mechanism of Sr?" adsorption. Their developed microporous
structures contributed to the Sr2* adsorption process. The adsorption kinetics
obeyed the pseudo-second-order model. The isotherm data were best fitted with
the Langmuir isotherm model.
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INTRODUCTION

Strontium is abundantly present in the Earth’s crust in the form of minerals:
SrCO3, SrSO4 and AlyO3-SrO+(Si07)64H,0. In surface waters, strontium origin-
ates from the weathering of rocks or from the discharge of wastewater from
industries that use strontium compounds. lonic strontium is not toxic in small
concentrations, and since its concentration in water is generally low, it could be
regarded as a harmless substance. The environmental impact of Sr arises from its
radioactive isotopes. Besides the four stable Sr isotopes naturally present in soil,
there are also artificial, radioactive isotopes 89Sr and 90Sr.1-2 These radioactive
isotopes occur as waste products in nuclear power plants and in the reprocessing
of nuclear fuels.3

Strontium is an alkaline earth metal that resembles calcium and barium in
chemical properties. Due to its similarity with calcium, strontium tends to accu-
mulate in bone tissues in the same manner. In the case of radioactive strontium,
accumulation in bone tissue causes radiation damage affecting human and/or ani-
mal health.# Therefore, the presence of radioactive Sr in the environment should
be resolved.

The disposal of radioactive wastewater from commercial nuclear plants is
one of the major problems in nuclear waste management.> The adsorption of
strontium from wastewater prior to its discharge to water bodies in the environ-
ment is among the most suitable solutions for pollution prevention.

The adsorption of non-radioactive strontium has been investigated on differ-
ent adsorbents, such as a PAN/zeolite composite,® expanded perlite,’ activated
carbon,? efc. Some authors investigated the adsorption of radioactive strontium
on kaolinite and montmorillonite,8 illite/smectite mixed clays® and on magnetite
and a magnetite silica composite.10

The adsorptive behavior of radioactive strontium isotopes is similar to that of
non-radioactive strontium. This enables the potential adsorptive removal of radio-
active strontium from aqueous solutions to be determined using experimental
results and models obtained for systems containing the non-radioactive isotopes.

Bentonites are widely used as adsorbents for the removal of heavy metals
from wastewater.!1-14 They are low cost, naturally occurring, non-toxic mat-
erials, abundantly present in different parts of the world, including Serbia.l2.14-16
Bentonites are clays rich in smectite minerals. Smectites are 2:1 phyllosilicates —
layered minerals the layers of which are composed of an octahedral
[AlIO3(OH)3]% sheet sandwiched between two opposing tetrahedral [SiO4]*
sheets.!7 Smectites have a total (negative) layer charge between 0.2 and 0.6 per
half unit cell and include the tri-octahedral smectites: hectorite, saponite, sauco-
nite, stevensite and swinefordite, and di-octahedral smectites: beidellite, mont-
morillonite, nontronite and volkonskoite. Beidellite and montmorillonite differ in
the origin of the net structural charge. The net structural charge of beidellite is
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mainly located in smectite tetrahedral sheets, while that of montmorillonite is
mainly located in smectite octahedral sheets.1?

The present work is focused on the removal of Sr2* from aqueous solutions
using three different sodium-enriched bentonites with similar cation exchange
capacities (CEC) but with different textural properties, particularly different spe-
cific surface areas. The bentonites selected for this work included standard source
clays from the Clay Minerals Society!® and a previously well-characterized clay
from a Serbian deposit.!9-20 The adsorption was studied as a function of ads-
orbent dosage, suspension pH, adsorption time and the initial concentration of
Sr2*. The goal of this investigation was to confirm the applicability of the inves-
tigated bentonites as Sr2* adsorbents and to determine the most significant ads-
orption mechanism for Sr2*.

EXPERIMENTAL
Materials

Two bentonites were supplied by the Clay Minerals Society: a Ca-montmorillonite
dominant clay (STx-1) originating from the Manning Formation, County of Gonzales, Texas,
USA and a Na-montmorillonite dominant clay (SWy-2) originating from the Newcastle Form-
ation in the County of Crook, Wyoming, USA.!® The chemical composition (mass %) of STx-1
was: Si0O,, 70.1; Al,O3, 16.0; TiO,, 0.22; Fe,05, 0.65; FeO, 0.15; MnO, 0.009; MgO, 3.69;
Ca0, 1.59; Na,0, 0.27; K,0, 0.078; F, 0.084; P,0s, 0.026; S, 0.04 and CO,, 0.16 and ignition
loss up to 1100 °C was 6.54 mass %. The composition of SWy-2 was: SiO,, 62.9; Al,O3,
19.6; TiO,, 0.090; Fe,05, 3.35; FeO, 0.32; MnO, 0.006; MgO, 3.05; CaO, 1.68; Na,O, 1.53;
K50, 0.53; F, 0.111; P,0s, 0.049; S, 0.05 and CO,, 1.33, and the ignition loss up to 1100 °C
was 6.06 mass %.!3

The third bentonite material (the dominant smectite mineral phase of which consisted of
montmorillonite and beidellite in the ratio of approx. 1:9)?! was obtained from the “Bogovina
Coal and Bentonite Mine”, Bogovina, Serbia. It had been previously thoroughly charac-
terized!%22 and tested as a Pb, Cd and Ni adsorbent.23 The chemical composition (mass %) of
this clay was: SiO,, 57.51; Al,O03, 17.13; Fe, 03, 7.67; MgO, 2.35; CaO, 1.81; Na,0, 0.75;
K,0, 1.18 and CO,, 0.5, and the ignition loss was 11.10 mass %.'°

As previously reported, the cation exchange capacities (CEC) of the bentonites obtained
by the ammonium acetate method?* were 84.4, 76.4 and 63.3 mmol of monovalent cation per
100 g of clay dried at 110 °C for the Texas, Wyoming and Bogovina originating bentonites,
respectively.!820

The samples were sieved through a 74-um sieve. Sodium enrichment of the bentonite
samples was performed using the previously reported procedure?® and the obtained materials
based on Wyoming, Texas and Bogovina bentonites were denoted as Na-W, Na-T and Na-B,
respectively. Sodium enrichment was performed with the goal of obtaining homoionic absorb-
ents with Na* as the exchangeable cation, which could be more easily replaced with Sr2* in
the adsorption process.

SrCl,-6H,0, with 98 % purity, was obtained from Carlo Erba and used as received.
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Characterization methods

The X-ray diffraction patterns of the powders of Na-enriched bentonites were obtained
using a Philips PW 1710 X-ray powder diffractometer, equipped with a Cu anode (4 =
=0.154178 nm).

The point of zero charge (pHpzc) was determined using a batch equilibration technique.?
Suspensions each containing 50 mg of one of the bentonite samples in 20 cm? of a 102 mol dm™
NaCl solution were prepared by shaking for 24 h at room temperature. The initial pH values
(pH;) were adjusted in the pH range from 2 to 12 by the addition of small amounts of 0.1 mol
dm™ HCI or NaOH solution. The pH; and pHy (final pH measured after 24 h of shaking) were
measured using a Meterlab pH/ION Meter PHM240 pH-meter. The point of zero charge was
determined from the pH; vs. pH; diagram.

Nitrogen physisorption isotherms were determined on a Thermo Finnigan Sorptomatic
1990 instrument at —196 °C and the values of the textural parameters were obtained using the
ADP 2005 software. The samples were out-gassed at 160 °C for 20 h. Textural parameters’
values were calculated according to the usual methods.2628 The specific surface area, Sggt,
was calculated from the adsorption data in the p/p, range from 0.05 to 0.26 according to the
Brunauer, Emmett, Teller method. The total pore volume, V|, 93, was calculated according to
the Gurvitsch method. The Dubinin—Radushkevich method was used for the calculation of the
micropore volume, while specific surface area in the micropore region was obtained using the
Horvath—-Kawazoe method. Pore diameter distribution curves were obtained according to the
Barrett, Joyner, Halenda method. To distinguish between micropores and the external surface
area, the ¢-plot method was applied. The Harkins and Jura relation was used as the standard
reference #-curve.

Adsorption experiments

Batch-type adsorption experiments were conducted in aqueous solutions in a tempe-
rature-controlled water bath shaker (Memmert WNE 14 and SV 1422). Adsorption was car-
ried out with respect to contact time and initial Sr2* concentration.

Aliquots were withdrawn from the shaker at regular time intervals and the solution was
centrifuged at 17000 rpm for 10 min (Hettich EBA-21). The Sr2* content in the supernatant
solutions was determined by inductively coupled plasma optical emission spectrometry (ICP—
—OES). The strontium concentrations in the supernatants were determined using an iCAP
6500 Duo ICP (Thermo Fisher Scientific, Cambridge, UK) inductively coupled plasma optical
emission spectrometer (ICP-OES) with iTEVA operational software. The strontium calib-
ration solutions were prepared using multi-element plasma standard solution 4, Specpure®
(Alfa Aesar, Germany). Strontium concentration was measured at the emission wavelength Sr
I 215.284 nm. For each sample, the measurement was performed in triplicate. The relative
standard deviation was lower than 0.5 %. Analytical process quality control was performed
using a certified reference material (EPA method 200.7 LPC solution; ULTRA Scientific,
USA), which indicated a strontium recovery of 99.4 %.

All experiments were performed in triplicate at 25 °C, using the same mass of adsorbent
(Mags = 20.0 mg) and volume of solution (¥ = 50.0 cm?). The amount of Sr** adsorbed g, (mg
g'!) after time ¢ was calculated from the following mass balance relationship:
_% 4%

q: (D

Mads
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where ¢y and ¢, are the concentration (mg dm™) of Sr?" in solution initially and after ads-
orption time ¢, respectively.

RESULTS AND DISCUSSION
X-Ray powder diffraction
The XRD patterns of the powders of the Na-enriched bentonites are pre-
sented in Fig. 1.

sQ @

Fig. 1. The XRD patterns of the
o T 1 1T 11— T 1 powders of the Na-enriched bento-
nites (S — smectite, Q — quartz, F —

20/° feldspar and C — calcite).

The obtained diffractograms confirmed the phase composition of bentonites
with dominant smectite phase (either montmorillonite or a montmorillonite/bei-
delite mixture) with different associated minerals in accordance with the different
origins of the bentonites. As expected, Na-W contained the highest amount of
feldspar among the investigated bentonites, while Na-B had the highest amount
of quartz.22:29 Only Na-B contained a detectable amount of calcite as an imp-
urity. The XRD pattern revealed that Na-exchange had been successfully per-
formed since the position of the 001 smectite peak in all the investigated samples
corresponded to the Na-forms of smectite with dpg; at around 1.2-1.3 nm.30 The
raw bentonites from Texas and Bogovina were dominantly smectites of the Ca-
-type with characteristic basal spacing of dgg; = 1.5 nm.

Textural properties

Low temperature Ny physisorption measurements resulted in the isotherms
presented in Fig. 2.

All the presented isotherms were reversible at lower equilibrium pressures,
belonging to the type Il isotherms according to IUPAC nomenclature. Type II
isotherms are characteristic for materials consisting of aggregated planar particles
that form slit shape pores. Such a result is in accordance with the literature.3! At
equilibrium pressures above p/pg = 0.4, a hysteresis loop of the H3 type appeared,
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which indicates multilayer nitrogen adsorption and capillary condensation within
the smectite mesopores of all the smectites.22-32 The adsorption isotherms of all
the materials exhibited an inflection point at about p/pg = 0.2. This indicates that
no overlapping between monolayer and multilayer adsorption occurred, i.e., the
formation of the second adsorption layer began only after monolayer adsorption
had been completed. Selected textural data are presented in Table 1.
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Fig. 2. Nitrogen adsorption—desorption isotherms of Na-T, Na-W and Na-B.

TABLE I. Selected textural properties; Sggt — specific surface area (Brunauer, Emmett, Teller
— three parameter plot); V9 — total pore volume (Gurvitch); Ves gy — mesopore volume
(Barrett, Joyner, Hallenda); d,.q — median pore diameter; d,,,, — the most abundant pore
diameter; S, — specific surface area (¢-plot); and S,,;. — micropore specific surface area

Sample S;BET] Vg.981 Vme}s,BJIIJ max dmed 2St 1 Smic=SBET St
m?g! cmig! cmig nm nm m? g m? gl
Na-T 113 0.2000 0.2101 3.83 9.17 83 30
Na-W 52 0.0759 0.0871 4.08 4.26 31 21
Na-B 98 0.0853 0.0788 3.93 3.99 43 55

All the Na-enriched materials exhibited meso- and microporosity developed
to different extents. While the mesoporous surface area increased in the order
Na-W < Na-B < Na-T, the increase of the surface area of micropores followed
the sequence Na-W < Na-T < Na-B. The microporous surface area should be
considered as more relevant in the investigated cation exchange process, since it
occurs in the interlamellar smectite region. Therefore, if Sr2* adsorption on the



STRONTIUM ADSORPTION ON DIFFERENT BENTONITES 45 5

Na-enriched clays is dominantly dependent on the surface area, the efficiency of
Sr2* uptake is expected to follow the sequence Na-B > Na-T > Na-W.

The effect of adsorbent dosage on the adsorption of Sr?™

In order for the influence of the adsorbent dosage on the adsorption of Sr2*
ions to be investigated, the mass of all investigated Na-enriched bentonites was
varied from 10 to 100 mg. All the experiments were performed for three hours at
25 °C with an initial Sr2* concentration of 50 mg dm3.

The influence of adsorbent dosage on the amount of Sr2* ions adsorbed on
the investigated Na-enriched bentonites after 180 min at 25 °C is presented in
Fig. 3.
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As expected, the quantity of adsorbed Sr2* per unit mass of adsorbent dec-
reased with increasing adsorbent dosage. It decreased steeply from a dosage of
10 mg to one of 20 mg, after which a plateau was attained. For dosages from 20
to 50 mg, the adsorption per unit mass did not change significantly. After the
plateau, the drop in the adsorption per unit mass was more pronounced.

For a dosage of 100 mg, almost complete Sr2* removal was obtained. A
dosage of 20 mg was chosen because it is in the plateau of the g—m diagram,
while it is low enough to meet economic requirements.

The effect of pH on the adsorption of Sr’*

The effect of the initial pH on the adsorption of Sr2* was investigated within
the pH range 2—11 and the results are presented in Fig. 4, together with the pH
behavior of all the Na-enriched bentonites.

The diagram shows the initial pH of the suspensions of Na-enriched ben-
tonites in 0.01 M NaCl (pH;) vs. pH after 24 h of shaking (pHy). A plateau
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between pH values of 4 and 8.5 was observed and the point of zero charge
(pHpzc) was estimated to be 6.5 for Na-T, 6.3 for Na-W and 8.2 for Na-B.

12+ pH, vs. pH, o
| --=-NaT ;
100
“ep
F75 o
=
S
50
25
T T T T T 0
2 4 6 8 10 12

Fig. 4. The effect of pH on the adsorption of Sr2" and pH; vs. pH; diagram.

Lower than pHpzc, the surface charge of the samples is positive, while
above these values, the surface charge is negative. On the other hand, strontium
is in the cationic form within the entire investigated pH range.

The quantity of adsorbed Sr2* was very low in an extremely acidic environ-
ment, which could be explained by the repulsion between positive surface charge
of the adsorbents and Sr2*. In the 4-8.5 pH range, the amount of adsorbed Sr2*
was higher and almost constant due to a constant ratio between the positive and
negative surface charges of the adsorbents. Further increases of the pH value
(>8.5) led to very high amounts of adsorbed Sr2* as a consequence of the electro-
static interaction of the negative surface of adsorbents and the Sr2*.

Further experiments were realized at an unadjusted pH (pH 6.8), which lies
on the plateau in Fig. 4, where the adsorption efficiency is almost constant in the
pH interval from 4 to 8.5.33 Unadjusted pH was also chosen because adjusting
the pH would lead to an additional operation, which increases the procedure cost.
Moreover, extreme pH values could cause ecological problems that should be
avoided. The adsorption at unadjusted pH was satisfactory (around 30 % removal
of Sr2* from water) under the given experimental conditions.34
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The effect of contact time on the adsorption of Sr?*+

In order to determine the equilibrium time for the maximum uptake of Sr2*,
the adsorption of Sr2* was monitored with respect to contact time. The initial
Sr2* concentration was 50 mg dm3.

The effect of contact time on the amount of Sr2* adsorbed on the bentonites
is presented in Fig. 5.
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Fig. 5. The effect of contact time on the adsorption of Sr?* on the three studied bentonites.

For all adsorbents, adsorption rate was initially high and then, it gradually
reached a plateau. All adsorbents exhibited similar 1/, values (¢1/2 — the time at
which the amount of adsorbed Sr2* is equal to half of the total amount adsorbed
at equilibrium). The ¢1, values were 5.8, 6.9 and 5.5 min for Na-T, Na-W and
Na-B, respectively. Both parameters that describe adsorbent quality, i.e., the
amount of Sr2* adsorbed per unit mass and ¢1/,, were similar for all the sodium-
-enriched bentonites. The obtained results confirmed that the degree of the dev-
elopment of a porous structure had no influence on the adsorption of Sr2*. Na-W,
the material with the least developed micro and mesopore surface, even exhibited
a slightly higher adsorption of Sr2*. This indicates that the ion exchange mech-
anism was the dominant adsorption mechanism.

The pseudo-first order and pseudo-second order kinetics models were tested
for the adsorption of Sr2* on the Na-enriched bentonites.

The parameters calculated for the pseudo-first and pseudo-second order kin-
etics models33-36 are presented in Table II.
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TABLE II. Pseudo-first-order-kinetics and pseudo-second-order-kinetics for the adsorption of
Sr%* ions on Na-T, Na-W and Na-B; k; is the pseudo-first order rate constant; &, is the
pseudo-second order rate constant; ¢.”" is the experimentally obtained value for the equi-
librium adsorption capacity; g.*° is calculated value for the equilibrium adsorption cap-
acity and R is the square of the correlation coefficients

Sample Na-T Na-W Na-B
g / mg g1 38.98 41.78 35.68
Pseudo-first order kinetics model
g2 / mg g1 3.121 2.239 1.374
ky / min! 0.027 0.007 0.029
R? 0.9978 0.6747 0.6759
Pseudo-second order kinetics model
gLl / mg g1 37.22 42.94 35.62
kyx10% / g mg™! min™! 1.092 0.447 7.269
R? 0.9998 0.9998 0.9999

The square of the correlation coefficients (R2) for the pseudo-first order
kinetics model were relatively low for Na-W and Na-B, indicating poor correl-
ation of the data with the model. On the other hand, the R? values for the pseudo-
-second order kinetics model were > 0.999 for all bentonites. Although Na-T
exhibited a rather high R? value for the pseudo-first order kinetics, the values of
the equilibrium adsorption capacity g.c3l¢ calculated from the equation for the
pseudo-first order kinetics for all samples exhibited high discrepancy from the
experimentally obtained adsorption capacity, g.*P. On the other hand, for the
pseudo-second order kinetics model, . 3l¢ and ¢.°*P were in good agreement,
confirming that the adsorption of Sr2™ on the studied bentonites obeyed pseudo-
-second order kinetics.

The pseudo-second-order kinetics model for the adsorption of Sr2* on the
investigated bentonites is shown in Fig. 6.

The effect of the initial concentration of Sr’* on their adsorption

The effect of the initial concentration of Sr2* on the adsorption capacity was
also investigated for four different initial concentrations of Sr2* in the concentra-
tion range from 25 to 100 mg dm—3. The obtained data were fitted using the
Langmuir, Freundlich and Dubinin—Radushkevich isotherm models.37-39

The value obtained for the adsorption energy could be used to predict the
type of adsorption.*0 If E is smaller than 8 kJ mol~!, the adsorption could be
described as physisorption, while £ in the range from 8—16 kJ mol-! indicates
chemisorption.

Average values of repeated experiments for each adsorbent were fitted using
the Langmuir and Freundlich models and the results are presented in Figs. 7a and
b, respectively. The calculated parameters for the investigated models are pre-
sented in Table III.
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Fig. 7. Adsorption isotherms: a) Langmuir and b) Freundlich isotherm model.

The Langmuir model better fitted the experimental data, having R? close to
unity. It is appropriate to describe the adsorption of Sr2™ on all the studied ben-
tonites.

As previously stated, the ion exchange mechanism could be regarded as the
dominant adsorption mechanism. In order to verify this statement, the gmax
values calculated according to the Langmuir model were compared with the
corresponding cation exchange capacity (CEC) values.!820 Since strontium is
divalent and the CEC values are given for monovalent cations, the gmax values
should be compared with half of the CEC values. The corresponding values were
as follows: for Na-T, gmax Was 0.526 mmol g! and half the CEC value was
0.422 mmol g!; for Na-W, gmax Was 0.543 mmol g-! and half of the CEC value
was 0.382 mmol g! and for Na-B, gmax was 0.521 mmol g-! and half of the
CEC value was 0.316 mmol g-!. The obtained values of gmax exceeded the
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amount of available exchangeable cations, indicating that although the ion exchange
mechanism was dominant, there are other contributions to the adsorption process.
Bearing in mind that the increase in the surface area of the micropores followed
the sequence Na-W < Na-T < Na-B, it could be assumed that developed micro-
porous structure contributed somewhat to the Sr2* adsorption process.

TABLE III. Parameters calculated for the Langmuir, Freundlich and Dubinin—Radushkevich
isotherm models; g,y 1S the maximum adsorption capacity; K is the Langmuir adsorption
constant; Kr and n are the Freundlich adsorption constants characteristic for the system; Kpg
is the adsorption energy constant and E is the energy of adsorption

Sample Na-T Na-W Na-B
Langmuir isotherm

Gmax / Mg g’ 46.1 47.6 45.7

Ky / dm? mg’! 7.31 5.21 9.49

R? 0.968 0.998 0.973
Freundlich isotherm

N 8.62 9.558 5.78

Kp / dm? mg'! 24.9 26.6 19.0

R? 0.689 0.901 0.880

Dubinin—Radushkevich

Kpr / mol? kJ2 6.81-103 6.99-1073 7.43-1073

E /kJ mol'! 8.57 8.46 8.20

R? 0.995 0.956 0.935

The squared correlation coefficients (R?) showed that the experimental data
were in good agreement with the Dubinin—Radushkevich isotherm model (Table
III). The calculated £ values were similar for all investigated adsorbents and
slightly higher than 8 kJ mol~1, indicating that the type of adsorption was chemi-
sorption. According to literature data, the obtained E values were in the range of
adsorption energy (8—16 KJ mol!) characteristic for systems where ion exchange
is the dominant mechanism.*!

Since the experiments related to Sr2* adsorption on various adsorbents
reported in literature were performed under different experimental conditions,
direct comparison of the obtained data is not possible. However, a few des-
criptive data will be given. Chegrouche et. al.?2 reported a maximum adsorption
capacity of 0.507 mmol g~! (44.4 mg g~1) on activated carbon, while Yusan and
Erenturk® obtained a maximum adsorption capacity of 0.011 mg g~! on a PAN/
/zeolite composite adsorbent. Ahmadpour et al.5 investigated adsorption of Sr2*
on treated almond green hull and obtained a maximum adsorption capacity of
116.3 mg g~!. Considering the literature data, the adsorption of Sr2* on the inves-
tigated Na-enriched bentonites showed that they could be considered as possible
adsorbents for the removal of Sr2* from wastewater.
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CONCLUSIONS

Three different bentonites were sodium-enriched in order to be tested as
adsorbents for Sr2*. The characterization of these bentonites included XRD and
detailed textural analysis. The XRD analysis revealed that Na-exchange had been
successfully performed. The mesoporous surface area increased in the order
Na-W < Na-B < Na-T, while the increase in the surface area of the micropores
followed the sequence Na-W < Na-T < Na-B. The surface areas of the inves-
tigated bentonites differed significantly. The adsorption of Sr* ions from aque-
ous solutions was performed on all three Na-enriched bentonites. Adsorption was
realized with respect to the adsorbent dosage, pH, contact time and initial con-
centration of Sr2*. The adsorption capacity increased with pH. In the pH range
from 4-8.5, the amount of adsorbed Sr2* was almost constant but 2—3 times
smaller than maximal obtained at pH =11. It is concluded that the adsorption was
mainly governed by the ion exchange mechanism, since the bentonites with simi-
lar CEC values and different specific surface areas had similar adsorption cap-
acities. Bearing in mind that the increase of the surface area of micropores
followed the sequence Na-W < Na-T < Na-B, it could be assumed that the dev-
eloped microporous structure contributed somewhat to the Sr2* adsorption process.

The adsorption dynamics was described well by the pseudo-second-order
kinetics model. The Langmuir isotherm model best fitted the experimental data.
The Dubinin—Radushkevich isotherm was used to provide a better understanding
of the adsorption mechanism and to distinguish physisorption from chemisorp-
tion. The value obtained for the adsorption energy was slightly higher than 8 kJ
mol~1. This indicated chemisorption and partially ion exchange as the dominant
mechanisms. All the investigated adsorbents could be used for the removal of
radioactive strontium, considering the fact that it has similar adsorptive behavior
to its non-radioactive counterpart. Moreover, according to the findings in this
study, bentonite from unexploited deposits could be used as a Sr2* adsorbent.
Knowing the cation exchange capacity of any clay, the prediction of its adsorp-
tion potential is possible.
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HU3BOM
AICOPIIIHUIJA CTPOHLIMJYMA HA PA3JIMUUTUM HATPUIYMOM USMEBEHUM
BEHTOHUTHUMA
CAHA P. MAPUHOBHR', MAPUJA J. AJIYKOBHR', HATALIA I1. JOBUR-JOBUUHER' , [IPEJIPAT T. BAHKOBHR',
TUXAHA M. MYJIPUHUR', BOJAHA M. HEIUR BACHJbEBUR® n AJIEKCAHIPA JI. MUJIYTUHOBHUBR-HUKOJIUR'
1Yuueep3umeu7 y Beoipagy — Unctiutitywi 3a xeMujy, WexHoI0Iujy u metanypiujy, Lleniidp 3a xamanusy u
Xxemujcxo unicerepciieo, Fbeiowesa 12, beoipag u ZYHusepsumem y Beoipagy — ®axyniiei 3a puauuky
xemujy, Ciiygenticku wpi 12—16, Beoipag
beHTOHNTH M3 TpU pa3nuuuTta HanasuwTa (Bajomunr m Texcac, CAIl, u borosuHa) ca
CIMYHUM KalnalUTeTHMa KaTjOHCKe HM3MEHE HATPHjyMCKHA Cy MU3MEBEHM M HCIHTAaHU Kao
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amcopbeHcH 3a ykIamame Sr’t W3 BOINEHHMX pacTBOpa. YCIEIHOCT HAaTPHjyMCKe H3MeHe
nmoTBpheHa je peHAreHO-CTPYKTYPHOM aHAlIH30M. TeKcTypajHa CBOjcTBA DEHTOHUTHHX Y30-
paxa cy onpehena kopuurhewmem MeTozie HUICKOTeMIlepaTypHe ¢usucopnuyje a3ota. Jodujene
Cy 3HayajHe pa3jiuKe y TeKCTYPaJHUM CBOjCTBUMA HATPHjyYMCKH U3MEHEHHX DEHTOHHTA pas-
JTMYUTOT Topexsia. UCIUTHBaAH je yTulaj Mace agcopbeHTta, pH, BpeMeHa KOHTaKTa U MOYeTHe
KOHIeHTpauuje Sr2* Ha agcopnuujy Sr2+. AICOPIIMORY KamanuTeT pacTe ca nopactom pH. Y
oncery pH op 4 1o 8,5 xonuunHa agcopdoBanux STt je ckopo KOHCTaHTHA, anu 2 10 3 TyTa
Mamwa Off MakcuManHe octBapeHe npu pH =11. ¥ cBUM HapeJHUM €KCIEPUMEHTHMa KOPHIL-
hen je Hermonemeny pH pacTtBopa, jep je kopuurheme eKCTpeMHO Da3HUX yCIOBa MITETHO 3a
YKUBOTHY CPEIUHY U CXOZHO TOME HENPUMEH/bHBO Y PEAIHUM CUCTeMUMa. YTBpheHo je na je
afICOPTMIMOHY KamalUTeT CBUX afcopdeHaca mpema Sr2* ciamuan, Ges o063upa Ha 3HayajHe
pasnuke y cregyudUYHUM NOBpLIMHaMa. [Tokas3aHo je Ia je MexaHM3aM KaTjOHCKe M3MeHe
IOMHMHAHTaH MeXaHH3aM MpPH afCcoPHUMjH Sr’* Ha HATPUjYMCKU U3MEHEHHUM GEHTOHHTHMA,
mTo je morBpheno u monenom Dubinin—Radushkevich. Pa3sujena MmuxpomnoposHa cTpyKTypa
Takohe y M3BECHOj MepM JONMPHUHOCH MpoLecy afcopmuuje SrZ*. AncopnuuoHa IHMHAMHKA
IpaTv KHHETUYKU MOJeN ICeyno-Apyror pena 3a cBe agcopdeHce, fok JlaHTMUpOBa U30TEpMa
Hajbosbe onucyje afcopnuujy y ACIUTaHUM CUCTEMHUMA.

(ITpumibeno 10. oxrodpa, pesuaupano 19. nenemdpa, npuxsaheno 21. nenemopa 2016)
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