Nuclear Engineering and Technology 53 (2021) 3352—3358

journal homepage: www.elsevier.com/locate/net

Contents lists available at ScienceDirect

Nuclear Engineering and Technology

NUCLEAR i
ENGINEERING AND
TECHNOLOGY

Original Article

Adsorption and separation behaviors of Y(III) and Sr(II) in acid solution

by a porous silica based adsorbent

Hao Wu, Taiga Kawamura, Seong-Yun Kim"

Check for
updates

Department of Quantum Science and Energy Engineering, Graduate School of Engineering, Tohoku University, Sendai, Miyagi, 980-8579, Japan

ARTICLE INFO ABSTRACT

Article history:

Received 8 January 2021
Received in revised form

21 March 2021

Accepted 7 April 2021
Available online 24 April 2021
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Batch adsorption experiments were conducted under the effect of contact time, acid concentration,
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0.1 M HClI solution in hydrochloride adsorption system, respectively.

Keywords:
Separation
Yttrium
Strontium
Chromatography

© 2021 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Yttrium-90 (T1/2 = 67.4 h) as a strong f radiation emitter with a
maximum energy of 2.28 MeV (average energy of 0.94 MeV) [1],
can penetrate soft tissues up to 1 cm, possessing the properties of
simple chemistry in solution and strong complexing affinity with
numerous chelating agents, has been widely utilized in the field of
radiopharmaceuticals, playing a significant role for various thera-
peutic applications [2,3]. Till now, two main methods have been
developed for achieving °°Y, one is produced by neutron
bombardment of naturally occurring %Y, while extremely low
specific activity in tracers was obtained because of its low activation
cross section [4]. On the other hand, its separation from long-lived
parent nuclide 2°Sr (T; 2 = 28.8 y) generated in high-level liquid
waste (HLLW) makes the continual supply of high purity *°Y
feasible by milking it at desired intervals [5]. Therefore, numbers of
methods such as ion exchange, precipitation, solvent extraction,
adsorption, membrane etc. have been reported about the separa-
tion of °°Y from °°Sr [6,7]. Due to the advantages of consumption of
less organic solvents, less secondary wastes, no third phase for-
mation, continuous operation etc, solid phase extraction
(Adsorption) as the one of the most favorable methods, has
attracted much attention for the practical utilization in the

* Corresponding author.
E-mail address: sonyun.kimu.d7@tohoku.ac.jp (S.-Y. Kim).

https://doi.org/10.1016/j.net.2021.04.009

separation of %°Y with %°Sr [8,9]. And two strategies were
commonly considered for selecting a suitable cheat agent used in
chromatography separation process. Firstly, in the case of Sr, a
crown ether compound has been previously reported as an effec-
tive extractant, while its expensive price was frustrating [10]. In the
case of Y, numerous extractants, such as octyl(phenyl)-N, N-diiso-
butylcarbamoyl methylphosphine oxide (CMPO), N,N,N’N’-tetraoc-
tyl diglycolamide (TODGA) etc., were reported to exhibit high
affinity towards rare earth metals. T. Kawamura et al. studied the
adsorption performance between Y and Sr by using a CMPO
impregnated adsorbent in HNO3 and HCl solutions [11]. Their re-
sults showed that the adsorbent had a high adsorption affinity of Y
than Sr, and with an increase in the concentration of HNOs, the
maximum Kq value reached 100 when [HNO3] = 5 M. While the Ky
values of Y in HCl solution was found to be not high (<10).
Comparing to CMPO, TODGA consisting of only C, H, N, O atoms,
was reported to display more unique extraction behaviors, acted
more efficient and environmental-friendly etc. On the other hand,
the combination of TODGA with other agents was reported to
exhibit characteristic enhancement in adsorption properties [12].
Therefore, the objective in this study mainly focused on preparation
a porous silica-based adsorbent impregnating with TODGA (as
chelating agent) and 1-dodecanol (as molecule modifier). And its
adsorption and separation behaviors of Y and Sr will be evaluated in
HNO3 and HCI solution, respectively.
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2. Experimental
2.1. Reagent

Strontium nitrate [Sr(NOs),], Strontium chloride (SrCl,), Yttrium
nitrate hexahydrate [Y(NOs)-6H,0], Yttrium chloride hexahydrate
(YCl3), Diethylenetriaminepentaacetic acid (DTPA) etc. were pur-
chased from FUJIFILM Wako Pure Chemical Corporation and were
of analytical grade (>99%). All the aqueous solution used in this
study were prepared in deionized distilled water with a specific
resistance of 18.3 MQ cm or greater. Porous silica particles
(SiO,—P—F600) with a mean particle size of ~50 um and a mean
pore size of ~600 nm were selected as support material [13]. The
symbol “P” means styrene-divinylbenzene copolymer immobilized
into the pores of silica support [ 14]. The selected ligand N, N, N, N'-
tetraoctyl diglycolamide (TODGA) and its molecular modifier 1-
dodecanol were commercially available from Chemicrea Inc. and
used directly without any further purification.

2.2. Synthesis procedures of (TODGA+1-dodecanol)/SiO,—P—F600
adsorbent

On the basis of previous reports, the synthesis procedures of
(TODGA+1-dodecanol)/SiO,—P—F600 adsorbent could be briefly
divided into two main steps [15,16]. Firstly, as many industrial
organic impurities still remained in the pores of purchased silica
particles (SiO,—P—F600). The SiO,—P—F600 particles should be
washed by methanol several times until the filtrate became color-
less and then dried in a vacuum for approximately 1 day. Secondly,
10 g of TODGA and 1-dodecanol (added as molecule modifier) were
dissolved in 200 mL dichloromethane (CHCly). 20g of dried
SiO,—P—F600 particles were then slowly added into the above
solution. Above prepared mixture was carefully transferred to the
EYELA OSB-2100 rotary evaporator (Tokyo Rikakikai Co. Ltd., Japan)
and stirred mechanically for 1~2 h at room temperature. Then, with
gradually increasing the temperature in water bath and decreasing
the vacuum, CH;Cl, was evaporated and TODGA was impregnated
into the pores of SiO,—P—F600 particles with 1-dodecanol. The
residue of CH,Cl, remained in pores was further removed following
drying in a vacuum oven at 338 K for more than 24 h. Therefore,
TODGA and 1-dodecanol could be evenly distributed into the pores
of SiO,—P—F600 particles. The morphology of prepared
(TODGA+1-dodecanol)/Si0,—P—F600 adsorbent was characterized
by JEOL scanning electron microscope (SEM) JSM-6610LV with in-
tegrated energy dispersive X-ray analyzer (EDX) system. The pore
textural properties of prepared adsorbent were measured on
BELSORP-max adsorption apparatus (MicrotracBEL, Corp.) at 77 K.

2.3. Batch adsorption experiments

The adsorption performances of prepared (TODGA+1-
dodecanol)/SiO,—P—F600 adsorbent towards Y(III) and Sr(Il) were
conducted under the effect of contact time, acid concentration,
solution temperature, adsorption capacity etc. In the experiments
of the effect of contact time, effect of adsorption temperature, the
aqueous phase containing 5 mM Y(III) and Sr(I) in 1 M HNOs and
HCI were prepared. Contact time was changed from 10 min to 4 h.
And experimental temperature was set as 288, 298, 308 and 323 K,
respectively. In the experiments of the effect of acid concentration,
the concentration of metal ions was still fixed as 5 mM, while the
concentration of acid varied from 0.001 to 5 M. In the experiments
of the effect of adsorption capacity, the concentration of metal ions
was adjusted from 1 mM to 100 mM with a fixed acid concentration
as 1 M. Next, 0.2 g of (TODGA+1-dodecanol)/SiO,—P—F600 was
weighted as solid phase mixing with 4 mL of above prepared
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working solutions in a 13.5 mL glass vial with a plastic cap. Two
phases were completely mixed at 160 rpm for certain contact time
under given temperature. Followed phase separation procedure
was carried out using syringe setting up with a nylon net filter
(20—40 pm pores). The concentration of Y(III) and Sr(Il) before and
after adsorption process were measured three times independently
by inductively coupled plasma atomic emission spectrometer (ICP-
AES, Shimazu ICPS-7510). The uptake percentages (E, %), adsorbed
amount (Q, mmol/g), and distribution coefficient (Kqg) of the tested
Y(III) and Sr(Il) by (TODGA+1-dodecanol)/SiO,—P—F600 were
calculated using the following equations [17,18].

E=S =S 100 (1)
Co
G -GV
R e (2)
1%
q:(CO—Ct)XE (3)

where, Cy, C;, Ce represent the concentration of Y(III) and Sr(II) in
the aqueous phase (mM) at the initial, certain time and equilibrium
state, respectively. m and V indicate the weight of dry (TODGA+1-
dodecanol)/SiO,—P—F600 (g) and the volume of the aqueous phase
used (mL), respectively.

2.4. Chromatography separation experiments

5 mL of aqueous solutions containing 5 mM Y(III) and Sr(Il) in
1 M acid solution were prepared as the feed solution using in
chromatography separation experiments. Around 5 g of
(TODGA+1-dodecanol)/SiO,—P—F600 was packed into a glass col-
umn with the size of H 150 mm x ® 8 mm by wet packing method.
The thermo jacket covered outside the column can maintain the
working temperature as the stable 298 K by circulating the thermo-
stated water through an EYELA NCB-1200 equipment (Tokyo
Rikakikai Co. Ltd., Japan). Flow rate was adjusted to the constant
value of 0.3 cm®/min 10 mL of 1 M HNO3/HCl, 30 mL of 0.1 M HNOs/
HCl and 40 mL 0.01 M DTPA solution were sequentially flowed into
the column as eluent. The effluent flowed out from glass column
was automatically collected with each fraction of around 3 cm?
aliquot by EYELA fraction collector DC-1500 [19]. The concentration
of Y(III) and Sr(Il) remained in effluent were measured in the same
way with in batch experiments.

3. Result and discussion
3.1. Characterization

SEM and EDX characterizations of synthesized (TODGA+1-
dodecanol)/SiO,—P—F600 adsorbent was presented as shown in
Fig. 1. It was found that (TODGA+1-dodecanol)/SiO,—P—F600
adsorbent had a relatively smooth surface, suggesting that TODGA
and 1-dodecanol had been successfully impregnated into the pores
of Si0,—P—F600 particle. On the other hand, EDX mapping revealed
that the prepared (TODGA+1-dodecanol)/SiO,—P—F600 adsorbent
was consisted of the main element of C, O, Si, which was consistent
with the composition of TODGA, 1-dodecanol, and SiO,—P—F600. In
addition, textural properties of SiO,—P—F600 and prepared
(TODGA+1-dodecanol)/Si0,—P—F600 adsorbent were summarized
as shown in Table 1, it could be found that before and after
impregnation process, the average pore size decreased at some
extent, indicating that TODGA and 1-dodecanol were
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Fig. 1. (a) SEM images and (b) EDX mapping of prepared (TODGA+1-dodecanol)/SiO,—P—F600 adsorbent.

Table 1

Summary of textural properties of SiO,—P—F600 and prepared (TODGA-+1-dodecanol)/SiO,—P—F600 adsorbent.

Average pore size (nm)  Total pore volume (cm?/g)  Specific surface area (m?/g)  SiO, (Wt%) TODGA+1-dodecanol (wt%) SDB polymer (wt%)
SiO,—P—F600 600 - — 86.3 - 13.7
Adsorbent 16.01 0.004 1.073 432 50.0 6.8

accommodating into the pores of SiO,—P—F600 support, not just
adhering on its surface. And the compacted structure of prepared
(TODGA+1-dodecanol)/SiO,—P—F600 adsorbent is beneficial for its
utilization in chromatography separation experiments.

3.2. Effect of contact time

The effect of contact time on Y(III) adsorption by (TODGA+1-
dodecanol)/Si0,—P—F600 adsorbent in 1.0 M HNO3 and HCI solu-
tion were respectively carried out by varying the time intervals
from 10 min to 4 h at 298 K and the obtained experimental results
were illustrated as shown in Fig. 2. It was found that the adsorption
rate was fairly fast at the very first beginning from 10 min to 1 h.

100
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g 60r
@
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0 1 2 3 4 5
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Fig. 2. Relationship between uptake percentage of Y(II[) and contact time onto
(TODGA+1-dodecanol)/Si0,—P—F600 adsorbent at 298 K [Y(III)] = 5 mM; V/
m = 20 cm?/g; [HNO;] or [HCI] = 1 M.
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Then adsorption rate gradually slowed down and the uptake per-
centages were almost no significant change after 2 h with further
increasing contact time in HNO3 solution, indicating the adsorption
process reached to an equilibrium state, no more Y(IIl) were further
transferred from aqueous phase to (TODGA+1-dodecanol)/
SiO,—P—F600 adsorbent. While in HCI solution, it still has not
reached equilibrium. And the differences in the time required to
reach equilibrium state in HNO3 and HCI solution were considered
to be ascribed to the relatively weaker complexation ability of
TODGA towards Y(III) with CI~ ion as compared to that with NO3
ion [20]. On the other hand, the relatively slow adsorption rate in
both HNO3 and HCl solution was attributed to the porous structure
of (TODGA+1-dodecanol)/SiO,—P—F600 adsorbent. Y(III) was
firstly transferred to the exterior surface of the (TODGA+1-
dodecanol)/SiO,—P—F600 particles under vigorous shaking speed
and then gradually diffused into its pores, and finally captured by
functional TODGA units. Therefore, all of the other adsorption ex-
periments conducted in this study were performed by shaking for
5 h, which was considered to be long enough to reach the constant
state.

In order to have a better understanding of the adsorption pro-
cess of (TODGA+1-dodecanol)/Si0O,—P—F600 adsorbent towards
Y(IlI) in 1 M HNO3 and HCl solution, the widely used pseudo-
second order kinetic model was selected to evaluate the obtained
experimental data, and its linear expression was described as
follows [21].

t 1 t

= + —
qc kG2  ge

(4)

where, g and g mean the adsorption amount onto (TODGA+1-
dodecanol)/SiO,—P—F600 adsorbent at equilibrium state and at
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time t, respectively (mg/g), k> (g/(mg-h)) is the rate constant of the
second order at the equilibrium state.

Based on previous studies, it was well-known that pseudo-
second order model assumed that adsorption rate was controlled
by chemical adsorption process and its corresponding adsorption
capacity was proportional to the number of active points on the
adsorbent [22]. The kinetic data of t/q; versus t for Y(III) adsorption
were plotted as depicted in Fig. 3 and the calculated kinetic pa-
rameters of adsorption amount, rate constant, correlation co-
efficients were summarized as shown in Table 2. Obtained high
correlation coefficient (>0.99) and proximity of calculated
adsorption amount with experimental results indicated that the
experimental data was in a good accordance with pseudo-second
order model. For instance, the adsorption process explained as a
chemisorption was feasible in both HNO3 and HCl solution.

3.3. Effect of acid concentration

The effect of acid concentration on the adsorption performances
of (TODGA+1-dodecanol)/SiO,—P—F600 adsorbent towards Y(III)
and Sr(Il) were investigated in [HNOs], [HCI] = 0.001-5 M,
respectively and the results were summarized as shown in Fig. 4.
Overall, (TODGA+1-dodecanol)/SiO,—P—F600 adsorbent exhibited
poor affinity (<10%) towards Sr(II) in both HNO3 and HCI solution.
On the other hand, in the case of Y(IIl), its uptake percentage
increased gradually with increasing [HNO3]. While when [HCI]
increased from 0.001 to 0.1 M, the adsorption performance towards
Y(III) remained stable. When [HCI] further increased from 0.1 to
5 M, its uptake percentage increased drastically to around 80%. The
different adsorption behaviors of Y(III) using TODGA regarding to
the concentration of acid in the solutions could be explained as the
adsorption of Y(III) increased only when sufficient amount of acid
and water were extracted to form TODGA aggregates [23]. And the
obtained experimental tendency in HNO3 and HCl solutions shown
in Fig. 4 was consistent with previous reports [24]. Therefore,
adsorption mechanism was attributed as Y(III) formed a complex
with TODGA and HNO3/HCl or even water molecules. The proposed
complex formation equations were given as follows based on pre-
vious studies [25].

Y3* + K(TODGA+1-dodecanol)/

Si0,—P—F600 + 3NO3 + nHNO; + mH,0 = Y[(TODGA+1-
dodecanol)/SiO,—P—F600]x(NO3)3(HNO3),(H20)m (5)
Y3+ + z(TODGA+1-dodecanol)/

Si0,—P—F600 + 3Cl" + xHNO3 + yH,0 = Y[(TODGA+1-

dodecanol)/SiO;—P—F600],(Cl)3(HCI)x(H20)y (6)
0.5F ; T T : 7
® HNO,
W HCI
0.4r
< 03 il
iy - .
0.2} /
0.1f
0.0L . . f I ad
0 1 2 3 4 5
Time (hr)

Fig. 3. Plot of the pseudo-second order model for Y(III) adsorption onto (TODGA+1-
dodecanol)/Si0,—P—F600 adsorbent.
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Table 2
Summary for the fitting results of pseudo-second order kinetic model.
K, (gfmgh) Calculated q. (mg/g) Experimental q. (mg/g) R?
HNO; 1.597 15.934 15.740 1.000
HCl 0.504 12.926 12.566 0.999

100

Y

80 #: HNO,. m: HCI

60

40

Uptake (%)

Sr(ll)

20 & HNOs, O HCI |
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0.01

0.001 10
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[HNO,, HCI] (M)

Fig. 4. Effect of acid concentration on uptake ratio of Sr(II) and Y(III) onto (TODGA+1-
dodecanol)/Si0,—P—F600 adsorbent at 298 K [Sr(Il)], [Y(III)] = 5 mM; V/m = 20 cm>/g;
[HNOs, HCI] = 0.001-5 M; shaking time: 5 h.

3.4. Adsorption capacity and isotherms

The adsorption capacity of (TODGA+1-dodecanol)/
Si0,—P—F600 adsorbent towards Y(III) in 1 M HNOs and HCI so-
lution were also investigated respectively and the results were
summarized as shown in Fig. 5. It was found that with increasing
the initial concentration of Y(III) in aqueous phase, the adsorption
amount increased rapidly at the first beginning, and then gradually
remained stable as it further increased, indicating no more Y(III)
were adsorbed by (TODGA+1-dodecanol)/SiO,—P—F600 adsorbent,
for instance adsorption saturated. Next, in comparison with other
numerous isotherms models, it is well known that Langmuir,
Freundlich and Dubinin-Radushkevich isotherm models were most
widely used to describe the single-solute adsorption [26]. Here,
they were selected to analyze the obtained experimental data and
their expressions were described as follows:

ir q,— dmaxbCe
Langmuir g, = 1 bC. 7)
Freundlich q, = Kng]/"f) ®)
Dubinin — Radushkevich g, = qpqy exp( _ ﬂ€2> ©)
1
E:RTln(l —|——) (10)
Ce
-7 (11)

V28

where C. (mmol/L) means the equilibrium concentration of Y(III),
ge (mmol/g) is the amount of Y(III) adsorbed at equilibrium state,
Gmax (mmol/g) is the theoretical maximum of Y(III) adsorbed, and b
(L/mmol), Kr (mmol/g) and 8 (mol*/kj?) are the Langmuir,
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Fig. 5. Non-linear isotherm plots of Y(III) on (TODGA-+1-dodecanol)/SiO,—P—F600 adsorbent at 298 K in (a) HNO3 solution and (b) HCl solution.

Freundlich and Dubinin-Radushkevich constant, respectively. 1/n¢
is the Freundlich isotherm exponent constant. R, T and E represent
the gas constant (8.314 J/(mol-K)), temperature (K) and the mean
adsorption energy (kj/mol).

Fitting curves and related calculated parameters were shown in
Fig. 5 and presented in Table 3, respectively. As it can be seen,
higher correlation coefficients were observed for the Langmuir
mode (R*> > 0.99) than Freundlich and Dubinin-Radushkevich
isotherm model, suggesting that the adsorption process occurred
on the monolayer surface of (TODGA+1-dodecanol)/SiO,—P—F600
adsorbent in HNO3 and HCI solution rather than a multilayer
adsorption or even micropore volume filling [27]. Meanwhile, the
theoretical maximum adsorption amount calculated by the Lang-
muir model were 0.389 mmol/g in HNOj3 solution and 0.451 mmol/
g in HCl solution, which was close to their actual adsorption
amount as shown in Fig. 5.

3.5. Effect of temperature

The effect of temperature on the adsorption of Y(III) by
(TODGA+1-dodecanol)/SiO,—P—F600 adsorbent was carried out at
288, 298, 308 and 323 K in HNO3 and HCI solution and obtained
experimental results were plotted as shown in Fig. 6. It was
observed that with increasing the temperature in the solution, the
uptake percentages decreased gradually in both acid solutions. In
order to make clear the effect of temperature in more details,
thermodynamic parameters were calculated by plotting Ln Kgq
against 1/T based on van't Hoff equation as follows [28].

aHo | 40

(12)

Table 3
Calculated parameters for Y(III)
Si0,—P—F600 adsorbent at 298 K.

adsorption onto (TODGA-+1-dodecanol)/

Models HNO3 HCl
Langmuir model parameters Jmax 0.389 0.451
b 0.276 0.139
R? 0.999 0.998
Freundlich model parameters K¢ 0.161 0.110
1/nf 0.206 0.327
R? 0.928 0.594
Dubinin-Radushkevich model parameters (Jmax 0.459 0.596
E 11.038 8.498
R? 0.968 0.939

4.2F ' - T4
4.1F ./-/. r3 —
s o
S z
L 4.0t L4 L2 &
3 5
c
- 3.9r H1
’ i @ : HNO;
M : HCI
3.8k . . g
0.0030 0.0032 : 0.0034 0.0036
UT(K)

Fig. 6. Effect of solution temperature on the Ky value of Y(III) adsorption onto
(TODGA+1-dodecanol)/Si0,—P—F600 adsorbents.

AG0 = AHO — 4S°T (13)
where Ky is distribution coefficient. AG?, AH?, AS° are the stan-
dard changes in Gibbs free energy (J/mol), enthalpy (J/mol), entropy
(J/(K-mol)), respectively. R is the universal gas constant (8.314 ]/
(K-mol)).

AH® and AS° could be obtained from the slope and intercept of
the fitting lines in Fig. 6, and the theoretical fitting results were
summarized as shown in Table 4. It found that all the AG° values
were calculated as negative in the whole temperature range in both
HNO3 and HCl system, which meant the adsorption process
happened to be spontaneous and thermodynamically favorable. On
the other hand, the degree of AGP related to the degree of spon-
taneity, and the gradual decrease in AG° with increasing temper-
ature suggested that the adsorption process of Y(III) was not more
favorable at higher temperature area which was in a good agree-
ment with obtained experimental results. The negative value of
AH? indicated that Y(III) adsorption was exothermic in nature,
revealing that high temperature was not beneficial for the
adsorption of Y(III) [29]. In addition, the absolute AH? value in HCI

Table 4
Calculated thermodynamic parameters for Y(II[) adsorption onto (TODGA+1-
dodecanol)/SiO,—P—F600 adsorbent.

Temp (K) AGP (kJ/mol) AH° (kJ/mol) AS® (J/mol K)
HNO3 HCl HNO3 HCl HNO3 HCl

288 -9.66 —26.69 -1.330 —-17.33 0.028 0.032

298 -9.95 -27.02

308 -10.24 —-27.34

323 -10.67 —

3356
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Fig. 7. Column separation results of Sr(Il) and Y(III) by using (TODGA+1-dodecanol)/SiO,—P—F600 adsorbent.

solution was found to be larger than in HNO3 solution, indicating
that the effect of temperate in HCl solution was much more
significant.

3.6. Chromatography separation experiments

The column separation experiments between Y(III) and Sr(II)
were performed by using (TODGA+1-dodecanol)/SiO,—P—F600
adsorbent packed column at 298 K in HNO3; and HCI solution,
respectively and results were illustrated as shown in Fig. 7. In the
case of HNOs solution, with feed solution and 0.1 M HNOj3 flowed
through column, Sr(Il) quickly leaked out and flowed into the
effluent, while Y(IIT) were still strongly adsorbed onto (TODGA+1-
dodecanol)/SiO,—P—F600 adsorbent and remained into the col-
umn, which was consistent with the experiment results obtained in
batch experiment (Fig. 4). For instance, (TODGA+1-dodecanol)/
Si0,—P—F600 adsorbent exhibited good affinity towards Y(III) in
the whole HNO;3; concentration range than Sr(Il). Subsequently,
with a supplement of 0.01 M DTPA solution, Y(III) was flowed out
with a recovery of 96.85% due to the complexation properties of
DTPA was higher than the TODGA ligand in adsorbent. On the other
hand, in the case of HCI solution, with feed solution and 1 M HCl
solution flowed through column, Sr(Il) also quickly leaked out and
flowed into the effluent, and Y(III) disassociated with adsorbent
and flowed into effluent with adding 0.1 M HCl. This phenomenon
was also in a good agreement with batch experimental results
shown in Fig. 4. Even though (TODGA+1-dodecanol)/Si0O,—P—F600
adsorbent exhibited weak affinity towards Sr(II) in all the acid
range, comparing column separation experimental results, it was
found that disassociation rate in HCI solution was relatively faster
than in HNOs solution. On the other hand, the successful separation
of Sr(Il) and Y(II) using chromatography separation method was
found to be feasible.

4. Conclusion

The adsorption and separation performances of Y(III) by a silica-
based TODGA impregnated (TODGA+1-dodecanol)/SiO,—P—F600
adsorbent were systematically investigated in acid solution under
the effect of contact time, acid concentration, solution temperature,
adsorption capacity, chromatography etc. Adsorption kinetics were
found to fit well with pseudo-second order kinetic model, indi-
cating the adsorption process was dominated by chemisorption.
(TODGA+1-dodecanol)/SiO,—P—F600 exhibited a better affinity
towards Y(III) than Sr(Il), and the uptake percentages of Y(III)
increased gradually with increasing the concentration of acid.
Adsorption isotherms fitted well with Langmuir isotherm model,
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revealing the adsorption process was identified as a monolayer
adsorption. Furthermore, with increasing solution temperature, the
adsorption performances towards Y(III) decreased, which meant
this adsorption process was considered as exothermic in nature, for
instance, high temperature was not favorable for the adsorption of
Y(IIT). The chromatography separation experiments of Y(III) from
Sr(II)—Y(III) group was successfully completed by elution with
0.01 M DTPA solution in nitric acid system, and 0.1 M HCl solution
in hydrochloride system, and this results were also in a good
agreement with the experimental results obtained in acid depen-
dence. The results introduced above suggested that the utilization
of (TODGA+1-dodecanol)/SiO,—P—F600 adsorbent to selectively
separate of Y(III) from Sr(II)—Y(III) group in both HNO3; and HCl
solution were feasible.
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