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A novel surface ion-imprinted polymer based on graphene oxide was synthesized for the selective
adsorption of U(VI).
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A novel surface ion-imprinted polymer based on graphene oxide for the selective adsorption of U(VI) has been

synthesized. The resultant adsorbent was characterized by FT-IR, SEM, TGA and Raman spectroscopy. The adsorption

behaviors of U(VI) onto the imprinted polymer were investigated as functions of pH, contact time, temperature and initial

U(VI) concentration by batch experiments. A fast adsorption kinetics was clearly observed and the selectivity study

revealed that the U(VI)-imprinted polymer exhibited excellent selectivity and good affinity to U(VI) in the presence of

competitive ions. Meanwhile, the prepared imprinted polymer showed good reusability and stability.

1. Introduction

Graphene, which consists of one-atom-thick planar sheets of
spz-bonded carbon atoms arranged in a honeycomb lattice,
has attracted tremendous attention in the field of material
science due to its high specific surface area and excellent
mechanical, thermal, and electrical properties.l'4 Graphene
oxide (GO), which consists of a single-layer of graphite oxide,
contains abundant oxygen functional groups on the basal
planes and edges.s'8 The oxygen-containing groups endow it
with excellent aqueous dispersion and make it easy to modify.7
Therefore, GO is an excellent precursor to the preparation of
various GO-based composites.9 Moreover, the thermal stability
and electrical properties of polymers could be greatly
improved by the incorporation of GO sheets into the
composite materials.’®**

Uranium is widespread in the environment. The inhalation
of uranium or its compounds results in progressive or
irreversible renal injury and in acute cases may lead to kidney
failure and death due to its weak radioactivity and chemical
toxicity.lz'15 Therefore, the selective removal and recovery of
uranium from environmental samples has attracted more and
more attention.”2° Considering the high specific surface area
and abundant oxygen-containing functional groups on both
basal planes and edges of GO, GO and its composites may have
high sorption capacity for heavy metal ions from aqueous
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solutions.?! GO and its various composites have been prepared
for adsorption of uranium(VI) and a high adsorption capacity
. 22-27
was obtained. However,
selectivity.
The ion imprinted polymer (lIP) is a promising sorbent in

most of them are lack of

selective separation and preconcentration of uranium(VI) due
to its high selectivity and good affinity for the target ion.
Traditional IIP has encountered with various limitations such as
incomplete template removal, slow mass transfer and
inaccessible binding sites situated deep inside the bulk of the
polymer matrix.2>*° In order to overcome these problems, the
surface ion-imprinting technique where the binding sites are
situated at the surface or in the proximity of polymer surface is
developed, providing the complete removal of templates, low
mass-transfer resistance and good accessibility to the target
species.31 GO, with good hydrophilicity, high specific surface
area and excellent mechanical properties,
excellent candidate as a supporting material for preparing

should be an

surface IIP composites to obtain rapid adsorption and increase
the accessibility of the binding sites. Many surface molecular
imprinted polymer (MIP) composites based on GO have been
prepared 2829 A rapid
response molecular was
observed.
imprinted
aqueous solution by using RAFT polymerization.10 However, to

via RAFT polymerization for sensors.
equilibrium template
Furthermore, Liu et al. reported a surface ion-

towards
polymer based on GO for removal of Sr(ll) from

the best of our knowledge, a surface IIP composite based on
graphene oxide for selective adsorption of uranium(VI) has not
been reported.

In this article, a novel ion-imprinted polymer based on
graphene oxide was synthesized by surface imprinting
technique. Methacrylic acid was used as the hydrophilic
functional monomer due to its strong tendency toward U(VI)
according to hard-hard t:oncept.32'35 The
characterization of the synthesized polymeric sorbent and the

interaction
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adsorption behaviors of U(VI) onto the imprinted polymer are
described and discussed.

2. Experimental
2.1 Chemicals and reagents

Methacrylic acid (MAA), 3-aminopropyltriethoxysilane (APTES),
ethylene glycol dimethacrylate (EGDMA) and tetraethyl
orthosilicate (TEOS) were purchased from Sigma-Aldrich (USA).
Acryloyl chloride was obtained from TCI Co., Ltd. (Japan). 2, 2’-
azobisisobutyronitrile (AIBN) and graphite powder were
obtained from Sinopharm Group Chemical Regent Co., Ltd.
(Shanghai, China). Other chemicals used were of analytical
grade. Milli-Q water was used in all experiments.

2.2 Synthesis of vinyl groups functionalized SiO,-coated GO
(GO/Si0,-C=C)

GO was prepared according to the modified Hummers
method.* GO/SiO, sheets were synthesized by using a sol-gel
technique.29 Typically, 40 mL of GO (0.6 g L'l) aqueous solution
was added into 320 mL of ethanol, followed by addition of 16
mL of NH3eH,O. After stirring for 20 min, 0.8 mL of TEOS was
added into the mixture. Then, the mixture was sonicated for
12 h and kept overnight at room temperature. Finally, the
product was centrifuged and washed with ethanol and water
three times, respectively. The product was dried in vacuum
oven at 60 °C for 24 h to obtain GO/SiO, sheets. Then, 0.2 g of
GO/SiO, and 8 mL of APTES were added into 50 mL anhydrous
toluene. The mixture was refluxed for 12 h under nitrogen
atmosphere. The product was separated by centrifuge and
washed with toluene and ethanol. The resultant amino groups
functionalized GO/SiO, (GO/SiO,-NH,) was further acryloylated
for the preparation of vinyl groups functionalized GO/SiO,
(GO/Si0,-C=C). Typically, the GO/SiO,-NH, was dispersed in 50
mL anhydrous toluene. Then, 1 ml of acryloyl chloride and 1 g
of anhydrous potassium carbonate were added. The mixture
was vigorously stirred for 12 h at room temperature under dry
nitrogen. The product was separated by centrifuge and
washed with toluene, water and ethanol and dried in vacuum
oven at room temperature for 24 h.

2.3 Synthesis of U(VI)-imprinted polymer (GO/SiO,-IIP) and non-
imprinted polymer (GO/SiO,-NIP)

GO/SiO,-1IP was prepared by thermal polymerization. Typically,
0.5 mmol of UO,(NOs),*6H,0 was slowly added to 25 mL of 2-
methoxyethanol containing 1 mmol of methacrylic acid with
continuous stirring. After the mixture was stirred for 3 h at
room temperature, 0.1 g of GO/SiO,-C=C in 10 mL of 2-
methoxyethanol, 8 mmol of EGDMA, 30 mg of AIBN were
added. The above solution was purged with nitrogen for 15
min while cooled in ice bath. Then, the mixture was stirred and
heated at 60 °C under nitrogen atmosphere for 24 h. The
product was obtained by filtration, washed with acetone and
DDW. Finally, U(VI) was leached from the product using 3 M
HCl solution repeatedly until no U(VI) in the filtrate was
detected. The non-imprinted polymer (GO/SiO,-NIP) was also
prepared using an identical procedure in the absence of U(VI).
2.4 Characterization

2| J. Name., 2012, 00, 1-3

The concentration of metal ions was analyzed by ICP-AES
(PerkinElmer, USA). FT-IR measurements were performed
using the Nicolet iN 10 FT-IR spectrometer (Thermo-Fischer,
USA) over a range from 400 to 4000 em™.
morphology of the polymer particles was examined by
scanning electron microscope (LEO 1530VP, USA). Thermo-
gravimetric analysis was performed using a thermal analysis
instrument (SSC/5200 SlI, Seiko, Japan), at nitrogen
atmosphere, from room temperature to 800 °C at a heating
rate of 10 °C min"'. Raman measurements were carried out
using T64000 Raman Spectrometer at a
wavelength of 514 nm (Jobin Yvon Co., France)
2.5 Batch sorption experiments

The surface

laser excitation

Batch experiments were performed to study the adsorption
behaviors of GO/SiO,-IIP towards U(VI). 50 mg of GO/SiO,-1IP
was added to 10 mL of metal ions solution after adjusting to
the desired pH value. After the mixture was shaken for a
certain amount of time, the solution was centrifuged and the
concentration of the metal ion in the solution was determined
by ICP-AES. The distribution coefficient D (mL gfl), the
adsorption capacity Q (mg gfl), the percentage of metal ion
adsorbed on the sorbent %uptake, the selectivity coefficient
Su/m and the relative selectivity coefficient k' were calculated
as the following equations:

D = L=tV (1)
CoW

Q = rer @)

%uptake = COC_OC“' x 100 (3)

Sy/m = g—z (4)

K= (5)

where C, and C. represented the initial and equilibrium
concentration the metal ion (mg L"l), respectively, V was the
volume of solution (L) and W was the mass of the sorbent (g).

3. Results and discussion
3.1 Preparation of GO/SiO,-1IP

The novel GO/SiO,-IIP was prepared via a surface graft
polymerization as shown in Scheme 1. In order to improve the
surface chemical property of GO, GO was coated with SiO, to
obtain a homogeneous graft of more vinyl groups. GO/SiO,
was initially synthesized by the hydrolysis and condensation of
tetraethyl orthosilicate (TEOS) in the water—alcohol mixture of
GO under basic condition. SiO, was covalently coated on the
surface of GO through the reaction of TEOS with the protic
functional groups (e.g. —OH, —COOH) on the surface of GO.2%¥
Amino groups were subsequently introduced onto the surface
of GO/SiO, by silylated reaction with APTES. The resultant

This journal is © The Royal Society of Chemistry 20xx
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GO/SiO,-NH, was further acryloylated with acryloyl chloride
for synthesis of GO/SiO,-C=C. Then, the GO/SiO,-C=C was
added into the polymerization solution containing template
ion (U(VI)), functional monomer (MAA), cross linker (EGDMA)
and initiator (AIBN). The vinyl groups introduced on the
surface of GO/SiO, can direct the selective occurrence of
imprinting polymerization at the surface.’?%*° The U(VI)-
imprinted polymer was covalently bound on the surface by the
copolymerization of vinyl end groups with functional monomer
and cross linker. Finally, U(VI) was leached by HCI solution.

/
OH o OH (l)H OH

T\ \
—0-§i~0-§i-0-§i-0-§i-0-§i-0—
OH OH O_ OH OH

GO/SiO,

—Si— —Si—

" e - r

NHp
GO/SiO,-NH, GO/SiO,-C=C

leaching
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_V MAR
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Scheme 1 The preparation route for GO/SiO,-IIP.

The FT-IR spectra of GO, GO/SiO,, GO/Si0,-C=C, GO/SiO,-IIP,
unleached GO/SiO,-IIP and GO/SiO,-NIP were shown in Fig. 1A.
Compared with GO, GO/SiO, showed the characteristic peaks
of silica, which indicated that SiO, was successfully coated on
the surface of GO. The band at 1088 cm™ was attributed to the
Si-0-C/Si-0-Si asymmetric vibration, while the typical peak at
1735 cm™ assigned to the carboxylic groups of GO disappeared.
This phenomenon suggested that the carboxylic groups were
converted to Si-O-C bond.*** Furthermore, the peaks at 798
and 464 cm™ can be ascribed to the Si-O-Si symmetric
vibration and bending vibration, respectively.36 Additionally,
the peak at 969 cm™ was assigned to the Si-OH stretching.37
GO/SiO,-C=C displayed a characteristic peak at 1563 cm'l,
which was assigned to amide group stretching vibration,
indicating the vinyl group was successfully introduced onto the
GO/SiO,. GO/SiO,-1IP displayed three new peaks around 1729,
1254 and 1155 cm'l, which were assigned to C=0 stretching
vibration of ester groups and carboxylic groups, C-O symmetric
and asymmetric stretching vibration of ester groups,
respectively,38 indicating that IIP was successfully grafted onto
the surface of GO/SiO,. In addition, the characteristic peak of
U(VI) was observed at 928 cm™ in unleached GO/SiOz-IIP,"Z'43
which disappeared in the spectrum of GO/SiO,-IIP. The result

This journal is © The Royal Society of Chemistry 20xx
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indicated that the U(VI) ions have been eluted from the ion-
imprinted polymer. The spectrum of GO/SiO,-NIP was similar
to that of GO/SiO,-IIP. All of these peaks confirmed the
successful synthesis of GO/SiO,-IIP.

The surface morphology of GO/SiO, and GO/SiO,-IIP was
examined by SEM and TEM. As shown in Fig. 1B, a
homogeneous coating layer was clearly observed on the
surface of GO as a result of SiO, coating. The SEM image of
GO/SiO, in Fig. 1C displayed a smooth surface and layered
structure. Compared with GO/SiO,, GO/SiO,-IIP (Fig. 1D)
showed a rough and porous surface due to IIP grafted to the
surface of GO/SiO..
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Fig. 1 (A) FT-IR spectra of GO (a), GO/SiO, (b), GO/SiO,-C=C (c),
GO/SiO,-IIP (d), unleached GO/SiO,-1IP (e) and GO/SiO,-NIP (f).
(B) TEM image of GO/SiO,. (C) SEM image of GO/SiO,. (D) SEM
image of GO/SiO,-IIP.

Raman spectroscopy is a powerful tool for characterizing
carbonaceous materials due to their high Raman intensity.44 As
shown in Fig. 2A, two prominent peaks were clearly observed
at around 1600 and 1350 cm'l, corresponding to the G peak
representing sp2 ordered crystalline graphite-like structures
and the D peak resulting from a disordered sp3 carbon
structure, respectively.45 The intensity ratio (Ip/lg) is
characteristic of the extent of disorder present within in
materials.”® The calculated Io/lg ratios of GO, GO/SiO,,
GO/Si0,-C=C and GO/SiO,—IIP were 0.959, 0.990, 1.024 and
1.191, respectively, indicating an increase in disorder.
Compared with GO, the increased ratio for GO/SiO, may be
attributed to SiO, coating on GO. Similarly, the increase in the
Io/lg ratio of GO/Si0,-C=C and GO/SiO,—IIP might be ascribed
to the covalent interaction of GO/SiO, with the vinyl groups
and IIP, respectively. All these results suggested that GO/SiO,—
IIP was successfully synthesized.

TGA curves of GO, GO/SiO,, GO/Si0,-C=C and GO/SiO,—IIP
were displayed in Fig. 2B. The weight loss of GO from room
temperature to 100 °C could be attributed to the loss of
adsorbed water. Meanwhile, the sharp weight loss of GO

J. Name., 2013, 00, 1-3 | 3
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between 100 °C and 250 °C may be assigned to the removal of
oxygenated functional groups from GO. Compared with GO,
GO/SiO, showed a low weight loss due to SiO, coating which
was resistant to high temperature, indicating that SiO, was
successfully coated onto GO. Moreover, TGA curve of
GO/SiO,—C=C showed a higher weight loss than that of
GO/SiO,, which confirmed that vinyl groups were successfully
grafted onto the surface of GO/SiO,. The weight loss of
GO/SiO,—IIP increased rapidly from 220 °C to 450 °C because of
the thermal decomposition of the grafted imprinted polymer.
Furthermore, a particularly high weight loss of about 94% was
clearly observed for GO/SiO,—IIP, which showed that IIP was
successfully grafted on the surface of GO/SiO,. These results
further demonstrated the successful synthesis of GO/SiO,—IIP.

@
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Fig. 2 (A) Raman spectra of GO (a), GO/SiO, (b), GO/SiO,-C=C (c)
and GO/SiO,—IIP (d). (B) TGA curves of GO (a), GO/SiO, (b),
GO/Si0,-C=C (c) and GO/SiO,—IIP (d).

1000 1200 1800 2000

3.2 Adsorption experiments

3.2.1 Effect of pH. It is known that pH is an important
parameter affecting the metal ion adsorption. The effect of pH
on the U(VI) uptake was studied under pH values ranging from
2 to 5 by batch experiments and the result was presented in
Fig. 3. As it can be seen, the percent uptake of U(VI) increased
with increasing pH from 2 to 4, and increased slightly in pH
from 4 to 5. Therefore, pH 4 was selected for subsequent
studies. This result was similar to previous reports.B'M'19
Generally, uranium concentration was low in real samples.
Thus, the performance of GO/SiO,-IIP on the sorption of U(VI)
in low concentration (50 pg L™ and 10 ug L) was evaluated at
pH 4. The GO/SiO,-IIP exhibited a high adsorption efficiency
(>99%), indicating good affinity towards U(VI).

100+ S —
80-
3
% 60
=
S
Q.40
=
20
0+— : - : - : -
20 25 30 35 40 45 50
pH

Fig. 3 Effect of pH on the uptake of U(VI) on GO/SiO,—IIP (Cy =
5mg L_l, t=1h, W =50mg, V=10 mL and T = 298.15K).
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3.2.2 Adsorption kinetics. The effect of contact time on the
U(VI) uptake was examined from 0.5 to 40 min and the result
was shown in Fig. 4. The adsorption rate was initially fast and
more than 99% uptake of U(VI) was achieved within 5 min,
indicating that ion-imprinted polymer had a rapid adsorption
to U(VI), which might be attributed to the high specific surface
area of GO. Compared with U(VI) imprinted polymer reported
in previous articles,lg'14 GO/SiO,—IIP exhibited a much faster
adsorption kinetics.

To investigate the kinetic mechanism of adsorption process,
the pseudo-first order and pseudo-second order kinetic
models were employed to fit the kinetic data. The two models
can be expressed as linear form by Egs. 6 and 7, respectively.17

In(Qe — Q¢) = InQ, — k1t (6)

t 1 t
—=——4+—= (7
Q  k2QF Qe (7)

Where Q. (mg gfl) and Q; (mg gﬁl) are the amount of U(VI)
adsorbed at equilibrium and time t (min), respectively. k; (min~
Y and k, (g mgf1 min~?) are the pseudo-first order and pseudo-
second order adsorption rate constant, respectively.

The kinetic parameters of two models are listed in Table S1.
It can be observed that the correlation coefficient (Rz) of the
pseudo-second order kinetic model(0.9928) is much higher
than that of the pseudo-first order kinetic model(0.8928),
indicating that the pseudo-second order kinetic model was a
more appropriate model for describing the adsorption data.
These results suggested that the chemical adsorption step
might be the rate-controlling step.ls'17 This result was in
accordance with previous |'eports.13

100
-—i/i\'_i
99-
%
X 98-+
©
s
Q.
-
97-
961+ : . : :
0 10 20 30 40
Time/min

Fig. 4 Effect of contact time on the uptake of U(VI) on
GO/SiO—IIP (Co = 5 mg L, pH=4.0, W = 50mg, V=10 mLand T
=298.15K).

3.2.3 Effect of temperature. The effect of temperature on the
adsorption of U(VI) was investigated in the temperature range
of 15-35 °C and the result revealed that the adsorption
amount of U(VI) increased with increasing temperature.
Thermodynamic parameters such as enthalpy change AH (kJ
molfl) and entropy change AS (J mol™ Kfl) were calculated
from the linear plot of InKy Vs 1/T (Fig. S1) using Eq. 8 and
Gibbs free energy change AG (kJ molfl) was calculated from

This journal is © The Royal Society of Chemistry 20xx
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Eq. 9.3* The obtained thermodynamic parameters were

summarized in Table 1.
AS A

H
and = ? - E (8)
AG = AH —TAS (9)

Where R is the gas constant (8.314 ) mol™ Kfl), kg (L gfl) is the
equilibrium constant.

As shown in Table 1, the positive value of AH and the
negative value of AG indicated endothermic and spontaneous
nature of adsorption process. The positive value of AS showed
the increased randomness at the solid-solution interface
during the adsorption process.16 Similar result was previously
reported.33

Table 1 Thermodynamic parameters for U(VI) adsorption onto

GO/Si0,-1IP
AH(kJ mol™) AS(J mol T K™ AG(kJ mol™)
298.15K
23.40 89.90 -3.40

3.2.4 Adsorption isotherm. In order to evaluate the adsorption
capacity of GO/SiO,-lIIP and GO/SiO,-NIP towards U(VI),
adsorption isotherm experiments were performed by batch
experiments in the initial concentration range of 5 to 100 mg
L. As can be seen in Fig. 5, the amount of U(VI) adsorbed
increased with increasing equilibrium concentration of U(VI).
The Langmuir and Freundlich isotherm models were often
employed to fit the experimental data, which is important for
understanding the adsorption mechanism. The linear form of
two models can be expressed by Egs. 10 and 11, respectively.”
C 1 C, (10)

Q_e - QmKL + Qm
1
InQ, = InK; + (3)InC, (11)

Where C, is the equilibrium concentration of the U(VI) ion (mg
L™), Q. is the equilibrium adsorption capacity (mg ), Q, is
the maximum adsorption capacity (mg g_l), K, is the Langmuir
binding constant related to the energy of adsorption (L mg_l),
Ke is Freundlich constant and n is the constant related to
adsorption intensity. For Egs. 10 and 11, linear plots are shown
in Fig. 6.

/9)

Q (m

[—=—GO/SiO-IP |

4
!_._ GOISiO,-NIP
2 ; : ; ;
0 20 40 60 80

C_ (mg/L)

100

This journal is © The Royal Society of Chemistry 20xx

Fig. 5 Adsorption isotherm for the uptake of U(VI) on GO/SiO,—
IIP and GO/SiO,—NIP (pH=4.0, t = 7min, W = 10mg, V =20 mL
and T = 298.15K).

The isotherm parameters of two models were given in Table
S2. It was obvious from the correlation coefficient value (RZ)
that the Langmuir model fitted the experimental data better
than the Freundlich model, which indicated the monolayer
adsorption of U(VI) onto the homogeneous surface of
GO/SiOZ—IIP.48 Monier et al.* reported similar result. The
calculated maximum adsorption capacity of GO/SiO,-IIP was
17.89 mg g'1 which was higher than that reported in previous
articles.™**

A B
104 2 u/'//.
8] 24 ) //
) g 0
3, o’ ; 'l
o € 2.0 ) /;/
o' ¥ or
16 /
* g
2] = GOISIOAIP A « GOISIO,IP
. « GO/SiONIP| 12 4 * GOISIO,NIP
0 < :
20 40 60 100 0 H 2 3 4 5
C (mg/L) InC
o o

Fig. 6 (A) Langmuir and (B) Freundlich plots for the uptake of
U(VI) on GO/SiO,-IIP and GO/SiO,-NIP.

3.2.5 Selectivity study. In order to investigate the selectivity of
GO/SiO,-lIIP and GO/SiO,-NIP, selective adsorption of binary
mixtures of U(V1)/Cd(Il), U(VI)/Ni(l1), U(V1)/La(lll), U(VI)/Ce(Ill),
U(VI)/Nd(Ill) and U(VI)/Sm(lll) with the same concentration
was investigated by using GO/SiO,-lIIP and GO/SiO,-NIP in a
batch mode. These ions were selected as competitive ions due
to similar chemical behaviors with U(VI) or being likely to
coexist in real samples. The selectivity parameters such as
distribution coefficient (D), selectivity coefficient (Sy;m) and the
relative selectivity coefficient (k’) were calculated according to
Egs. (1), (4) and (5). The obtained results were listed in Table 2
and the results revealed that GO/SiO,-IIP was able to
selectively adsorb U(VI) in the presence of competitive ions.
Furthermore, the relative selectivity coefficient k' was much
higher than one. GO/SiO,-IIP exhibited a higher selectivity

towards U(VI) compared with that reported in previous

papers.”’43 These results could be attributed to the creation of
the specific recognition sites for U(VI) in the imprinting
process.

3.2.6 Reusability study. The reusability of GO/SiO,-IIP was
evaluated by five consecutive adsorption-desorption cycles
using 1 M HCI solution as the eluent and the result was shown
in Fig. 7. It can be clearly seen from Fig. 7 that the prepared
imprinted polymer can be efficiently regenerated and reused
without a significant decrease in the percent uptake of U(VI)
after 5 cycles. Moreover, the surface morphology and FT-IR
spectrum of GO/SiO,-IIP after five adsorption-desorption
cycles were also tested. As shown in Fig. 8 and Fig. S2, no
obvious change in the surface morphology and FT-IR spectrum
of GO/SiO,—IIP was observed after 5 cycles. The results

J. Name., 2013, 00, 1-3 | §
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indicated that GO/SiO,—IIP has excellent reusability and stability
Table 2 Selective sorption of U(VI) on GO/SiO,-IIP and GO/SiO,-NIP

ions GO/Si0,-IIP GO/Si0,-NIP
D(mLg™) Sum D(mLg™) Sum K
u(vI)/cd(n 1.69x10*/9.94 1.70x10° 1.76x10°/3.96 445 3.82
U(VI)/Ni(l1) 1.76x10%/8.37 2.10x10° 1.78x10%/3.82 466 4.5
u(vIy/La(iin) 1.73x10%/30.8 562 1.76x10%/24.9 70.8 7.94
u(vIy/ce(li 1.56x10"/28.8 542 1.68x10%/11.3 148 3.66
U(VI)/Nd(111) 1.61x10%/29.8 539 1.76x10°/13.2 133 4.05
uvI/Sm(ln) 1.71x10*/80.6 212 1.55x10%/26.6 58.2 3.64
Conclusions

In this work, a novel U(VI)-imprinted polymer based on SiO,-
coated graphene oxide was successfully prepared. The
adsorption behaviors of U(VI) on GO/SiO,—IIP from aqueous
solution were evaluated by batch experiments. The results
suggested that the adsorption process is pH dependent. The
adsorption kinetics followed pseudo-second order kinetic
model and a fast adsorption kinetics was observed for
GO/SiO,—IIP, indicating low mass-transfer resistance and good
accessibility of binding sites to the target ions. Also, the
Langmuir adsorption isotherm was fitted better with the
4 5 experimental data and the calculated maximum adsorption
Cycle number . ) )
. - ) a capacity of GO/SiO,—IIP and GO/SiO,—NIP was 17.89 and 10.32
Fig. 7 Reusability of GO/SiO,—IIP towards U(VI) (Co=5mgL ", 0 o1 respectively. Moreover, the U(VI)-imprinted polymer
t=7min, pH=4.0, W = 50mg, V =10 mL, and T = 298.15K). exhibited excellent adsorption selectivity and affinity towards
U(Vvl), which showed the potential for treatment of
environmental samples and separation of U(VI) from ions with
similar property. Meanwhile, GO/SiO,—IIP could be efficiently
regenerated and reused with high adsorption efficiency after
five adsorption—desorption cycles, revealing efficient removal
of template ions. Hence, the synthesized U(VI)-imprinted
polymer is an excellent adsorbent for rapid and selective
adsorption of U(VI). The preparation process of GO/SiO,—IIP in
this study is relatively complex and further research is
currently in progress to develop a simple and efficient route
for preparation of U(VI)-imprinted polymer based on graphene
oxide.

1 2 3

Signal A=Inlens  EMT=1000kV WD = 62mm
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