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Abstract

A novel adsorbent for antibiofouling and highly selective uranium recovery from seawater is developed in this work. Specifi-
cally, the polypropylene nonwoven fabric modified with oxime and guanidine was obtained by subsequent radiation-grafting,
ring-opening and oximation reaction. The adsorbent demonstrates outstanding selectivity for uranium(VI) against other
competing metal ions in real seawater. The antibacterial assay indicated the adsorbent has good antibacterial properties
against Escherichia coli and Staphylococcus aureus. XPS spectra indicate that uranium(VI) is adsorbed on the non-woven
through the interaction with multiple groups. This work shows that the sorbent may be a hopeful material for the extraction
of uranium from seawater.
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Introduction

The increasing demand for uranium makes people’s
attention turn to the ocean with the expansion of nuclear
industry in the world. There are 4.5 x 10° tons of uranium
in seawater, which is about 1000 times that on land and
could be used to supply nuclear energy for thousands of
years [1, 2]. In addition, extracting of uranium from sea-
water can potentially reduce the environmental problems
caused by mining of radioactive and toxic uranium on land
[3, 4]. However, there is still a huge challenge to extract
uranyl ions efficiently from seawater attributed to the low
uranium(VI) concentration in seawater, the existence
of many coexisting ions, and biofouling. Therefore, the
development of economical and efficient uranium recovery
materials is of great significance for the continuous supply
of nuclear energy in the future.

In recent years, various materials have been developed
for uranium extraction, such as membrane material [5],
porous carbon [6, 7], iron tetraoxide [8], graphene [9],
porous aromatic frameworks [10, 11], and fiber materi-
als [12-15]. Besides, nano quantum dots [16—18], small
molecule [19], biomolecule [20], fluorescent polymer
[21] have been used for uranium detection. Among them,
polyamidoxime-based fiber adsorbents have been exten-
sively studied for uranium extraction due to the strong
coordination with uranyl ions and good mechanical stabil-
ity, easy recycling, and operability of fiber materials. For
instance, Das et al. [14] developed amidoxime functional
polyethylene non-woven fabric by irradiation grafting
with a extraction capacity of 3.35 mg U/g after 8 weeks of
marine tests in the Pacific Northwest National Laboratory
of the United States. Dai et al. [22] prepared tert-butyl
acrylate and amidoxime functionalized polyvinyl chloride
fibers, and the adsorption capacity of the adsorbent was
as high as 5.22 mg/g after sea-test for 49 days. However,
polyamidoxime-based sorbents showed a stronger affinity
for vanadium(V) with a sorption capacity approximately 5
times more than that for uranium(VI) [14]. Rao et al. [23,
24] conducted in-depth studies on the coordination mecha-
nism of amidoxime with vanadium(V) and uranium(VI),
and found that the open-chain amidoxime group do not
bind with vanadium(V), and a non-oxido V>* complex was
formed with the cyclic imide-dioxime group, while both
groups have strong affinity with uranium(VI). In addition,
the coordination mode between the open chain amidoxime
group and uranium(VI) is n? type through the N and O
atoms of the oxime group [12, 25]. Therefore, in order to
avoid ring formation of amidoxime with good coordination
ability for vanadium(V), an oxime-based adsorbent with
highly selectivity for uranium(VI) can be expected. Xu
et al. [26] synthesized polyoxime-functionalized magnetic

@ Springer

nanoparticles for the selective adsorption of uranyl ions,
and found that the selectivity of polyoxime-based adsor-
bents for uranium(VI) was significantly higher than that of
vanadium(V) and other competing ions. However, nano-
materials are difficult to use in real seawater environments,
which greatly limits their application.

Recently, biofouling effects of the sorbents have been
noticed for extracting uranium from seawater. Wu et al.
[27] studied amidoxime modified polyethylene fiber for
the extraction of uranium(VI) from seawater, and found
that massive sediment and marine life were observed on
the surface of the fibers after 42 days of marine tests in the
China East Sea, which hindered the full contact between
ligands and uranyl ions. Park et al. [28] found that the
adsorption capacity of sorbents for uranium decreased by
30% under light irradiation, and a large number of algal
cells were observed by microscope after 42 days, and
concluded that it may be necessary to use adsorbents in
deep marine environments in order to reduce biofouling
effects. However, it will undoubtedly increase operating
costs. Therefore, it is significant to develop anti-biofouling
adsorbents to improve the economic efficiency of uranium
extraction from seawater. We recently reported a guan-
idine-functionalized polypropylene non-woven fabric to
solve the problem of biofouling of uranium extraction from
seawater for the first time [29]. The guanidine group in
the material can effectively inhibit the adhesion of E. coli
by destroying the cytoplasmic phospholipid membrane of
the bacterial cells to the death of the bacteria [30]. Wen
et al. [31] prepared nano TiO, and amidoxime-modified
wool fiber composite by in situ deposition for uranium(VI)
recovery, the sorbent displayed good antibacterial property
due to the presence of TiO,. Zhang et al. [32] synthesized
poly-dopamine and Ag nanoparticles functionalized acti-
vated carbons for uranium(VI) sorption from simulated
seawater with an antifouling feature. Despite some explo-
rations have been made in the field of antibiofouling, the
selectivity of these materials for uranium(VI) needs to
be further improved. Therefore, it is still of great signifi-
cance to develop new adsorbents with both antibiofouling
property and high selectivity for uranium(VI) in practical
application.

In this paper, a new adsorbent is reported for
uranium(VI) recovery from seawater. Specifically, poly-
propylene nonwoven fabric was functionalized with the
oxime and guanidine groups by the subsequent reactions
(Scheme S1, Supporting Information; Scheme 1). The
combination of oxime with guanidine groups will endow
the adsorbent with the high selectivity and good anbi-
ofouling properties. Therfore, it is expected that the new
adsorbent could achieve efficient enrichment of uranium
in seawater.
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Scheme 1 Schematic for preparation of polypropylene nonwoven
fabric modified with oxime and guanidine (PP-g-PO)

Experimental
Materials and reagents

PP nonwoven fabric (85 g/m?) was purchased from King-
way Complex Material Co., Ltd., Nantong, China. Glycidyl
methacrylate (GMA, CP), triethylamine (Et;N, AR), hydrox-
ylamine hydrochloride (CP), thionyl chloride (CP) and N,
N’-Dimethylformamide (DMF, AR) were bought from Sin-
opharm Chemical Reagent Co., Ltd, Shanghai, China. Gly-
oxylic acid monohydrate (98%) was purchased from Adamas
Reagent Co., Ltd., Shanghai, China. UO,(NO;),.6H,0 (AR)
was purchased from Sigma Aldrich Fluka, St. Louis, United
States. Sea water was obtained from Bohai, Qingdao, China,
and filtered prior to use. The strains of E. coli (ATCC 11229)
and S. aureus (ATCC 6538) were acquired from Hygia
Biotech Co., Ltd, Suzhou, China. Et;N was dried over 4A
molecular sieves. Characterization methods and synthesis of
PP-g-PG are shown in Supporting Information.

Synthesis of functional polypropylene nonwoven
fabric (PP-g-PO)

Formyl group functionalized non-woven fabric (PP-g-PF)
were prepared according to the modified literature process
[26]. Specifically, the guanidine modified polypropylene
non-woven fabric (PP-g-PG) (1.0 g) was immersed in a
mixed solvent of anhydrous DMF (20 mL) and anhydrous
Et;N (8 mL, 30.9 mmol). 2-Oxoacetyl chloride (2.4 g,
25.9 mmol) in 20 mL anhydrous DMF was added into the
PP-g-PG dispersion at 25 °C. Then, the mixture was reacted
under magnetic stirring at 100 °C for 20 h in argon ambi-
ence. After cooling it to about 25 °C, the fiber material was
rinsed with DMF and ultrapure water three times, and then
dried to obtain the PP-g-PF.

The aldehyde on PP-g-PF was treated with hydroxy-
lamine hydrochloride and converted to oxime group. Typi-
cally, hydroxylamine hydrochloride (1.0 g, 14.4 mmol) was
dissolved in water/methanol (40 mL, v/v=1:1; pH~7.0),
followed by the addition of PP-g-PF (1.0 g) into the solu-
tion. The oximated sorbent was washed with ultrapure water/
methanol (v/v=1: 1) for 3 times after refluxing for 8 h at
80 °C, and then desiccated to give PP-g-PO.

Sorption experiments

The sorbent (10 mg) was added into 2 X 107 mol/L
uranium(VI) solution (40 mL), and shaken at room tem-
perature until the adsorption equilibrium. Uranium(VI)
solutions were gained by dissolving UO,(NO;),.6H,0 in
ultrapure water and the pH was adjusted to 8.0 +£0.1 by
Na,COj solution (2 mol/L). The concentrations of uranium
before and after sorption were quantified by ICP-MS. The
sorption amount (g,, mg/g) and sorption efficiency (SE)
were obtained according to Egs. (1) and (2), respectively:

%
qe _(C()_Ce)M (1

— Ce
—— x 100 @)
0

CO
SE (%) =

where C, is the initial concentrations of uranium, C, (mg/L)
is the residual uranium concentrations, V (L) is the volume
of aqueous solution, and M (g) is the sorbent mass.

Desorption and regeneration experiments

The reusability of PP-g-PO was evaluated through 5 sorp-
tion—desorption cycles. In each cycle, PP-g-PO (10 mg) was
immersed in 2 x 107> mol/L uranium(VI) solution (40 mL),
and shaken for 4 h at 298.15 K, then the PP-g-PO com-
bined with uranium(VI) was desorbed by stirring in eluents
(3 mol/L KHCOj; at 40 °C and 0.1 mol/L HCI at 25 °C) for
3 h after rinsed with 50 mL ultrapure water for three times.
The fabric was washed with 50 mL ultrapure water for three
times after the elution, and then desiccated for reuse.

The real seawater tests

The real seawater from Bohai was used to study the selec-
tivity of uranium onto PP-g-PO. The sorbent (3.0 mg) was
added into real seawater (5.0 L) and shaken for 23 days at
298.15 K. After the dissolution of the uranyl-adsorbed PP-
g-PO solid in 4 mL of HNOj; and 1 mL H,0, (30%), the
adsorption capacity for the ions were determined accord-
ing to the ICP-MS. Uranium selectivity (Sy;) was used to
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describe the selectivity of sorbents for uranium in real sea-
water, and it was obtained according to Eq. (3): [33]

qe—U

Su(%) = x 100 3)

e—tol
where g,_y; is the sorption amount for uranium (mg/g) and
g._io 18 the sorption amount for total cations (mg/g).

Antibacterial assay

The antibacterial assay was conducted according to the
modified literature method [34]. The antibiofouling and
bactericidal properties of PP-g-PO were studied using Gram-
negative E. Coli and Gram-positive S. aureus, respectively.
Firstly, E. Coli and S. aureus cells were inoculated at 37 °C
for 24 h. Single colonies were removed and incubated in
50 mL of liquid medium for 24 h, and the supernatant was
removed by centrifugation for 10 min (3000 rpm). Dilute the
colonies to the appropriate concentration with PBS. Finally,
600 pL of the bacterial solution (~ 1x10° CPU) was placed
in a 24-well plate, and the original polypropylene non-woven
fabric or modified fabric was put in the well and hatched at
37 °C for 24 h. The non-woven fabric was taken out, rinsed
several times with PBS, and then fixed with paraformalde-
hyde (4%) for 10 min. Finally, dehydration was carried out
for 30 min with a mixture of ethanol/ultra-pure water having
a volume fraction of 10, 30, 50, 70 and 100%, and then dried
under vacuum at 50 °C.

Results and discussion
Characterization of PP-g-PO

The chemical components of the resultant sorbents were
confirmed by FT-IR and XPS. As shown in Fig. 1, the
appearance of stretching vibrations peak of C=0 at
1724 cm™! and C-O ring at 904 cm™! in the spectra of PP-
g-PGMA (Fig. 1A, trace b) in comparison with unmodified
fabric (Fig. 1A, trace a) demonstrated PGMA was immo-
bilized onto the non-woven fabric material [35]. In addi-
tion, the stretching vibrations of N-H (3362 cm_l), C=N,
CH=0 (1655 cm™!), and C-N (1046 cm™!) of PP-g-PG
indicated that the epoxy in PP-g-PGMA has successfully
reacted with guanidine hydrochloride [36]. After the amino
group of PP-g-PG was reacted with 2-oxoacetyl chloride,
the characteristic peak of PP-g-PF remained (C=0 peak
at 1724 cm™"). After further oximation, the N-O peak at
937 cm~! was appearance, which was further characterized
by XPS (Fig. 1D).

As shown in Fig. 1B, the O 1s characteristic peak
appeared on the full spectrum of PP-g-PGMA compared
with the original non-woven fabric (Fig. 1B, line a),
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Fig.1 A FT-IR spectra of (a) PP non-woven fabric, (b) PP-g-PGMA,
(c) PP-g-PG, (d) PP-g-PF and (e) PP-g-PO; B XPS spectra of (a) PP
non-woven fabric, (b) PP-g-PGMA, (c) PP-g-PG, (d) PP-g-PF, (e) PP-
g-PO, and XPS spectra of C O 1s, D N 1s of PP-g-PO

indicating that PGMA was successfully grafted onto the
surface of PP nonwoven fabric (Fig. 1B, line b). After reac-
tion with guanidine hydrochloride, 2-oxoacetyl chloride
and oximation reaction, N 1s characteristic peaks appeared,
indicating successful preparation of PP-g-PG, PP-g-PF and
PP-g-PO (Fig. 2B, c, d and e lines). For PP-g-PO, the narrow
spectrum of O 1s could be divided into three peaks attrib-
uting to C(N)-O-H, C-0-C, and C=0 (Fig. 1C) while N
1s to -NH,, and C=N (Fig. 1D), which further proved the
formation of oxime groups on the nonwoven fabric sorbent
PP-g-PO. And the increase of N element on the surface of
PP-g-PO further proved this point (Figure S1, Supporting
Information).

The morphology of PP-g-PO was characterized by FE-
SEM. As depicted in Fig. 2B, the fabric morphology remains
intact after the reaction process. A distinct increase in aver-
age diameter of fibers was observed after functionalization
compared with the original non-woven fabric (Fig. 2A),
which was stemmed from the increasing of functional groups
on the surface of fabric. Furthermore, the surface of the
modified non-woven fabric PP-g-PO (Fig. 2D) is rougher
than the original PP non-woven fabric surface (Fig. 2C),
further indicating that the polymer is grafted on PP non-
woven fabric.

The hydrophilic behavior of the fabrics was investigated
through measuring the water contact angles, and the results
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15.0kV 11.9mm x30.1k

Fig.2 FE-SEM images of A, C PP nonwoven, B, D PP-g-PO. Scale bar: A, B 50.0 pm, C, D 1.00 pm. Water contact angles of E PP nonwoven

and F PP-g-PO

were displayed in Fig. 2E, F. The unmodified PP non-woven
fabric has a contact angle of 125° due to its inherent hydro-
phobicity (Fig. 2E). The modified non-woven fabric PP-
g-PO, the contact angle dropped to 0° (Fig. 2F), indicating
that the hydrophilic properties of the functionalized material
were greatly improved.

Sorption kinetics and isotherms

The adsorption kinetics experiment was carried out under
the conditions of 2 x 107> mol/L uranyl ion concentration,
298.15 K and pH 8.0 +0.1 with the optimum adsorbent dose
of 0.25 g/L (Figure S2, Supporting Information). The cor-
relation between adsorption time and capacity (g,) is shown
in Fig. 3A. In the initial stage, the adsorption capacity of
three sorbents increases rapidly with time and reaches the
adsorption equilibrium within 4 h. Pseudo-first-order and
pseudo-second-order models were employed to study the
sorption kinetic (Figure S3, Supporting Information). The
sorption process is more in line with pseudo-second-order
model due to the larger correlation coefficients (R?) and the
more accurate calculated g, (Table 1). The k, for PP-g-PO
was much larger than that for PP-g-PF, implying the strong
complexation between uranium(VI) and oxime. In the mean-
time, the k, for PP-g-PG was larger than that for PP-g-PO,
which may be attributed to the hydrophilia of guanidine on
PP-g-PG, leading to a fast sorption. Furthermore, the sorp-
tion on PP-g-PO is faster than most of other previous fibrous
materials (Table S1, Supporting Information), which may
be ascribed to the strong coordination interaction between

0 2 4 6 8§ 102 0

Time (h)

20 40 60 &0
Ce (mg/L)

Fig.3 A Effect of contact time on the uranium(VI) sorption by PP-
g-PO, PP-g-PF, and PP-g-PG. (Experimental condition: 10 mg sorb-
ent dose, 40 mL solution, 2x 10~ mol/L uranium, pH 8.0+0.1, and
298.15 K); B Sorption isotherm plots for uranium sorption by PP-
g-PO, PP-g-PF, and PP-g-PG. (Experimental condition: 10 mg sorb-
ent dose, 40 mL solution, pH 8.0+0.1, and 298.15 K)

oxime and uranium and the hydrophilia of guanidine on the
nonwoven fabric.

To evaluate the sorbent capacity of PP-g-PO, sorption
isotherms researches were conducted by varying C, of
uranium(VI) ranged from 10 ppm to 100 ppm at 298.15 K
and pH 8.0 +£0.1. The correlation between ¢, and C, was
displayed in Fig. 3B. Freundlich and Langmuir models were
used to explain the sorption processes (Figure S4, Support-
ing Information), and the related parameters were listed in
Table 2. The correlation coefficients (R?) fitted by Langmuir
is relatively larger than that of Freundlich models, which is
due to the uniform distribution of adsorption sites on the sur-
face of materials, thus leading to monolayer sorption. Fur-
thermore, the maximum capacity of PP-g-PO was calculated
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Table 1 Kinetic parameters for

- . Sorbents qe. oxp (Mg/g)  Pseudo-first order Pseudo-second order
uranium sorption by PP-g-PO, »xp
PP-g-PF, and PP-g-PG k™ g, . (mg/g) R? ky (g/mg/h)  q, . (Mg/g) R?
(Experimental condition:
0.25 g/L sorbent dose, 40 mL PP-g-PG  18.08 0.983 16.79 0960  0.153 18.90 0.999
solution, 2x 10~ mol/L PP-g-PF 18.20 0.978 30.39 0.988  0.061 20.42 0.996
uranium, pH 8.0+0.1, and PP-g-PO  19.04 0.852 12.18 0762  0.132 20.25 0.997
298.15 K)
Table 2 .Parameter.s of Sorbents Langmuir Freundlich
Langmuir, Freundlich for
uranium sorption by PP-g-PO, Ginax (M) b (L/mg) R’ K (mol'™"L"g) n R?
PP-g-PF, and PP-g-PG
(Experimental condition: PP-g-PG 74.4 0.130 0.999 20.89 0.278 0.982
0.25 g/L sorbent dose, 40 mL PP-g-PF 94.0 0.131 0.998 24.55 0.299 0.972
solution, pH 8.0+0.1, and PP-g-PO 120.5 0.232 0.995 41.56 0.243 0.994
298.15 K)
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Fig.4 A Recycling of PP-g-PO for uranium sorption after five cycles,
and B FE-SEM images of the PP-g-PO regenerated after five cycles.
Scale bar: 50.0 um. (Experimental condition: 0.25 g/L sorbent dose,
40 mL solution, 2 x 10~ mol/L uranium, pH 8.0+0.1, and 298.15 K)

to be 120 mg U/g, which is a considerable value compared
with the previous reported fibrous sorbents (Table S1, Supp-
porting Information). Moreover, the equilibrium constant b
value for PP-g-PO (0.232) was larger than that for PP-g-PG
and PP-g-PF, which may be attributed to the stronger affinity
between oxime and uranium(VI) [37].

Desorption and regeneration studies

Sorption and desorption cycles were carried out for 5 times
to study the regenerability of PP-g-PO with different eluates.
The sorption efficiency (SE %) almost kept constant after
five regeneration cycles using 3 mol/L KHCO; as eluate
(Fig. 4A), which may be ascribed to the formation of uranyl
tris-carbonato complex at high bicarbonate concentrations
[38]. In addition, there was no palpable damage to the sur-
face of fibres by a FE-SEM image (Fig. 4B), which indicated
the remarkable stability of bifunctional polypropylene non-
woven fabric. However, the sorption efficiency descended
to 80% by 0.1 mol/L HClI eluent. The similar results were
obtained in other studies, which may be attributed to the
deoximation under acidic solution [26, 39]. Therefore,
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Fig.5 Sorption selectivity of PP-g-PO for metal ions in real seawater
(Experimental condition: 3.0 mg sorbent dose, 5.0 L seawater, con-
tact time=23 d, pH 7.9, and 298.15 K)

3 mol/L KHCOj can be selected as the ideal eluent relative
to hydrochloric acid.

The real seawater experiments

Uranium(V]) selectivity of PP-g-PO was evaluated by sorp-
tion experiments in real seawater. As shown in Fig. 5, the
sorption selectivity of PP-g-PO was calculated to be 38.4%,
which was much higher than that for vanadium(V) (about
2.5 times). The result indicated that oxime can significantly
improve the adsorption selectivity for uranium(VI) com-
pared with amidoxime. Furthermore, it also showed good
binding selectivity for uranium(VI) against other cations,
such as Fe3*, Cu?*, Co?*, Ni**, Zn**, etc., which attrib-
uted to the strong affinity between oxime and uranium(VI).
In addition, the positive charged sorbent will attract nega-
tive uranyl complex by coulombic interaction while repel
cations. The similar results about the selectivity of oxime
toward uranium(VI) and other ions have been reported in our
previous study [26]. The results demonstrate that polyoxime
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modified sorbents have much better selectivity than polyami-
doxime modified materials.

Antibacterial assay

The antibacterial properties of the materials were examined
by comparing the amount of bacteria adhering to the surface
of the sorbents for 24 h. As shown in Fig. 6A, C, the number
of E. coli and S. aureus on PP non-woven fabrics was rela-
tively high after 24 h of incubation, while there was almost
no bacterium on PP-g-PO (Fig. 6B, D). This result indicates
that the guanidine-modified polypropylene non-woven fabric
has an effective antibacterial adhesion property.

The bactericidal properties of the material were further
investigated by coating method. As shown in Fig. 7, the
bacteria treated with the unmodified polypropylene non-
woven fabric grew into a large number of colonies on the
agar medium. However, the bacterial colonies treated by PP-
g-PO were significantly reduced, indicating that PP-g-PO
can be effectively sterilized and can be used in real seawater
experiments in the future.

Possible sorption mechanism

The possible sorption mechanism was investigated with
the XPS spectra of PP-g-PO before and after uranium(VI)
adsorption. After adsorption, the two sharp peaks at
393.60 eV and 382.95 eV belong to U 4f5,, and U 4f,,
(Fig. 8A, trace b), respectively, which proved that lots of
uranium(VI) was combined with PP-g-PO.

The O 1s peak of PP-g-PO is located at 533.68 eV
(Fig. 1C) assigned to the C(N)-O-H, while the peak was
divided into two peaks at 534.51 and 533.30 eV (Fig. 8B,

Fig.6 SEM images of E. coli on the A PP non-woven and B PP-g-PO
for 24 h, and S. aureus on the C PP non-woven and D PP-g-PO for
24 h

Fig.7 Photographs of agar plates corresponding to the E. coli sus-
pension recovered from A PP nonwoven, B PP-g-PO, and S. aureus
on the C PP non-woven and D PP-g-PO

and Table S2, Supporting Information) after adsorption. The
appearance of 534.51 eV is owning to the bond of oxime
with uranium(VI) via complexation, leading to a higher
binding energy [40, 41]. However, the peak at 533.30 eV
may be due to the covalent bonds formed between hydroxyl
(-OH) and uranium(VI) [42]. The O 1s peaks of carbonyl
groups (C=O0) shifted to lower binding energy, which was
perhaps ascribed to the interaction between C=0 and ura-
nium via covalent bond. In the case of N 1 s, C=N and
N-H both shifted to higher binding energy, which possi-
bly ascribed to coordination between amino/oxime and
uranium(VI) [26]. The XPS data indicated that oxime,
amino, hydroxyl as well as carbonyl groups on PP-g-PO all
contributed to the sorption.

Conclusions

In summary, we demonstrate a new sorbent for highly selec-
tive recovery uranium(VI) from seawater with antibiofouling
property. The successful synthesis of materials was verified
by FT-IR, XPS, FE-SEM, EDX, and water contact angles.
The sorption in real seawater validated that the adsorbent
held outstanding selectivity for uranium(VI) over other
common cations in seawater, especially vanadium(V). The
antibacterial assay indicated the bifunctional polypropylene
nonwoven fabric has good antibacterial properties against E.
coli and S. aureus. The adsorption could reach equilibrium
within 4 h with a maximum adsorption capacity of 120 mg/g
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Fig.8 A XPS survey scan of (a) PP-g-PO, (b) PP-g-PO with uranium(VI); B O 1s peak of PP-g-PO with uranium(VI); and C N 1s peak of PP-

g-PO with uranium(VI)

from Langmuir model at 298.15 K and pH 8.0 +0.1. Fur-
thermore, no significant decrease in sorption efficiency was
observed following five sorption—desorption cycles using
KHCOj; solution as an eluent. The sorption mechanism
involved the interaction of multiple groups including oxime,
amino, hydroxyl and carbonyl groups with uranyl ions.

To the best of our knowledge, oxime and guanidine
bifunctional adsorbent is used to adsorb uranium from sea-
water for the first time. The adsorbent showed higher selec-
tivity toward uranium(VI) over vanadium(V) compared with
guanidine and amidoxime co-functionalized fabric [25]. Fur-
thermore, the material has excellent antibacterial activity
and operability in comparison with polyoxime-functional-
ized magnetic nanoparticles [22]. This study demonstrates
that PP-g-PO can be a hopeful material for the extraction of
uranium from seawater.
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