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Abstract; The amidoxime modified polyethylene nanofibrous membrane ( AO-PENFM) was prepared by
a two-step graft polymerization method and an amidoximation reaction. Firstly, the hydroxyethyl acrylate
(HEA) was grafted on polyethylene nanofibrous membrane (PENFM) via pre-radiation induced graft
polymerization, then the acrylonitrile (AN) and acrylic acid (AA) were grafted on poly hydroxyethyl
acrylate (PHEA) chains by ceric ammonium nitrate (CAN) initiated graft polymerization. Finally, an
aminoximation reaction was performed to prepare the novel AO-PENFM adsorbent. This two-step graft
method was used to construct a nanostructure adsorption layer with high specific surface areas on the
surface of PENFM. The AO-PENFM adsorbent in a uranium solution of 12 ppm after 120 h adsorption
performs an excellent adsorption performance of 338. 14 mg/g. Simultaneously, the adsorption kinetics
conforms to the intraparticle diffusion model and pseudo-second-order model. In addition, the adsorption
isotherm data conform to the Langmuir isotherm model.
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1 Introduction

Uranium, the basic element for nuclear power plants,
exists in nature in two main forms: dissolved in ocean
and deposited in minerals on land''?’. Uranium mainly
exists in the form of uranyl carbonate in seawater, with
a much lower concentration of 3. 3 ppb. About 4. 5
billion tons of uranium are estimated to be in the ocean,
about 1, 000 times as much as on land'*°'. Thus,
uranium extraction from seawater offers a very
promising alternative to meet nuclear fuel needs.
However, the biggest challenge of uranium extraction
from seawater is the adsorption capacity of adsorbents is
relatively low, due to the much lower uranium
concentration in seawater. To overcome this challenge,
adsorbents with higher adsorption capacity are required.

There are many methods to extract uranium from

seawater , such as ionic exchange'® "/ |
electrochemical *' coprecipitation'*’ and
adsorption> ® %! " Because of its advantages of low

costs, easy operation, simple recovery and high

Document code: A

adsorption efficiency, the adsorption method, especially
using the polymer-based adsorbents, is highly
recommended. For economic and viable extraction of
uranium from seawater, adsorbents must have an
efficient adsorption capacity. There are two ways to
improve the uranium adsorption capacity. One is to
search for functional ligands that can adsorb uranium
effectively. The amidoxime group is the functional
group that was selected to extract uranium from
seawater * ' #7') It has an outstanding chelating
affinity and selectivity for uranyl ions. The other is to
look for new materials with large specific surface
areas' ' %2331 Meanwhile, it would be better to
increase the specific surface area of the adsorption sites
rather than that of the matrix material .

Various materials have been used to study uranium
extraction from seawater, including mesoporous
silica™ | metal organic framework'”' cellulose'™’
hydrogel' " *' and fiber'* ', Due to its advantages
of low costs and easy operation, polymer-based matrix
materials are widely chosen to extract uranium from
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seawater. At present, there are many polymer-based
matrix materials for uranium extraction, such as
polyolefin fiber materials'* '** > ¥ " polyacrylonitrile

fiber' ™ “*') and so on. Increasing the specific surface
area of fiber materials, such as hollow fibers and gear
fibers, will inevitably lead to the decline of mechanical
properties of fiber materials. Polyolefin membrane
materials can avoid the problem of mechanical property
degradation. However, polyolefin  nanofibrous
membrane is rarely used as the matrix material for
uranium adsorption. Because of the large specific
surface area and excellent mechanical properties,
polyolefin nanofibrous membrane is a good matrix
material for uranium adsorption.

In this work, a novel amidoxime ( AO)-modified
PENFM ( AO-PENFM) adsorbent was prepared via pre-
radiation induced graft polymerization ( RIGP) and
CAN initiated graft polymerization ( CIGP) ( Scheme
1). The AO-PENFM has a unique nanostructure
adsorption layer with high specific surface areas.
Therefore, a mass of adsorption sites were constructed
on the AO-PENFM adsorbent surface. PENFM-g-PHEA
obtained via RIGP and AO-PENFM via CIRP was
characterized by XPS, FT-IR and SEM. These results
showed that HEA, AN and AA were modified to the
PENFM surface. Adsorption tests were performed in 12
ppm uranium spiked solution to test the adsorption
capacity of AO-PENFM andobtain excellent adsorption
capacity of 338. 14 mg/g after 120 h adsorption.

2 Experimental

2.1 Materials
The PENFM is homemade, and the detailed process
refers to previous paper' . Copper (II) sulfate
pentahydrate ( CuSO, - 5H,0), hydroxyethyl acrylate
(HEA), nitric acid (HNO, ), ceric ammonium nitrate

. O

0™~ aniaa
CAN/DMF

Irradiation HEA
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" THO

n

(CAN), acrylic acid ( AA), acrylonitrile ( AN),
hydroxylamine hydrochloride (NH,OH - HCl), N, N-
dimethylformamide ( DMF), methanol ( CH,OH) and
potassium hydroxide ( KOH) bought from Sinopharm
Chemical Reagent Company were reagent grade and
used as received. The uranium solution used for
adsorption experiments was prepared by dissolving
proper amount of UO, (NO,), - 6H,0O into deionized
water.

2.2 Synthesis of AO-PENFM adsorbents

The novel amidoxime-modified nanofibrous membrane
adsorbent, denoted as AO-PENFM, was synthesized as
follows: (D Firstly, the PENFM samples were irradiated
with “Co y-ray (7. 4x10”°Bq, located in the University
of Science and Technology of China) at a dose rate
76.4 Gy/min in air at room temperature. (2)Secondly,
RIGP of HEA is processed in flasks containing 25% /
75% ( volume fraction) HEA/H,O and 1 mmol/L
CuSO, * 5H,0 at 70 C (called as PENFM-g-PHEA ).
(3 Subsequently, CIGP of AN/AA is processed in a
flask containing 40% /48% /12% ( volume fraction )
DMEF/AN/AA and 5 mL stock CAN solution (0.1 mol/
L CAN in 1 mol/L HNO,) at 50 C ( called as PENFM-
g-PHEA-(PAN-co-PAA)). @ Then, a 10% ( mass
fraction ) NH,OH -+ HCl solution used for
amidoximation reaction was prepared using 50% /50%
(volume fraction) H,O/CH,0OH, and KOH was added
to adjust the pH to neutral. After that, PENFM-g-
PHEA-(PAN-co-PAA) was added to the above solution
and stirred at 70 C for 4 h. After amidoximation
reaction, the samples were called as AO-PENFM.
Before using for uranium extraction, the AO-PENFM
adsorbents were incubated in 2. 5% ( mass fraction)
KOH solution at 80 C for 3 h, then rinsed with
deionized water before using for uranium adsorption.

‘4\;}\ oG %\Q)L
CH3OH/H20
C:NOH

'NH,

Scheme 1. Synthesis of the AO-PENFM adsorbent by RIGP of HEA, CIGP of AN/AA and subsequent amidoximation.

2.3 Characterization methods

The XPS was analyzed by a Thermo Scientific
EscalLab 250Xi instrument.

The FT-IR was analyzed using attenuated total
reflection mode by a Nicolet 8700 instrument.

SEM images were taken with ZEISS GE mini SEM
500 instrument.

BET specific surface areas were analyzed using
Tristar 11 3020M instrument.

The Inductively coupled plasma atomic emission
spectroscopy (ICP-AES) was used to analyze uranium

concentration using a Perkin-Elmer Corporation Optima
7300DV instrument.

2.4 Uranium adsorption experiments

2.4.1 Kinetics experiments

The kinetics experiments were performed in 1 L glass
bottles containing 12 ppm uranium spiked solution. 10.0
mg + 1. 0 mg alkaline activated AO-PENFM was
immersed in 1 L 12 ppm uranium spiked solution with
shaking on a shaking bath at 25 C and 100 r/min. At
the specified time point, the solution was analyzed using
ICP-AES. Each experiment was performed 3 times.



%4 3

A novel amidoxime modified polyethylene nanofibrous membrane with high uranium adsorption capacity 833

Equation (1) was used to calculate the uranium
adsorption by AO-PENFM.

0.= (C,-C) x% ()

where Q,(mg/g) is the uranium adsorption capacity at
contact time ¢ (h); C, (mg/L) is the uranium
concentration at contact time 7 (h) and C,(mg/L) is
the initial uranium concentration; m (g) is the AO-
PENFM adsorbent mass and V (L) is the solution
volume.

2.4.2 Isotherm experiments

A series of uranium spiked solution (1-32 ppm) were
prepared firstly for the adsorption isotherm study. Then
10.0 mg+1. 0 mg alkaline activated AO-PENFM was
added in 1 L a series of uranium spiked solution with
shaking on a shaking bath for 24 h at 25 C and 100 t/
min. The solution was analyzed using ICP-AES after 24
h adsorption. Each experiment was performed 3 times.
2.4.3 Reusability of the AO-PENFM adsorbent

It is important for an economical adsorbent to be easily
reusable. The adsorption-desorption test was performed
in 12 ppm uranium spiked solution for six cycles. After
uranium adsorption, the adsorbent adsorbed uranium
was eluted with a 0. 5 mol/L HCI solution at room
temperature for 1 h and regenerated with a 5 mmol/L
KOH solution at the room temperature for 15 min, then
washed with deionized water 3 times before the next
adsorption experiment.

3 Results and discussion

3.1 Characterization of PENFM, PENFM-g-
PHEA, PENFM-g-PHEA-( PAN-co-PAA )
and AO-PENFM

3.1.1 FT-IR characterization

As shown in Figure 1, the FT-IR spectroscopy of the

PENFM, PENFM-g-PHEA, PENFM-g-PHEA-( PAN-

co-PAA) and AO-PENFM are recorded. For PENFM,

the two characteristic peaks of ~CH, — groups correspond
to the symmetric and asymmetric stretching vibration at

2848 cm™' and 2916 cm™'. Meanwhile, it can be

observed in all spectroscopy. For PENFM-g-PHEA, a

new C =0 peak appears at 1732 cm™', indicating that

PHEA chains are successfully grafted onto PENFM. For

PENFM-g-PHEA-( PAN-co-PAA) , the new sharp peak

at 2243 cm™' is observed and attributed to —CN, which

almost disappears after amidoximation. The appearance
of the peak of —CN shows the successfully grafted AN
onto PHEA chains, while the disappearance —CN peak
indicates that —CN group is completely transformed into

AO group after amidoximation. Meanwhile, for AO-

PENFM, new characteristic peaks at 3000 to 3700, 1645

and 926 cm™'are attributed to ~-OH/-NH,, -C=N- and

-N-O-, respectively.

(d)

(b)

(2)
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Figure 1. FT-IR spectroscopy of (a) PENFM, (b) PENFM-
g-PHEA, (c¢) PENFM-g-PHEA-( PAN-co-PAA) and (d)
AO-PENFM.
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Figure 2. XPS spectroscopy of (a) PENFM, (b) PENFM-g-
PHEA, (c) PENFM-g-PHEA-( PAN-co-PAA), (d) AO-
PENFM and (e) AO-PENFM-U.

3.1.2 XPS characterization

The XPS spectroscopy of the PENFM, PENFM-g-
PHEA, PENFM-g-PHEA-( PAN-co-PAA ), AO-
PENFM and AO-PENFM-U are shown in Figure 2. For
PENFM, a strong peak at 285.1 eV attributed to C 1s is
observed and also observed in the spectroscopy of all
samples. For PENFM-g-PHEA, a new peak at 533. 1
eV attributed to O 1s is observed suggested that PHEA
chains were successfully grafted onto PENFM. For
PENFM-g-PHEA-( PAN-co-PAA ), a new peak at
400.1 eV attributed to N 1s is observed because of the
successfully grafted AN onto PHEA chains. For AO-
PENFM, the peak of N 1s is shown in Figure 3(a) and
the three fitting peaks at 399.5, 400.3 and 400.9 eV are
attributed to N-O, C=N and N-H. And the peak of O
1s is shown in Figure 3(b) and the three fitting peaks at
531.7, 532.5 and 533. 5eV are attributed to N-O, C=0
and C-0O. This results indicate that the surface of the
membrane material has been successfully modified with
AO functional groups. For AO-PENFM-U, that is short
for the AO-PENFM adsorbent after uranium adsorption,
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Figure 3. High-resolution XPS spectroscopy of (a) N 1s and
(b) O Is for AO-PENFM.

as shown in Figure 2 (e), the characteristic peak
appeared at 382.1 eV (U 4f,,) and 392. 1eV ( U4f,,)
are observed, which suggested the successful adsorption
of uranium.

3.1.3 SEM characterization

As shown in Figure 4, the morphologies of the PENFM ,
PENFM-g-PHEA, PENFM-g-PHEA-( PAN-co-PAA )
and AO-PENFM are characterized using SEM. For the
PENFM, the surface was relatively smooth as shown in
Figure 4 (a). However, after grafting HEA, the
morphology of the PENFM-g-PHEA is relatively rough
as shown in Figure 4 (b). After grafting AN/AA on
PHEA molecular chains, many particle structures are
generated on the membrane surface with the particle size
ranging from tens to hundreds of nanometers, so
nanostructures are successfully constructed on the
membrane surface as shown in Figure 4 (c¢). After
amidoximation, the surface morphology of adsorbents
do not change significantly as shown in Figure 4 (d),
indicating that the amidoximation reaction do not
destroy nanostructure adsorption layer of the membrane
surface. Meanwhile, nanostructures are constructed on
the membrane surface to form a huge adsorption site,
which is conducive to the contact between uranium and

PHEA, (c) PENFM-g-PHEA-( PAN-co-PAA), (d) AO-
PENFM, (e) eluted AO-PENFM and (f) EDS elemental
distribution mapping images of the element of C, N, O and U
of AO-PENFM after adsorption, respectively.

adsorption sites, thus having a high adsorption capacity.
After uranium adsorption, the adsorbent adsorbed
uranium ( called as AO-PENFM-U) was eluted with a
0.5 mol/L HCI solution, and the surface morphology of
the adsorbent did not change significantly as shown in
Figure 4(e). In other words, the surface morphology of
the adsorption layer on the membrane surface was well
preserved after elution. Meanwhile, the EDS images as
shown in Figure 4 ( f) suggest that the U is
homogeneously distributed on the surface of the AO-
PENFM adsorbent and further strongly prove the
adsorption is relatively uniform.

3.2 Uranium adsorption study

3.2.1 Adsorption kinetics study

The wuranium adsorption test of AO-PENFM was
determined by soaking 10. 0 mg+1. 0 mg of alkaline
activated AO-PENFM adsorbent in 1 L 12 ppm uranium
spiked solution by using a constant temperature shaking
bath at 25 C. The result shows that the AO-PENFM
exhibits high adsorption capacity of 338. 14 mg/g after
120 h adsorption.

To study adsorption kinetics behavior, the uranium
adsorption on AO-PENFM was simulated by using the
pseudo-first-order model based on physical adsorption as
the rate-limiting step and the pseudo-second-order model
based on chemical adsorption as the rate-limiting step.
The equations of the above two kinetics models can be
respectively shown in Equations (2) and (3).
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Figure 5. Adsorption performance of AO-PENFM adsorbents
inl2 ppm uranium spiked solution according to the pseudo-
first-order model and pseudo-second-order model.

Pseudo-first-order model :

In(Q, - Q,) = InQ, -kt (2)
Pseudo-second-order model :
AE, = 4414, + AE, (3)
0 kO, 0,

where Q,(mg/g) is the uranium adsorption capacity at
equilibrium time and Q, ( mg/g) is the uranium
adsorption capacity at contact time; 7 (h) is contact
time; k,(1/h) is the rate constant of the pseudo-first-
order model and k,(g/(mg - h)) is the rate constant of
the pseudo-second-order model.

As shown in Figure 5 and Table 1, the kinetics
parameters of the above two models for simulating the
uranium adsorption behavior are listed. The pseudo-
first-order model with a correlation coefficient (R*) of
0. 9971 is lower than the pseudo-second-order model
with R* of 0. 9982, which indicates that the pseudo-
second-order model better described the adsorption
process. In other words, the rate-limiting step is the
chemical adsorption of uranium adsorption.

The adsorption kinetics can also be described by

()

400
350 oo

300 1

Qt (mg/g)
[ ~ ]
3 8 3

100 1
50 4

0 2 4 6 8 10 12
(/2 172

the intraparticle diffusion model and the liquid
membrane diffusion model. The equations can be shown
respectively in Equations (4) and (5) .

Intraparticle diffusion model

Q,= ki'” +C (4)
Liquid membrane diffusion model
ln(l - g) = =kt (5)

where k;(mg/(g - h"?)) is the rate constant of the
intraparticle diffusion model, k, ( 1/h) is the rate
constant of the liquid membrane diffusion model and C
(mg/g) is the constant.

As shown in Figure 6 (a) and Table 2, the
adsorption curve consists of three distinct slope sections
according to the intraparticle diffusion model. The first
phase lasts from O to 37 h, and this phase includes the
external surface mass transfer, instantaneous adsorption
process and the migration of uranium from the aqueous
solution to AO-PENFM. Then the second phase lasts
from 37 to 84 h. This phase is mainly an intraparticle
diffusion process and the adsorption kinetic process
between uranium and AO groups on AO-PENFM is
included. And the third phase is an adsorption
equilibrium stage'™’. These results show that the
intraparticle diffusion model also fits the adsorption
process well, and the intraparticle diffusion is also the
rate-limiting step.

As shown in Figure 6 (b), from O to 37 h, the
fitting results indicate that the adsorption process is
controlled by the liquid membrane diffusion model,
which is characterized by the external surface mass
transfer, instantaneous adsorption stage and the
migration of uranium from the aqueous solution to AO-
PENFM. However, in the later stage, the adsorption
process is more suitable to be explained by the
intraparticle diffusion model.

Meanwhile, the adsorption experiments of
PENFM, PENFM-g-PHEA, PENFM-g-PHEA-( PAN-
co-PAA) and AO-PENFM were performed under the same

(b)

" Qh:b
1 e
> 511
o a
=2 -0
N’ -..
=7
44
o
-5 T T T T T
0 20 40 60 80 100
Time (h)

Figure 6. Adsorption performance of AO-PENFM adsorbents in 12 ppm uranium spiked solution according to (a) intraparticle

diffusion model and (b) liquid membrane diffusion model.
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Table 1. Kinetics fitting results for uranium adsorption on AO-PENFM according to the pseudo-first-order model and pseudo-second-order

model.
Pseudo-first-order model Pseudo-second-order model
Adsorbent
0.(mg/g) k,(1/h) 0.(mg/g) k(L/g) R
AO-PENFM 333.76 0.04504 0.9971 405. 16 0. 04802 0.9982

Table 2. Kinetics fitting results for uranium adsorption on AO-PENFM according to intraparticle diffusion model and liquid membrane

diffusion model.

Intraparticle diffusion model

liquid membranediffusionmodel

Adsorbent .
C(mg/g)  k(mg/(g-h")) 0.(mg/g) k,(1/h) R

AO-PENFM —124. 8380 148. 8703 0.9815 333.76 0.04504 0. 9605
conditions. The results showed that the AO-PENFM has ¢, C, 1 6
the best adsorption efficiency and a high adsorption (7 B q + 0.K, (6)
capacity for uranium as shown in Figure 7 (left axis). Freundlich isoth;rm mmodel- "
The specific surface areas of PENFM, PENFM-g- 0 =K C 1 1)

e = F e "

PHEA, PENFM-g-PHEA-( PAN-co-PAA ) and AO-
PENFM are 20. 3830, 10.7606, 9.2994 and 2. 0325 m’/
g, respectively. The decrease of specific surface areas is
mainly caused by the densification of the material
surface, which can be easily proved by SEM. And the
normalized adsorption performance is calculated as
shown in Figure 7 (right axis). Although the specific
surface area of the AO-PENFM is reduced, the
normalized adsorption performance is greatly improved.
The AO-PENFM is a highly efficient uranium
adsorbent.

3.2.2 Adsorption isotherm study

For the adsorption isotherm study, experiments were
performed in 1 L aqueous solution containing a series of
different uranium concentrations at 25 C and 100 r/
min, and the results were simulated by using the
Freundlich and Langmuir isotherm model. The
equations of the above two models can be respectively
shown in Equation (6) and (7).

Langmuir isotherm model ;

400 180

~ (o} §
%0 350 4 160 &
o0 ~
E 300 o 140 -11)]
g £ 120 é
g 250 4 Py
= L100 22
< 200+ L
? 150 80 g‘
g 60 o
= o -
,E 100 =40 'E

=
.; 301 o/o 20 =
=~ 0 " =

@) (b) © @

Figure 7. Adsorption performance and normalized

adsorption performance of (a) PENFM, (b) PENFM-g-
PHEA, (c) PENFM-g-PHEA-( PAA-co-PAN) and (d)
AO-PENFM adsorbents in 12 ppm uranium spiked solution.

where K, (L/mg) is constant related to adsorption
energy and Q, (mg/g) is saturate adsorption capacity;
K.((mg/g) - (L/mg)"") is constant related to the
adsorption capacity and n is an empirical parameter
related to adsorption intensity; C, ( mg/L) is the
uranium concentration at equilibrium and Q,(mg/g) is
the uranium adsorption capacity of the adsorbent at
equilibrium.

As shown in Figure 8(a), the adsorption isotherm
curve shows that with the increase of the initial uranium
concentration, uranium adsorbed on AO-PENFM begins
to increase and finally reaches a plateau stage,
indicating that the adsorption capacity of AO-PENFM
reaches the maximum. The fitting results in Table 3
show that the Langmuir isotherm model well described
the equilibrium adsorption process with R* of 0. 9743
and further indicate that the adsorption behavior is the
monolayer adsorption with a finite number of
homogeneous sites on a homogeneous surface'*'’.

Furthermore , the values of R, ( Langmuir separation
coefficient) and 6 (Langmuir surface coverage rate) are
used to estimate the suitability of the AO-PENFM
adsorbent and understand the adsorption behavior. The
equations of the R, and 6 can be shown in Equation (8)

and (9) .
Langmuir separation coefficient
1
R, = ——— 8
L1 +KC, ®)
Langmuir surface coverage rate
K,C
6= -0 9)
1 +K,C,

where R;> 1, R, = 1, 0 <R, <1 and R, = O represent
unsuitable,  linear, suitable and  irreversible,
respectively. Another important factor of the uranium
adsorption behavior onto AO-PENFM, is the ¢, which

is related to the initial uranium concentration'*’.
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Figure 8. (a) Adsorption isotherms of AO-PENFM adsorbents fitted with Langmuir isotherm model and Freundlich equation, and (b)

two parameters of the Langmuir isotherm model (R, and 0).

Table 3. Isotherm fitting results for uranium adsorption on AO-PENFM.

Langmuir parameters

Freandlich parameters

Adsorbent
0,(mg/g) K, (L/mg) n K.(L/g) R
AO-PENFM 309.88 0.2091 0.9743 1. 6907 53.5018 0.9276
As shown in Figure 8 (b) that all the R, values 300
(0.1253-0.8305) are between 0 and 1, indicating that @250 ]
the AO-PENFM adsorbent has good applicability for E” i I
adsorbing uranium from the solution. Meanwhile, it can 2 200 l ] I '[
be clearly seen that uranium are rapidly adsorbed by - l l l
AO-PENFM adsorbent at the early stage and then tends 5150 l
to be a plateau. In the initial stage, due to the existence E 1004
of sufficient adsorption sites, the adsorbent has a rapid E
adsorption rate to uranium. Then, the adsorption sites E 50+
are heavily occupied, which leads to the decrease of =
0 T T T " T

adsorption rate, and finally to the plateau stage. This
indicates that the Langmuir isotherm model well
described the equilibrium adsorption process'*’.
3.2.3 Reusability of the AO-PENFM adsorbent

The reusability of AO-PENFM adsorbents is
performed for six adsorption-desorption cycles as shown
in Figure 9. After six cycles in the solution containing
12 ppm uranium, the adsorption performance of the AO-
PENFM adsorbent to uranium decreased by 8. 67% ,
15.01%, 13. 37%, 17. 53% and 21. 00%,
respectively, but still maintained a relatively high
adsorption. The results show that the AO-PENFM
adsorbent has good reusability and is of great
significance for the actual adsorption of uranium.

4 Conclusions

In this study, a novel amidoxime-modified PENFM
adsorbent is synthesized via RIGP and CIGP. The AO-
PENFM has a unique nanostructure adsorption layer with
high specific surface area. Therefore, a mass of

Cycles
Figure 9. Uranium adsorption performance in 12 ppm uranium
spiked solution for 24 h during six adsorption-desorption
cycles.

adsorption sites were formed on the membrane surface.
The uranium adsorption capacity in a uranium solution
of 12 ppm after 120 h adsorption is 338. 14 mg/g.
Moreover, the adsorption kinetics conforms to the
intraparticle diffusion model and pseudo-second-order
model, and the adsorption isotherm data conform to the
Langmuir isotherm model. The AO-PENFM adsorbent
has an excellent uranium adsorption performance, which
shows great application potential in supporting the
nuclear power generation in the future.
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