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The magnetic adsorption material of polyaniline (PANI) with amino functional group combined with CuFe2O4 (CuFe2O4/PANI
nanocomposite) has been described in this work. It has been characterized by TEM, XRD, XPS, BET, FTIR, and VSM,
respectively. Significantly, it exhibits extremely high maximum adsorption capacity (322.6mg/g) for removal of uranyl ions from
wastewater at a pH of 4. The adsorption process is consistent with the quasisecond-order kinetic equation, and the isotherm and
kinetic data are accurately described by the Langmuir isothermal adsorption model. Furthermore, the magnetic CuFe2O4/PANI
displays stable adsorption performance for uranyl ions after five cycles of recovery in acid medium, which indicates it possesses
good recovery due to its magnetism and excellent regeneration ability for reusability.

1. Introduction

In recent years, nuclear power is widely considered as a sus-
tainable solution to the global demand for energy [1]. With
the rapid expansion of the atomic energy industry as well as
nuclear science and technology, the development of new
green energy such as nuclear energy not only brings huge
social and economic benefits to human society but also arise
increasingly serious environmental problems. Nuclear
energy as one of the clean energy sources, its series of envi-
ronmental and safety problems brought about by its sustain-
able development have been paid close attention to
nowadays. Meanwhile, due to the increasing discharge of
radioactive nuclides in wastewater and the increasingly com-
plex composition, people are paying more and more atten-
tion to the harmful problem it arises for human health and
the ecological environment as well. Environmental contami-
nant releases that contain uranium are among the more
serious problems that must be confronted by the decontam-
ination programs. Uranium with natural radioactivity is
one of the most basic nuclides in the field of nuclear research
and the core resource of nuclear energy development. [2]. As

one of the most common pollutants, uranium also has the
characteristics of strong radioactivity, high carcinogenicity,
and toxicity, which will cause great radiation harm to the
human organism and the ecological environment. Under
oxidizing conditions, dissolved uranium is predominantly
in the U (VI) (uranyl ions) form and is potentially quite
mobile in the aquatic environment. Therefore, removal of
uranyl ions from aqueous solution is becoming of great
importance for not only sustainable development of nuclear
energy but also the environment protection.

More and more research is focused on the removal and
recycling of uranium in wastewater ([3, 4]; Ozdemir and
Usanmaz, [5]). At present, the commonly used treatment
methods for industrial wastewater containing uranium and
heavy metal ions mainly include chemical precipitation
method [6], extraction method [7], biological method [8],
membrane filtration method [9], and adsorption method
[10–12]. Adsorption method, as a type of environmental
protection, belongs to a low harmful treatment to remove
wastewater of radionuclides and heavy metal ion (lead, mer-
cury, cadmium, chromium, etc.), due to its economic advan-
tage, species diversity, good stability, high applicability,
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simple operation, high treatment efficiency, and better
regeneration [13–17].

Screening suitable adsorption materials with high
adsorption capacity is becoming extremely important to
remove uranium efficiently from wastewater. [18–20]. The
commonly used adsorption materials are including gra-
phene, carbon nanotubes, some carbon materials, cellulose,
polymer materials, kaolin, clay, mineral, organic-inorganic
hybrid adsorption materials, ion-imprinted polymers, and
other composite materials, but their limitations are focused
on not very high adsorption efficiency, high cost, low selectiv-
ity, long preparation period, and difficulty of recycling. [21–
23] [24]. Therefore, the development and utilization of new
high efficiency of uranium adsorption material are one of
the most important issues of concern to be solved at present.

Magnetic composite nanomaterials have been widely
used in environmental protection, catalysis, and biomedi-
cines and have broad application prospects. [25–28]. A large
number of studies have been carried out on the removal of
heavy metals in wastewater by using magnetic nanoparticles
as magnetic core in the composite adsorption materials. It
has also been proved that it has the characteristics of strong
magnetism, good adsorption, easy separation, and collection
under the action of an external magnetic field [29–33]. More
importantly, the functional groups of magnetic nanocompos-
ite which is proper prepared based on different matrix can be
designed according to the adsorption selectivity of the
adsorption material for specific radionuclides. The advan-
tages of it combined with other materials can complete and
improve the comprehensive performance, which would not
be obtained by a single component. Many new combination
properties can solve the problem much better than the single
magnetic nanomaterial showing low adsorption performance
for pollutants [34, 35].

Polyaniline (PANI) is a type of polymer compound with
high conductivity, which contains a large number of amino
and imine groups [36]. As the exists of the abundant
amounts of primary and secondary amino groups, PANI is
expected to have a strong affinity with heavy metal ions by
redox reaction [37, 38]. Due to its low production cost, sim-
ple synthesis method, good chemical, and environmental sta-
bility, PANI has been widely applied to the adsorption of
heavy metal pollutants from wastewater in recent years
[39–41]. It has also been found that the magnetic PANI
nanocomposite modified with GO composites would attract
materials with exceptional ability in the selective extraction
of trace U (VI) from aqueous solutions [42, 43]. It highlights
the extensive applicability of these novel materials in the
selective extraction and separation of trace uranyl ions from
aqueous solution in nuclear fuel extraction processes.

Therefore, magnetic adsorption material of polyaniline
(PANI) combined with CuFe2O4 (CuFe2O4/PANI nanocom-
posite) has been synthesized in this work. In the meanwhile,
the amino functional groups with complexation for uranyl
ions were introduced, which would improve the adsorption
capacity of the novel materials. The new type of magnetic
CuFe2O4/PANI nanocomposite for trace uranyl ions adsorp-
tion capacity in aqueous solution under different operating
conditions was studied in detail. It was characterized by

TEM, FTIR, XRD, XPS, and BET, respectively, and batch
adsorption experiments were carried out as well to study
the effects on the uranium adsorption of various experimen-
tal parameters, such as pH value, contact time, temperature,
and initial concentration. The adsorption kinetics, isotherm
models, and thermodynamics were evaluated in detail to
understand the adsorption process. Finally, the recycling
regeneration of the adsorption nanocomposite for its reus-
ability was analysed in detail through the experiments of
adsorption/desorption cycle regeneration.

2. Experimental

2.1. Materials and Reagents. The chemical reagents used in
this study were all of analytical grade with 98-99% purity. It
includes copper sulfate (CuSO4·5H2O), ferric chloride
(FeCl3·6H2O), polyethylene glycol 6000 (PEG), potassium
hydroxide (KOH), hydrochloric acid (HCl), aniline
(C6H7N), ethyl alcohol (C2H6O), and ammonium thiosulfate
((NH4)2S2O3). All the analytical grade chemical reagents
used in this study were without further purification. Freshly
deionized water was used as the dispersion medium. The
stock uranium (U (VI)) solution was prepared by dissolving
the appropriate amounts of uranyl nitrate hexahydrate
[UO2(NO3)2·6H2O] in deionized water. The concentration
of uranium stock solution is 1000mg/L, which is diluted to
5 ~ 300mg/L by gradient dilution method.

2.2. Instrumentations. Surface morphological images were
characterized by transmission electron micrograph (TEM)
(FEI Tecnai G2) at an accelerating voltage of 200 kV. The
functional groups of the materials were confirmed by Fourier
transform infrared (FT-IR) (Vertex70, Bruker company).
The materials were pelletized using KBr prior to FTIR mea-
surement. XRD analysis was carried out on a D8 Advance
instrument (Bruker company) with Cu Kα radiation source
(λ = 1:5406Å). The operating condition was at a scan rate
of 3°/min from 10° to 90° to obtain the XRD pattern. Surface
areas of samples were determined from N2 adsorption iso-
therms at 77.3K with the BET method using a Micromeritics
ASAP 2010 analyzer prior to the surface area measurement,
and the samples were outgassed at 120°C for 27h under a
reduced pressure of 6:58 × 10−5 Torr. X-ray photoelectron
spectroscopy (XPS) spectra were obtained on a VG Thermo
Escalab 250Xi spectrometer operated at 120W. VSM analysis
was carried out on the condition of hysteresis loop, which
normal temperature and the maximum magnetic field
applied were 2T. Temperature scanning rate was 1K/min,
vibration amplitude was 4 cm, and scanning twice each time.
The uranyl ion concentration was determined by a trace ura-
nium analyzer (WGJ-III, Institute of comparative geology of
nuclear industry).

2.3. Synthesis of the Adsorption Materials

2.3.1. Synthesis of CuFe2O4 Nanoparticles. CuFe2O4 nanopar-
ticles were prepared by thecoprecipitation technique. 4.05 g
FeCl3·6H2O FeCl3 and 2.93 g CuSO4·5H2O were dissolved
in 200mL 1wt% PEG solution. Stir the solution continuously
for about 60 minutes to ensure a balance between all
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ingredients. The pH of the mixture was adjusted to 8 with
adding 3mol/L KOH solution. The mixture continued to be
stirred magnetically for three hours and then aged overnight.
The precipitate was filtered and washed repeatedly with dis-
tilled water until there were no SO4

2- and Cl- ions. Then, it
was dried in a constant temperature drying oven at 50°C
for 12 h and calcined at 600°C for 4 h, and finally, CuFe2O4
nanoparticles were obtained in the end.

2.3.2. Synthesis of CuFe2O4/PANI Nanocomposite. CuFe2O4/-
PANI nanocomposite was prepared by chemical in situ poly-
merization. 2 g CuFe2O4 nanoparticles were dispersed in
200mL 2mol/L hydrochloric acid solution and stirred vigor-
ously for 10 minutes. A certain amount of 1.2 g distilled ani-
line monomers was added to the above mixture and then
stirred continuously for 60min. Then, 20mL 20mmol
(NH4)2S2O8 solution was added drop by drop to the mixture
as a polymerization initiator. An immediate change in the
color of the molecules was observed. The suspension was stir-
red to complete the polymerization process in about 12h.

Finally, the CuFe2O4/PANI nanocomposite was filtered,
rinsed repeatedly with distilled water and anhydrous ethanol,
and dried in a constant temperature drying oven at 70°C for
12 h.

2.4. Batch Adsorption Experiments. A series of uranium solu-
tions with different concentrations (5~ 300mg/L) were pre-
pared. For adsorption studies, 5mg CuFe2O4 nanoparticles
and CuFe2O4/PANI nanocomposite was mixed, respectively,
with 9mL uranium solution with a concentration of
100mg/L in a 10mL centrifuge tube. The pH value of ura-
nium solution was adjusted to 2~ 6 by with 1mg/L hydro-
chloric acid and 0.1mg/L sodium hydroxide, and the
solution was adsorbed at 25°C, 35°C, and 45°C, respectively,
for 5min to 120min. The mixture was centrifuged to take
out the supernatant after absolutely adsorption, without
inhaling the solid particles for intermittent adsorption exper-
iment. Adsorption capacity (Qe) is calculated according to
Equation (1)

(a) (b)

Figure 1: (a) TEM of CuFe2O4 nanoparticles and (b) TEM of CuFe2O4/PANI nanocomposite.
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Figure 2: XRD of CuFe2O4 nanoparticles and CuFe2O4/PANI nanocomposite.
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Figure 3: X-ray photoelectron spectroscopy of (a) CuFe2O4 nanoparticles and (b) CuFe2O4/PANI nanocomposite.
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Qe = C0 − Ceð Þ × v
m
: ð1Þ

In the above formula, C0 and Ce were the initial concen-
tration and equilibrium concentration of uranium solution
(mg/L); v was the volume of uranium solution (L), m was
the mass of adsorption material, and the unit was g.

2.5. Desorption Experiments. At the end of each adsorption
experiment, the solution in the centrifuge tube was centri-
fuged to recover the adsorption material, which had
adsorbed uranyl ions. The CuFe2O4/PANI nanocomposite
was treated with ultrasound in 0.01mol/L hydrochloric acid
solution for 5min to remove the uranyl ions adsorbed in the
adsorption material. The uranyl ions in the solution were
then separated from CuFe2O4/PANI nanocomposite by cen-
trifugation. The recovered nanocomposite was washed thor-
oughly before the adsorption experiment. In the repeated
adsorption experiment, the concentration of uranyl ions in
the residual solution after adsorption was determined by
the micro uranium analyzer. In order to further determine
the recyclability of CuFe2O4/PANI nanocomposite, five
adsorption/elution cycles of uranyl ions were repeated in
the experiments [44].

2.6. Adsorption Kinetics. Adsorption kinetics was an impor-
tant method to study the adsorption efficiency of uranium.
In order to further study the adsorption kinetics and mecha-
nism of CuFe2O4/PANI nanocomposite, the pseudosecond-

order kinetic Equation (2) was used to fit the experimental
data.

t
Qt

=
1

K2 ·Qe
2 +

t
Qe

: ð2Þ

In the above formula, Qe was the adsorption capacity of
adsorption material for uranyl ions at equilibrium time
(mg/g); Qt was the adsorption capacity of the nanocomposite
for uranyl ions reaction t time (mg/g); K2 was the rate con-
stant of quasi second order kinetics (g·mg-1·min-1).

2.7. Equilibrium Isotherm Modelling. In order to better study
the adsorption mechanism of the adsorption materials for
uranyl ions, Langmuir and Freundlich isothermal adsorption
models were used to fit the experimental data for uranium
adsorption. Langmuir and Freundlich isothermal adsorption
equations were shown in Formulas (3) and (4), respectively.

Ce

qe
=

1
qmaxKL

+
Ce

qmax
, ð3Þ

ln Qe = ln K f +
ln Ce

n
: ð4Þ

In the above formula, Ce was the equilibrium concentra-
tion (mg/L); qe was the adsorption capacity (mg/g) of
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Figure 4: N2 adsorption-desorption curves of CuFe2O4 nanoparticles and CuFe2O4/PANI nanocomposite.

Table 1: Analysis of specific surface area and pore volume of CuFe2O4 nanoparticles and CuFe2O4/PANI nanocomposite.

Sample Surface area (m2/g) Average pore volume (cm3/g) Average pore diameter (nm)

CuFe2O4 91.1 0.258 3.06

CuFe2O4/PANI 153 0.280 3.83

5Adsorption Science & Technology



equilibrium time of uranyl ions; qmax was the maximum
adsorption capacity (mg/g); KL was the adsorption iso-
therm parameter of Langmuir; K f represented adsorption
strength (mg1-n·g-1·Ln); N was the adsorption capacity.

3. Results and Discussion

3.1. Characterization. The TEM images of magnetic CuFe2O4
nanoparticles and CuFe2O4/PANI nanocomposite are shown
in Figure 1. As can be seen from the TEM images in
Figure 1(a), CuFe2O4 nanoparticles have irregular spherical
shape with good dispersion and a particle size of about
100nm. As shown in Figure 1(b), the generated polyaniline
(PANI) coats with CuFe2O4 magnetic nanoparticles and
forms a core-shell structure. The boundary between
CuFe2O4/PANI nanocomposite is clear and presents regular
distribution.

It shows in Figure 2 that the XRD pattern of magnetic
CuFe2O4 nanoparticles and CuFe2O4/PANI nanocomposite
are set from 10° to 90°. According to the XRD pattern, the
diffraction peak is consistent with the amorphous phase of
polyaniline, and the characteristic peak of PANI is dis-
played at 24.2°. It can be seen from the XRD pattern of
CuFe2O4 that the characteristic peak appears at 33.3°,
and the diffraction peak is consistent with the square spi-
nel of CuFe2O4, with good crystallinity [45, 46]. When
PANI is successfully combined with CuFe2O4, it has no
great influence on the crystal structure of CuFe2O4
nanoparticles.

As shown in Figure 3(a), there are five peaks at 288.5,
399.1, 531.9, 710.7, and 950.2 eV, corresponding to C1s,

N1s, O1s, Fe2p, and Cu2p, respectively. As shown in
Figure 3(b), there are four peaks at 284.4, 532.1, 714.0, and
935.7 eV, corresponding to C1s, O1s, Fe2p, and Cu2p,
respectively. It can be seen from the figure that a new peak
of N1s with a binding energy of 400.7 eV appears, which
proves the existence of nitrogen atoms. It indicates that poly-
aniline has been successfully compounded on the magnetic
CuFe2O4 nanoparticles.

Figure 4 shows the total pore volume of magnetic
CuFe2O4 nanoparticles and CuFe2O4/PANI nanocomposite
of the N2 adsorption-desorption isotherm, which is shown
in Table 1 for relevant parameters.

Compared with CuFe2O4/PANI nanocomposites, the
surface area of the material modified by polyaniline changes
from 91.1 to 153m2/g, and the total pore volume and nitro-
gen adsorption capacity increase as the introduction of
polyaniline. The porous core-shell structure formed by poly-
aniline coating on CuFe2O4 increases the pore diameter of
the nanocomposite.

It shows in Figure 5 the IR spectra of magnetic
CuFe2O4 nanoparticles and CuFe2O4/PANI nanocomposite.
According to the IR of CuFe2O4 nanoparticles, the peak at
433 cm-1 is the stretching vibration peak of Cu-O bond, and
the peak at 597 cm-1 is the stretching vibration peak of Fe-
O bond. This indicates that CuFe2O4 nanoparticles have
been successfully synthesized. According to the spectrum
of CuFe2O4/PANI nanocomposite, the peak at 1301 cm-1

represents C-N vibration absorption peak, the peak at
1481 cm-1 is C-N vibration absorption peak, and the peak
at 1567 cm-1 is N-H vibration absorption peak ([47–49];
Jawad, [50]). In the IR spectrum of CuFe2O4/PANI
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CuFe2O4

CuFe2O4/PANI

N-H C-N C-N

Cu-O

Fe-O

Figure 5: FTIR analysis of CuFe2O4 nanoparticles and CuFe2O4/PANI nanocomposite.
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nanocomposite, the characteristic peak of PANI can be
seen, indicating the successful preparation of CuFe2O4/-
PANI nanocomposite.

The magnetic properties of CuFe2O4 nanoparticles,
CuFe2O4/PANI nanocomposite, and adsorbed CuFe2O4/-
PANI nanocomposite are characterized by vibrating sample
magnetometer (VSM). The VSM diagram of them is shown
in Figure 6.

As can be seen from Figure 6, the synthesized CuFe2O4
has magnetic properties (0.04 emu/g), but it is indeed very
weak compared with other magnetic materials. It still
appears “S” shaped hysteresis curve in CuFe2O4, which
could be simply separated from a solution by external mag-
netic fields. After coating with PANI, the saturation magne-
tization value seems increased to a certain extent, but in fact,
the actual value is very low, only as 0.07 emu/g. The slight
increase may be due to the residual free radicals during the
polymerization process. After adsorption, the saturated
magnetization intensity of CuFe2O4@PANI nanocomposite
is reduced to 0.02 emu/g, which may be caused by the
quenching of free radicals. It is close to its “intrinsic” value
(0.025 emu/g, 0:04 emu/g × 0:625, the ratio of CuFe2O4 to
PANI is 0.625).

3.2. Effect of pH on Adsorption of Uranyl Ions. Uranium has
relatively active chemical properties. In alkaline media,
uranium acid (UO2

2-) or diuranic acid (U2O7
2-) anions

are easily produced. Uranium grinding cations (UO2
2+)

tend to be produced in neutral and acidic media. The
pH value of the solution not only affects the content of
uranyl ions but also affects the adsorption performance
of the adsorption material. Under the conditions of initial
concentration of 100mol/L, the adsorption time of 60min
and temperature of 25°C, CuFe2O4/PANI nanocomposite
was used to study the effect of initial pH of the solution
on the adsorption capacity of uranyl ions, shown as in
Figure 7.

In the initial solution, pH affects the adsorption experi-
ment and the choice of pH range of 2~ 6 in the uranium
adsorption experiments, and it can be seen that the adsorp-
tion quantity of magnetic CuFe2O4 nanoparticles and
CuFe2O4/PANI nanocomposite increases with the increase
of pH value. At the condition of low pH, the adsorption
capacity of CuFe2O4/PANI nanocomposite as well as mag-
netic CuFe2O4 nanoparticles is low, and it is because there
is a lot of H+ that compete with uranyl ion adsorption. With
the increase of pH, the adsorption rate increases. If the pH
value continues to increase, at a higher pH value, UO2

2+ will
hydrolyze to produce UO2 (OH)2 polynuclear hydroxide pre-
cipitation. So the pH value of 4 is selected for the following
adsorption experiment.

As shown in Figure 7, the adsorption performance of
CuFe2O4/PANI nanocomposite is higher than that of
CuFe2O4 when the pH value is very low. When the pH value
is in the range of 4 to 6, the adsorption performance gradu-
ally decreases.
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3.3. Effect of Initial Concentration on Adsorption of Uranyl
Ions. In order to evaluate the adsorbability of the materials
and further to prove whether the introduction of amino
groups could improve the adsorption properties. As can be
seen from Figure 8, the adsorption capacity of CuFe2O4/-
PANI nanocomposite and CuFe2O4 nanoparticles is rela-
tively small when the initial concentration of uranyl ions
is low, and the adsorption capacity goes up with the
increase of the initial concentration. When the initial con-
centration is low, more amino groups would be coordinated
with uranyl ions, and up to saturation point as the initial
concentration increases gradually. So, the adsorption rate
of uranyl ions in CuFe2O4/PANI nanocomposite is rela-
tively high at low concentration. As a large number of
nitrogen exist in CuFe2O4/PANI nanocomposite, the
adsorption amount is as high as almost 320mg/g under
the condition of Ce < 100mg/L in its quick equilibrium
state which indicates the excellent adsorption performance
for uranyl ions adsorption.

3.4. Effect of Temperature and Adsorption Time on
Adsorption of Uranyl Ions. It shows the adsorption capacity

curve of the adsorption material at temperatures of 25°C,
35°C, and 45°C with the adsorption time of 5~ 120min in
Figure 9. It can be observed that the adsorption capacity of
the adsorbent is basically balanced at about 20min, and the
adsorption equilibrium time is short. It can be seen from
the results that the adsorption capacity of the adsorption
materials is affected by the temperature. CuFe2O4/PANI
nanocomposite adsorbing uranyl ions is the heat absorption
process, the adsorption capacity is significantly lower when
the temperature is low, and the adsorption capacity is greater
when the temperature is high. This is mainly because with the
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Figure 11: Pseudosecond-order kinetic curves of uranium adsorption on CuFe2O4/PANI nanocomposite at different temperatures: (A) 25°C,
(B) 35°C, and (C) 45°C, respectively.

Table 2: Kinetic parameters for uranium adsorption by
CuFe2O4/PANI nanocomposite.

T (°C)
Pseudosecond-order kinetics model

qe (mg/g) K2 (g·mg-1·min-1) R2

25 131.6 0.0064 0.9975

35 163.9 0.0081 0.9994

45 188.7 0.0055 0.9993
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increase of adsorption temperature, the reaction activity of
amino groups and uranyl ions of CuFe2O4/PANI nanocom-
posite is enhanced, which is conducive to display its adsorp-
tion performance.

3.5. Regeneration. Recycling is an important index to evaluate
the adsorption and regeneration performance of the adsor-
bents. It is of great significance to evaluate recycling in the
practical application of adsorbents, which can not only save
time but also reduce production costs. In order to evaluate
the important index of recycling regeneration of CuFe2O4/-
PANI nanocomposite, 0.01mol/L HCl solution was used as
the elution solution of regeneration.

More significantly, as reflected in Figure 10, the magnetic
adsorption material is used to remove uranyl ions after
regeneration. It shows the adsorption rate of CuFe2O4/PANI
nanocomposite recovered in each adsorption/desorption
cycle. The adsorption capacity of uranyl ions displays more
than 170mg/g during five consecutive cycles. The slight
influence on the adsorption capacity proves that the
CuFe2O4/PANI nanocomposite has a high reuse rate and dis-
plays its practical application prospect.

3.6. Adsorption Kinetics. Adsorption kinetics is an important
method to study the adsorption efficiency of uranium. It can
be seen from Figure 11 that CuFe2O4/PANI nanocomposite
exhibits fast adsorption kinetics for uranyl ions.

It can be seen from Figure 11 and Table 2 that both
adsorption capacity and reaction rate are affected by temper-

ature. The quasisecond-order kinetic model to calculate the
actual value theory adsorption capacity is closed to the exper-
iment, and it shows that quasisecond-order kinetic model fits
the linear correlation coefficient.

The correlation coefficient R2 is more than 0.99; there-
fore, the quasisecond-order kinetic model can describe the
adsorption behavior of CuFe2O4/PANI nanocomposite for
uranyl ions.

3.7. Equilibrium Isotherm Modelling. In order to better study
the adsorption mechanism of CuFe2O4 and CuFe2O4/PANI
nanocomposite for uranyl ions, Langmuir and Freundlich
isothermal adsorption models are used to fit the experimental
data for uranyl ions adsorption of CuFe2O4 and CuFe2O4/-
PANI nanocomposite, respectively.

As shown in Figures 12 and 13 and Table 3, the correla-
tion coefficient R2 of the Langmuir model is greater than
0.999. The experimental data are closed to the theoretical
model, indicating that it can well describe the adsorption
process of uranyl ions by CuFe2O4/PANI nanocomposite.
The isotherm is best described by Langmuir adsorption
model in the process of adsorption kinetics.

The maximum adsorption capacity for uranyl ions is
about 322.6mg/g, which is higher than many other types of
uranyl ion adsorbents and has good adsorption performance
comparing with other similar work [13].

It lists the comparison of maximum adsorption capacity
(qm) of U(VI) using various adsorbents in Table 4 [49, 51–
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Figure 12: Fitting curves of Langmuir isotherm adsorption model for uranium on CuFe2O4 nanoparticles and CuFe2O4/PANI
nanocomposite.

11Adsorption Science & Technology



55]. The maximum adsorption capacity of CuFe2O4/PANI
on U(VI) was higher than that of other adsorbents as shown
in Table 4.

3.8. Magnetic Validation Study. As shown in Figure 13, the
magnetic verification experiment results show that the syn-
thesized CuFe2O4/PANI nanocomposite has good magnetic
properties, which ensures that the adsorption material can
be easily separated from the cleaning medium. It shows
in the magnetic verification experiment the ideal magne-
tism under the action of magnet in Figure 14(a). On this
basis, its dispersion is further verified by ultrasound.
Results as shown in Figure 14(b), CuFe2O4/PANI magnetic
nanocomposite has good dispersion after ultrasound, indi-
cating that the particles are uniform and of good particle
size. In the magnetic separation verification experiment of
SiO2 turbidity liquid, it has sufficient magnetic response
to make it separated from the mixture immediately under
the action of the external magnetic field. Therefore,
CuFe2O4/PANI nanocomposite has been easily to be
enriched under the action of magnetic field and can be
used for magnetic separation, recovery, and reuse for its
practical application prospect.

Table 3: Langmuir and Freundlich isotherm adsorption constants of CuFe2O4 nanoparticles and CuFe2O4/PANI nanocomposite for
uranium adsorption.

Adsorbent type
Langmuir Freundlich

KL (mg/L) qm (mg/g) R2 Kf (mg1-n·g-1·Ln) n R2

CuFe2O4 0.0709 49.50 0.9996 5.57 2.38 0.8992

CuFe2O4/PANI 0.310 322.6 0.9998 102 3.74 0.8545

Table 4: Comparison of adsorption capacity of CuFe2O4/PANI
nanocomposite with different adsorbents.

Adsorbents
Maximum adsorption

capacity
Ref

Polypropylene (PP)
nanofibers

83.24mg/g [55]

Ap-ZnO/PSBN 139.8mg/g [51]

AM/PDA 250.7mg/g [54]

MoS2-IP6 NRA/CC 183.3mg/g [53]

SBA-15/NHSO3H 140.5mg/g [52]

CuFe2O4/PANI 322.6mg/g
This
work
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Figure 13: Fitting curves of Freundlich isotherm adsorption model for uranium on CuFe2O4 nanoparticles and CuFe2O4/PANI
nanocomposite.
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4. Conclusion

In this study, a novel magnetic adsorption material
CuFe2O4/PANI nanocomposite has been successfully pre-
pared by polyaniline (PANI) combined with CuFe2O4 nano-
particles in situ polymerization and is used for the adsorption
of radioactive uranium in an aqueous solution. When pH =

4:0, magnetic CuFe2O4/PANI nanocomposite has the best
adsorption effect, and the maximum adsorption capacity
for uranyl ions is 322.6mg/g. The introduction of amino
functional groups makes the adsorption performance of
CuFe2O4/PANI nanoparticles much higher than that of
CuFe2O4 nanoparticles. The adsorption process is consistent
with the quasisecond-order kinetic equation and Langmuir

(a)

(b)

Figure 14: Pictures of magnetic validation of CuFe2O4/PANI nanocomposite.
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isothermal adsorption model, which indicates that the
adsorption process is mainly chemisorption and monolayer
adsorption. The recovery experiments show that magnetic
CuFe2O4/PANI nanocomposite has good repeatability and
stability due to its magnetic properties. After five cycles of
recovery, the adsorption capacity of magnetic CuFe2O4/-
PANI nanocomposite would be maintained at more than
170mg/g, which is expected to be a promising renewable
adsorption material.

Data Availability

The datasets generated during and/or analysed during the
current study are available from the corresponding author
on reasonable request.

Additional Points

Highlights. A novel magnetic adsorption material CuFe2O4/-
PANI nanocomposite has been synthesized by polyaniline
(PANI) combined with CuFe2O4 in situ polymerization.
The prepared CuFe2O4/PANI nanocomposite exhibits
extremely high maximum adsorption capacity (322.6mg/g)
for uranyl ion in wastewater at a pH of 4 and can quickly
reach the equilibrium state. The magnetic CuFe2O4/PANI
displays stable adsorption performance for uranyl ions after
five cycles of recovery, which indicates it possesses good
recovery due to its magnetism and excellent regeneration
ability for reusability.
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