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Abstract The magnetic hydrothermal cross-linking chi-
tosan (HCC-Fe3;0,4) was prepared by hydrothermal car-
bonization and was characterized by FT-IR, X-ray
diffraction and scanning electron microscopy. The as-pre-
pared HCC—Fe3;0,4 was used as adsorbent to remove ura-
nium(VI) as functions of contact time, pH, temperature and
initial uranium(VI) concentration batch wise. The results
indicated that the magnetic HCC-Fe;O, was favorate for
solid-liquid separation and the maximum uranium(VI)
adsorption capacity was 263.1 mg/g at pH 7.0 and 25 °C.
The adsorption isotherm of uranium(VI) was well fitted by
the Langmuir model. The adsorption is a chemical reaction
in nature proved by the well described with pseudo-second-
order model. The obtained thermodynamics parameters of
positive AH, positive AS, and negative AG denoted the
adsorption was an endothermic, disorder increasement, and
spontaneous process. These results demonstrated that
HCC-Fe;0,4 was a promising adsorbent for the enrichment
of uranium(VI) from aqueous solutions.
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Introduction

Uranium(VI) of natural activity commonly occurs in the
oxide state as uranium dioxide in ore, which transforms
into uranyl in the acid leach process. Inevitably, uranyl can
escape into the environment in the processes including
uranium ore mining, uranium purification and transforma-
tion [1, 2]. The uranyl ion is linear and has great potential
to complex organic ligands, resulting in water solubility
resultants [3, 4]. These products easily gets into human
ecosystem owning to unique mobility, causing irreversible
damage by radioactive and chemical toxicity [5, 6]. For this
sake, uranium separation from uranium containing
wastewater is of great importance.

Chitosan composed of (1,4)-2-amino-2-deoxy-b-p-glu-
can is a natural linear polysaccharide and can be fabricated
by partial chitin deacetylation [7]. Due to easy function-
alization with amino and hydroxyl functional groups, low
toxicity, biocompatibility, and biodegradability [8], chi-
tosan has great potential in the separation process [9]. By
using attapulgite as matrix, chitosan as functional mono-
mer, Shi et al. perpared Cu(Il) ion imprinting polymer,
which had good selectivity for Cu(Il) over competitive
metal ions. The selectivity coefficient of Cu(Il)/Pb(Il) and
Cu(I)/Cd(II) reached 78.45 and 82.44, respectively [10].
Zeng et al. [11] prepared xanthated crosslinked chitosan
resin, which had ability to adsorb Au(IIl) ions.Graphene
oxide modified with cross-linked chitosan could adsorb
Cu(Il) with a maximum adsorption capacity of 202.5 mg/g
[12]. However solid-liquid separation is laborious after
adsorption using chitosan because of its powder formation.
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Magnetization is a powerful technique to solve this
problem. Magnetic iron oxide nanoparticles have attracted
much attention in the area of targeted drug delivery [13],
magnetic resonance imaging, catalysis [14], and environ-
mental remediation [15]. The magnetic separation tech-
nique has shown to be a promising method for solid-liquid
phase separation [16, 17].

This work aims at preparing a low-cost and highly
efficient magnetic composite adsorbent with high adsorp-
tion capacity. The magnetic hydrothermal cross-linking
chitosan (HCC-Fe;0,) was synthesized. The prepared
materials were characterized by X-ray diffraction (XRD),
fourier transform infrared spectroscopy (FT-IR), scanning
electron microscopy (SEM). The adsorption of HCC-Fe;0,
toward uranium(VI) as functions of contact time, pH,
temperature and initial uranium(VI) concentration were
investigated. The adsorption kinetics and the possible ura-
nium(VI) removal mechanism (Scheme 1) of HCC-Fes;0,4
as well as the recovery of used HCC-Fe3;0,4 were investi-
gated in detail. The results demonstrated that HCC-Fe;O,4
has good adsorption performance for uranium(VI).

Experimental
Materials

Chitosan of 40 mesh size and 90 % degree of deacetylation
were purchased from Shanghai Medicine Company. A
stock solution of uranium(VI) (1000 mg/L) was prepared
by dissolving U;Og in a mixture solution of HCI, H,O, and
HNO;. FeCls-6H,0, FeCl,-4H,O and arsenazo III were

Scheme. 1 Schematic
depiction of the formation of
magnetic chitosan and the
reaction mechanisms of U(VI)
adsorption onto the HCC-Fe30,
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purchased from Shanghai Medicine Company. All other
reagents used in this study were analytical grade.

Instruments

SEM images were recorded with a JEOL JSM-5900
microscope with 15 kV. XRD patterns were obtained by a
Bruker D8 Advance X-Ray diffractometer with Cu—Ka
source (I = 1.54178 /DX). FT-IR were recorded on a Nicolet
Magana IR 380 spectrometer.

Preparation and characterization of magnetic
hydrothermal cross-linking chitosan (HCC-Fe;0,)

In the atmosphere of argon, acetic solution (80 mL, 5 %)
were added into a three-neck rounded bottom flask,
followed by addition of FeCl,-4H,O (0.0497 g) and
FeCl3-6H,0 (0.2027 g), the mixture was stirred for 10 min,
to which 1.5 g chitosan and ammonia solution (80 mL,
5 %) were added. The mixed solution was stirred vigor-
ously for 30 min, transferred into a 100 mL Teflon-lined
stainless steel autoclave, heated at 180 °C for 12 h, cooled
to room temperature, and washed three times with deion-
ized water. After dried under vacuum, the obtained product
was characterized by XRD, FT-IR, SEM.

Adsorption experiments

The effects of pH, contact time, initial uranium(VI) con-
centration and temperature on adsorption of uranium(VI)
were investigated. The adsorption of uranium on HCC and
HCC-Fe;0,4 composites was conducted batch wise. For
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each experiment, 0.05 g of HCC or HCC-Fe;0O4 compos-
ites was mixed with 100 mL of uranium solution in a
conical flask. The pH value of solution was adjusted with
0.1 M HCI and NaOH solution. The conical flask was
sealed and kept agitating in a shaking bath for a desired
time. Then stock suspensions of HCC and HCC-Fe;0,
solution were equilibrated and then solid phase was sepa-
rated by a permanent magnet and some of clear liquid was
taken with a liquid transferring gun. The quantitative
analysis of uranium(VI) ion was done by spectrophotom-
etry using uranium(VI) arsenazo III complex at a wave-
length 670 nm [18]. The amount of uranium(VI) adsorbed
on the surface of HCC or HCC-Fe;0, (¢g.) were calculated
using Eq. (1) and distribution coefficient (K,;) was counted
by Eq. (2).
(co —ce) X v

ge =-———"— (1)

m

K= % x 1000 (2)
where Cy (mg L™") and C, (mg L") are the liquid-phase
concentration of uranium(VI) at initial and equilibrium,
respectively; m (g) is the absorbent mass of HCC or
HCC-Fe304; V (L) is the suspension volume and g, (mg
gfl) is the amount of uranium(VI) adsorbed on HCC or
HCC—FC304.

Results and discussion
Characterization

The microstructures of HCC and HCC-Fe;0,4 composites
were characterized by SEM, FT-IR and XRD.

The typical SEM images of HCC and HCC-Fe;0, are
shown in Fig. 1. It could be observed from Fig. la that
HCC showed a disordered fiber structure while the surface
of HCC-Fe;0,4 was smooth and uneven (Fig. 1b). Irregular
pores found from Fig. 1c proved that HCC-Fe;0, obtained
by the magnetic hydrothermal cross-linking method
had different spatial organization from HCC. Pores in
HCC-Fe;04 provides necessary channel and adsorption
space for the adsorption and ion diffusion of metal ions in
solution. However, apparent differences in the surface
morphologies of the adsorbent after uranyl ion adsorption
were observed (Fig. 1d). Small particles of materials have
gathered together. These results partially demonstrated that
the chemical interactions took place between uranyl ion
ions and the adsorbent.

The FT-IR patterns of HCC, HCC-Fe;0,4 and uranium
loaded HCC-Fe;0, are shown in Fig. 2. For three pattems
of HCC, HCC-Fe;0, and uranium adsorbed HCC-Fe;Oy,
the bands around at 3400 cm ™' was associated with the

—OH vibration or —NHj5 vibration, and the bands around at
1612 cm™' was denoted as the C=C vibration or C=0
vibration, the broad band around 1303 cm™! was relevant
to —CH, or —CHj stretching vibrations. For the spectrum
of HCC-Fe;0O, (Fig. 2b) the peak at 592 cm™ ! was
assigned to the Fe—-O bond vibration of HCC-Fe;0,,
compared with the spectrum of HCC, there was a new peak
in the spectrum, proving the load of Fe3;04 on HCC. For the
spectrum of HCC—Fe;04-U (Fig. 2c) the adsorption peaks
at 896 cm ™' was assigned to uranyl ion vibration, showing
that uranium was adsorbed.

Figure 3 shows the XRD patterns of HCC-Fe;0,. It was
XRD patterm overlay of iron oxide and chitosan. The d-
spacing values of new significant peaks matched well with
data in the JCPDS card (65-3107) for Fe;0,.

Figure 4 shows the magnetic properties of HCC-Fe;0,
(A) and HCC (B) at room temperature. The system of
HCC-Fe;04/water (A) and HCC/water (B) were firstly in
the state of turbidity by drastically shake, followed by
setting poles. After 10 min, it could be observed that HCC/
water (D) was still cloudy while HCC-Fe;O4/water
(C) was divisive and the solution is clear. Thus HCC-
Fe;0, dispersed in water solution could be easily separated
from water with a magnet.

Effect of solution pH

pH is one of the important factors that affect the adsorption
efficiency, because functional groups and ions species are
affected. The pH effect on uranium(VI) adsorption can be
explained by the surface characteristics of the adsorbents
and the solute speciation. The effect of pH value on the
adsorption of uranium from aqueous solutions is shown in
Fig. 5. The adsorption of uranium(VI) gradually increased
as pH increased from 3.0 to 7.0, and then decreased when
pH was higher than 7.0. The adsorption of uranium on
HCC and HCC-Fe;0, composites was affected by pH
through hydrolysis of uranyl ion in aqueous solution. At pH
3.0-6.0, uranium was hydrolyzed in forms of (UO;),
(OH)?L or (UO,);(OH)F (Fig. 6) species [19]. Moreover,
more reactive sites were available with pH increase. As pH
was higher than 7.0, the low adsorption affinity anion
(UO,)3(OH)7 increased, leading the decrease of ura-
nium(VI) uptake. As a consequence, pH 7.0 was the opti-
mal for uranium(VI) adsorption on HCC and HCC—Fe;0,.

Effect of contact time on the adsorption

The effect of contact time on adsorption of uranium(VI) on
HCC and HCC-Fe;0, was investigated to determine the
equilibrium point and the result was given in Fig. 7. g for
HCC and HCC-Fe;0, increased rapidly resulting from
surface adsorption in 0-25 and 0-75 min, later increased
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Fig. 1 SEM images of HCC (a x8000), HCC-Fe;04 (b x5000, ¢ x 10,000) and HCC—Fe;0,-U (d x20,000)
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Fig. 2 FT-IR spectra for HCC, HCC-Fe;04 and uranium adsorbed
HCC—FG304

slowly through the internal diffusion and finally reached
equilibrium at ca. 180 min.

Kinetics of the uranium(VI) adsorption consisted of
three phases: an initial rapid phase, a slower second phase,
and an equilibrium phase. The drastic uranium(VI) removal
in the initial phase resulted from the instantaneous
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Fig. 3 The adsorbent XRD spectra of HCC-Fe;0,

adsorption stage or external surface adsorption. The slower
second phase was attributed to the intraparticle diffusion
or the ion exchange in the inner surface of HCC and
HCC-Fe;04. At 25 °C, the adsorption of uranium(VI)
reached equilibrium after 180 min. With the occupation of
the active sites and the decrease of the uranium(VI) con-
centration, the uptake rate decreased until equilibrium.
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Fig. 4 Material’s magnetic of HCC-Fe;0, (a and ¢) and HCC (b and
d)
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Fig. 5 The effect of initial solution pH on adsorption of U(VI) on the
HCC-Fe;0, and HCC. (m: 0.01 g, V: 100 mL, Cy: 50 mg Lfl, t:3 h,
T: 298 K)

Figure 7 shows that uranyl adsorbed by HCC-Fe;0, is
faster than it by HCC. It might be due to the smooth and
uneven surface of HCC-Fe;0,4 and disordered fiber struc-
ture of HCC. However, HCC had a higher adsorption
capacity than HCC-Fe30,. Its adsorption sites had been
occupied by Fe;0y, so this was a reasonable phenomenon.

To analyze the kinetic behaviors of uranium(VI)
adsorption on HCC and HCC-Fe;0,, pseudo-first-order
and pseudo-second-order models were used to fit the
adsorption process [20]:

In(g. — ¢;) = Ing, — kit (3)
t 1 t

—_—=— - — 4
7 kg q. @)

where k&, (minfl) and k, (g mg7l minfl) represent the

kinetic rate constants of pseudo-first-order and pseudo-
second-order models, respectively. g, (mgg~') is the
equilibrium adsorption amount, and ¢, (mg g~ ') is the
amount of uranium(VI) adsorbed at time .
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Fig. 6 The species distribution of uranium in solutions with different
pH values varying from 1.0 to 10.0
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Fig. 7 Effects of contact time on U(VI) adsorption onto HCC-Fe;04
and HCC (m: 0.01 g, V: 100 mL, Co: 50 mg L~', pH 7.0, T: 298 K)

Plots of Ln(q, — ¢,) to t and #/q, to t were fitted. The
kinetic adsorption data were obtained and the results as
shown in Fig. 8. From the linear plot of Ln(g, — ¢,) versus
t and t/q, versus t, ky, k,, and theoretical g, values (g, ca1)
can be obtained. The calculated kinetic parameters from
both models are shown in Table 1.

As could be seen, the correlation coefficient (R?) of the
pseudo-second-order model was higher than that of the
pseudo-first-order model, and the ¢.., value for the
pseudo-second-order model was more approximate to the
experimental value (ge exp). These results suggested that the
pseudo-second-order model described the adsorption pro-
cess well, implying that chemisorption or strong surface
complexation controlled the adsorption of uranium(VI) on
HCC and HCC-Fe;0y,.
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Fig. 8 Pseudo-first-order kinetic plot (a) and Pseudo-second-order kinetic plot (b) for the adsorption of U(VI) onto HCC-Fe;04 and HCC

Table 1 The kinetic parameters of HCC and HCC—Fe;0,

Adsorbent Geexp (Mg g h Pseudo-first-order Pseudo-second-order

Grea (mgg™) ki (minh R Grea(mgg ) ko (gmg min”) R
HCC 327.7 245.8 73 x 1073 0.87 396.8 46 x 107° 0.99
HCC-Fe;0, 205.6 75.55 14 x 107° 0.80 206.2 45 x 107* 0.99

Effect of initial uranium(VI) concentration

The initial concentration are found to have strong effect on the
adsorption and speciation of uranium(VI) in aqueous solutions.
It could provide an important driving force to overcome all
mass transfer resistance of uranium between the aqueous and
solid phases [21]. The effect of the initial uranium(VI) con-
centration on the adsorption removal efficiency was studied by
contacting a fixed mass of HCC and HCC-Fe304 (10 mg) ata
fixed temperature (25 °C) and initial pH (7.0) using a range of
initial uranium(VI) concentration (10, 20, 30, 50, 60, 70, 80 and
90 mg/L). The results are shown in Fig. 9. It was clear that the
adsorption removal efficiency of uranium(VI) decreased with
the initial uranium(VI) concentration increase in the aqueous
solution. This attributed to the higher mobility of uranyl ion
uranyl ion in the diluted solutions, resulting interaction of
uranium(VI) and the adsorbent increase. The larger concen-
tration gradient between adsorbents/solution interface caused
the stronger equilibrium uptake [22].

Adsorption isotherms
Generally speaking, adsorption isotherms can provide

some significant information for optimizing the application
of adsorbents. Descriptions about the interaction between

@ Springer
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Fig. 9 The effect of initial U(VI) concentrations on adsorption of
U(VI) over HCC and HCC—Fe;0, (m: 0.01 g, V: 100 mL, #: 3 h, pH
7.0, T: 298 K)

adsorption capacity and bond energy, adsorbents and sor-
bates, can be determined from isotherm models. The linear
Langmuir isotherm is expressed as following:

Ce 1 Ce

qe B KL Gm

(5)

where C, (mg L") is the equilibrium concentration of
uranium(VI) in the liquid phase, g, (mg gfl) is the amount
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Table 2 Parameters of

Langmuir and Freundlich Adsorbent Langmuir isotherm Freundlich isotherm
isotherm for adsorption of K; (L mg™") gm (mg g~ h R? Ky n R
U(VI) onto HCC and HCC-
Fe;04 HCC 0.15 404.5 0.99 84.22 222 0.90
HCC-Fe;0, 0.14 263.1 0.98 59.26 2.67 0.89
A 026 B 62
0.24 § 60 _ = HCC
0.22 S E e HCC-FeO,
020 ] 58 .
0.18 56
0.16 1
] 5.4 -
0.14 4 |
g o2 ] o® 521
O 510 = 50
0.08 1
1 4.8 -
0.06 |
0.04 ] 46 |
002 ] 44 .
0.00 1
T T T T T T T T T 42 —1 T T 1 1 1 T " 1T T
0 20 40 60 80 100 00 05 10 15 20 25 30 35 40 45
C, (mg/L) InC,

Fig. 10 a Langmuir and b Freundlich isotherms adsorption of U(VI) on HCC and HCC-Fe;0,

of uranium(VI) adsorbed on the solid phase, gn.x (Mg gfl)
represents the maximum adsorption amount and b is a
constant related to the enthalpy of adsorption.

The Freundlich model is wusually appropriate for
heterogeneous adsorption in the following form and
expressed as following:

1
Ing. =InKr +-Inc, (6)
n

where Ky is the Freundlich constant related to the
adsorption capacity and n is a constant representing the
mutual interactions among adsorbed species.

Isotherm experimental data were simulated with
Langmuir and Freundlich isotherm models. Isotherm
parameters calculated from fitting processes are listed in
Table 2. It could be seen that the Langmuir model fitted
the isotherm data with a higher correlation coefficient (RZ)
of 0.99 and 0.998, better than the Freundlich model. The
Langmuir model indicated that uranium(VI) was mono-
layerly adsorbed on specific sites of HCC-Fe;O,4. The
maximum adsorption capacity of HCC-Fe;0,4 was deter-
mined as 263.1 mg/g, while HCC was 404.5 mg/g.
Moreover, HCC-Fe;0, was much easier to be prepared
than the chelator-integrated composite materials, and had
more excellent acid-resistant properties with pH 3-7
(Fig. 10).

105
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In(K)
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0.00320 0.00325 0.00330

1T

T T
0.00310 0.00315

Fig. 11 The variation of In K, vs. I/T for adsorption of U(VI) on
HCC and HCC-Fe;0,4

Adsorption thermodynamics

The effect of temperature on the adsorption of uranyl ion
from aqueous solution (60 mg/L) under optimum condi-
tions of pH and shaking time was studied. Thermodynamic
parameters were computed using Van’t Hoff equation in
form Eq. 7.
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Table 3 The thermodynamic

—1 —1 1 —1
parameters of AG® for Adsorbent AH (kJ mol™") AS (J mol™" K7) AG (kJ mol ™)
adsorption of U(VI) onto HCC 288.15 (K) 298.15 (K) 308.15 (K)
and HCC-Fe;0,4
HCC 42.5 228.1 —65.7 —67.9 —70.2
HCC-Fe;0,4 28.4 168.8 —24.06 —25.71 —27.36

200 I HcC 100

180 IHCC-Fe O,

160 80

140 o /

] g

120 S 604 /
g@ 100—_ g /
o 80 § 404 /

60 £ / %

1 3
40 < 204 /
20 : %
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U(VI) Mg(I) Na(l) Zn(I) Mn(Il) Co(I) Ni(l) Sr(Il) Cs(I) Hg(l) Cu(Il) T T T T T T T
. Na,CO, NaOH H,0 H_SO EDTA
Metal ions 2 2=

Fig. 12 Competitive adsorption capacity of coexistent ions (Mg>™,
Na®, Zn*", Mn**, Co®*, Ni**, Sr**, Cs*, Cu*" and Hg**, m: 0.01 g,
V: 100 mL, Co: 50 mg L™', pH 7.0, T: 298 K)

Table 4 Selective adsorption properties of pristine HCC and HCC-
FC304

Tons K, (mL g™h S S,
HCC HCC-Fe;0, HCC  HCC-Fe;0,
U(VD) 613424  3178.70 - - -
Mg(l)  557.43  290.18 11.00  10.95 1.00
Na(l) 86.74 58.34 7072 54.49 0.77
Zn(ID) 264.83 164.67 23.16  19.30 0.83
Mn(II) 177.08 111.22 34.64  28.58 0.83
Codl)  1773.02  874.29 346  3.64 1.05
Ni(ID) 354.11 206.16 1732 1542 0.89
Sr(ID) 41233 275.38 14.88  11.54 0.78
Cs(D) 109.18 70.49 56.18  45.09 0.80
Hg(II) 62248  388.53 9.85 8.18 0.83
Cul)  2360.94  1130.90 260 281 1.08
o o
In Kd = A—S — Ai (7)
R RT

where K} is the equilibrium constant, AH®, AS°, AG®°, and
T are the enthalpy, entropy, Gibbs free energy, and tem-
perature in Kelvin, respectively. R is the gas constant
(8.314 J mol ™' K71).

The AH° and AS° values were obtained from the slope
and intercept of linear Van’t Hoff plot of In K, versus 1/T
(Fig. 11). The Gibbs free energy (AG) was calculated as

@ Springer

Fig. 13 The results of uranium desorption experiments by HCC-
Fe304
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Fig. 14 Recycling of HCC-Fe30, in the sorption of U(VI)

AG® = AH° — TAS® (8)

Values of thermodynamic parameters for the adsorption
of uranium(VI) on HCC and HCC-Fe3;0,4 are given in
Table 3. The negative values of AG at various temperatures
indicated the spontaneous nature of the adsorption process.
The decrease in AG with increasing temperature showed
that the adsorption was less favorable at high temperature
[23]. The positive value of AH indicated that the adsorption
of uranium was endothermic. Similar results had been
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reported for the uranium(VI) adsorption [17, 24, 25]. The
positive value of AS indicated that randomness increase at
the solid-solution interface in the adsorption reaction [26]
and that the influence of entropy was more remarkable than
enthalpy of activation [27].

Selective adsorption

In order to investigate the adsorption selectivity of HCC and
HCC-Fe30,4 for uranium, coexisting ions such Mg(Il),
Na(I), Zn(I), Mn(1I), Co(II), Cu(II), Ni(II), Sr(II), Cs(I) and
Hg(IT) were added into the system at the optimal conditions.
The results shown in Fig. 12 indicated that HCC showed no
selectivity to uranium(VI). And the amount of uranium(VI)
adsorbed on HCC-Fe;04 (120.6 mg/g) was much higher
than coexisting ions, demonstrating a better selectivity for
uranium(VI).

Selectivity coefficient (Syp2+ /M%) for uranyl ions rel-

ative to coexisting ions was studied by Eq. 9.

U02+

K 2

SU02+/Mn+ - % (9)
2 Kd

where K:O? and K¥"" are distribution coefficients of
uranyl ion and other ion, respectively.

The relative selectivity coefficient S, is calculated
according Eq. 10.

Sr — SHCC*F€304 (10)
SHce

. voz*
The resulting Sycc—re;0,> Suee, Ko, K; > and S, were

listed in Table 4. It was clear that values of K; and S of
HCC-Fe;0,4 was same to HCC. These results indicated that
the selective properties of HCC toward uranium(VI) was
not changed after grafting Fe;O, groups.

Desorption and regeneration studies

The recycling and regeneration ability were significant for
practical application of adsorbents. Adsorbents having
excellent adsorption capacity as well as high desorption
property will reduce secondary pollution and the overall
cost. Thus the desorption experiment was performed to
evaluate the recyclable availability of HCC-Fe;0,.
Desorption experiments were performed using five kinds of
eluents: 1.0 mol L™! Na,COs3, 1.0 mol L~! NaOH, 1.0 mol
L' H,0, 1.0 mol L™! H,SO, and 1.0 mol L~ EDTA. The
desorption percentage for corresponding desorbing agents
were 91.2, 75.6, 6.1, 8.2 and 54.7 % (Fig. 13), respec-
tively. The maximum desorption percentage was found
using NayCOj;. To assess reusability of HCC-Fe;0,,
the adsorption—desorption experiment with 1.0 mol L™
Na,COj; was repeated for five cycles.

The results of five consecutive adsorptions and desorp-
tions are shown in Fig. 14. The adsorption efficiency of
HCC-Fe;0,4 was still over 88 % after the fifth cycle.
Meanwhile, after five cycles, HCC-Fe;O, had a high
magnetic sensitivity. The regeneration and reuse results
showed that HCC-Fe3;0, was an effective and stable ad-
sorbent for uranium(VI) removal.

Conclusions

In this study, HCC and HCC-Fe;0, were used to remove
uranium(VI) from aqueous solutions. The adsorption was
found to be strongly dependent on pH. The uptake of
uranium(VI) by HCC and HCC-Fe;0, were maximal at
pH 7. The kinetic studies showed that the pseudo-second-
order model described uranium(VI) adsorption Kkinetics
well. Thermodynamic parameters suggested that the
adsorption of uranium(VI) on HCC and HCC-Fe;O4 were
spontaneous and endothermic processes. Moreover, the
magnetic HCC-Fe3;0,4 could be easily separated from
aqueous solution with a magnet after adsorption. The
results illustrated that HCC and HCC-Fe;O,4 could be
promising candidates as an adsorbent for uranium(VI)
removal from aqueous solutions.
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