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Fabrication of Fe3O4/MgAl-layered double hydroxide
magnetic composites for the effective removal
of Orange II from wastewater
Bo Zhu, Lixian Chen, Tianyi Yan, Jiangyan Xu, Yanyu Wang, Min Chen
and Hongmei Jiang

ABSTRACT
A facile approach has been developed to construct a composite of magnetic Fe3O4 (MNPs) and
regular hexagon Mg-Al layered double hydroxide (MNPs/MgAl-LDH) via a two-step hydrothermal
method combined with the urea hydrolysis reaction for the removal of Orange II. The scanning
electron microscopy, X-ray diffraction and Fourier transform infrared spectroscopy results showed
MNPs and MgAl-LDH have been combined successfully, providing the combination of the superior
properties of fast separation and high adsorption capacity. The pH values, contact time, initial dye
concentration and temperature were investigated in detail. The kinetics and isotherm study showed
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the adsorption of Orange II on MNPs/MgAl-LDH obeyed the pseudo-second-order and Langmuir
model respectively and the adsorption processes were spontaneous and endothermic in nature.

2
Also, some coexisting anions such as Cl, NO
3 , CO3 and SO4 had no signiﬁcant effect on the

removal of Orange II. The mechanism study revealed that the adsorption of Orange II on MNPs/MgAlLDH mainly involves surface adsorption through electrostatic force and the layer anion exchange.
Moreover, Orange II could be desorbed from MNPs/MgAl-LDH using 100 mg L1 NaOH and used for
four cycles without any adsorption performance loss, demonstrating MNPs/MgAl-LDH prepared in
this work could be used as a cost-effective and efﬁcient material for the removal of Orange II.
Key words
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INTRODUCTION
Azo dyes have been widely used in textile, cosmetic, paper,
leather, paint, pigment and food industries, thus producing
large volumes of wastewater with strong color and high concentration of organics and inorganics (Sharma et al. ).
As a typical azo dye containing one azo bond (–N¼N–),
Orange II is known to be non-biodegradable due to its
large aromatic structure that offers high degree of chemical,
biological and photocatalytic stability (Zhou et al. ). In
addition, Orange II is highly toxic and carcinogenic and
the presence of it in wastewater can also lead to high chemical oxidation demand and an unpleasant odor (Luo et al.
). Therefore, it is very important to look for efﬁcient
technologies for the removal of Orange II from aquatic
systems.
Up to now, a variety of techniques have been applied for
removing Orange II such as membrane separation process
doi: 10.2166/wst.2018.388
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(Yang et al. ), electrochemical treatment (Brillas & Martínez-Huitle ), and adsorption (Asgher ; Reddy &
Lee ; Kyzas & Kostoglou ). Owing to low cost,
easy operation, high efﬁciency, simplicity of the equipment
and excellent regeneration ability, adsorption appears to
be a promising method for the removal of dyes. The focus
of the adsorption technique rests with the efﬁciency and
effectiveness of the adsorbent, which depend on high surface areas and numerous binding sites of the adsorbents.
Currently, a series of adsorbents, such as activated carbon
(Mezohegyi et al. ), agricultural waste (Salleh et al.
), cellulose and chitosan (Oliveraa et al. ), graphene
(Chowdhury & Balasubramanian ), carbon nanotubes
(Yu et al. ) and other nanomaterials (Tan et al. ),
have been employed for the treatment of dye wastewater.
However, when using these adsorbents, it is time-consuming
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and inconvenient to separate the liquids from the solids by
centrifugation.
Recently, there has been an increasing attention on
magnetic iron or iron oxide nanoparticles for water treatments due to their fast separation and high convenience
(Xu et al. ). The adsorption capacity of naked magnetic
iron oxide nanoparticles is relatively small and the nanoparticles tend to aggregate because of high surface free energy;
thus surface modiﬁcation is considered to be an effective
method to stabilize these naked magnetic materials, improve
their adsorption performance and extend their application
(Alqadami et al. a, b).
Layered double hydroxides (LDHs), such as wellknown hydrotalcite-like anionic clays, have been widely
used as adsorbent for the removal of dye from the wastewater due to their special layered structure, positively
charged surface and unique anion exchange property of
their host anion (Zhu et al. ). The combination of
LDHs with magnetic particles would efﬁciently improve
the separation property of LDHs and effectively raise the
adsorption performance of magnetic particles. Several
groups have reported some novel magnetic-core/LDHshell hierarchical structures (MNP@LDH) and applied
them for the separation of some pollutants (Shao et al.
; Zhang et al. a, b; Jiao et al. ; Shan et al.
; Zhang et al. ; Wu et al. ). In their studies,
MNP@LDH can be fabricated by co-precipitating divalent
and trivalent metal ions on the surface of MNP in alkaline
medium, leading to the interface nucleation and crystal
growth of LDHs ( Jiao et al. ; Shan et al. ; Zhang
et al. a; Wu et al. ). In order to control the structure, size and morphology of MNP@LDH precisely, MNP
can be coated with a thin carbon (MNP@C) or silica
(MNP@SiO2) layer ﬁrst and then coated with -AlOOH,
and in the end MNP@C@LDH or MNP@SiO2@LDH
can be synthesized by an in situ growth technique in a
solution containing the appropriate cations. Also these
delicate preparation methods for core-shell magnetic
composites, MNP-LDH nanohybrids can be designed into
a non-core-shell structure via an electrostatic interaction,
reported by Chen et al. (, ), which is more convenient. However, LDH layers are prepared by both
precipitation and co-precipitation methods not only in
core-shell structure but also in non-core-shell structure,
which forms varying sizes and large aggregates of sheetlike LDH nanocrystallites.
Herein, we propose a simple and efﬁcient method to
prepare a nanohybrid of magnetic Fe3O4 (MNPs) and
MgAl-LDH (MNPs/MgAl-LDH) via electrostatic interaction
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and, more importantly, LDHs are prepared by urea hydrolysis reaction under hydrothermal conditions, which can
contribute to a uniform and well-crystallized structure.
Also, the newly prepared materials are used to remove
Orange II from an aquatic system and the effects of different
parameters on adsorption capacity of Orange II (pH, the
initial concentrations of Orange II, temperature, competing
anions) are investigated in detail. In addition, isotherms, kinetics, thermodynamics, desorption and regeneration are all
studied. Furthermore, the adsorption mechanism of
Orange II on MNPs/MgAl-LDH is extrapolated through
zeta potential and Fourier transform infrared (FT-IR)
analysis.

MATERIALS AND METHODS
Materials
Orange II, FeCl3·6H2O, Mg(NO3)2·6H2O, and A1(NO3)3·9H2O
were bought from Bodi Chem. Co. Ltd (Tianjing, China).
NaOH, Na2CO3, NaNO3, Na2SO4, Na3PO4, NaCl,
NH3·H2O and HCl were all purchased from Taishan Chem.
Co. Ltd (Guangzhou, China). Anhydrous sodium acetate,
ethanol and ethylene glycol were analytical grade and commercially available products.
Synthesis of MNPs
The preparation of MNPs was as the same as our previous
work ( Jiang et al. ). Brieﬂy, FeCl3·6H2O, ethylene
glycol and NaAc were mixed together and stirred until a
clear solution was formed. And then the mixture was transfered into a Teﬂon stainless steel autoclave, sealed and
heated at 198  C for 8 h.
Synthesis of magnetic MNPs/MgAl-LDH
First, 0.41 g Mg(NO3)2·6H2O and 0.3 g Al(NO3)3·9H2O
were dissolved in deionized water. After the solution
was ultrasonicated for 10 min, 0.336 g urea and 0.1 g
MNPs were added into the mixed solution successively,
then ultrasonicated to obtain a homogeneous solution
and the solution was transferred into a Teﬂon stainless
steel autoclave, sealed and heated 150  C for 6 h. The
obtained product was separated by a permanent magnet.
The MNPs/MgAl-LDH was washed three times with ethanol and dried at room temperature.
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Characterization methods

Desorption and regeneration experiments

Morphologies and structure images of MNPs and MNPs/
MgAl-LDH composite were obtained with a JEM-200CX
transmission electron microscope (JEOL, Tokyo, Japan)
and ARL X’TRA X-ray diffractometer (ARL, Lausanne, Switzerland). FT-IR spectra were recorded in the range from
4,000 to 400 cm1 using the KBr pellet technique by a TENSOR27FT-IR (Bruker, Germany). The surface zeta potentials
of the materials were measured using a zeta potential analyzer (Zeta PALS, Brookhaven Instruments Co., USA). The pH
values were adjusted by a Mettler Toledo FE20 pH meter
(Mettler-Toledo, Shanghai, China) supplied with a combined
electrode. A KQ3200DE ultrasonic bath (Kunshan Shumei
Ultrasonic Instrument, Suzhou, China) was applied to
speed up the adsorption process.

Typically, 20 mg Orange II-loaded adsorbents were ultrasonically treated in the presence of 10 mL of 100 mg L1
NaOH for 15 min. After being magnetically separated, the
adsorbent was washed with deionized water for three
times and then directly used for the next cycle. Five sequential cycles of adsorption–desorption were carried out. The
desorption percentage (D%) of Orange II was calculated
using the following equation:
D¼

Cd
100%
Co

(3)

where Co and Cd are concentration of Orange II (mg L1) in
the initial solutions and in the desorption solutions,
respectively.

Adsorption experiments
Adsorption processes were carried out using the typical batch
method. First, 0.02 g adsorbents and 10 mL Orange II solution were added into in a 25 mL beaker and the mixture
was adjusted to the desired pH with 0.1 mol L1 HCl and
NH3·H2O. After being placed in an ultrasonic bath (40 kHz
of ultrasound frequency and 100 W of power) to accelerate
adsorption for 5–100 min, the solution was separated by magnetic separation. Then, the residual dyes in the beaker were
measured by a spectrophotometer at a wavelength of maximum absorbance of 484 nm.
The effects of pH (2–8), the initial dye concentration
(5–120 mg L1), contact time (5–100 min), temperature
(298, 308, and 318 K) and the coexisting anions (Cl,

2
NO
and PO3
3 , CO3 , SO4
4 ) on the adsorption of
Orange II on the adsorbents were examined. In addition,
not only an adsorption equilibrium study but also the kinetics study for the adsorption of Orange II was carried
out. All experiments were duplicated and the average
value is reported. The removal efﬁciency (R%) and the
adsorption capacity(Q, mg g1) for Orange II were evaluated from the following formulas:
R% ¼
Q¼

(Co  Ce )
100%
Co

(Co  Ce )V
M

(1)
(2)

where Co and Ce (mg L1) are the initial and equilibrium
concentration of Orange II respectively, V (L) is the
volume of the adsorbate solution, M (g) is the mass of
adsorbent.
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RESULTS AND DISCUSSION
Characterization of the MNPs/MgAl-LDH composite
SEM images
The morphology and structural features were examined
by scanning electron microscopy (SEM) and the images of
MNPs and MNPs/MgAl-LDH are shown in Figure 1. As
observed, the naked MNPs were almost uniform and spherical in shape with a diameter of about 200 nm, while the
morphology of MNPs/MgAl-LDH became a composite of
spheric shape and regular hexagon. According to Toshiyuki
(cited in Hibino & Ohya ()), orthohexagonal shape
MgAl-LDH could be obtained using urea hydrolysis reaction
under hydrothermal conditions, which suggested the successful fabricating of MNPs/MgAl-LDH.
XRD pattern
The crystalline structure of both MNPs and MNPs/MgAlLDH was determined by X-ray diffraction (XRD) and is illustrated in Figure 2. The diffraction peaks with 2θ at 30.4 , 35.6 ,
43.3 , 57.3 , and 62.8 shown in both materials can be indexed
as a face-entered cubic Fe3O4 phase, which conﬁrmed that the
crystalline structure of MNPs was not affected by the introduction of MgAl-LDH. Another two new peaks appearing at
11.6 and 23.4 displayed only in the curve of MNPs/
MgAl-LDH were ascribed to the characteristic reﬂections of
LDH. These results demonstrated that the compounds of
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Figure 1

|

SEM images of MNPs (A-1 and A-2) MNPs/MgAl-LDH (B-1 and B-2).

Figure 2

|

XRD pattern of MNPs and MNPs/MgAl-LDH.

MNPs/MgAl-LDH have been prepared successfully, which
was in good agreement with the results in SEM images.
FT-IR spectra
The FT-IR spectra of MNPs, LDH and MNPs/MgAl-LDH
are displayed in Figure 3. As observed, an absorption peak
at 568 cm1 can be seen on both MNPs and MNPs/MgAlLDH, which corresponds to the Fe–O bonds (Chen et al.
; Jiang et al. ). The absorption peaks at 772 cm1
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IR spectra of MNPs and MNPs/MgAl-LDH.

and 689 cm1 exhibited in the spectra of LDH and MNPs/
MgAl-LDH may be associated with Mg-O-Al or O-Mg-O lattice vibrations (Shou et al. ). The strong peak at
1,349 cm1 shown in the spectra of LDH and MNPs/
MgAl-LDH came from the interlayer carbonate species
(Zhang et al. b; Wu et al. ). Also, there was a wide
band around 3,446 cm1 in the above spectra, which was
ascribed to hydroxyl stretching mode from LDH layers
and interlayer water molecules (Zhang et al. ). And an
intense band at 1,630 cm1 in the above spectra was
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attributed to the hydroxyl deformation mode of the water
molecules in the interlayer (Chen et al. ; Zhang et al.
b). All these results conﬁrmed that the composite of
MNPs/MgAl-LDH have been successfully prepared.
Magnetic analysis
To evaluate the magnetic properties, the naked MNPs/
MgAl-LDH and the used MNPs/MgAl-LDH were studied
by a vibrating sample magnetometer at room temperature.
The results showed that both of the materials were essentially superparamagnetic and the saturation magnetization
values of the naked MNPs/MgAl-LDH and the used
MNPs/MgAl-LDH were 48 emu g1 and 42.8 emu g1
respectively, which suggested that the adsorption process
has little impact on the magnetism of adsorbent.
Adsorption studies
Effect of pH
The pH of the system has profound inﬂuence on the adsorption of dyes in aqueous solution because it decides not only
the existing form of the dyes but also the degree of protonation of functional groups on the surface of adsorbents. The
inﬂuence of acidity on the adsorption of dye on MNPs
and MNPs/MgAl-LDH was investigated in the pH range
from 2 to 8 and the results are shown in Figure 4. It can
be seen that the adsorption capacity of Orange II on
MNPs/MgAl-LDH increased rapidly as pH was increased
from 2 to 3 and then remained unchanged. When pH was
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Effects of pH on the adsorption capacity of Orange II on MNPs and MNPs/MgAlLDH. Co: 10 μg mL

1

, V: 10 mL, M: 2 mg, time: 15 min, T: 25  C.
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higher than 4, the adsorption capacity of Orange II on
MNPs/MgAl-LDH decreased signiﬁcantly, whereas the
adsorption capacity of Orange II on MNPs showed almost
no change during the whole pH range and it was only
about 5 mg g1. Also, from the two curves, it can be seen
that the introduction of LDH can contribute to the adsorption capacity of Orange II remarkably. According to these
results, pH 3.5 was selected for further experiments.

Adsorption equilibrium
The effect of initial concentration of Orange II, ranging from
5 to 120 mg L1, on the adsorption capacity of Orange II on
MNPs and MNPs/MgAl-LDH was evaluated and the results
are shown in Figure 5. As revealed, the adsorption capacity
of Orange II on MNPs/MgAl-LDH increased rapidly ﬁrst
and then reached the maximum of 140 mg g1. The speedy
adsorption during lower initial concentrations was assigned
to abundant available active sites on the surface of the adsorbent and free Orange II, which facilitated the adsorption
promptly. With the increasing concentration of Orange II
and exhausting of active sites on the surface of adsorbents,
Orange II in the solution could only react with inner
active sites, resulting in a slow adsorption progress and
long equilibrium adsorption time. In comparison with the
uptake of Orange II on MNPs/MgAl-LDH (140 mg g1),
the saturated uptake of Orange II on MNPs was only
about 18 mg g1, which revealed the effective introduction
of LDH on MNPs.
Isotherm studies can describe how the adsorbate interacts with the adsorbents and provide the distribution of

Figure 5
Figure 4

|

|

Effects of initial Orange II concentration on the adsorption capacity of Orange II
on MNPs/MgAl-LDH under different temperatures. pH: 3.5, V: 10 mL, M: 2 mg,
time: 50 min.
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adsorbate between the solid and liquid phase when the
adsorption reaches the equilibrium. The well-known Langmuir isotherm model in Equation (4) was used to predict
the experimental isotherms.
Ce
1
Ce
¼
þ
qe KL Qmax Qmax

(4)

where Qmax (mg g1) is the maximum adsorption capacity,
Ce (mg L1) is the equilibrium concentration of Orange II
in the solution, qe (mg g1) is the equilibrium adsorption
capacity, KL (L mg1) is the Langmuir constant.
The Langmuir isotherm model assumes that one site can
only be occupied by one molecule, the adsorption site is
homogeneous and there is no interaction between the
adsorbed molecules (Wang et al. ). The values of Qmax
and KL can be calculated from the slope and intercept
of the plot of Ce/qe vs. Ce, and the ﬁtting parameters are
summarized in Table 1. As observed, high correlation coefﬁcients of the Langmuir equation could be acquired,
suggesting the monolayer adsorption of Orange II on
MNPs/MgAl-LDH. Also, the maximum adsorption capacity
of Orange II on MNPs/MgAl-LDH was 149 mg g1 at 298 K,
which was much higher than that on MNPs and in good
agreement with the experimental results. In order to know
the superiority of our adsorbent, we have compared the
adsorption capacity of the material prepared in this work
with other material reported in the references and listed
them in Table 2. As can be seen from Table 2, our adsorbent
has a higher adsorption capacity than most of the other
adsorbents.

Table 2

|
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Comparison of adsorption capacity of Orange II on different adsorbents

Absorption
capacity
1

)

Reference

Adsorbents

(mg g

CTAB-modiﬁed cornstalk
biochar

29.1

Mi et al.
()

Core/shell nanoadsorbent based
on Fe3O4 magnetic
nanoparticles surface-modiﬁed
with a copolymer using 2, 4diaminophenol and
formaldehyde

121.07

Huo et al.
()

Magnetic polymer multi-wall
carbon nanotube

67.57

Gao et al.
()

Banana peel-activated carbon

333

Ma et al.
()

Phosphonium-modiﬁed Algerian
bentonites

53.78

Bouzid et al.
()

Chemically modiﬁed masau
stones

136.8

Albadarin
et al. ()

Fe3O4/MgAl-layered double
hydroxide magnetic
composites

323

This work

Adsorption kinetics
The effects of adsorption time on the adsorption of
Orange II on MNPs/MgAl-LDH are shown in Figure 6.
The results exhibited that a fast adsorption process for
Orange II happened during the ﬁrst minutes and then
reached equilibrium adsorption, which was possible due to

Figure 6

|

Effects of contact time on the adsorption capacity of Orange II on MNPs/MgAlLDH under three different initial Orange II concentrations. pH: 3.5, V: 10 mL,
M: 2 mg, T: 25  C.

Table 1

|

Langmuir parameters for the adsorption of Orange II on MNPs/MgAl-LDH

Langmuir parameters
1

KL (L mg1)

R2

27

0.0124

0.99

149

0.2621

0.99

Fe3O4/MgAl-LDH (35 C)

286

0.0836

0.99

Fe3O4/MgAl-LDH(45  C)

323

0.1164

0.99

Materials

qe (mg g

Fe3O4 (25  C)
Fe3O4/MgAl-LDH (25  C)


)
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the large quantity of active binding sites of the adsorbents
in the ﬁrst stage and the decreased active sites with the
increasing of adsorbing time. In addition, the equilibrium
adsorption time and equilibrium adsorption capacity were
about 15 min and 41.7 mg g1 for 10 mg L1 Orange II,
30 min and 55.7 mg g1 for 20 mg L1 Orange II and
50 min and 154.8 mg g1 for 150 mg L1 Orange II respectively. This was because the higher initial concentration of
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analyte could provide more analyte, which could react with
not only the surface active sites but also the inside active
sites, leading to a shorter time for equilibrium and higher
adsorption capacity.
In order to further elucidate the adsorption process, the
pseudo-second-order kinetics model, based on the assumption that chemisorption is the rate determining step, was
chosen to ﬁt adsorption data in this work and was expressed
as Equation (5)
t
1
t
¼
þ
qt K2 q2e qe

(5)

where qt (g mg1) and qe (g mg1) represent the adsorption
capacity at time t (min) and equilibrium, respectively, and
K2 (g (mg min)1) is the second-order rate constant.
Kinetic parameters were generated from the slope and
intercepts of the linear plots of t/qt against t and are summarized in Table 3. It was found that the experimental
qe value of 144 mg g1 was consistent with the qe value of
154 mg g1 calculated from the pseudo-second-order
model. Also, the high correlation coefﬁcient of 0.99 for all
three initial concentrations of Orange II were obtained,
indicating that the pseudo-second-order model ﬁtted the
adsorption kinetics of Orange II well.
Thermodynamic study
The adsorption thermodynamic study is usually examined
from the adsorption isotherms at different temperatures,
and the thermodynamic parameters such as Gibbs free
energy (ΔG 0, kJ mol1), enthalpy (ΔH 0, kJ mol1) and
entropy (ΔS 0, J mol1 K1) are calculated using the following equations:
ΔG0 ¼ RT lnKd
lnKd ¼

Table 3

|

(6)

ΔS0 ΔH0

R
RT

(7)
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where R is the universal gas constant (8.314 J mol1 K1)
and T is the absolute temperature (K). Kd denotes the distribution constant of the adsorption process and can be
calculated according to the method of Lyubchik and colleagues (Rajabi et al. ) by plotting ln(qe/ce) vs. qe for
different temperatures and extrapolating qe to zero. The
linear plot of lnKd vs. 1/T yields a slope of ΔH/R and an
intercept of ΔS/R and the results are presented in Table 4.
The values of ΔG were found to be negative at all three
temperatures, suggesting the spontaneous nature of the
adsorption process. Moreover, the values of ΔG decreased
with the increase of temperature, which was in good agreement with the increasing adsorption capacity. The positive
value of ΔH and ΔS reﬂected an endothermic nature and
an increased randomness at the solid–solution interface
during the adsorption process. These results demonstrated
that chemical reaction or bonding was involved in the
adsorption process.

Effect of coexisting anions
There are a number of anions in natural water and industrial
wastewater, which would compete for adsorption sites and
inﬂuence the removal efﬁciency of the adsorbent. The
effects of common coexisting anions such as Cl, NO
3,
2
CO
and PO3
on the adsorption capacity of
3 , SO4
4
Orange II on MNPs/MgAl-LDH were investigated and the
results are presented in Figure 7. Evidently, the presence
of the above coexisting anions except PO3
4 has no signiﬁcant effect on adsorption of Orange II. Generally, the
higher electric charge and smaller radius will lead to
larger afﬁnity between the analytes and adsorbents (Zhao
et al. ), leading to the severe inhibition of adsorption
of Orange II by PO3
4 . Owing to the low concentration
range of phosphate in natural water (0–5 mg L1) (Chai
et al. ), the interference from phosphate would be not
as strong as shown in this study. The above results revealed
that MNPs/MgAl-LDH owned a high selectivity and afﬁnity
toward Orange II, further indicating that it was a very efﬁcient and promising adsorbent for the removal of Orange II.

Pseudo-second-order parameters of the adsorption of Orange II on MNPs/MgAlLDH
Table 4

Pseudo-second-order parameters
1

Initial concentration (μg mL

)

1

qe (mg·g

)

|

Thermodynamic parameters for the adsorption of Orange II on MNPs/MgAl-LDH
1

K2 (g (mg min)1)

R2

T (K)

qe (mg g

298

149

)

ΔG 0 (kJ mol1)

ΔH 0 (kJ mol1)

ΔS 0 (J mol1 K1)

14.84

1.72

17.38

10

41.67

0.06544

0.99

20

55.68

1.5316

0.99

308

286

14.57

100

154.8

0.001033

0.99

318

323

13.28
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Effects of coexisting anions on the adsorption capacity of Orange II on MNPs/

MgAl-LDH. pH: 3.5, V: 10 mL, M: 2 mg, T: 45  C, Co(Orange II): 100 μg mL 1,
Co(coexisting

anions):

100 μg mL

1

.

Adsorption mechanisms
Based on the foregoing results, the adsorption capacity of
Orange II on MNPs/MgAl-LDH was much higher than
that on MNPs, displaying that MgAl-LDH was mostly
responsible for the removal of Orange II. For the purpose
of explaining the adsorption mechanism, zeta potential
and FT-IR analyses were performed. As observed in Figure 8,
the isoelectric point (pHpzc; pzc: point of zero charge) of
MNPs/MgAl-LDH before adsorption was 8.66 and declined
to 8.0 after adsorption. This meant that when pH value was
lower than pHpzc of MNPs/MgAl-LDH, the surface of
adsorbents would charge positively due to the protonation
of hydroxyl groups on the outer layer of MgAl-LDH and
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would tend to adsorb anion dye Orange II through electrostatic attraction, contributing to a high adsorption
capacity. At pH values higher than pHpzc, MNPs/MgAlLDH would charge negatively due to the deprotonation of
hydroxyl groups and thus generate electrostatic repulsion
between the adsorbents and analytes, resulting in a lower
adsorption capacity of Orange II. Hence, the absorption of
Orange II on the external surface and the edge of MNPs/
MgAl-LDH through electrostatic interactions can contribute
to a very high adsorption performance of Orange II (Gao
et al. ).
In addition, the pHpzc shifted from 8.66 to 8.0 after dye
adsorption, implying there was some other adsorption
mechanism also electrostatic force adsorption. Comparing
the IR spectra before adsorption and after adsorption
shown in Figure 3, the intensity of the characteristic peak
1
of CO2
3 , appearing at about 1,349 cm , decreased visibly,
2
indicating part of CO3 had been replaced by anionic dye
that was from the dissociated sulfonate groups of Orange
II via anion exchange. Moreover, two new peaks at
1,123 cm1 and 1,507 cm1 that belong to Orange II arose
in the spectrum of MNPs/MgAl-LDH after adsorption
(Lua et al. ), revealing that anionic dye might enter
into the interior of MNPs/MgAl-LDH.
Taking account of the above results and conclusion, the
adsorption mechanism was possibly based on the following
two steps: surface adsorption through electrostatic force and
the layer anion exchange, which is in good agreement with
some other reports (Shan et al. ).
Desorption and regeneration
The stability and regeneration potential of the adsorbent are
very important for its practical application, so the desorption
experiments were carried out. Considering that the adsorption of Orange II is very low in an alkaline medium, NaOH
was used to attempt to desorb Orange II from the adsorbents
in this work. The results showed that the desorption rate
could be still over 85% after at least four cycles using
0.1 mol L1 NaOH as desorption reagent, illustrating that
MNPs/MgAl-LDH had good stability and reusability.

CONCLUSION

Figure 8

|

Zeta potentials of MNPs/MgAl-LDH before adsorption and after adsorption.
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An efﬁcient MNPs/MgAl-LDH composite with excellent
adsorption performance and superparamagnetism property
has been successfully synthesized by a two-step hydrothermal method combined with the urea hydrolysis reaction.
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The SEM, XRD and FT-IR results indicated that spheric
shape MNPs and regular hexagon MgAl-LDH have been
combined very well through physical adsorption. The composite exhibited a high adsorption capacity of 149 mg g1
under 25  C and 323 mg g1 under 45  C towards Orange
II, while the adsorption capacity of Orange II on pure
MNPs was only 27 mg g1). The adsorption process of the
Orange II on MNPs/MgAl-LDH was also systematically
investigated, demonstrating that it followed the pseudosecond-order model and the Langmuir monolayer model
and was spontaneous and endothermic in nature. The presence of commonly coexisting anions in solution had no
remarkable inﬂuence on the removal of Orange II, displaying the high selectivity for Orange II. Furthermore, the
mechanisms study illustrated the two main adsorption
mechanisms: surface adsorption through electrostatic force
and the layer anion exchange during the adsorption of
Orange II on MNPs/MgAl-LDH. Finally, Orange II could
be reused for four cycles without any adsorption performance loss using 100 mg L1 NaOH as desorbing reagent,
demonstrating that MNPs/MgAl-LDH prepared in this
work would be a high efﬁcient adsorbent for the removal
of Orange II.
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