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Abstract: The assembly of layered double hydroxides (LDHs) and multi-walled carbon nanotubes (MWCNTs) nanohybrids was
prepared as MWCNTs/LDHs by co-precipitation. The synthesized nanoparticles were characterized by using XRD, FT-IR,
SEM/EDX, TGA and BET. XRD and SEM studies proved that MWCNTSs phases did not enter into the interlayers of LDHs, they
dispersed over the LDHs surface homogeneously. BET results showed that MWCNTs/LDHs possessed hierarchically porous
nanostructure with large surface area (124.974 m%/g) and great pore volume (0.604 cm®/g). Batch experiments were conducted to
study the adsorption efficiency of Congo red (CR). It was worthy to note that MWCNTs/LDHs exhibited excellent adsorption
performance with the maximum CR adsorption capacity of 595.8 mg/g in weak acidic environment. The adsorption kinetics and
isotherm parameters can be well described by the pseudo-second-order and the Langmuir isotherm models, respectively. The
thermodynamic studies indicated that the adsorption process was spontaneous and endothermic.
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1 Introduction

Nowadays, the disposal of dyes and pigments
wastewater discharged from factories has received great
attention. The deep color, low biodegradability and
complex aromatic structures of dyes caused severe
consequences such as aesthetic pollution, toxicity and
disturbance in aquatic life [1,2]. Recently, various
methods have been applied to removing the dyes in
wastewater, such as adsorption, membrane separation,
ion exchange, photocatalytic degradation and biological
treatments [3—7]. Among these methods, adsorption has
attracted much attention due to its low cost, easy design,
recycle of adsorbents and few harmful secondary
pollution. So, to find the low-cost, easily obtained and
highly effective adsorbents has been crucial during the
application of adsorption.

Layered double hydroxides (LDHs) are known as a
general formula [M{* M>*(OH),1""[A,,,]" -mH,0 ,
where M*" and M*" are divalent and trivalent metal
cations on layers, and the incorporated anions (A") are

in the interlayer space for charge balancing [8]. On
account of the advantages like compositional diversity,
ease of synthesis and low cost, LDHs have been widely
used as adsorbents for the treatment of polluted
water [9—11]. On the other hand, multi-walled carbon
nanotubes (MWCNTs) with large specific surface area,
high thermal and chemical stability, and good
mechanical flexibility, have played an important role in
many fields [12,13].

The integrated MWCNTs/LDHs nanohybrids tend
to present larger specific surface area and better disperse
ability. It can be believed that the removal rate of dyeing
effluents by MWCNTs/LDHs composites would be
improved. What is more, very few similar studies had
been found out according to the survey.

In this work, we synthesized the composites of
negatively  charged  oxidized MWCNTs and
positively charged LDHs compounds via electrostatic
interaction between the two materials. Congo red (CR), a
typical discarded aqueous
environment [14,15], was selected as a model pollutant.
Various conditions like pH, contact time, sorbent dosage,

anionic azo dye in
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and initial CR concentration were optimized for
maximum sorption capacity. Furthermore, the adsorption
kinetics, isotherms, and thermodynamic studies of CR
adsorption process have been estimated systematically.

2 Experimental

2.1 Chemicals and materials

All chemicals used in this study were commercially
available and used as-received without additional
purification. AI(NO3);-6H,0, Mg(NOs),-6H,0, and
Congo red (CR, C;H;NgNa,O6S,, CAS Registry
No. 573-58-0) were purchased from Tianjin Kemiou
Chemical Reagent Co., Ltd., HNO;, HCI, Na,CO;,
NaOH, and ethanol were purchased from Sinopharm
Chemical Reagent Co., Ltd.. MWCNTs with a diameter
of 20—40 nm were purchased from Shenzhen Nanotech
Port Co., Ltd.. The deionized water was used for
preparing the sample solutions.

2.2 Synthesis of MWCNTs/ LDHs

A certain amount of pristine MWCNTs were
interacted with appropriate amount HNO; under
continuous stirring accompanied reflux condensation
at 120 °C for 24 h to form negatively charged
MWCNTs [16]. Then, the modified MWCNTs were
washed with deionized water and ethanol alternately
several times by filtering until pH was equal to about 7.
Finally, the collected powder was dried under vacuum at
80 °C overnight, and the as-prepared materials were
signed as O-MWCNTs.

The MWCNTs/LDHs composites were prepared by
conventional co-precipitation method [17]. The modified
MWCNTs with different doses were ultrasonically
dispersed into 50 mL salt solution containing
Mg(NOs),6H,0 and AI(NO;);-9H,0 with Mg>/AP*"
mole ratio of 2:1 at room temperature, the solution was
added dropwise with an alkali solution including NaOH
and Na,COj; under vigorous stirring at room temperature
until the pH value of the slurry was equal to 10. The
concentrations of NaOH and Na,CO; were settled
according to the concentrations of Mg”"and AI’* ions as
follows: [NaOH]=1.6[Mg>+AI’*] and [Na,COs;]=
2[AI**]. Then, the suspension was aged in an autoclave at
80 °C for 16 h. The obtained solid denoted as
MWCNTs(x)/LDHs (x represents different dosages of
modified MWCNTs) was centrifuged and washed with
deionized water and finally dried at 80 °C overnight. For
comparison, pristine LDHs were prepared following the
same procedure in aqueous solution without MWCNTs.

2.3 Characterization methods
The morphologies analyses of LDHs and
MWCNTs/LDHs composites were taken on the scanning

electron microscope (SEM) (JEOL, Japan). Energy
dispersive X-ray (EDX) analysis was aimed to identify
the actual elemental incorporation contents of adsorbents.
This analysis was aimed to identify the actual elemental
incorporation contents of the adsorbents. The surface
area and porosity of the adsorbents were derived on
ASAP 2400 analyzer (Micro meritics, USA). The surface
area, pore distribution and pore volume of the adsorbents
were obtained using the adsorption isotherm branch of
nitrogen gas according to the Brunauer—Emmett—Teller
(BET) and Barrett—Joyner—Halenda (BJH) models.
X-ray diffraction (XRD) patterns were obtained by
using Rigaku D/MAX 2500 X-ray diffractometer with
Cu K, radiation (40 kV, 250 mA, 4=0.154 nm) to confirm
the structure of the adsorbents. Data were obtained at 26
from 5° to 70° with a scan speed of 8 (°)/min. Fourier
transform infrared spectra (FT-IR) were recorded on an
AVATAR 360 in the spectral range of 4004000 cm .
Thermogravimetric analysis (TGA) was taken from 30 to
800 °C under nitrogen atmosphere on the instrument
with the temperature increasing linearly by a rate of
8 °C/min. The zeta potentials of the particles were
determined with a Malvern Zetasizer ZEN3600
according to the manufacturer’s recommendations.

2.4 Adsorption methods

The adsorption equilibrium experiment was
performed by adding 25 mg MWCNTs/LDHs
nanocomposite adsorbents into 200 mL of CR solution
with the concentration fixed at 150 mg/L. The dispersed
suspension was agitated in a homoiothermal water bath
shaker at a fixed speed of 200 r/min and 298 K for
5—480 min. Approximately, 5 mL of sample was taken
out from the suspension at certain time intervals and then
filtered with a 0.45 um membrane for analysis.

The UV—Vis spectrophotometer (UV—-2600) was
used to determine the concentrations of CR dye stayed in
the solution at the maximum wavelength of 485 nm. The
adsorption quantity at any given time (g;), the adsorption
quantity reaching the equilibrium (g.) and the dye
removal rate (R, %) were obtained by calculating from
the following equations:

R="5100% (1)
)
co—c )V
g ==V @
m
Co—C)V
g, == @)
m

where ¢y (mg/L) is the initial concentration of CR; ¢,
(mg/L) is the concentration of CR solution at any time #
(min); c. is the concentration of dye at the time close to
equilibrium; ¥ is the volume of dye solution (L); and m
is the dosage of adsorbent (g).


http://www.tjkermel.com/
http://www.tjkermel.com/

Ya-ling LONG, et al/Trans. Nonferrous Met. Soc. China 26(2016) 2701-2710 2703

3 Results and discussion

3.1 Characterization of adsorbents

X-ray diffraction patterns of LDHs, pristine
MWCNTs (P-MWCNTs), oxydic MWCNTs
(O-MWCNTs) and MWCNTs(x)/LDHs composites were
shown in Fig. 1. The P-MWCNTs and O-MWCNTs had
similar crystal structures (Figs. 1(b) and (c)). The
diffraction pattern peak at around 26° was ascribed to the
(002) reflection of MWCNTs (JCPDS card No. 003-
4477) [18]. The peaks at 11.56°, 23.34°, 34.54°, 60.86°
and 62.10° fitted well to planes (003), (006), (012), (110)
and (113) of LDHs composites [8]. Notably, the
characteristic peaks of MWCNTs(x)/LDHs, shown by
Figs. 1(d) and (e), were the same with the pure LDHs
and MWCNTs materials. The plane (002) peak intensity
of MWCNTs(x)/LDHs composites increased obviously
according to the increasing dose of MWCNTs.
MWCNTs(x)/LDHs were formed on account of surface
electrostatic attraction between LDHs and MWCNTs.
Moreover, no other characteristic peaks were discovered
in Fig. 1, the baseline was quite low and stable. So, it
could be illustrated that the synthesized MWCNTs/LDHs
materials were equipped with high crystallinity and
purity.

(003) (006) (po2)

(e) 7 (012) (010)  (013)
(006)
012
(003) b (©10) (013)
002

(b) A (002)

(006)

010y (013)

10 20 30 40 50 60 70
20/(%)
Fig. 1 XRD patterns of LDHs (a), P-MWCNTs (b),
O-MWCNTs (c), MWCNTs (0.1 g)/LDHs (d) and MWCNTs
(0.5 g)/LDHs (e)

The lattice  parameters of LDHs and
MWCNTs/LDHs were shown in Tables 1 and 2. The dj;
and dys of LDHs phases were kept around 0.76 nm and
0.38 nm in LDHs and MWCNTs/LDHs, respectively,
which agreed with the reported literature [19]. The cell
parameter c, calculated from dyy; (c=3dy03), matched the
distance from the hydroxide layer to the adjacent;
parameter a (a=2d;;p), matched the average distance
between the two metal ions within the layers. Obviously,

the structure of the brucite-like layers and the distance
among the layers had not changed. In other words, the
MWCNTs phases did not enter into the interlayers of
LDHs, but they dispersed over the LDHs surface
homogeneously.

Table 1 Crystal cell parameters of samples

Sample a=2d;;p/nm c=3dyp3/nm
LDHs 0.30 2.29
MWCNTs/LDHs 0.31 2.31

Table 2 Basal spacing values of samples
LDHs MWCNTs/LDHs MWCNTs

20/(°) dmm  20/(°) dmm  26/(°) d/nm
(003) 11.56 0.76  11.48 0.77 - -
(006) 2334 0.38 2324 0.38 - -
(002) - - 26.18 034  26.18 0.34
(009) 34.54 0.26 345 0.26 - -
(110) 60.86 0.15  60.66 0.15 - -

Characteristic

reflection

As shown in Fig. 2, the strong and broad absorption
bands at around 3424 cm' were due to the O—H
stretching vibration from water molecules on the layer
surfaces and in interlayers. The bands at around 1360,
784 and 676 cm ' were corresponding to the stretching
and bending vibration of carbonate anions in the layers,
which were similar to the literature reported [8]. The
bands at around 2363, 1702, 1566 and 1082 cm™' were
attributed to stretching of carbon—oxygen and
carboxylate groups [18].

(a)

3424

3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™!
Fig. 2 FT-IR spectra of LDHs (a), P-MWCNTs (b),
O-MWCNTs (¢) and MWCNTSs/LDHs (d)

As seen from Fig. 3, the LDHs particles and the
MWCNTs were tangled together to form agglomerated
particles, the morphology of MWCNTs/LDHs was
much rougher than that of LDHs. The dispersivity of
LDHs was obviously improved because of the input of
MWCNTs. Besides, LDHs kept the layer structure [20].
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Fig. 3 SEM images of LDHs (a) and MWCNTs/LDHs with
varied magnifications (b, c)

Table 3 showed that mainly four elements (C, O,
Mg and Al) existed in the MWCNTs/LDHs composites,
and the Mg/Al mole ratio was kept at 2:1. It was also
illustrated that the density of metal elements in LDHs
layers had not changed during the reaction process. The
high density of carbon was due to the MWCNTs.

Table 3 Element analysis of MWCNTs/LDHs by EDX (mass
fraction, %)

Mg Al c 0
5.72 2.87 58.20 3321

Figure 4(a) showed that two significant mass losses
appeared in LDHs: the temperature range of 20—280 °C
was the first mass loss (about 16.8%), which was
attributed to the removal of surface-adsorbed and
layer-intercalated water. The major loss (about 27.1%) at
280—480 °C could be assigned to the decomposition of
carbonate anions between the layers and the removal of
hydroxylation in LDHs layers [21]. As seen from
Fig. 4(b), the thermal decomposition process of
MWCNTs/LDHs also consisted of two main mass losses.
It was noted that MWCNTs/LDHs showed less mass loss
in each stage compared to the original LDHs. Obviously,
the thermostability of MWCNTs/LDHs composites was
improved in comparison with LDHs.

100 ¢ (a)
90t
80+
70t

60 ¢

Residual mass fraction/%

50

0 100 200 300 400 500 600 700 800 900
Temperature/°C

100+ (b)
90+

80

Residual mass fraction/%

70¢

0100 200 300 400 500 600 700 800 900
Temperature/°C

Fig. 4 TGA curves of LDHs (a) and MWCNTs/LDHs (b)

Figure 5 showed the nitrogen adsorption—desorption
isotherm of O-MWCNTs, P-MWCNTs, LDHs and
MWCNTs/LDHs composites. All the samples exhibited
type IV nitrogen adsorption isotherms (IUPAC) with
H3-type hysteresis loops for the desorption
isotherms [19]. It was illustrated that the pore structure
characteristics of the composites were the same.
Parameters in Table 4 showed the surface areas, pore
volumes and pore diameters of samples. Obviously, the
dispersion of LDHs increased due to the addition of
MWCNTs. The pore diameters of samples were
distributed to the range of 2—50 nm, which fitted to the
mesoporous materials.

The results from the XRD, FT-IR, SEM/EDX,
N,-sorption isotherm and TGA demonstrated that the
MWCNTs/LDHs composites were obtained successfully.
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Fig. 5 Nitrogen adsorption—desorption isotherms of O-MWCNTs (a), P-MWCNTs (b), LDHs (c) and MWCNTs/LDHs (d)

Table 4 Pore structure parameters of samples

Pore
Surface Pore .
Sample ) _;. diameter,
area/(m™g ') volume/(mL-g ')

D,/nm

P-MWCNTs 70.476 0.627 3.775
O-MWCNTs 104.818 0.900 3.812
LDHs 59.956 0.580 18.042
MWCNTs/LDHs  124.974 0.604 3.805

3.2 CR dye removal by MWCNTs/LDHs
3.2.1 Effects of contact time

As seen from Fig. 6(a) that MWCNTs/LDHs had
strong adsorption ability (595.8 mg/g). The adsorption
rate of MWCNTs/LDHs was fast at the first beginning
70 min. Soon after, the adsorption rate slowed down
gradually, and the adsorption finally reached the
equilibrium 3 h later.
3.2.2 Effects of solution pH

To explore the effect of solution pH value on the
adsorption performance of the MWCNTs/LDHs
nanocomposites, the initial pH of the CR solution was
adjusted to the range of 4—9 by using 0.10 mol/L HNO;
and 0.10 mol/L NaOH solutions. Figure 6(b) showed that
the adsorption performance became poor with increasing

the pH value. Obviously, the removal of CR solution by
MWCNTs/LDHs preferred lower pH value. To analyze
the adsorption mechanism, zeta potentials of MWNCTs/
LDHs in CR solution with variable pH were measured at
room temperature and the results were presented in
Fig. 7. As in conjunction with Fig. 6(b), the optimal
removal rate was achieved when zeta potential was near
zero. This study proved that the adsorption system was
mostly dominated by charge neutralization [22].
3.2.3 Effects of initial dye concentration

To explore the influence of initial CR concentration
on CR removal, simulative wastewater solution was
obtained by diluting the dye stock solution in distilled
water to get various desired concentrations (50—
250 mg/L). As shown in Fig. 6(c), the CR adsorption
sites grew with increasing the concentration of CR
solution, and the removal rate of CR also increased
gradually. It could be seen that the unsaturated
adsorption sites on the surface of MWCNTs/LDHs
decreased with the increase of initial concentration.
When ¢y=50 mg/L, the adsorption rate reached the peak
value of 99.7%.
3.2.4 Effects of adsorbent dosage

The effect of adsorbent dosage on CR removal was
studied by adding various dosages of MWCNTs/LDHs
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nanocomposites (2—15 mg) into 20 mL CR solution with
a concentration of 150 mg/L and a fixed pH value of 7.
The effect of adsorbent dosage on CR removal was
shown in Fig. 6(d). It was observed that the removal rate
increased with an increase in adsorbent dosage from 2 to
8 mg. The removal rate did not change with increasing
the dosage of the adsorbents from 2 to 8 mg.
3.2.5 Comparison of materials

The removal rates of different materials for CR

from aqueous solution were determined in the same
condition of contact time, pH, adsorbent dosage, initial
dye concentration, rotation speed and temperature. As
shown in Fig. 8, the removal rate of the MWCNTs
(0.5 g)/LDHs composites was the highest. Significantly,
the removal rate of the MWCNTs/LDHs composites rose
with increasing the amount of MWCNTs, which
illustrated that the addition of MWCNTs could improve
the removal rate for anionic azo dye pollutants by LDHs.

Furthermore, there were few reports about the use
of MWCNTs/LDHs materials for the adsorption of azo
dye. The comparison of the results from this study and
literature survey was illustrated in Table 5. As can be
seen from Table 5, compared with all of adsorbents used,
MWCNTs/LDHs may be a good option for wastewater
treatment.
3.2.6 Adsorbent recyclability

After the adsorption reaction, the used adsorbents
were ultrasonic washed by ethanol and deionized water
alternately until the solution became colorless. The solid
powders were collected and dried in vacuum oven under
80 °C overnight. As shown in Fig. 9, the adsorption
removal rate of the recycled materials gradually
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declined, but the reuse removal rate was still above 68%
after five cycles. It was proved that the MWCNTs/LDHs
were efficient adsorbents for the treatment of dye
wastewater with good recyclability.

100 -

80
60 -
40
11
0

Removal rate/%

S

MWCNT
(0.1 g)/LDHs

LDHs

P-MWCNTs
0O-MWCNTs
MWCNTs
(0.5 g)/LDHs

Fig. 8 Comparison of CR removal effect by different materials

Table 5 Comparison of adsorption capability of CR with

literature
No. Adsorbent ge/(mg-g ") Ref.
1 NiO-SiO, 204.1 [23]
2 Sr5(PO,)3(OH)/Fe;0, 396 [24]
3 MWCNTs 352.11 [25]
4 Activated carbon 32.85 [14]
5 MnFe,0,/PW 86.96 [26]
6 F6203_A1203 498 [27]
7 Pd NPs—AC 76.9 [28]
8 Ag NPs—AC 66.7 [28]
9 ZnO-NRs—-AC 142.9 [28]
10 MWCNTs/LDHs 598.5 This study
100
80 r
S
B
& 60r
=
=
2
6 40 r
-
20
0
2 3 4 5

Recycle number

Fig. 9 Recyclability of MWCNTs/LDHs on CR adsorption with
five cycles

3.3 Adsorption isotherms

In order to analyze the distribution of adsorbates
between the liquid and adsorbents at certain temperature,
two models including Langmuir and Freundlich were
used to describe the adsorption processes.

The non-linearized form of Langmuir isotherm
model could be described as the following equation:

— kaLce
1+ ke,

9e 4)
where k. (L/mg) is the Langmuir adsorption constant
related to the energy of adsorption, ¢, and g. (mg/g) are
the maximum and equilibrium adsorption capacities,
respectively.

The non-linearized form of Freundlich isotherm
model is given as the following equation:
qe = kee,”" (5)
where ki and n are the Freundlich constants related to the
capacity and intensity of adsorption, respectively.

The adsorption isotherms of CR onto MWCNTs/
LDHs were shown in Figs. 10(a) and (b). The correlation
coefficient values of CR dye adsorption isotherms by
MWCNTs/LDHs were listed in Table 6. It could be
assumed that the Langmuir model was much more
correlated to the experimental data for adsorbents. And
the adsorption took place at specific homogeneous sites
within the adsorbents.

3.4 Adsorption thermodynamics

The thermodynamic parameters including the
changes of Gibbs free energy (AG), entropy (AS) and
enthalpy (AH) were determined by the adsorption
isotherms at different temperatures. The changes in AG,
AH and AS were calculated by following equations:

AG=—RTln kg (©6)
AS  AH

Inky =~ -2 7

TR TRT (7)

where R (8.314 J/(mol-K)) is the mole gas constant, kg is
obtained from g¢./c. equation, and 7(K) is the
temperature.

The thermodynamic data for the adsorption of dyes
onto MWCNTs/LDHs composites were listed in Table 7.
The negative values of AG and positive values of AH
indicated that the adsorption of CR onto MWCNTs/
LDHs composites was spontaneous and endothermic.
The positive values of AS illustrated that the randomness
increased at the solid/solution interface during the
adsorption of CR on the MWCNTs/LDHs composites.

3.5 Kinetics of adsorption

Two kinetic models, pseudo-first-order and pseudo-
second-order, were used to investigate the kinetics of the
adsorption of CR onto MWCNTs/LDHs.
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Fig. 10 Adsorption isotherms fitted with Langmuir (a) and
Freundlich (b) models of CR removal on MWCNTs/LDHs at

different temperatures

Table 6 Parameters calculated by Langmuir and Freundlich
isotherm models for CR removal onto MWCNTs/LDHs

Langmuir isotherm model

Freundlich isotherm model

K ki/(L-mg™") R’ ke n R?

308 0.13 0.988 66425 1.14  0.993
298 1.64 0.964 40346 527  0.908
288 2.28 0.902 4053 649  0.886

Table 7 Thermodynamic data for adsorption of dyes onto
MWCNTs/LDHs composites

/K AG%(kJ-mol™") AS®/(kJ-mol "K™") AH®/(kJ-mol ")
288 -12.07

tlgq, =1/(kyg2)+1/q, 9)

where g. and ¢, are the adsorption capacities (mg/g) at
equilibrium and at adsorption time ¢ (min) respectively,
k; (min™") and k, (g/(mg-min)) are the pseudo-first-order
and pseudo-second-order rate constants, respectively.

Figure 11 showed the first-order (a) and second-
order (b) kinetics of CR adsorption. All the values along
with correlation coefficients were given in Table 8.
Obviously, the experimental data were closer to the
pseudo-second-order kinetic model. And the R’ value for
the pseudo-second-order kinetic model was higher than
that calculated with the pseudo-first-order kinetic model.
So, the CR adsorption onto MWCNTs/LDHs was suited
for the pseudo-second-order kinetic model at 25 °C.
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0.5

In[(ge—q)/(mg-g™")]

=0:5

0 100 200 300 400 500
t/min

(b)

0.6
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0.2

(t+g;")(min>gemg™")

0 100 200 300 400 500
t/min

Fig. 11 by MWCNTs/LDHs:
(a) Pseudo-first-order model; (b) Pseudo-second-order model

CR adsorption kinetics

Table 8 Kinetic parameters of CR adsorption in MWCNTs/
LDHs

298 -13.71 0.233 52.44 T/K /( 71) Pseudo-first-order
€,eX] mg- _ R
308 -16.57 Teer/IE'E e (mg-g ") key/min™! R’
298 595.8 87.72 8.54 0.653

The pseudo-first-order and pseudo-second-order
kinetic models were shown in following equations:

ln(qe_%)zln qe_klt (8)

Pseudo-second-order

TIK Geep/(mg-g ™) - ——
’ eca/(mgg™) Ko/ (grmg 'min") R

298 595.8 598.8 1 0.999
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4 Conclusions

1) The composites of negatively charged oxidized
multi-walled carbon nanotubes and positively charged
layered double hydroxides compounds were synthesized
via electrostatic interaction between the two materials.
The structural characteristics of MWCNTs/LDHs
nanohybrids were characterized by SEM/EDX, FT-IR,
BET, XRD, TGA and N,-sorption isotherm. The results
showed that the dispersivity of LDHs was obviously
improved due to the addition of MWCNTs.

2) MWCNTs/LDHs were effective adsorbents with
an adsorption capability of 595.8 mg/g for the removal of
CR in aqueous solution. The dye adsorption by
MWCNTs/LDHs depended on various parameters such
as adsorbent dosage, contact time, pH, and initial dye
concentration. The adsorption percentage was maximal
in weak acidic environment.

3) The experimental data were best fitted to
Langmuir isotherms, which could be assumed that the
sorption process was monolayer. And the adsorption
kinetic =~ followed  pseudo-second-order  kinetics.
Furthermore, thermodynamic studies showed that the
adsorption process was spontaneous and endothermic. It
could be expected that the adsorbents with good
recyclability were potential materials in wastewater
treatment.
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