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a b s t r a c t
Rectorite/chitosan (REC/CS) and cross-linked CS composite sponge was prepared by freeze-drying 
method and characterized by Fourier-transform infrared spectroscopy, scanning electron micros-
copy and X-ray diffraction. The REC/CS sponge possessed interconnected three-dimensional mac-
ropores with pore sizes of 30–100 μm. REC/CS composite sponge was employed as adsorbents for 
the removal of Pb2+ from aqueous solutions in a batch system. The result showed that the adsorp-
tion capacity of cross-linked CS sponge and REC/CS composite sponge was 18.87 and 27.03 mg/g, 
respectively. Equilibrium isotherm study showed a very good fit with the Langmuir isotherm equa-
tion for the monolayer adsorption process, while the adsorption process can be well described by 
the second-order kinetic model. The adsorption process was determined by two steps of internal 
diffusion and liquid membrane diffusion, the adsorption rate of the first step was faster than the 
second step.
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1. Introduction

With the development of industry, the problem of water 
pollution caused by heavy metals is becoming more and 
more serious. Lead has toxicity in low concentration, and is 
difficult to be degraded. The bioaccumulation of lead causes 
a serious threat to organisms and human health. Drinking 
the lead-bearing water for a long time, the nervous system of 
human could be disordered and the cardiovascular system 
could be injured to a lesser degree [1]. The wide application 
increases the emission of lead greatly, the concentration of 
lead in industrial wastewater reaches 200–500 mg L–1, which 
is too high for the environment [2]. So the removal of lead 
from wastewater became one of the critical issues.

Nowadays, the methods of removing heavy metals from 
aqueous solutions include precipitation, electrochemical, 
biological, membrane filtration, ion exchange, adsorption, 
and so on [3–6]. Among the above, adsorption method 
is widely used due to its remarkable effect, low energy 
consumption, easy operation, and reusability. Therefore, 
adsorption has broad prospects in the treatment of heavy 
metals wastewater. The key factor influencing the adsorp-
tion effect is the choice of adsorbent.

Traditional adsorbent always exists in the powder or 
spherical form. But adsorbent with small size is easy to be 
drained in application, which increases the possibility of 
secondary pollution. Cheng et al. [7] prepared chelating 
sponge for adsorption of Ni(II) and Cd(II) from water samples. 
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Zhao et al. [8] prepared recyclable S-doped graphene sponge 
for Cu2+ adsorption. The sponge adsorption material has 
become an important direction. Compared with traditional 
adsorbent, the sponge adsorbent is easier to be separated 
from water, which is beneficial for reusing and reducing the 
operation cost. Chitosan (CS) is obtained by deacetylation 
of chitin, which widely exists in various animals and plants. 
The existence of amino and hydroxyl groups in its structure 
provides a good adsorption performance for heavy metals 
[9,10]. At the same time, CS is prone to be chemically modi-
fied, and modification is the efficient way to widen the appli-
cation of CS. As a kind of natural polymer material, CS is 
possible to be the raw material for preparing sponge adsor-
bent because of the large amount of active groups [11]. 

Moreover, rectorite (REC) is a kind of natural clay and 
an interlayer silicate mineral consisting of a regular (1:1) 
accumulation of mica-like layer and montmorillonite-like 
layer. REC has been studied for its potential applications as 
environmental remediation agents to remove heavy metals, 
due to its large surface area and high ion exchange capacity 
[12]. Zhang et al. [13] modified the REC by combining inor-
ganic and organic reagents. The removal rate of Pb2+ by the 
modified REC reached 100%, and the adsorption capacity 
reached 8.31 mg/g. But according to the previous research, 
the adsorption efficiency of REC is not satisfactory.

In order to promote the adsorption property of CS and 
REC, an environmental-friendly sponge adsorbent material 
was prepared. CS was modified by compounding with REC 
and crosslinking, using glutaraldehyde as crosslinking agent. 
And the sponge was prepared by freeze-drying method. 
The composite sponge was characterized by X-Ray diffrac-
tion (XRD), Fourier-transform infrared spectroscopy (FTIR), 
scanning electron microscopy (SEM), SEM-EDS, energy-
dispersive spectroscopy (EDS) mapping. Static adsorption 
experiments had been carried out to study the adsorption 
property of REC/CS composite sponge for removal of lead 
from aqueous solutions. The factors affecting the adsorption 
effect were discussed, such as the mass ratio of REC and CS, 
pH, contact time, initial concentration, and dosage of adsor-
bent. And the adsorption process was analyzed by adsorp-
tion kinetic models and isothermal adsorption models.

2. Materials and methods

2.1. Chemicals and materials

CS with a degree of deacetylation more than 90% was 
obtained from Zhejiang Golden-Shell Pharmaceutical Co., 
(Yuhuan, China). REC was purchased from Hubei Xingfa 
Chemicals Group Co., Ltd., (Xingshan, China). The other 
agents used in the experiments were of analytical grade. 
The water used in experiments was ultrapure water.

FD-1D-50 freezing dryer was provided by Beijing 
Boyikang Laboratory Instruments Co., Ltd., (Beijing, China) 
novAA 350 atomic absorption spectrophotometer was pro-
vided by Analytik Jena, Germany.

2.2. Preparation of REC/CS composite sponge

REC/CS composite sponge was prepared by freeze-dry-
ing as follows. In a 2% (v/v) aqueous acetic acid solution, 
2.5  g pure chitosan was dissolved to prepare chitosan 

solution, the dissolution process takes about 4  h under 
the condition of stirring at 120  rpm. Varied weights of 0, 
0.25, 0.3125, 0.5, 0.8333, 2.5 g REC were added to the bea-
ker with 50 mL ultrapure water, and the beaker was put in 
the water bath between 50°C and 60°C. The REC suspen-
sion was prepared under stirring. Then as-prepared CS 
solution was slowly added into the REC suspension, kept 
stirring for 10  h under the same condition. Crosslinking 
agent (2.5% [V/V] glutaraldehyde solution) was added into 
the mixer, and cooled to room temperature. The crosslink-
ing reaction spent 2  h at room temperature with stirring. 
When the reaction was finished, the mixer was poured 
into several plastic culture dishes averagely. Plastic culture 
dishes with mixer were put in refrigerator for precool-
ing, and then put them in freeze-dryer until totally dried. 
The obtained material was soaked in 0.1 mol/L NaOH solu-
tion for 30 min, followed with washing by water until the 
pH was close to neutral. REC/CS composite sponge was 
prepared after freeze-drying again.

2.3. Characterization of REC/CS composite sponge

The samples were ground into powder, and then 
formed into pellets with KBr at the ratio of 1:100 (w/w). 
FTIR spectra were recorded with KBr pellets on Nicolet-360 
FTIR spectrometer in the range of 4,000–400 cm–1. The crystal 
structure of the samples was investigated by XRD.

The morphology of the samples was characterized by 
SEM. At the same time, EDS analysis and EDS mapping 
analysis was used to study the difference of the surface 
elements before and after adsorption.

2.4. Adsorption experiments

0.1  g adsorbent was added into a 100  mL conical bot-
tle containing 50  mL Pb2+ solution. The conical bottle was 
placed in a dual multi-purpose speed oscillator (120  rpm, 
303.15 K) for desired time followed by filtration. The concen-
tration of remaining Pb2+ in solution was detected by atomic 
absorption spectrophotometer. The adsorption capacity 
Q (mg/g) of REC/CS composite sponge is calculated from 
the following equation:

Q
C C V

m
e=

−( )0

1 000,
	 (1)

In the forms, C0 and Ce represent the concentration (mg/L) 
of Pb2+ before and after adsorption, respectively. V is the 
volume (L) of Pb2+ solution before adsorption, and m is the 
mass (g) of the adsorbent.

3. Results and discussion

3.1. Characterization of the sponges before adsorption

3.1.1. SEM analysis

The SEM micrographs of REC/CS composite sponge 
before adsorption are shown in Fig. 1. In REC/CS complex 
solution, the Schiff base reaction between GA and CS mol-
ecules occurred, the CS molecular chains were cross-linked 
and REC/CS complex wet gel was formed. Water in the gel 
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was replaced with gas by freeze-drying under vacuum and a 
3D macroscale sponge formed with a porous structure. The 
REC/CS sponge possessed interconnected three-dimensional 
macropores with pore sizes of 30–100  μm. Moreover, most 
of these pores were perforated and laminated, which pro-
vided enough surface area for Pb2+ contacting with the adsor-
bent. From Fig. 1, the surface performed slightly rough, due 
to the addition of REC powder. And the REC powder in 
sponge dispensed evenly. 

3.1.2. FTIR analysis

FTIR analysis is a characterization method to char-
acterize the functional structure of materials. The FTIR 
spectra of the samples are shown in Fig. 2. In Fig. 2a, the 
N–H stretching vibration occurred at 3,444  cm–1, which 
overlapped the O–H stretch from the carbohydrate ring. 
However, the vibration peak shifted to 3,365 cm–1 after the 
crosslinking; addition of crosslinking agent could increase 
the distance between CS chains and decrease the bind-
ing force. Fig. 2c shows the FTIR spectra of REC powder. 
The peak at 3,647 cm–1 was attributed to the bending vibra-
tion of hydrogen bond formed on hydroxyl groups in Si–
OH. The wide peak at 3,446 cm–1 was due to the bending 
vibration of water and hydrogen bond between water 
molecules. The peaks at 701 and 548 cm–1 were formed by 
bending vibration out of plane of Si–O–Al. The bending 
vibration of Si–O was showed at 438–488 cm–1 [14–16].

The characteristic peaks of CS and REC both appeared in 
REC/CS composite sponge as shown in Fig. 2d. Compared 
with the single phase, a slight shift and weakening of these 
peaks over the composite sponge was observed, probably 
due to a weak interaction between the two substances [17]. 
Typically, the peak of N–H shifted to 1,558 cm–1 due to the 
negative electrical properties of the silicon oxygen tetrahe-
dron contained in the interlayer of REC, while the –NH2 
group in CS had an electrostatic interaction with the neg-
ative charge sites of REC when the intercalation reaction 
happened [12]. Furthermore, the weakness of stretching 
vibration of N–H and O–H in Fig. 2d demonstrated that the 

crosslinking reaction mainly happened on –NH2 and –OH 
in CS. Moreover, the peak at 3,647 cm–1 in Fig. 2c was also 
weaker, which might be due to the formation of hydrogen 
bonds between –OH in REC and active groups in CS.

3.1.3. XRD analysis

XRD patterns are shown in Fig. 3. The diffraction 
peaks appeared at 2θ = 11.90° and 20.08° over CS indicated 
a certain crystalline region in the CS molecules (Fig. 3a), 
which might be resulted from the intermolecular hydrogen 
bonds. The addition of crosslinking agent could cause a 
crosslinking reaction between CS chains, and destroy the 
hydrogen bonding between molecules, thus decreasing 
the crystallinity of CS (Fig. 3b) [18]. Furthermore, the XRD 
peaks for REC sample in the range of 10°–70° well matched 
with the rectorite phase (Fig. 3c). Comparing Fig. 3d with 
Figs. 3a and b, the peak at about 20° diminished obviously. 
The change might be attributed to the relatively high crys-
tallinity of REC. It could be seen in Fig. 3d that there was 
no new peak arising after the compound reaction, but the 
peak became wider evidently. This result was because the 
combination of REC and CS cannot produce a chemical 
reaction to form a new substance, but it affected the crys-
tallization degree of the material. So that the crystalliza-
tion degree of the rectorite was reduced, and the structure 
became loose [19].

3.2. Effect of reaction conditions on Pb2+ adsorption

3.2.1. Effect of REC/CS ratio on adsorption

The REC/CS composite sponge with different mass ratio 
of REC and CS was prepared. The absorption experiments 
were carried out with 50  mL, 200  mg  L–1 of Pb2+ solutions 
at room temperature and the results are shown in Fig. 4. 
A maximum adsorption capacity was obtained with the 
mass ratio up to 1:3. Evidently, during the initial period, the 
addition of REC increased adsorption sites, the adsorption 
capacity increased. With further increasing REC amount, 
the adsorption capacity decreased dramatically, which was 

 

a b

Fig. 1. SEM micrographs of REC/CS composite sponge with different magnification.
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Fig. 2. FTIR spectra of CS (a), cross-linked CS sponge (b), REC powder (c) and REC/CS composite sponge (d).
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attributed to the relative reduction of CS. CS was covered 
with REC, the adsorption capacity of REC is less than the 
adsorption capacity of CS.

3.2.2. Effect of pH on adsorption capacity

The pH is the most important factor affecting the 
adsorption process [20]. To investigate the effect of pH 
on the adsorption of Pb2+, the experiment was carried out 
in 200  mg/L Pb2+ solutions, with pH values ranging from 
2.0 to 5.5. The results could be seen in Fig. 5.

From Fig. 5, the adsorption capacity first increased 
and then slightly decreased with the increase of pH val-
ues. The adsorption capacity reached the optimum condi-
tion when pH was 4.0. At low pH, the concentration of H+ 
in solution was relatively high. So most of –NH2 had been 
protonated as Eq. (2), which might affect the target ions 
to approach the adsorption sites because the same charges 
repel each other [12]. In addition, ion exchange may be hap-
pened between the H+ in solution and exchangeable cations 
in REC such as Na+ thus competing with Pb2+. These caused 
the low adsorption capacity at pH < 4. When the pH reached 
about 4.0, the hydrolysis reaction began to occur on alumi-
num in REC. Therefore, the generated precipitates would 
be attached on the surface of the materials, which influ-
enced the contact between target ions and adsorption sites. 
Besides, the local concentration of H+ would increase through 
hydrolysis reaction and decrease the adsorption capacity. 

RNH H RNH2 3+ →+ + 	 (2)

3.2.3. Effect of contact time

To investigate the effect of contact time on adsorption 
of Pb2+, the static adsorption experiment was carried out in 
200  mg/L Pb2+ solutions, and the concentration of residual 
Pb2+ was detected at different contact time and the result is 
shown in Fig. 6. 

Totally, the adsorption capacity of Pb2+ onto the sponges 
increased rapidly within 120  min and then slowed down 
gradually until equilibrium reached. At the beginning, the 
available adsorption sites were sufficient, and the concentra-
tion of Pb2+ in solution was high. Therefore, the Pb2+ adsorp-
tion rate was fast due to the larger mass transfer force. Then, 
the vacant sites were occupied rapidly, and the concentration 
of Pb2+ in the residual solution declined as well, leading to 
the increase of the mass transfer resistance. So the adsorp-
tion rate was slower than that in the initial time, until the 
adsorption came to the dynamic equilibrium. According to 
the result, the adsorption process of cross-linked CS sponge 
and REC/CS composite sponge reached the equilibrium 
at about 240 and 180  min, respectively. The equilibrium 
adsorption capacity of cross-linked CS sponge and REC/CS 
composite sponge was 18.87 and 27.03 mg/g, respectively.
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3.2.4. Effect of initial concentration on adsorption capacity

The effect of the initial Pb2+ concentration on adsorp-
tion capacity was studied by vibrating 100  mL various 
Pb2+ concentrations. As can be seen in Fig. 7, the adsorp-
tion capacity increased along with the increase of the ini-
tial concentration. The main reason was the quantity of 
vacant adsorption sites and the high concentration of Pb2+ 
in solution. But when the concentration was high enough, 
the adsorption sites were limited. So the increment of 
adsorption tended to be zero gradually, and the adsorp-
tion capacity reached the maximum. From the experimen-
tal data, the maximum adsorption capacity was obtained at 
Pb2+ = 600 mg/L, with 22.03 and 32.67 mg/g for cross-linked 
CS sponge and REC/CS composite sponge, respectively.

3.3. Adsorption kinetics

Three kinetic order models were studied to fit the exper-
imental data: the pseudo-first-order, the pseudo-second-
order, and the intra-particle diffusion model [21].

The pseudo-first-order model could be expressed by 
Eq. (3) [22].

ln lnQ Q Q k te t e−( ) = − 1 	 (3)

The pseudo-second-order model could be expressed by 
Eq. (4) and the initial adsorption rate h was expressed as 
Eq. (5) [23].

t
Q k Q

t
Qt e e

= +
1

2
2 	 (4)

h k Qe= 2
2 	 (5)

The Weber–Morris intra-particle diffusion model was as 
follows:

Q k t Ct p= +0 5. 	 (6)

In these equations, Qe (mg/g) and Qt (mg/g) repre-
sented the adsorption capacity at equilibrium and at time t, 
respectively. k1 (min–1), k2 (g/(min mg)), and kp (mg/g min1/2) 
represented the constant of pseudo-first-order model, 
pseudo-second-order model, and internal diffusion rate, 
respectively. The C in Eq. (6) was the constant related to the 
thickness of the liquid film. 

The fitting results are shown in Fig. 8, and the calculation 
parameters are shown in Table 1.

It could be seen that the adsorption process of cross-
linked CS sponge and REC/CS composite sponge both 
fitted better with pseudo-second-order model than pseudo-
first-order model, the correlation coefficient of pseudo-
second-order model was closer to 1, and the calculated 
Qe was closer to the experimental data. According to 
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Table 1, the theoretical equilibrium adsorption capacity 
of cross-linked CS sponge and REC/CS composite sponge 
calculated by pseudo-second-order model was 21.03 and 
28.24  mg/g, respectively, and the initial adsorption rate 
was 0.3913 and 1.192 mg/(g min), respectively.

The adsorption process could be divided into two stages. 
As the C was not 0, the adsorption was determined by two 
steps, which was internal diffusion and liquid membrane 
diffusion. And the adsorption rate of the first step was faster 
than the second step, according to the value of kp1 and kp2.

3.4. Isothermal adsorption

Adsorption isotherms are important for describing the 
interaction between adsorbent molecules and adsorbent 
surfaces. The Langmuir isotherm model assumes mono-
layer coverage of adsorbate on a homogeneous adsorbent 
surface. This model does not consider surface heterogene-
ity of the sorbent. It is assumed that adsorption would take 
place only on the special site of adsorbent. The Freundlich 
isotherm model is an empirical equation that describes the 
surface heterogeneity of the sorbent. It considers multilayer 
adsorption with a heterogeneous energetic distribution 
of active sites, accompanied by interactions of adsorbed 
molecules [24].

The Langmuir isotherm is expressed as:

C
Q

C
Q Q b

e

e

e= +
max max

1 	 (7)

where Qmax (mg/g) is the experimental maximum adsorption 
capacity, b is the Langmuir equilibrium constant, which is 
related to the affinity of binding sites in materials.

The Freundlich adsorption isotherm can be expressed as:

log log logQ k
n

Ce e= +
1 	 (8)

Both k and n in this formula represented the Freundlich 
isothermal adsorption constant. The value of k was related to 

adsorption capacity of adsorbent, while the n was related to 
adsorption intensity of adsorbent.

According to Fig. 9 and Table 2, Langmuir isothermal 
adsorption model could better fit the experimental data of 
adsorption. The correlation coefficients of the cross-linked 
CS sponge and REC/CS composite sponge for the Langmuir 
isothermal adsorption model were 0.9995 and 0.9993, respec-
tively. And the correlation coefficients of the Freundlich 
isotherm model were 0.8167 and 0.9424, respectively. The 
result indicated that the adsorption of Pb2+ on the sponges 
were mainly monolayer adsorption and coexisted with 
other mechanisms [25]. Moreover, the theoretical maxi-
mum adsorption capacity of two kinds of materials was 
close to the experimental data. A comparative analysis on 
the removal of Pb2+ using various adsorbents is shown in 
Table 3. We observed that the Qmax value varied considerably 
for different adsorbents. In this study, the REC/CS composite 
sponge showed higher adsorption capacities compared with 
those of chitosan/clay composite. The nanocomposite and 
ion-imprinted polymers represented better performance.

3.5. Morphologies and structures of REC/CS composite sponge 
after adsorption of Pb2+

The SEM-EDS and EDS mapping results of REC/CS 
composite sponge after adsorption are shown in Fig. 10. 
The porous structure of material was still complete after 
being soaked in solution for a long time. And the EDS result 
showed that the main element of material was C and O, and 
the content of Pb was ranked third after adsorption. The 
distribution of C and Pb elements was both uniform on the 
surface of the material, which also confirmed that REC/CS 
composite sponge had a certain adsorption ability for Pb2+.

As it can be seen from Fig. 11, after adsorption of Pb2+, 
the adsorption peak assigned to stretch vibration of N–H 
and O–H at 3,362 cm–1 shifted to 3,356 cm–1 as well as weak-
ened, and the bending vibration adsorption peak of N–H at 
1,595 cm–1 was weakened at the same time, which suggested 
the –NH2 in CS still took part in the adsorption of Pb2+ onto 
REC/CS composite sponge. The adsorption band of stretch-
ing vibration in-plane of Si–O–Si enhanced and shifted from 

Table 1
Adsorption parameters of kinetic models for Pb2+ sorption on REC/CS composite sponge

Pseudo-first-order model Pseudo-second-order model

Parameter k1 Qe Se R2 k2 h Qe Se R2

(min–1) (mg/g) (g/(mg min)) (mg/(g min)) (mg/g)

CS sponge 1.309 × 10–2 18.63 1.0322 0.9868 8.856 × 10–4 0.3913 21.02 0.5239 0.9929
REC/CS sponge 1.166 × 10–2 17.02 2.6753 0.9354 1.494 × 10–3 1.192 28.24 0.0364 0.9991

Weber–Morris intra-particle diffusion model

Parameter kp1 C1 Se R2 kp2 C2 Se R2

(mg/g min–1/2) (mg/g min–1/2)

CS sponge 1.268 –0.105 0.2112 0.9914 0.0495 17.76 0.0137 0.7641
REC/CS sponge 1.848 3.689 0.2999 0.9830 0.0823 25.01 0.0221 0.8717
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Table 2
Fitting result of adsorption parameter

Langmuir adsorption model Freundlich adsorption model

Parameter Qmax (mg/g) b R2 1/n k (L/g) R2

CS sponge 22.83 0.04168 0.9995 0.2008 6.618 0.8167
REC/CS sponge 33.90 0.04770 0.9993 0.2179 9.224 0.9424
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1,025 and 1,053  cm–1 to 1,020 and 1,049  cm–1. The reason 
might be Pb2+ intercalating into the interlayer of REC, the 
binding force between the silica tetrahedron and the inter-
layer cations in the montmorillonite unit was weakened 
relatively. Meanwhile, the Si–O–Si in different silicon tetra-
hedron was much different due to ion exchanging. 

It could be seen from Fig. 12 that after adsorption of 
Pb2+, the crystallization characteristics of REC/CS com-
posite sponge changed after adsorption of Pb2, and the 

characteristic peaks weakened. Notably, there was a new 
peak appeared at 2θ  =  27.42° belonging to Pb2SiO4 phase, 
because of the electrostatic attraction between Pb2+ and sili-
con oxy tetrahedron in REC.

3.6. Recycling performance

In the present study, 0.01  M HCl solution was used 
to treat the sponges, which had adsorbed Pb2+ for the 
removal of the adsorbed ions. The mixture was agitated 
in a shaker at 120  rpm at room temperature for 4 h, and 
the adsorbents were washed repeatedly with distilled 
water until it became neutral. After that, they were used to 
re-adsorb the Pb2+ in aqueous solution. Repeat the exper-
iment four times, and the changes of its adsorption capac-
ity are shown in Fig. 13. The initial adsorption capacity of 
REC/CS composite sponge and cross-linked CS sponge is 
25.95 and 17.39 mg/g, respectively. After five cycles, REC/
CS composite sponge and cross-linked CS sponge exhib-
ited 76.14% and 57.93% of maximum adsorption capacity, 
respectively. This result confirms that the REC/CS com-
posite sponge has a good cyclic adsorption stability and 
regeneration ability.

4. Conclusion

The addition of REC not only improved the adsorp-
tion capacity of cross-linked CS sponge but also enhanced 
the intensity of cross-linked CS sponge. REC/CS compos-
ite sponge possess most effective Pb2+ adsorbing under 
the optimum pH value of 4, mREC:mCS  =  1:3 and the 
crosslinking agent dosage of 0.8  mL. The equilibrium 
adsorption capacities of cross-linked CS sponge and REC/
CS composite sponge were 18.87 and 27.03  mg/g, respec-
tively. The adsorption of Pb2+ on cross-linked CS sponge 
was mainly attributed to the mating reaction of amino 
and hydroxyl groups on Pb2+. Also, the ion exchange and 
electrostatic attraction may take part in the adsorption of 
REC/CS composite sponge. Both cross-linked CS sponge 
and REC/CS composite sponge exhibit a good fit with the 

Table 3
Comparison of the adsorption capacities (Qmax) of different 
adsorbents

Adsorbent Qmax (mg/g) Reference

Chitosan/rectorite composite  
 sponge

33.9 This study

Chitosan-coated stone powder 17.2 [26]
Composite of hydroxyapatite  
 and chitosan

3.1 [27]

Acid-activated clay 10.1 [28]
Alginate–bentonite 5.8 [29]
Lead ion-imprinted chitosan 83.2 [30]
Magnetic chitosan nanocomposite 121.9 [31]
Waterworks sludge waterworks  
 sludge

20.4 [32]

Date pits activated carbon 101.3 [33]
Sodium dodecyl sulfate  
 acrylamide Zr(IV) selenite

20.0 [34]
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Fig. 11. FTIR spectra of samples after adsorption of Pb2+. REC/CS 
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Fig. 12. XRD patterns of samples after adsorption of Pb2+. 

REC/CS composite sponge (a) before and (b) after adsorption.
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pseudo-second-order kinetic model and Langmuir isother-
mal adsorption model. REC/CS composite sponge has a 
better cyclic adsorption stability and regeneration ability 
than cross-linked CS sponge. Therefore, REC/CS composite 
sponge has promising applications in the removal of Pb2+ ions.
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