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a b s t r a c t
Four adsorbents for Pb2+ and Cd2+ ions in aqueous solutions are prepared by modifying graphene 
oxide/sodium alginate with disodium ethylenediaminetetraacetate using different methods. 
Specific relative surface area, pore size analysis and the scanning electron microscopy pictures 
show the three-dimensional structures of these adsorbents, which possess pores of different sizes 
and distributions. Static adsorption experiments for Pb2+ and Cd2+ ions are carried out with the four 
newly synthesized adsorbents. Among them the composite of graphene oxide, sodium alginate 
and disodium ethylenediaminetetraacetate (SEG2), which is prepared by blending and vacuum 
freeze drying, has outstanding adsorption performance in removing heavy metal ions. The max-
imum removing rates of SEG2 toward Pb2+ and Cd2+ ions are 97.44% and 97.16%, respectively, at 
298 K. This effect demonstrates that SEG2 is highly promising in the practical applications such as 
removing heavy metal pollutants from the water.
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1. Introduction

Environmental heavy metals can accumulate within the 
human body through the food chain. Once the quantity is 
over the highest allowed value, they will induce a serious of 
poisonous syndromes, such as headache, dizziness, sleep-
lessness, and joints pain. The long-term over-dose accu-
mulation of heavy metals could even induce damages of 
the human neural system, digestion system, and excretory 
systems [1–3]. Lead and chromium are two of the most com-
mon heavy metals which are easy to accumulate and difficult 
to be de-composited biologically. Therefore they are listed 
as the top environmental pollutions that urgently require 
effective treatment, especially in the contaminated water.

Nowadays there are different methods to treat heavy 
metal pollutions, such as through chemical precipitation, 
ion exchange, membrane separation, electrolysis, reduction, 
and adsorption [4–7]. Among these methods, techniques 
based on adsorption have been proven to be very effective 
and promising [8]. To further improve the treatment effi-
ciency and to decrease the running cost by developing novel 
adsorbents is therefore a very hot topic in the field of envi-
ronmental protection.

Recently two-dimensional materials, such as graphene 
oxide (GO), have attracted tremendous attention in the field 
of water pollution treatment [9,10]. These kinds of materi-
als typically refer to flat or slightly corrugated sheets with 
nanometer thicknesses and extended lateral dimensions, 
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which can, therefore, provide extremely large specific surface 
areas. Furthermore, GO has corrugated carbon sheet with 
over half of the carbon atoms functionalized with hydroxyl 
and epoxy groups, and edges partially occupied by hydroxyl, 
carboxyl, ketone, ester and even lactol structures [11,12]. 
These large amounts of functional groups can serve as natu-
ral active sites for the adsorption of pollutants. Despite these 
advantages, the application of GO into the treatment of pol-
luted water is limited due to its high hydrophilicity. Even 
the pollutants can effectively adsorb onto the GO, it is very 
difficult to separate them from the water body. Therefore 
new strategies to overcome this issue need to be developed.

In this paper, we report a new method for the treat-
ment of heavy metal ions in polluted water using sodium 
alginate and GO composites. Four adsorbents for Pb2+ 
and Cd2+ in aqueous solutions are prepared by modifying 
graphene oxide/sodium alginate with disodium ethylene-
diaminetetraacetate. Specific surface area, pore size analysis 
and the scanning electron microscopy are used to characterize 
the morphologies and the structural properties of the novel 
composites. Static adsorption experiments and the removing 
performance toward Pb2+ and Cd2+ are compared for the 
composites prepared by different synthesis methods.

2. Materials and methods

2.1. Materials

Sodium alginate, calcium chloride, EDTA-2Na, lead 
nitrate, cadmium chloride are of analytical grade. Graphene 
oxide solution is purchased from Carmery Materials 
Technology Co. Ltd., (Taiyuan Shanxi). Twice-distilled water 
is used throughout the experiments. All experiments are 
performed at 298 K.

Inductively coupled plasma optical emission spec-
trometer (Optima 7000, PE company, USA) is used for 
deter mination of the concentrations of heavy metal ions. 
Scanning electron microscopy (Quanta450, FEI company, 
Netherlands) is used to characterize the material structures. 
Full automatic analyzer for relative surface area and poros-
ity (ASAP2020, Micromeritics company, USA) is employed 
to obtain the size information of the porous structures.

2.2. Adsorbents synthesis

Four adsorbents are synthesized with the following 
methods:

SE: 0.4 g sodium alginate, 0.1 g EDTA and 10 mL 
twice-distilled water are mixed and stirred in a magnetic 
stirring apparatus for 4 h. Afterwards the mixture is kept in 
a –80°C refrigerator for 1 h and freeze-dried subsequently. 
Twenty-four hours later the mixture is cross-linked with 
1% CaCl2 solution for 30 min. The product is washed with 
twice-distilled water to get rid of the excess CaCl2 solution, 
and then dried at 40°C in a vacuum oven for 2 h.

SEG1: A GO dispersion is prepared by sonicating 10 mL 
GO solution of 3 g L–1 for 2 h. Afterwards 0.4 g sodium algi-
nate and 0.1 g EDTA are added to the GO dispersion and 
stirred for 4 h. Afterwards the mixture is cross-linked with 
1% CaCl2 solution for 30 min. The product is washed with 
twice-distilled water to get rid of the excess CaCl2 solution, 
and then dried at 40°C in vacuum oven for 2 h.

SEG2: A GO dispersion is prepared by sonicating 10 mL 
GO solution of 3 g L–1 for 2 h. Afterwards 0.4 g sodium alginate 
and 0.1 g EDTA are added to the GO dispersion and stirred 
for 4 h. The mixture is kept in a –80°C refrigerator for 1 h. 
Subsequently, the sample is dried in a vacuum freeze drying 
machine. Twenty-four hours later, the mixture is cross-linked 
with 1% CaCl2 solution for 30 min. The product is washed 
with twice-distilled water to get rid of the excess CaCl2 solu-
tion, and then dried at 40°C in vacuum oven for 2 h.

SEG3: A GO dispersion is prepared by sonicating 10 mL 
GO solution of 3 g L–1 for 2 h. Afterwards 0.4 g sodium algi-
nate and 0.1 g EDTA are added to the GO dispersion and 
stirred for 4 h. The product is filtered using vacuum filter 
equipped with a 0.22 μm porous membrane. The resulted 
composite membrane is further cross-linked with 1% CaCl2 
solution for 30 min. The product is washed with twice- 
distilled water to get rid of the excess CaCl2 solution, and 
then dried at 40°C in vacuum oven for 2 h.

2.3. Material characterizations

The morphologies of the synthesized materials are 
obtained by scanning electron microscopy (FEI company, 
Quanta450). The relative surface areas and the porosities 
are characterized using a full-automatic instrument (Micro-
meritics, ASAP2020).

2.4. Experimental methods

The synthesized SE and SEG2 materials are cut into 
thin strips. The materials are then, respectively, put into 
the Pb2+ and Cd2+ aqueous solutions, at a concentration of 
0.5 g L–1. To facilitate the adsorption of the heavy metal ions, 
the solution mixture was shaken for 3 h in a temperature- 
controlled water bath shaker. Afterwards the concentrations 
of the Pb2+ and Cd2+ ions in the liquid phase of the solution 
are analyzed using inductively coupled plasma optical 
emission spectrometer. The amount of adsorption and the 
removal rate are also calculated.

For sample SEG1, the dry gel-spheres are put to the Pb2+ 
and Cd2+ aqueous solutions at a concentration of 0.5 g L–1. 
Afterwards the concentrations of the Pb2+ and Cd2+ ions in the 
liquid phase of the solution are analyzed using inductively 
coupled plasma atomic emission spectroscopy. The amount 
of adsorption and the removal rate are also calculated.

For sample SEG3, the membranes are used as filter in 
vacuum filter equipped. The Pb2+ and Cd2+ aqueous solutions 
are filtered through the membrane. Afterwards the concen-
trations of the Pb2+ and Cd2+ ions in the liquid phase of the 
solution are analyzed using inductively coupled plasma 
atomic emission spectroscopy. The amount of adsorption 
and the removal rate are also calculated.

To calculate the amount of adsorption at the equilibrium, 
Eq. (1) is used.
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where qe is the equilibrium adsorption (mg g–1), V is the 
solution volume (L), m is the mass of the adsorbent (g), 
c0 is the initial concentration of the Pb2+ or Cd2+ ions (mg L–1), 
ce is the concentration of Pb2+ or Cd2+ ions at the adsorption 
equilibrium (mg L–1), and R is the removal rate (%).

3. Results and discussions

3.1. Characterization of material morphology and porosity

To characterize the morphologies of the four synthe-
sized materials, scanning electron microscopy (SEM) images 
are collected from the surface and the cross-section of the 
material.

As shown in Fig. 1a, the surface of SE possesses a sponge-
like structure showing an inhomogeneous distribution of 
pores with different sizes. The SEM image (Fig. 1b) from its 
cross-section confirms the presence of three-dimensional 
porosity. The porous structure is likely resulted from the 
cross-link between the SA and Ca2+ ions. Furthermore the 
chemical reaction between the amino group in EDTA and 
the oxygen-containing group in SA could occur through the 
dehydration reaction.

As compared with Fig. 1a, the surface of SEG1 gel-sphere 
shown in Fig. 1c seems to be smoother. The SEM image taken 
from inside of the sphere (Fig. 1d) confirms the presence 
of loosely folded layer structures that are separated with 
irregularly shaped empty spaces. Such kind of morphol-
ogy could be due to the random connections among the GO 
nanoparticles in the GO gel sphere through the cross-link 
with EDTA.

In Fig. 1e, the SEM image taken from the SEG2 surface 
is shown, where well-shaped porous structure can be seen. 
The SEM image (Fig. 1f) from the cross-section of the sample 
reveals vertically-arranged channel-like morphology, which 
are formed by well-defined folded layers. This could be due 
to that GO layer, wrapped with SA, forms interconnected 
network with Ca2+ ions through interactions such as the 
hydrogen bonds, and van der Waals forces [13]. Such kind 
of interactions could lead to improved mechanical strength 
and resilience of the material. During the drying process 
at the low temperature (–80°C), water is frozen and rod-
like ice crystals grows from the bottom to the top surface of 
the membrane, inducing a relatively ordered alignment of 
the GO layer along the growth direction of the ice crystals. 
During the drying process, only the ice crystal in the mem-
brane is sublimated leaving the channel-like morphology 
behind.

The surface of SEG3 (Fig. 1g) is shown to be smooth, 
with some nanometer-sized roughness. The inside of the 
sample possesses three-dimensionally connected foam-like 
structure, as shown in Fig. 1h. The separations among the 
pores are significantly smaller than the SE, SEG1, and SEG2 
samples. The forming of surface roughness could be due to 
the highly-distorted GO layer through the cross-link with the 
amino-group of the EDTA molecules. Those amino groups 
can interact with the epoxide groups that present at random 
positions of the GO, inducing the distortion and folding of 
the GO layers [14].

The relative surface area and the porosity of the above 
samples are subsequently analyzed and the results are 
shown in Table 1. The SE shows to possess the largest surface 

area; whilst the SEG1 gel sphere is the smallest. Among the 
three samples, the SEG2 has the largest pore size, which is 
in good agreement with the SEM characterization.

3.2. Adsorption performances toward Pb2+ or Cd2+ ions on SE, 
SEG1, SEG2, and SEG3

3.2.1. SE, SEG1, SEG2

Respectively, an amount of 0.08 g SE, SEG1, SEG2 is 
added to 160 mL mixture solution containing Pb2+ and 
Cd2+ ions. The concentrations of the heavy metal ions are 
both 10 mg L–1, and the pH value of the solution is 7. The 
solution mixture was shaken at room temperature for 3 h. 
At a different time interval, 4 mL solution is taken and the 
concen trations of the Pb2+ and Cd2+ ions are analyzed. The 
amount of adsorption at the equilibrium and the removal 
rates are then calculated according to Eqs. (1) and (2), 
respectively.

As shown in Fig. 2, with the increase of the adsorption 
time the removal rates SE toward Pb2+ (black squares) and 
Cd2+ (red points) ions are increasing gradually. In the first 
30 min, the removal rates are increasing dramatically, which 
are gradually slowed down. After 120 min, the removal 
rates are steady, indicating the status of adsorption of equi-
librium. At 180 min, the removal rates for Pb2+ and Cd2+ ions 
are 88.4% and 84.2%, respectively. The amounts of adsorp-
tion at the equilibrium are 17.68 and 16.61 mg g–1 for Pb2+ 
and Cd2+ ions, respectively. The total amount of adsorption 
at the equilibrium of the adsorbent SA/EDTA is 34.29 mg g–1.

Similar to the experimental procedure for studying SE, 
0.08 g of SEG1 gel spheres is added to 160 mL mixture solu-
tion containing Pb2+ and Cd2+ ions. The solution mixture 
was shaken at the room temperature for 3.5 h. As shown in 
Fig. 2, the removal rates of SEG1 toward Pb2+ and Cd2+ ions 
are increasing with the adsorption time. However, as com-
pared with SE, it takes longer time to reach the adsorption 
equilibrium. Furthermore, the highest removal rates of SEG1 
toward Pb2+ and Cd2+ ions within the 210 min adsorption 
time are only 52.62% and 51.24%, respectively. These val-
ues are more than 30% less than those for SE. Furthermore, 
the amounts of adsorption at the equilibrium are 10.52 and 
10.25 mg g–1 for Pb2+ and Cd2+ ions, respectively. Hence, 
the total amount of adsorption at the equilibrium of the 
adsorbent SEG1 is 20.77 mg g–1, which is significantly lower 
than SE.

SEG2 is a brown foam-like material. As shown in Fig. 2, 
similarly to SE, the removal rates of SEG2 toward Pb2+ and 
Cd2+ ions increase steeply in the first 40 min. and slow down 
gradually. At about 60 min, the increase of the removal rate 
begins to be steady, indicating the adsorption equilibrium. 
Notably, as compared with SE, the respective removal rates 
of SEG2 toward Pb2+ and Cd2+ ions reached 84.68% and 
79.43% already in the first 40 min, which are 120 min shorter 
than it requires for SE. At 180 min, the removal rates toward 
Pb2+ and Cd2+ ions are 97.44% and 97.16%. Furthermore, 
the amounts of adsorption at the equilibrium are 19.74 and 
19.72 mg g–1 for Pb2+ and Cd2+ ions, respectively. Hence, the 
total amount of adsorption at the equilibrium of the adsor-
bent SEG2 is 39.46 mg g–1. These values demonstrate that 
outstanding performance can be achieved from SEG2 as 
compared with SE and SEG1.
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Fig. 1. SEM images taken from SE (a,b), SEG1 (c,d), SEG2 (e,f), and SEG3 (g,h). Left column: surface morphology. Right column: 
cross-section morphology.
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3.2.2. SEG3

SEG3 is a kind of membrane-like material. It is used 
as filter in a vacuum filter equipped. A volume of 160 mL 
aqueous solutions containing 10 mg L–1 Pb2+ and Cd2+ ions 
are filtered through the membrane. Afterwards the con-
centrations of the Pb2+ and Cd2+ ions in the liquid phase 
of the solution are analyzed using inductively coupled 
plasma atomic emission spectroscopy. Due to the nano-
meter-sized pores, the filtration through SEG3 membrane 
is very difficult. According to the experiments and calcu-
lation, the amount of water flux through the membrane is 
only 10.6 L m–2 h–1 bar–1. At the end, the removal rate toward 
Pb2+ ions is 99.06%; whilst for Cd2+ 86.37% can be achieved.

3.2.3.  Effect of different ratios of GO, sodium alginate, 
and EDTA in SEG2 foam

The effect of different ratios of GO, sodium alginate, and 
EDTA is optimized by changing their contents, respectively. 
S1, S2, S3, S4, and S5 are prepared by varying the quality of 
sodium alginate (0.05, 0.1, 0.25, 0.4, and 0.55 g) while keep-
ing the GO (6 g L–1, and 1 mL), twice-distilled water (9 mL) 
and EDTA (0.2 g) constant. As seen in Fig. 3, the removal 
rates of Pb2+ and Cd2+ by GO increases gradually, reach the 
maximum value at 0.4 g and then decrease. Then, vary-
ing the quality of EDTA (0.05, 0.1, 0.2, 0.3, and 0.4 g) while 

keeping the sodium alginate (0.4 g), GO (6 g L–1, and 1 mL) 
and twice- distilled water (9 mL), the removal rates of Pb2+ 
and Cd2+ are similar to change the ratio of sodium alginate. 
As seen E1, E2, E3, E4, and E5 in Fig. 3, the maximum values 
are at 0.1 g EDTA (E2). Finally, the influence of different vol-
ume GO are studied. 0.4 g sodium alginate and 0.1 g EDTA 
are added into GO solution (6 g L–1, 3, 4, 5, 6, and 7 mL) and 
then the solutions are diluted to 10 mL with twice-distilled 
water. The results are denoted as G1, G2, G3, G4, G5 while 
the removal rates of Pb2+ and Cd2+ reach 96.1% and 94.9% 
at GO 5 mL in Fig. 3. G3.

3.2.4. Effect of pH

The influence of adsorbent dose on the removal of Pb2+, 
Cd2+ ions by SEG2 is investigated in the pH range from  
3 to 7. As Fig. 4 shows, the removal rates are low at a lower pH 
and high at a higher pH. The adsorption capacities of the 
SEG2 have a significant promoting increase with increasing 
pH between 3 and 6, whereas the removable rates increase 
slowly when pH increases from 6 to 7. The lower removal 
rate under low solution pH can be explained by the com-
petitive adsorption between the Pb2+ and Cd2+ and hydrogen 
ions on the limited number of binding sites [15]. Another 
reason may be attributed to the fact that the carboxyl 
groups on the SEG2 foam can transform into the carbox-
ylic acid groups at lower pH, which weakens the electro-
static attraction with the cations [16]. Below pH 6, Pb2+ is the 
predominant Pb(II) species. Pb2+ and Pb(OH)+ are present 
in the pH range of 6–7.5. Above pH 7.5, Pb(OH)+ changes 
to Pb(OH)3

– and Pb(OH)2 [17]. With further increasing pH 
from 6 to 7, the hydrogen ions decrease and the SEG2 foam 
provide more ligands to form complexes with Pb2+, Pb(OH)+ 

Table 1
Analysis of relative surface area and porosity of the three types 
of samples

Sample BET relative surface 
area (m2 g–1)

Pore volume 
(cm3 g–1)

Average pore 
diameter (nm)

SE 2.3047 0.000578 12.5
SEG1 0.0122 0.000016 32.34
SEG2 1.1529 0.001069 312.9

 
Fig. 2. Removal rates of SE, SEG1, SEG2 toward Pb2+ and Cd2+ 

ions at the different adsorption time.

 

Fig. 3. Removal rates of SEG2 toward Pb2+ and Cd2+ ions with 
respect to different mixture ratios. The gray bars indicate the 
removal rate toward Pb2+ ions; whilst the light yellow bars are 
the ones toward Cd2+ ions. For synthesis composites named 
with the initial letter ‘E’, the quantities of EDTA are varied from 
0.05 (E1), 0.1 (E2), 0.2 (E3), 0.3 (E4), to 0.4 g (E5); while keep-
ing other components constant amount. Similarly, for synthe-
sis composites named with the initial letters ‘S’ and ‘G’, the 
quantities of sodium alginate and GO are, respectively, varied.
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and Cd2+, which lead to the adsorption capacity of the two 
metal ions higher. There is a considerable retarding effect 
on the adsorption with pH from 6 to 7 which may be due 
to that the surface hydroxyl groups may exchange a proton 
with positively charged metal species in aqueous solution.

3.2.5. Effect of dose

To optimize the adsorbent dose for the removal of Pb2+ 
and Cd2+ from its aqueous solutions, adsorption is carried 
out with the dose ranging from 4 to 25 mg in 20 mL solu-
tion. As Fig. 5 shows, it can be seen that both removal rate 
of Pb2+ and Cd2+ rise with increasing the adsorption dose 
in the initial stage, which may be owing to the existence 
of a large number of active adsorption sites [18]. Further 
increase of the adsorbents from 10 to 25 mg has little effect 
on the removal rate. This may be due to the fact that the 
SEG2 can provide enough adsorption sites for the complete 
adsorption of Pb2+ and Cd2+ ions. Thus, 0.5 g L–1 as the ratio 
of the adsorbent dose and the solution volume is used in the 
next experiments.

3.2.6. Adsorption kinetics of SEG2

Due to the extraordinary performance of SEG2 in 
removing Pb2+ and Cd2+ ions, we further study their adsorp-
tion kinetics using pseudo-first-order (Eq. (3)) and pseudo- 
second-order (Eq. (4)) reaction models shown below [19,20]:

log log
.

q q q
k t

e t e−( ) = − 1

2 303
 (3)

t
q q k

t
qe e e

= +
1
2

2

 (4)

where qe (mg g–1) is the amount of adsorption at the equilib-
rium, qt (mg g–1) is the adsorbent at time t, k1 ( min–1) is the 

kinetic rate constant of the pseudo-first-order reaction, and 
k2 (g mg–1 min–1) is the kinetic rate constant of the pseudo- 
second-order reaction.

The adsorption rates of Pb2+ and Cd2+ ions of different 
initial concentrations onto SEG2 are compared by fitting the 
adsorption processes with either Eqs. (3) or (4). The fitting 
parameters are shown in Tables 2 and 3.

As can be seen in Table 2, the adsorption rates of Pb2+ 
ions of different initial concentrations can be fitted using 
both reaction models. However with the pseudo-second- 
order reaction model, the fitting is much closer to the 
experimental results as the R2 value is nearly 1. This result 
indicates that the adsorption kinetics of Pb2+ ions onto SEG2 
has a pseudo- second-order and the chemical adsorption is 
the rate- control step.

Similar to the Pb2+ ions, the adsorption kinetics of Cd2+ 
ions can also be better fitted using the pseudo-second-order 
reaction model, which indicates that chemical adsorption is 
the rate-controlling step.

3.3. Comparison and discussion of the adsorbent performance

Comparing the removal rates of the four tested materi-
als toward both Pb2+ and Cd2+ ions, one can clearly see that 
the performance of SEG2 is the best. Although SEG3 seem 
to show the highest removal rate toward Pb2+ ions, it is less 
satisfactory for the case of Cd2+ ions. The worst performance 
is seen when SEG1 is used. Its removal rates toward Pb2+ and 
Cd2+ ions are only 54% and 52.7% of the respective perfor-
mances shown by SEG2. The main cause could be due to the 
smallest relative surface area of the SEG1 gel spheres, which 
is 94.5 times less than that of SEG2. Intriguingly SE, the 
material with the largest relative surface area, does not show 
prominent adsorption efficiency as well as compared with 
SEG2. This phenomenon can be understood by considering 
the different adsorption mechanisms. In SEG2 the graphene 
oxide can provide large range π-conjugated electrons and 

 

Fig. 4. pH effects on Pb2+ and Cd2+ adsorbed by SEG2 298 K, 
contact time 180 min, 10 mL solution with Pb2+ and Cd2+ initial 
concentration of 20 mg L–1, respectively.

 
Fig. 5. Effect of different adsorbent doses of SEG2 on the 
removal rates. The study is performed at 298 K with an inter-
action time of 180 min. A 20 mL solution (pH 7) containing 
20 mg L–1 Pb2+ and Cd2+ ions is used for the investigation.
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rich amount of oxygen-containing functional groups. These 
chemical properties enable the adsorption of heavy metal 
ions onto SEG2 not only through physical process but also 
via chemical interactions. For example, the delocalized π 
electron systems of the GO act as the Lewis base while the 
heavy metal ions can act as the Lewis acid. The delocalized 
π electron systems can form electron donor–acceptor com-
plexes with heavy metal ions through the Lewis acid–base 
interaction [21,22]. In addition, the adsorption of heavy metal 
ions on SEG2 foam has complexation because of the existence 
of EDTA.

The synthesized composites seem to have higher adsorp-
tion performance toward Pb2+ than for Cd2+ ions, which 
could be due to their different material property dependent 
affinities with the adsorbents [23,24]. The radii of the Pb2+ 
and Cd2+ ions are 1.19 and 0.95 Å, respectively. The larger 
the ion radius, the easier they can be blocked by the porous 
adsorbents. Furthermore, the electric negativities of the Pb2+ 
and Cd2+ ions are 2.33 and 1.69, respectively. It has been 
reported that ions with large electric negativity are easier 
to form stable complex with the oxygen-containing func-
tional groups via the lone-pair electrons [25,26]. This could 
be a further reason for understanding the higher removal 
rate of Pb2+ ions than for Cd2+ ions.

The adsorption processes of SE, SEG1, SEG2 reach an 
equilibrium state in different time and the shortest time is 
SEG2. It could be due to the largest pore diameter of the 
SEG2 foam except the strong attractive forces between 
heavy metal ions and the sorbent, which is favorable for 
facilitating the interstitial diffusion of heavy metal ions to 
active sites [27–29].

4. Conclusions

Four types adsorbent are synthesized by mixing SA, 
EDTA, and GO with different methods. The SEM and relative 
surface area analysis show that the compounds possess 
three-dimensional network structures. Especially SEG2 has 
regular porous morphology with high mechanical strength. 

At room temperature and a pH value of 7, it shows the 
highest removal efficiency toward Pb2+ and Cd2+ ions with 
the removal rates as 97.44% and 97.16%, respectively. This 
outstanding removal performance of SEG2 is due to the syn-
ergy of physical adsorption as well as chemical adsorption 
processes.
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