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Efficient removal of cadmium using facile functionalized of

mesoporous silica via a biomimetic coating

Yan Chen, Junkai Gao®, Xiaofei Wen, Wenfeng Wu

School of Maritime and Civil Engineering, Zhejiang Ocean University, Zhoushan 316022, China

ABSTRACT

A mesoporous material (DMOS), prepared by a facile surface modification strategy
based on grafting polydopamine onto meso-structured silica (MOS), was developed as
a sorbent to sequestrate Cd>". The method used to modify MOS was simple, facile and
cost-effective. The DMOS was characterized by SEM, TEM, XRD, BET and FT-IR,
showing that the material had clear multilayer structures, large surface area of 431
m’/g and large pore size of 12.7 nm. The influences of pH, contact time,
solid-to-liquid ratio, ionic strength and adsorption—desorption cycles on the sorption
process were investigated. It was demonstrated that the adsorption capacity of Cd*" by
DMOS was dramatically improved by functionalization with the maximum adsorption
capacity of 107 mg/g at pH 6.0 and that the sorption equilibrium time was 90 minutes.
Additionally, the influence of the solid-to-liquid ratio and ionic strength on the
sorption was very weak, and the Cd*" adsorption capacity of regenerated DMOS still
remained 86.5% after ten adsorption-desorption cycles. All the results illustrated that
the DMOS exhibited excellent performance for the removal of Cd*".
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1 Introduction
Toxic heavy metals can cause water and soil contamination, which jeopardize
human health and damage bio-organisms. In particular, Cd*" is considered as one of

the most hazardous metals present in waste water discharge from many industries.

* Corresponding author. Tel./fax: +86 580 2554491. E-mail address: gaojk@zjou.edu.cn.
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Numerous technologies of removing heavy metals from aqueous solutions, including
chemical precipitation,'” adsorption,”® ion exchange” and membrane processes,”'’
have been developed. Among these methods, adsorption is a preferential choice
because of its high efficiency, easy operation and reversibility. A number of

112 gilica nanotubes,13 mesoporous carbons,'*

absorbents including metal oxides,
carbon nanotubes,'” sepiolites,'® palygorskite'” and montmorillonite'® have been used
for the capture of heavy metals from aqueous solutions. Among those materials,
mesoporous silicas were regarded as promising absorbents owing to their large pore
size, high surface areas, uniform pore structures, and excellent mechanical stability."
However, the mesoporous silicas still suffered from the drawback of low sorption
capacity in many cases. To promote their sorption ability, surface modification with
functional groups was performed.* 2*** Jeong er al.*® developed an effective sorbent
for the removal of Cu(Il) from aqueous solution with
tetrakis(4-carboxyphenyl)porphyrin  functionalized mesoporous silica SBA-15
(TCPP-SBA-15). Huang et al?! synthesized a Cr(Ill) sorbent with
tannin-immobilized mesoporous silica bead (BT-Si0,) that could be a highly effective
sorbent during purification of Cr(IIl) from aqueous solutions. Aguado et al.* prepared
SBA-15 materials functionalized with amino for efficient extraction of heavy metals
in wastewater. Da’na et al.” grafted 3-aminopropyltrimethoxy-silane onto SBA-15 to
develop Cu*" ions sorbent, and under suitable conditions, the sorbent exhibited high
adsorption capacity.

However, typical strategies for immobilizing heavy metal ligands onto mesoporous
silicas relied on refluxing in organic solvents for several hours.?***%® Such treatment
was aggressive and tedious, and hazardous reagents were needed sometimes.
Motivated by the adhesive proteins secreted by mussels, Lee et al.”’” reported a mild
approach utilizing dopamine as a modification reagent to form a polydopamine
coating on almost all types of material surfaces. As a class of catecholamines,
polydopamine had an extremely excellent ability to bind metals.”®**’ In this case,
strategies that combine surface modification by dopamine with removal of heavy

metals from aqueous solutions are of great interest.*>* Yu et al.*® synthesized Cu(II)
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sorbent with bio-inspired polydopamine coated zeolites, and its adsorption capacity
was obviously improved compared with the natural zeolites. Nematollahzadeh et al.*'
grafted polydopamine onto maghemite nanoparticles to develop effective, fast and
dosage-saving sorbent for the separation of Cr(VI) from aqueous solution. To promote
the sorption capacity and achieve faster sorption kinetics, we developed a novel
dopamine-functionalized SBA-15 (DMS) with high surface areas as a sorbent to
extract U(VI) from aqueous solution.”” However, to avoid the blockage of
mesoporous channels result from the bulkiness of polydopamine, high ligand loading
amount could hardly be obtained, thus limiting applications. To overcome this
drawbacks, mesoporous silica with larger pore size was needed.

In this work, a mesoporous material (DMOS), prepared by a facile surface
modification strategy based on grafting polydopamine onto meso-structured silica
(MOS), was developed as a sorbent to sequestration Cd*". This is the first time that
dopamine was used as surface functionalization reagent to modify MOS. The MOS
has mesopores of 10 nm diameter,” which has the potential of increasing the amount
of polydopamine loaded on its surface and meanwhile avoiding the blockage of
mesopores. DMOS was firstly used to remove Cd*" from aqueous solution, and the
influences of pH, contact time, ionic strength, solid-to-liquid ratio and
adsorption—desorption cycles on the sorption process were investigated. The results
demonstrated that the DMOS exhibited excellent performance for the removal of Cd2+,
and it had great potential for practical applications.

2 Experimental
2.1 Materials

Poly (ethylene glycol)-b-poly (propylene glycol)-b-poly (ethylene glycol) (P123)
and dopamine-HCl were purchased from Sigma-Aldrich. Cadmium nitrate,
1,3,5-trimethylbenzene (TMB) and tetraethoxysilane (TEOS) were purchased from
Meryer, China. All of these materials were used as received. A standard stock solution
(1.052 g/L) of Cd*" was prepared by dissolving Cd(NOs), in deionized water. The
standard stock solution was diluted by deionized water to prepare desired Cd*"

solutions (10~300 mg/L). All of the other reagents were of analytical reagent grade
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and used as received without further purification.
2.2 Preparation of dopamine-functionalized MOS (DMOS)

The MOS was synthesized as described by Jun et al.** Dopamine-functionalized
MOS was synthesized using the post-grafting method. Specifically, 1 g of MOS was
suspended in 200 mL of 1.25 g/L dopamine solution freshly prepared in Tris-HCl
buffer (pH 8.5), and the mixture was stirred for 2 h. Then, the suspension was
centrifuged, washed with deionized water, and dried at 40 C in vacuum for 24 h. The
as-prepared material was denoted as DMOS.

2.3 Batch adsorption experiments

In the batch adsorption experiments, an exact amount of DMOS was added into 50
mL cadmium nitrate solution in a conical flask, and the suspension was agitated with
a mechanical shaker at 200 rpm at 298 K. The initial pH of solutions was adjusted
using 0.1 M NaOH or 0.1 M HNOs. In equilibrium study, the initial pH of the solution
was adjusted to 6.0. When the sorption equilibrium was reached, all of the solution

was filtered, and the Cd*" concentration was measured by atomic absorption

spectrophotometer (361 CRT, INESA Analytical Instrument Company Limited, China).

The experiments were carried out twice, and the results were given as average values.

The equilibrium sorption capacity ¢, (mg/g) of Cd*" and sorption capacity q,

(mg/g) of Cd*" at time ¢ (min) were determined by equations (1) and (2),

respectively:
C,—-C,)xV
L _{G-c)r "
m
C,—-C)xV
P 1 L4 2)
m

where C,, C, and C, are the concentrations of Cd*" (mg/L) at the initial time,

equilibrium time and time ¢, respectively; V' and m represent the volume of the
Cd*" solution (L) and the weight of DMOS (g), respectively.
2.4 Adsorption—desorption recycle experiments

In the adsorption—desorption recycle experiments, 5 mg of DMOS was added into
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10 mL cadmium nitrate solution (initial concentration 100 mg/L; pH value 6.0 and
temperature 298 K), and the suspension was agitated for 150 min. Then the solution
was centrifuged at 8000 rpm for 30 minutes, and 5 mL supernatant was removed for
Cd*" concentration determination. Subsequently, 0.1 M HNOs solution was added,
followed by 150 min shaking at 298 K to desorb the loaded Cd*" ions, and the final
Cd*" concentration were determined. Then the sorbent was separated and washed with
deionized water to reuse in the next adsorption—desorption process.
2.5 Characterization

The morphological images of the DMOS were characterized by scanning electron
microscopy (SEM, S-4800, Hitachi, Japan). Transmission electron microscopy (TEM,
JEM-2100F, JEOL, Japan) images were obtained at 200 kV. Small angle X-ray
diffraction (XRD, D/MAX-2500, Rigaku, Japan) pattern was taken at 40 kV and 40
mA. The surface-area of MOS and DMOS were calculated according to the
Brunauer-Emmett-Teller (BET, BELSORP-max, BEL, Japan) method, and the pore
size distributions were obtained by the Barrett-Joyner-Halenda (BJH) method using
adsorption isotherm branches. The Fourier transform infrared (FT-IR, VECTOR22,
Bruker, Germany) spectra was realized by the KBr pellet method.
3 Results and discussion

3.1 Characterization of DMOS

Fig. 1. Characterization of DMOS: (a) SEM image; (b) TEM photograph.

The characterization results of DMOS are shown in Fig. 1. The SEM image (Fig. 1
(a)) showed that DMOS was made up of hundreds of nanometer sized onions particles
aggregated into secondary micrometer sized particles, in accordance with the previous

reports.”*>>* The TEM photograph (Fig. 1 (b)) indicated that the DMOS had clear
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multilayer structures, and the mesopore size between the layers was about 13 nm.
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Fig. 2. (a) XRD pattern; (b) N, adsorption/desorption isotherms.

Small angle X-ray scattering data (Fig. 2 (a)) revealed that the DMOS possessed
onion-like mesostructure.”> Two peaks at 20=0.82 and 1.51 were attributed to the
characteristic (100) and (200) diffractions of the multilayer vesicular structure.*® The
N, adsorption/desorption isotherms of both MOS and DMOS are shown in Fig. 2 (b),
and they were found to be the typical type IV,*® which were consistent with the
mesoporous material. The BET specific surface area of MOS was 476 mz/g, and the
BJH adsorption cumulative volume and pore size were calculated to be 1.29 cm’/g
and 14.3 nm, respectively. The large pore size and pore volume benefited the
accommodation of dopamine. After modification by dopamine, the BET specific
surface area of DMOS was 431 m*/g, and the pore volume and pore size were 1.19
cm’/g and 12.7 nm, respectively. Such pore sizes were large enough for the Cd*"
entering the internal structure of DMOS to promote the sorption capacity. Compared
with unfunctionalized MOS, the specific surface area, cumulative volume and pore

size of DMOS decreased observably, indicating the success of the modification.
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Fig. 3. FT-IR spectra of the MOS and DMOS.

The FT-IR spectra of MOS and DMOS are shown in Fig. 3. The peaks at 1081 cm™,
793 cm™ and 470 cm™ can be assigned to asymmetric stretching, symmetric stretching
and bending vibration of Si-O-Si bonds from all of the samples, indicating that the
structure of MOS was well preserved in DMOS.>” The adsorption band at 974 cm’
could be ascribed to symmetric stretching vibration of Si-OH groups.”® The
adsorption peaks at 3474 cm” and 1636 cm™ were due to stretching and bending
vibration of —OH, which suggested the presence of hydroxyl and H,O in the MOS and
DMOS.** Compared to the FT-IR spectrum of MOS, the peak at 1494 cm™ of DMOS
could be ascribed to the stretching of the benzene ring from dopamine.*’ This result
confirmed that dopamine was successfully immobilized on the surface of MOS.

The above results validated that the dopamine functionalized MOS was
successfully prepared. To the best of our knowledge, the exact interaction mechanism
of dopamine with silica is not fully understood so far. In the previous study, we
proposed that the interaction mechanism of dopamine with mesoporous silica was
because of the H bonds formed by the catechols in polydopamine and the two distinct

types of silanols on the surface of silica, as shown in Fig. 4.*
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(a) H, (b)

HoN

Fig. 4. The interaction mechanism of (a) isolated silanols and (b) geminal silanols on the
surface of silica with catechol in polydopamine.32

3.2 Sorption Kinetics

Contact time is one of the most important parameters for metal ions adsorption, and
it can be used to investigate the adsorption kinetics. The adsorbed amount of Cd*" on
DMOS versus time was studied at an initial Cd*" concentration of 100 mg/L and a
DMOS concentration of 0.4 g/L. while the contact time varied from 5 to 420 min, and
the results are shown in Fig. 5. It was observed that the adsorption equilibrium was
reached within 90 min, and the sorption consisted of two stages. The Cd*" uptake
increased sharply in the first stage of 0-60 min, then rose slowly, and gradually
reached equilibrium in the next step of 60-90 min. In the initial adsorption stage, the
faster adsorption rate could be attributed to the larger number of binding sites on the
surface of DMOS and the larger Cd*" concentration gradient in the solution. In the
second stage, the sorption mainly depended on the cadmium ions penetrating into the
inside pores of DMOS, which needed more energy, therefore, the amount of Cd*"
adsorbed increased slowly.” The experimental results showed that the sorption
equilibrium could be reached within 90 min, and a contact time of 150 min was

selected in subsequent experiments to ensure completeness of sorption.
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Fig. 5. The effect of contact time on the sorption of Cd*" on DMOS; pH=6.0, T=298 K,
[Cd™ Tinitia=100 mg/L, Myorbent/ Viotution=0.4 g/L.
The adsorption rate of Cd*" on DMOS were analyzed using the pseudofirst order

and pseudosecond order kinetics models as shown in Egs. (3) and (4):*!

In(q,—q,)=Inq, -kt 3)
t 1 t

L + 4
Qt k2q32 qe

where k, and k, are the rate constants of the pseudofirst order adsorption (min™)

and pseudosecond order adsorption (g/(mg min)), respectively.

The kinetic model parameters values of k&, k, and g, were calculated from the
slopes and intercepts of the straight lines (Fig. 6), and the results are presented in

Table 1. Compared with the determination coefficient (R?) of the pseudofirst order

kinetic equation, the value of the R?of pseudosecond order kinetic equation was
higher, and the value of ¢, obtained from the pseudosecond order kinetic model was

close to that determined experimentally (105 and 99 mg/g). Therefore, the adsorption
process of Cd*" on DMOS could be described by the pseudosecond order kinetic

model.
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Fig. 6. The pseudofirst order (a) and pseudosecond order (b) kinetics for the Cd*" sorption by
DMOS.

Table 1 Kinetic parameters of Cd”" adsorbed in DMOS.

Pseudofirst order Pseudosecond order
ki (min') g, (mglg) R k, (¢/mgmin) g, (mgg) R
0.015 17.5 0.146 0.001 105 0.997

3.3 The effect of initial pH

The effect of the solution pH on the sorption of metal ions can be associated with
its remarkable effect on the surface charge of the sorbent, the metal ionization and
speciation in solution.** Adsorption of Cd** by DMOS was studied at different initial
pH values in the range of 2.0 to 6.0 at 298 K, DMOS concentration of 0.4 g/L for 150
min, and an initial cadmium concentration of 100 mg/L. Fig. 7 shows that the
adsorption of Cd*" on DMOS was pH-dependent. It could be seen that the amount of
Cd*" absorbed was increased when the pH value of the solution increased from 2.0 to
6.0. At lower pH, the surface of DMOS was positively charged due to the protonation
of the surface functional groups on DMOS, and the sorption capacity of cadmium
were low because of the electrostatic repulsion.*? The low sorption capacity at lower
solution pH values was also caused by the competition of hydrogen ions with Cd*" for
active binding sites.” With increasing the pH values of the solutions, the surface
charge of DMOS was more negative, which was more favoured for the sorption of
Cd**, and the sorption capacity obviously increased. When the pH of the solution was

higher than 6.0, hydrolysis of cadmium ion occurred and resulted in the precipitation
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of metal hydroxide, therefore it was difficult to distinguish between the precipitation
and adsorption of cadmium ion removed from solutions.*

Compared with the unmodified MOS, the adsorption capacity of Cd*" by DMOS
was dramatically improved by functionalization with dopamine. The meliorated
performance of DMOS was mainly attributed to the excellent Cd*" ion chelation
ability of the functional groups on the surface of DMOS. Furthermore, the method
used to modify MOS was simple, facile and cost-effective. Therefore, the DMOS has

great potential for widespread practical applications.
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Fig. 7. The effect of initial pH on the sorption of Cd*"on MOS and DMOS; T=298 K,
[Cd” Tiniia=100 M@/L, Myorpend Vsoluion=04 /L.

3.4 The sorption isotherm

To inspect the sorption capacity of DMOS for Cd*" and the detailed adsorption
characteristics, aqueous solutions with DMOS dosage of 0.6 g/L and varying initial
Cd*" concentrations from 10 to 300 mg/L, were used to determine the adsorption
isotherm. The adsorption isotherm of Cd*" on DMOS is shown in Fig. 8. With the
increasing equilibrium cadmium ion concentration, the amount of Cd** adsorbed
increased, and the maximum adsorption capacity of DMOS was 107 mg/g. The
sorption capacity of Cd*" by DMOS was also compared with other adsorbents, as

shown in Table 2. Though the sorption capacity of DMOS was not the largest one, the
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method used to functionalize MOS in this work was simple, facile and cost-effective.
Therefore, the DMOS had greater potential for practical applications. Moreover, the
performance of DMOS was competitive, and this was mainly attributed to that the
functional groups on the surface of DMOS had excellent ability of chelation with

Cd*" ions and the large surface areas of DMOS.
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Fig. 8. The sorption isotherms of Cd*" on DMOS; pH=6.0, T=298 K, Myopent’ Visolution=0-6 g/L.

Table 2 Comparison of DMOS with other adsorbents.

Sorption capacity Contact

Adsorbent (mg/g) time (h) References
DMOS 107 2 This work
XYPAL-SH 30 6 Liang et al."’
MDA-magMCM-48 114 1.5 Anbia et al.*
HMS-NH, 28 24 Machida et al.**
Amine-functionalised 6
SBA-15 41 2 McManamon et al.
Lignin 137 48 Mohan et al.*’
MSEP-NT 35 24 Liang et al.'®
pMF 4 2 Lietal.*
BCSH 35 24 Bogusz et al.*’
MDA-SBA-15 98 2 Shahbazi et al.”
MnO,/0-MWCNTs 41.6 2.5 Luo et al.®
Bamboo Charcoal 12 6 Wang et al.*’
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NH,-MCM-41 18 2 Heidari et al.*

Sulfonic-functionalized
100 24 Silva et al.”’

PDMS

The adsorption data of Cd*" on DMOS was analyzed with Langmuir and

Freundlich models, and their linear equations are shown in Egs. (5) and (6):30

¢.__ 1 .G )

Qe quL qm

Ing, =Ink, P C, (6)
n

where ¢, is the maximum adsorption capacity (mg/g). K, is the Langmuir constant
(mg/dm’). K » 1s the Freundlich constant (dm*/mg), and n is the adsorption

intensity.
The fitting curves of Langmuir and Freundlich models are shown in Fig. 9, and the

fitting parameters of the two models were listed in Table 3.

2.8
a 4.94 b
2.1 . -
4.2
gﬁ 1.4+ p
= g 35
au 0.7
2.8
0.0
. . . . . . 2.1 . . . . .
50 0 50 100 150 200 250 300 0 1 2 3 4 5 6
C, (mg/L) InC_

Fig. 9. Linearized (a) Langmuir model plot (Eq. (7)) and (b) Freundlich model plot (Eq. (8)) for
the Cd*" sorption by DMOS.

Table 3 Adsorption isotherm parameters of Cd”" adsorbed on DMOS.

Model parameters Langmuir Freundlich
KL Qm (mg/g) R 2 KF n R 2
Value 0.061 115 0.997 124 2.28 0.928

The determination coefficient (R*) value in Table 3 indicated that the sorption data

of Cd*" on DMOS fitted the Langmuir model ( R*>=0.997) better than the Freundlich
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equation (R*=0.928). The calculated Langmuir adsorption capacity was 115 mg/g,
which was close to the actual experimental adsorption capacity of 107 mg/g,
confirming that the sorption data could be properly described by the Langmuir model.
The Langmuir equation indicated that the adsorption of Cd*" might occur at
homogeneous binding sites of DMOS and formed a monolayer coverage of
adsorbate.”

The phenolic groups possessed chelation ability with a variety of metals,?® therefore,
one of the mechanisms of polydopamine on the surface of DMOS interaction with
cadmium ions might be attribute to the bidentate chelating bonding in which two
oxygen atoms bound to a cadmium, as illustrated in Fig. 10. Furthermore, Cd*"is a
borderline metal with ambivalent property that has the affinity with amino-functional
groups,”™* hence the amino ligands in the polydopamine could bind to cadmium ions

as shown in Fig. 10.

HoN bt

NH,

Fig. 10. The proposed interaction mechanism of polydopamine with Cd*".

3.5 The effect of the solid-to-liquid ratio

The solid-to-liquid ratio is another important parameter which represents the
adsorptivity of the sorbent. The effect of solid-to-liquid ratio was investigated by
varying the volume of solution from 25 to 500 mL. The total amounts of Cd*" ions
and DMOS in the solution were 2.5 mg and 10 mg, respectively, which were kept
constant. As shown in Fig. 11, while the solid-to-liquid ratio decreased from 0.4 to
0.02 g/L, the adsorption amount of Cd*" on DMOS declined from 96.7 to 82.0 mg/g.
It was clear that the decrease of sorption capacity of DMOS was not significant even
when the solid-to-liquid ratio changed greatly. The results indicated that the DMOS

could still had excellent adsorption capacity even under the condition that the
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concentration of cadmium ions was very low.
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Fig. 11. The effect of the solid-to-liquid ratio on the Cd*" sorption by DMOS. Total amount of
Cd* was 2.5 mg in all solutions; Myypen=10mg, pH=6.0, T=298 K.

3.6 The effect of ionic strength

The effect of ionic strength on the Cd*"adsorption by DMOS was investigated by
changing the Na" (NaNO;) or K" (KNOs) concentrations of solution. The initial Cd*"
concentration and DMOS dose were 100 mg/L and 0.4 g/L, respectively, and the K"
and Na' concentrations varied from 0.01 to 0.4 mol/L. The results are shown in Fig.
12. Tt could be seen that with increasing Na" or K* concentrations, the sorption
amount of Cd*" decreased from 101 to 87.8 mg/g or 101 to 88.5 mg/g, respectively.
Therefore, the coexisting Na" or K” ions had no obvious influence on the adsorption
of Cd*" on DMOS. The possible explanation for this result could be that the phenolic
groups on the surface of DMOS possessed more excellent chelation capacity with
polyvalent metal ions than monovalent ones. Moreover, the competition between Na"
(K" ) ions and Cd*" ions for the active sites on DMOS and the decrease of activity of
cadmium ions induced by increased ionic strength might also be responsible for the

decline of Cd** sorption capacity.52
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Fig. 12. The effect of K" and Na' concentrations on the sorption of Cd*" on DMOS; pH=6.0,
T=298 K, [Cd” Jinitia=100 mg/L, Myorpent/Vsotuion=0-4 g/L.

3.7 Desorption and reusability

For practical applications, the regeneration and reuse of sorbent is necessary. As
illustrated in Fig. 7, the adsorption amount of Cd*" was low at low pH, which
indicated that the cadmium ions could be desorbed by acidic solution. The 0.1 M
HNOj; solution was used as the desorption agent to regenerate the spent sorbent. The
results are shown in Fig. 13. The decrease of adsorption capacity of DMOS might be
caused by the irreversible occupation of part adsorption sites or the loss of the
sorbent.'? However, the Cd*" adsorption capacity of regenerated DMOS still remained
86.5% after ten adsorption-desorption cycles. Therefore, the DMOS offers the

possibility to be used as reusable and recyclable sorbents for the removal of Cd*" ions.
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Fig. 13. Adsorption capacity of Cd*" by DMOS in adsorption-desorption cycles; pH=6.0, T=298
K, [Cd™ Tinar=100 mg/L, Myorpent/Vsotuion=0.5 /L.

4 Conclusions

In summary, a simple, facile and cost-effective method was used to synthesize
dopamine-functionalized mesoporous silica (DMOS), and the adsorption capacity of
Cd*" by DMOS was dramatically enhanced in comparison with MOS. The sorption
equilibrium time was 90 minutes and the influence of the solid-to-liquid ratio and
ionic strength on the sorption was very weak. Importantly, the DMOS could be easily
regenerated by 0.1 M HNOj; solution, and it still remained high adsorption capacity
after ten adsorption-desorption cycles. Taken together, the DMOS exhibited great
potential as an excellent adsorbent for practical applications in Cd*" removal from
waste water. Moreover, because the polydopamine had favorable ability to coordinate
with a variety of metals,”®* the DMOS could be used to adsorb other heavy metal

ions in the environmental remediation.
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A mesoporous material (DMOS), prepared by grafting polydopamine onto
meso-structured silica (MOS), was developed as a sorbent to sequestrate Cd*".

Dopamine Cadmium
solution solution
——

N\ ——Polydopamine e — Cd*
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