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ABSTRACT

The mesoporous carbon (CMK-3) functionalized with ethylenediamine (EDA) has been propered (CMK-
3-EDA) and used as a new mesoporous adsorbent for removal of Cu(ll) and Pb(Il) cations from agqueous
solutions. Nitrogen adsorption-desorption measurements (BET) show that surface area, pore size and pore
volume of CMK-3 have significantly changed after amine modification. The BET surface area and pore
diameter of functionalized product were 344.74 m*> .g* and 28.61A, respectively. The adsorption
conditions including contact time, pH value and adsorbent dosage of the sample solution have been
studied in batch system and then determined by means of flam atomic absorption spectrometry. The
adsorption capacity was 188.2 mg. g and 196.64 mg. g* for Cu(ll) and Pb(ll) ions, respectively. The
obtained high adsorption capacity of CMK-3 functionalized with EDA is due to the amine functional
groups formed on the surface of CMK-3 which can react with Pb(I1) and Cu(l1) ions. Results show that the
new synthesized porous material is a highly effective for sorption of Pb(I1) and Cu(ll) ions in comparison

to other adsorbents.

doi: 10.5829/idosi.ije.2014.27.09¢c.11

1. INTRODUCTION

Environmental pollution due to rapid technological
development is a matter of serious concern [1]. The
presence of high amount of heavy metals such as
cadmium, nickel, lead, mercury, chromium, and copper
in the environment may cause serious problems for the
human health [2]. Lead present in air, soil, water, and
foods causes neurological damage, heart and renal
disease as well as brain and blood disorders [3]. Copper
is a hazardous metal due to its non-biodegradability and
its accumulation in the environment [4]. Different
methods including chemica precipitation, adsorption,
ion-exchange, membrane filtration and e ectrochemical
processes have been applied for removing heavy metals
from water media. Out of these mentioned methods,
adsorption has been found to be one of the best
techniques for this purpose [5]. Adsorption of heavy
metals on mesoporous materials is a relatively recent
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devdlopment. In the early 1990's, new ordered
mesoporous materials were synthesized by researchers
at Mohil Oil Corporation [6]. The hexagonally ordered
mesoporous silica materials have many attractive
characteristics such as well-ordered periodic pore
structure, high thermal and chemicd stabilities,
controllable pore diameter, large surface area and their
ability to incorporate specific binding materials [3, 7].
In 1998, Zhao et a. developed SBA-15 mesostructured
silica SBA-15 usually has wider pores than MCM-41
(SBA-15 pores range from 4.6 to 30 nm) and higher
pore volumes [8]. For the first time, mesoporous carbon
was synthesized in 1999 by Ryoo using MCM-48 as a
hard template [9]. Mesoporous carbon, due to its high
specific surface areg, relaively large diameter and pore
volume has been selected for removing the heavy metal
ions from the aqueous solution [10]. Porous materials
have also been applied in water purification [11-13], gas
separation, catalyst support and electrode materials for
electrochemical double layer capacitors and fud cells
[14].
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In the present work, SBA-15 mesoporous silica has
been synthesized by a hydrothermal method and then
used as template-silica along with sucrose as the carbon
source for preparation of the CMK-3. Consequently,
CMK-3 was carboxylated by ammonium persulfate
((NH4)2S,0g) and H,SO,4, then functionalized with
EDA. The resulting material has been used as a new
adsorbent for removal of the Pb(11) and Cu(ll) ions.

2. EXPERIMENTAL

2.1.Reagents and Materials  Tetraethylorthosilicate
(TEOS), sulfuric acid (98%), phosphoric acid (85%),
sucrose, sodium hydroxide, ethanol, ammonium
persulfate ((NH,),S,0g) 298%, thionyl chloride(SOCI,)
97%, EDA , Copper(Il) nitrate trihydrate , Lead(Il)
nitrate and hydrofluoric acid 38-40% (HF) were from E.
Merck (Germany). P123 [poly(ethylene glycol)-block-
poly(propylene  glycol)-block-poly(ethylene  glycol)]
was from Aldrich.

2. 2. Synthesis of SBA-15  Mesoporous slica was
synthesized by hydrothermal method reported earlier by
[15]. The detailed procedure was as follows: first, 4g
P123 was dissolved in 150 ml H;PO, at temperature
40°C. The resulting solution was poured in a Teflon
autoclave and then 9.6 ml of TEOSwas added in it drop
wise while stirring the solution. Stirring of the resulting
solution was continued for 24h at 40°C. After this, the
solution was aged at 100°C for 24 h without stirring.
The produced solid product was obtained by filtration,
then washed and dried at 100°C for 20 h. In order to
remove the P123 template, the dried product was
calcined under flow of air at 250°C for 3 h and at 550°C
for 4 h.

2. 3. Synthesis of CMK-3 CMK-3 was prepared
according to the process described earlier [16] using
SBA-15 as template silica and sucrose as the carbon
source. The detailed procedure was as follows: 1.25 g of
sucrose and 0.14 g of H,SO, in 5.0g of H,O was
dissolved and the obtained solution was added to 1g of
SBA-15. The resultant mixture was dried in an oven at
100°C for 6h and continued by increasing the oven
temperature up to 160 °C for 6h. In order to complete
the polymerization and carbonization processes, 0.75 g
sucrose, 0.08 g H,SO, and 5.0 g H,O was used and the
resulted mixture was dried again at 100 °C for 6h
followed by 160 °C for 6h. The resultant product was
carbonized in an argon gas flow at 900 for 6 h with a
heating rate of 2.5 °C.min™. Then removal of template
silica was achieved twice using 1M NaOH solution
(50% ethanol-50% H,O) at 100°C. To ensure the
complete removal of the silica, 5% wt hydrofluoric acid
solution was used and then the mixture was filtered and

washed several times using ethanol and consequently
dried at 120 °C for 4 h.

2. 4. Chemical Oxidation of CMK-3 CMK-3 was
carboxylated according to the literature [9]. In This
procedure, 300 mg CMK-3 was immersed into 18 ml
solution containing 1.75 molar (NH,4),S,0g and 2 molar
H,SO, and then refluxed at 40C" for 24 h. Finally, the
oxidized CMK-3 wasfiltered and washed using distilled
water until the pH reaches close to 7 and then dried at
108°C.

2. 5. Synthesis of CMK-3-EDA The CMK-3-
COOH was dispersed in 15 ml thionyl chloride and then
the mixture was heated at 70°C for 24 h to obtain CMK-
3-COCI. The resultant mixture was filtered and dried
under vacuum condition at ambient temperaturefor 10h.
In the next stage, CMK-3-COCI was redispersed into 50
ml of EDA at 50°C for 48 h. After cooling up to
ambient temperature, the mixture was filtered and then
washed by ethanol to remove the excess EDA. Finally,
CMK-3-EDA was obtained after drying the product
under vacuum condition (Figure 1).

2. 6. Characterization FT-IR spectra of the
adsorbent samples were recorded a ambient
temperature on a DIGILAB FTS 7000 spectrometer
equipped with an attenuated total reflection (ATR) cell.
N, adsorption—desorption isotherms were measured at
77 °K by means of a Micromeritics ASAP 2010
instrument. SEM (PHILIPS XL30) was used to analyze
product morphology. The concentrations of metal ions
of the solution were measured by atomic absorption
spectrometry (AAS, Philips, PU9400).

2. 7. Adsorption studies Analytical grade nitrate
salts of Cu(ll) and Ph(l1) were used to prepare the stock
solutions. In this regard, batch mode adsorption was
selected because of its simplicity in contrast to other
modes.
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Batch adsorption experiment was performed using
100 mg.L™ Cu(l1) and Pb(I1) ions solution while stirring
the mixture at 150 rpm at ambient temperature. After
separating the adsorbent by filtration, the metal ions
concentrations in the solution were determined by flame
atomic absorption spectrometry. The adsorption
capacity of the adsorbent at equilibrium conditions was
also calculated by the following equation:
ge = L @
where, Cy and C, are the initial and equilibrium heavy
metal ions concentrations in the solution in mg.L™,
respectively, V is the volume of the solution in liters
and W is the weight of the adsorbent in grams. The
removal efficiency was calculated using the following
equation:

j— (Co_ce)V
R = T2 x 100 @)
where, Cy and C, are the initial and equilibrium heavy
metal concentrations in the solution in mglL™,
respectively.

3. RESULTS AND DISCUSSION

3. 1. Characterization of the Adsorbent The
FT-IR spectra of CMK-3 and CMK-3-EDA are
recorded in Figure 2. FT-IR spectrum of the CMK-3
sample shows few broad absorption bands which are
related to stretching vibration of the C-O-C and C=C
aromatic group at 1097 cm™ and 1597 cm™ respectively
(Figure 2a). Figure 1b shows the IR spectrum of the
CMK-3-EDA, where the new bands at 1650, 1125 and
1580 cm™ are assigned to the C=0, C-N and N-H
bonds, respectively. Figure 2b depicts that the CMK-3
was successfully modified by the EDA. The N,
adsorption/desorption  isotherms and pore size
distributions of CMK-3 and CMK-3-EDA at 77 °K are
shown in Figure 3. The BET surface area and pore
volume data, presented in Table 1, were obtained from
these isotherms. According to the IUPAC classification,
both isotherms are of type IV. This implies that the
ordered mesostructure of CMK-3 has not been
destroyed after the reaction between CMK-3 and EDA.
The reaction between CMK-3 and EDA shows a distinct
decrease in BET surface area (from 851 to 344.7 m?. g
) and pore volume (from 0.858 to 0.274 cm?® g¢*),
which indicates that the EDA group has been grafted on
CMK-3.

SEM instrument was employed to characterize the
morphology of the CMK-3-EDA. SEM images of
CMK-3 and CMK-3-EDA samples are shown in Figure
4aand b. Itisclear from Figure 4 that, both CMK-3 and
CMK-3-EDA have a rod-like shape. This suggests that
the shape of the structure is not changed after
modification of the CMK-3 surface by EDA.
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Figure 2. FT-IR spectra of CMK-3(a) and CMK-3-EDA (b).
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size digtributions of CMK-3 (a) and CMK-3-EDA (b) powders
at 77 K.
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Figure 5. The effect of contact time on adsorption of the
Pb(Il) and Cu(ll) ions was studied under the following
conditions: adsorbent dosage 0.5 g.L™, initial concentration of
metal ions 100 mg.L™, speed 150 rpm, pH (5.0 for Pb(ll) and
6.0 for Cu(ll)) and at ambient temperature.

TABLE 1. Textural properties of CMK-3 and CMK-3-EDA

Sample Sser(m?g?) d(nm) V(cm3g?h
CMK-3 851 4.30 0.858
CMK-3-EDA 344.7 2.86 0.274

3. 2. Adsorption Studies

3. 2. 1. Effect of Contact Time The equilibrium

time between metal ion and adsorbent is of significant
importance in adsorption process. The effect of contact
time on adsorption of the meta ions was studied under
the following conditions: adsorbent dosage of 0.5 g.L™,
initial concentration of metal ions 100 mg.L™, mixing
speed of 150 rpm a ambient temperature. The results
given in Figureb show that the adsorption percent of the
metal ions was increases by increasing the mixing time
until it reaches to equilibration time of 40 min
(Figureb). Thus, for al adsorption studies, the
equilibration time was kept 60 min.

3. 2. 2. Effect of Adsorbent Dosage Adsorbent
dosageisan important parameter in the determination of
adsorption capacity and removal percent. The effect of

the CMK-3-EDA dosage on the removal of Pb(ll) and
Cu(ll) ions at 100 mg.L™ solution, at mixing speed of
150 rpm, ambient temperature and contact time of 60
min is depicted in Figure 6. As can be seen, increasing
the adsorbent amount up to 0.5g.L™* leads to an increase
in the removal percent of Pb(ll) and Cu(ll). This
increase in removal percent is due to the availability of
more active sites of the adsorbent. The decrease in
adsorption capacity with increase in adsorbent dose is
due to the fact that some of the adsorption sites remain
unsaturated during the adsorption process.

3. 2. 3. Effect of pH Value The pH is one of the
important parameters affecting the adsorption process.
The solution pH may affect the surface charge of the
adsorbents through protonation of the functiona groups
or hydrolysis of the species present in the solution.

The optimum pH for removal of the metal ions was
measured at ambient temperature, agitation time of 60
min, mixing speed of 150 rpm, different pH values in
the range of 3-6. Figure 7 shows that the maximum
removal of Pb(I1) occurs at a pH of about 5.0, while that
of Cu(ll) at pH of about 6.0. Also, Cu(ll) and Pb(Il)
adsorption capacities increased with an increase in
initial pH and reached to their maximum values at the
initial pH of about 5.0 for Pb(I1) and 6.0 for Cu(ll).
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Figure 7. The effect of pH on adsorption of the Pb(Il) and
Cu(ll) ions was studied under the following conditions:
adsorbent dosage 0.5 g.L?, initial concentration of metal ions
100 mg.L™, agitation time 60, speed 150 rpm and at ambient
temperature.
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The increase in the adsorption capacity could be well
explained by protonation properties of the adsorbent.
At the low pH and high hydrogen ion concentration, the
surface charge of the adsorbent is changed by
protonation of the functional groups.
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Figure 6. The effect of adsorbent dosage on adsorption of the
Pb(I) and Cu(ll) ions was studied under the following
conditions: initial concentration of metal ions 100 mg.L'l,
agitation time 60 min, speed 150 rpm, pH (5.0 for Pb(Il) and
6.0 for Cu(ll)) and at ambient temperature.
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Figure 8. Langmuir (&), Freundlich (b) isotherms for
adsorption Pb(I1) and Cu(ll) ions onto mesoporous adsorbent.

3. 2. 4. Adsorption Isotherms The isotherm
models of Langmuir and Freundlich were used to
describe the equilibrium adsorption isotherms. The
Langmuir isotherm assumes monolayer coverage of
adsorbate over a homogeneous adsorbent surface. The
Freundlich isotherm is considered for describing both
multilayer sorption and sorption on heterogeneous
surfaces. The Langmuir isotherm is given by Equation

3):

C 1 1

—e = +(—)C

Je  Onb ( qm) : ©
where, g, is the amount of metal ions adsorbed at
equilibrium (mg. g%), gm (Mg.g™") is the maximum
monolayer adsorption capacity, C. is the equilibrium
concentration of metal ion in mgL™, and b is the
constant that refers to the bonding energy of sorption in
L.mg* [17]. The Freundiich isotherm is given by
Equation (4):

Ing, =InK +(%)InCe 4

where, g, is the amount of metal ions adsorbed at
equilibrium (mg.g™), Ce isthe equilibrium concentration
of metal ion in mg.L?, K and n are the Freundlich
constants related to the adsorption capacity and
adsorption intensity, respectively [17]. The values of
Freundlich and Langmuir constants for the adsorption of
copper and lead metal ions onto CMK-3-EDA are
presented in Table 2. As recorded in Figure 8, the
Langmuir moddl was able to provide a better fit to the
experimental data than the Freundlich mode.

3. 2. 5 Adsorption Kinetics Kinetics of the
adsorption process provides essential information on the
reaction pathways. In order to investigate the
mechanism of the adsorption of Cu(ll) and Pb(Il) ions
onto adsorbent, different kinetic models such as the
pseudo-first-order, pseudo-second-order and Elovich
has been studied. The pseudo-first-order equation can be
used to determine the rate constant for the adsorption
process as follows:

In@.-9,)=1Ing, -kt (5)

where, ge and gt indicate the amounts of Cu(ll) and
Pb(I1) adsorbed at equilibrium (mg.g?) and at time t
(min), respectively, and K; isthe rate constant (L.min™)
[3]. The pseudo-second-order equation is as follows:

L: 1 +L (6)
g k.a q.

where, K, (g.mgt.min,) is the rate constant of the
second-order equation, ¢ (mg.g™t) and g. (mg.g?) for
Cu(ll) and Pb(ll) adsorbed at time t (min) and at
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equilibrium, respectively [3]. A smplified linearized
form of Elovich kinetic equation is presented as follows:

g0 = 5In(ap) + 5 In(0) )

where, o (mg.g*.min™) isthe initial adsorption rate and
B is related to the extent of surface coverage and the
activation energy involved in chemisorption (g.mg?)
[18].

e
a +
as v=-0.041x+ 47691
R* =0.8749
a
=
= 35
>
=g 3
:‘Il v =-D.0675x+4.7293
251 R® =0.9315
21 # Cu
15 A ¥ Pb
1
) 5 10 15 20 25 30 35
Tim (min)
0.6 -
b y = 0.005x+ 0.0306
05 R =0.9959
0.4
t',fq[ 0.3 y = 0.0049x + 0.0185
R?=0.9986
0.2
4+ Cu
01 ¥ Pb
0
0 20 an 60 20 100 120
Tim (min)
250
c y=22.392x+101.15
R®=0.8472
200
&~ 150
b
Y y=31.157x+53.65
- R® =0.8497
5 100
4+ Cu
50
f Pb
0 - - - - - .
2 25 3 35 a 45 5

Int
Figure 9. Pseudo-first-order (a), Pseudo-second-order (b) and
elovich (c) kinetics models of Pb(ll) and Cu(ll) ions
adsorption onto mesoporous adsorbent.

TABLE 2. Langmuir and Freundlich constants for adsorption
of Cu(l1) and Pb(11) on CMK-3-EDA.

Freundlich Langmuir
Analyte Ke n R m b R
(mg/g)  (L/mg) (mg/g)  (L/mg)

Lead 32136 1254 084 71428 0072 0982
Copper 7974 1272 0967 58824 0155 098

TABLE 3. Pseudo-firg order, pseudo-second order and
elovich constants for adsorption of Cu(Il) and Pb(ll) on CMK-
3-—EDA.

Cu (100 Pb (100
Different Kinetic Models  Coefficients
mg.L-)  mglL-Y)

Ce,xp (Mg.g7) 188.7 196.7

gecal (mg.g™h) 10766  113.183
Pseudo-first order

Ky (min®) 0.041 0.0675

R? 0.875 0.935

Ge,exp (Mg.g?) 188.7 196.4

Ge.cal (Mmg.g™) 200 204
pseudo-second order

Ko(g.mg'.min™)  0.00816 0.00131

R? 0.996 0.999

a(mg.gt.mint) 173779 205.75
Elovich B (g.mg™) 0.0321  0.0445

R? 0.847 0.849

The results presented in Figure 9 show that the
pseudo-second-order is able to provide better fit (R
>0.99 for Cu(ll) and Ph(ll)) to the experimental data
than the pseudo-first-order (R?> < 0.93 for Cu(ll) and
Pb(11)) and the elovich (R* < 0.85 for Cu(l1) and Pi(11)).
Also, the calculated sorption capacity values obtained
from pseudo-second order model are consigent with the
experimental values of sorption capacity. The data
presented in Table 3 were obtained from kinetic model
equations.

3. 3. Comparison with other Adsorbents The g
for the metal ions reported for different adsorbents is
given in Table 4. In generd, the CMK-3-EDA has
higher adsorption capacity than the reported adsorbents.
The main reason for this is attributed to the ordered
mesoporous structure and the amine functiona groups
formed on the surface CMK-3.
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TABLE 4. Comparison of adsorption capacity of Pb(l1) and Cu(ll) ions on various adsorbents.
Adsor bent Metal Sget Dp pH Initial Equilibrium Qe Ref
m? g (nm) Concentration time (min) (mg.g™
EDTA-SBA-15 Pb 284 7.16 5.0 100 mg Lt 300 91.6 7N
Fes0,@APS@AA-co-CA. Pb - - 55 100mg L™ 90 78.8 [19]
CMK-3-COOH Pb 2207 2.78 5 100mgL* 240 94 [20]
Fes0,@APS@AA-co-CA. Cu - - 55 100mg L™ 90 62.4 [19]
Carbons derived from rice husk Cu 425 - 6 200mg L™ 180 22.62 [21]
CMK-3 Cu 851 4.30 6 100mg L™ 60 34.21 This work
CMK-3 Pb 851 4.30 5 100mg L™ 60 35.63 This work
CMK-3-EDA Pb 344.7 2.86 5 100mg L™ 60 196.64 This work
CMK-3-EDA Cu 344.7 2.86 6 100mg L™ 60 188.2 This work
4. CONCLUTION behavior of chemically modified mem-41 with 5-mercapto-1-
methyltetrazole", Journal of Colloid and Interface Science,
- Vol. 313, No. 2, (2007), 551-562.
In the present study, SBA-15 mesoporous silica has (2007 .
thesized b hvdroth al method d th 3. McManamon, C., Burke, A.M., Holmes, J.D. and Morris, M.A.,
been synthesiz h y a hyadro _erm m an en "Amine-functionalised sba-15 of tailored pore size for heavy
used as template silica aong with sucrose as the carbon metal adsorption”, Journal of Colloid and Interface Science,
source for preparation of the CMK-3. Consequently, Vol. 369, No. 1, (2012), 330-337.
CMK-3 was carboxylated by ammonium persulfate 4. Dang E. and Sayari, A., "Optimization of copper removal
((NH),$,0g) and H,SO,, then functionalized with cfidency by adsorption on aminemodied soarls:
: . perim esign m ology"”, emical Engineering
EDA. The resulting sample has been applled_as anew Journal, Val. 167, No. 1, (2011), 91-98.
adsorbent for removal of Pb(”.) and.cu(”) ions. The 5. Dana, E. and Sayari, A., "Adsorption of heavy metals on amine-
resul_ts suggest that the adsorption is 'nﬂuence_d by the functionalized sha-15 prepared by co-condensation: Applications
solution pH, dosage of adsorbents and contact time. The to real water samples', Desalination, Vol. 285, (2012), 62-67.
Langmuir moddl is the best model to describe Cu(ll) 6. Araujo, A. and Jaroniec, M., "Thermogravimetric monitoring of
and Pb(ll) ions adsorption behavior onto CMK-3- EDA. the mem-41 synthesis', Thermochimica Acta, Vol. 363, No. 1,
The pseudo-second-order was able to provide better fit (2000), 175-180.
RZ >0.99 for Cu(I1) and Po(I11)) to the experimental data 7. Huang, J, Ye M., Qu, Y., Chy, L., Chen, R.,He Q. and Xu, D.,
fh th d (f' )g d ( 22 <093 ? cu(ll d "Pb (i) remqval from aqueous media b_y edta-modified
an the pseudo-first-order (R” < 0. or Cu(ll) an mesoporous slica sba-15", Journal of Colloid and Interface
Pb(11)) and the elovich (R? < 0.85 for Cu(l1) and Ph(l1). Science, Vol. 385, No. 1, (2012), 137-146.
Under optimum experimental conditions, the maximum 8. Rahmat, N., Abdullah, A.Z. and Mohamed, AR., "A review:
adsorption capacity were obtained 25 188.2 mg, g * and s appicaions. towerds. Horetnery produaton American
—1 ; ;
196'_64 mﬁ_‘ % for Cu(_”) and Pb(”)'f reSpeCtlvely' The Journal of Applied Sciences, Vol. 7, No. 12, (2010), 1579.
obtained high adsorption capacity of CMK-3-EDA is 9. He J, Ma K. Jn, J, Dong, Z, Wang, J. and Li, R,
due to the amine functional groups formed on the "Preparation and characterization of octyl-modified ordered
surface of CMK-3 which can react with Cu(ll) and mesoporous carbon cmk-3 for phenol adsorption", Microporous
Pb(ll) in agueous systems. Therefore, CMK-3- EDA and Mesoporous Materials, Vol. 121, No. 1, (2009), 173-177.
can be used as a novel nanoporous sorbent for the 10. wang, Y.-Q, Zhang: Z-B., Lil,!, Y.-H., Cao, X.-H., _Liu, Y.-T.
effective removal of Cu(l |) and Pb(l |) ions from and Li, Q., "Adsorption of u (vi) from aqueous solution by the
. carboxyl-mesoporous carbon”, Chemical Engineering Journal,
agueous media. Vol. 198, (2012), 246-253.
11. Anbia, M. and Ghaffari, A., "Modified nanoporous carbon
material for anionic dye removal from agueous solution”,
5. REFERENCES Inter_nati_onal Journal of Engineering-Transactions B:
Applications, Vol. 25, No. 4, (2012), 259.
. . - L . 12. Ghorbani, F., Younes, H., Mehraban, Z., Cdik, M.S.
1. Hajiaghababaei, L., Badiei, A., Ganjali, M.R., Heydari, S, > ’ o P ! !
Kﬁjana?ani Y. and Ziarani, G.M "Higglly efficient reen{oval and Ghoreyshi, A. and Anbia, M., "Aqueous cadmium ions removal
preconceﬁtra{tion of lead and cé'dmium cations from water and by adsorption on aptms grafted mesoporous silica mem-41 in
wastewater samples using ethylenediamine functionalized soa- batch a_lnd fi_xed bed column processes’, | nternational Journal
15", Desalination, Vol. 266, No. 1, (2011), 182-187. of Engineering, Vol. 26, No. 5, (2013).
13. Ghorbani, F., Sanati, A., Younes, H. and Ghoreyshi, A., "The

2. Pérez-Quintanilla, D., Sanchez, A., del Hierro, I., Fajardo, M.
and Sierra, 1., "Preparation, characterization, and Zn** adsorption

potential of date-palm leaf ash as low-cost adsorbent for the



14.

15.

16.

17.

M. Anbia and A. H. Davijani / IJE TRANSACTIONS C: Aspects Vol. 27, No. 9, (September 2014) 1415-1422

removal of pb (ii) ion from aqueous solution”, International
Journal of Engineering-Transactions B: Applications, Vol.
25, No. 4, (2012), 269.

Hu, L., Dang, S, Yang, X. and Dai, J., "Synthess of recyclable
catalyst—sorbent felcmk-3 for dry oxidation of phenol”,
Microporous and Mesoporous Materials, Vol. 147, No. 1,
(2012), 188-193.

Coalilla, M., Balas, F., Manzano, M. and Vallet-Regi, M., "Novel
method to synthesize ordered mesoporous silica with high
surface areas’, Solid State Sciences, Vol. 10, No. 4, (2008),
408-415.

Jun, S, Joo, SH., Ryoo, R., Kruk, M., Jaroniec, M., Liu, Z.,
Ohsuna, T. and Terasaki, O., "Synthesis of new, nanoporous
carbon with hexagonally ordered mesostructure', Journal of the
American Chemical Society, Vol. 122, No. 43, (2000), 10712-
10713.

Anbia, M. and Mohammadi, N., "A nanoporous adsorbent for
removal of furfural from agueous solutions”, Desalination, Vol.
249, No. 1, (2009), 150-153.

18.

19.

20.

21.

1422

Zhang, Y., Li, Y., Yang, L.-q., Ma, X.-j., Wang, L.-y. and Ye,
Z.-F., "Characterization and adsorption mechanism of zn?
removal by pvaledta resin in polluted water”, Journal of
Hazardous Materials, Voal. 178, No. 1, (2010), 1046-1054.

Ge, F., Li, M.-M., Ye, H. and Zhao, B.-X., "Effective removal of
heavy metal ions Cd*, Zn?*, Pb*, Cu?" from aqueous solution
by polymer-modified magnetic nanoparticles', Journal of
Hazardous Materials, Voal. 211, No., (2012), 366-372.

Burke, D.M., Morris, M.A. and Holmes, J.D., "Chemica
oxidation of mesoporous carbon foams for lead ion adsorption”,
Separation and Purification Technology, Vol. 104, No.,
(2013), 150-159.

Liu, Z. and Zhang, F.-S., "Removal of copper (ii) and phenol
from aqueous solution using porous carbons derived from
hydrothermal chars', Desalination, Vol. 267, No. 1, (2011),
101-106.

Synthesis of Ethylene diamine-modified Ordered Mesoporous Carbon as a New
Nanoporous Adsorbent for Removal of Cu(l1) and Pb(I1) lons from Aqueous Media

M. Anbia, A. H. Davijani

Research Laboratory of Nanoporous Materials, Faculty of Chemistry, Iran University of Science and Technology, Narmak, Tehran, Iran

PAPER

INFO

0k

g

Paper history:

Received 09 January 2014

Received in revised form 30 March 2014
Accepted 22 May 2014

Keywords:

Mesoporous Carbon
CMK-3-EDA
Adsorption Capacity
Batch System

o Bl gl ke 3 S Ol s 038 e el (9 I L et Jlaele (CMIK-B) S s 550
5 g Solen oS das e 0L (BET) 0550 lerls 5 coder olSaws 1 03 IS ol sl s 51 s 5
Jpams Dim plo 5 mhaue Colw .l 035 gy BB ks 003 Hllle 5l a CMK-3 ol 5l
e s PH e Jsls 0les Jals i s Sse dald s 2861 A BMTAMAGT (o5 4 eds il
Lild cod i labs ol Gl g Sy St st e 5 S e e 03 s e O3
VL il o b s, 11882 MG g 519664 MY, G s a e 5 o Gl Sl S B 2
oo S 23k o CMK-3B o o 085 sl ke gla 05 8 51 30 el (03 51 L ot jlalele CMK-3

bslosle o st Jolste o2ls 4 s (o Ol i L a2dls Sy o 5 e s O b Ll

Al o b O3l s baslis j3 e 5 e ol gl W LK

doi: 10.5829/idosi.ije.2014.27.09¢c.11




