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Abstract

In present study Fe;0, magnetic nanoparticles (MNPs) were prepared using co-precipitation method. Prepared MNPs were
coated by SiO, layer via sol—gel process. Subsequent Michel-addition reaction and amidation were used to synthesize G5
polyamidoamine dendrimer on prepared Fe;0,@Si0,. Fe;0,@Si0,@ PAMAM dendrimer was reacted with monochlo-
roacetic acid for preparation of final Fe;0,@8Si0,@Carboxyl-terminated PAMAM dendrimer nanocomposite. Successful
synthesis of Fe,0,@Si0, @Carboxyl-terminated PAMAM dendrimer nanocomposite was confirmed by FTIR spectroscopy
and CHN analysis. The nanostructure of prepared composite MNPs was investigated using TEM. X-ray diffraction pattern
and thermal stability of pure MNPs and composite MNPs were studied using XRD and TGA analysis respectively. Unmodi-
fied and modified MNPs were used as adsorbent for the removal of Cu(Il), Cd(II) and Pb(II) form aqueous solutions. It was
observed that the modification of MPNs enhances the ability of MPNs for removal of these heavy metals significantly. Also

it was shown that this modification enhances the accessibility of MNPs to heavy metal ions at low concentrations.
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1 Introduction

Population growth and industrialization are two most influ-
ential factors for increasing the rate of water pollution. Con-
tamination of water resources with heavy metal ions which
originated from a variety of industrial plants such as mining
operation, recycling plants etc. is become the most important
concern of environmental specialists because, these pollut-
ants are non-degradable and toxic even at low concentra-
tions, also they accumulate in plants, animals and human
body and can result in a range of disorders and diseases
[1-5]. Hence the elimination of heavy metal must be the top
priority for any waste water treatment plant [1].
Eliminating heavy metal ions from aqueous media
have been carried out with the aim of different techniques
including precipitation, reverse osmosis, ion exchange and
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adsorption. Adsorption technique possesses different advan-
tages such as simplicity, high efficiency, flexibility and low
cost which make it an appropriate and preferred method for
removal of heavy metal from waste water [1, 6].

Nanoparticle adsorbents due to their high surface area
and subsequently high capacity are likely to be a convenient
choice for the removal of heavy metals, although the prob-
lem of separation of these materials after application limits
them to being used in water treatment plants [7, 8]. The
using magnetic adsorbents, which can easily be removed by
an external magnetic field, is a smart method for overcom-
ing mentioned problem of nanoparticle adsorbents [7-9].
Considerable advantages of Fe;0, MPNs including ease of
separation, chemical stability, nontoxicity, biocompatibility
and high efficiency make it a proper adsorbent for removal
of heavy metals form waste water [6, 10].

In several studies, it has been reported that the modifi-
cation of NPs surface plays a significant role in improv-
ing their stability and properties. One popular method
in order to modify the surface of NPs is the synthesis of
organic—inorganic nano composites. It means that the
surface of Fe;O, MNPs is covered by a layer of poly-
mer. Takafouji et al. have reported the synthesis of poly
vinil imidazole grafted to MNPs and investigated their
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applications for eliminating heavy metals like Cu?*, Ni**

and Co?* [11].

Chang et al. prepared Fe;O, MNPs and poly(y-glutamic
acid)-coated Fe;O, MNPs and investigated their aver-
age size, specific surface and their capacity for removal
of Cr’*, Cu®*, Pb**, and Ni**. They reported that poly
(y-glutamic acid)-coated Fe;0, has smaller size, larger
surface area and higher metal removal capacity in com-
parison with unmodified Fe;O, MNPs [12]. Ghasemi et al.
synthesized magnetic Fe;O,@EDTA nanoparticles for
removal of Ag(I), Hg(II), Mn(II), Zn(II), Pb(II) and Cd(II)
at different pH, different adsorption times and variable
amounts of nanoparticle. With the aim of response sur-
face methodology and optimization, they simultaneously
eliminated more than 99% of mentioned heavy metals [13].

Mahmoud et al. immobilized triethylenetetramine
on nanoFe;0,@Si0, and used Fe;0,, Fe;0,@8Si0,
and Fe;0,@Si0,@triethylenetetramine as a sorbent for
removal of Cu(Il) and Pb(Il) at different pH, contact times
and sorbent dosages. They found that Fe;0,@SiO, @tri-
ethylenetetramine possess higher affinity for Cu(Il), while
Fe;0, and Fe;0,@Si0, have larger capacity for Pb(II)
[14]. Xin et al. produced amine-functionalized Fe;O,
MPNs for eliminating Pb(II), Cd(II), and Cu(Il). After
optimization, they achieved maximum removal of 98% for
Cu(II), Cd(II) and Pb(II) at the concentration of 5 ppm
of above metal ions and solution volume of 50 ml [15].
Wang et al. prepared amino-functionalized Fe;0,@SiO,
MPNs for adsorption of Cu(Il), Pb(II), and Cd(II) ions.
They reported that their synthesized amino-functionalized
Fe;0,@Si0, MPNs could be regenerated easily using acid
treatment [16].

Masoumi et al. [17] prepared Fe;0,@ APTMS@
Poly(MMA-co-MA) in order to use as nano adsorbent for
Cd**, Cr**, Co?*, and Zn>*. They reported the maximum
adsorption capacity of 90.09 mg g~! for Co**, 90.91 mg g~!
for Cr**, 109.89 mg g~! for Zn®>*, and 111.11 mg g~! for
Cd>* mg g~! for their synthesized MPNs.

Chou et al. synthesized, poly amidoamine dendrimer
coated magnetic nanoparticle in order to use as adsorbent for
the removal of Zn(II). They investigated the adsorption and
desorption behavior of synthesized nanocomposite mate-
rial. They reported that the adsorption and desorption of
this material are totally dependent on pH [18].

PAMAM dendrimers with three dimensional structures,
from their amine groups, have the ability to act as a ligand
for metal ions; hence they possess high metal adsorption
capacity. The adsorption capacity of PAMAM dendrimers
is dependent on pH so, at low pH, adsorbed ions can be
released with high concentration of Ht and PAMAM den-
drimers can be recycled and reused [18].

As a clear fact, EDTA has the ability to form stable coor-
dination complexes with a broad range of metal ions. So it
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can be used as a surface modifier to enhance the adsorption
capacity of metal adsorbents [13].

In this work with the goal of combining the advantages
of Fe;O, MPNs, polyamidoamine dendrimers and EDTA in
heavy metal removal; we prepared Fe;0,@Si0,@Carboxyl-
terminated PAMAM dendrimer nanocomposite in order to
investigate its capacity for adsorption of heavy metal ions
including Pb(II), Cd(II), and Cu(Il) form aqueous solu-
tions. Using FT-IR and CHN analysis it was confirmed that
Fe;0,@Si0,@Carboxyl-terminated PAMAM dendrimer
is successfully produced and TEM images exhibited the
nanostructure of neat Fe;0, and Fe;0,@Si0,@Carboxyl-
terminated PAMAM dendrimer. It was shown that modifica-
tion of Fe;0, using carboxyl-terminated PAMAM dendrimer
enhances its capacity for eliminating heavy metals.

2 Materials and Methods
2.1 Materials

The following materials were purchased from Sigma-
Aldrich: FeCl;-6H,0-FeCl,-4H,0, Pb(NO;),, CuCl,-4H,0,
Cd(NO3),-6H,0, ammonia, distilled water, tetraethyl ortho-
silicate, ethanol, ethylene diamine, methyl acrylate, chloro-
acetic acid, and (3-aminopropyl)triethoxysilane.

2.2 Instrumental Analysis

The FT-IR spectrum was taken by IR-Perkin Elmer-Spec-
trum X1 in KBr pellets. To determine the concentration of
metals, AAS-GFAAS3260 Perkin Elmer atomic absorption
spectrophotometer was used.

2.3 Preparation of Fe;0,@Si0,@
Carboxyl-Terminated PAMAM Dendrimer

The synthesis procedure of Fe;0,@SiO, @ Carboxyl-termi-
nated PAMAM dendrimer is shown in Fig. 1.

2.3.1 The Preparation of Fe;0, MNPs

In a 500 ml balloon equipped with a magnetic stirrer and
nitrogen input, 3.1736 g of FeCl,-4H,0 in addition to
7.5684 g of FeCl;-6H,0 were dissolved in 350 ml of distilled
water at 80 °C. The solution was then purged with nitrogen
for 10 min. Finally, aqueous ammonia (28%) was added to
the solution while it was stirring at 80 °C under the nitrogen
atmosphere. As ammonia was added, black Fe;0, MNPs
were formed immediately. To complete the reaction, it was
stirred at 80 °C for an hour. The reaction mixture was then
cooled to room temperature and the MNPs were separated
using a magnet (neobedium). Subsequently, the separated
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Fig.1 Schematic illustration of the synthesis of Fe;0,@SiO,@Carboxyl-terminated PAMAM dendrimer nanocomposite

MNPs were washed several times with distilled water and
96% ethanol. Finally, they were dried at room temperature
in order to gain 3.7 g of black Fe;0, MNPs. They were,
then, rinsed with methanol several times and dried at room
temperature.

2.3.2 The Preparations of Fe;0,@SiO, MNPs

In order to synthesize Fe;O,@SiO, nanoparticles, sol-gel
technique and Stober method [19] were employed. 6 g of
synthesized Fe;0,, from previous stage, with 200 ml ethanol
and 10 ml distilled water were stirred and then sonicated
for 10 min. Following that, 3 ml of tetraethoxsysylane was
added to the reaction vessel. Afterwards, 10 ml of ammonia
solution was added to the reaction, being stirred for 24 h.
Finally, it was separated with the magnet and washed three
times with methanol.

2.3.3 The Preparation of Fe;0,@Si0,@NH,

Three grams of Fe;0,@SiO, was sonicated in 50 ml of
toluene for 20 min. Then, 10 ml of (3-aminopropyl)trieth-
oxysilane was added and the reaction was stirred at 50 °C
for about 24 h. Finally, the MNPs were separated with the
magnet and the final product was dried at room temperature.

2.3.4 The Preparation of G, Generation of Polyamido
Amine Dendrimer

Three grams of Fe;0,@Si0,@NH, was sonicated in 50 ml
methanol for 20 min until the MNPs could be totally dis-
persed in methanol. Afterwards, 10 ml of methyl acrylate
was added to the reaction and it was stirred at room tempera-
ture under nitrogen atmosphere for 3 days. Following that,
the MNPs were separated using the magnet and the product
was washed by diethyl ether for several times, and then it
was dried at room temperature.

In a 100 ml balloon, 2.9 g of the Fe;0,@SiO,@acrylatel
product of the third step in 50 ml of methanol was dispersed,
and then 10 ml of ethylenediamine was added. Next, the
suspension was stirred about 72 h at room temperature.
Consequently, MNPs were precipitated by the magnet, and
finally the product was washed several times by methanol
and diethyl ether and dried at room temperature.

2.3.5 The Preparation of G, Generation of Polyamidoamine
Dendrimer

In a 100 ml balloon, 2.8 g of G, dendrimer was dispersed
in 50 ml of methanol and sonicated for 20 min. Afterwards,
10 ml of methyl acrylate was added to the reaction and the
suspension was stirred under nitrogen atmosphere for 3 days
at room temperature. As a result, the NPs were intercepted,
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washed several times with diethyl ether and they were dried
at room temperature. In a 100 ml balloon, 2.7 g of previ-
ous product was dispersed in 50 ml of methanol and 10 ml
of ethylenediamine was added to the suspension. Later, it
was stirred at room temperature for 3 days. Subsequently,
the product was separated with the magnet and washed sev-
eral times by methanol and diethyl ether and dried at room
temperature.

2.3.6 The Preparation of G; Generation of Polyamidoamine
Dendrimer

In a 100 ml balloon, 2.6 g of G, generation product was
sonicated in 50 ml of methanol for 20 min so that the MNPs
could be totally dispersed in methanol. Then 10 ml of methyl
acrylate was added to the reaction and it was stirred under
nitrogen atmosphere for 3 days at room temperature. Subse-
quently, the MNPs were intercepted suing the magnet and
washed several times by diethyl ether and were dried. In a
100 ml balloon, 2.5 g of the product was stirred in 50 ml
methanol and then 10 ml Ethylenediamine was added. It was
then stirred at room temperature for 3 days. Subsequently,
the MNPs were separated by the magnet and washed several
times by methanol and diethyl ether and finally dried at room
temperature.

2.3.7 The Reaction of Fe;0,@PAMAM
with Monochloroacetic Acid

In a 100 ml balloon, 10 g monochloroacetic acid was dis-
solved in 50 ml methanol. Next, in order to produce sodium
chloro acetate 4.2 g of NaOH was added to the solution.
Following that, 2.5 g Fe;0,@PAMAM was added to the
solution and it was stirred for 3 days at room temperature.
Finally, the MNPs were precipitated by the magnet and
washed several times with methanol and dried at room
temperature.

2.4 Batch Adsorption of Metal lons

Solutions of copper(Il), lead(Il), and cadmium(II) ions
with the concentrations of 160 and 480 ppm were prepared
using CuCl,-4H,0, Pb(NO;), and Cd(NO;),-6H,0 respec-
tively. Solutions of NaOH and HCI with the concentration
of 0.01 mol/l were used to adjust the pH at 7.0+0.1. For
the adsorption experiments, 20 mg of final nanocomposite
product was mixed with 50 ml of prepared metal solutions
and stirred for 24 h (which is sufficient time for equilibrium
[4]) at room temperature. After that the MPNs were sepa-
rated using the magnet and the concentration of ions was
determined using atomic absorption spectrometer. Following
equations were used to calculate the amount of adsorbed
metal ions:
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where q, is equilibrium adsorption capacity (mg/g), R is
removal efficiency, C, (mg/l) is initial concentration of
metal, C, (mg/l) is equilibrium concentration of metal, V is
solution volume (L), and m (g) is the adsorbent’s mass [20].

3 Results and Discussion
3.1 Characterization
3.1.1 FT-IR

FT-IR as the most powerful technique was used to ensure
successful synthesis of product in each step. Figure 2
shows FT-IR spectra of prepared Fe;O, and different
generation of synthesized polyamidoamine nanocom-
posite. In all spectra absorption bands at 3420, 1620
and 570 cm™! are belong O-H stretching vibration of
bound water, O—H deformed vibration of bound water,
Fe—O bond vibration respectively [17, 18]. In all spectra
absorption bands at 1080, 790 and 460 are attributed to
Si—O symmetric vibration, Si—O bending and Si—O asym-
metric vibration which confirms the successful formation
of SiO, layer on Fe;O, MPNs [16, 17]. The appearance
of esteric C=0 absorption bands of methyl acrylate at
1730 cm™' in spectrum (C) and (e) which are disappeared
in spectrums (d) and (f) establishes the formation of G,
and G, of polyamidoamine [21]. The absorption band at
1540 cm™" in spectrum (g) attributed to carboxylate ion
of final product of Fe;0,@SiO,@Carboxyl-terminated
PAMAM dendrimer nanocomposite [22].

3.1.2 XRD Analysis

The change in crystalline structure of Fe;O, during surface
modification was investigated using XRD. Figure 3 shows
XRD pattern of Fe;0,, Fe;0,@Si0, and Fe;0,@Si0,@
Carboxyl-terminated PAMAM dendrimer nanocomposite.
As it is clear for Fe;0, and Fe;0,@Si0, the characteristic
peaks of face-centered cubic lattice of Fe;0, at 26(°)=30.2,
35.5, 43, 53.5, 57.25 and 62.7 are clearly observed. The-
ses peaks assigned to (220), (311), (400), (422), (511) and
(440) planes of inverse cubic spinel structure of Fe;O, [10,
16, 17, 23]. The resemblance of XRD pattern of Fe;0, and
Fe;0,@Si0, and the appearance of all characteristic peaks
of Fe;0, in Fe;0,@Si0, reveals that coating by SiO, layer
dosed not change the crystallinity structure of Fe;0, [16,
24].The same observation about coating Fe;0, by SiO, layer
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reported by Wang et al. [16]. The broad peak at 26(°) =24.5
in final product, which is attributed to PAMAM layer [21]
is a confirmation for successful synthesis of PAMAM layer.
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3.1.3 TEM

In order to study the morphology of prepared neat Fe;O,
and Fe;0,@Si0,@Carboxyl-terminated PAMAM den-
drimer nanocomposite, TEM was used. As can be seen in
Fig. 4 both Fe;0, and Fe;0,@Si0,@Carboxyl-terminated
PAMAM dendrimer nanocomposite have uniform spheri-
cal shape. As implied by TEM images, the average size of
neat Fe;0, is about 10 nm which is in agreement with the
average size calculated from Scherrer’s equation (12 nm)
[17, 18] and what is reported by Wng et al. [16], Maesoumi
et al. [17] and Qu et al. [25]. For Fe;0,@8Si0,@Carboxyl-
terminated PAMAM dendrimer the nanostructure is well
preserved although the size of particles (22 nm) is larger
than neat Fe;O,4 which is totally expectable because SiO,
layer, a layer of (3-aminopropyl)triethoxysilane and three
generations of polyamidoamine dendrimer and chloro acetic
acid layer increase the radius of particles. Also as it is clear
for final product the agglomeration of MPNss is less than that
of neat Fe;0, significantly because of electrostatic repulsion
of anionic carboxylate terminals [10, 18].
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Fig.4 TEM images of a unmodified Fe;O, and b modified Fe;O,

3.1.4 CHN and TGA Analysis

The results of CHN analysis for G5 generation of Fe;0,@
Si0,@ carboxy terminated PAMAM dendrimer are pre-
sented in Table 1. CHN analysis is another way to confirm
successful formation of dendrimer layer on prepared mag-
netic nanoparticles. Based on the result of G; generation of
Fe;0,@8S10,@PAMAM dendrimer, it is concluded that the
overall percentage of organic matter on prepared nanocom-
posite particles is 4.17%.

Table1 CHN analysis of Fe;0,@SiO,@carboxy terminated
PAMAM dendrimer

Sample name %C %N %H
Fe;0,@8Si0,@Carboxy terminated PAMAM 2.76 0.69 0.72

dendrimer
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TGA thermograms of G, and G; generations of Fe;0,@
Si0,@PAMAM dendrimer are shown in Fig. 5. In tem-
perature range of 50-160 °C for both samples, the weight
loss of 2.5 wt% is attributed to the evaporation of adsorbed
water. The weight loss between 160 and 550 °C is related to
decomposition of dendrimer layer. Considering the amount
of adsorbed water, the percentage of dendrimer for G,
generation is 2.5 wt%; while for G; generation is 4.5 wt%.
The amount of dendrimer for Gj is in agreement with data
obtained for organic matter percentage from CHN analysis
[26-29].

3.2 Heavy Metal Adsorption

Cd**, Cd(OH)*, Cd(OH),, and Cd(OH), are different forms
of Cd(I). The percentage of each form depends on the pH
value of solution. At pH value lower than 8, the majority of
Cd(10) is its Cd** form. For Pb(Il), there are five different
species including Pb**, Pb(OH)*, Pb(OH),, Pb(OH);~ and
Pb(OH),*". As the solution pH increases the percentage
of Pb?* decreases. Free Pb?" and Cd** are preferred forms
for adsorption [4]. Cu(I) can be present in different forms
including Cu**, Cu(OH)*, Cu(OH), and Cu(OH),". The
percentage of each form depends on pH. As the pH value
increases, hydroxyl forms will be more dominant [1].
There are different mechanisms for removal of heavy
metals using unmodified and modified magnetic Fe;O,
nanoparticles including, physical adsorption, ion exchange
and complexation reaction. Physical adsorption mechanism
is influenced by surface charge of adsorbents and heavy
metal species. As pH increases, negative surface charge of
adsorbent increases and at the same time it may results in
hydroxylation of heavy metals and creation of species with
negative surface charge that decreases physical adsorption
and heavy metal removal because of electrostatic repulsion.
Hence, for highest physical adsorption an optimum pH must
be chosen to increase the surface charge of adsorbent and at

101

100 .A

99 \

- ANN

. AN

; AN

95 ——
94 \
93

92

Weight loss (wt. %)

0 100 200 300 400 500 600 700
Temperature (°C)

Fig.5 TGA thermograms of G, and G; generation of Fe;0,@SiO,@
PAMAM dendrimer
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same time prevent precipitation or hydroxylation of heavy
metal ions. When it comes to ion exchange and complexa-
tion, there is no doubt that protonation of adsorbent prevents
effective ion exchange and complexation reaction. So, acidic
pH declines heavy metal removal via these two mechanisms
[1, 4,18, 30].

Herein we modified magnetic nanoparticle of Fe;0, with
chloroacetic acid terminated PAMAM dendrimer in order to
enhance the chemisorption via complexation through both
amine and acetate functional groups. So it is important to
adjust pH in a value that facilitate the complexation reac-
tion and enhance heavy metal removal. Based on Pan et al.
[31] report, the isoelectric pH of G; PAMAM dendrimer
is 6.3; so at pH > 6.3 the overall charge of PAMAM den-
drimer is negative. Regarding the pKa=4.7 of acetic and
Henderson- Hasselbalch equation, at pH 7 the ratio of depro-
tonated form to protonated form of acetic acid is almost
200(CH;COO™/CH;COOH =200).Hence by choosing pH
7, we are confident that we have enough acetate terminal
group on surface for chelating, surface charge of PAMAM
dendrimer is negative enough to participate in complexation
reaction and adsorb positive free ions and finally this pH
doesn’t result in precipitation or hydroxylation of metal ions.
In other word in pH 7 all adsorption mechanism including
electrostatic attraction, ion exchange and complexation reac-
tion using amine and acetate functional groups are involved
in removal of Pb(II), Cd(II) and Cu(II). The performance of
prepared magnetic nanoparticles for heavy metal removal in
the term of removal efficiency and equilibrium adsorption
capacity is presented in Table 2.

For each initial concentration, by comparing the removal
efficiency of neat Fe;O, and modified Fe;0, we can evaluate
the efficiency of modification. As can be seen, the removal
efficiency of neat Fe;0, for Cu(Il) with initial concentra-
tion of 16 ppm is 86.9% while for modified Fe;O, is 99.2%,

Table 2 The performance of unmodified and modified Fe;0, MPN

Metal ion  Initial concen- Adsorbent type R (%) Qe (mg/g)
tration (ppm)
Cu(ID) 16 Neat Fe;0, 86.9 34.76
Modified Fe;0,  99.2 39.68
48 Neat Fe;0, 92.16 110.6
Modified Fe;0, 99.3 119.16
Pb(1D) 16 Neat Fe;0, 84.99 34
Modified Fe;0, 97.4 38.96
48 Neat Fe;0, 90.69 108
Modified Fe;O0, 98 117
Cd(n 16 Neat Fe;0, 83.5 334
Modified Fe;0, 95.57  38.25
48 Neat Fe;0, 87.78  105.35
Modified Fe;0,  96.51 115.82

which means the modification enhances removal efficiency
by 12.1%. For Cu(Il) with initial concentration of 48 ppm
removal efficiency of neat Fe;0, is 92.16 and for modified
Fe;0, is 99.3%. This means modification improves the per-
formance of Fe;O, by 7%.

There are two facts; the first one is that in the term of
removal efficiency, neat Fe;O, shows better performance at
higher initial concentration of Cu and the second one is that
the difference between the performance of neat Fe;O, and
modified Fe;O, for initial concentration of 48 ppm is less
than that one for 16 ppm.

The interesting result is that although the removal of Cu at
low concentration of 16 ppm is not easy as the removal of Cu
at high concentration of 48 ppm; modified Fe;O, enhances
the accessibility of adsorbent to Cu ions. By comparing the
performance of modified Fe;O, at two initial concentrations
of 16 and 48 ppm we understand that they are equal. This
means that the modification of Fe;O, with carboxy termi-
nated PAMAM dendrimer enable us to removal Cu at very
low concentrations. This fact implies that all those proposed
mechanisms for removal of Cu using carboxy terminated
PAMAM dendrimer act effectively.

For Pb(Il), the differences between removal efficiency
of modified and unmodified Fe;O, are 12.41 and 7.31 for
initial concentrations of 16 and 48 ppm respectively. So, for
Pb(II), the same results are observed and the modification
using carboxy terminated PAMAM dendrimer is more effec-
tive on the performance of Fe;0, when the concentration of
Pb(II) is 16 ppm. In other word, the modification of Fe;0,
using carboxy terminated PAMAM dendrimer enhances its
accessibility to Pb(I) at low concentrations.

By comparing the performance of unmodified and modi-
fied Fe;O, for removal of Cd, we can find out that for this
heavy metal the performance of unmodified Fe;0, is a bit
better at initial concentration of 48 ppm. Again Cd is more
available for modified Fe;O, to adsorb.

Figure 6 illustrates the removal efficiency of both modi-
fied and unmodified Fe;O, for Cu(Il), Pb(II) and Cd(II).As
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Fig.6 Removal efficiency of modified and neat Fe;O, for removal of
Cu, Pb and Cd
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it is clear, the performance of unmodified Fe;0, for removal
of Cu(Il) is higher than both Pb(II) and Cd(II). Although
minimum performance of unmodified Fe;0, is observed for
removal of Cd(II), interesting result is, that the modifica-
tion of Fe;0, enhances the removal efficiency of Cd(II) in a
such way that it becomes larger than removal efficiency of
unmodified Fe;0, for both Cu(II) and Pb(II). In other words
modification using carboxy terminated PAMAM dendrimer
is a convenient way to overcome the weakness of Fe;O, for
removal of Cd(II).

4 Conclusion

We prepared a novel magnetic nano composite of Fe;O, by
subsequent modification of Fe;0, with SiO,, G; generation
of PAMAM dendrimer and chloroacetic acid. Modification
increases the size of Fe;O, nanoparticles and decreases
agglomeration. Performance of neat Fe;0, for removal of
Cu(I), Pb(II) and Cd(II) at initial concentration of 48 ppm is
higher than that of initial concentration of 16 ppm. Modifica-
tion of Fe;O, with carboxy terminated PAMAM dendrimer
improves its removal efficiency. Improving the accessibil-
ity of Fe;O, to heavy meal ions at low concentrations is
the most important advantage of modification with carboxy
terminated PAMAM dendrimer.
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