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Abstract.

Engineered magnetic nanoparticles have great
potential in environmental since they are aiding
the separation of a contaminant from aqueous
solution by using an external magnetic field.
Therefore, in this study, nano sized ferrous-ferric
oxide, and ferrous-ferric-silicon dioxide-
NH2 were synthesized using a co-precipitation
and sol-gel methods, respectively. The
nanomaterial was used as an adsorbent for the
removal of lead ions from aqueous solution. The
nanomaterial was characterized by using TEM
and FT-IR techniques. Batch adsorption
experiment at room temperature were applied to
determine the optimum contact time to remove
heavy metal ions from aqueous solution.
Consequently, time dependency study showed
that the highest removal occurred about two
hours contact between adsorbent and lead ions.
The removal capacity of the nanomaterial
adsorbent was about 78%.
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Introduction

The environment and all the life on earth are challenging with a very serious threat because of high
levels of pollution that increase in the world. Some of these pollutions can be degraded biologically, but
metal ions do not easily change into harmless end products. Existence of heavy metal ions contaminants
in water are a major risk to disadvantaged communities, since they attitude a substantial health risk to
people that cannot protected safe drinking water [1-3]. Among heavy metal ions, lead ion is one of the
highly toxic and carcinogenic material that has incited the scientific community to generate new methods
in the removal of substance from aqueous solution. Several methods such as chemical precipitation, ion-
exchange process, electrolytic method, adsorption, and reverse osmosis processes stated before to
eliminate heavy metal ions from water [4].

Nanomaterials have attracted considerable research interest in environmental engineering due to their
nanoparticle size, high surface areas, and enhanced activity sites on the surface. Ferrous-ferric oxide
nanoparticles have demonstrated to be a good candidate to remove of heavy metal ions from aqueous
solutions. Since they have large surface area and high reactivity specificity [4].

To protect the surface of ferrous-ferric oxide nanoparticles against oxidation, a surface modifier such
as silica can be used [5,6]. Furthermore, surface modification of ferrous-ferric oxide is used to expand
the performance of nanoparticles to reduce the aggregation of ferrous-ferric oxide nanoparticles [4].
Therefore, in this research, nano sized ferrous-ferric oxide, and ferrous-ferric-silicon dioxide-NH>
nanocomposites were synthesized by using a co-precipitation and sol-gel methods, respectively for the
removal of Lead ions from aqueous solution. The nanomaterial was characterized by using TEM and
FT-IR techniques. Atomic absorption spectroscopy analysis was applied to analyze the concentration of
the lead ions from aqueous solutions. Time dependency study showed that the highest removal capacity
has occurred about two hours contact time between adsorbent and lead ions. The removal capacity of
the nanomaterial adsorbent was 78 wt%.

Materials and Methods

Surface morphology of the nanoparticles were investigated by TEM Jeol JEM-2100. FT-IR spectra
were recorded on a Nicolet iS5 spectrophotometer. The adsorption capacity of the absorbent was
measured with the Atomic absorption spectrometer-Shimadzu. Lead standard solution of 1,000 ppm was
purchased from Fisher Scientific and was used to prepare the initial solution. Iron (I1) chloride
tetrahydrate, iron (I11) chloride hexahydrate, ammonia solution, tetraethyl orthosilicate, ethanol, 3-
aminopropyltriethoxysilane, were purchased from Sigma-Aldrich company.

The ferrous-ferric dioxide nanoparticles synthesized by co-precipitation method by the reaction of
ferric and ferrous in ammonia solution. Briefly, iron (111) chloride (0.017 mol) and iron (Il) chloride
(0.011 mol) dispersed in deionized water and sonicated. Then ammonia solution added quickly into the
mixture under nitrogen atmosphere and stirred for 2 hours with mechanical stirrer. Finally, nanoparticles
washed several times with distilled water and dried in oven [5,6].

For the synthesis of ferrous-ferric-silicon dioxide-NH. nanoparticles, in first step, 0.5 g of ferrous-
ferric dioxide nanoparticle dispersed in ethanol solution and sonicated, then stirred followed by addition
of ammonia solution. Then tetraethyl orthosilicate solution added and stirred overnight. Modified
nanoparticles collected and washed with water and dried in oven for the next step. In second step, 0.5 g
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of ferrous-ferric-silicon dioxide dispersed in ethanol and sonicated. Then 3-aminopropyltriethoxysilane
added in the solution and the mixture stirred at room temperature under nitrogen atmosphere. The
ferrous-ferric-silicon dioxide-NH nanoparticle separated by external magnetic field and washed with
distilled water several times and dried in vacuum [4].

Results and Discussion

FT-IR analysis

Surface morphology of ferrous-ferric-silicon dioxide-NH2 NPs were characterized by FTIR
spectroscopy (Figure 1). As shown in the figure, the band at 592 cm-1 is attributed to Fe—O bending
vibration mode [7]. The strong absorption band at 1072 cm-1 is relate to the asymmetrical stretching
vibration of Si—O-Si [5,6].The presence of C-H groups of 3-aminopropyltriethoxysilane were
established by stretching vibrations at 2800~2900 cm-1 in the FTIR spectrum [8,9]. These results
indicated that the surface of ferrous-ferric oxide nanoparticles was modified with silicon dioxide-NH>

groups as well,
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Figure 1. FT-IR spectra of ferrous-ferric-silicon dioxide-NH: nanoparticles

TEM analysis

TEM image of synthesized ferrous-ferric-silicon dioxide-NH> NPs are shown in figure 2. By
modification of the surface of ferrous-ferric oxide nanoparticles, you see less aggregation in TEM image,
and the average size of nanoparticles is below 100 nm. In addition, TEM image shows a core-shell
structure of ferrous-ferric-silicon dioxide-NH2 nanoparticles.
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Ferrous-ferric-Silicon dioxide-NH,; NPs

Figure 2. TEM image of modified ferrous-ferric-Silicon dioxide-NH;

Batch procedure

To study the ability of the adsorbents (ferrous-ferric-silicon dioxide-NH2) to remove lead ions from
water, all samples were tested under the different contact times (1, 1.5, 2, 2.5, 3h) at pH=6. Briefly, 2 ¢
ferrous-ferric-silicon dioxide-NH2 nanocomposites soaked in 50 ml tubes contain 30 ppb lead ions
solution. Then tubes were shaken at 150 rpm at room temperature in different contact times. Treated
solutions were filtered for atomic absorption analysis. Figures 3 shows the lead ions removal capacity at
different contact times by applying atomic absorption analysis. As shown, by increasing the contact time,
the number of lead ions that attached to ferrous-ferric-silicon dioxide-NH, NPs under sorption
mechanisms increases. Subsequently, the adsorption reached equilibrium after 2 h (78wt%), and further
increase had no effect on the adsorption capacity attributable to the reduction of the number of available
active sites on surface of nanoparticles and lead ions concentration. Moreover, the capacity of modified
absorbent to react with lead ions through adsorption and an ion exchange mechanism demonstrated
higher removal of lead from water. Additionally, the prepared adsorbent could be separated from an
aqueous solution by using an external magnet field (Figure 4).
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Figure 3. lead ions removal capacity at different contact times
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Figure 4. Separation of absorbent from aqueous solution by using external magnetic field

Conclusions

Ferrous-ferric-silicon dioxide-NH: nanoparticles were synthesized by sol-gel method by the reaction
of ferric and ferrous in ammonia solution to investigate the removal of lead ions from aqueous solution.
Surface morphology of synthesized nanoparticles were characterized by FT-IR and TEM analysis and
the results showed that the synthesized nanoparticles have nanosized (below 100 nm) and core-shell
structure. When the contact time increased, the number of lead ions that attached to the surface of
ferrous-ferric-silicon dioxide-NH2 NPs under sorption mechanisms increased. Modified ferrous-ferric-
silicon dioxide-NHz nanoparticles showed adsorption performance with a removal efficiency of 78wt%
during a contact time of 2 h at pH=6 (at room temperature). In other words, the ability of modified
ferrous-ferric oxide-silicon dioxide-NHz to react with lead ions through adsorption and an ion exchange
mechanism illustrated higher removal capacities of lead from an aqueous solution. Additionally,
prepared adsorbent could be able to separate from an aqueous solution by using an external magnet field.
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