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Abstract

To study the removal of lead (Pb) ions from aqueous solutions, novel magnetite
nanoparticles (NPs) of Nig31M(o.15A00.04F€2504 Were synthesized by coprecipitation
synthesis using metal sulfates, and then coated with Gum Arabic (GA). The
prepared NPs were analyzed using various spectroscopic and analytical methods,
such as X-Ray diffraction analysis (XRD), Field Emission Scanning Electron
Microscopy (FE-SEM), Energy Dispersive X-ray spectroscopy (EDX), Fourier
Transform  Infra-Red  spectroscopy (FT-IR), and Atomic  Absorption
Spectrophotometer (AAS). By using XRD analysis, the cubic inverse spinel
structure of the prepared NPs was proven, showing average values of crystallite size,
lattice constant, and density of 28.57nm, 8.32582A, and 5.2890 g/cm?, respectively.
FE-SEM analysis revealed the sphere-like shape of the nanoparticles with a
measured crystallite size of 25.93nm. The existence of constituent elements was
evidenced by EDX. FT-IR test proved the success of the coating process of
magnetite NPs by the presence of the main characteristic absorption bands of GA in
the FT-IR spectrum of GA-magnetite NPs. The adsorption of Pb ions by GA-
magnetite NPs was shown by AAS analysis, where the concentration of Pb ions
decreased from 25ppm to 6.6ppm, reaching 1.1ppm at the time of 25min. The
porosity of the NPs and the carboxyl groups in GA played an important role in the
process.
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1. Introduction

Serious environmental and health problems are caused by the contamination with heavy metals,
such as zinc, lead, cadmium, etc. Various processes are being the cause of water contamination with
Pb ions, such as manufacturing, mining, and smelting, which give rise to plenty of effects that are
dangerous to human beings. The issue that matters is that metals have degradation resistance and
eventually accumulate in living organisms. The contamination with heavy metal ions is a serious
problem due to their toxic effects on different forms of life [1].

Removal of different pollutants from wastewater has recently been under ongoing investigation by
using several processes [2]. The most important methods used to clean wastewater from metal ions
include adsorption, ion exchange, membrane filtration, flotation, chemical precipitation, and
electrolytic methods [3]. Various nanomaterials present different advantages for the removal of heavy
metals and exert functional operation properties, including high surface area, surface chemistry, and
enormous amount of particles, surface interactions, and magnetic separation. Their special capability
of adsorbing is another essential characteristic that enables nanomaterials to assist in heavy metal
ions removal. A substantial number of studies have been applied on nanomaterials to test their
potency to eliminate heavy metal ions from wastewater. The results revealed their excellent capability
of metal ions adsorption from contaminated water [4]. Adsorption is a simple, relatively low-cost, and
effective method utilized to remove metal ions from wastewater, which showed higher efficiency than
the other techniques [5].

During the past decades, a large number of studies concentrated on magnetite nanoparticles to
eliminate wastewater contaminants due to their adsorption strength, high magnetization, special
electrical characteristics, and low toxicity. Magnetic nanoparticles are particularly suitable for heavy
metals adsorption from wastewater. There is a strong magnetic moment in iron atom due to the
existence of unpaired electrons in the orbital 3d [6]. Magnetic nanoparticles have a great ability of
aggregation. Therefore, surface modulation of functional groups is necessary to improve the stability
of magnetite nanoparticles [5], enhance their physicochemical features, to accomplish different kinds
of applications [7].

Gum Arabic (Figure-1) is a natural exudate that belongs to a species of Acacia Senegal obtained
from the trees of Acacia Seyal and Acacia Senegal in Africa [8]. It is a widely utilized component in
food and medicinal industries, in dairy products, confectionery, beverages, gummy candies, ink,
textiles, liquid adhesives, paints, cosmetics, and pharmaceutical products [9, 10]. GA is a non-toxic,
hydrophilic, negatively charged, branch-chained, complex polysaccharide connected to a mixture of
potassium, magnesium, and calcium salts [11]. GA has been utilized by many groups in drug delivery
systems [12], as carriers in the micro-encapsulation of bioactive molecules [13], and in the
nanotechnology field [14]. This is because it becomes biocompatible and stabilized in nanostructures
[7]. Recently, GA has been investigated by in vitro and in vivo studies for coating and increasing
biocompatibility of magnetic nanoparticles of iron oxide NPs [15], gold NPs [16], carbon nanotubes
[17], and quantum dot nanocolloids [18].

This biopolymer represents a good and appealing alternative as an adsorbent due to its high
reactivity, good physicochemical characteristics, excellent selectivity towards aromatic compounds
and metals, and chemical stability resulting from the existence of chemically reactive groups
(hydroxyl, acetamido, or amino groups) in polymer chains. Moreover, the polysaccharide contained in
Gum Arabic has the ability to bond by chemical and physical interactions with a wide variety of
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species. Hence, adsorption on polysaccharide derivatives can be a low-cost procedure of choice in
water decontamination for compounds extraction and separation and a useful tool for preserving the
environment [19].

This research aims to study the effects of coating of synthesized magnetite NPs with Gum Arabic

on the removal of Pb ions from aqueous solution by adsorption process.
A 3 R - - S e ER s, 7

2. Materials and Methods
2.1. Materials

The nanoparticles powder of magnetite was synthesized by using metal sulfates. These sulfates
included ferrous sulfate (FeSO,4.7H,0, 99.0%), pure nickel sulfate -6-hydrate (NiSO,4.6H,0, 99.0%),
magnesium sulfate heptahydrate AR (MgS0,.7H,0, 99.5%), and silver sulfate (Ag,SO,, 99.0%). The
powder also included potassium nitrate (KNO3, 99.9%), potassium hydroxide (KOH, 99.5%), and GA
from the local market.
2.2. Preparation

Nio31M0o.15A00.04F€250, magnetite NPs were synthesized by the co-precipitation method, as
described by Jawaher et al. [20]. A concentration of 0.12M of the used sulfates (FeSO,.7H.0,
MgS0,.7H,0, NiSO,.6H,0, and Ag,SO,4) was dissolved in deionized water (50ml). KNO; (1.01g) was
dissolved in deionized water (10ml) and added to the former solution, which was then stirred for
30min. After that, KOH (1.402g) was dissolved in 10 ml of deionized water and slowly added to the
last solution. The final reaction mixture was heated until the temperature reached 100°C, then kept at
this temperature for 2h; the precipitate was cooled down to room temperature, washed with deionized
water several times, and dried at 50°C overnight. Finally, the prepared magnetite NPs were sintered at
600°C for 2h.
2.3. Coating

The coating procedure was accomplished as mentioned earlier [20], except that the ratio of
magnetite NPs to the coating material was 1:6 due to the experiment conditions. Gum arabic was first
washed with deionized water, then left to dry at room temperature, ground by an electrical grinder, and
sieved. A weight of 6g of GA powder was dissolved in 200ml of deionized water, then 1g of magnetite
NPs was added. The mixture was blended for 1hr by an electric hand mixer. As a result of the gum
nature, foam was formed at the top of the mixture and some of the magnetite NPs were suspended in
this foam. Thus, the mixture was covered and left for 1 day to let the particles settle down. The
mixture was then washed with deionized water several times and left to dry at room temperature.
2.4. Characterization of magnetite NPs

The crystallographic structure of the synthesized magnetite NPs was examined by XRD (XRD-
6000 Shimadzu) with a Cu target of A=1.54 A and an angle of 20=20-80 degree. The surface
characteristics of the NPs were observed utilizing FE-SEM (Tescan MIRA3) equipped with EDX
spectroscopy. Magnetite NPs were also characterized by FTIR spectrophotometer (IRPrestige-21
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Shimadzu). Pb ion concentrations were measured by atomic absorption spectrophotometer (AA-7000
Shimadzu).
2.5. Removal of Pb ions

The adsorption of Pb ions was achieved in aqueous solutions in a water bath shaker at 30°C and
100 rpm. The dosage of magnetite NPs utilized in this study was 0.1g for different contact times (5,
10, 15, 20, & 25 min). Each sample was prepared in a round bottom flask of 50ml containing 25ppm
of Pb ions. Magnetite NPs were removed from the solution by a magnet after finishing the adsorption
process. The solution was tested by atomic adsorption spectrometer (AA-7000, Shimadzu) for
detecting Pb ion concentration remained after the completion the of adsorption process.
3. Results and Discussion

XRD pattern of the synthesized magnetite NPs is illustrated in Figure-2. The structural properties
were studied in the range of 20-80°C. This diffraction pattern clearly coincides with the standard
pattern of the cubic spinel magnetite phase JCPDS no. (19-0629) [21]. The remarkable peaks of the
synthesized magnetite NPs were indexed to the crystal planes of the cubic inverse spinel iron oxide
(Fes0y4), which were found to be (220), (311), (400), (422), (511), and (440), corresponding to the
diffraction angles 30.22°, 35.68°, 43.38°, 54.10°, 57.16°, and 62.56°, respectively. Also, there is an
appearance of extra peaks than those of Fe;O,, which are attributed to other phases of iron oxide
(cubic y-Fe,0;3 and tetragonal y-Fe,Os (incomplete)); these phases appear as a result of the sintering
process, where cubic y-Fe,O; appears at 200°C, while tetragonal y-Fe,O; appears at 600°C [22]. The
average crystallite size of the synthesized magnetite NPs was 28.57nm, as calculated using the Debye

Scherrer’s formula below [23].
094

- B cos@ (1)
where A is the wavelength of the x-ray and P is the FWHM in radians.
It is worth stating that only magnetite particles having a particle size less than 30nm exhibit super
paramagnetic properties and have a large surface area that renders them prone to magnetic fields,
without an external magnetic field to support them; they do not become permanently magnetized.
These properties are highly useful in the development of the novel separation process [24].
The lattice parameter value was calculated using Rietveld refinement software and it is found to be
8.32582A. In addition, the x-ray density was calculated using equation (2) and has a value of 5.2890
(glem®) [25].
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Figure 2-XRD pattern of the Nig3;M0g.15A00.04F€2504 magnetite NPs
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The FE-SEM imaging of the synthesized Nig31M(o.15Ag0.0sF€2504 magnetite NPs at a resolution
limit of 200nm is shown in Figure-(3-a). The homogeneity and uniformity of the synthesized NPs can
be noticed from this figure. They have a sphere-like shape and are distributed regularly. Figure- (3-a)
also proves that the synthesized NPs are in the nanometer range, having an average particle size of
25.93nm, which is very close to that calculated by Debye Scherrer’s formula. The high porosity of the
synthesized NPs is remarkable, which increases the capacity of ion adsorption on the nanomaterial
surface. As observed in Figure- (3-a), there are some agglomerations of nanoparticles; this is due to
the sintering processes. In addition, the nanoparticles possess high surface energies, hence they tend to
agglomerate and grow to larger assemblies [26].

Figure- (3-b) shows EDX peaks of the synthesized magnetite nanoparticles. The observed peaks
present the existence of the elements O, Fe, Ni, Mg, and Ag and have the following energies spectra in
keV: (O: Ka=0.525), (Fe: Ka=6.4, La=0.705), (Ni: Ko=7.84, Lo=0.85), (Mg: Ko=1.25), and (Ag:
Lo=2.98, LP=3.35). The figure does not show Ka for Ag , since it appears at 22.16 keV and the
devices is limited to 10 keV. There are other spectra than those of the constituent elements, identified
at the energies of 1.77 and 2.3 keV. These are false peaks that appeared in the EDX spectra as a
consequence of the automatic peak identification process. This process is sensitive to noise in the X-
ray continuum that forms the spectral background because the random groupings of background
counts can mimic a characteristic peak [27].
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Figure 3-a- FE-SEM image, b-EDX spectra of the Nigz1Mgo.15Ago.0sF€2504 magnetite NPs.

Figure-4 demonstrates the FT-IR absorption bands for the synthesized magnetite NPs. In Figure-
(4-a) that illustrates bare magnetite NPs, there are strong characteristic bands at around 600 cm™ due
to (Fe-O) bond; this proves that the main phase of the synthesized NPs is the magnetite (Fe;O,) of
spinel-type structure [7]. These characteristic peaks can be attributed to the lattice absorption of iron
oxide [28]. There is also a small absorption band at 2360 cm™ that can be attributed to the CO,
vibration. The broad absorption band at 3433 cm™ indicates the existence of surface hydroxyl groups
(O-H stretch) [7].

For the FT-IR spectra of the GA shown in Figure- (4-b), characteristic absorption bands were found
at (1616 cm™) as a broad peak and at (1420 cm™) as narrower symmetrical peak, which can be
attributed to the C-O-O bond stretching and carboxylic ion axial stretching, respectively. A broader
absorption band is seen near 1030 cm™, which could be attributed to the bond (COH stretching) [29].
The broadband at 3410 cm™ represents the characteristic peak of the -OH groups stretch of
polysaccharide [7].

It was observed that, following coating with GA (Figure 4-c), the characteristic absorption bands
which appeared in (GA) spectrum (Figure 4-b) were noticed in the spectrum of GA-magnetite NPs
(Figure- 4-c), confirming the fact that GA had successfully coated the surface of the synthesized
magnetite NPs.
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Figure 4-FT-IR spectra for a- bare magnetite NPs, b- GA, c- GA-magnetite NPs

Figure-5 shows Pb ion concentrations versus contact times between the GA-magnetite NPs and Pb
ions. As it is seen, there is a considerable decrease in Pb ion concentration from 25 to 6.6 ppm)at the
time of 5 min; this first fast decrease in heavy metal concentration is due to the high porosity of the
synthesized nanoparticles, where the adsorption sites exist on their exterior, which facilitates the
process of adsorption for the adsorbent particles to reach these active sites [30]. Moreover, coating
with GA added a positive effect to the adsorption process, due to its carboxyl groups which acts as a
binding agent in the process of adsorption. Also, GA solution is acidic [7], which is another factor for
GA to enhance the adsorption process.

The second decrease of the Pb ion concentration was after 5min which was a gradual decrease until
the concentration reached 1.1 ppm at the time of 25 min. This is a proof that the synthesized magnetite
NPs is efficient in removing Pb ions from agueous solutions.
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Figure 5-Pb ion concentration in solution
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Conclusion

Nip3:M0o15A00.04F€250, magnetite NPs were synthesized by the coprecipitation method. The
average crystallite size was 28.57nm which almost matches that measured by FE-SEM. The coating
process with GA was achieved and ensured by the existence of the characteristic peaks of GA after
coating, which are attributed to C-O-O band, carboxylic ion, and OH stretching, in addition to the —
OH groups stretch of polysaccharide. The porosity of the magnetite NPs, the acidity, and the carboxyl
groups of GA, all added positive effects on the adsorption of Pb ions on the surface of the adsorbent,
which highlights the way for a possibility of adsorption of other types of heavy metals.
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