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Abstract

Nickel is a hazardous metal that cause cancer and many
other diseases. Agar coated magnetic iron oxide nanopartic-
les was investigated for the elimination of nickel from was-
te water. The magnetic nanoparticles were formed using a
co-precipitation method from natural iron source. The na-
noparticles have been described by a study of FT-IR, SEM,
XRD and EDX. The FTIR outcomes confirmed that the iron
oxide was successfully coated with agar while SEM results
also indicated the coating of agar on iron oxide nanopartic-
les. The XRD pattern showed that bare magnetic particles
were crystalline had sharp edges and spinal cube shape whi-
le the agar coated magnetic particles showed low crystalli-
nity due to amorphous surface of agar. The EDX results reve-
aled that about 76% iron is present in bare magnetic partic-
les that decreased in agar coated nanoparticles, as prepared
agar coated magnetic particles, the removal efficiency of Ni
at optimum conditions was 89%.
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Introduction

Magnetic nanoparticles due to their unique properties and
potential application in different areas such as magnetic sep-
aration, have drawn growing attention over past decades [1].
Magnetic particles such as maghemite (Fe,0,) and magnetite
(Fe,0,) specifically magnetite commonly prepared by different
preparation techniques such as co-precipitation [2], sol-gel re-
action [3], hydrothermal [4], flow injection synthesis [5], polyol
method [6], sonolysis [7], electrochemical method [8] and
aerosol method [9], however, co-precipitation is undoubtedly
the simplest and easiest way to prepare magnetic nanoparticles
[10]. Iron oxides (Fe,0, or rtFe,0,) are typically formed in aque-
ous medium by an aged stoichiometric combination of ferrous
and ferric acid [11]. Nonetheless, apart from the Iron(ll) and
Iron(lll) salts, the natural iron containing sand can also be used
to synthesize magnetic nanoparticles. The synthesis of mag-
netic nanoparticles from natural iron-sand such as magnetite
(Fe,O,) improves its financial value and boost potential uses
like for biosensors, drug discovery, hypothermia, molecular
imaging, bio-separation, computed tomography, bio-labeling,
metal ion adsorption, etc. [12-20]. Nevertheless, their further
implementation is limited due to tendency to aggregation. The
modification or dispersion of magnetite in an appropriate ma-
trix to avoid aggregation is therefore a new and good option
[21]. Introduction of new substances could also introduce new
magnetite feature. Agar, a polysaccharide, is commonly used in
the nutrition and pharmaceutical companies, owing to its natu-
ral origin and economical price. Agars are cell membrane poly-
saccharides derived from marine red algae mainly consisting
of alternating units -(1-4)-d-galactose and -(1-3)-3,6-anhydro-
L-galactose continuous parts [22]. They are commonly used in
the food industry as gel formers, thickeners, water holders, and
stabilizers. Agar is also a clever, right matrix for the manufac-
ture of magnetic nanoparticles, as this type of material has low
cytotoxicity, elevated surface area, big pores, and temperature
sensitivity, as well as biocompatibility and biodegradability [23].

Rupture of toxic substances in industrial effluents has now
become a major problem in recent years, and has been regu-
lated in almost every country due to its possible threat to hu-
manity, health, and the atmosphere [24]. Regular wastewater
treatment strategies include precipitation, ion exchange, and
adsorption [25-28]. In addition to the adsorbing of aqueous so-
lution metal ions, the magnetic adsorbent can be easily isolated
from the solution. Therefore, synthesizing some novel magnetic
adsorbents is still essential and important to encourage their
applications in the region of ion adsorption.

In this research, we are going to explore the first-time prep-
aration of agar coated magnetic iron oxide nanoparticles and
its prospective implementation in solution adsorption of nickel
ions. Prepared agar coated magnetic nanoparticles formulat-
ed from natural iron source using a co-precipitation method
characterized by electron scanning microscopy (SEM), Fourier
Transform Infrared Spectroscopy (FTIR), Energy-dispersive X-ray
(EDX), Spectroscopy, and X-ray diffractometer (XRD). In addi-
tion, the concentration of nickel ion removal under optimum
conditions was also studied.

Experimental section

Materials: Hydrochloric acid (37%, Merck), Sodium hydrox-
ide (analytical grade, Merck), Agar (Fisher Scientific), Ethanol
(analytical grade, Fisher Scientific), Dimethylglyoxime (ana-
lytical grade, Sigma-Aldrich), lodine solution (analytical grade,

Sigma-Aldrich), Ammonia (25%, Synth), Citric acid monohydrate
(laboratory grade, Vetec) were obtained and used without any
further purification.

Preparation of nanoparticles: As we reported in our previ-
ous work, the natural iron sand was obtained and treated with
HCI at 1009C for 80 minutes in nitrogen environment at con-
stant stirring [27]. The solution was filtered and treated in two
conditions: without agar solution marked as A and with 5%
agar solution marked as B and heated at 1002C was stirred for
15 minutes. NaOH solution was added to both solutions until
pH reached at 11, a black precipitate was appeared which was
filtered and washed several times with deionized water and
ethanol to maintain pH 7, dried it at 1209C for 24 h in an oven
without air, until Fe O, nanoparticles powder was obtained as
shown in Figure 1.
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Figure 1: Magnetic nanoparticles showing magnetic properties.

Characterization of prepared magnetic particles: The data
of sample were reported by x-ray diffraction (XRD) JDX-3532;
JOEL, Japanof Cu Ka radiation (A=1.544 nm) range at 20-702 (2e)
at 45 kV and 40 mA. Scanning electron microscope data was col-
lected on JSM5910; JOEL, Japan) was used to characterize the
morphologies. Fourier-transform infrared (FTIR) spectra were
generated to confirm the existence of functional groups using
model (Perkin-Elmer Spectrum 100) FTIR spectrometer in the
range of 400-4000 cm™. The concentration of Niions was deter-
mined using UV-Vis spectrophotometer.

Adsorption study: The batch adsorption experiments of Ni
ion on agar-coated magnetic nanoparticles (MNPs) were con-
ducted. Ni stock solution was prepared in one liter of distilled
water by dissolving 4.478 grams of NiSO, * 6H,0. Different con-
centration Ni solution from 20 to 200 ppm was prepared in 50
mL and different amount of agar coated MNPs were added and
stirred. The solution's pH had been balanced by using dil. HCI
and NaOH. From the sample nanoparticles were separated by
magnetic after equilibrium, and the filtrates were analyzed us-
ing the dimethylglyoxime (DMG) method by a UV-Visible spec-
trophotometry at 466 nm [29]. The equation below calculated
the percentage removal of Ni ion.

% Removal of Niions = Co-Ce/Co x 100
Amount adsorbed in Ni ions (ge) = (Co-Ce)V/m

Where, Co and Ce are the initial and the final concentration
of Ni (mg/L), m denoted the adsorbent mass (g), and V donated
volume of the Ni solution (L).

Result & discussion

XRD characterization: To confirm the presence of magnetic
particle in agar, X-ray diffraction studies was carried out and Fig-
ure 2 shows the XRD patterns of bare magnetic nanoparticles
as well as agar coated magnetic nanoparticles. The magnetic
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nanoparticles diffraction activity is similar to the usual trend
for spine-structured crystalline magnetite, which has peaks:
(220), (311), (400), (511) and (440) [29,30]. Bare magnetic
nanoparticles showed sharp peaks, while agar-coated magnetic
nanoparticles have no sharp diffraction peaks. This is indica-
tion for amorphous materials and also for ultra-fine crystalline
materials, where the peaks of diffraction cannot be well fixed.
Therefore, it could be drawn that Fe,O,magnetic nanoparticles
with spinal structure in agar were embedded. The average crys-
tal size was calculated from Scherrer equation and was 10.08
nm [31].
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Figure 2: Showing XRD patterns of (a) bare nanoparticles and
(b) agar coated nanoparticles.

FT-IR characterization: The Figure 3 shows the FTIR spectra
of Fe,0,, agar and agar coated Fe,O,. The spectra confirm the
conjugation of agar and Fe 0, in the form of their functional
group peaks. In (B) the Fe,O, absorption band is 553 cm™ while
the -OH group extension is due to the wide band at 3400 cm™.
The standard absorption band in (A) is of agar. The peak of 1634
cm? is the distinctive height of polysaccharides. The strong
band between 840 cm-1 and 1225 cm? refers to C-O stretching
vibration while the highest at 3350 cm™ is due to -OH expan-
sion. The value at 1034.66 cm™ reflects C-O-C and is assigned
to the glycosidic bonding vibrational mode. The FT-IR spectra of
agar-coated Fe O, revealed in (C), where the existence of mag-
netic nanoparticles peak at 554.86 cm™ (Fe-O) and also dem-
onstrated the existence of agar peaks at 1030 cm™ (C-O-C) and
1634 cm™? related to agar, while on 3351 cm™ show expanding
of -OH group, suggesting agar and magnetic nanoparticles con-
jugation [32].
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Figure 3: Shows FTIR spectra of (a) agar (b) Fe,O, and (c) agar
@Fe,0,

Morphological characterization: The morphology of bare
and agar coated Fe,O, was determined by SEM. Figures A and B
show the clear image of bare Fe,O, while the Figures, C and D
show agar coated Fe,O,. It can be seen from the images that the
compositions of magnetic agar were significantly complicated.
As seen from the pictures the size of particles increases after
the coating of agar, second from A and B it is clearly seen that
bared Fe,O, was crystalline have sharp edges while from C and
D the surface is smooth and look denser which indicate the con-
firmation of agar [33] (Figure 4).

Figure 4: Shows SEM result of (a,b) Fe,0, and (c,d) agar @Fe,O,.

EDX characterization: Comparison between EDX spectra of
bare Fe,O, and agar-coated Fe,0, samples is seen in Figure 5 the
peaks close to 0.3, 6.4 and 7 keV are correlated with bending
Fe energy. In both spectra one peak is assign to Fe-O and one
is for Fe while the Intensity of Carbon peak compared in both
confirms the coating of Agar [34]. In case of elemental percent-
age in uncoated magnetic particles Fe are present 76.71% while
Carbon is 1.75%. in coated magnetic particles Fe are present
75.58% while Carbon is 5.49% which also indicates the coating
of agar and its magnetic properties.

Figure 5: EDX result of (a) bare Fe O, and (b) agar coated Fe,O,.

Adsorption study

Effect of adsorbent dosage: The experiments were carried
out at room temperature from 1 to 10 g/L at pH 7 to calculate
the adsorbent concentration’s effect on the adsorption of nickel
from aqueous solution. The percentage removal of nickel metal
on agar coated magnetic particles is reflected in the results of
the adsorbent dose as shown in Figure 6.1. Initially, the metal
absorption improved with an adsorbent dosage of 01g/L to
10g/L and achieved a balance of 6g/L. This is due to improved
surface of adsorbent and extraavailable adsorption sites [35].
Based on these tests, 6g/L was used as the maximal adsorbent
dosage for the remaining experiments.
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Figure 6.1: Shows graph between adsorbent dosage vs % re-
moval efficiency of agar @ Fe,O,.

The effect of pH: pH’s effect on the adsorption of nickel is
expressed in Figure 6.2. The effect was tested at room tempera-
ture, initial concentration of metal 100mg/L, adsorbent dose
1g/L by varying the pH of metal solution from 2-10. With the
increased pH the percentage of adsorption increases. Minimum
adsorption was identified at low pH due to the adsorption loca-
tions were saturated by H* ions. Higher adsorption was record-
ed at pH raised between 6 to 8 as adsorption sites were avail-
able to Niions. The pH above 8 can make the metal to form its
hydroxide as more hydroxyl ions are present [36]. It was evident
from these tests that the highest metal absorption was taken at
pH 7i.e. 84.58 per cent based on this pH 7 has optimal pH for
the rest of the experiments.
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Figure 6.2: Shows graph between pH of solution vs % removal
efficiency of agar @ Fe,O,.

Effect of interaction time: Interaction time of adsorbent
with adsorbate is also having great effect on the adsorption on
metal. For this, batch adsorption experiments were conducted
between 30-150 min range. The metal ion concentration was
100mg/L, at the pH 7, and at room temperature, while the
agar coated Fe O, addition was 6g/L, respectively. From Figure
6.3 the plot reveals that at the beginning the amount of nickel
elimination was smaller. It may be due toless interaction time
agar-coated Fe O, particles with nickel ions. Adsorption of the
equilibrium was accomplished within a time of about 90 min
suggesting that the adsorption sites are well defined [38]. For
the results it is obvious that nickel adsorption depended on the
time of interaction. Based on these findings, all the batch ex-
periments with time of 90 min were performed.
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Figure 6.3: Shows graph between contact times of nanoparticles
with Ni ions in solution vs % removal efficiency of agar @ Fe,O,.

Conclusion

In this study, Fe,O, magnetic agar composites were prepare-
dusing natural iron sand as a source of Fe and using agar as a
solid carrierTwo different samples were prepared, one bare
Fe O, and the other is coated with agar. The characterization of
both samples was examined by XRD, EDX, SEM and FT-IR. The
result shows the conjugation of agar with Fe O, and also XRD
result reveals that agar decrease the crystallinity of agar coated
samples of iron nanoparticles. SEM, EDX and FT-IR confirmed
the agar presence. Such nanoparticles have been also used to
extract Ni ions from aqueous solution and gave findings of 89%.
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