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Abstract: Water pollution is a global concern. Inorganic and organic pollutants constitute primary
pollutants in water resources. Therefore, it is of great concern to develop advanced sorbent materials for
effective and efficient removal of metals and oil from water. In this study, synthesis of new LDH composites
which would be used for sorption of heavy metals and oils from polluted water. For this purpose, MgAIOH-
y-Fe>03-MoS; composite was prepared and characterizations were performed by FT-IR and XRD. The XRD
powder pattern of the composite showed that it contained y-Fe;0s3, MgAI(OH)14.xH,O and MoS;. Thermal

stability of the composite was investigated via DTA/TG technique. MgAIOH-y-Fe;03-MoS; composite showed
highly efficient sorption for vegetable oil up to 418% times of its own weight. The ability of MgAIOH- y-
Fe>03-MoS, composite for removing Pb2* ions from agueous solution. Pb2* jon analysis was made by ICP-
OES. The effect of Pb2* amounts, pH, sorbent amounts, and solvent flow rate on the adsorption capacity
of MgAIOH- y-Fe;03-Mo0S, composite were also investigated.
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INTRODUCTION applications (5,3-9). Molybdenum disulfide

(MoS;) has been widely used in biomedical
Water pollution is a global problem. Inorganic and applications as it has excellent photothermal
organic pollutants are known as primary conversion ability. Transition metal dichalogenes
pollutants in water resources. Therefore, for eco- (TMDCs) are a family of two-dimensional layered
efficient and effective removal of metal ions and materials with interesting physical, electronic,
oil from water advanced sorbent materials should and chemical properties (10). The atoms in the
be developed (1). The photocatalytic layers are held together by strong covalent
deterioration which is the solution of interactions and the layers are deposited along
environmental problems arising from organic the van der Waals forces (11, 12). TMDCs have
pollutants, has attracted the attention of many been extensively studied in energy storage,
researchers in recent years (2). A wide range of sensors, catalysis and biomedical (13-17). In
synthetic materials have been proposed and particular, MoS;, WS, and WSe; can be used in a
applied for this purpose (3-9). Due to its suitable wide variety of biomedical applications because
physicochemical and optical properties, TiOy, their chalcogenides are less toxic than graphene
Zn0O, Fey03, etc. metal oxide nanoparticles are (18). Oil pollution causing by oil spills has been
promising candidates for photocatalytic an environmental and ecological disaster. The oil
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spill in the Gulf of Mexico and the Bohai Gulf of
China have shown the difficulty of an effective oil
spill clearance. Mechanical extraction with
sorbents is considered to be one of the most
economical and efficient methods (19). In this
process, the preparation of efficient, cost-
effective materials for oil-water separation has
gained importance. To date, different materials
such as natural absorbers, microporous
polymers, expanded graphite, carbon nanotubes
and nanowire membranes have been used for this
purpose (20). However, having several
disadvantages, such as low oil loading capacity,
excessive cost or environmental and ecological
risk, limit the extensive application of these
materials.

In this study, MgAIOH- y-Fe,03-MoS; composite
was prepared and characterized via FT-IR and
XRD techniques. The sorption studies of Pb2* ion
and vegetable oil from polluted water was carried
out.

Herein, lightweight, hydrophobic, and porous
aerogels made of carbon microbelts (CMBs) are
first produced via a facile route by using waste
paper as the raw material. Importantly, the CMB
aerogel can absorb a wide range of organic
compounds.

MATERIALS AND METHODS

Synthesis of Compounds

Synthesis of MCM-41

Typically, 0.6 g of n-cetyltrimethylammonium
bromide (CTAB) was first dissolved in 400 mL of
deionized water. Then 3.5 mL of 2 mol/L NaOH
was added to the solution, followed by adjusting
the solution temperature to 80 °C. Subsequently,
2.5 mL of TEOS was added dropwise to above
solution with vigorous stirring. The mixture was
stirred for another 2 h to give rise to a white solid.
The obtained solid product was filtered, washed

with deionized water and ethanol, and then dried
in air. The dried sample was calcined at 550 °C
for 1 h in Nz and followed by another 3 h in air to
remove the organic template.

Sythesis of mesoporous y-Fe>03

Fe(NOs)s was dissolved in ethanol and MCM-41
was added to solution and stirred for 2 h. After
the fitration, the powder was dried at 100 °C and
fired at 550 °C for 3 h. The obtained MCM-41-
Fe»0O3 was added to 10 M NaOH and heated to
dissolve MCM-41 phase. The obtained
mesoporous Fe;03 was washed and dried.

Preparation of MgAIOH-y-Fe>03-Mo0S>

A portion of 50 mL of an aqueous solution
containing 56.07 mmol (11.4 g) MgCl; 6H,0 and
28.17 mmol (6.8 g) AICl3 6H,0 was added to 75
mL of an aqueous solution containing 12.52 mmol
(2 g) Fe;0s3 and 1,25x10° mmol (2 g) MoS;
(12.50 mmol) The pH was raised to a value of 9
by addition of 2 M NaOH and the mixture was
sonicated at room temperature for 16 h. The solid
was filtered, washed, and dried in a vacuum
desiccator.

Characterization

X-ray diffraction pattern was recorded on Bruker
D8 using Cu Ka radiation, with the diffraction
angle (20) at a range of 10-80-. FT-IR spectrum
was recorded on a Perkin Elmer FT-IR/FIR/NIR
spectrometer Frontier ATR system. Thermal
stability of the composite was investigated via
DTA/TG technique. Heavy metal analysis was
made by ICP-OES. Measurements were carried
out with a sequential, axially viewed Perkin EImer
Optima 8000 ICP-OES equipped with a meinhard
nebulizer, a glass cyclonic spray chamber and ICP
WinLab software Data System. Optimized
operating conditions for the determination of
constituents in water by ICP OES are given in
Table 1.

Table 1. Optimized operating conditions for the determination of constituents in water by ICP OES

Rf power (W) 1450

Injector: Alumina 2 mm i.d.
Sample tubing: Standard 0.76 mm i.d
Drain tubing: Standard 1.14 mm i.d.
Quartz torch: Single slot

Sample capillary: PTFE 1 mm i.d.
Sample vials: Polypropylene
Source equilibrium 15 sec

delay:

Plasma viewing: Axial

Processing mode: Peak area

Gases: Argon and Nitrogen
Shear Gas: Air

Sorption of Vegetable Oil

In a typical sorption test, MgAIOH-Fe;03-MoS>
composite was placed in contact with a vegetable
oil emulsion in water until the composite was filled
with the oil, which was then taken out for weight
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measurement. The weight measurement should
be done quickly. The weight of a piece of the
composite before and after sorption was recorded
for calculation of the weight gain.
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RESULTS AND DISCUSSION

FT-IR studies of MgAIOH-y-Fe>03-MoS>

FT-IR spectrum of the MgAIOH-y-Fe>03-MoS; is
given in Figure 1. Asymmetric vibration band of
the O-H group of MgAIOH is observed at 3356 cm-~
L, FT-IR spectrum of Fe,03 exhibited vibrations in
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the region of 400-600 cm™ which can be
attributed to the vibrations of Fe-O and Mo-S
(443 cm™) which confirms Fe,Os nanoparticles
and MoS; sheet structure. The results indicate the
accuracy of the proposed structure (21-23).
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Figure 1: FT-IR spectrum of MgAIOH-Fe;03-Mo0S5;.

XRD studies of MgAIOH-y-Fe>03-MoS:

XRD powder diffraction pattern of MgAIOH-y-
Fe>03-Mo0S; is presented in Figure 2. The XRD
powder pattern of the composite showed that it
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contained y-Fe»O3 (PDF card no:00-002-1047),
MgAI(OH)14.XH,O (PDF card no:00-043-0072)
and MoS; (PDF card no:00-037-4492).

I MgALOH Fe203 MoS.raw (Strip ka2)
| PDF 00-002-1047 Fe2 O3 y-Fe2 O3 | Iron Oxide

I MgALCH Fe203 MoS.raw (Strip ka2)
| PDF 00-043-0072 Mg Al ( O H )14 -x H2 O Magnesium Aluminum Hydroxide Hydrate
| PDF 00-037-1492 Mo S2 Molybdenite-2H, syn

MoS2
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Figure 2: XRD powder diffraction pattern of MgAIOH-y-Fe>03-Mo0S;

Thermal Analysis of MgAIOH-y-Fe>03-MoS>

TG/DTA/DTG curves of MgAIOH-y-Fe>03-MoS;
are given in Figure 3. In TG and DTG curves, three
decomposition stages were obtained between 30
°C and 700 °C for MgAIOH-Fe;03-Mo0S; . These
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decompositions were attributed to MgAIOH. The
remaining products are MgO, Al;03, Fe;0O3 and
MoS, mixture. Three endothermic peaks of
decomposition stages were observed at 50 °C,
300 °C and 670 °C, respectively.
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Figure 3: TG/DTA/DTG curves of MgAIOH-Fe;03-MoS;.
Absorption studies OES at 217.0 nm and limit of detection was 0.1
Lead ion solutions of various volumes ranging mg/L. Effect of pH and concentration of Pb2* as
from 1.1 mL to 4.2 mlL, depending on the well as maximum sorption capacity was
concentration of the lead ions in the solution, determined.
were passed through the column. The sorbed
Pb2* ions were eluted with 0.01 M hot nitric acid The obtained results are given in Tables 2-5.

solution. Lead determination was made by ICP-

Table 2. pH effect on adsorption capacity of MgAIOH-y-Fe»03-M0S;.

MgAIOH-y-Fe.>03- Pb concentration in Adsorption Recovery
MoS:> solution (%)
pH=3 420 ppm 403.3 ppm 96
pH=6 420 ppm 412.07 ppm 98
pH=7 420 ppm 415.93 ppm 99
Table 3. The effect of Pb2* amounts on adsorption capacity of MgAIOH-y-Fe,03-MoS;
Pb concentration Adsorption Recovery (%)
in solution
420 ppm 415.07 ppm 98.1
320 ppm 312,94 ppm 97.6
215 ppm 212.1 ppm 98.2
Table 4. The effect of sorbent amounts on adsorption capacity of MgAIOH-y-Fe>03-MoS;
Amount of MgAIOH-y- Pb concentration in Adsorption Recovery (%)
Fe>03-MoS: solution
0.2g 420 ppm 415 ppm 99.2
0.3g 420 ppm - 100
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Table 5. The effect of solvent flow rate on adsorption capacity of MgAIOH-y-Fe,;03-MoS,

Solvent flow rate Pb concentration in Adsorption Recovery
solution (%)
1.1 mL/dk 420 ppm 416.7 ppm 99.4
2.7 mL/dk 420 ppm 413 ppm 98.1
4.2 mL/dk 420 ppm 405 ppm 96

Oil Sorption studies

0.5 g MgAIOH-y-Fe>03-M0oS; was weighed and
added onto water/oil (30 mL/4 mL) and sonicated
for 30 min. Then the sorbent material was
decanted and dried at 100 °C for 2 h. 0.5 g
MgAIOH-y-Fe;03-MoS, absorbed 2.05 g oil.

Qil absorbed
MgAIOH-Fe203-MoS:

Figure 4. The images of MgAIOH-y-Fe>03-MoS;

CONCLUSION

In this study, MgAIOH-y-Fe>0O3-MoS, composite
was prepared. The structure of MgAIOH-y-Fe,0s-
MoS; was elucidated by FT-IR and XRD powder
pattern methods. The XRD powder pattern of the
composite showed that it contained y-Fe,Os3,
MgAI(OH)14.xH,O and MoS;. The thermal
behavior of the composite was investigated by
DTA/TG combined system. In TG curves, three
decomposition stages were obtained between 30
°C and 700 °C for MgAIOH-y-Fe>03-Mo0S;. Double
layer hydroxides are composed of layers. LDHs
have the ability to absorb various cations and
anions between layers. In recent years, magnetic
nanoadsorbents and magnetic composites (24)
have been widely used in the removal of heavy
metals, various anions, organic pollutants and
dyestuffs from solution media, for the removal of
water as well as used in the recovery of these
adsorbents and their  evaluation after
regeneration Furthermore, magnetic
nanoadsorbents and magnetic composites (24)
have been used for the removal of heavy metals,
various anions, organic pollutants and dyestuffs
from solution media. Recovering of these
adsorbents and evaluation after regeneration are
widely studied (25). Fe;03 with the magnetic
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These result revealed that oil sorption capacity of
MgAIOH-y-Fe;03-M0S, is 418%. The images
MgAIOH-y-Fe>03-MoS; and oil adsorbed MgAIOH-
y-Fe>03-MoS; are shown in Figure 4.

MgAIOH-Fe;03-MoS;

and oil-adsorbed MgAIOH-y-Fe;03-Mo0S;.

properties are known to absorb some heavy metal
ions. It is also used to remove MoS; oils from the
water. MgAIOH-y-Fe;03-M0S, composite can be
used not only to remove heavy metals from
contaminated water but also to remove oils. The
results revealed that MgAIOH-y-Fe;03-MoS;
composite was shown highly efficient sorption
for vegetable oil up to 418% times weight itself.
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