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ABSTRACT

Small sized iron oxide nanoparticles with were successfully synthesized on the surface of
cellulose acetate (CA) by precipitation method. The cellulose acetate were dispersed in
deionized water, after that ferric and ferrous chloride was added to this mixture and
stirred. After the absorption of iron ions on the surface layer of the fibers, the iron formed
was reduced with NaOH by a quick precipitation method. The mean diameter and
standard deviation of iron oxide synthesized in cellulose/iron oxide nano-composites
(CIONC) were 35 £ 2.42 nm. The prepared nanoparticles were characterized by X-ray
diffraction (XRD) analysis, scanning electron microscopy (SEM) and vibrating-sample
magnetometer (VSM) and FT-IR. XRD indicated the sole existence of inverse cubic
spinel phase of magnetic iron oxide nanoparticles. The cellulose acetate/iron oxide
prepared by this method has magnetic properties. The removal efficiency of iron and
copper from wastewater by the new synthesized cellulose/ iron oxide nanocomposite
after treatment were observed to be 92.96 % and 88.44 %, respectively in synthesized
solution. Reduction percent of nitrate and phosphate from wastewater were 86.07% and
91.77 %, respectively. The new prepared cellulose/iron oxide nanocomposite had new
physical and chemical characterization by new additives methodology that had high
removal efficiency of heavy metals, nitrates and phosphates upon 86-92 % of inorganic
pollutants. This research concerned with copper and iron removal from wastewater using

magnetic nanoparticles of cellulose/iron oxide.

1. Introduction

Nano-cellulose is prepared by a pretreatment of de-
lignified fibers and extraction process. Nano-fibrillated
cellulose (NFC) is prepared by mild chemical or enzymatic
fiber treatment followed by mechanical processing in which
the fibers are disintegrated into fibrils. Cellulose nanocrystals
(CNC) are prepared by strong acid hydrolysis of cellulose
fibers, which results elimination of undesired area leaving the
crystalline part of the fibrils left. Cellulose nanocrystals have
the same thickness as NFC, i.e., 4-5 nm thick, but are much
shorter, i.e., 100-300 nm. Nanocellulose has unique
properties, such as high stiffness, high strength, low thermal
expansion coefficient and they are also inert in the contact
with human tissue. A fiber composite material is defined as a
material containing at least two constituents with different
mechanical properties and that both constituents remain
separated from each other in the final product. The two
constituents are referred to as the matrix and reinforcement,
and the properties of the final composite material should be
superior to the properties of either constituent alone. Nano-
composites, composed of different components, can also be
tailored to have strong and interactive properties depending on
the selection of the constituting materials. Magnetite particles
present a very interesting type of magnetic materials that has
attracted intensive interest in recent years due to their potential
applications in various fields, such as ferro-fluids, catalysts,
high-density magnetic recording media and medical diagnosis
[1, 2].
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The use of magnetic nanoparticles is related to their super
paramagnetic characteristics, higher saturation magnetization,
and good biocompatibility. Zhang et al. synthesized a new
magnetic drug-targeting carrier characterized by a core-shell
structure. The carrier is composed of cross-linked dextran
grafted with a poly (N-isopropyl acrylamide-co-N,N-dimethyl
acrylamide) shell and super paramagnetic FesO4 core [3].
Yuan et al., describe a magnetic nanoparticles drug carrier for
controlled drug release that responds to the change in external
temperature or pH [4, 5]. These carriers simultaneously offer
the possibility of imaging the delivery process by magnetic
resonance imaging. Researchers have proposed several
synthesis methods for preparing FesO4-NPs, such as micro-
emulsions, co-precipitation of an aqueous solution of ferrous
and ferric ions by a base and sol-gel method [6],
sonochemistry [7], colloidal method [8], non-aqueous route
[9], pyrolysis reaction, etc [10]. Magnetite (FezO4) is a
common magnetic iron oxide that has a cubic inverse spinel
structure with close packed oxygen anions and iron cations
occupying interstitial tetrahedral and octahedral sites [11].
Due to its strong magnetic and semiconducting properties,
magnetite (FesO,) is one of the preferred well-known filler
materials, which is combined with polymers/nano-composites
to be used as magnetic recording media, and in medical
applications [12]. Therefore, magnetite has the potential for
providing the desired magnetic and electrical properties to the
final composite.



47584

Among the various types of magnetic materials, the
magnetic—polymer composites represent a class of functional
materials where magnetic NPs are embedded in polymer
matrixes. Recently, a considerable number of studies have
been done on magnetic—polymer nano-composites such as;
PVP-coated FesO. [13], FesOs—chitosan and -Fe:Os NPs [14,
15, 16], tyrosinase biosensor based on FesOs NPs—chitosan
nanocomposite [17], barium alginate caged Fes:0./C18
magnetic NPs [18], polyaniline-coated nano-FesOas/carbon
nano-tube composite as the protein digestion [19],
Fes0./PPYy/P(MAA-co-AAm) tri-layered composite [20],
FesOs-PVA  nano-composites  [21],  polyaniline/nano-
FesOs/composites [22], polymer—Fe;O4 nano-composites [23],
PEI modified FesOs/Au NPs [24], alginic acid—
FesOs/nanocomposite [25]. The aim of this work was
preparation of new cellulose/iron oxide nanocomposite with
modified active sites on the surface of particles. These sites
contained functional group on the end of cellulose chains
which will attach to pollutants with different types.

2- Materials and Methods
2.1. Chemicals and reagents

All chemical materials used in this study were provided

from Merck and Sigma Aldrich Companies.
2.2. Experimental Procedure
2.2.1. Preparation of cellulose/ iron oxide nano-composite

Co-precipitation technique is used to synthesize iron
oxide as previously reported with some modifications [26].
Briefly, weight of FeCls-6H-0 dissolved in 500 ml of distilled
water afterwards FeSO.-7H.O were also dissolved in the
mixture and heated to 80 °C, add a definite weight of cellulose
acetate powder, then ammonia solution and sodium hydroxide
were added drop to wise, and pH of the solution was
maintained till to 10.80. The precipitate formed was filtered
and washed to remove the impurities of chloride ions. The
washed precipitate was drying in vacuum to get the final
products.

Fe*" +2Fe® +8NH3-H.0 ——»
2.3.2. Sample characterization

FT-IR spectra were measured in a transmission mode on a
spectrophotometer (PerkinElmer Spectrum Version 10.03.09)
Spectrum Two Detector LiTa0s was used for separating the
solid and liquid during the preparation samples. The samples
were pressed pellets of a mixture of the powder with KBr. The
micrographs of prepared particles were obtained using a
Scanning Electron Microscope using SEM Model Quanta 250
FEG (Field Emission Gun). The XRD pattern of TiO. and
MNPs was obtained using a X-ray diffractometer Schimadzu
model: A PAN analytical X-rays diffraction equipment model
Xpert PRO with secondary monochromator, Cu-radiation
(A=1.54A") at 50k.v.,40 M.A and scanning speed 0.02° /sec.
Magnetic properties of the particles were assessed with a
vibrating-sample magnetometer (VSM, Homade 2 tesla). A
magnet (® 17.5x20 mm, 5500 O e) was utilized for the
collection of magnetic particles. Basing on the results of
measurements, coercivity, remanence and saturation of
samples have been determined, from each powder sample a
certain amount of sample has been portioned out, put into
another container and weighted. The VSM measurements have
been performed on every sample.

2.3.3. Examine adsorbents activity

Batch adsorption studies were performed by mixing
MNPs with 50 ml of the synthesized wastewater in a flask. For
pH adjustment we used standard 0.1M HCI and 0.1M NaOH
solutions.

Fes0.] +8NH+ 4H->0
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Put the solution mixture of MNPs with wastewater
solution in sonicator for different time. After adsorption
reached equilibrium, the adsorbent was conveniently separated
via an external magnetic field and the solution was collected
for metal concentration measurements. MNPs were washed
thoroughly with deionized water to neutrality. The
concentrations of metal ions were measured by a plasma-
atomic emission spectrometer (ICP-AMS, Optima 3000XL,
PerkinElmer) in accordance with the Standard Method. In
order to obtain reproducible experimental results, the
adsorption experiments were carried out at least 3 times.

2.3.4. Laboratory analyses

The analyses include the determination of EC, TDS, pH.
The minor, trace and soluble heavy metals and non metals are
total nitrogen, NO*, PO,*, B¥*, AP**, Fe**, Mn*, Co**, Cu?**,
Ni**, Cr**, Cd**, Pb*, and Zn’.

3. Results and Discussion
3.1. Mechanism of Cellulose/iron nano-composite

Fe(OH). and Fe(OH)s formed at pH > 8 by the
hydroxylation of the ferrous and ferric ions. Black
precipitation is formed immediately with addition of NH,OH
with drop wise of NaOH. The FeCls reacts with NH,OH and
forms FeOOH, which, upon heating, further produce into Fe**
and OH" ions, which consequently assists in the development
of Fe20Os ions according to the chemical reactions. The iron
oxide nanoparticles formed in solution with addition of
cellulose acetate particles and the morphology of iron oxide
nanoparticles is changed and have hydroxyl function group
with more reduction efficiency  occurred. This nano-
composite had more specific functional group and more free
electrons in dispersion solution that can increase the reduction
percent of removal heavy metals.

3.2 Characterization of the adsorbents
3.2.1. Infrared Spectroscopy (FT-IR)

Figure (1) Absorption peaks at 540 cm™ indicated to the
Fe—O vibration related to the magnetite (27). The aliphatic C—
H stretching, in 1324 and 1418 cm—1 were due to C-H
bending vibrations. (28). The IR band at 1725 cm™ is close to
the position of -C=0 bending vibrations which indicated to
presence of acetate group in cellulose chain. The IR band at
3455 cm™' can be assigned to the stretching modes of surface
H,O molecules or to an envelope of hydrogen-bonded surface
OH groups and OH groups of cellulose backbone. The shifted
band at 1050 cm™ of Cell-Fe-O vibration related to interaction
of iron oxide with the active functional group of acetate group
in cellulose backbone. The Fe2+ ions are bonded to 2nd and
3rd hydroxyl groups of cellulose that have been oxidized to
keto groups and or carboxylate groups upon treatment with
hydrogen peroxide. The peak in this region (1510-1520 cm-1)
represents the asymmetrical vibration of O=C-C=0O or bi
dentate Fe2+ complex such as —C-O-Fe-O-Cengaged in
coordinate bond formation (29).

Fig 1. FT-IR spectra of Cellulose/iron nano-composite
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The two shoulder peaks formed in the region of 4000—
3740 cm-1 are assigned to the cleavage of the primary and
secondary hydroxyl groups involved in the coordination
complex formation with Fe (30).

3.2.2. X-Ray Diffraction Analysis (XRD)

Figure (2) showed peaks at 28 of 25.4°33.2°, 35.3°,
41.4°,49.6° and 54.5° corresponding to the diffractions of
crystal faces nano-cell-fibrils, hematite and magnetite spinal
structure. The positions and relative intensities of the

reflection peak of FesO4 and Fe2O3 MNPs agree with the XRD
diffraction peaks of standard Fe2Os samples (31). Sharp peaks
showed that FesOs and Fe:Os nanoparticles have well
crystallized structure and figure showed the sharp band of
nano-cell-fibrils
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Mineral Name | Chemical Formula | Semi-Quant [%6]
Hematite Fe,03 40
cellulose Nano Cell Fibrils 25
Magnetite Fe;0,4 35

Fig2. XRD- ray of Cellulose/iron nano-composite.
3.2.3. Scanning Electron Micrograph (SEM)

Figure (3) showed the SEM images of cellulose/iron
nano-composite which confirmed the cubic and spherical
shape of iron oxide nanoparticles of magnetite and hematite
onto cellulose fabric which merged with the cross linking of
cellulose units. The photo showed the adsorption efficiency of
nano iron oxide nanoparticles on the cellulose chains.

Cellulose
nanocrystals [

)
Fe,O, = %

Fig3. Scanning Microscope (SEM) of Cellulose/iron nano-
composite
Figure (3) showed that the magnetization curves
measured at room temperature for Cellulose/iron oxide nano-
composite are showed in Figure 4.
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3.2.4. Vibrating Sample Magnetometer (VSM)

R
P
—

Fig4. Magnetization curves of Cellulose/iron nano-

composite.

The low hysteresis in the magnetization for sample
showed that produced nanoparticles had paramagnetic strength
(32). The saturation magnetization values of Cellulose/iron
oxide nano-composite was smaller than the value for the pure
magnetite  nanoparticles,  therefore  the  saturation
magnetization was reduced after addition of FesO4 and FezOs
MNPs on cellulose acetate fibrils. The figure indicated that
magnetite and hematite nanoparticles were merged in the
composite particles, which exhibited no remanence effect
from the hysteresis loops at applied magnetic field.

3.3. Effect of Cellulose/iron nano-composite on
contaminated wastewater.

3.3.1. Removal of iron and copper ions by Cellulose/iron
nano-composite.

Pollutants analyses level in water (inorganic, biological,
and organic contaminations) was discussed on the basis of
determination with regard to the recommended level of
Egyptian standards (1995), Higher committee for water (1995)
and WHO (1996). Table (1) showed that the raise level of
iron, and copper ions were in permissible standard level.
Before treatment the concentration of iron in wastewater was
4.03 ppm as shown in table (1) and it decreased to 0.36 ppm as
shown in table (2) after treatment with Cellulose/iron nano-
composite. This inhibition indicated that the adsorption
efficiency of prepared nanocomposite was (91.06 %) as shown
in table (3) and the nano-composite had a nanosized shape
with large surface area at optimal condition done.
Concentration of copper after treatment decreased to 0.42 ppm
as shown in table (2) from 4.96 ppm before treatment as
shown in table (1) with reduction percent (91.53 %) table (3).
3.3.2. Removal of nitrate by Cellulose/iron nano-composite

Table (4) showed that the ability of Cellulose/iron nano-
composite for removal of nitrate group and nitrate derivatives.
The adsorption efficiency (mean reduction percent) of
adsorbed nitrate on nanocomposite particles was 86.07 %. The
reaction mechanism of adsorption depends on the formation of
weak interaction between hydroxyl group and lone pair of
electrons on nitrogen atom. This meant that raising of
adsorption  efficiency of nitrogen compound into
nanocomposite and deterioration of nitrogen complex
compounds to individuals simple compounds.

3.3.3. Removal of Phosphate content by Cellulose/iron
nano-composite

In table (4), the reduction percent of phosphate group
adsorbed on nanocomposite particles the mean reduction
percent was 91.77 %. The increase of reduction percent caused
by the increasing of adsorption and desorption of phosphate
group on nanocomposite particles and largest molecular
weight of phosphate group.
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Table 1. Analysis of heavy metals in ppm before treatment
Cellulose/lron oxide nano-composite

Parameter Permissible limit | A (Cu) | B (Fe)
8.64 PH | 6.20 PH
Aluminum, mg/l <0.2 1.480 1.130
Boron, mg/l <0.5 0.020 0.420
Cadmium, mg/I <0.005 0.002 0.001
Cobalt, mg/I <0.05 0.010 0.003
Chromium, mg/I <0.05 0.020 0.020
Copper, mg/I <0.5 4,960 0.009
Iron, mg/l <0.3 0.100 4.030
Manganese, mg/| <0.5 0.005 0.330
Molybdenum, mg/l | <0.01 0.033 0.005
Nickel, mg/I <0.1 0.270 0.004
Lead, mg/I <0.05 0.001 0.030
Vanadium, mg/I <0.01 0.390 0.010
Zinc, mg/l <5 1.480 0.450

Table 2. Analysis of heavy metals in ppm after treatment
Cellulose/lron oxide nano-composite

Parameter Permissible limit | A (Cu) | B (Fe)
8.64 PH | 6.20 PH
Aluminum, mg/I <0.2 1.480 1.130
Boron, mg/I <0.5 0.020 0.420
Cadmium, mg/I <0.005 0.002 0.001
Cobalt, mg/I <0.05 0.010 0.003
Chromium, mg/I <0.05 0.020 0.020
Copper, mg/I <0.5 0.420 0.009
Iron, mg/I <0.3 0.100 0.366
Manganese, mg/I <0.5 0.005 0.330
Molybdenum, mg/l | <0.01 0.033 0.005
Nickel, mg/| <0.1 0.270 0.004
Lead, mg/l <0.05 0.001 0.030
Vanadium, mg/l <0.01 0.390 0.010
Zinc, mg/I <5 1.480 0.450

Table3. Reduction percent of copper & iron before and
after treatment by nanocomposite

Serial | Copper/ ppm Iron/ ppm

BT |AT |[R% |BT |AT |R%
A(Cu) [ 496 | 042 | 9153 | 0.10 | 0.10 | 0.00
B(Fe) | 0.009 | 0.009 | 0.00 | 4.03 | 0.36 | 91.06
S.S 32.89 | 3.80 | 88.44 | 64.58 | 4.54 | 92.96

S.S: Synthesized solution; B.T: Before treatment; A.T: After
treatment; R: Reduction%
Table 4. Reduction percent of nitrate & phosphate before

and after treatment by nanocomposite

Serial | NO3-N ppm PO4-P ppm

B.T AT R% | B.T AT R %
A 64.25 | 15.23 | 76.29 | 58.22 | 10.10 | 82.65
B 71.98 | 12.36 | 82.82 | 49.67 | 13.45 | 72.92
S.S 40.56 | 5.65 | 86.07 | 60.29 | 496 | 91.77

S.S: Synthesized solution; B.T: Before treatment; A.T: After
treatment; R: Reduction%.

Iron Removall

B.T AT

R %

Copper Removal

B.T

AT

R %

Figure 5. The removal efficiency of copper & iron before
and after treatment by nanocomposite

T T T T T 111
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o

B.T AT

R %

Figure 6. The removal efficiency of nitrate before
treatment by nanocomposite

and after

PO4 -P ppm I

B.T AT

R %

Figure 7. The removal efficiency of phosphate before and
after treatment
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Figure 8. The relation between nanoparticles concentration and
reduction percent of Cu & Fe removal/ B.T: Before treatment;
A.T: After treatment; R: Reduction%o.
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Figure 9. The relation between reaction time and reduction
percent of Cu & Fe removal
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Figure 10. The relation between reaction temperature and
reduction percent of Cu & Fe removal
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Figure 11. The relation between pH and reduction percent for

removal of Cu and Fe ions Optimal condition: Nanoparticles

conc. 0.05 g/50ml sonicated for 10 min. at PH 7 and 25 °C (33)
4. Conclusion

The presence of cellulose acetate with iron oxide

nanoparticles gave the nano composite with different
characterization and application. The removal efficiency of
heavy metals in wastewater increased by using iron
oxide/cellulose acetate nanocomposite because the iron oxide
nanoparticles insert to the cross linking fibers of cellulose
acetate. The new prepared cellulose/iron oxide nanocomposite
had new physical and chemical characterization by new
additives methodology that had high removal efficiency of
heavy metals, nitrates and phosphates upon 86-92 % of
inorganic pollutants. This research concerned with copper and
iron removal from wastewater using magnetic nanoparticles of
cellulose/iron oxide. These results was considered as good
yield to treat wastewater of 6 October wastewater station and
this technology could be used to reuse polluted water and used
as irrigation water in Egypt. The characterization analysis by
different instruments showed that cellulose/ iron oxide was in
the nano-sized range. Presence of iron oxide nanoparticles
gave the nanocomposite more dispersion efficiency and good
bio-adsorbent. The saturation magnetization of the iron nano-
composite was proportional to the particle size. The adsorption
process is a function of pH, reaction time, adsorbent
concentration and temperature.
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