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he present research work has been carried out to assess the

efficiency of nanocomposite bentonite/FexOy, coated by

polyvinyl alcohol (PVP/poviden PVP), in the absorption of
cation pollutants. Chemical treatment was proved by using
nanocomposite bentonite/FexO, coated by polyvinyl alcohol
(PVA/povidone PVP). Purified local bentonite in nano-sized model
was synthesized by co-precipitation process. X-ray diffraction
analysis (XRD) and other techniques have been used for the
characterization of the prepared materials. The mean diameter of
nanocomposite material sizes was around 31.5 nm. The presence of
functional groups of polymer around a core of nano-FexOy has been
confirmed. Magnetic measurements have been made with a
vibrating sample magnetometer (VSM), which demonstrate the
superparamagnetic nature of the nanocomposite with higher
saturation magnetization, but when bentonite merged with nano-
magnetite new data have been given showing relatively lower
saturation magnetization than before. The purpose of work is to
explain the valuability of bentonite/PVA-PVP/FexOy for adsorption
of cations pollutant and its efficiency by graft polymerization of
modified bentonite IONPs. The removal efficiency of five heavy
metals Co, Cr, Cu, Fe, and Mn was 83.40%, 84.66%, 86.50%,
90.06% and 85.66%, respectively. Optimal conditions of
nanocomposite  bentonite/PVA-PVP/FexOy experiment were
nanocomposite dosage at 7.5 g/L; contact time at 30 min;
temperature at 50°C and pH at 6.0.

Keywords:  nanocomposite  bentonite/FexOy,  polyvinyl  alcohol
(PVA/povidone PVP), adsorption, heavy metals
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INTRODUCTION

Modified bentonite is applied in many implementations such as
adsorbents of different pollutants of soil and water paints components in the
preparation of clay coated by poly vinyl group (Betega et al., 2008 and He et
al., 2010). Preparation of clays is depended on mechanism that clay minerals
have with different silicates and aluminates groups with varies hydroxyl
groups as active site. Substitution reactions occur by displacing H.O inside
space structure of bentonite by polar skeleton. Some organic structures form
complexes with interlayer cations. Hydrogen bonds, coordination bonds,
neutralized reactions, and van der Waals forces. In the case of bentonite, the
adsorption occurs on chemical reaction in clay actions. Varies synthesized
methods such as co-precipitation (Petcharoen et al., 2012), hydrothermal (Li
et al., 2015), thermal decomposition (Sharma and Jeevanandam, 2013),
microemulsion (Okoli et al., 2012) electrochemical deposition (Karimzadeh
etal., 2017), laser pyrolysis (Morjan et al., 2010), solvothermal methods (Ooi
et al., 2015), sonochemical methods (Abbas et al., 2013), chemical vapor
deposition (Wang et al., 2015), the microwave assisted method (Solano et al.,
2012), and aerosol pyrolysis (Strobel and Pratsinis, 2007) have been reported
to prepare MIONPs. Bentonite has an aluminates and silicate structures with
varied layers. Bentonite has two four-dimensional coats and one eight-
dimensional coat. Moreover, nano bentonite/PVA-PVP/FexOy has been
applied as water purified factor due to their highly magnetism cases, high
surface area, simple methodology, non-toxicity, and proper bioavailability
(Karnland et al., 2006 and Murray, 2006). In addition, FexOy magnetic
nanoparticles obtain on varies groups like OH and acid groups. Therefore,
these matters would have various applications for the link of compounds in
water and wastewater industry.

Nanotechnology has large, interesting research band in future due to
having more applications. FexOy is a vital magnetic structure that has good
biocompatibility character and super-paramagnetic type in nano-sized
diameters (Catalano et al., 2017). Magnetic strength of FexOy is responsible
to attach with different polluting cations (Moise et al., 2017). In addition,
magnetite has an ability to compact with energy of magnetic lines into thermo
or mechanical support. It used in medical field like magnetic hyperthermia
(Sunaryono et al., 2016). Addition to materials was preventing to get excellent
effeminacy (Zustiak and Leach, 2010). Several polymers were added which
have biodegradable and biocompatibility features (de Mello et al., 2019).
FexOy used as filler matters such as the magnetic hydrogel. Ferrogels are
complex that used in biomedical as magneto sensitive transformers
(Kurlyandskaya et al., 2017). Ferrogel is prepared by two different matters a
as example magnetic nanomaterials filler and hydrogel polymer (Hidayat et
al., 2019). More research used different types of polymer as support in ferrogel
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of synthesis such as PVA (Sunaryono et al., 2018), polyacrylamide (Safronov
et al., 2018), gelatin (Wisotzki et al., 2016), (PVP/PVA) polymers do as aid
materials in ferromagnetic gel structure. The PVP and PVA polymers have
definite properties for ferrogel such as non-toxic, inexpensive, and simple
preparation methods (Lu et al., 2012; Gonzalez et al., 2014 and Shi et al.,
2016). These advantages of PVP/PVA get using as good materials for ferrogel
(Adriane et al., 2006). Ferrogels consists of nano-magnetic materials, but
hydrogel polymers have mobility to attract on the external magnetic field.
Ferrogels have some Kkinetics properties if these materials interact to thermal
activation by the induction of an external magnetic field (Brazel, 2009). The
ferrogel in nano-sized formed from varies polymer hydrogel. Crystal’s
diameter is 3.9 nm and distributed with the distance between them by 18 nm.
The crystallite diameter was about 2.8-3.3 nm with the distance between
crystallites of 15-17.5 nm (Zhang et al., 2016). In this work, we report the
success fabrication of modified bentonite/IONPs with PVA/PVP based on
ferrogel. The co-precipitation method is the main chemical processes to get
on nanocomposite of bentonite-Fe,Oy in nanoscale. This modified
nanocomposite can be recommended to be used remove different pollutants in
wastewater. The reduction percentage of synthesized nanocomposite with
heavy metals and some other pollutants has given high results. The usage of
local Egyptian bentonite in this work gave a new chemical feature in
nanocomposite and make wastewater treatment with high quality and
economic feasibility. The new modification of bentonite graft polymerization
with hydrogel and magnetic nanoparticles were investigated.

MATERIALS AND METHODS

Ferric chloride hexahydrate (FeCls.6H.0), ferrous chloride tetra-
hydrate (FeCl..4H,0) and ammonium hydroxide (NH4OH) & NaOH & HCI
and nitric acid and ethyl alcohol/ acetone were purchased from Merck. Natural
bentonite was obtained from local supplier. Samples were collected from
Municipal plant with sterilized bottles covered with ice cubes and kept at 4°C
for analyzing the wvarious parameters. Poly-vinyl-alcohol and
polyvinylpyrrolidone with an average molecular weight of 93,000 g/mol and
a hydrolysis degree higher than 98-99% were purchased from Sigma-Aldrich
Company.

1. Procedure of Clay Purification

The first method is purification of local Egyptian clay mineral by
acidification. In our study, 100 g of raw clay several HCI concentrations were
added to remove excess of carbonate mainly and other several oxides and
hydroxyl compounds. Modified suspensions were stirred for 2 h at a room
temperature and afterwards decanted. The second step was preparation of iron
oxide from merging of ferrous and ferric inorganic salts prior to the reaction
with NH4OH and its amount was adjusted to obtain the bentonite/PVA-
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PVP/FexOy oxide weight ratios of 3:1 and 6:1 with vigorous stirring with
purified clay. Concentrated alkai was added to the solution to get new
nanocomposite. Solution was washed by DEM water numerous times, and
then dried at a temperature of 105°C.

2. Methodology of Bentonite Coated on IONPs (bentonite/PVA-
PVP/FexOy)

The planning of modified silicates coated depended on the method of
Bourlinos et al. (2000). A weight of 10 g of bentonite was steeped in 500 ml
of condensate H,O, 200 ml of 0.02 M FeCl,-4H,0/FeCl3.6H,0 and 150 ml of
hydrogel emulsion PVA/PVP was added with ratio of 6:1 (pH at 3.5 by sodium
hydroxide) and gathered with stirring. The suspension was centrifuged and
washed extra times by H>O for 30 min. This procedure was repeated for two
times like before. The new sediment was diffused and dried at room
temperature. The layer produced was bared to excess glacial CH;COOH
vapors for 2 h at 80°C, crushed into powder and calcined at 400°C for 3 h to
get nanocomposite (Hong et al., 2006 and Indira and Lakshmi, 2012). The
function of surfactants (also referred here as ligands) like stearate compounds
were bound to the surface of the nanocrystals and increased a steric hindrance
and aggregation.

3. Characterization of Modified Nanocomposite
3.1. Sample instrumentation

The x-ray diffraction analysis (XRD) item of nanocomposite
bentonite-FexOy, was getting by a X-ray diffractometer Schimadzu model.
Magnetization of nanocomposite was evaluated by the collection of magnetic
particles. Coercively, remanence and saturation of samples have been
evaluated. FT-IR spectroscopy was magnitude in a transmission mode on a
spectrophotometer (PerkinEImer Spectrum Version 10.03.09) Spectrum Two
Detector LiTaOs. The samples were put into pellets of a mixture with KBr.
SEM Model Quanta 250 FEG (Field Emission Gun) was used for determining
the shape of nanoparticles surfaces. Concentrations of trace metal ions were
detected by ICP-AMS, Optima 3000XL, Perkin Elmer.
3.2. Detecting nano-composite power

The adsorption techniques were played through blending
nanocomposite bentonite/IONPs with 100 ml of the synthesized samples.
Using 0.1M HCI and 0.1M NaOH solutions to modify pH. Nanocomposite
mixture/wastewater solution was put in a sonicator. Hydrogel nanocomposite
bentonite/IONPs was washed by DEM.
3.3 Batch adsorption experiments
Adsorption % was measured through this equation.

% Removal = (Ci-Cf) / Ci* 100 (1)
Crand C; are the initial and final concentration of pollutants, respectively.
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Adsorption capacity
ge = (Co-C¢) VIM 2

ge / Adsorption capacity
Co and Ce are initial and balanced concentrations (mg/L)
V / volume of the solution (L)
M / The amount of used adsorption (g)
3.4. Isotherm studies

The adsorption isotherm models were investigated as detecting a
maximum capacity of an adsorbent and explaining the mechanism of
adsorption. The prepared magnetic nanocomposite was shacked for 30 min at
room temperature and in a water bath, 15 mg of solute with several 100 ml
pollutant ions; ranged from 25 to 200 mg/L at pH 7. Nanocomposite was
disconnected and of Fe and Mn ions concentration was determined by the
aforementioned method. Langmuir and Freundlich isotherm were explained
to investigate the reaction mechanism. Langmuir model shows mono-coat
adsorption at homo connection on the adsorbent face (Choe et al., 2000).
Freundlich model backup multi-layer of adsorbate onto hetero face of the
adsorbent (Huang and Zhang, 2002).
3.5. Kinetic techniques

Kinetic models were evaluated the adsorption process. The
experiment part was performed as follows: The prepared magnetic
nanocomposite was shaked, for 30 min at room temperature and in a water
bath, 15 mg of solute with several 100 ml pollutant ions; ranged from 25 to
200 mg/L at pH 7. Nanocomposite was disconnected and of Fe and Mn ions
concentration was determined by the aforementioned method.
3.6. Thermodynamic techniques

The thermodynamic of an adsorption process is generally detected
from the numerical values of three thermodynamic parameters, Gibbs free
energy (AG®), standard entropy change (AS°) and standard enthalpy change
(AHP). All materials and techniques are illustrated in Fig. (1).

RESULTS AND DISCUSSION

1. Assessment of Acidification Before and After Treatment

Table (1) and Fig. (2) show the chemical composition of different
oxide compounds connected with each other by tetragonal and octagonal
structures as in bentonite. The silicate compound is considered as a central
part of varies structures. Different crystallographic shapes of bentonite
contribute in increasing the surface area, which takes part in the removal of
several pollutants. Acidification technique for mineral clay purification was
the simplest and cheapest chemical method. It is revising mainly on different
concentrations of HCI to remove varies soluble chloride salts after treatment
to get on purified phase of bentonite.
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Fig. (1). Shematic of chemical steps of bentonite-FexOy mefhodology.

Table (1). Chemical constituents of bentonite before and after acidified
purification by x-ray fluorescence.

Composition % Si0;  ALO; Fe0O3 CaO MgO KO NaO Others

Natural bentonite  61.28  17.79 3.01 454 210 124 270 7.30
Treated bentonite  53.80 1140 2350 047 083 1.00 0.60 8.40
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Fig. (2). Chemical composition of bentonite before and after acidified purification by
x-ray fluorescence.

2. Mechanism of Nanocomposite Bentonite/PVA-PVP/Fe,Oy

A purified mixture of bentonite with PVA/PVP was added to Fe*? and
Fe*3 ions solution with strong stirring at 200 ppm at temperature up to 40—
50°C to get on homogenous solution. Liquid NH4OH/ NaOH was added
dropwise to the solution to get on IONPs ppt. The Fe*® ions reacted with
ammonia to give FeOOH. With heating, the reaction gave Fe?* and OH- ions,
and produced finally FesO4 ions. The nanocomposite mixture has larger
surface area than individual nanoparticles (Cornell and Schwertmann, 2003).

3. Characterization of the Bentonite/PVA-PVP/FexOy
3.1. Evaluation of x-ray diffraction analysis (XRD)

Fig. (3) shows the different sharp peaks intensity at 2 theta 16.50,
21.50, 31.50, 32.50, 43.00, 58.50. The band shifted to the partially crystalline
nature of PVA polymer molecules. The PVP band showed broad
diffraction peaks around 26 = 21.50. The amorphous shape of polymer had a
lowest one. The positions and relative intensities of the reflection peak of
Fes;0,4 and Fe,O3 were shown with XRD spectrum. The peak of PVP appeared
on 16.50 according to standard peak intensity of PVP. Broad peaks were
shown at 43.00 related to magnetite in nano-sized and appear peaks on 2 theta
31.50 for hematite particles which contained by oxidation of magnetite. At 2
theta peak intensity at 58.50 formed a new nanocomposite of bentonite-FexOy.
Appearing of this peak indicated that nanocomposite formation was
synthesized with high efficiency and new crystallographic shapes were
formed (Mahdavi et al., 2007). The band of crystalline nature of PVA polymer
molecules was edited.
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Fig. (3). XRD pattern of bentonite-FexOy formed.

3.2. Scanning electron microscope (SEM) of bentonite/PVA-PVP/FexOy

Fig. (4) shows that surface area of nanocomposite bentonite/PVA-
PVP/FexOy, which agrees to cubic and spherical shape of nanocomposite
IONPs bentonite/PVA-PVP/FexOy grafted in bending shape. The SEM
illustrated the effective iron inorganic salts to contain nano-core with vary
items. By using a mixture of inorganic salts, it gave spherical nanoparticles
with large face area. SEM showed the big face area of nanocomposite
bentonite-FexOy with active surface sites that adsorption process took place
(Tsukasa, 2017).
3.3. FT-IR spectroscopy of bentonite/PVA-PVP/Fe,Oy

Fig. (5) shows absorption peaks at 501 cm™' and 479 cm™! showing
the Fe—O vibration related to the iron oxide in nano-sized and two absorption
peaks at 2,233 and 2,217 cm™' were attributed to the asymmetric C-H
stretching and the symmetric C-H stretching, respectively. The aliphatic C-H
stretching, in 1416 cm™! were due to C—H bending vibrations. The sharp band
at 531-599 cm* was likely due to the vibration of the Si—O bonds. The IR
band at 3405 cm™! could be assigned to the stretching modes of surface H,O
molecules or to an envelope of hydrogen-bonded surface OH groups.
Specifically, 667 and 1009 cm™ bands assigned to the bending of silica
relation and vibration of silica-alumina. Absorption peak at 1401 cm showed
the stretching of silica. The band at 3405 cm™! explained to water molecule
inside silica-alumina frame. A change of absorption intensity was indicted of
the associated differences between the compared structures. The main IR
bands were as follows: 1130-1035 cm™ related to Si-O and asymmetrical
stretch 1109 cm™ showed to Al-O. Symmetrical stretch (501-593 cm™®) bend
to Si-O-Al. The double ring (413-473 cm™) vibrations related to the
interaction between Si-O-Al. Sharp peak appears at 873 cm indicated to new
linkage asymmetrical stretching band of Si-O-Fe/Al-O-Fe (Shalaby et al.,
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2018). IR spectroscopy is consumed to describe minerals as adsorbate
systems. Hydration and dehydration of water might be easily observed by IR,
since adsorbed H20 gave increase to a typical deformation band around 1416
cmt,

s | 912020 [ W HAW | mag O] [ det | WD | spot L
“° | 3:04:25PM | 20.00 kv | 51.8 pm | 8000 x | LFD | 10.6 mm | 3.5 DRC

A
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30.00 KV LFD | 200 000 x [12.1 mm| 35 |1.49 ym Quanta FEG (1

Fig. (4). Scanning electron microscope photos of bentonite/PVA-PVP/FesOy.
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Fig. (5). FT-IR-spectroscopy of nanocomposite before and after treatment.

3.4. Magnetic characterization of nanocomposite bentonite/PVA.-
PVP/FexOy (VSM)

Vibrating sample magnetometer (VSM) will help to know magnetic
characterization of synthesized nanocomposite. The low hysteresis in the
magnetization explained that resulted nanoparticles had paramagnetic
strength. The magnetization saturation (MS) data of Fe Oy, bentonite and
bentonite/PVA-PVP/FexOy were 35.485 emu/g, 5.413 emu/g and 0.6478
emu/qg, respectively. Table (2) and Fig. (6) show that IONPs had high MS
values than others. The reading value of MS bentonite has small result (Guo
etal., 2010).

Table (2). VSM measurements values for nanocomposite bentonite/PVA-

PVP/FexOy
Parameters FexOy Bentonite bentonite/PVA-
PVP/FexOy
Coercivity (Hci) 25041 G 569.21 G 623.80 G
Magnetization (Ms) 35.4850 emu/g 8.38813 emu/g 0.6478 emulg
Retentivity (Mr) 5.8590 emu/g 0.2410 emu/g 0.19735 emu/g
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Fig. (6). VSM charts of nanocomposite bentonite/PVA-PVP/FexOy; nano-FexOy and

bentonite.

3.5. Particle size analysis of nanocomposite bentonite/PVA-PVP/FexOy

Fig. (7) shows that the average particle size of the nanocomposite
compound under consideration have a sphere and crystalline shape. The
nanoparticles intensity, volume and number weighting are 48.5 nm, 22.9 nm
and 14.5 nm, respectively. The average diameter of nanocomposite was
around 31.5 nm. This means that inhibition percentage of prepared
bentonite/PVA-PVP/FexOy related to the size and shape. The particle size
distribution test depended mainly on the increase of face area and the removal
capability.

4. Adsorption Study of Different Heavy Metals Adsorption on
Nanocomposite Bentonite/PVA-PVP/FeOy for Removal of Wastewater
Heavy Metals
4.1. Influence of initial pH

The pH performs an active role in the clearance of pollutants from
wastewater. The pH was regulated to the required pH using the best value of
nanocomposite bentonite/PVA-PVP/FexOy dosage of 8 g/L (Table 3 and Fig.
8).
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Fig. (7). Particle size distribution (nano-sized) of nanocomposite bentonite/PVA-
PVP/FexOy.

Table (3). Relation between pH and reduction percentage of different polluted

heavy metals.
pH Reduction %
Cobalt Chromium Copper Iron Manganese
3 57 64 54 50 41
4 65 76 61 67 55
5 81 86 80 82 70
6 87 90 83 74 83
7 77 81 76 63 72
8 72 77 73 58 68
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Fig. (8). Influence of pH on the removal of Co, Cr, Cu, Fe and Mn bentonite/PVA-
PVP/FexOy nanocomposite. Dose 8 g/L, contact time 45 min; temp. 50°C.

4.2. Influence of nanocomposite dose

The illuminate of COD, BOD, TOC, TSS, TN and TP with
montmorillonite and zeolite/lONPs nanocomposite doses was determined, by
using different concentrations of nanocomposite from 2 to 10 g/L as shown in
Table (4) and Fig. (9). The montmorillonite and zeolite/IONPs
nanocomposite efficiency rose with increasing amounts up to 5 g/L, after that
the montmorillonite and zeolite/IONPs nanocomposite efficiency declined
with increasing doses. At the optimal montmorillonite and zeolite/IONPs
nanocomposite dose (5 g/L), the illumination of COD, BOD, TOC, TSS, TN
and TP were 81%, 92%, 86%, 80%, 73% and 75%, respectively. The increase
of the nanocomposite efficiency with increasing nanocomposite doses was
obtained probably due to the increase of positive charged metal ions
concentration to neutralize negative charge organic particles. A head of the
optimal nanocomposite doses, the reversal charge took place on the surface of
the nanocomposite particles with the excess amount of nanocomposite doses,
and hence the decline of the increase of nanocomposite efficiency.

Table (4). The relation between nanocomposite doses and reduction
percentage of polluted heavy metals.

Reduction %

Doses _
(g/L) Cobalt Chromium  Copper Iron Manganese
2 60 62 54 54 49
3 67 70 65 66 62
4 80 81 77 84 70
5 86 84 86 76 83
8 88 86 89 81 87
10 75 75 72 66 78
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Fig. (9). Influence of nanocomposite doses on the removal of Co, Cr, Cu, Fe and Mn
bentonite/PVA-PVP/Fe,O, nanocomposite. pH 6; contact time 45 min;
temperature at 50°C.

4.3. Effect of contact time on nanocomposite with different pollutants

The contact time plays an important role on the uptake of several
pollutants from samples. The effect of nanocomposite ability for reducing
COD, BOD, TOC, TSS, TN and TP were determined, as presented in Table
(5) and Fig. (10). The removal of COD, BOD, TOC, TSS, TN and TP rose
with time, up to 60 min. The reduction percentage increased for COD, BOD,
TOC, TSS, TN and TP p to 82%, 88%, 81%, 83%, 81%, and 84%, respectively
at the 60 min treatment time.

Table (5). Relation between contact time and reduction percentage of polluted
heavy metals.

Contact Reduction %

time/mi -

(time/min) Cobalt Chromium  Copper Iron  Manganese
5 45 47 41 38 50
15 59 65 48 49 63
30 70 79 58 65 77
45 87 84 76 80 82
60 80 81 70 75 76
75 73 73 63 70 71
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Fig. (10). Influence of contact time on the removal of Co, Cr, Cu, Fe and Mn
bentonite/PVA-PVP/Fe,Oy nanocomposite. pH 6; 8 g/L dose;
temperature at 50°C.

4.4. Effect of contact time on montmorillonite and zeolite/lONPs
nanocomposite with different pollutants

The removal of COD, BOD, TOC, TSS, TN and TP using
nanocomposite was determined with different temperatures 40+1°C to 80°C
as shown in Table (6) and Fig. (11). The reducing pollution of COD, BOD,
TOC, TSS, TN and TP rapidly would rise with increasing temperature and
reached to 60°C. However, the reduction percentage was decreased with the
increase of temperature above 60°C. The maximum illumination of pollutants
was gained at 70°C. The nanocomposite percentage increased with rising
temperature because of the reduction of viscosity with dispersants of the
organic compounds.

Table (6). The relations between temperature (°C) and reduction percentage
of different pollutants.

Temperature Reduction %
(°C) Cobalt Chromium Copper Iron Manganese
40 78 78 74 75 77
50 89 90 88 84 87
60 86 87 79 82 80
70 84 81 76 78 73
80 80 80 71 70 71
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Fig. (11). Influence of temperature on the removal of Co, Cr, Cu, Fe and Mn
bentonite/PVA-PVP/FexOy nanocomposite. pH 6; 8 g/L dose; contact time
45 min.

5. Effect of Bentonite/PVA-PVP/Fe,Oy on Removal of Wastewater Heavy
Metals

Table (7) and Fig. (12) Shows the heavy metals of wastewater samples
that have impermissible limit. Cobalt, chromium, copper, iron and manganese
elements are considered as most toxic metals in wastewater plant. These
elements have chemical activities and abilities to interact with different
organic and inorganic compounds through various bonding. So, this study
concerned with the synthesis of nanocomposite that have specific chemical
adsorption characterization. Nanocomposite bentonite/PVA-PVP/FexOy
could achieve excellent reduction percentage results where these materials
have specific surface area and also specific crystallographic shape. also shows
the values of heavy metals removal percentage. In cobalt ion, the value of
reduction percentage gave 83.66%, chromium ion gave 84.84%, copper gave
83.25%, iron gave 88.49 and the best value with manganese ion was 91.05%.

Table (7). Effect of bentonite/PVA-PVP/FexOy on heavy metals removal
from wastewater samples.

Parameter  Permissibl Present Conc. before  Conc. after  Reduction
(mg/L) elimitl  study* +SD treatment treatment %
Cobalt <0.05 0.14+0.01 3.440 0.562 83.66
Chromium <0.05 0.19+0.08 5.740 0.870 84.84
Copper <0.5 0.86+0.01 4.120 0.690 83.25
Iron <0.3 3.55+0.50 8.460 0.973 88.49
Manganese <0.5 0.17+0.10S 2.950 0.264 91.05

Optimal conditions; nanocomposite dosage: 7.5 g/L; contact time: 30 min.; temperature: 50°C;
pH: 6.0 *All values are in mg/L, samples collected from four diffident sources and were
analyzed in triplicates.
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Fig. (12). Treatment before and after five toxic metals by nanocomposite
bentonite/PVA-PVP/Fe,Oy.

5.1. Effect of different concentrations of synthesized polluted cobalt ion
on reduction % at optimal conditions of nanocomposite bentonite/PVA-
PVP/FexOy

Table (8) and Fig. (13) show the effect of different concentrations of
cobalt on removal efficiency percentage. The highest value of reduction
percentage of cobalt was 83.40% at 50 mg/L. After this value the reduction
percentage decreased. This is due to minimizing the adsorption capacity of
functional groups on nanocomposite bentonite/PVA-PVP/FexOy surface sites.
And the effect of different concentrations of chromium ion on the reduction
percentage. The highest removal percentage value of chromium was 84.66%
at 30 mg/L. After this value, the reduction percentage decreased because of
fully adsorption capacity on active sites of nanocomposite bentonite/PVA-
PVP/FexOy. Table (8) also shows the effect of different concentrations of
copper on the reduction percentage. The highest reduction percentage of
copper was at 30 mg/L at optimal condition of nanocomposite bentonite/PVA-
PVP/FexOy in previous data. At 30 mg/L, the value of removal percentage
minimized because of diminishing the active core functional groups on
nanocomposite bentonite/PVA-PVP/FexOy on the outer surface. It might be
the nanocomposite pores reached to super-saturation.

Illustrating the effect of varies iron concentrations on reduction
percentage, the highest removal percentage value of iron ions was 50 mg/L at
optimal condition of nanocomposite bentonite/PVA-PVP/FexO, before. After
this value, the reduction percentage diminished. This is due to minimizing
active site functional groups on nanocomposite bentonite/FexOy. The effect of
manganese ions concentration on nanocomposite bentonite/PVA-PVP/FexOy
was examined, where the active sites of nanocomposite surface reached to
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supersaturation of polluted element and the reduction percentage decreased.
At 30 mg/L, the reduction percentage of manganese was 85.66% and it was
the highest value. After this value the reduction percentage decreased.

Table (8). Effect of different concentrations of synthesized polluted cobalt ion
on reduction percentage at optimal conditions of nanocomposite.

Synthetized Solution concentration

(mg/L)
Parameter Before After Reduction %
treatment treatment
10 2.45 75.50
20 4.60 77.00
30 6.23 79.23
Cobalt 50 8.30 83.40
60 14.90 75.10
10 1.95 80.50
20 3.25 83.75
_ 30 4.60 84.66
Chromium 50 9.54 80.92
60 12.27 79.55
10 275 72.50
20 3.19 84.05
30 4.05 86.50
Copper 50 10.10 79.80
60 13.22 77.96
10 2.24 77.60
30 5.40 82.00
50 4.97 90.06
Iron 70 8.35 88.07
90 15.00 83.33
10 312 68.80
20 3.45 82.75
30 430 85.66
Manganese 50 11.68 76.64
60 14.02 76.63
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Fig. (13). Effect of removal efficiency of bentonite/PVVA-PVP/FexOy nanocomposite
on synthetized solution of Co, Cr, Cu, Fe and Mn.

6. Rehabilitation and Reusability of Adsorbents

Regeneration of nanocomposite adsorbents can reduce the estimation
of technical operation of removing several pollutants. Wastewater treatment
technologies are to get on materials that have a high adsorption rate without
deterioration that might reduce the water pollution. Regeneration of the
nanocomposite is the big important operation to check availability of
nanocomposite sorption. In this paper, ten successive adsorption—desorption
series operated. Reusability of pollutants adsorbed on Zeo. / Mon. /IONPs was
done by 0.1 M HCI with rapid cleave at 180 rpm for 1 h at 25°C. The data
performed by nanocomposite after ten adsorption—desorption series are shown
in Table (9) and Fig. (14). The regeneration settlement was observed with
procedures several times. The decreasing of sorption capacity after eight
repeating cycles was shown. The synthesized nanocomposite could be good
used for treating wastewater pollutants at least eight times.

Table (9). The relation between reusability cycles and different pollutants of
nanocomposite Zeo. / Mon. /IONPs.

Reusability cycles/Removal efficiency (%)

Pollutants

1 2 3 4 5 6 7 8
Cobalt 83 80 68 64 62 61 60 58
Chromium 84 82 70 68 66 62 59 57
Copper 83 81 79 77 74 73 71 68
Iron 88 85 83 81 80 78 77 74
Manganese 91 88 86 84 82 80 78 75
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Fig. (14). Relation between reusability cycles/removal efficiency (%) of
bentonite/PVA-PVP/FexOy nanocomposite on Co, Cr, Cu, Fe and Mn
ions.

7. The Adsorption Isotherm and Balance Studies

The adsorption balance studies reflect the relation of the amount of
adsorbate particle on the face of synthetized nano compound (Table 10 and
Fig. 15, 16 and 17). Longmuir and Freundlich models are the mathematical
equations that set the quantity of adsorbate. An adsorption investigation was
donated to model of the influence of process variables for illuminate
pollutants. Physical adsorption comes out from van der Waals forces between
the adsorbate gas molecules and adsorbent face area (WHO, 2004).

Table (10). Parameters effect of both Langmuir and Freundlich models.

Langmuir isotherm Freundlich isotherm BET model
Pollutants
gm (mMg/g) KL RL R? 1/n K R? R? A Kim(mglg)

Cobalt -68.0272  -130.839 -6540.96 0.83704 0.29517 0.486316 0.8668 0926 37.50  0.33
Chromium ) 705275 125388  -62603 07227 049386 0133158 009691 0985 7524  0.85
Copper -104.166667  -374.93  -187455 0.89503 059506 0.156599 0916 0.993 4231  0.66
Iron -117.647059 -258.753 -12936.6 0.8256 057173 0.20231 09471 0970 5210  0.58
Manganese 15192308 -395.148 -19756.4  0.8785 056067 0.178336 009149 0960 5547  0.88

ge (mg g') is the adsorbed quantity of Fe and Mn ions at equilibrium per unit mass of magnetic
nanocomposite, Ce (mg L™') is equilibrium concentration, gqm (mg/g™") theoretical adsorption
capacity, KL is Langmuir constant, Kr and n are Freundlich constants, Xm (mgrg) (amount of
adsorbate adsorbed by the coagulant to form a monolayer), A (interaction energy between
adsorbate and coagulant surface), correlation coefficients (R?).
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Fig. (15). Langmuir isotherm modeling for removes of Co, Cr, Cu, Fe and Mn by

bentonite/PVVA-PVP/Fe,Oy nanocomposite.
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Fig. (16). Frendlish isotherm model for the remove of Co, Cr, Cu, Fe and Mn ions

bentonite/PVVA-PVP/FexOy nanocomposite.
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Fig. (17). BET isotherm model for the remove of Co, Cr, Cu, Fe and Mn ions

8. Effect of Temperature and Adsorption Thermodynamics and Kinetics
In this research, adsorption experiments were performed at different
temperatures and optimal condition of nanocomposite dosage at certain pH
(Singh et al., 2011). The temperature relines of C. and g. are shown in Table
(11) and Fig. (18). As the temperature increased from 30 to 80°C, the pollutant
induction rate weakly increased. This indicated that the adsorption power of
nanocomposite was favored at high temperature, which proposed that the
adsorption called endothermic. Moreover, thermodynamic analysis showed
the occurrence of chemisorption which increased with increasing temperature.

bentonite/PVVA-PVP/FexOy nanocomposite.
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This was because of the concomitant facilitation of diffusion (Daou et al.,
2017).

Table (11). Thermodynamic parameters for different pollutants sorption on
the adsorbent.

Adsorbent

Pollutants Temp. KL AG? AH? AS® R?
(K) (Kd.mole?)  (KJ.mole?) (KJ.mole?)
313 10.3922 26.0920
323 85604 5.7660
Cobalt 333 9.2777 -6.1672 6.100272  -0.23545  0.96744
343 11122 -6.8696
353 7.9272 -6.0760
313 8713 56334
323 88830 5.8653
Chromium 333 82207 -5.8324 6578057  -2.21934  0.99921
343 9.6051 6.4514
353 7.2085 5.7971
313 75787 ’5.2705
323 9.4182 -6.0224
Copper 333 9.7596 -6.3074 6.035264  0.118225  0.85002
343 10.19 6.6217
353  7.7221 -5.9990
313 9.6836 ’5.9083
323 9.4459 -6.0303
Iron 333 9.6810 -6.2851 3.849201 6.716797  0.89373
343 11.263 -6.9054
353 81331 6.1512
313 10.180 -6.0385
323 12.056 -6.6856
Manganese 333 11509 6.7640 9.136309 7382 0.93119
343 11.747 -7.0255
353  9.0619 -6.4686

where KL is the distribution coefficient, ge (mg.g™") is the uptake capacity at equilibrium and
Ce (mg.L ™) is the equilibrium concentration of the adsorbate and AG® (kJ mol™") is the change
in Gibb’s free energy, AS° (J/mol K1) is the change in standard entropy, AH® (KJ/mol) is the
change in standard enthalpy, T (K°) is the kelvin temperature and R (8.314 J mol™ K™!) is the
general gas constant.
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Fig. (18). Thermodynamic curves for different pollutants sorption onto
nanocomposite adsorbent (trick of In K_x 1/T).

The temperature of reaction had less effect on the induction rate. The
effect of temperature on adsorption was studied by thermodynamic analysis
using Eqn. (12) — (15) to determine changes in the Gibbs free energy (AG),
enthalpy (AH), and entropy (AS): (Anoop Krishnan and Anirudhan, 2002 and
Chen et al., 2018).

KL=qe/Ce @
LnKi=AS/R-AH/RT  (2)
AG = AH - TAS 3)
AG=-RTIn K, 4

Where K is adsorption distribution constant (L/g). AH and AS were getting
by plot of In K. vs. 1/T which gives for the set of AG. Table (11) shows
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thermodynamic parameters and calculated correlated coefficients and shows
AH in positive value. This indicated that the nanocomposite adsorption was
endothermic. The positive value of AS proposed that adsorption rose at the
solid—liquid interface. Increasing temperature affect the negativity of AG
values. Furthermore, the increase in AG with increasing temperature
suggested that the adsorption on nanocomposite was more valuable at high
temperatures. Negative value of Gibb’s free energy shows the thermodynamic
content and sorption process. The positive value of AH® confirmed the
endothermic nature of iron sorption. Positive value of enthalpy indicated the
increase at the solid solution interface during the fixation of adsorbates on the
active places of adsorbent. The effect of nanocomposite particle size on the Fe
and Mn adsorption percentage showed that the adsorption rate for ions
increased with decreasing particle size of nanocomposite.

9. Adsorption Capacities Comparison of Different Pollutants Obtained
by Different Adsorbents

The observed adsorption capacity of for the removal of
bentonite/PVA-PVP/FexOy nanocomposite on Co, Cr, Cu, Fe and Mn ions is
acceptable when compared to that obtained by different adsorbents (Table 12).

Table (12). Adsorption capacities comparison of different pollutants obtained
by varied materials.

Adsorption References
capability
(mg/q)

Magnetic bentonite (M-B) Fe304 26.18 Zou et al. (2018)
Raw Bentonite 63.70 Zuzana (2017)
Magnetic Bentonite 76.90 Zuzana (2017)
Hydroxyapatite-sodium alginate 142.85 Shabani et al. (2019)
Hydroxyapatite-sodium 77.51 Shabani et al. (2019)
Magnetic Iron/Bentonite Nanoparticles 6.33 Hao et al. (2009)
Nanocomposite of bentonite/PVA-PVP/Fe,Oy Cobalt 68.02
Nanocomposite of bentonite/PVVA-PVP/Fe,Oy Chromium 274.72
Nanocomposite of bentonite/PVVA-PVP/Fe,Oy Copper 104.16
Nanocomposite of bentonite/PVVA-PVP/Fe,Oy Iron 117.64
Nanocomposite of bentonite/PVA-PVP/Fe,Oy Manganese 120.19 Present work
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CONCLUSION

In this paper, the adsorption technology was done and showed the
relation between adsorbate materials and adsorbent in solution. Bentonite had
different structures in tetragonal and octagonal shapes. The X-ray analysis
explained SiO, and Al,Os; as main components of natural bentonite. These
shapes depend mainly on Si-O and Al-O bonds, these bonds gave more active
sites on oxygen atoms and hydroxyl groups. The bentonite clay mineral had a
definite structure which depends on varies crystallographic shapes the
chemical crystallographic shapes (tetragonal and octagonal shapes). Also, a
new methodology for purification of clay minerals with high quality and
lowest cost was represented. Using iron nanoparticles in our study with
nanocomposite gave high removable percentage values of heavy metals in
wastewater samples. The grafting copolymerization process occurred with
bentonite shapes and a mixture hydrolysate of PVA and PVP as cross-linking
polymerization binder. Bentonite/PVA-PVP/FexOy was investigated by
different characterization analyses such as XRD, FT-IR, SEM, particle size
distribution and VSM. We were gotten on a new nanocomposite which
contained on supported treated minerals (hydrolosate bentonite/PVA-PVP)
coated with several millions of negative oxygenated attached to nano-FexQy
as a core ions. The average of nanocomposite formed by SEM images
illustrate that magnetite was intersected through the inside bentonite and
average diameter size was 14.5-31.50 nm. Optimal conditions of
nanocomposite dosage were 7.5 g/L and touch time 30 min at 50°C and pH
solution 6.0. Bentonite/PVA-PVP/FexOy adsorbent considered as an excellent
adsorbent at lower pH. Adsorption rate included static interaction between
functional groups of bentonite/PVA-PVP/FexOy surface and negative groups
of heavy metals. This paper focused on the nature of bentonite/PVA-
PVP/FexOy for removing pollutants. The removal efficiency of five heavy
metals (Co, Cr, Cu, Fe, and Mn) was 83.40%, 84.66%, 86.50%, 90.06% and
85.66%. Optimal conditions of nanocomposite bentonite/PVA-PVP/FexOy
experiment were nanocomposite dosage at 7.5 g/L; contact time at 30 min;
temperature at 50°C and pH at 6.0.

Novelty Statement

Recently, the mixing of magnetic iron nanoparticles with bentonite
mineral with PVA/PVP solution formed new composite bentonite/PVA-
PVP/FexOy. The purification steps of local Egyptian clay minerals were
carried out by a simple methodology and low cost. This new composite as
adsorbents has high reduction percentage of different heavy metals in
wastewater treatment. The new composite bentonite/PVA-PVP/Fe,Oy can
increase the mechanical strength of adsorbents and develop the different
application of nano-magnetic composite in wastewater treatment. The
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prepared new composite bentonite/PVA-PVP/Fe,Oy was used in the removal
of five heavy metals ions in samples from wastewater and showed high
adsorption efficiency percentage.
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