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Abstract

This work integrates nanotechnology, adsorption, and
magnetic separation to remove chromium (Cr) pollutant
from industrial wastewater using magnetic nanoparticles.
The magnetic nanocomposite consists of chitosan
biopolymer and iron (Fes0.) magnetic nanoparticles. The
FesO4 magnetic nanoparticles were prepared by chemical
co-precipitation technique and the chitosan magnetic
nanocomposite (CMNC) was prepared by EXx situ process.
Moreover, anoval amination of CMNC with hexamine to
get functionalized CMNC was performed to remove Cr
(V1) in wider range of pH. The prepared Fe;O4 magnetic
nanoparticles, CMNC and functionalized CMNC were
characterized using different analytical techniques, XRD,
FTIR, AFM, SEM, EDX and TGA.

Batch adsorption was employed to determine the effects
of pH. The adsorption results show that the functionalized
CMNC possessed high activity for Cr (V1) removal in any
condition of acidic, neutral and basic solutions with the
percentage sorption of chromium reached to 91.7%.

Sorption isotherms were fitted with the Langmuir,
Freundlich and Temkin models, it was found that the
Freundlich isotherm model have the best fit with
R2=0.998 with functionalized CMNC. The kinetic data of
Cr (VI) sorption with functionalized CMNC were fitted
well with the pseudo-second order kinetic model. The
reuse of the functionalized CMNC indicates that the
adsorbent material is more than 80% adsorption capacity
after five regeneration cycles. The results of this work
shown that functionalized CMNC is a potential adsorbent
to removal of Cr (VI) contaminated in a wider range of
pH.
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Introduction

The disposal of large quantities of wastewater due to
the increase in industrial processes pollute the water with
oils, metal ions, chemicals, fines and alternative materials.
The presence of heavy metals ions in water bodies causes
severe public health and environmental issues. Recently,
hexavalent chromium component has been given due to

its negative effects, which is detrimental to human health
[Hong Li, 2016, Vaishnavi S. et al., 2015].

Adsorption is one of the most important techniques
used in heavy metal processing and is widely used
because of the simplicity of operation and low costs.
Currently nanoparticles became the most important
adsorbents used in water purification because of their
properties. Their applications are making easy by
properties such as larger surface areas compared to bulk
particles and therefore the ability to be functionalized
with numerous chemical teams to extend their likeness
towards target compounds [Shahriar M. et al., 2012].

Separation of pollutants by magnetic materials becomes
common and fascinating in recent years. The removal of
pollutants from wastewater by employing a typical
adsorbent has many limitations particularly within the
recollection of adsorbents when surface assimilation
method, by introducing magnetic property into typical
adsorbents, recollection when separation might be
achieved thus simply that the lost of adsorbents might be
lowered [Dong C. etal., 2014].

This work is used to remove chromium contaminants
from synthetic wastewater using magnetic nanoparticles
Removal of chrome ion by magnetic nanocomposite have
been published in several articles. However, most of
magnetic nanocomposite were solely effective in lower
pH because of the protonation of the amine groups,
although Cr(VI) exists not solely within the acidic
however conjointly in neutral and basic wastewater.
Therefore, magnetic nanocomposite that might be applied
on removal of Cr(VI) in wide range of hydrogen ion
concentration was needed [Vaishnavi S. et al., 2015 ;
Pooja S.,& Nagendran R., 2013 ;Kyzas et al., 2009 and
Khalid Z., 2010]. Functionalized of magnetic
nanocomposite with hexamine groups make it positively
charged at wide range of pH so that it could be applied
effectively in wider range of pH.

Materials and Methods

Chitosan (molecular weight, MW=400,000, degree of
deacetylation, 85%) was obtained from Sigma-—Aldrich
Chemicals, reagents Magnetite (FesO.), Ferric chloride
(FeCls), and Ferrous sulfate heptahydrate (FeSO4.7H,0)
were purchased from Himedia- India. Sodium hydroxide
(NaOH), Potassium dichromate (K:Cr.O7), Ammonium
hydroxide (NH4OH) and Glacial acetic acid (CH;COQOH)
were purchased from BDH-England.
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Preparation of FesO4 Magnetic Nanopatrticles

The Fes0s Magnetic nanoparticle preparation by
chemical co-precipitation technique. 139 gm of
FeSO4.7H,0 dissolved in 100ml of distilled water is
mixed with 27.05gm of FeCls; dissolved in 100ml of
distilled water with constant stirring until it forms a
transparent solution. Then, NH4OH is added slowly drop
by drop to the solution with continous stirring until the
pH of the solution becomes 10. A dark colored preciptate
is formed at the end of reaction which is the FesO,
nanoparticles. The particles are separated using an
external magnet and then dried in an oven [Jassal P. et
al., 2015].

Preparation of Chitosan Magnetic Nanocomposite
(CMNC)

2 gm of chitosan is dissolved in 2 vol% glacial acetic
acid. The solution was sonicated for 20 minutes, and then
stirred for 18 hours. 0.1 g of FesO4 nanoparticles were
added to the solution and flipped again for 6 hours to
obtain a chitosan—magnetite nanocomposite solution. The
solution was then poured onto petriplate and allowed to
dry at room temperature for 48 hours [Khalid Z. , 2010].

Functionalized CMNC with Hexamine

Amination of CMNC with Hexamine to get
functionalized CMNC was performed in two steps. First,
one gram of CMNC was immersed in 20 mL of methanol.
1,2-Dibromoethane (2.37 mL) was added into the mixture
drop wise and the mixture was then refluxed for 24 h. The
solid product was separated from the mixture using an
external magnet and then washed with ethanol and dried
in an oven at 40°C for 12 h. Next, the solid product
resulted from the first step was immersed in 20 mL
methanol and hexamine (0.83 gm) was added to the
mixture and then was refluxed for 12 h under continuous
stirring. Finally the obtained product was separated with
an external magnet, washed with ethanol and deionized
water for several times and dried in an oven for 24 h at 40
°C.

Adsorbent Characterization

The prepared magnetic nanoparticle and the CMNC
samples were characterized using different analytical
techniques by X-Ray diffraction— Shimadzu-6000,
Origin: Japan, Fourier transform infrared spectroscopy—
Perkin Elmer Spectrum FTIR instrument, atomic force
microscope—Park AFM XE-100 a Zeiss Supra 35VP,
SEM EDX instrument and thermogravimetric analyzer
TGA/DTA (Perkin Elmer TGA7Y). Heavy metal ion
analysis were done using Atomic absorption spectrometry
(AA-6300, Germany).

Batch Adsorption Experiments

So as to describe the sorption behavior of Cr onto CS,
CMNC and functionalized (CMNC) in aqueous phase, a
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single component sorption experiments were conducted
employing K.Cr,O; as a representative of Cr. The
standard solutions that contain (10, 20, 30, 40, 50, 60 and
70) mg/L of Cr(VI) using K,Cr,0; from stock solutions
using dilution method.

Adsorption Isotherms

The experimental adsorption isotherm for Cr(VI)
removal was performed at room temperature (25 +2°C)
using synthesized samples of functionalized CMNC.
Adsorption isotherms were obtained at pH 5 by mixing 20
mL of Cr(VI) solutions of different concentrations (10,
20, 30, 40, 50, 60 and 70 mg/l) with amount of the two
synthesized 0.1 g of were previously sealed and closed,
and the suspensions were stirred by electrical water bath
shaker [Type: BS-21, Origin: Germany] at 200 rpm. The
amount of Cr(VI) adsorbed was calculated by subtracting
the amount found in the liquid after adsorption from the
amount of Cr(VI) existing before the addition of the
adsorbent by atomic absorption spectrometry (AAS). The
adsorption data for Cr(VI) was fitted to Langmuir,
Freundlich and Temkin isotherms represented by equation
1,2and 3.

Kinetic and Intraparticle Diffusion Models

The adsorption Kinetics experiments by using
functionalized CMNC were performed in conical flasks
containingg 20 ml of Cr(VI) solution of
10,20,30,40,50,60,70,mg/l concentration and pH 5-9. A
0.1 g and functionalized CMNC was added to the flask at
room temperature (25 + 2°C). The mixture was stirred by
electrical shaker at 200 rpm. An equilibrium study was
performed by taking the sample for analysis at regular
intervals from 10 To 300 min.

The adsorbent was separated for the short-time
experiments to avoid potential interference from
suspended scattering particles in the atomic absorption
spectrometry (AAS). The rate of sorption was calculated
using three kinetic models, namely pseudo-first-order,
pseudo-second-order and Intraparticle diffusion.

Sorption Thermodynamics

The thermodynamic parameters for the sorption of
chromium on functionalize CMNC at different
temperatures (30, 50, 70 °C) were performed in conical
flasks containing 20 ml of chromium solution of 30 mg/I
concentration and pH (5-9). A 0.1 g CS and 0.1 and
functionalized CMNC was added to the flasks. The
solution was mixed by electrical shaker at 200 rpm. An
equilibrium study was performed by taking the sample
from the shaker at 200 min.

Regeneration of adsorbent

The recovered adsorbent was rinsed after the batch
balance studies with moderate distillation to remove the
remaining Cr(VI) particles and then dry them. The dried
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sorbent was placed in a solution containing 200 ml of 0.1
M NaCl for 2 hours. This cycle was repeated for five
times.

Results and Discussion
Characterization of FesO4 Magnetic Nanoparticles
The structural analysis of prepared Fe;Os magnetic

nanoparticles was checked by using X-ray diffractometer
(XRD) and the results are shown in Fig. 1. The XRD of
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FesOs magnetic nanoparticles show six characteristic
peaks of Fe;04 confirming that the resultant nanoparticles
consists of Fe;O4 with a spinel structure. The results
showed that the coating process did not change in the
Fes04 phase. The peaks corresponding to (hkl) values of
(220), (311), (400), (422), (511) and (440) located at
30.22, 35.56, 43.22, 53.70, 57.12 and 62.72 degrees were
characteristic of FesO4with a face-centred-cubic structure.
The result obtained in the present study are in good
agreement with those obtained by [Peng W. et al.,2013].
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Fig. 1 X-ray diffractometer of magnetic Fes04, CMNC and functionalized CMNC.

The XRD structural analysis of chitosan magnetic
nanocomposite (CMNC) and functionalized CMNC are
shown in Fig. 1. The results show the same six
characteristic peaks of Fe3O4 confirming that the resultant
nanoparticles consist of FesO04. The results showed that
the coating process did not change in the Fe304 phase.
These results are consistent with what has already been
reported magnetite chitosan prepared by different
methods [Thinh N. et al.,2013; Peng W.,2013]. In
comparison with FesO, magnetic nanoparticles, the
diffraction peaks of CMNC and functionalized CMNC
have no significant difference. It means that there is no
change in the structure of Fe;O4 during functionalization
with hexamene.

Fig. 2 a shows the result of the FTIR analyses of prepared
FesO, magnetic nanoparticles by chemical co-
precipitation technique. It is illustrated that the strong
absorption band at 586 cm™ is due to Fe-O bond
vibrations, which prove the FesO0s nanoparticles
formation.  Many researches were description the

characteristic absorption of Fe—O band in Fe;O, be at 586
cm®. Also, the result is in agreement with the result
obtained by [Waldon R., 2008; Dong W. et al., 2012;
Peng W., 2013a].

FTIR was analyzed for the chitosan magnetic
nanoparticles (CMNC) and functionalized CMNC are
shown in Figs. 2 b &c. It is illustrated by the figure that
the addition of chitosan to the nanoparticles show the
peak of iron with the peaks of the original chitosan, which
consists of 3327.36 cm™ for O-H bond stretching N-H
bond stretching, 2926 cm™ for C-H stretching, The band
at 1246 cm® can be attributed to C-N stretching vibration
and the band at 1016.34 cm™ to the stretching vibration
mode of the hydroxyl group., 1653 cm™ for C=0 of
NH=C=0 bond stretching, 601cm for Fe-O group due to
pure Fes04. As for the functionalized CMNC, it turned
out that the peaks of the amin was more pronounced
because of its presence in hexamine. These results are in
agreement with previously reported by [Jucély D. et al.,
2015; peng w., 2013].
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(a)

Fig. 2(a) The infrared spectrum of FesO4 magnetic nanoparticles. (b) The infrared spectrum of CMNC.
(c) The infrared spectrum of functionalized CMNC.
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The surface morphology and the diameter of prepared
Fe;O4 magnetic nanoparticles were studied using Atomic
Force Microscope (AFM), both two and three-
dimensional images of magnetite nanoparticles FezO4
were obtained as shown in Fig. 3. The properties of
magnetite nanoparticles by AFM have revealed that
particle sizes are evenly distributed and particle size was
found to be around (65-90 nm) and the average diameter
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of (77.13 nm) .The three dimensional surface image
shown in Fig. 3 confirms that FesOs magnetic
nanoparticles are spherical in shape and agglomerated in
form. Table 1 and Fig. 4 show the particle size
distribution of FesO4 magnetic nanoparticles. The results
obtained confirm that the most volume percentage 25.23
% of particle size distribution was at 70 nm and the
lowest volume percentage 0.46 % was at 120 nm.
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Fig. 3 AFM Three-dimensional surface profile for Fes04 magnetic nanoparticles.
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Fig. 4 Bar chart of particle size distribution of FesO4 magnetic nanoparticles.
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Table 1. Particle size distribution of FesO, magnetic nanoparticles with average diameter of 77.13 nm

Diameter( |Volume

nm)< (%) %) nm)< (%)
65.00 5.96 5.96 85.00 13.76
70.00 25.23 31.19 90.00 6.88
75.00 21.10 52.29 95.00 6.42
80.00 14.22 66.51 100.00 1.83

Surface morphological images obtained by SEM and the
energy dispersive X-ray (EDX) for the FesOs magnetic
nanoparticles as described in Fig. 5. It can be observed
that the particles between 60-100 nm are almost in
spherical shape. The collected particles appear, this
probably as a result of FesOs magnetic nanoparticles
being a hydrophobic surface, and due to hydrophobic
interaction between the particles, which causes the
particle to agglomerate and form large clusters.The Fe3zO4
magnetic nanoparticles EDX spectrum confirms the
composition of iron (69.8%) and oxygen (30.2%). Also,
the result is in consistent with those obtained by
[Katayoon K. et al., 2014].

A typical SEM and EDX images for the functionalized
CMNC shown in Fig. 6. The SEM image explained that

Cumulation( |Diameter( |Volume

Cumulation |Diameter  |Volume( |Cumulation

(%) (nm)< %) (%)
80.28 105.00 0.92 96.33
87.16 110.00 2.29 98.62
93.58 115.00 0.92 99.54
95.41 120.00 0.46 100.00

the FesOs nanoparticles are dispersed in the

functionalized CMNC. The number and energy of the X-
rays emitted from a specimen can be measured by an
energy-dispersive spectrometer. The EDX analysis of
these particles indicates the existence of iron and oxygen
and carbon composition in the functionalized CMNC. The
component composition of oxygen, carbon and iron is
38.4, 31.1 and 30.5%, respectively. The nitrogen element
is not detected because it is available at a lower rate than
the rest of the elements and the nature of the device is not
sensitive to nitrogen if it is not in large proportions, these
results are in agreement with previously reported by
[\Vaishnavi S. et al., 2015].
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Fig. 5 SEM-EDX images for Fe3O4 nanoparticles.

Fig. 6 SEM-EDX images for functionalized CMNC.

39


https://www.ncbi.nlm.nih.gov/pubmed/?term=Kalantari%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23696700

Diyala Journal of Engineering Sciences Vol. 13, No. 01, March 2020, pages 34 -48

ISSN 1999-8716

DOI: 10.24237/djes.2020.13104

Thermo gravimetric analysis (TGA) curves for the
functionalized CMNC is presented in Fig. 7. The curve in
the blue line depicts the change in the weight of the
sample in percentage with temperature. Three steps
weight loss was observed. The first step from 50 °C to
131.8 °C (1 wt %) can be attributed to the loss of
moisture from the sample structure. The second weight

elSSN 2616-6909

loss observed at 131.8 °C to 301.2 °C (44 wt %) is due to
the degradation of functionalized CMNC, while the third
weight loss between 301.2 °C to 569.3 °C (76 wt %) can
be attributed to the decomposition of the functionalized
CMNC main chain. The total weight loss is 77.91% at
585.48 °C. These results are in agreement with previously
reported by [Jucély d. et al., 2015].
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Fig. 7 Thermo-gravimetric analysis of functionalized CMNC.

Batch sorption
Comparison of the three adsorbents

A comparative study was carried out between the three
tested adsorbents in order to investigate the effectiveness

of functional group of chitosan (CS), chitosan magnetic
nanocomposite (CMNC) and functionalized CMNC on
the sorption of chromium from its aqueous solutions. Fig.
8 showed the chromium sorption for Chitosan (CS),
Chitosan magnetic  nanocomposite (CMNC) and
Functionalized CMNC at various pH values.
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Fig. 8 The effect of pH value on % Cr(VI) removal using Chitosan (CS), Chitosan magnetic
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nanocomposite  (CMNC) and Functionalized CMNC
adsorbents at initial concentration= 30 mg/l, adsorbent
dose= 0.1gm,contact time= 200 min.

From this Figure, it is clearly that the highest percentage
sorption of Chromium by chitosan was observed at pH=
5 with increase in pH from 1 to 9 the percentage
sorption of chromium decreased from 58.8% to 48.8% ,
there are still some limitations in the application of the
chitosan based materials because chitosan can be applied
only in the acidic solution where —NH; groups of
chitosan are protonated. As pH increased, amine groups
become less active towards Cr(VI). While the Fe;O4 is
coated with chitosan (CMNC), the percentage removal
increases to 94.5 % in the acidic medium. However, in
case of addition of hexamine and at the basic medium, the
percentage sorption of Chromium reached 91.7% at pH=
9.

elSSN 2616-6909

3.3.2. Effect of Sorbent Dose

Experiments were done to establish an appropriate
sorbent Chitosan (CS) and Functionalized CMNC) dose
for Chromium removal with the results shown in Fig. 9.
From the figure it seem that by increasing the dosage of
sorbent  the removal ratio increases as a result of
increasing surface area of adsorption. The percentage of
chromium removed increased from 16 to 58.8 % with
increasing the dosage from 0.02 to 0.1 g of chitosan,
While increasing in the dosage from 0.02 to 0.1 g of
functionalized CMNC, the percentage of chromium
removed increased from 51.6 to 91.7 %. This dosage
agreement with [Auta M. and Hameed B., 2014; Dong
W. et al., 2012].
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Fig. 9 Effect of Chitosan (CS) and Functionalized CMNC Dose using (Co=30 mg/l, 298 K, contact time= 200 min and

Effect of Contact Time

The effect of contact time for removal of Chromium by
the chitosan (CS) and Functionalized CMNC as is shown
in Fig. 10. From figure we note that, the rate of the
chromium is rapid adsorption in the first 50 min and,
thereafter, the adsorption rate increased gradually and the

r.p.m=200).

adsorption reached equilibrium at 200 min for CS and
150 min for Functionalized CMNC. Increasing the
contact time up to 200 min showed that the chromium
removal increased by 58.8% over those obtained at 200
min , while in functionalized CMNC adsorption reached
equilibrium at 150 min and this agreement with those of
[Hua Y. etal, 2010; George Z. et al., 2013].
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Fig. 10 Effect of contact time on adsorption of Cr(V1) by the chitosan (CS) and functionalized CMNC using (C,=30
mg/l, adsorbent dose=0.1gm, 298 K, and rpm=200).

Effect of Initial Chromium Concentration

The effect of initial chromium concentration on the
removal of chromium by chitosan and functionalize
CMNC is shown in Fig. 11. From figure we note that, the
amount of sorbed chromium per unit mass of chitosan and
functionalized CMNC (qge) increased with increasing the
initial concentration of chromium C, from 10 mg/L to70

mg/L, although the percentage chromium removal
decreased with the increase in the initial concentration of
chromium. The initial concentration provides necessary
driving force by the concentration gradient (AC=C,-Ce) t0
overcome the resistance to the mass transfer of chromium
between the aqueous and the solid phases. This result was
in a good agreement with the finding of [Nguyen N. et
al., 2012; Xin j. et al., 2010].
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Fig. 11 Effect of initial Chromium concentration on the amount of chromium adsorbed by chitosan(CS) and
functionalized CMNC using (C,=30 mg/l, adsorbent dose=0.1gm, 298 K, and r.p.m=200).
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Effect of Temperature

The effect of temperature on the removal of Chromium
by chitosan(CS) and functionalized CMNC at 30, 50, and
70°C is shown in Fig. 12. There is no change in removal
rate was noted (58.8, 62.4, and 66.23%, respectively) for
chitosan and (94.5, 95.6 and 96.7%, respectively) for

elSSN 2616-6909

functionalized CMNC, materials can be utilized in
ambient temperature, thus reducing the energy costs of
processes used to remove environmental contaminants.
This outcome is in a good agreement with the results
noted by [Peng w. et al., 2013].
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Fig. 12 Effect of temperature on adsorption of Chromium by 0.1g chitosan(CS) and

functionalized CMNC using

(Co=30, adsorbent dose=0.1gm, time=200min, r.p.m=200).

Equilibrium adsorption isotherm studies

In order to indicate the behavior of sorption capacity of
functionalized CMNC, sorption isotherms have been
studied by three linearized isotherm models, Langmuir
[Langmuir, 1916], Freundlich [Freundlich, 1906] and
Temkin [Temkin and Pyzhev, 1940]. The isotherm
models fitting to the experimental data were carried out
using their non-linear equations expressed as:

bC
ge = % Langmuir model D
Qe = KfC;/n Freundlich model (2)
RT i
e = EIHKTC&‘ Temkin model 3

Where C. (mg/L) and g. (mg/g) are the equilibrium
concentration and the amount of Cr(IV) adsorbed,
respectively; qmax (Mg/g) and b (L/g) are the monolayer
adsorption capacity and affinity of functionalized CMNC
towards chromium, respectively. The K: ((mg/g)
(L/mg)1/n) and n (dimensionless) are the Freundlich
constants relaying information on the adsorption extent
and degree of nonlinearity between the adsorption and the
solution concentration, respectively. Kr the Temkin
equilibrium binding constant (L/g) corresponding to the
maximum binding energy, bt is Temkin isotherm
constant and is related to heat of sorption (KJ/mol), R is
the universal gas constant (8.314 J/mol K), and T is
absolute temperature (K), sorption isotherms have been
studied for three linearized isotherm models (Langmuir,
Freundlich and Temkin) at 298 K. Plots are given in
Fig. 13
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Fig. 13 (a) Langmuir Isotherm model for functionalize CMNC
(b) Freundlich Isotherm model for functionalize CMNC.

(c)Temkin Isotherm model for functionalize CMNC.
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The models parameters and the correlation coefficient
(R?) for each model obtained are summarized in Table 2.
It can be seen from this Table that the coefficient of
determination values for Langmuir model, R>= 0.9897,
was obtained and that’s acceptable results. Freundlich

elSSN 2616-6909

Isotherm model, R?= 0.9998 were obtained and that’s a
good agreement.

The Temkin Isotherm model, R?>= 0.9383 were obtained
and that’s agreement. The high R? values (0.999) of
Freundlich isotherm indicates that the adsorption follow
Freundlich model more than the other two models used.

Table 2: Model parameters for the sorption of Chromium.

Langmuir Freundlich Temkin
Adsorbent
Omax b(I/mg) Kr(l/g) | br(KJ/mol)
T(K) R? RL Ki#(mg/g) | n R? R?
(mg/g)
functionalize
298 | 151.51 | 0.00125 | 0.989 | 0.963 0.20 | 1.03 | 0.999 | 0.11 524 | 0.938
CMNC

Kinetic of sorption

The kinetic experiment data were modeled by pseudo-
first-order and pseudo-second-order Kkinetic equations.
The nonlinear expressions of the models are expressed as:

qt = qe(1 —e™%)  for pseudo lorder (4)

Where ge and g: (mg/g), are the amount of chromium
adsorbed at equilibrium and at any time t (min),
respectively; k; (h) and kz (g/mg h) are the pseudo-first-

order and pseudo-second-order rate  constants,
respectively.
The kinetics of the chromium sorption on

functionalized CMNC was screening by using pseudo-

k,q3t first and second order kinetics models as shown in Fig. 14
g = ———— forpseudo 2order  (5)
(1 +kaqet)
1.0
=
05k y=-0.0124 x+ 0.8924
R? = 0.9604
. a
‘c::" 0.0 |
(%)
=
=3
S -05F
-1.0 F ® Experimental data
—— Kinetics model s
_1 .5 A A A A A A A
0 20 40 60 80 100 120 140 160
Time (min)
(@)
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Fig. 14 (a)Pseudo-first order kinetics model for functionalize CMNC. (b) Pseudo- second order kinetics model for
functionalize CMNC. (c)Intraparticle Diffusion model for functionalized CMNC.

The plot of values of gt vs. t was used to determine
the g.and k,; parameters which shown in Table 3. The
results showed that the second-order model has the best

fit for experimental data. This was observed by a high
correlation coefficient (R2) of 0.9862.

Table (3): Pseudo-first order and pseudo-second order kinetic models for the sorption of chromium on the functionalized

CMNC.
Pseudo- first order Pseudo- second order
Adsorbent T
Kg Qexp(MY/Q) | Qealc(Ma/g) | K1(mint) R? | geac(mg/g) | K2 (g/mg.min) R?
. . 0.9
functionalize 0.96
CMNC 298 5.502 7.805 0.0285 04 7.451 0.00219 826

Sorption Thermodynamics

The adsorption process of functionalized CMNC and
Cr(VI) equilibrium surface interaction was studied by
adopting Gibb’s expression over temperature range of 30
- 50 °C. The Gibb’s free energy (AG) of the process was
determined using the following equation:

AG = —RTInK, (6)

And the enthalpy (AH) and entropy (AS) of
activation the Cr(VI) adsorption were determind from free
energy aquation :

K. = AG _ AS AH 7
MR« =RTTR "RT )
Where R is the universal gas constant (8.314
JIKmol); T, absolute temperature (K); Kc distribution
coefficient expressed as Kc =qe (adsorbent)/Ce (solution),

and from the plot of InKc against 1/T, the intercept and
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slope were used to determine values of AH and AS,
respectively, intraparticle diffusion model was applied to
the experimental data as shown in Fig. 15 and the

elSSN 2616-6909

thermodynamic adsorption parameters determined are
summarized in Table 4.

1.05
1.00 | -
0.95 } y=-460 x + 2.3020
R?*=0.9168
)
< o090}
=
0.85 |
0.80 | ® Experimental data
Regression model
0.75 N N N N N
0.0028 0.0029 0.0030 0.0031 0.0032 0.0033 0.0034
1/T (K)

Fig. 15 Ln Kc vs. 1/T plot for chromium sorption by functionalized CMNC.

It is noted from the figure that the positive values of AG
were positive indicating that the total Cr biosorption
process not spontaneous and therefore requires some
energy from an external source in order to occur.[Dogan
M.et
al.,2009] , while the positive value of enthalpy AH
indicates that the sorption is endothermic. AS were
positive indicating that the increased randomness at the
solid solution interface during the fixation of adsorbents
on the active sites of the adsorbent.
3.3.9. Regeneration of Functionalized CMNC

120

The reuse of an adsorbent is important property for
practical applications. In this study, a mixture of the
solution of 0.1 mol/L NaCl was use as regeneration
desorption agent. Fig. 16 show the five reusability cycles
of functionalized of CMNC. It can be seen that a slightly
decreased in adsorption efficiency with cycle increased
and remained almost constant for the first three cycles.
These results show that the functionalized CMNC can be
used as a reusable for Cr adsorption from aqueous; this
result was in a good agreement with the finding reported
by [Peng W., 2013].

100

Cr(V1) Removal %

80
60 |
40 |
20
0
1 2 3 4 5

Regeneration cycle
Fig. 16 Regeneration of functionalized of CMNC.

Note that absorption capacity decreased slightly with
increased cycles. In the first five cycles, adsorption
efficiency of functionalized CMNC remained almost
constant : having been refurbished three times, the Cr
removal rate was still more than 80%. This fact suggests
that functionalized CMNC can be used as a reusable to
absorb the Cr adsorption from aqueous.

Conclusions

The FesOs magnetic nanoparticles and chitosan
magnetic nanocomposite were successfully prepared by
chemical co-precipitation technique and Ex situ process
respectively. Amination of CMNC with hexamine to get
functionalized CMNC revealed a significant effects for
Cr(VI) removal in wider range of pH. The
characterization results of the prepared Fe;Os magnetic
nanoparticles, CMNC and functionalized CMNC was
confirmed the composition, structure and the thermal
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stability of each prepared samples. The adsorption results
show that the functionalized CMNC possessed high
activity for Cr(VI) removal in any condition of acidic,
neutral and basic solutions with the percentage sorption of
chromium reached to 91.7%. The sorption isotherms fitted
with the Langmuir, Freundlich and Temkin models show
that the Freundlich isotherm model had the best fit with
R?=0.9974 with functionalized CMNC. The kinetic data
for Cr(VI) sorption with functionalized CMNC was found
that fitted well with the pseudo-second order Kinetic
model. The functionalized CMNC reuse indicates that the
adsorbents have an absorption capacity higher than 80%
after five regeneration cycles.
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