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HE conductive polymer, polyaniline (PANI) and it’s grafting with chitosan (chitosan-

grafted polyaniline, CS-g-PANI), were synthesized and analyzed by means of FTIR, TGA,
TEMand XRD. The two resins were subjected for the adsorption of hexavalent chromium
from aqueous solutions. The factors affecting the adsorption processes were tested, such as
pH, time, temperature, and the initial concentrations of chromium. Also, both kinetics and
equilibrium isotherm models were studied. The results indicated thatthe optimum conditions
for the preparation of poly aniline are: APS to aniline ratio is 1.5, the HCL concentration is 2.5
M, the reaction time is 1.5h and the optimum ratio for the preparation of CS-g-PANIis 1.2. It
was also found that the prepared nanoparticles of PANI may reach asize of 23—32 nm and the
CS-g-PANTI is 26-37 nm. The adsorption of chromium VI by the prepared polymerswere found
to follow Langmuire’s isotherm with maximum adsorption capacity of 526 mg/g for PANI and
370 mg/g for CS-g-PANI at 60 °C. The adsorption mechanism was found to follow the second
order model for the two products.

Keywords: Conductive polymer, Aniline, Chitosan, Nano-composite, Chromium removal.

Introduction

In ancient and modern times, wastewater
contaminated with heavy metals is considered one
of the most important environmental problems
that menace human life worldwide because
of the movement of suchimpurities in aquatic
ecosystem and the toxicity of these substances.
With the continuous progress of industries like
metal plating, mining, fertilizers, batteries, and
tanneries industries, such metals are indirectly or
directly discharged into aquatic environment[ 1,2].
The heavy metals are considered as stable
environmental impurities because they cannot be
decomposed and destroyed[3]. Based on these
truths, the design and evolution of more effectual
tactics for heavy metals elimination from industrial

wastewater is tremendously urgent for the future.
These techniques comprising; ion-exchange,
precipitation (physically and chemically), solvent
extraction reverse osmosisand electrochemical
treatment, are widely used methods to get rid
of heavy metals found in industrial effluents[3].
However, these tactics are complex, expensive,
and less efficient in some cases. Among various
techniques for removing such pollutants from
wastewater, adsorption process is known as one
of the most e-ective and possible technique for
water treatment [4,5]. The greatestbenefits of the
adsorption process are: It’s simple in design, ease
of operation, low initial cost and inattentiveness
to poisonous pollutants. Moreover, it does not
lead to the production of injurious substances|[2,
6].Natural polymers have been considered as an
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environmentally friendly material because they
are renewable, biodegradable, and non-toxic [7].

One of the best conducting polymersis
polyaniline due to,itsmonomeris inexpensive
and can be simply polymerized with high yield
at a low manufacture cost. Also, ithas tunable
features such as thermochemical stability and
optical activity[8]. Owing to that, it can be used
in numerous applications such as electrochromic,
rechargeable batteries, supercapacitors, corrosion
inhibitors, electromagnetic, biosensors, and have
the ability to efficiently remove heavy metals
and dyes.

However, the major drawback of these
conducting polymers is the un-processability and
intractability which has made their processing into
the desired form is rather difficult. So, a number
of approaches have been used to improve the
poor mechanical properties of Polyaniline such as
electrostatic deposition, graft copolymerization,
or in situ polymerization of Polyaniline with
different substrates. In situ polymerization of
aniline with cellulosic substrates has been studied
and provided composite with potentially useful
properties [8,9, 10].

Chitosan (CS) is one of the natural polymeric
materials which gained great attention nowadays
because it is biodegradable, biocompatible, has
high molecular weight, and low cost. In addition,
the high reactivity of CS due to the presence
of amine and hydroxyl functionssimplify the
modification of chitosan through the attachment
to small or macromolecules [11,12].

CS and its derivatives havebeen established
as adsorbents and ion exchange resins in water
treatment due to the presence of the functional
side groups whichhave the capability to
adsorbpollutants by the formation ofhydrogen
bonding or electrostatic attraction [13,14].

Though, some weaknessesin the properties of
CS such as, little stability and less de-fluoridation
capacity (DC) of the raw CS limit its application
as individual adsorbent [12]. The combination
between CS and another polymer is one of the
appropriate techniques used for the enhancement
of the mechanical strength and increasing the
sorption capacity

The main objective of the present study is
to synthesize PANI as conducting polymer and
CS graft with polyaniline copolymerby using
an in situ chemical oxidation process. The type
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of initiator, the molarity of HCL and reaction
time will be studied for the preparation of PANI.
While, the ratio between CS/ANI will be studied
for the preparation of the grafted copolymer.
The resulting products will be studied in the
removal of hexavalent chromium from an
aqueous solutions. The influence of pH, time
and temperature on the removal efficiency was
examined. Also, both equilibrium isotherms and
kinetics models were tested.

Experimental

Materials

Aniline (ANI; Extra pure 99%), from LOBA
Chemic packed under Nitrogen. Ammonium per
sulfate (Aps; Extra pure 98%), from OXFORD lob
chiem, INDIA). Chitosan (CS with high molecular
weight 60000 by deacetylation 75 — 85 %), from
HH Chemicals, Netherlands. Hydrochloric acid
36%, Acetic acid 96%, Diphenyl Carbazide from
Win lab, UK. Acetone, Ultrapure 99% from
Sigma cosmetic.

Experimental procedure

Preparation of Polyaniline

1 mole of pure aniline was dissolved in
known concentration of HCI (1, 2, 2.5, 3, 4, or
5 M). The required amount of ammonium per
sulfate (Aps) salt was dissolved in HCI (2 M) and
added dropwise to the aniline solution (different
APS/ Aniline molar ratio 0.5,1, 1.25, 1.5, and 2)
then the reaction was kept under stirring at 750
rpm for 30 minutes then the precipitated dark
green powder of PANI was filtered and washed
by distilled water and acetone several times
till the filtrate becomes colorless. The washed
precipitate was dried at 60 °C and ground to fine
powder in a mortar.

Preparation of Chitosan/Polyaniline (PANI/
CS) nanocomposite

2.32 g of chitosan was dissolved in 2wt%
glacial acetic acid solution, the required amount
of aniline (0.05 M) was dissolved in HCI (2.5 M)
to give different ratios of chitosan:aniline (0.5,
1, 1.2, and 1.5) then added to chitosan solution
and stirring was continued at room temperature.
8.55 g of Aps salt was dissolved in HCI (2.5 M)
and added drop by drop to the chitosan/aniline
solution then the reaction was kept under stirring
at 750 rpm for 90 minutes. The precipitated dark
green powder of Chitosan/PANI was filtered and
washed by distilled water and acetone several
times till the filtrate becomes colorless.Finally the
washed precipitate was dried at 60 °C and ground
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to fine powder in a mortar. Figure (1) illustrates
the reaction pathway for the synthesis of chitosan-
grafted-polyaniline.

Fourier transform infrared (FTIR)

FTIR spectra were recorded on a Jasco FTIR-
6100 system, using a pellet made with dehydrated
KBr and instrument in the reflectance mode. FTIR
spectra were recorded between 400 and 4000 cm!
with 4cm™ resolution.

Electrical conductivity

The direct current electrical conductivity
of the composites was measured by the four
collinear probe technique using FOUR PROBE
SET-UP Model: DFP-03 for a current source,
voltammeterand temperature controller. Dry
powdered samples were made into pellets using
a steel die of 0.5 ¢cm in diameter and 0.2 cm in
thickness, pressed for 2 min in a hydraulic press
under a pressure of (45 - 60) MPa.

The resistivity can be calculated by the
following equation:

RA

A

(M
Where ; R is the resistance of poly-aniline, A is

the sample area & L is the distance between every
two electrode 2 mm (constant).

Conductivity can be calculated using this
equation :

(@)

Transmission electron microscopy TEM

For TEM analysis, samples wereprepared as a
suspension in distilled water using sonication for
15 minutes, then drop was put on grad and images
were taken on a JEOL (TEM-1230,Japan)electron
microscopy, operating at acceleration voltage of
100 KV.

Thermal gravimetric analysis (TGA)

Thermograms of the polymers were recorded
using a SDTQ600 thermal gravimetric analyzer in
the presence of N, atmosphere from 30 to 1000°C
with a heating rate of 10°C min’..

X-ray diffraction (XRD)

XRD patterns were recorded using X-ray
diffraction equipment model X-Pert PRO from 2
0 = 20 to 60° using Cu- radiation (A = 1.5418A)
at a scan speed of 0.04° 57!

Adsorption Experiment

Batch adsorption experiments of chromium
were carried out to determine the adsorption
capacities of the prepared resins (polyaniline and
chitosan grafted polyaniline copolymer).

OH OH
H O. H O.
OH H ©, OH H
H NH, H NH2

Chitosan

NH im0, Mg o
N 4,
LETTTTeY

0.
H

H 0.
O, OH H ° +
H NH,
Aniline
S,042/HC1

OH

Chitosan-grafted-polyaniline (ChGP)
Fig. 1. The reaction pathway for the synthesis of chitosan-grafted-polyanilin 2.3.

Analysis.
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i. Effect of pH

The effect of pH was carried out at chromium
concentration 100 mg/l and solution volume
100 ml. The pH of the prepared solutions were
adjusted in the range from 2 to 7 with 0.1N HCl or
NaOH solutions. At each pH, 0.1 g of each resin
was added to the respective pH solutions.

All the experiments were performed in an 250
ml Erlenmeyer flask, immersed in a shaker water
bath (Julabo SW20), adjusted at 120 rpm agitation
speed, for 24 hrs. The samples were then filtered,
separated and analyzed for rejected chromium
concentration by UV-Vis spectrophotometer at the
wavelength 540 that corresponds to the maximum
absorbance (A max).

ii. Kinetic experiments

At the optimum pH, the kinetics of adsorption
of chromium onto the two adsorbents were
carried out by withdrawing and analyzing the
samples at the time interval of 5, 10, 20, 30, 45,
60, 120, 180, 300, 360 min and 24 hrs. The kinetic
experiments were carried out for initial chromium
concentration of 100 ppm at 15°C.

iii. Effect of temperature at different chromium
concentrations

The adsorption capacity of Chromium on the
prepared resins at temperatures of 30, 45 and
60°C were performed by adding 0.1g of the resin
to 100 ml of different concentrations of chromium
solution (50 — 500 mg/1) at the optimum pH. The
adsorption value was calculated by determining
the adsorbate concentration before and after
treatment, by means of the spectrophotometer.
After equilibrium was attained, the metal
uptake capacity for each sample was calculated
according to a mass balance on the metal ion
using equation (3) :

(G -CV
qe m (3)
Where m is the mass of adsorbent (g), V is the
volume of the solution (L), C_ is the initial
concentration of metal (mg L"), C_ is the
equilibrium metal concentration (mg L) and q_ is
the metal quantity adsorbed at equilibrium (mg/g).

Adsorption Kinetic Models

The kinetic study of adsorption in wastewater
plays an important role because it affords
important insight into the reaction pathways and
into the mechanism of the reaction. Kinetic models
have been proposed to explain the mechanism of
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a solute sorption from aqueous solution onto an
adsorbent :

° Pseudo first order kinetic model.

° Pseudo second order kinetic model.

Pseudo-First Order Model

The pseudo first-order kinetic model has
been widely used to predict the metal adsorption
kinetics. The metal adsorption kinetics following
the pseudo first-order model is given by [15](Ho
and McKay, 1999a):

d

7(“: =k (a, —4a.) 4)
Where k (min') is the rate constant of the
pseudo-first-order adsorption, g, (mg/g) denotes
the amount of adsorption at time t (min) and g,
(mg/g) is the amount of adsorption at equilibrium.

After definite integration by application of the
conditions g, =0 at t =0 and q, = q, at t = t, Eq. (4)
becomes.

]\'
log(q. qu)=10gqef(2_3‘03]r )
By plotting log (q, —q,) versus t, the adsorption
rate can be calculated.

Pseudo-Second Order Model
The adsorption kinetic data can be further
analyzed using Ho’s pseudo second-order kinetics
[16]. This is represented by :
dg

g ixla, —a. ) (6)

Integration of Eq. (4) and application of the
conditions g, =0 att=0and q = q, at t = t, give.

r 1 ¥

= -
g. Ue.ql) a. 7

Where k, (g/(mg min)) is the rate constant, k, and
q, can be obtained from the intercept and slope.

Adsorption Isotherm

Adsorption equilibrium is established when
the amount of solute being adsorbed onto the
adsorbent is equal to the amount being desorbed
[17]. The equilibrium adsorption isotherms were
depicted by plotting solid phase concentration
(g, against liquid phase concentration (C)
of solute. Adsorption isotherm explains the
interaction between adsorbate and adsorbent and
is critical for design of adsorption process. The
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Langmuir, Freundlich and Temkin isotherms are
the most frequently used models to describe the
experimental data of adsorption. In the present
work these three isotherms were applied to
investigate the adsorption process of chromium
on the prepared resins at different conditions of
process parameters.

Langmuir Isotherm Model

The Langmuir adsorption is the best
model among the entire isotherm model and
it is successfully applied in many adsorption
processes. It is well known that the Langmuir
isotherm is valid for monolayer adsorption on an
energetically homogeneous surface [18, 19].

The parameters of Langmuir model can be
calculated from the slope and intercept of the
linear plot of C /q_versus C_ that gives q_and K.

The Langmuir equation is given by :

& C,

Y- =7 &k, c. O

The linearization of equation (8) gives the
following form:

e O

= e

q. 9.K: 4,

Where C, equilibrium metal concentration, q
and K, are the Langmuir constants related to
maximum adsorption capacity (mg/g), and the
relative energy of adsorption (1/mg), respectively.

Freundlich Isotherm Model

Freundlich isotherm model is one of the
most widely used mathematical models which
fit the experimental data over a wide range of
concentration. This isotherm model is based on
heterogeneous surface, distribution of active
sites and their energies and enthalpy changes
logarithmically.

The Freundlich equation is given by [20]
a. = &ecr (10)
The logarithmic form of equation is :

Ing, =InK_ —»—l]nCe (11)
"

Where q, is the amount of metal ion adsorbed
after adsorption per specific amount of adsorbent
(mg/g), C_ is equilibrium concentration (mg/L),
K, and n are Freundlich equilibrium constants.

Temkin Isotherm Model

Temkin isotherm contains a factor that
clearly taking into the account of adsorbent—
adsorbate interactions. The modelassumes that
heat of adsorption (function of temperature)
of all molecules in the layer would decrease
linearly rather than logarithmic with coverage
on ignoring the extremely low and large value of
concentration. Temkin isotherm is given by the
following equation [21] :
:%hl(a(f’e) (12)

e

Linear form of this model is given by the
following equation :

g, =a+5bInC, (13)

Where e ¢ is the amount of metal ion adsorbed
per specific amount of adsorbent (mg/g), e C is
equilibrium concentration (mg/L), a is equilibrium
binding constant (g') and b is related to heat of
adsorption (J/ mol) which are Temkin constants.

Determination of the concentration of the
chromium (VI)

The adsorption value was calculated by
determiningtheadsorbateconcentrationsbeforeand
after treatment using DR 2800 spectrophotometer.
Calibration curve for chromiumwas prepared by
recording the absorbance values for a range of
known concentrations of the chromium solution
at its wavelength for maximum absorbance. (A,
=540 nm) Plotting the absorbance against the
concentrations gives a linear calibration curve
passing through the origin as shown in Figure (2).

Results and Discussion

Factors affecting the polymerization process

Effect ofAPS/ Aniline molar ratio on yield and
DC conductivity

The synthesis is processed at molar ratios of
0.5,1,1.25,1.5and 2 in 2 M HCl and at constant
time (30 minutes). As shown in Figure (3) the best
APS/ANI molar ratio in yield and conductivity is
1.5. The increase in the yield% as the amount of
initiator increases may be attributed to the increase
of the produced sulfate ion radical moieties which
activate the production of the PANI ion radical
followed by the propagation of the polymer chain.
The decrease in % yield as the initiator increases
beyond this value may be due to the highly
increase of the sulfate ions and free radical ions
which may terminate the polymerization reaction
than the propagation step.

Egypt. J. Chem. 63, No. 7 (2020)
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Fig. 3. Effect of APS/Aniline molar ratio on a) Conductivity and b)Yield at constant condition of 2M HCI and

30 min. reaction time.

Effect of HCl molarity on yield and DC
conductivity

The synthesis is processed at the following
HCl molarities; 1,2 ,2.5,3,4 and 5 at constant
reaction time (30 min) and APS/ANI ratio = 1.5.
As shown in Figure (4 a & b) the % yield was
kept constant as the HCI concentration increases
from 1M to 3M then it tend to decrease with the
increase in HCI concentration. The increase of
HCI concentration to SM decreases the % yield
of polyaniline this may be due to that some
unescapable side reactions occur during the
polymerization of aniline (Figure 5) involvingthe
substitution of chlorine in aromatic ring [22].

From Figure (4) it was found that the
conductivity of poly aniline was increased with
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the increase of HCIl concentration till 2.5M
due to the increase of doping percentage. Then
further increase of HCI concentration decreased
the conductivity which may be attributed to
substitution of chlorine in aromatic ring as
represented in the previous paragraph [22].
So the best HCl molarity for the preparation of
polyaniline is (2.5 M).

Effect of polymerization Time

The synthesis is processed at the following
reaction time; 30, 60, 90, 120, 180 minutes at
(2.5 M HCIl) and APS/Aniline ratio =1.5. As
shown in Figure (6 a and b) the best time of
polymerization on yield and conductivity is 1.5 hr.
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Effect of CS/ ANI molar ratio

The synthesis is processed at the following
Chitosan/Aniline molar ratio; 0.5, 1, 1.2 and 1.5 at
constant time 1.5 hr, temperature and molarity of
HCl1(2.5M). From Figure (7 a,b & ¢) it is obvious
that when the amount of aniline increases the graft
yield decreases, so the highest yield is the ratio of
CS/ANI = 0.5, but the conductivity decreased by
increasing the amount of chitosan. Which means
that conductivity of 0.5> 1> 1.2> 1.5. To find the
optimum ratio between chitosan and aniline, the
adsorption capacity of the prepared resin was
examined. From Figure (7c¢) it was found that the
highest capacity is at the ratio of CS/ANI = 1.2.

Characterization of the prepared resins
FTIR results for PANIand Chitosan/polyaniline
composite

The FTIR spectra of PANI, chitosan, and
chitosan-grafted polyaniline nanocomposite are
shown in Figure (8). In Figure (8a) the spectrum
of PANI shows that;the characteristic bands at
2925 and 2811 c¢cm™' are owing to asymmetric

C H extending and symmetric C H stretching
vibrations, respectively. IR bands at 1469 cm'
and 1589cm™ represent the characteristic C-C
stretching of benzenoid and quinoid rings in
PANI, respectively. Band at 1295 cm™ is assigned
to C N stretching vibrationof the secondary
aromatic amine. bands at 1124 and 821 cm™
can be consigned to C- H in-plane and out of
plane bending vibration of para di-substituted
benzene ring, respectively[23,24]. IR spectrum
of chitosan (Figure 8b) included the following;
a band at 3441 cm™ that is owed to the extending
vibration of O-H and the primary amine group
(NH) groups. The bands at 2925, 2840, 1426,
and 1360 cm™' are allocated to symmetric and
asymmetric CH, stretching vibration recognized
to pyranose ring. Additionally, the band at 1632
cm™ is recognizedfor the C=O stretching in
amide groups (NHCOCH,, due to the partial
deacetylation of CH). Furthermore, the band at
1360 cm—1 is ascribed to the C-OH vibration of
the alcohol groups[25], while the bands at 1140
and 1031 cm™ are specific to C-O-C in glycosidic
linkage[26].

a b
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Fig. 7. Effect of Chitosan / Aniline Molar ratio on a) Yield and b) Conductivity at time 1.5 hr, and molarity of
HCI (2.5 M).
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Fig. 7 c. Effect of adsorption of Cr (VI) into Chitosan / Aniline Molar ratios.
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IR spectrum  of CS-g-PANI copolymer
illustrates the specificbands of chitosan and
PANI segments with some movements to the
bands (Figure 8c). The intensities of the peaks
at 2853 and 2923 cm™ increased representing the
introduction of -CH groups, and the chitosan band
at 1632 cm™! shifted to 1616 cm™'.bands Shifting
at 3440 and 3441 cm™ in PANI and chitosan
attributed to the hydrogen bonding between
PANI and chitosan moieties (OH, NH, and NH
groups) as indicated by Khan et al., 2009 [27].
Also, due to the overlapping of the N-H stretching
of PANI and the —OH stretching of chitosan
in graft copolymers, the IR band at 3440 cm
became broad and less intense. This means that
a substantial amount of O-H at chitosan has been
grafted with polyaniline chains [28].

Thermal stability of polyaniline (TGA of PANI
and CS/PANI)

The comparison between thermal stability of
the graft copolymer (CS-g-PANI) and polyaniline
(as a reference) was conducted byusing of TGA
analysis. Figure (9a) shows the thermal stability
of PANI, the degradation of the polymer formed in
four stages: the first stage losses 8.58 % of initial
weight at temperature 30 up to 105 °C owing to
the loss of moisture, elimination of impurities and
unreacted monomers. Second stage from 105 to
345 °C, in which 25.16 % weight loss due to the
loss of main polymer chain. Third stage 15.63%
weight loss from 345 to 495 °C is occurred due

to side chain polymer loss. Final stage at 1100°C,
about 11.19% of initial weight was remained as
a residue. While, the thermal stability of CS-
g-PANI copolymer shows the degradation of
CS-g-PANI in three stages (Figure 9b), as can
be seen the polymer begins to soften from the
temperature of about 100 °C, and continues to
228 °C. This issue is caused by the loosening
of connection between PANI and CS. At this
point (the first stage), the polymer loss 28.27 %
of initial weight due to the loss of moisture and
solvent of polymer. Degradation begin at 228°C
and continues to 300 °C. This is (the Second
stage) causes 16.54 % mass reduction. At the
third stage from 300 to 1000 °C, this is associated
with the loss of main polymer chain with 17.43%
loss of weight. Finally, at end of experiment at
1000 °C, 37.76 % of initial weight of CS-g-PANI
composite was remained as a residue. As a result,
the graft copolymer indicated higher thermal
stability than pure PANI. It indicates that CS-g-
PANI is more thermally stable than aniline.

TEM (Transmission Electron Microscopy)

Figure (10) represents the TEM images of the
synthesized PANI and PANI-Cs nanocomposite.
From these images, it is evident that PANI
particles are mostly spherical in shape with
average diameter of 23-32 nm (Figure 10a),
while CS-g-PANIgraft copolymer show granular
structure in a shape looks like leaves with average
diameter of 26-37 nm (Figure 10b).
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Fig. 9. TGA of a) PANI and b) CS/PANI nanocomposite.
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Fig. 10. TEM images of a) PANI and b) CS-g-PANI nanocomposite.

XRD analysis

Figure (11) shows the XRD patterns of PANI,
CS and PANI/CS. For PANI the characteristic
peaks located at 20 =19.1798° and 26=25.2639°
with a d spacing 4.62761 A and 3.52529 A,
respectively, which displays low crystallinity of
the conductive polymers because of the repetition
of benzenoid and quinoid rings in PANI chains
[29]. Chitosan shows the two distinct major
crystalline peaks at 26 = 10.7216° and 20.09°
due to existence of hydroxyl and amino groups
in the chitosan structure [30]. In case of CS-
g-PANI the peak at 10.7216° disappeared and
the peak at 20.09° decreased sharply and the
very broad peakwas occurred at 20 from18-26°
which suggests the grating of PANI on a chitosan
backbone [31]. Also, the decrease in crystallinity
may be owing to the PANI side chains being
introduced onto chitosan main chains [32].

BET (Brunauer, Emmett and Teller):

As illustrated in Table (1) the surface area of
PANI is higher than that of CS-g-PANI copolymer
by about 3 m?/gm, this means that PANI may have
more adsorption characteristic than CS-g-PANI
graft copolymer.

Application of the prepared resins in the removal
of Cr (VI)

This section will be devoted to the study of the
main parameters affecting equilibrium isotherms
and kinetics of the adsorption process.

Effect of pH
It is well-known that pH is one of the

essentialfactors which influence the adsorption
processes [33]. Figure (12) presents the effect

of pH on the adsorption capacity of Cr (VI) from
aqueous solution by CS, PANI and PANI-CS.
At 0.1 g of resins, 100 ml Cr (VI) solution with
concentration 100 mg/L, temperature 15°C and
120 rpm. The results indicated that the highest
removal of Cr (VI) occurs at pH 3 for CS, and pH
2 for PANI, and CS-g-PANI graft copolymer.

In low pH’s, the nitrogen atoms of PANI are
protonated to be (NH"). Conversely, the chromate
ions are anions. So, the adsorption takes place
during the electrostatic interaction between the
counter ions. Thus, increasing of pH resulted to
depletion of active sites especially in the PANIs
segments.

For PANI and CS-g-PANI, within the studied
pH range (2-6) used in the present work,the
capacity of the resins is slightly decreases with
increasing pH from 2 to 6 with maximum capacity
at pH 2. Such result is in agreement with Karthik,
[34] result who found that the best absorption of
Cr(VI) by CS/PANI composite at pH 2.

In the range of pH from 1 to 6 there are
various forms of Crexist, for example: hydrogen
chromate (HCrO*) and dichromate (Cr,0,*),
being HCrO* the majorspecies, while at p H
higher than 6, CrO,*" is more predominant. The
Cr(VI) speciation is based on pH of the solution,
as indicated from equations [34]

HCrO, & CrO,?+H"
H,CrO, & HCrO, +H"

Cr,0,2+H0 = 2HCrO,
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Fig. 11. XRD pattern of a) PANI, b) Cs & C) PANI-Cs graft copolymer.

TABLE 1. Surface area of PAN and CS/PANI copolymer.

Nano-material Surface area m?/g

Poly-aniline polymer 27.6444
CS/PANI nanocomposite 24.3221

100

80 —»—PANI

60 —A— PANI/CS

0 1 2 3 &4 5 6 7 8
PH

Fig. 12. Effect of pH on adsorption of Cr (VI) onto PANI, Cs and PANI-Cs nanocomposite.
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For chitosan whose pKa 6.3 to 7.2 [34], at
pH less than 6, the NH, and OH groups at the
molecules of chitosan are completely protonated
(NH,"and OH,"), leading to the presence of highly
positive charge whichutilizes strong attraction
with the negatively charged Cr(VI) ions. But,
by increasing the pH, the number of sites with
positive charge decrease and the adsorption
capacity will decreases. Also, the competition
of the OH™ and HCrO,” anions available in the
medium to be adsorbed on the solid surfaces [35]
will decrease the adsorption capacity.

Effect of contact time.

Figure (13) shows that the removal of ions
was increased with increasing in the contact time.
The results indicated that Cr (VI) removal was
increased to 49% and 34% by PANI and CS/
PANI respectively, within the first five minutes.
From 5 to 60 minutes, the capacity of Cr (VI) by
PANI was increased slowly to be (58%), while the
capacity of Cr (VI) by PANI-CS was increased in

fast rate to reach (62%). The percentage removal
of Cr (VI) by PANI was increased in a fast rate to
be (82%) when the contact time increased from
60 to 360 minutes, while the percentage removal
of Cr (VI) by PANI-CS was increased in a very
slow rate to reach 68%. The equilibrium was
reached after 24 hrs by slight increase in capacity
to 95.8%, 82.5% for PANI and CS-g-PANI.

Effect of temperature

Figure (14 a and b) indicates that the
adsorption capacity of the two resins increased
by increasing the concentration of the chromate
ions until reached the equilibrium conditions.
With increasing temperature, the capacity of
the adsorbents increase due to endothermic
process of the diffusion process and an increase
in temperature increases the diffusion rate of the
adsorbate moleculesacross the external boundary
layers and into the poresof the produced polymers.
The same behavior was found by [36,37].

20

50

70
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0 100
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Fig. 13. Effect of contact time on the adsorption of Cr (VI) by PANI & CS-g-PANI.

—8—e(l5)
a 500 —e—qe(30)
qe(453)
400 —e—qe(60)
J
£ 300
Lo
£
& 200
100
-50 0 50 . 100 , 150 200 250
Ce, mg/I

b 400 —8—qe(l15)
—8—qe(30)

350 qe(45)
300 —8—e(60)

oo 250 /

S

+Tu]

E 200

o

T 150
100
50

-100 0 ¢e0mg/j00 300 400

Fig. 14. The adsorption capacity of the two resins at different temperatures (a) PANI and (b) Cs-g-PANI.
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Sorption Kinetics Models

The simulation of the obtained experimental
data was tested by two kinetic models (pseudo
first order and pseudo second order kinetic model)
as shown in Figure 15 (a & b).

Thecalculated parameters form the two
kinetic models from their ownplots (Figure 12)
are reported in Table 2. From the correlationco
efficient values (r), the results recorded that the
kinetics of the Cr (VI) adsorptionon PANI and
CS-g-PANI composites was labeled well by
pseudo-second-ordermodel. So, the adsorption
of chromate ions into either of polyaniline or
chitosan grafted polyaniline were chemisorption

d yPANI=-0.0016x+1.6463
R*=0.9429
2
15
5 | %
& )
)
=1
yCS/PANI =-0.0012x + 1.5065
R*=0.7049
0.5
0 100 _, 200 300 400
Time, min
A PANI O CS/PANI

processes and controlled by the adsorption rate
not the mass transport rate [38,39].

Adsorption Isotherm

Heavy metal adsorption is usually modelled
by the classical adsorption isotherms. Through the
present study, three isotherms models (Langmuir,
Freundlich, and Temkin isotherms) were applied
using equations (9),(11) and (13) respectively at
different initial metal ion concentrations (50, 100,
200, 300 and 500 ). In order to show the effect
on initial concentration of Cr (VI) on removal
efficiency PANI and CS/PANI, five different
initial concentrations were used. The calculated
values of the applied models were reported in
Table 3.

b yPANI=0.0117x+0.1938
R?=0.9955

6.5

5.5

4.5

a5

=

2.5

1.5 YCS/PANI=0.0144x+0.1158

R?=0.9992
0.5
0 200 400
Time, min
AT/qt PANI © T/qt CS/PANI

Fig. 15. The kinetic models Pseudo first order (a) and Pseudo second order (b) plot For the adsorption of

chromium ions.

TABLE 2. Calculated parameters of the two kinetic models.

Pseudo-first-order

Pseudo-second-order

Resin
K, (min”) r’ K, (g/mg min) r’
PANI 3.7914289 0.9492 7.063x10* 0.9955
CS/PANI 3.4694695 0.7049 17.90x10* 0.9992
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i)  Langmuir model

Figure (16) represents the fitting of the
experimental data of the chromium removal by
PANI with the linear form of Langmuir model.

The relation between C/Q, and C_ gives a
straight line over the entire concentration range
with a slope of 1/q_ and an intercept of 1/q K,
(Fig. 16). The calculated values of the correlation
coefficient (R?) are reported in Table 1 for both
PANI and CS-g-PANI. The high values of R?
indicated that the adsorption process follows the
Langmuir model for the two resinsespecially for
PANI which gives correlation factor close to 1.
The maximum adsorption capacity of PANI is
526 and 370 mg/g for CS-g-PANI, this obviously
indicated that PANI has higher affinity for Cr(VI)
ions than CS-g-PANI copolymer.

ii. Freundlich isotherm model
Using equation (11), a straight line was
obtained by plotting log qe against log Ce

(Fig. 17). The intercept of the line gave the log K,

and the slope is 1/n.

Table 4 recorded the numerical value of n
which is more than 1 for all adsorbents reported
a good adsorption process [40]. The higher
correlation coefficient for CS-g-PANI shows that
the adsorption of Cr(VI) ions onto this resin is
more adequate than onto PANI. This isotherm also
predicted a multilayer adsorption of the Cr(VI)
ions on the surface of CS-g-PANI than PANI.

iii. Temkin isotherm model

By plotting q, versus InC, (Fig.18), the
constant b can be obtained from the slope, RT
b and A from the intercept, RT b In A. From
Table 5, the highest correlation coefficient (R?)
for the Temkin isotherm was found to be 0.98
and 0.966 for PANI at low temperature (15 and
30°C) but they were lower than that of Langmuire
correlation (0.9999 and 0.9983) which means
that most of the experimental data fit very well
Langnuire model.

08 a
ACe/qe 15 #Ce/qe 30
07 /a fae 30 4

0.6 Ce/qe 45 OCe/qe‘lGO
05 ’

&
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U

v03
0.2
01 | 40

0 '

0 100 200 300
Ce

2 | ACe/qe(15) #Ce/ge(30) b

Ce/te(45) @ Ce/qe(60) A

0 100 200 300 400
Ce

Fig. 16. Langmuir isotherm model for Cr adsorption onto (a) PANI and (b) CS/PANI.

TABLE 3. Langmuir adsorption isotherm parameters.

Polymer K, AL q,.. Correlation
™C W/g) (/mg) (mg/g) coefficient R

15 0.10714 01092 333.33 0.9999

% 30 0.1459 0.021672 370.37 0.9983

2 45 0.2745 0.0137 357.14 0.9981

60 0.1397 015 526.32 0.9484

_ 15 0.0237972 0062 217.39 0.9952

Z 30 0.0168161 035 333.33 0.8148

> 45 0.045565 030713 270.27 0.949

“ 60 0.0306122 03066 370.37 0.8929
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Fig. 17. Freundlich isotherm model for Cr adsorption by (a) PANI and (b) CS-g-PANI.
TABLE 4. Freundlich adsorption isotherm parameters.
. K, n Correlation
resm T°C W/g) o Coefficient R?
15 55.45 2.829 0.8966
Z 30 72.038 2.8167 0.8201
é 45 101.464 3.51617 0.5004
60 120.9164 2.5125 0.4148
_ 15 17.279 2.221728 0.8975
<Zg 30 26.531 2.506265 0.9965
; 45 55.757 3.687315 0.8855
“ 60 44.7 2.69396 0.9755
Aqe{15 ¢ qe(30
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Fig. 18. Temkin isotherm model for Cr adsorption by (a) PANI and (b) CS-g-PANI.
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Finally, Table 6 represents comparison prepared adsorbents (polyaniline and chitosan-
between different types of adsorbents used for the grafted polyaniline) represent the highest capacity
removal of Cr (VI) and our work. From the table of all the represented adsorbents.

we concluded that the maximum capacity of the

TABLE 5. Temkinadsorption isotherm parameters.

resin b Correlation
C A ) Coefficient r?
15 2.0855 47.343 0.9801
% 30 3.034 42.734 0.9668
A 45 9.375 50.79 0.7015
60 2.257 27.592 0.845
15 11.167 21.36 0.7245
% 30 4.187 25.223 0.8095
5 45 1.1774 37.843 0.8205
© 60 1.202 35.752 0.7595

TABLE 6. Comparison between the maximum adsorption capacities of the prepared polymers with other

adsorbents for Cr (VI).
No. Adsorbent Q max(mg/g) pH Ref.
1 Glycine Modified 78 [41]
Cross-linked
Chitosan [42]
2 unmodified 90
groundnut hull [42]
3 modified groundnut 131
hull
rice husk carbon 47.61 2 [43]
5 treated waste 59.88 3 [44]
newspaper

6 peels of pea pod 4.33 2 [44]

7 Tea waste 7.29 2 [44]

8 Banana waste 10 2 [45]

9 Chitosan coated 33.27 5 [46]

fly ash
10 Guar gum-nano 55.56 7 [47]
zinc oxide

11 Wool 41.15 2 [48]

12 Olive cake 33.44 2 [48]

13 Saw dust 15.82 2 [48]

14 Almond 10.61 2 [48]

15 Mosamby peel 250 2 [49]

16 Mod.rice husk 278 2 [50]

17 Cs/CDTA/GO 166.98 35 [51]
18 PANI 526 2 This study
19 CS-g-PANI 370 2 This study
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Conclusion

Graft copolymerization was used for the
preparation of chitosan-grafted-polyaniline) (CS-
g-PANI). The conductive polymer, polyaniline
(PAN) was also synthesized and used as a
reference for the adsorption of chromium VI. The
synthesized polymers were analyzed by means
of FTIR, TGA, and TEM. The factor affected the
adsorption processes were studied such as pH,
time, temperature, and initial concentrations of
chromium. Also, both kinetics and equilibrium
isotherms were studied. The results indicated that
the optimum conditions for the preparation of
poly aniline are: APS to aniline ratio is 1.5, the
HCL concentration is 2.5 M, the reaction time is
1.5h and the optimum ratio for the preparation of
chitosan-grafted-poly aniline is CS/ANI is 1.2. It
was also found that the prepared nanoparticles of
PANI may reach a size of 23—32 nm and the CS-g-
PANI is 26-37 nm. Equilibrium data of adsorption
was in good agreement with Langmuire model
with maximum adsorption capacity of 526 mg/g
for PANI and 370 mg/g for CS-g-PANI at 60 °C.
The adsorption mechanism was found to follow
the second order model for the two resins.
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