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he aim of this revise is to charge the taking away of AI(III) ions from different solutions
(Aqueous, Acidic and Basic) against modified chitosan. The result of a choice of parameters
has been investigated by the following set adsorption method. The different variables calculated
take in first concentration of the adsorbate, agitation time, adsorbent dosage, chemical kinetics,
influence of temperature. The experimental data was fit well to the Freundlich isotherm.
Thermodynamic parameters such as AH, AS and AG were calculated, representing that the

adsorption was spontaneous and endothermic nature.
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Introduction

Chitosan, as a normal polysaccharide, has
reactive amino and hydroxyl groups in its
linear polyglucosamine chains, can be used to
functionalize and modify. However, conventional
modification method wusing single chitosan
crosslinking with glutaraldehyde generally leads to
cut of practical group (-NH_-) and loading facility,
its attracted to set up multifunctional chitosan-x
which used in a lot of applications such as water
treatment by using diethylenetriamine pentaacetic
acid (DTPA) with satisfactory number of carboxyl
groups on the backbones, is a generally used as
chelating agent for heavy metal [1]. The aim of
this learn [2] is to assess the taking away of Fe(III)
ions from aqueous solutions against modified
chitosan. The effect of different parameters has
been investigated by the next batch adsorption
method. The different variables studied take in
initial concentration of the adsorbate, agitation
time, adsorbent amount, Kkinetics, control of
temperature. The new facts was fit well to the
Freundlich isotherm. Thermodynamic parameters
such as AH, AS and AG were -calculated,
representing that the adsorption was spontaneous
and endothermic nature [2].

This learn [3] was performed to investigated
the variables that control Fe(IIl) ions taking

away in acidic and basic medium by modified
chitosan. The quantity of Fe(III) ions adsorbed on
the modified chitosan increases with increasing
its first concentration, also the adsorption of
ferric ions Fe(IIl) has been found to increase
with an increase in temperature, this indicates an
endothermic process. The positive value of (AS)
suggested some structure change in adsorbent
and adsorbate. The (+AH) further confirmed the
endothermic nature of the processes. The (-AG)
value for the Fe(Ill) indicates the spontaneous
nature of the adsorption process [3]. Algerian’s
public manure action vegetation generates about
105 m® of manure slush yearly. Freshly, fast
growth of wastewater action plants not including
like notice to the action of the shaped slush has
generated increasing concerns. Although the
slush is more often than not incinerated or used as
farming manure and could have various nutrients,
there could also be damaging substances that
make difficult slush organization. Therefore
the taking away of pollutants as of the slush is
needed by more habit. This article discusses the
characteristics of drinkable water action slush
containing high aluminum content. Also, an
electro kinetic action is projected to take away
aluminum from this slush by unstable the type of
solution controlled in the cathode compartment
and modifying the treatment time to optimize the
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efficiency of the process. Successful outcome were
achieved where 60% of aluminum was collected
on the cathode face with a consumed power about
of 1000-2000 kWh kg! of slush mass. [4].

In this learn [5], a low-cost eco-friendly
adsorbent was organized from Eucalyptus
camaldulensis barks during chemical activation.
The result of working variables that is original
pH, sorbent dosage, original metal concentration,
shaky rapidity and temperature on the aluminum
taking away gain and uptake ability has been
calculated. The best pH was found as 5.0 and the
sorbent dosage5.0 g/L. Temperature effect proved
the process to be endothermic. The investigational
remarks were fixed to Langmuir and Freundlich
isotherms where Langmuir proved to be a well
again fit [5]. Pseudo-second order and intra-
particle diffusion kinetic models were employed
to the experimental data to verify the mechanism
of sorption. The constants of isotherms and kinetic
models were evaluated at different working
conditions. From the thermodynamic studies, the
activation energy was evaluated as 43.23 kJ mol
' [5]. This learns attempts to bring in a process
to take away Aluminum ions from drinking
water and manufacturing effluents by active
carbon through different grading as absorbent.
Absorption of Aluminum ions were discussed in
different conditions of Aluminum concentration,
contact time, impact of electrolytes and pH on
Aluminum ions absorbency. Both Freundlich
and Langmuir isotherms used to examine the
adsorption. Thermodynamics associations leading
method, such as order of (AG®), (AS®) and the
enthalpy of adsorption, were considered, which
showed to Aluminum absorption on active carbon
is an endothermic and spontaneous process [6].

Experimental

Materials and methods
All the chemical used were of analytical grade,
distilled water was in experimental [1, 2 and 3]

Results and discussion

Classification OF MODIFIED CHITOSAN

FTIR SPECTROSCOPY

The FTIR spectrum (a) of blended beads
shows a wide band approximately 3600-3200 cm
!, improved hydrogen bonding compared that of
chitosan or starch only. In the spectrum of starch
and chitosan mix together, the amino group peak
of chitosan shifted from 1634 to 1650.245 cm™.
This fact pointed out that interactions were here

between the hydroxyl group of starch and amino
J. Text. Color. Polym. Sci. 16, No. 1 (2018)

group of chitosan [7-8]. In the spectrum of starch
and chitosan mix together, the amino group peak
of chitosan shifted from 1634 to 1634.5, 1636.3
and1636.7 cm™! in low acidic medium (chart (d)),
low basic medium (chart (f)) and aqueous medium
(chart (d)) respectively.

X-ray Diffraction investigation (XRD)

The X-ray diffraction analysis for modified
chitosan, the characteristic peaks at 20 = 10° and 20°
moved out, and a very weak and large peak centered
at 20 = 15° appeared Figure (h). This variation
in XRD patterns weak and large peak centered
at 20 = 15° appeared Chart (g). This difference
in XRD patterns between chitosan and modified
chitosan should be attributed to the cross-linking
reaction between chitosan and glutaraldehyde. In
agreement with the result of previous studies [10-
12], the crystallinity of chitosan decreases after cross
linking by starch and glutaraldehyde. This could be
accredited to the bend of the strong hydrogen bond
in original chitosan due to the exchange of hydroxyl
and amino groups, which ably damaged the lateness
of the filler of the new chitosan chains and resulted
in the creation of vague modified chitosan. Lately,
discovered to the merging of hydrophilic cross-linker
into chitosan permitted the fusion of hydrogels with
higher hydrophilicity [9] which is able to help the
active surface area that plays a very important role in
adsorption process in our study.

Scanning Electron Microscope (Sem)

The spongy structure of modified chitosan
during this learn may here more adsorption sites
for adsorbate, which usually supported the fact that
starch glutaraldehyde-crosslinked chitosan has
been usually useful in the uptake of heavy metals
[13,14] also medicine delivery [15]. In addition,
modified chitosan with a higher total surface
area and a more open pore composition could be
invented to adsorbate AI(III), which may at least
partially give details this cause that the adsorption
by modified chitosan, but not solid chitosan.
(Ii):Studies Of Adsorption Processes For The
Taking Away Of Aluminum Al(lii) By Modified
Chitosan (In Aquoeus Soltion)

[1] By using Langmiur isotherm:

Langmiur isotherm as in Table (1) is a lot worn
to explain adsorption of solute from liquid solutions
and this model assumes monolayer adsorption onto
a homogeneous surface with fixed number of the
same sites and articulated by the following (eq.

Ve 1
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Chart (j) Scanning electron microscope by magnification

1000 of modified chitosan.

TABLE 1. Adsorption isotherm parameters designed for AI(III) by modified chitosan.

Chart(l) Scanning electron microscope by magnification
40000f modified chitosan.

Langmiur parameters

Freundlich parameters

Q. b R, R? n k, R?
(mg/g) (L/mg) (mg/g)
Aqueous | 11.0864745 -1.11911 -0.00332 0.9990 -19.3424 14.0572 0.8391

Characteristic constants of Langmiur equation,
Q, the theoretical greatest adsorption facility and
k, linked to affinity of the required sites, Q and k
Langmiur isotherm constants can be determined
from the linearized of Eq(1) as inq(2):

The slope and intercept of the linear plot of
(C/q,) Verses (C) provide the values of Q  and
k, respectively. In order to know the feasibity of
the isotherm, the essential features of Langmiur
model can be expressed in the terms of separation
factor or equilibrium parameter R , which was
defined by Eq(3):

1

L= .
1+blo

The values of R, show the shapes of isotherms
to be either unfavorable (R >1), linear (R =1),
favorable (0< R <1) or irreversible (R, =0) [16].
The R, values for AI(III) were calculated and
indicated that adsorption is even favorable for
the higher metal ion concentration that have been

J. Text. Color. Polym. Sci. 16, No. 1 (2018)

investigated. The data of R, values the adsorbent
is suitable adsorbent (modified chitosan) for the
adsorption of Al(IIT) ions from aqueous solutions.

[2] By Fruendlich isotherm:
The freundlich mode is articulated as follows

(Eq. 4):
q.=kC." (4)

The linearized form of Freundlich equation is
given by (Eq. 5):

Inq = Ink, +(1/n)ln C ----mmmmmmmmmemmemm (5)

where k; and 1/n are typical constants instead of
the adsorption ability and adso-rption strength of
the system respectively. The linear plot between
(In g,) verses (In C) gives a slope which is like
to the value of (1/n) and intercept is (In k). The
magnitude of 0<n<1 indicates the favorability of
method of adsorption.

The adsorption parameters obtained from
both the models were given in Table (1). The
investigational data were fixed well with Langmiur
isotherm suggesting that the AI(IIT) adsorbed from
monolayer treatment on the adsorbent surface. To
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smaller extent, the equilibrium data were also well
described with the Freundlich model possibly due
to the real heterogenecous nature of the surface
sites involved in the process of adsorption and
Table (1). On the other hand, the equilibrium data
were analyzed using Freundlich isotherm model
and (R?) values were projected. The value of (n)
generally indicates that the adsorption capacity
is only slightly suppressed at lower equilibrium
concentrations. This isotherm does not see coming
any saturation of the adsorbent by Al(IIl) ions;
this endless surface coverage is expected to occur
indicating multilayer adsorption on the surface.
It can be concluded that the Langmuir isotherm
was more suitable than Freundlich one as in most
cases the correlation co-efficient was higher as
seen in Table(1) thus indicating the applicability
of monolayer coverage of the Al(III) ions on the
surface of adsorbent. This can be explained by the
fact that the adsorbent have a high surface area for
AI(IIT) ions adsorption. Therefore only monolayer
adsorption occurred on their surface [18].

[3] By using Temkin and Pyzhev isotherm.
The Temkin and Pyzhev isotherm has usually
been applied in the following (Eq. 6).

g, = (RT/b) In(AC)) (6)
q,= (RT/b,) A + (RT/b,) In C --enemeee (7)
B, = RT/b, (8)

where (A,) (L/g) and (b,) (J/mol) are Temkin
isotherm constants, (R) is the gas constant (8.314
J/mol) (T) is he absolute temperature.

The associated parameters are set in Table (2).
(b,) related to heat of adsorption. Values higher
than 8 indicates strong interaction connecting
AI(IIT) and adsorbent. but, higher value indicates
presence of relatively stronger cohesive forces in

between the adsorbent and AI(III).

The Dubinin-Radushkevich (D-R) isotherm
[19] was as well engaged to find out the adsorption
mechanism based on the potential theory assuming
a heterogeneous surface. Dubinin-Radushkevich
isotherm is articulated as follows (Eq.9):

q, =X e €))
The liner form was (Eq. 10):
log q, =log X _ -pe’ (10)

where (X ) is the Dubinin-Radushkevich
monolayer capacity (mg/g), (B) is a constant
related to adsorption energy, and (¢) is the polanyi
potential [20] which is related to the equilibrium
concentration as follows in (Eq. 11):

&=RT In (1+(1/C)) (11)

where (R) is the gas constant (8.314 J/mol K) and
(T) is absolute temperature

A plot of (In q)) Vs (€?) as in gave a straight
line of slope, () and intercept, (X ) of unlike
systems were evaluated. The variation in the
free energy between the adsorbed phase and the
saturated liquid adsorbate is referred to as the
potential, a term first advanced by Polanyi [20].
In the present study Dubinin-Radushkevich
isotherm constants, monolayer capacity (X )
and adsorption energy (B) are tabulated in Table
(2). The magnitude of (B) is used to resolve
the type of adsorption mechanism. When one
mole of AI(IIT) ions is transferred the adsorbent
surface, its value is higher than 8.0 KJ/mol which
indicates chemical adsorption, the calculated
values of (E) for the present study is higher than
8.0 KJ/mol for the adsorption of Al(III), which
suggest that adsorption process onto the surface
of the adsorbent modified chitosan is following
chemical adsorption type.

TABLE 2. Adsorption isotherm parameters for AI(III) by modified chitosan.

Temkin parameters

D-R parameters

A, R B a E R
B. (J/mol °

(L/g) r (J/mol) (mg/g) (KJ/mol)

Aqueous  2.3887x10°%  -1.6179  0.9884 3 x10% 11.2290 408.2483 0.9883

J. Text. Color. Polym. Sci. 16, No. 1 (2018)
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(A) Study The Adsorption Kinetics Modeling In

Aqueus Solution:

The information of the kinetics of AI(III)
adsorbed from aqueous solution on modified
chitosan were analyzed by pseudo first order,
pseudo second order intraparticle diffusion
kinetic models, respectively. The agreement
between investigational data and each model
predicted values was articulated by the correlation
coefficient (R?). A comparatively high (R?) values
indicated that the model effectively describes the
kinetics of AI(III) ions adsorption taking away.

The adsorption kinetics of AI(III) ions as of
liquid phase to solid is measured as a reversible
effect with an equilibrium state being established
between two phases. A simple pseudo first-order
model was consequently used to associate the rate
of reaction and expressed as follows (Eq. 12):

dq/dt=k(q.-q,) (12)

where (q,) and (q,) (mg/g) are concentration of
AI(IIT) ions in the adsorbent at equilibrium and
at time (t), respectively calculation and applying
limit setting (t=0 to t=t) and (q,=0 to g,=q,), the
integrated from of (Eq. 12) becomes (Eq. 13):

log (q.-q,)=log qe —(k/2.303)t------------- (13)

Plots for (Eq. 13) were made for the AI(III) ions
adsorption at diverse studied temperature. around
linear hysterics were observed for the AI(III) ions,
more than the complete series of shaking time
explored and at all temperatures through low link
coefficient as in Table (3), representing that the

pseudo first organize kinetic model is not suitable
for the here systems.

A pseudo second-order rate model is also
used to explain the kinetics of the adsorption of
AI(TIT) ion adsorbent materials. The differential
equation for chemisorptions kinetic rate reaction
is expressed as (Eq. 14):

dq/dt =k (q.-q) (14)

where k, is the rate constant of pseudo second-
order equation, for the limit setting (t=0 to t=t)
and (q,=0 to q.=q,), the integrated from of (Eq. 14)
becomes (Eq. 15):

1/(q-q) = 1/q,t (15)

Eq. (15) can be rearranged to find a linear
form equation as Eq. (16):

(V9) = (1/K,q) + (1/g) treemmmmsseeeeeee (16)

The associations are linear, and the values
of link coefficient (R?), advise a strong link
between the parameters and also give details that
the process of adsorption of Al(III) ions follows
pseudo second order kinetic model.

As of the consequences, it can be exposed that
the value of the rate constant (k,) were increased by
increase in temperature the association coefficient
(R?) has an very high value, and theoretical (q,)
values agree with investigational ones. These
outcome advise that the pseudo second-order
adsorption mechanism is major and that the
overall rate constant of each Al(III) ion appears to
be controlled by the chemisorptions process.

Pseudo first-order Pseudo second-order
a, K, R . :
(mg/g) (min™) (g/mg min) min) °C
Aqueous 4.008667 0.027636 0.8809 11.13586 0.010899 1.351534 0.9992 25
Aqueous 4.070990 0.021879 0.9842 13.79310 0.007745 1.473405 0.9991 35
Aqueous 1.008324 0.015891 0.8945 13.58696 0.029961 5.530973 0.9997 45
TABLE 3. Kinetic parameters for removal of AI(III) ions by modified chitosan:
Pseudo first-order Pseudo second-order
e, K, R? q., K, H R t
(mg/g) (min™') (mg/g) (¢/mg min) | (mg/g min) °C
Aqueous | 4.008667 0.027636 0.8809 11.13586 0.010899 1.351534 | 0.9992 25
Aqueous | 4.070990 0.021879 0.9842 13.79310 0.007745 1.473405 0.9991 35
Aqueous | 1.008324 0.015891 0.8945 13.58696 0.029961 5.530973 0.9997 45

J. Text. Color. Polym. Sci. 16, No. 1 (2018)
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(B) Study The Intra-Paricle Diffusion Model

(Weber-Marries) In Aqueus Solution:

At the near time Weber and Morris’s and pore-
diffusion is the most generally used models for
studying the mechanism of adsorption. On the
other hand, Weber and Morris’s pore-diffusion
model assumes that:

(1) The outer fight mass remove is only major for a
very small time at the start of diffusion.

(i))The path of diffusion is radial and the
concentration.

(iii) The pore diffusivity is constant and does not
vary with time, the pore diffusion parameter,
kid ((mg/g min0.5) is expressed as (Eq. 17):

q, =kt +C (17)

where (q,) is the amount adsorbed (mg/g) at time
(®).

The (k,,) values were obtained as in table (4)
from the slope of the linear portions of the curve
of unusual initial concentration of the AI(III) ions
in aqueous solution. It can be seen that the plots
possess multilinear portions; it indicates that
the two or more steps influence the adsorption
process. It was found that straight lines relate
the points, the sharp first linear portion is due to
the film diffusion and the second linear portion

is due to the hole diffusion. Non-linearity of the
plots had indicated the multi phase adsorption
of toxic metal as AI(III) by the adsorbent. The
extrapolation of the first linear portion gives the
intercept equal to the limit layer thickness or film
thickness. The values of intercept offer an idea
about the limit layer depth such as the layer the
intercept, the greater the limit layer effect.

(C) Study The Result Of Temperature And
Calculaion Of Activation Energy (Ea) In
Aqueus Solution:

The adsorption of AI(II) ions has been
create to raise with an raise in temperature from
(25 to 45 °C).The increase in adsorption ability
of the adsorbent with temperature indicates an
endothermic process as in table (5).

The raise in adsorption with temperature my
be attributing to either change in hole size of the
adsorbent causing inter-particle diffusion within
the pores or to enrichment in the chemical kinship
of the AI(III) ions to the surface of adsorbent
leading to some kind of chemical interaction to
take during adsorption process which results
into increase in adsorption ability. At higher
temperature, the option of diffusion of solute
inside the pores of adsorbent can not lined out as
reposted by earlier workers [21].

TABLE 4. The intra-particle diffusion model (Weber-Marries) model for removal of AI(III) by modified chitosan.

t°C K, C R?
aqueous 25 0.3644 7.4468 0.8769
Aqueous 35 0.3929 8.6390 0.9750
Aqueous 45 0.1052 12.2000 0.9357
TABLE 5. Thermodynamic parameters for removal of Al(III) by modified chitosan.
¢oC AG AS AH A Ea
(KJ/mol) (J/mol K) (KJ/mol) (KJ/mol)
Aqueous 25 3423.51 443.45 135820.30 118.61 39148.25
Aqueous 35 -235.89
Aqueous 45 -5479.91

J. Text. Color. Polym. Sci. 16, No. 1 (2018)
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The over outcome were more substantiated
by the different thermodynamic parameters.
Enthalpy change (AH), Entropy change (AS),
Gibbs free energy change (AG) and Activation
energy (Ea) evaluated for adsorption.

The result of temperature on adsorption is
more definite by the vant Holf plots as based on
the equations (18, 19, 20 and 21) [22]:

k,=q/C, (18)
AG=RT Ink, (19)
AG =AH -T AS (20)
In k) = (AS/R) ~( AH/RT)--------=---n-n= (1)

where (T) is absolute temperature in Kevin
(K), R is gas constant (8.314 J/mol K) and
k, is the distribution coefficient (ml/g). The
thermodynamic parameters namely enthalpy
change (AH) and entropy change (AS) can be
calculated from the slope and intercept of straight
line plotted by (In k) versus (1/T). The Gibbs
free energy change (AG) was determined. The
obtained thermodynamic parameters (AH, AS, AG
and Ea) were listed in Table (5).

So the positive value of AS suggested some
structure vary in the adsorbent and adsorbate.
In fact, the positive value of enthalpy (AH)
further established the endothermic nature of the
processes, so increasing temperature supplied with
a more favorable adsorption of AI(III) ions onto
the adsorbent. The negative Gibbs free energy
(AG) value for the metal adsorption process on
the adsorbent indicates the spontaneous nature of
the adsorption process.

Generally, The values of the change in enthalpy
(AH) indicated that adsorption process of Al(III)
is physical in nature [23]. The activation energy
(Ea) was calculated by the linearized Arrhenius
equation (eq. 22):

In (k) = In (A) — (Ea/RT)---rmwmmwmmmmnev (22)

where (Ea) is the activation energy of adsorption
(kJmol ™), (k) is the rate constant which control the
process, (A) is Arrhenius constant, (R) is the ideal gas
constant and (T) is the absolute temperature (K).

As of the pseudo second-order kinetic studies,
k, is the rate constant which control the process,
i.e (k) In this study, activation energy (Ea) value
of different systems under study (KJ/mol) was
obtained from the plot of (In k,) versus (1/T). In
physical adsorption, the activation energy (Ea)

J. Text. Color. Polym. Sci. 16, No. 1 (2018)

usually more than 8.0 KJmol!, since the forces
involved in chemical adsorption is high.

Chemical adsorption involves forces much
stronger than in physical adsorption and the
activation energy (Ea) is between (8.4) and (83.7)
KJmol! [21] noted that chemical adsorption
includes activated and non activated forms.

The consequences shows that the method is one
of activated chemical adsorption and the positive
value of the activation energy (Ea) optional that
the rise in the solution temperature favors the
AI(IIT) ions adsorption onto the modified chitosan

(II) Stduies Of Adsorption Processes For The
Removal Of Chromium Al(lii) By Modified
Chitosan In Acidic Medium
The acidity ranging from 0.005 to 0.050 M

HCI, aluminum ions AI(II) adsorption ability

decreases. But, at higher acid molarities bad

setting are set up to exist for adsorption, so, no
adsorption happen. This drift was observed
by earlier workers when investigative metal
adsorption no different adsorbents [17], and can
be interpreted as follows. Under acidic conditions,
as strong competition effect between H and
aluminum AI(III) caused by high concentration of

H" leads to decrease amount of AI(II) powerless

on the modified chitosan.

Also, at high acidic the function groups
are present in protonated forms which have
electrostatic disgust to aluminum ions (Al(III))
and are firm to giver their electron pair to
coordinate with aluminum ions (AI(IIl)), thus
weakening the complexation amid them and
more decreasing the aluminum ions (AI(III))
adsorption capacity. With the decrease of solution
acidity, due to the decrease of H' concentration,
the war result between Al(III)(and/or AI(OH")
and H' becomes weak, resulting in more Al(III)
immobilized onto the modified chitosan. Basides,
the combined H' ions gradually dissociate from
functional groups at low acidity, attractive the
complexation between Al(III) and the functional
groups, so, raise of AI(III) uptake.

The relations between the amount of
AI(IIT) adsorbed on modified chitosan and
their equilibrium concentration solution were
described by the adsorption isotherms as in Table
(6). The adsorption data of the metal complexes
on modified chitosan according to the Langmuir,
Freundlich, Temkin and Dubinin-Redushkevich
(D-R) models.
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TABLE 6. Adsorption isotherm parameters for the removal of AI(III) by modified chitosan in acidic medium.

Langmiur parameters Freundlich parameters
. B R R? n k. R?
Molaiy | ooty | me) L (mge)
ACIDIC MEDIUM (HCI)
0.005M 10.7643 -0.5096 -0.0073 0.9983 -1.6239 122.4052 0.9585
0.025M 6.2814 -1.0571 -0.0035 0.8800 -1.87652 82.45177 0.9794
0.050 M 2.5867 -0.0123 -0.4295 0.9884 -4.74383 22.00392 0.8501
Temkin parameters D-R parameters
2 2
Molarity ( S{g ) B, (J/mol) R B (m‘;g) (Kjfml) R
ACIDIC MEDIUM (HCI)
0.005M 0.0020 -4.7498 0.9895 -0.0003 5.0289 40.8248 0.9018
0.025M 0.0072 -4.3038 0.9873 -0.0002 5.8462 50.0000 0.7918
0.050 M 0.0002 -2.1305 0.8914 -6x107 8.8534 288.6751 0.5390

The adsorption experiments were approved
away with Al(III) by modified chitosan in inorganic
acid solution. According to the above offered guess

of complexation setting, the modified chitosan
process of Al(III) complexes in Al(III)-inorganic
acid (hydrochloric acid) systems can be as follows:

(modified chitosan)-H™ + A1(TlI) —— (modified chitosan)Al (1) + 3H"

The equilibrium adsorption data show that: (a)
At low acid concentration the metal cations show
in general strong uptake and high attraction with
the modified chitosan environment. This actions
is a famous for all adsorption processes. On the
other hand, (b) with rising acid concentration the
H" increase and more competes sites. The study of
adsorption dynamics describes the solute uptake
speed and clearly this rate controls the residence
time of adsorbate uptake at the solid/solution
line. The data of the kinetics of the removal of
AI(IIT) by modified chitosan in acidic medium
were analyzed using pseudo-first-order, pseudo-
second-order and intra-particle diffusion kinetic
models, respectively as in Table (7 and 8).

The relations are linear, and the values of link
coefficient (R?) propose a strong link between
parameters and also give details that the method
of adsorption of the metal ions Al(III) follows
pseudo second-order kinetic models.

The thermodynamic assumptions of the
top fitting isotherm offer near into the surface
properties and mechanism of removing process.
The thermodynamic parameters namely enthalpy

change (AH) and the entropy change (AS) can
be calculated from the slope and intercept of the
straight line plotted by In k| versus 1/T. The Gibbs
free energy change (AG) we determined at 25, 35,
45 °C. The obtained thermodynamic parameters
(AG, AH, AS and Ea ) were listed in Table (9).

(Iv) Stduies Of Adsorption Processes For The
Removal Of Chromium Al(lii) By Modified
Chitosan In Basic Medium
The adsorption data of the AI(III) complexes

on modified chitosan in basic medium according

to the Langmuir, Freundlich, Temkin and Dubinin-

Redushkevich (D-R) models as in the Table (10).

The information of the kinetics of the removal
of AI(IIT) by modified chitosan in basic medium
were analyzed using pseudo-first-order, pseudo-
second-order and intra-particle diffusion kinetic
models, respectively as in Table (11 and 12).

In the studies of the kinetics of the removal
of AI(IIT) by modified chitosan in basic medium
at different temperature we obtained the
thermodynamic parameters (AG, AH, AS and Ea)
as illustrated in the next Table (13).
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TABLE 7. Parameters of pseudo first-order and pseudo second-order models for the removal of AI(III) by modified
chitosan in acidic medium.

Pseudo first-order Pseudo second-order
Molarity q., K, R q., K, H R t
(mole/L) (mg/g) (min™?) (mg/g) (g/mg min) (mg/g min) °C
ACIDIC MEDIUM (HCI)
0.005M 5.481507 0.026715 0.8282 12.18027 0.006261 0.9289 0.9930 | 25
0.005 M 1.865950 0.024642 0.9946 12.06273 0.02232 3.2478 0.9999 | 35
0.005M 1.554175 0.022339 0.9848 13.29787 0.025056 4.4307 0.9998 | 45
0.025M 4.919263 0.013818 0.9642 9.372071 0.001557 0.1368 0.8953 | 25
0.025M 217.3702 0.087284 0.8079 63.29114 3.01x10% 0.1206 0.2457 | 35
0.025M 2.968930 0.012667 0.9363 11.79245 0.074534 10.3648 0.9931 | 45
0.050 M 5.140437 0.009212 0.9996 -8.2713 0.000339 0.0232 0.8530 | 25
0.050 M 6.212981 0.014970 0.8362 -15.2439 0.000149 0.0346 0.1998 | 35
0.050 M 7.627812 0.011745 0.8530 -37.594 3.49x10° 0.0494 0.1094 | 45

TABLE 8. The intra-particle diffusion (Weber-Marries) model for removal of Al(I1I) by modified chitosan in acidic

medium.
Molarity (mole/L) t°C K, C R?
ACIDIC MEDIUM (HCl)
0.005 M 25 0.3925 6.7596 0.9173
0.005 M 35 0.1647 9.9619 0.9726
0.005 M 45 0.1392 11.487 0.9999
0.025 M 25 0.5541 -0.0226 0.949
0.025 M 35 1.5319 -5.0496 0.9192
0.025 M 45 0.3433 7.1067 0.9209
0.050 M 25 0.6615 -3.1589 0.8862
0.050 M 35 0.7473 -2.9486 0.9332
0.050 M 45 0.9731 -3.9119 0.9195
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TABLE 9. Thermodynamic parameters for the removal of Al(IIT) by modified chitosan in acidic medium.

Molarity ¢ oC AG AS AH A Ea
(mole/L) (KJ/mol) (J/mol K) (KJ/mol) (KJ/mol)
ACIDIC MEDIUM (HC))

0.005 M 25 3643.070 135.288 44076.720 1.7x) 1 68757.39
0.005 M 35 2814.319

0.005 M 45 803.903

0.025M 25 7721.154 185.902 62394.92 8.6x)+18 99957.65
0.025M 35 3867.521

0.025M 45 3874.176

0.050 M 25 8998.750 70.098 29926.983 1.7x10% 148765.60
0.050 M 35 8707.511

0.050 M 45 7508.941

TABLE 10. Adsorption isotherm parameters for the removal of AI(III) by modified chitosan in basic medium.

Langmiur parameters Freundlich parameters
B R R? n k R?
Molarit Q_ (mg/g) L f
V| wTmes (L/mg) (mg/g)
BASIC MEDIUM (NH,OH)
0.001 M 11.0619469 -0.73917 -0.00504 0.9984 -15.7233 14.69265 0.9535
0.003 M 11.2485939 -0.85072 -0.00438 0.9988 -15.6006 14.79449 0.9115
0.005 M 11.3507378 -1.20850 -0.00308 0.9998 -13.1406 15.23702 0.9631
Temkin parameters D-R parameters
A B R? B q E R?
Molarit T T °
olarlty (Lig) (J/mol) (mg/g) (KJ/mol)
BASIC MEDIUM (NH40H)
0.001 M | 9.86374 x10* -0.7882 0.9565 -4 x107 12.04802 1118.0340 0.5858
0.003M | 1.03951 x10 -0.7948 0.9213 -5x107 11.97954 1000.0000 0.6410
0.005M | 6.03274 x10° -1.0558 0.9758 -1 x10 11.20993 707.1068 1.0000

TABLE 11. Parameters of pseudo first-order and pseudo second-order models for the removal of AI(III) by
modified chitosan in basic medium.

Pseudo first-order Pseudo second-order
Molarity q., K, R? q., K, H R? t
(mole/L) (mg/g) (min™) (mg/g) (g/mg min) (mg/g min) °C
BASIC MEDIUM (NH,OH)
0.001 M 1.525808 0.022800 0.9624 11.86240 0.025795 3.629764 0.9999 25
0.001 M 1.653484 0.008521 0.8369 13.49528 0.012224 2.226180 0.9963 35
0.001 M 2.226384 0.012206 0.9829 13.38688 0.052593 9.425071 0.9998 45
0.003 M 1.756305 0.017042 0.8861 11.90476 0.017002 2.409639 0.9992 25
0.003 M 3.026217 0.023260 0.9991 13.22751 0.012132 2.122692 0.9996 35
0.003 M 0.629071 0.012436 0.9768 13.35113 0.050045 8.920607 0.9998 45
0.005 M 1.787722 0.022339 0.9146 11.60093 0.020715 2.787845 0.9998 25
0.005 M 7.000032 0.043527 0.9121 12.61034 0.011452 1.821162 0.9994 35
0.005 M 0.457299 0.007830 0.9659 13.28021 0.042955 7.575758 0.9997 45
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TABLE 12. The intra-particle diffusion (Weber-Marries) model for removal of AI(III) by modified chitosan in

basic medium.

Molarity (mole/L) t°C K, C R?
BASIC MEDIUM (NH,OH)
0.001 M 25 0.1461 10.019 0.9545
0.001 M 35 0.2107 10.535 0.8136
0.001 M 45 0.0613 12.575 0.9186
0.003 M 25 0.1997 9.3148 0.9464
0.003 M 35 0.2698 9.7127 0.9943
0.003 M 45 0.0632 12.509 0.9079
0.005 M 25 0.1791 9.3363 0.9323
0.005 M 35 0.2902 8.8605 0.9633
0.005 M 45 0.0721 12.311 0.8988

TABLE 13. thermodynamic parameters for the removal of AI(III) by modified chitosan in basic medium.

Molarity t AG AS AH A Ea
(mole/L) °C (KJ/mol) (J/mol K) (KJ/mol) (KJ/mol)
BASIC MEDIUM (NH,OH)

0.001 M 25 3410.785 308.078 94431.790 1019.313 -27118.111
0.001 M 35 2498.989
0.001 M 45 -1825.036
0.003M 25 3047.037 285.350 88264.495 266808.703 41771.421
0.003 M 35 758.867
0.003 M 45 -2685.151
0.005M 25 2942.335 258.103 80856.466 1179.821 27908.932
0.005M 35 -1132.409
0.005M 45 -3175.238

Referances moval of ferric ions Fe(II) by modified chitosan,

1.

M. A. Wassel, A. A. Swelam, S. A. Shama, A. A.
Hamouda, A. M. Desouky; Al-Azhar Bual, sci,
24(1) 33-45 (2013).

M. A. Wassel, R. S. Farg, H. A. Shehata, A. M.
Anwar, H. A. Mohamed; Removal of ferric ions
(Fe+3) from natural solutions using modified chi-
tosan , J. Advances Chemistry, 12(2), 3996-4008.
(2015).

M. A. Wassel, R. S. Farg, H. A. Shehata, H. A.
Bayoumi, A. M. Anwar, H. A. Mohamed; Study
the effect of acidic and basic medium in the re-

J. Text. Color. Polym. Sci. 16, No. 1 (2018)

J. Adv. Che., 12(4), 4342 (2016).

M. Cherifi, N. Boutemine, D. F. Laefer, S. Hazour-
li, Effect of sludge pH and treatment time on the
electrokinetic removal of aluminum from water
potabilization treatment sludge, C. R. Chimie, 19
511-516 (2016).

N. Rajamohan, V. Saravanan, M. Rajasimman, R.
Rajeshkannan, Equilibrium, kinetic and thermo-
dynamic studies on the removal of Aluminum by
modified Eucalyptus camaldulensis barks, Alex-
andria Engineering Journal, 53 ,409—415 (2014).



INVESTIGATE THE ADSORPTION MECHANISM OF HEAVY METALS... 67

11.

12.

13.

14.

15.

16.

17.

P. G. Pour, M. A. Takassi, T. Hamoule, Removal of
Aluminum from Water and Industrial Waste Wa-
ter, Oriental Journal Of Chemistry, 30 (3) 1365-
1369, (2014).

P. Meenakshi, S. E. Noorjahan, R. Rajini, U. Ven-
kateswarlu, C. Rose, T. P. Sastry; Mechanical and
microstructure studies on the modification of CA
film by blending with PS, Bulleti, Material Sci-
ence, 25,25 (2002).

X.Y. Xu, K. M. Kim, M. A. Hanna, D. Nag; Chito-
san—starch composite film: preparation and char-
acterization, Indus. Crops and Products, 21 185
(2005).

N. A. Mohamed, M. M. Fahmy; Synthesis and An-
timicrobial Activity of Some Novel Cross-Linked
Chitosan Hydrogels, Int. J. Mol. Sci., 13, 11194-
11209 (2012).

H. C. Ge, H. Chen, S. Y. Huang; J. Appl. Polym.
Sci., 125 ,2716-2723 (2012).

S. Tripathi, G. K. Mehrotra, P. K. Dutta; Physico-
chemical and bioactivity of cross-linked chitosan—
PVA film for food packaging applications, Int. J.
Biol. Macromol, 45 372 (2009).

K. Saita, S. Nagaoka, T. Shirosaki, M. Horikawa,
S. Matsuda, H. Thara; Preparation and character-
ization of dispersible chitosan particles with borate
crosslinking and their antimicrobial and antifungal
activity, Carbohydr. Res, 349 ,52-58 (2012).

M. Suguna, N. S. Kumar, A. S. Reddy, V. M. Bod-
du, A. Krishnaiah; Biosorption of lead(Il) from
aqueous solution on glutaraldehyde cross-linked
chitosan beads, Can. J. Chem. Eng., 89, 833-843
(2011).

A. J. Varmaa, S. V. Deshpande, J. F. Kennedy;
Metal complexation by chitosan and its deriva-
tives: a review, Carbohydr. Polym., 55, 77-93
(2004).

I. Aranaz, M. Mengibar, R. Harris, I. Panos, B. Mi-
ralles, N. Acosta, G. Galed,; Functional Character-
ization of Chitin and Chitosan, Curr. Chem. Biol.,
3203-230 (2009).

C. M. Mmanamon, A. M. Burhe, J. D. Holmes,
and M. A. Marris. Amine-funct. SBA-15 of tai-
lored pore size for heavy metal ads., J. of colloid
and interf. Sci. 369 330-337 (2012).

Q. Zhanga, B. Pana, W. Zhange, L. Lva, X. Wang,
J. Wua, and X. Taob, Selective removal of Pb(II),
Cd(II), and Zn(II) ions from waters by an inorgan-

18.

19.

20.

21.

22.

23.

ic exchanger Zr(HPO,S)2, J. Hazard. Mater., 170
824-828. (2009)

M. M. Jadhoo, L-J. Palinal, and N. S. Bhave,
Resin. III. Synthesis, characterization, and ion-
exchange properties of a 2,2'-dihydroxybiphenyl—
formaldehyde copolymer resin, J. Appl. Polym.
Sci., 109, 508 (2008).

Y. Bulut, Z. Tez, Adsorption studies on ground
shells of hazelnut and almond, J. Hazard. Ma-
ter.,149, 35-41 (2007).

W. J. Weber, J. C. Morris, Kinetic of adsorption
on carbon from solution, Am. Soc. Chem. Eng.,
89, 31. (1963)

K. A. Krishanan, and T. S. Anirudhan. Removal of
mercury(Il) from aqueous solutions and chloral-
kali industry effluent by steam activated and sul-
phurised activated carbons prepared from bagasse
pith: kinetics and equilibrium studies, Journal of
Hazad. Mate., 92, 161 (2002).

Z. Aksu and G. Karabbauir. Comparison of bio-
sorption properties of different kinds of fungi for
the removal of Gryfalan Black RL metal-complex
dye, Bioresource Technol, 99, 77350-7741 (2008).

L. Xionga, C. Chena, Q. Chen and J. Ni; Adsorp-
tion of Pb(II) and Cd(Il) from aqueous solutions
using titanate nanotubes prepared via hydrother-
mal method, J. Hazard. Mater., 189, 741-748
(2011).

(Received 13/ 8 /2018 ;
accepted 1/2 /2019 )

J. Text. Color. Polym. Sci. 16, No. 1 (2018)



68 MAGDY A. WASSEL et al.,

Aala Jgla cra (¥ + Al) pssia sl gl Jia ALE Galaall ) 5aY) AT ¢pa (g8al
Jirall ¢l J siadl) aladindy

*laaa Ao e — * ) gl daaa Jal — Adlad daa) a8 S ) — Jual g ae (533
5 Aulall 4y el Al 2 39 5l abaall s pomi Aipa — o 531 Anala — o slall Bl — cluall o
ae — 5l - dgandl

(ggm\ﬂ\‘ L5..4AA 3 ‘_QLA) 4aliall d.\ﬂ;.a” e (T‘ + Al) Q_ll_lﬁi M\)‘\ r:.us; B :L.u\)ﬂ\ oda e uA«J\
il Jadis A0 4 ) 31 A8 VA (e Aaliaall Jal sl il A yo a3 a8l Jaeall ()3 sl e
LS pall o5 el de jall ¢ ) eV g ¢ Aaaiaal) salall 581 58 5 Ll o s ) Adliadl)
s &5 Freundlich Astaal llad dalie Gy jadll <) <l 5l jall Ay ils ¢ ALl

oale 5 Lanb OIS 513N Ol () sl e ¢ AG 5 AS 5 AH Jie &) pall 4Kl el
.BJ\JJ

J. Text. Color. Polym. Sci. 16, No. 1 (2018)



