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Introduction

N THIS study Acrylic acid/ Carboxymethylcellulose/Titanium dioxide (AAc/CMC-TiO,)

hydrogel nanocomposite was synthesized by free-radical crosslinking copolymerization via
gamma irradiation. It was characterized using FT-IR and swelling properties. The swelling
percentage increases with increasing time until reaches a certain limiting value after 6h. The
synthesized nanocomposite was used as an adsorbent for remediation of Cd(Il), Zn(II) and
Pb(II) from aqueous solutions by the static adsorption technique. It was found that the optimum
pH for the adsorption is 5 and the sorption process is carried out at fast operating time, 30-40
min, for all investigated metal ions. It was also found that the metal ions sorption capacity
decreases with increasing the dosage of AAc/CMC-TiO, from 5 to 150 mg. A progressive
increase in the metal ions sorption capacity was obtained with increasing the initial metal ion
concentration from 0.01 to 0.05 mol L' and the saturation of the sorbent active sites was done at
initial metal ions concentration at 0.1 mol L. No significant interference on the removal of Pb
(IT) in the presence of NaCl, Na-acetate, KCI, KNO, and NH,Cl ions while a slight decrease in
removal of Cd (Il)and Zn(II) was done. The pseudo-second order kinetic model and Freundlich
adsorption model describe well the kinetic and isotherm, respectively, of the adsorption process
of the investigated ions.

Keywords: Adsorption, Carboxymethyl cellulose, Gamma irradiation, Nanocomposite, Water
treatment.

Factors affecting heavy metals adsorption by

Hydrogels

three dimensional, porous,

hydrogels are the structure, the type of pollutant,
initial concentration of pollutants in the feed

hydrophilic, physical and chemical crosslinking
networks that swell thousands time of their
dry weight in the vicinity of water [1]. These
materials can respond to specific changes in their
environment such as temperature, pH, magnetic
field, and the electric field which determines
their application in the fields of medicine,
tissue  engineering[2], wound  dressing[3],
biosensors[4], pharmaceutical[5], agriculture
[6]and adsorption[7]. Hydrogels have found a
special place in the field of wastewater treatments.

solution, treatment time, temperature and pH of
pollutant solution [8]. Common functional groups
that are used in synthesizing hydrogels include
carboxylic acid, amide, amine, hydroxyl and
sulfonic acid. Carboxymethylcellulose (CMC)
is a biodegradable and biocompatible linear
anionic polymer, the H atom of the hydroxyl
cellulose group is replaced by carboxymethyl
group -CH,-COOH [9]. Presence of monomers
carrying -COOH groups play an important role
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in the adsorption and swelling properties of
hydrogels such as acrylic acid monomer. The
presence -COOH groups have the ability to form
a complex with metal cations [10]. In addition, the
hydrogen bond between the polymer chains and
water molecules are established because of the
presence of -OH group. Due to the weak acidity
of the carboxylic group, the behaviour of acrylic
based hydrogels is sensitive to pH[11-13].

Nanosized metal oxides (NMOs) have been
recognized by a number of physicochemical
properties as high reactivity for separation,
extraction and removal for organic and inorganic
pollutants for the sake of water treatment|14].
NMOs, include nanosized aluminum, silicon,
manganese, magnesium, ferric, cerium and
titanium oxides. These nanomaterials have high
surface area and excellent sorption capacity
so they are used for removal of heavy metal
ions[15]. Chitosan-coated-TiO2 was applied to
remove lead from aqueous solution[16]. Also,
the nano-TiO,-glu-CMC nanocomposite was
synthesized via glutaraldehyde crosslinking of
Nano-TiO2 with carboxymethyl cellulose (CMC).
The nanocomposite was used for removal Cd(Il),
Hg(II) and Pb(II) ions from solutions[17].

Super absorbing poly(acrylic  acid-co-
acrylamide) hydrogels were synthesized by
redox initiator and used for removal of Cu(Il)
ions from aqueous solutions[18]. Carboxylate
grafted cellulose densified with TiO2 was
developed for extraction of uranium (VI) from
aqueous  solutions[19].Chitosan-g-poly(acrylic
acid) hydrogels were prepared from an aqueous
dispersion polymerization method and used for
removal of Ni(II)[20]. Environment-friendly
carboxymethyl cellulose (CMC) hydrogel beads
were successfully prepared using epichlorohydrin
(ECH) as a crosslinking agent in the suspension of
fluid wax And used for adsorption of Cu(II), Ni(II),
and Pb(II)[21]. A series of functional copolymer
hydrogels composed of carboxymethyl cellulose
(CMC) and 2-acrylamido-2-methyl propane
sulfonic acid (AMPS) were synthesized using
gamma radiations-induced copolymerization
and crosslinking to recover metal ions such as:
Mn(II), Co(Il), Cu(Il), and Fe(Ill) from their
solutions[22].

The present investigation aims to use

AAc/CMC-TiO, hydrogel nanocomposite for
remediation of heavy metal ions from aqueous
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solutions. For this purpose, AAc/CMC-TiO,
hydrogel nanocomposite was synthesized by
free-radical crosslinking copolymerization of
acrylic acid monomer with CMC polymer and
TiO2 via radiation-induced copolymerization
using ®*Co gamma rays. The synthesized hydrogel
nanocomposite was characterized using FT-
IR and swelling properties. It was used as an
adsorbent  for remediation of Cd(II), Zn(II)
and Pb(II) from aqueous solutions by the static
adsorption technique in presence of different
operational parameters such as pH, contact time,
sorbent dosage, initial metal ion concentration
and competing ions.

Experimental

Material and chemicals

Carboxy methyl cellulose sodium salt (CMC)
was purchased from Qualikems, India. Acrylic
acid was purchased from Alpha Chemika, India.
Titanium dioxide Degussa P25 was supplied
by Sigma-Aldrich Corp., Egypt. ammonium
hydroxide was purchased from Scharlau, Spain.
Cadmium sulfate octahydrate was purchased
from Labo Chemie, India. Zinc Chloride was
purchased from Scharlau, Spain. Hydrochloric
acid was purchased from Sigma—Aldrich. Sodium
acetate, ammonium chloride, lead acetate tri-
hydrate and sulfuric acid were purchased from
Sigma—Aldrich. Acidic solutions (pH 1.0, 2.0 and
3.0) were directly prepared from 1.0 mol L—1HCI
acid, while buffer solutions (pH 4.0, 5.0, 6.0
and7.0) were prepared by mixing the appropriate
volume of 1.0 mol L—1HCI solution and 1.0 mol
L—1NaAC. The total volumes of these solutions
were made up to 500 mL and the final pH value
was adjusted by a calibrated pH-meter. All
chemicals are of analytical grades and were used
without further purification.

Preparation  of CMC  based  hydrogel
nanocomposite

AAc/CMC-TiO, hydrogel nanocomposite
was prepared by free-radical crosslinking
copolymerization of 20% acrylic acid monomer
with 1% CMC polymer and 1%TiO, by radiation-
induced copolymerization of mixture using . Co
gamma rays at radiation dose 20 kGy using the
facility of the National Center for Radiation
Research and Technology, Cairo, Egypt. The
obtained hydrogel nanocomposite was washed in
excess water and soaked in distilled water for 24h
at 60°C to remove the unreacted component, then
air dried.
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Swelling studies

The clean, dried, weighed sample was soaked
in bi-distilled water at room temperature for
different time intervals. The sample was taken and
the excess water on the surface was removed by
blotting quickly with a filter paper and reweighed.
The swelling percent was calculated as follows:

Swelling (%) = “22¢ X100 (1)
d

Where W, and W_ are the masses of dry and
swelled sample, respectively.

Fourier transform infrared spectrophotometer
(FTIR)

FTIR spectra were recorded on BRUKER
Tensor 37  Fourier transform  infrared
spectrophotometer, in the range from 400—
4000cm ™! using KBr pellets.

Adsorption by batch equilibrium technique

The batch equilibrium technique was used
to study the influence of various experimental
controlling factors in the processes of metal
extraction by AAc/CMC-TiO2 sorbent. These
include the effect of pH, contact time, sorbent
dosage, initial metal ion concentration and
interfering ions. Each experiment was repeated
three times according to the following procedures.

The effect of pH on the sorption of selected metal
ions

50 £ 1.0 mg of AAc/CMC-TiO, sorbent was
placed in a 15.0 mL volumetric tube and 1.0 mL of
0.1 mol L™ metal ions, Cd(Il), Zn(II) and Pb(II),
was added. After that 9.0 mL of the selected
acidic or buffer solution was added to the reaction
mixture and shaken at room temperature for 45.0
min. Then the mixture was filtered and the filtrate
was titrated against 0.01 mol L'EDTA by using
the appropriate buffer solution and indicator. The
sorption capacity value was calculated from Eq.

@).
=2y

where q (mmol g') represents the sorption metal
ions capacity which is the amount of metal
ion(mmol) adsorbed per gram of dry sorbent, C;
represents the initial concentration of metal ion,
C (mol L") represents the residual concentration
of metal ion, V(L) is the aqueous volume of the
sorption reaction, m(g) is the mass of sorbent.

The effect of contact time on the sorption of the
selected metal ions
50 £+ 1.0 mg of AAc/CMC-TiO, sorbent was

placed in a 15.0 mL volumetric tube and 1.0 mL of
0.1 mol L™ metal ions, Cd(II), Zn(II) and Pb(II),
was added. After that 9.0 mL of the selected
acidic or buffer solution was added to the reaction
mixture and shaken at room temperature for the
selected time (1.0- 60.0 min). Then the mixture
was filtered and the filtrate was titrated against
0.01 mol L"EDTA by using the appropriate buffer
solution and indicator. The sorption capacity value
was calculated from Eq. (2).

The effect of AAc/CMC-TiO, dose on the sorption
of the selected metal ions

The effect of dose of sorbent on the metal
ions capacity was also studied by using various
masses from 5.0mg to 150.0 mg of AAc/CMC-
TiO, sorbent was added into a solution mixture of
1.0 mL of 0.1 mol L' of Cd(II), Pb(II) or Zn(II)
and 9 mL of optimum pH solution and shaken at
room temperature for the optimum contact time.
Then the mixture was filtered and the filtrate was
titrated against 0.01 mol L' EDTA by using the
appropriate buffer solution and indicator. The
sorption capacity value was calculated from Eq.

Q).

Effect of initial metal ion concentration on the
sorption of the selected metal ions

The effect of initial metal ion concentration
was studied by the batch equilibrium technique
using various concentrations of metal ions
(0.01, 0.05, 0.1, 0.15 and 0.20 mol L") under the
optimum conditions. The loaded sorbent-metal
ion material was filtered and the collected filtrate
was titrated with 0.01 mol L' EDTA using the
appropriate buffer solution and indicator. The
sorption capacity value was calculated using Eq.

Q).

Effect of interfering ions on the sorption of the
selected metal ions

The effect of interfering ions on the sorption
processes of Cd(Il), Zn(Il) and Pb(II) by AAc/
CMC-TiO, sorbent was examined by the batch
equilibrium technique. 1ml of 0.1 mol L' each
interfering species (NaCl, Na-acetate, KCI, KNO,
and NH,Cl) was added to 1.0 mL of 0.1 mol L
of the selected metal ion under the optimum
conditions. The mixture was filtered and filtrate
was titrated against 0.01 mol L' of EDTA using
the appropriate buffer and indicator and the
removal percent was calculated in presence and
absence of interfering ions.

Egypt. J. Chem. 62, No. 10 (2019)
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Result and Discussion

AAc/CMC-TiO, hydrogel nanocomposite is
formed by the copolymerization and crosslinking
of AAc and TiO, nanoparticles onto the CMC
backbone using gamma radiation with a gelation
percent of 95%. The hydrogel nanocomposite was
swelled in distilled water at room temperature
and the percentage of swelling was calculated at
different time intervals as shown in Fig. 1. It can
be seen that the swelling percentage of AAc/CMC-
TiO, increases with increasing time until reaches
a certain limiting value after 6h. The swelling rate
increases up to the equilibrium which depends on
the hydrophilicity of the polymer chains. When
water comes to contact with the nanocomposite,
water penetrates chains. The process is self-
accelerating and the swollen matrix is formed.

The FT-IR spectra of CMC and AAc/CMC-
TiO, hydrogel nanocomposite in the frequency
range of 4000-400cm'are shown in Fig. 2. The
FTIR spectrum of CMC (Fig. 1a) is characterized
by the presence of a characteristic absorption
peak at 3411 cm™ related to OH groups. The
presence of two strong peaks at 1618 cm™ and
1426ecm™ correspond to the asymmetrical and
symmetrical stretching vibration of —-COO-
groups, respectively [23]. CMC has also peaks
at 1148 cm™, 1023 cm™ and 2914cm’ are
attributed to the anti-symmetric bridge C-O-C
stretching vibration, C-O stretching vibration
and C-H stretching vibration, respectively [24].
On the other hand, the FTIR spectrum of AAc/
CMC-TiO, hydrogel nanocomposite (Fig. 1b)
exhibits similar absorption peaks of CMC with
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Fig. 1. Effect time on the swelling (%) AAc/CMC-TiO, hydrogel nanocomposite.
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Fig. 2. FTIR spectra of CMC (a) and AA¢/CMC-TiO, hydrogel nanocomposite (b).
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some distinguishable differences as there are
some peaks disappeared, others there intensity
decreased and several new peaks appeared. The
new peak appears at 1719 cm™ corresponds to the
C=0 groups of carboxylic acid moieties of AAc
and two peaks at 804 cm ' and 519cm ! attributed
to Ti~O-Ti vibrations of TiO,nanoparticles[17,
25, 26].
Adsorption properties

Effect of pH

The effect of pH on the adsorption is known
to play a major important factor in such process
because of the adsorption of most metal ions
strongly affected by the surface loaded functional
groups. The effect of pH on the adsorption of
Cd(II), Zn(I) and Pb(Il) by AAc/CMC-TiO,
sorbent was investigated and are represented
in Fig. 3. It was found that the increase of pH
value of the metal ions solution, the sorption
capacity value also increases for all investigated
ions up to pH 5 above this value a decrease
in adsorption was observed. In case of Cd(Il),
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the lowest detected sorption capacity value is
identified as 0.0488 mmol g' at pH 1.0 and the
highest detected value is obtained at pH 5.0 as
1.1183 mmol g'. The same behaviour were also
recognized for Zn(Il) and Pb(II) ions where the
identified highest sorption capacity values are
found at pH 5.0 as 0.9512 and 1.6628 mmolg',
respectively, while the lowest detected sorption
capacity values were found at pH 1.0 as 0.1087
and 0.2520 mmolg™, respectively. This behaviour
may be interpreted on the fact that in high acidic
solutions, such as pH 1.0 and 3.0, the number of
protons from aqueous solution is higher than the
existing metal ions and thus most hydroxyl and
carboxylic functional groups on the surface of
AAc/CMC-TiO, sorbent are protonated. So that,
the metal ions cannot interact with AAc/CMC-
TiO, functional groups [17]. As the pH value
of solution increases, the dissociation degree of
functional groups also increases and the metal
ions able to directly interacts with the available
functional groups[27]. However, at pH values

pH

Zn(ll) —e—Pb(ll)

Fig. 3. Effect of pH on the metal ions capacity of Cd(Il), Zn(Il), and Pb(Il) by AA¢/CMC-TiO, hydrogel

nanocomposite

higher than 5, the low sorption capacity values
are obtained which are attributed to on one hand
the precipitation of ions as hydroxides. On the
other hand the interference caused by interaction
between active sites and other interfering ions,
which occupy active binding sites leading to
inhibition of sorption process of the studied
metals [17].

Effect of contact time

The effect of contact time on the metal ions
sorption by AAc/CMC-TiO, was also studied at
different time intervals (Fig. 4). It is concluded
from this study that there is a gradual increase in

the sorption capacity values with the increase in
the reaction contact time for all examined metal
ions, Cd(Il), Zn(Il) and Pb(II) till reach to the
saturation condition by adsorption on the surface
of AAc/CMC-TiO, sorbent after 60.0 min. The
sorption process of Cd(Il), Zn(Il) and Pb(II) by
AAc/CMC-TiO, were found to proceed via two
successive steps. The first step includes a rapid
increase in the sorption capacities of Pb(II) at
1-40min and 1-30min for Cd(II) and Zn(II) onto
AAc/CMC-TiO, sorbent due to the abundant
availability of active sites on sorbent surface
with gradual occupancy of these sites[28]. The
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Fig. 4. Effect of contact time on the metal ions capacity of Cd(II), Zn(II), and Pb(II) by AAc/CMC-TiO, hydrogel

nanocomposite.

second step, at which the equilibrium is reached,
is mainly based on the complete saturation of the
AAc/CMC-TiO2 sorbent surface. It is clear from
the study that sorption process of Cd(Il), Zn(II)
and Pb(II) is carried out at fast operating time
30-40 minutes. The identified optimum sorption
capacity values were found as 0.8244,0.8026
and1.4932 mmol g for Cd(Il), Zn(II) and Pb(II),
respectively.
Effect of sorbent dose

The AAc/CMC-TiO, sorbent dosage was
studied via optimum pH and contact time
conditions for Cd(Il), Zn(ll) and Pb(Il) with
different masses of AAc/CMC-TiO, sorbent to
evaluate its influence on the metal adsorption
capacity values. Figure 5 illustrates the effect
of AAc/CMC-TiO2 dosage on the adsorption

processes. It is concluded from the results that the
metal ions sorption capacity values decrease with
increasing the mass of AAc/CMC-TiO, from 5 to
150 mg. The obtained highest metal capacities for
Cd(II), Zn(II) and Pb(II) at Smg AAc/CMC-TiO,
sorbent were exhibited to be 3.2719, 2.5946 and
3.7300 mmol g',while the lowest metal capacities
for Cd(II), Zn(1I) and Pb(1I) at 150 mg AAc/CMC-
TiO, sorbent were exhibited to be 0.3769,0.3580
and 0.5104 mmol g, respectively. This behaviour
in low sorbent dosage was mainly attributed to
the greater availability of metal ions compared to
the active surface functional groups on the AAc/
CMC-TiO, sorbent. On the other hand, the low
metal ions adsorption capacity values at high mass
were mainly due to the low number of available
metal ions in aqueous solution compared with
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Fig. 5. Effect of sorbent dose on the metal ions capacity of Cd(II), Zn(II), and Pb(II) by AAc/CMC-TiO, hydrogel

nanocomposite.
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the availability of the functional groups on the
adsorbent [29].

Effect of metal ion concentration

The effect of initial Cd(II), Zn(II) and Pb(II)
concentrations on the adsorption process were in-
vestigated as shown in Fig. 6. The sorption capac-
ity values of Cd(II), Zn(II) and Pb(IT) were found
to progressively increase upon increasing the ini-
tial metal ion concentration from 0.01 to 0.05 mol
L' due to the presence of high number of metal
ions and accessible adsorption sites in contact so-
lution followed by an insignificant increase in the
sorption capacities from 0.05 to 0.1 mol L' which
may be due to saturation of the sorbent active sites

at initial metal ions concentration at 0.1 mol L.
The maximum metal ions capacity values were
found to be 1.3578, 1.3102 and 1.8569 mmol g
Cd(1I), Zn(I1) and Pb(II), respectively, in presence
0f 0.10 mol L' of initial metal ions concentration.
At higher concentrations there is a high available
number of ions compared to the limited number of
surface functional groups on the sorbent [27, 30].
Effect of interfering ions

The removal percent of Cd (1), Zn (II) and Pb
(II) by AAc/CMC-TiO, sorbent were investigated
in presence of other interfering ions, such as NaCl,
Na-acetate, KCI, KNO, and NH,Cl by using
equimolar concentration of each metal ion. The
results of this study are presented in Fig. 7 which

metal ions capacity in mmol/,

———%

0 0.05 0.1
initial metal ions concentration (mol/l)

—e—Cd(l) —e—12n(l) —e—Pb(ll)

0.15 0.2 0.25

Fig. 6. Effect of initial metal ions concentration on the metal ions capacity of Cd(Il), Zn(I1I), and Pb(II) by AAc/

CMC-TiO, hydrogel nanocomposite.
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Fig. 7. Effect of the presence of other interfering ions on the removal percent of Cd(1I), Zn(II), and Pb(II) by AAc/

CMC-TiO, hydrogel nanocomposite.
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indicate a good evaluation of removal percent
in presence and absence of interfering ions. The
presence of NaCl, Na-acetate, KCI, KNO, and
NH,Cl ions were found to show non-significant
interference on the removal of Pb (II) compared to
removal in absence of interfering ions, while the
presence of interfering ions slightly decrease the
removal of Cd (II)and Zn(II).

Kinetic studies

place for a given system is probably the most
important factor in adsorption system design[31,
32]. Several kinetic models including: pseudo-
first order, pseudo-second order, and intraparticle
diffusion are used to examine the experimental
data such as the examination of the controlling
mechanisms of the adsorption process [33, 34].
The Pseudo-first order equation is generally
expressed as follows [35, 36]

.. . . K
The predicting rate at which the sorption takes log(g, — q,) = logg, ——=t 3
2.303
a
25
ES
15 o=
- 1 \ —=—Cd
g os Zn
® IERS
=2 o l\ Pb
10 2o 30 40 s 60 7o
-0.5
-1
-1.5
Time (min)
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Fig. 8. Pseudo first order (a), Pseudo second order (b) and the intraparticle diffusion (c) kinetic plots for adsorption
of Cd(II), Zn(1I), and Pb(II) by AA¢/CMC-TiO, hydrogel nanocomposite.
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The straight-line plot of log (qe — qt) versus t for
the adsorption of Cd(Il), Zn(Il) and Pb(II) metal
ions onto the nanosorbent has been tested to
obtain the rate parameters as shown in Fig. 8 (a)
and Table 1.

Data were applied to the pseudo-second
order kinetic rate equation which is expressed as

follows[34, 37]:
t 1 t

3 N ki q;

e

(4)

where, k, is the equilibrium rate constant of
pseudo-second order kinetic model (g/mg min).
To understand the applicability of the model,
linear plots of t/qt versus t onto the studied
nanosorbent were down as shown in Fig. 8 (b)
k., qe and R*were calculated from these plots and
given in Table 1. The data in Table 1 show that
the applicability of the pseudo-first order kinetic
model and pseudo-second order kinetic model
in describing the adsorption process of Cd(Il),
Zn(II) and Pb(II) metal ions onto the studied
nanosorbent. However, the calculated correlation
coefficients (R2> 0.999) for pseudo-second order
kinetic model is higher than pseudo-second order
kinetic model. This reflects the applicability of
this model in describing the adsorption process
of Cd(Il), Zn(II) and Pb(II) metal ions onto
nanosorbent. This indicates that the initial metal
ion concentration has an important role in the
adsorption capacity of the studied nanosorbent.

The possibility of intraparticle diffusion
resistance affecting the adsorption was explored
by using the intraparticle diffusion model as
follows[38]:

1
@=Kt'z+C (9
where, K, is the intraparticle diffusion rate
constant. Plotting the adsorption capacity (qt)
versus square root of adsorption time in minutes

(t'%) gave characteristic curves with three periods,
as shown in Fig. 8(c). These periods are attributed
to the adsorption stages of the exterior surface,
interior surface, and equilibrium, respectively. The
intraparticle diffusion model commonly divides
the adsorption process into three stages[38]: the
rapid surface adsorption stage, the gradual inward
diffusion stage and the final equilibrium stage. In
the first stage, adsorption takes place on exterior
surface of adsorbent until the exterior surface is
saturated by metal ions. The second stage takes
place by entering the adsorbed metal ions into
pores of adsorbents within the particle. When
the metal ions diffused into adsorbent pores, the
diffusion resistance increased due to crowding,
and consequently the diffusion rate decrease. The
third stage is the equilibrium between the metal
ions in the solution and the adsorbed ions. This
stage is very slow due to the decrease of metal
ions concentration in the solution.

Adsorption isotherm studies

Several adsorption isotherms can be used to
correlate the adsorption equilibria in heavy metals
adsorption on several adsorbents. The well-
known isotherms are: Langmuir and Freundlich
models [39]. Langmuir isotherm assumes two
main points in the adsorption process. First, the
adsorption happens at specific homogeneous
adsorption sites in the adsorbent. Second, the
monolayer adsorption and maximum adsorption
occurs when adsorbed molecules form a saturated
layer on the surface of adsorbent. All adsorption
sites involved are energetically identical and the
intermolecular force decreases as the distance
from the adsorption surface increases [40]. The
Langmuir adsorption model can be represented
by the following linearized form [40]:
()

Ce 1

Qe

Ce

GmaxKl  Gmax

Where C_is the equilibrium concentration (mg/L),
qeis the adsorbed metal ion (mg/g),q _isqe fora

max

TABLE 1. Pseudo first order, Pseudo second order and the intraparticle diffusion kinetic parameters for adsorption
of Cd(II), Zn(II), and Pb(II) by AAc/CMC-TiO, hydrogel nanocomposite.

Metal 1st order 2nd order intra particle diffusion
jons e . K R q, K R®  KK) 1O R’
Cddn 95.96 4798  0.0854 0.9971  97.09  0.0109 0.9999  6.76 47.23 0.9762
Zn(1I) 51.11 28.57  0.1177 09786  51.81  0.0227  1.0000  3.65 25.04 0.9698
Pb(I) 31491 168.66 0.1018 0.9518 322.58 0.0036 0.9999 21.10 163.19 0.9760
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complete monolayer (mg/g), K, is constant related
to the affinity of binding sites and is a measure of
the energy of adsorption (L mg—1).

The Freundlich isotherm is an empirical
equation assuming that the adsorption process
takes place on heterogeneous surfaces and
adsorption capacity is related to the concentration
of adsorbed metal ions at equilibrium. Freundlich
isotherm model is represented by the following

Ing, =~InC, +Ink; (7

where kf and n are constants related to the
adsorption capacity and intensity, respectively.

In this study, Langmuir and Freundlich models
were used to determine the adsorption equilibrium
between the nano-sorbent and Cd(II), Zn(IT) and
Pb(II) metal ions as shown in Fig. 9. The isotherm
constants for the two models were obtained by
linear regression method and were listed in Table
2. In case of the two applied models, in Freundlich
adsorption model, high correlation of the
experimental and model data was obtained where
the values of R2were 0.9842, 0.9981and0.9906 for
Cd(I), Zn(IT) and Pb(II) metal ions, respectively.
This means that Freundlich equilibrium isotherm
well describes the metal adsorption process
by the studied nanosorbent. Freundlich model
provides two parameters: kf which is related to
the adsorption capacity and adsorption intensity
of the different metal ions on nanosorbent, and n
represents the strength of metal ions adsorption on
the nanosorbent.

Conclusion

Acrylic  acid/  Carboxymethylcellulose/
Titanium dioxide (AAc/CMC-TiO,) hydrogel

nanocomposite was synthesized by free-radical
crosslinking copolymerization via gamma
radiation technique. The function group was
confirmed by FT-IR analysis. The swelling
properties was investigated and it was found
that the swelling percentage increases with
increasing time until reaches a certain limiting
value after 6h The synthesized nanocomposite
was used as an adsorbent for remediation
of Cd(Il), Zn(II) and Pb(II) from aqueous
solutions by the static adsorption technique. It
was found that the sorption capacity increases
with increasing pH for all investigated ions
up to pH 5 above this value a decrease in
adsorption was observed the precipitation of
ions as hydroxides and the interaction between
active sites and other interfering ions. The
sorption process is carried out at fast operating
time where the swelling equilibrium is obtained
after 30 min for Cd(II) and Zn(II) and 40 min
for Pb(Il) ions. A progressive increase in the
metal ions sorption capacity was obtained with
increasing the initial metal ion concentration
from 0.01 to 0.05 mol L' and the saturation
of the sorbent active sites was done at initial
metal ions concentration at 0.1 mol L. The
metal ions sorption capacity decreases with
increasing the dosage of AAc/CMC-TiO, from
5to 150 mg. No significant interference on the
removal of Pb (II) in the presence of NaCl, Na-
acetate, KCI, KNO, and NH,CI ions while a
slight decrease in removal of Cd (II)and Zn(II)
was done. The Freundlich equilibrium isotherm
describes well the metal ions adsorption
process. The kinetic of adsorption follows the
pseudo-second order kinetic model higher than
the pseudo-first order kinetic model.

TABLE 2. Langmuir and Freundlich isotherm constants for adsorption of Cd(II), Zn(II), and Pb(II) by AAc/

CMC-TiO, hydrogel nanocomposite.

Langmuir model

Freundlich model

Metal ions
R K, . R n K
Cddrn 0.0134 189.568 1666 0.9842 0.5577 0.00063
Zn(1I) 0.0004 471.698 5000 0.9981 0.54283 0.00062
Pb(1I) 0.8909 2558.461 5000 0.9906 0.73508 0.03346
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