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ABSTRACT

The present work reports the synthesis of Amino acid functionalized hydrogel networks (AFHSs). N-acryloyl-L-
phenylalanine and N’-isopropylacrylamide and were crosslinked by N,N-methylene-bis-acrylamide using redox
polymerization technique. The diffusion parameters were calculated by swelling kinetics to understand the
diffusion mechanism. Equilibrium swelling experiments have been performed on the AFHs in metal ion
solutions. The effect  of relevant parameters, such as contact time, initial pH, and initial metal ion
concentration were investigated to determine the optimum sorption conditions. Adsorption equilibrium data
were better fitted by a Langmuir isotherm. The adsorption capacity of Eu®* on the AFHs was 0.89 mM/g.
Desorption studies were also performed in acid media and EDTA, to observe whether the gels can be utilized as
reusable tool for the metal ion removal. Metal ion sorption studies shows that AFHs can be used for removal of
Eu®" ions from aqueous solutions. Adsorption data were modeled using the pseudo-second-order. The

experimental data were fitted well the pseudo-second-order kinetics.
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1. INTRODUCTION

Increasing economic development has been
accompanied by one of the most important world
problems, environmental pollution. Indeed, metal
(radioactive or not) ions, contributed into nature by
natural or industrial resources, are of environmental
concerns due to their possible detrimental affects
associated with radioactivity and/or toxicity to the
biological systems, even they are present at trace
levels. Therefore, remediation for wastewater
becomes necessary and corresponding techniques
are needed. Besides this, for more highly specific
metal ion-recovery processes have led to increasing
interest to develop new technologies. Conventional
methods for removing heavy metals from industrial
effluents (e.g. precipitation and sludge separation,
chemical oxidation or reduction, ion exchange,
reverse osmosis, electrochemical treatment and
evaporation) are often ineffective and costly when
applied to dilute and very dilute effluents [1,2]. The
adsorption/separation procedures are introduced as
a favorable way for the remediation processes,
because of its efficacy, practicality, and economical
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feasibility, depending on the used adsorbents. The
adsorbents possessing lower cost are very abundant
in the nature [3,4]. Phosphonic acid grafted on
polystyrene resin has been investigated in liquid-
solid extraction of europium [5]. Am*" was
separated and recovered effectively from Eu®* in
nitrate aqueous solution using TPPEN-NIPA gel
[6]. The membrane-type and polymer-type
adsorbents polyaniline and poly(acrylic acid)
grafted alginate and gelatin blends prepared by free
radical copolymerization were used for extraction
of Cu®[7].

In the present work, we developed poly (N-
isopropyl acrylamide-co-acryloyl phenylalanine)
hydrogels, studied their swelling studies and
removal of Eu** in aqueous media.

2. EXPERIMENTAL

2.1. Materials

Analytical reagent grade samples of acryloyl
phenylalanine  (APA), N'-isopropylacrylamide
(NIPA), N,N-methylenebisacrylamide (MBA),
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N',N‘,N‘,N'-tetramethylethylenediamine (TEMED),
[Eu(NO,);]6H,0 and Potassium persulfate (KPS)
were purchased from Aldrich Chemicals Co. Ltd.,
USA. Chemicals were used without further
purification and double distilled (DD) water was
used throughout the experiments.
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Figure 1. Effect of pH on the swelling of AFH

in Eu®* solution

2.2. Synthesis of Poly(NIPA-co-APA) AFHs
(Amino acid Functionalized Stimuli Responsive
Hydrogel Networks)

N’-isopropylacrylamide ( NIPA) (1g), and N,N,’-
Methylene-bis-acrylamide (MBA) (10 mg/ml) were
dissolved in distilled water at room temperature
while APA acryloyl phenylalanine (APA) (180 mg)
dissolved in equi molar concentration of NaOH
solution. These two solutions were mixed , then the
initiator APS (10 mg/ml) and accelerator TEMED
(50 ul) were added to allow the copolymerization
for 24 hr at 0 °C to 5 °C temperature. The prepared
hydrogel networks wereas taken out and immersed
in distilled water for 2 days at room temperature by
changing the water every 12 hr to remove the
excess of unreacted monomers and oligomers and
were dried at 40 °C to attain the constant weight.
The AFHs were synthesized by varying ratios of
monomers and crosslinking agent.
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Figure 2. Effect of pH on adsorption of Eu** on
AFH.

2.3. Preparation of Eu®* Solutions

Eu** solution was prepared by dissolving
accurately weighed appropriate amounts of
[Eu(NOs);]6H,0 in double distilled water to obtain
solutions in the concentration range of 0.2 to 2.5
mM.
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Figure.3. Pseudo second-order kinetics plots of
adsorption kinetics of Eu®** ions on AFH.

2.4. Metal ion Sorption Studies

The experiments were carried out by placing
weighed circular pieces of gels in 20 mL of 2 mM
metal ion solution. After 40 minutes they were
removed from the solution. Initial and equilibrium
concentrations were calculated from the measured
absorbance values using UV spectrophotometer
(Shimadzu, JAPAN). The equilibrium adsorption
amount, Q. (mM/g-dry gel) was determined using
equation (1).

14

Qe = (Co - Ce)ﬁ (1)
Where, C, is the initial concentration of the metal
ion solution (mM L™), V is the volume of the
solution used for the adsorption (L), M is the mass
of the dry membrane (g) and C, is the concentration
of the ions remaining in solution (8).
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Figure.4. Effect of concentration on adsorption

of Eu®" at pH 6 on AFH

o

3. RESULTS AND DISCUSSION

3.1. Characterization and Swelling Studies
Characterization and swelling Studies were
followed as in our previous paper (9)

3.2. Effect of pH on Swelling

The swelling behaviour of poly(NIPA-co-APA)
AFHs was observed as pH dependent due to the
ionization/deionization of the ionisable functional
groups, such as -NH, or -COO (Figure .1). At
lower pH values, these groups do not ionize and
keep the network at its collapse state. At higher pH
values, these groups ionize and their charges repel
each other, resulting in the swelling of the AFHSs.
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3.3. Effect of pH on Metal ion Adsorption

The ionisable functional groups, such as -COOH, -
NH- or —-C=0 on the surface of gel may gain or
lose a proton, resulting in a surface charge that
varies with pH (Figure.2). At low pH, surface sites
are protonated and the surface becomes positively
charged, while at high pH the ionisable groups lose
their protons and the surface becomes negatively
charged. The pH value in agueous solution is a very
critical parameter affecting both the removal
capacity and the removal mechanism of Eu®" ions
by hydrogels. As pH value increases (pH 2-6) its
removal capacity of Eu®" by uptake also increases.
The ability of a material to capture metals is
controlled in part by the number of available
functional groups used for binding metals. As the
crosslinked gels contain accessible binding groups
(-COQ", C=0, -NH-), hence the uptake capacity

increases for metal ions.
16

12 A

1/Qe
[ee)

0

0 é 1'0 1'5 20
1/Ce
Fig. 5. Langmuir isotherm for adsorption of Eu**

on AFH.

3.4. Effect of Contact Time and Adsorption
Kinetics
The adsorption of Eu®" over one gram of solid
support was rapid initially and became slower with
lapse of time. At the initial stage the process of
adsorption was fast due to the availability of
abundant free sites near the surface where there is
less hindrance for the approaching metal ions. With
respect to contact time the gel reached saturation
after 40 minutes.The data were used to study the
kinetics of adsorption of Eu** ion on AFHs. Many
kinetic models were developed and studied by
several researchers to find out kinetic adsorption
constants [9, 10]. Kinetics data were modeled using
pseudo-second- order model, which assumes that
the rate is proportional to the square of the number
of remaining free surface sites.
The linearised form of pseudo-second order
equation [11] may be expressed as

t 1 1 @)

— =+t
Qt kZQe Qe

where k, (g/mg/min) is the rate constant of the
second-order kinetic equation, Q; (mg/g) is the
amount adsorbed at time t (min) and Q. is the
amount adsorbed at equilibrium  (mg/g).

Fig.3shows the application of pseudo-second-order
model for the experimental data. Obviously, the
adsorption process could be well described by the
pseudo-second order equation, indicating the
process mechanism to be chemical adsorption[12].

3.5. Effect of Initial Metal ion Concentration and
Adsorption Isotherm

It is clear from the figure 4 that adsorption amount
of metal ions increased with increasing initial ion
concentration then reached a plateau value at higher
concentration due to the saturation of the chelating
sites of the membrane. The adsorption is measured
at pH 6. The maximum adsorption capacity of the
AFHs was found to be 0.89 mM/g for Eu**. The
high adsorption efficiency was attributed to the
hydrophilic nature of AFH due to the presence of
carbonyl (-C=0), amine (-NH-) and carboxyl (-
COO") groups, which had an adequate affinity to
the metal ions.

The equilibrium data were better fitted to Langmuir
adsorption isotherm model (Figure .5). The most
widely used isotherm equation for modeling
equilibrium is the Langmuir equation. In this study,
we attempted to analyze adsorption at different

concentrations (0.1-3.0Mm) by this model.
1 1 1

P @
where Q. is the amount of metal adsorbed per unit
weight of the sorbent (mg/g) and Q° and b are
Langmuir constants indicating the adsorption
capacity and energy of adsorption, respectively.
The linear plot of 1/C, versus 1/Q, with high
correlation coefficient (r?) values, indicated the
monolayer adsorption on AFH. The value of Q° for
Eu** is 0.89mM g™.

3.6. Desorption Studies and Reusability
Desorption of Eu** from gels was studied with HCI
and EDTA as regenerants. When 0.01M HCI or
EDTA were used desorption was only 60% and
72% respectively of adsorbed ions on gels in to the
solutions. As the concentration of the regenerent is
increased to 0.1M the desorption of ions increses to
80% and 94% for HCI and EDTA respectively.The
cycle of extraction-recovery-regeneration was
repeated five times .The uptake performance of
regenerated sorbent was found to be close to the
freshly prepared sorbents which indicate that the
sorbents can be regenerated and reused respectively
atleast for five times.

4. CONCLUSION

As the hydrogels contained ionizable functional
groups, as their swelling behavior was essentially
dependent on pH, leading to a typical pH-sensitive
swelling behavior of hydrogels, AFHs were able to
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successfully separate Eu** metal ions from aqueous
solutions. The adsorption equilibrium data were
fitted to the Langmuir isotherm. The maxium
monolayer adsorption capacity of AFH was
0.89mM/g for Eu®". It may be proposed that these
gels are potential sorbents for the removal of Eu*
metal ions from waste water.
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