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ABSTRACT: Synthesis, characterization, and amidoxima-
tion of diaminomaleodinitrile-functionalized polyethylene
terephthalate (PET) grafts were studied. Azobisisobutyro-
nitrile (AIBN) was used as an initiator. Optimum condi-
tions for grafting were as follows: monomer concentration
[DAMN] ¼ 0.5M, [AIBN] ¼ 1.50 � 10�3 mol/L, T ¼ 80�C
and t ¼ 3 h. Water uptake of the grafted-PET film
increased with the increase of grafting yield. The imparted
cyano group of the grafted polymer chains (with degree of
grafting up to 83%) was converted into amidoxime group
by reaction with hydroxylamine. The unique advantage of
this polymer is that it contains double amidoxime groups
per repeating unit and an additional diethylene spacer
unit between neighboring amidoxime groups in each
monomeric unit. The grafted-PET films were character-
ized by FTIR spectroscopy, differential scanning calo-
rimetry (DSC), and thermal gravimetric analysis (TGA).
The grafted-PET films are more thermally stable than
the ungrafted-PET membrane, since the grafted mem-

brane showed a single degradation pattern despite hav-
ing two components. A decrease in Tg values is
observed as the grafting yield of copolymers increases
indicating the incorporation of polydiaminomaleodini-
trile chains in amorphous copolymers with higher ther-
mal stability. The prepared amidoximated DAMN83-g-
PET was investigated for its properties in removing
heavy toxic metals, such as Pb2þ, Cd2þ, Zn2þ, Fe2þ,
Cu2þ, Ni2þ, Co2þ, and Ag1þ from waste water. The
amidoximated-film is characterized by a considerably
greater binding ability with respect to heavy metals. The
nature of the metal ion also has great importance in the
amount binding to the polymeric material. The kinetics
of the sorption/desorption process for Co2þ, Ni2þ, and
Zn2þ are investigated. VC 2012 Wiley Periodicals, Inc. J Appl
Polym Sci 125: 1136–1145, 2012
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INTRODUCTION

Heavy metal ions resultants of the chemical process
industries are pollutants that have received great
attention of the governmental organizations since
they can be absorbed by plants and animals and
then concentrated in the foods. Many different natu-
ral and synthetic materials with chelating properties
have been developed for use in chemical processes
industries plants for preventing operational prob-
lems or contamination of the environment. Grafting
of various monomers on plastic films can success-
fully solve the problem of preparation of polyfunc-
tional sorbents and membranes.1–3 The obtained
materials are convenient for waste water treatment
applications, since they are able to absorb various

impurities very fast due to their chelation and/or
complexation abilities through their reactive groups,
such as carboxylic acid, amine, amide, nitrile, oxime
groups, etc. In addition, these materials can be
reused without lose of their sorption characteristics.
Graft copolymerization is an attractive approach for
modifying base polymers because grafting frequently
results in the superposition of properties relating to
backbone and side chains. Copolymerization of 2-
phenyl-1,1-dicyanoethylene (PDE) with 4-fluorostyr-
ene and pentafluorostyrene in solution with radical
initiation (ABCN) at 70�C yielded random copoly-
mers with PDE alternating units.4 Graft copolymer-
ization of hydroxyethylmethacrylate (HEMA) onto
polyethylene terphthalate fibers and fabric using
dibenzoylperoxide as initiator and the conditions
affecting on grafting yield were investigated.5

Preparation of polyethylene (PE) films grafted
with the vinyl ether of monoethanolamine (VEMEA)
using a c-irradiation technique afforded materials of
high affinity in respect to Cu (II) ions. The capacities
of Ni (II) adsorption using vinyl-2-pyrrolidone
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grafted chitin from aqueous solution have been
measured. The graft coploymer VP-g-Ch shows an
excellent ability for Ni (II) adsorption.6 Metal com-
plexes were synthesized on the basis of the copoly-
mers of radiation grafted poly-4-vinylpyridine onto
polyethene and polytetrafluoroethene. The formation
of the complexes was carried out in solutions of
the following salts: FeCl3�6H2O, CoCl2�6H2O,
VOSO4�5H2O, Na2MoO4�2H2O, and Na2WO4�2H2O.
The introduction of metal ions depended on the
degree of grafting of 4-vinylpyridine and it was
found to be from 0.03 to 14.96 and from 0.11 to 34.48
mg metal ions per gram of polymer carrier for poly-
tetrafluoroethene and polyethene, respectively.7 The
newly synthesized starch graft copolymers contain-
ing aminoethyl groups was used for removing Cu
(II) and Pb (II) ions in the aqueous solution by the
effective complexation of amine group with Cu (II)
and Pb (II) ions. The effects of various parameters
such as metal ions concentration, adsorption time,
adsorption temperature, and grafting percentage of
the starch graft copolymers were investigated. More-
over, the adsorbed Cu (II) and Pb (II) ions can be
easily desorbed by treating with HCl solution and
the desorption percentage reached above 95% when
desorbing with 1N HCl solution for 1 h at room tem-
perature.8 Functionalized syndiotactic polystyrene
polymers were prepared by the combination of met-
allocene catalyst and borane comonomer.9 Develop-
ment, characterization of a microfiltration membrane
catalyst containing sulfonated polystyrene grafts and
esterification catalysis using functionalized mem-
branes were reported.10 A novel strategy to synthe-
size graft copolymers of PS-g-PEGM with controlled
branch spacing length and defined grafting sites has
been investigated.11 Grafting of amino functional
monomer onto initiator-modified polystyrene par-
ticles was reported.12 Synthesis and characterization
of diaminomaleodinitrile (DAMN)-functionalized
polystyrene grafts for application in pervaporation
separation were reported.13 Separation of metal ions
and chelating agents by nanofiltration explores the
feasibility of nanofiltration for separating chelating
agents from heavy metals, which would make it
possible to reuse chelating agents.14 Synthesis of
porous acrylonitrile/methyl acrylate copolymer
beads by suspended emulsion polymerization and
their adsorption properties after amidoximation
revealed an excellent adsorption capacities for Hg2þ,
Agþ, and Cu2þ, especially for Hg2þ, and it have
good selectivity for Hg2þ. Also, the equilibrium was
established in 10 h through adsorption kinetics
study.15 Removal of uranium from mining industry
feed simulant solutions using trapped amidoxime
functionality within a mesoporous imprinted poly-
mer material is successfully demonstrated.16 Chemi-
cal modification of polypropylene fibers grafted

vinyl imidazole/acrylonitrile copolymer prepared by
gamma radiation. The ability of the grafted fibers
and their treated forms to absorb some metal ions as
Cd, Hg, and Pb from their individual and mixture
solutions was evaluated.17 Adsorption efficiency of a
new adsorbent towards uranium and vanadium ions
was synthesized by radiation-induced graft polymer-
ization affording a new type of fibrous adsorbent
with excess amidoxime groups.18 Chemical modifica-
tion of TKP through grafting has received consider-
able attention to impart new functional groups for
different applications. Keeping this in view, graft
copolymerization of acrylamide (AA) onto TKP
(Tamarind kernel powder, a natural xyloglucan
polysaccharide is derived from the seeds of Tamarin-
dus indica Linn) was carried out in an aqueous me-
dium using a ceric ammonium nitrate (CAN)-nitric
acid initiation system. The reaction conditions were
optimized for grafting with respect to the effect of
the concentrations of CAN, nitric acid, TKP, AA,
time, and reaction temperature. The maximum per-
centage grafting (%G) and percentage grafting effi-
ciency (%GE) were found to be 231.45% and 93.66%,
respectively.19 Graft reaction of acrylamide (AM)
and 4-vinyl pyridine (4-VP) onto ultra-low-molecular
weight poly(vinyl alcohol) by ceric (IV) ion initiation
had been systematically investigated, and the graft
conditions were optimized by studying the effect of
monomer/initiator concentration, solvents composi-
tion, reaction time, and temperature. At optimized
conditions, the maximum grafting efficiency and
grafting ratio was � 50 and 51%, respectively.20 Effi-
cient removal of Cr3þ, Pb2þ, and Hg2þ ions from
industrial effluents by hydrolyzed/thioamidated
polyacrylonitrile fibers. The study on these modified
ion exchange fibers (HTPANFs) for industrial efflu-
ents revealed that the maximum capacities of the
modified PAN fibers towards Cr3þ, Hg2þ, and Pb2þ

are 0.41, 0.05, and 0.11 mmol/g at pH 4.21 Prepara-
tion of amidoxime-modified polyacrylonitrile (PAN-
oxime) nanofibers and their applications to metal ions
adsorption have been investigated intensively due to
their potential applications in many areas especially
in environmental applications for removal of heavy
metals ions.22 Removal of Ni(II) from synthetic solu-
tions using new amine-containing resins based on
polyacrylonitrile were investigated.23 Radiation graft-
ing of vinyl ether of monoethanolamine on polypro-
pylene films for application in waste water treatment
was reported.24,25 There are three attempts26–28 for the
preparation of resins with diamidoxime units per
repeating unit so far all of which completely differ
from our approach. The aim of this work is to pre-
pare DAMN-functionalized poly(ethylene terephtha-
late) grafts and amidoximation of grafted copolymer
to investigate its properties in removing heavy toxic
metals from waste water.
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EXPERIMENTAL

Materials

PET film (Aldrich, average MW � 280,000 GPC).
DAMN. The initiator, azobisisobutyronitrile (AIBN)
(Merck), was recrystallized by precipitating twice
from methanol and dried under vacuum oven for 2
days. All the other reagents were Merck products
and they were used as received.

Characterization

FTIR spectroscopy of the grafted-PET films was
recorded with a Vector 22 Fourier Transform Infrared
Spectrometer (Bruker). UV-vis spectra were obtained
using Shimadzu UV2401PC spectrophotometer. 1H-
NMR spectra were obtained by using a Varian Gemini
200 instrument at 200 MHz. Differential scanning calo-
rimetry (DSC) were carried out on a Perkin–Elmer
DSC-2 for studying the melting and glass transition
temperature behavior of the copolymers. DSC meas-
urements were performed in temperature range of 50
to 300�C at the heating rate of 10�C/min in a N2

atmosphere. Thermal gravimetric analysis (TGA) stud-
ies on the ungrafted-, grafted-, and amidoximated-PET
films were carried out using Perkin–Elmer TGA-7.
Thermograms were obtained in temperature range of
20 to 700�C. The heating runs were made at a constant
heating rate of 10�C/min under N2 atmosphere.

Synthesis of graft copolymers

DAMN (0.5 mol/L) was added with 1 g of polyethyl-
ene terphthalate film in water (10 mL) and left over-
night. Next, water (90 mL) and AIBN (1.5 � 10�3 mol/
L in 2 mL methanol) were added to the mixture with
the temperature raised to 90�C to initiate the polymer-
ization reaction. The reaction mixture was continuously
stirred for 3 h and nitrogen gas was allowed to pass
through the solution. At the end, the grafted-PET film
was removed and subjected to soxhlet-extraction for 6
h with methanol and distilled water, respectively, to
remove the homopolymer. At the end of the grafting
procedure, homopolymer formed in the grafting
medium was precipitated by the addition of excess ac-
etone, collected and dried in an oven at 70�C. Grafting
Yield (%) ¼ [(dry wt. of grafted-PET film - dry wt. of
original PET film)/ dry wt. of original PET film] �
100. Grafting efficiency (GE) was calculated as follows:

GE ð%Þ ¼ ½ðwt: of graftÞ= ðwt: of graft

þwt: of homopolymerÞ� � 100:

Amidoximation of pendant nitrile groups

The obtained graft polymer, DAMN83-g-PET, was
reacted with the methanol solution of hydroxyla-

mine hydrochloride NH2OH.HCl at 80�C in the
presence of triethylamine. During the amidoximation
reaction, samples were taken from the reaction ves-
sel at certain time intervals and the conversion to
amidoxime structure was followed by determining
the changes in CN triple bonds of polymer from re-
spective FTIR spectra. After amidoximation reaction
was completed, the amidoximated-polymer taken
from reaction vessel was washed with distilled
water and then dried at 40�C in a vacuum oven.

Water absorption ratio

The film was immersed in water for 48 h in room
temperature. After treatment, the excess water on
the surface was removed using a filter paper. Then
the wet film was weighed and dried at 70�C in the
oven to a constant weight. The water absorption
(Wa) ratio was calculated according to:

Wa % ¼ ½ðweight of wet grafted� PET film

�weight of dry grafted� PET filmÞ=
weight of dry grafted� PET film� � 100:

Tensile properties

The tensile strength (r [MPa]) and elongation (e) of
film samples were determined using Dumbbell-
shaped specimens of 50 mm long with a neck of 28
and 4 mm wide (ASTM D882). The measurements of
tensile strength and elongation at break point were
recorded on an ‘‘Instron’’ 4203 instrument at temper-
ature of 25�C and velocity of 100 mm/min.

Metal ion uptake measurements

Sample of amidoximated grafted-PET film of known
weight was soaked into 0.01M aqueous solution of
the metal for 1 day until equilibrium was reached.
The film was removed, dried in vacuum, and then
weighed. The metal uptake, expressed in mmol/L
was determined by measuring the increase in weight
of the sample. The kinetics of the sorption/desorp-
tion processes of Co2þ, Ni2þ, Zn2þ ions were studied
by photometric measurements at the wavelengths
240, 237, and 243 nm, respectively, using a Shi-
madzu UV2401PC spectrophotometer.

RESULTS AND DISCUSSION

Effect of polymerization time on grafting yield

Grafting of PET was carried out at various polymer-
ization times, keeping the monomer, initiator, and
temperature constant at 0.5M, 1.5 � 10�3 m/L, and
80�C, respectively. As shown in Figure 1, grafting
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yield percentage first increased with increasing poly-
merization time; and then leveled off, reaching to a
saturation grafting value of 83% at 3 h. As the poly-
merization time increases, the number of monomer
and initiator molecules that diffuse onto polyethyl-
ene terphthalate chains also increases, and this
results in a higher grafting yield percentage. The lev-
eling off of grafting may be attributed to less diffu-
sion of the monomer as a result of the increase in
the medium viscosity.

Effect of temperature on grafting yield

The effect of temperature on graft copolymerization
of DAMN onto polyethylene terphthalate was stud-
ied within the range of 50 to 90�C keeping mono-
mer, initiator, and polymerization time constant (Fig.
2). As shown in the graph, a sharp increase in the
grafting yield value of 83% was obtained and then
leveled off. The enhancement in the grafting yield
with increasing temperature may be attributed to
the enhancement of polyethylene terephthalate

swellability, an increased rate of diffusion for the
initiator and monomer from the solution phase to
the PET chains, an increasing number of active sites
in the reaction medium and an increasing rate of ini-
tiation and propagation steps. The leveling off of the
grafting yield at 80�C may be due to the increase in
the formation of homopolydiaminomaleodinitrile as
shown in the grafting efficiency curve in Figure 2.

Influence of initiator concentration

Figure 3 demonstrate that the graft yield increases
with the increase in AIBN, concentration in the
range from 0.5 � 10�3 to 1.5 � 10�3 mol/L, and then
decreases with further increase in the AIBN concen-
tration. The increase of grafting yield by increasing
the AIBN concentration to a certain limit prove that
free-radical species produced by the dissociation of
AIBN molecules may participate essentially in the
abstraction of hydrogen atoms from the PET back-
bone, yielding a PET radical capable of initiating
grafting. However, when the initiator concentration
increased to 2.5 � 10�3 mol/L, termination reactions
of the graft copolymerization takes place.

Influence of the monomer concentration

The effect of DAMN monomer concentrations on the
grafting yield was investigated by carrying out poly-
merization at six different DAMN concentrations
(Fig. 4) range from 0.2 to 0.7 mol/L. The results
showed that the grafting yield sharply rises with
increasing DAMN concentration up from 0.2 to 0.5
mol/L, yielding 83% grafting yield, and then the
grafting yield decreased with further increases in
DAMN concentration. This may be attributed to the
fact that when the DAMN concentration rises, the
diffusion of monomer into the PET surface increases
enhancing the grafting yield. The decrease in the
grafting yield at higher DAMN concentrations may
be due to the adsorption of monomer on the PET

Figure 1 Effect of time on grafting yield and grafting effi-
ciency. [AIBN] ¼ 1.5 � 10�3 mol/L. [DAMN] ¼ 0.5M. T ¼
80�C. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]

Figure 2 Effect of temperature on grafting yield and
grafting efficiency. [AIBN] ¼ 1.5 � 10�3 mol/L. [DAMN]
¼ 0.5M. t ¼ 3 h. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

Figure 3 Effect of initiator concentration on grafting
yield. mol/L. [DAMN] ¼ 0.5M. T ¼ 80�C. t ¼ 3 h. [Color
figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]
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surface in excessive amounts, which prevents diffu-
sion of the initiator molecules inside the PET resulting
in lowering the graft yield. It may be also attributed to
the increase of the homopolymerization rather than
grafting at these high monomer concentrations.

FTIR characterization of PET grafts

Conversion of polyethylene terphthalate film into
graft copolymer using DAMN as monomer in the
presence of AIBN, radical initiator, and further mod-
ification into amidoxime structure are shown in

Scheme 1. The final step is the amidoximation of
nitrile groups of grafted polymer. Nitrile groups
were converted to amidoxime groups by using
hydroxylamine hydrochloride in the presence of trie-
thylamine. The unique advantage of this polymer is
that it contains double amidoxime groups per repeat-
ing unit and an additional diethylene spacer unit
between neighboring amidoxime groups in each
monomeric unit. Grafting reaction between DAMN
and PET was confirmed by FTIR (Fig. 5) spectroscopy
which showed peak at 1717 and 2232 cm�1 assignable
to (C ¼ O) and (CN) groups, respectively. Presence of
a peak assignable to CN group in the grafted-PET
film indicated high efficiency of grafting process.
Also, two peaks at 2917 cm�1 and 2849 cm�1

Figure 4 Effect of monomer concentration on grafting
yield. [AIBN] ¼ 1.5 � 10�3 mol/L. T ¼ 80�C. t ¼ 3 h.
[Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

Scheme 1 Amidoximated polymer-based metal adsorb-
ents via graft copolymerization of PET film with diamino-
maleonitrile. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

Figure 5 FTIR spectra of ungrafted-PET, DAMN-g-PET, and amidoximated DAMN83-g-PET.
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assignable to CH stretching of CH2 were found.
According to Scheme 1, C:N groups are expected to
be replaced with H2N-C ¼ NOH groups at the end of
the reaction. The bands at 3223 and 3352 cm�1 are
assigned to antisymmetric and symmetric stretching
modes of NH2 groups, respectively, (Fig. 5). These
results clearly show the disappearance of original nitrile
groups in the amidoximated-polymer and formation

of amidoxime groups through the treatment with
hydroxylamine under specified reaction conditions.

Thermal analysis

Melting temperature (Tm), glass transition tempera-
ture (Tg) and heat of fusion (DHm) for ungrafted-PET
film, grafted-PET films with various degrees of

Figure 6 DSC thermograms of ungrafted PET, DAMN-g-PET, and amidoximated DAMN83-g-PET. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.]
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grafting and amidoximated-polymer were taken
from their DSC thermograms (Fig. 6) and are pre-
sented in Table I. The results indicated a decreasing
trend of Tm as a function of increasing grafting yield.
This is due to a variation of chain flexibility inher-
ited from methylene length. It can be also observed
that DHm slightly increases with the increase in the
degree of grafting. A decrease in Tg values is
observed as the grafting yield of copolymers
increases indicating the incorporation of polydiami-
nomaleodinitrile chains in amorphous copolymers
with higher thermal stability. This might be due to
an increase in their corresponding methylene length,
which results in an increase in chain flexibility of
the copolymer structure.

The effect of grafting on the thermal stability of
the grafted-PET film was studied using thermogravi-
metric analysis (TGA). All the degradation tempera-
tures were measured from the thermogram by onset
extrapolation. Figure 7 shows TGA thermograms of
the ungrafted and grafted PET film with grafting
yield of 83%. Ungrafted-PET film showed a continu-
ous weight loss confined to a single-step degrada-
tion pattern have significantly comparable degrada-

tion temperature (Td) at 400�C. The degradation
temperature was found to vary as a result of graft-
ing. For instance, the ungrafted-PET film recorded
a degradation temperature of 400�C. This tempera-
ture increased in the grafted membrane to 423�C.
These results indicate that the incorporation of pol-
ydiaminomaleodinitrile makes the PET film inal-
ienable to thermal degradation. This means that
the grafted-PET film is more thermally stable than
the ungrafted PET film, since the grafted-PET film
showed a single degradation pattern despite hav-
ing two components. Amidoximated DAMN83-g-
PET, however, shows better thermal stability with
a main degradation step taking place at 450�C.
This thermal stability would make the amidoxi-
mated-grafted-PET film suitable for many practical
applications.

Swelling properties of PET grafts

The effect of grafting percentage on water uptake
ratios for the grafted-PET films at room temperature
(25�C) is shown in Figure 8 which reveals an
increase in the water uptake ratios with the increase
of grafting percentage. Clearly, the swelling behavior
of the film depends on the amount of the grafted
branches. Under the same conditions, amidoximated
resultant graft copolymer shows water uptake value
of 65%.

Figure 7 TGA thermograms of ungrafted PET (a),
DAMN83-g-PET (b), and amidoximated DAMN83-g-PET
(c).

TABLE I
Characterization of PET and DAMN-g-PET Films as Determined by Mechanical and DSC Measurements

Polymer film Grafting yield (%)
Breaking

strength (MPa)
Breaking

elongation (mm) DHm (cal/g) Tm (�C) Tg (
�C)

PET – 88 0.60 4.3 246 74
DAMN30-g-PET 30 82 0.57 4.9 241 68
DAMN50-g-PET 50 76 0.52 5.7 229 61
DAMN70-g-PET 70 69 0.49 6.1 218 57
DAMN83-g-PET 83 65 0.48 6.5 204 46
Amidoximated polymer – 63 0.46 7.1 192 39

Figure 8 Water uptake ratio dependence on grafting
yield. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]
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Mechanical properties

Table I illustrates the effect of grafting on some me-
chanical properties of grafted samples. Based on the
data listed in this table, one can conclude the follow-
ing: Breaking strength decreased continuously with
an increase in grafting yield. The behavior of elonga-
tion is the same as that of breaking strength. The
grafted and amidoximated samples showed a higher
decrease in breaking strength as compared with un-
grafted film. The decrease in breaking strength at
higher graft yield may be due to the formation of pits
on the surface which probably act as weak points when
film is elongated under stress. In addition, with an
increase in graft yield a decrease of flexural rigidity
occurs. A typical stress to strain curve is illustrated in
Figure 9. The curves were recorded at 25�C. The straight
line between points A and B represents the interval
used by the integrated software to calculate the elastic
of Young’s modulus of the samples DAMN83-g-PET
and amidoximated-PET. Whereas, the straight line
between points A and M represents the elastic of
Young’s modulus of ungrafted-PET film where the true
stress and true strain vary linearly, and then followed
by a yield drop at the elastic limit. Points X, Y, and Z
represent the break points of the samples and the
approach to failure. In the case of ungrafted-PET, the
mechanical behavior shown in Figure 8 is typically that
of a hard and brittle material but this may be trans-
formed to hard and strong or hard and tough through
structural modification by grafting or amidoximation.

Sorption of transition metals by amidoximated
DAMN83-g-PET

There is a demand for ultra-permeable polymer of
good thermal and chemical stability. The study of

materials that possess voids of molecular dimensions
is an area of nanoscience with technological applica-
tions.29 Microporous materials are defined as solids
that contain interconnected pores of less than 2 nm
in size. Single tetrahedral carbon atom shared by
phenyl and side chain in aminoximated DAMN83-g-
PET film, besides, the formation of six-membered
rings along, side chains through hydrogen bonds
between amino and hydroxyl groups, make the
chains nonlinear that would inhibit cofacial associa-
tion and prevent structural relaxation to a dense and
rigid solid (i.e., provide a site of contortion).
These polymer chains trap a considerable amount of

excess free volume elements which are connected to
give a micropore structure.30 Thus, the maximum metal
uptake is very dependent on the type of metal ion and
its coordination, as well as the ionic size of the metal, all
of which affect the permeability and diffusion of these
metals through the porous ionic films. The latter param-
eter is mainly dependent on the polarity, electronic con-
figuration, and ionic radii of these metal ions. The possi-
bility of using the obtained materials was evaluated
over several sorption/desorption cycles.
Kinetics of sorption/desorption of metal ions

could not be followed by gravimetric studies
because that requires removal and drying of the
samples periodically, which affects the accuracy of
the results. Thus, a spectrophotometric technique
was applied. With this technique, it is easy to deter-
mine the desorbed/absorbed amounts of metal ions
without removing and drying the samples. As the
grafted film is immersed into a metal salt solution, it
starts to absorb metal ion, therefore, the concentra-
tion of metal ions in solution decreases with the
sorption process and this decrease was monitored
using a spectrophotometer. The metal sorption
increases with time and reaches a maximum after

Figure 9 Typical stress/strain curve showing the linear
elastic regions A-B and A-M and brittle failure point at X,
Y, and Z. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]

Figure 10 Kinetics of sorption process for Co, Ni, and Zn
ions by amidoximated DAMN83-g-PET. [Color figure can
be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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about 2 h (Fig. 10) when the chelating sites of the
film are saturated.

The maximum amount of absorbed metal salt,
which was determined spectrophotometrically and
expressed in mmol/L. The recovery and separation
of absorbed metals can be easily carried out by treat-
ing the films with 0.01M HCl for 1.5 h. Figure 11
shows the kinetics of the desorption process for
Co2þ, Ni2þ, and Zn2þ ions. The desorbed metal ion
concentration increases in HCl solution with time
and then reaches a maximum when the desorption
process is complete. The regenerated films are once
again effective for resorption.

The ability of the grafted films to absorb various
heavy metals to evaluate the possibility of their use

in waste water treatment has been studied. A dia-
gram showing the capacity of the grafted films for
metal uptake is shown in Figure 12. It can be seen
that the amidoximated-film is characterized by a
considerably greater binding ability with respect to
heavy metals. The nature of the metal ion also has
great importance in the amount binding to the poly-
meric material. The affinity of metal ions to be
absorbed decreases in the following series: Co2þ,
Fe2þ, Ni2þ, Cd2þ, Zn2þ, Cu2þ, Pb2þ, and Ag1þ.
The results pertaining to the affinity of this new ad-
sorbent against vanadyl and uranyl ion in batch and
continuous adsorption process and will be the sub-
ject of another publication.

CONCLUSIONS

AIBN, radical initiator, was used as an initiator for
preparation of PET, films grafted with DAMN. Opti-
mum conditions for grafting were found to be,
monomer concentration [DAMN] ¼ 0.5M, [AIBN] ¼
1.50 � 10�3 mol/L, T ¼ 80�C, and t ¼ 3 h. Water
uptake of the grafted-PET films was found to be
increasing with the increase of grafting yield. The
results indicate that amidoximated product of the
obtained graft copolymer, DAMN83-g-PET film, is a
potentially powerful ion exchanger that can be used
for heavy metals removal from waste water effluents.
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