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ABSTRACT: In this study, a fibrous adsorbent containing
amidoxime groups was prepared by graft copolymeriza-
tion of acrylonitrile (AN) onto poly(ethylene terephthalate)
(PET) fibers using benzoyl peroxide (Bz2O2) as initiator in
aqueous solution, and subsequent chemical modification
of cyano groups by reaction with hydroxylamine hydro-
chloride in methanol. The grafted and modified fibers
were characterized by FTIR, TGA, SEM, and XRD analysis.
The crystallinity increased, but thermal stability decreased
with grafting and amidoximation. The removal of Cu(II),
Ni(II), Co(II), Pb(II), and Cd(II) ions from aqueous solu-
tion onto chelating fibers were studied using batch adsorp-
tion method. These properties were investigated under
competitive conditions. The effects of the pH, contact time,
and initial ion concentration on the removal percentage of

ions were studied. The results show that the adsorption rate
of metal ions followed the given order Co(II) > Pb(II) >
Cd(II) > Ni(II) > Cu(II). The percentage removal of ions
increased with initial ion concentration, shaking time,
and pH of the medium. Total metal ion removal capacity
was 49.75 mg/g fiber on amidoximated fiber. It was
observed that amidoximated fibers can be regenerated by
acid without losing their activity, and it is more selective for
Pb(II) ions in the mixed solution of Pb-Cu-Ni–Co-Cd at
pH 4. VVC 2009 Wiley Periodicals, Inc. J Appl Polym Sci 112: 1798–
1807, 2009
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INTRODUCTION

In recent years, the removal of toxic and polluting
heavy metal ions from industrial effluents, water sup-
plies, and mine waters have received much attention.
The presence of heavy metal ions in water systems
causes multiple problems for agriculture and health.
For instance, excessive intake of copper results in an
accumulation in the liver, and it is also toxic to aquatic
organisms even at very low concentrations.1 Lead is a
general metabolic poison and enzyme inhibitor.2 It
can cause mental retardation and further brain dam-
age, especially in children. Cadmium is an irritant to
the respiratory tract, and prolonged exposure to this
pollutant can cause anosmia and a yellow stain that
gradually appears on the neck of the teeth.3 Acute
poisoning of nickel causes headache, dizziness, nau-
sea and vomiting, chest pain, tightness of breath,
rapid respiration, cyanosis, and extreme weakness.4

This underlines the need for developing methods for
effective removal of heavy metal ions from waste-
water at least below the regulatory level before mix-

ing with natural water sources. Various removal
methods of heavy metals from wastewater have been
developed, such as chemical precipitation, membrane
filtration, ion exchange, liquid extraction, or electro-
dialysis.5–8 However, these methods are not widely
used because of their high cost and low feasibility for
small-scale industries. In contrast, the adsorption
technique is one of the preferred methods for removal
of heavy metals because of its efficiency and low
cost.9–12 The literature survey reveals that a variety of
solid adsorbents such as activated carbon, metal
oxides, minerals, peanut skins, herbaceous peat, rice
husk ash, wool, cotton, ion exchange, and chelating
resins have been used for removal of heavy metal
ions.13–20 Particularly, polymers that contain chelating
amidoxime groups have been found effective in metal
ion retention.21–24 In addition, the fibrous adsorbents
containing amidoxime groups have been shown to
exhibit superior adsorption characteristics, especially
in view of the high adsorption rate,25 high adsorption
capacity,26 and selectivity for ions.27 The adsorption
of heavy metal ions from aqueous solution to adsorb-
ents is usually controlled by the properties of the sur-
face functional groups of the adsorbents.28–30 The
most common preparation methods for reactive fibers
have included chemical conversion of the existing
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reactive groups in the fibers31,32 and grafting of vari-
ous vinyl monomers on the fiber by graft copolymer-
ization.33–37 Most of the chelating fibers were reported
by introduction of suitable functional groups on vari-
ous types of fibrous polymers: poly(ethylene tereph-
thalate),38 polyvinyl alcohol,39 polyacrylonitrile,40 etc.
Research on fibrous reactive agents has shown many
advantages over their resin counterparts. The high
specific surface areas of fibrous supports improve the
accessibilities of functional groups resulting in higher
reaction rate and conversion than the resin type
agents.41,42

The main purposes of this work are (1) to achieve
graft copolymerization of AN onto PET fiber, using
Bz2O2 initiator, (2) to introduce amidoxime groups
onto the PET-g-AN via reaction with hydroxylamine
hydrochloride, and (3) to investigate the effects of
treatment time with the solution, initial pH, and ini-
tial ion concentration of ions on the competitive
adsorption of PbII), Ni(II), Cu(II), Co(II), and Cd(II)
ions from aqueous solutions.

EXPERIMENTAL

Material and reagents

The poly(ethylene terephthalate) (PET) fibers (133F34)
were supplied from Sasa Co. (Adana, Turkey). The
fiber samples were extracted with acetone in soxhlet
for 6 h and dried in air before grafting. Benzoyl perox-
ide (Bz2O2) was recrystallized twice from the metha-
nol-chloroform mixture and dried in a desiccator.
Acrylonitrile (AN; Merck) was used without further
purification. Hydroxylamine hydrochloride (NH2OH.
HCl, Merck), sodium hydroxide (NaOH, Merck),
methyl alcohol (CH3OH, Merck), and the metal ion
solutions were prepared by dissolving of Cu(NO3)2.
3H2O, Ni(NO3)2.6H2O, Co(NO3)2.6H2O, Cd(NO3)2.
4H2O, and Pb(NO3)2 (Merck) with distilled water
without pH adjustment. The pH values of the aque-
ous solution were adjusted with HCl (pH ¼ 2–3) and
buffer solutions of CH3COOHACH3COONa (pH ¼
4–5) and KH2PO4AK2HPO4 (pH ¼ 6).

Instrument and apparatus

A Fourier transform infrared (FTIR) spectrophotome-
ter from Jasco FTIR 460 plus was used to analyze the
chemical and/or physical interactions in the wave-
number range 400–4000 cm�1. TGA studies were car-
ried out with a Setaram labsys TG-DSC/DTA system.
The thermograms were obtained under a nitrogen
atmosphere at a uniform heating rate of 10�C/min
from ambient temperature to 600�C. X-ray diffraction
curves for the various investigated samples were
measured using a Philips X-ray diffractometer system
using nickel-filtered CuKa radiation. The concentra-

tions of the metal ions were measured with an Ati
Unicam (Model 929) atomic absorption spectropho-
tometer. The microstructure of the fibers were exam-
ined by a scanning electron microscopy (SEM),
Hitachi, Model:JSM-5600 imaging mode. The pH val-
ues of the buffer solutions were determined with a
Ø50 pH meter (Beckman, Beckman Instrument).

Graft copolymerization

The graft copolymerizations were carried out in
100 cm3 Pyrex tubes. Fiber samples (0.10 � 0.01 g)
were placed into polymerization tube containing 0.40
g AN. Then, 2 cm3 of a Bz2O2 solution prepared in
aceton (9.68 g/L) was added to it, and the mixture
was made up to 20 cm3 with deionized water and
placed into a water bath at 85�C � 0.1�C for 4 h. The
fiber samples taken from the polymerization mixture
after grafting were immersed in N,N-dimethylforma-
mide at 40�C for 1 h to remove unreacted monomers
and homopolymers. Then, the fibers were rinsed with
methanol at room temperature and dried. The graft
yield (47%, maximum grafting) was calculated from
the weight increase in grafted fibers as follows:

Graft Yield ð%Þ ¼ bðwg � woÞ=woc � 100 (1)

where wo and wg denote the weights of original and
grafted PET fibers (g), respectively.

Functionalization with hydroxylamine
hydrochloride of the fiber

A 1-L three-neck flaks equipped with a mechanical
stirrer, reflux condenser, and thermometer served as
reaction vessel. A solution of free hydroxylamine
hydrochloride in methanol was prepared by method
of Xia and Yan.43 PET-g-AN copolymer and the meth-
anol solution of hydroxlamine hydrochloride were
added to the flaks afterward. The reaction mixture
was heated at 80�C with stirring for 24 h. The modi-
fied fiber was taken from the flaks and washed with
methanol and water, and the modified fiber was air-
dried overnight.

Removal of metal ions

Competitive heavy metal removal from aqueous so-
lution was investigated in batch experiments under
competitive conditions. Dried samples (100 mg each)
of the chelating fibers were added in 100 cm3 Erlen-
meyer including volumes of 30 cm3 of each the metal
ion solution (25 ppm) adjusted to desired pH. The
mixture was stirred at 25�C. After filtration of the so-
lution, the ion concentrations of the filtrates were an-
alyzed with an atomic adsorption spectrophotometer.
The removal percentage (%R) and metal ion removal
capacity of the fiber were calculated as follows:
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%R ¼ ðC1 � C2Þ � 100

C1
(2)

Q ¼ VðC1 � C2Þ
W

(3)

where Q is adsorption amount (mg/g),W is the weight
of the chelating fibers (g), V is the volume of solution
(L), and C1 and C2 are the concentrations (mg/L) of
ion before and after adsorption, respectively.

Elution study of ions

Elution of metal ions was studied with HNO3 in batch
experiment. Metal ions loaded fibers were placed in
elution medium and stirred at 25�C. The final metal
ions concentration in the aqueous phase was deter-
mined with an AAS. The elution degree was calcu-
lated from the amount of metal ions adsorbed on the
fibers and the final concentration of metal ions in the
elution medium with the following equation:

Elution Degree ¼
Amount of metal ions desorbed

to the elution medium
Amount of metal ions adsorbed

on the reactive fiber

� 100 ð4Þ
RESULTS AND DISCUSSION

Preparation of amidoxime fibers based on PET
fibers and characterization

Fibers containing amidoxime groups were prepared
by graft copolymerization of acrylonitrile (AN) onto
poly(ethylene terephthalate) (PET) fibers using ben-
zoyl peroxide as initiator in aqueous solution.

The electron spin resonance (ESR) studies carried
out on PET revealed that there formed two types of
radicals, whose structures are given below:30,31

These radical sites can be created either by the
direct interaction of the initiator with the fibers or by
the transfer reaction between the active homopoly

(CN) chains and PET fiber.32–34 Type II PET radicals
are known to be predominant.35 Graft copolymeriza-
tion was carried out on these active radical of PET
fibers to add AN monomer. Subsequently, chemical
modification of cyano groups were converted by reac-
tion with hydroxylamine hydrochloride in methanol,
and the preparation scheme of the adsorbent were
shown in scheme 1.

FTIR spectrum

The FTIR spectra of ungrafted, PET-g-AN, and ami-
doximated-PET fibers are given in Figure 1. The com-
parison of these spectra Figure 1(a,b) revealed that
there appeared a absorption band at 2240 cm�1 com-
ing from CBN stretching peak of AN. These results
showed that AN units were introduced into the fiber
structure. When Figure 1(b) was compared with Fig-
ure 1(c), a broad band in the 3650–3300 cm�1 (OAH of
oxime group) and the C¼¼N of the oxime group at
1650 cm�1 were observed. The disappearance of the
absorption at 2240 cm�1 indicated that the transfor-
mation of the nitrile group is complete.

SEM results

SEM image of ungrafted PET, PET-g-AN, and ami-
doximated-PET is shown in Figure 2. The surface of
PET fibers before the grafting was relatively smooth
and uniform. The morphology of the uniform surface
of the ungrafted PET fiber was changed to form paral-
lel layers to the fiber length with grafting [Fig. 2(a,b)].
After the amidoximation, the fiber surface was cor-
roded and became rough, indicating that the modifica-
tion reaction occurred on the surface of the PET fiber
[Fig. 2(c)]. On the other hand, after the AN grafted on
PET, the diameter of fiber increased. However, when
this fiber was amidoximated, the diameter of PET
decreased in respect to PET-g-AN. It may be attributed
that the H-bonding occurred between NAOH groups.
Thus, the molecule structure is stiffened.

TGA analysis

Thermograms of ungrafted PET, PET-g-AN, and
amidoximated-PET are given in Figure 3. The onset
temperatures of weight loss of the ungrafted PET is
around 400�C, while PET-g-AN is 255�C and ami-
doximated-PET is 200�C. The thermograms clearly
indicate that the residue of the polymers increases
with an increase in AN content in the polymer, and
the converse to amidoxime. The increasing thermal
stability and residue at higher temperatures may
probably be because of the presence of amidoxime
group in the side chain, which form cross-links.

X-ray diffraction

Figure 4 shows the X-ray diffraction patterns of the
pure PET fiber, PET-g-AN, and amidoximated-PET.
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The pure PET is in noncrystalline state and has only
a very broad peak around 2y ¼ 15�C. Pure PET has
a bulky and rigid backbone structure, whereas PET-
g-AN and amidoximated-PET have a flexible back-
bone. When AN is introduced to PET molecule, the
fiber shows a small amount of crystallinity (from
very weak crystalline peak at 2y). The amidoxi-
mated-PET is semicrystalline, the diffraction peak
corresponding to 2y ¼ 15�C in agreement with the
other polymers. The flexible amidoximated-PET is
favorable for the close molecular packing and crys-
tallization. From these results, it was found that the
PET and AN were grafted together and after con-
verted, amidoxime group and hydrogen bond
affected each other in the crystallization.

Effects of pH

It is well known that the pH of the medium has a
great effect on the adsorption amount of the chelat-
ing fibers that it influences its surface structure of
sorbents, formation of metal ions. At different pH
values, the protonation and deprotonation behavior

of acidic and basic groups would influence the sur-
face structure of the fiber, and the metal ions would
exist in different forms. The experimental results for
the effects of pH on the competitive removal of

Scheme 1 Preparation of the adsorbent.

Figure 1 FTIR spectra of (a) ungrafted PET, (b) PET-g-
AN, and (c) Amidoximated-PET.
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metal ions are shown in Figure 5. It can be seen that
the removal of Cu(II), Co(II), Cd(II), and Ni(II) ions
lowered in the amidoximated fiber at pH less than 4,
but the removal of Pb(II) ion increased with increas-
ing pH (within pH 2–4), a result which is indicative
of the high preference of the fiber for Pb(II). Similar
observation has been pointed out elsewhere.44,45

Moreover, it can be seen that the amidoximated
fibers have shown more selectivity for Pb(II) at pH 4

than Cu(II), Ni(II), Cd(II), and Co(II) ions. The
adsorbed amount of Pb(II) is much more than that
of the others. This may be possible to selectively
remove Pb(II) from a mixture containing the other
metal ions by carefully adjusting the pH value and
the other reaction conditions.

Effect of initial concentration on adsorption

The relationship between initial concentration of
metal ions and the adsorption amount is shown in
Figure 6. It is clear from the figure that the adsorption
amount of metal ions increased with increasing initial
ion concentration, and then reached a plateau value
at higher concentration. This is attributed to the
adsorption sites of the amidoximated fiber become
saturated when the metal ion concentration is reached
to 100 ppm.
Besides, as shown in Table I, the saturated adsorp-

tion capacity of the amidoximated fiber is 0.3229,
0.1858, 0.0936, 0.1424, and 0.1171 mg/mol for Pb(II),

Figure 2 SEM micrographs of (a) ungrafted PET, (b)
PET-g-AN, and (c) Amidoximated-PET.

Figure 3 Thermograms of ungrafted, grafted, and ami-
doximated PET fibers.

Figure 4 X-ray diffraction of (a) ungrafted PET, (b) PET-
g-AN, and (c) Amidoximated-PET.
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Ni(II), Cu(II), Co(II), and Cd(II), respectively. Total
metal ion removal capacity of the amidoximated fiber
is 0.8688 mmol/g fiber. The adsorption on chelation
of the metal ions onto amidoximated fiber can be
explained with coordination between the electron-
donating nature of O- and N-containing groups in the
fiber and electron-accepting nature of metal ions as
shown in Scheme 2. Lower Cu(II), Co(II), and Cd(II)
removal capacity may be attributed to the active
adsorption sites on amidoximated fibers, which are
mostly occupied by Pb(II) and Ni(II) ions because of
their affinity being higher than that of the Cu(II),
Co(II), and Cd(II). If metals are competing for the
same active sites on an adsorbent, those metals with a
stronger affinity can replace others with a weaker
affinity.46

The adsorption capacity data were fitted to two
well known adsorption isotherm models of Langmuir
(Fig. 7) and Freundlich type (Fig. 8). The experimental
data were also exploited for D-R (Dubinin_Radushke-
vich) (Fig. 9) isotherm model. All metal ions were
found to fit Langmuir type adsorption isotherm

model better. The constants related to these isotherms
have been given in Table I.
If we have a closer look at the inorganic chemistry

of the metal ions, Co2þ and Ni2þ behave like hard
acids, and according to HSAB (Hard-Soft Acid Base)
theory, they are expected to give stronger complexes
with O-bearing amidoxime (hard base) functional
groups. Cu2þ with intermediate character gives
weaker complexation when compared with the Co2þ

and Ni2þ. The other metal ions Cd2þ and Pb2þ are soft
acids and are not expected to encounter such complex-
ation reactions with the functional groups on the fiber.
When we consider energy-related constants (b and

E) obtained from Langmuir and D-R isotherms in
Table I, we can conclude that Co2þ, Ni2þ metal ions
encountered stronger interactions with amidoxime
groups. Although the b and E values for other met-
als can be assumed to be in the same order of mag-
nitude, those values are very high for Co2þ (E value)
and Ni2þ (b value). These results are in accordance
with the theoretical expectation given above for
Co2þ and Ni2þ.

Figure 5 Effect of pH on the removal of metal ions onto
amidoximated PET fibers [(x) Pb(II); (~) Ni(II); (*) Cu(II);
(^) Cd(II); (h) Co(II). t ¼ 4 h; Ci ¼ 25 ppm].

Figure 6 Effect of initial concentration of metal ions on
the adsorption amount [(x) Pb(II); (~) Ni(II); (*) Cu(II);
(^) Cd(II); (h) Co(II), pH ¼ 4; t ¼ 4 h].

TABLE I
First-Order and Second-Order Rate Constants

First-order rate constants Second-order rate constants Intraparticle diff. rate constants

Metal
qe(exp.)
(mg g�1)

kad
(min�1)

qe (theor.)
(mg g�1) R2

k2
(g mg�1 min�1)

qe(theor.)
(mg g�1) R2

kid
(g lg�1 min�1/2) R2

Pb 7.126 1.587 12.885 0.98 0.854 7.231 0.9998 4.416 0.9701
Ni 5.775 0.854 2.203 0.9924 0.119 6.506 0.9946 0.769 0.923
Cu 2.175 0.259 2.292 0.9905 0.034 3.834 0.998 0.622 0.8798
Co 1.029 0.972 2.953 0.9944 0.986 1.122 0.9977 0.477 0.9893
Cd 1.725 0.314 1.862 0.9949 0.147 2.194 0.9969 0.520 0.846
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The presence of functional groups on a resin may
not always explain the adsorption capacities of a
resin. For a chelating exchanger, it is not only impor-
tant to have some functional groups in the structure,
but accessibility of those functional groups is also
important. There should not be sterical hindrances,
which sometimes play great role in the accessibility
of the functional groups. Therefore, in our study, we

consider that sterical hindrances play important role
in the desorption capacities of the metal ions.
The adsorption capacities of the metal ions studied

were found to be in the order of Co2þ<Ni2þ<
Cu2þ<Cd2þ<Pb2þ. If we consider the hydrated ionic
radii of the metals, we can write Co2þ ¼ Ni2þ ¼
Cu2þ>Cd2þ>Pb2þ. When we compared the capaci-
ties obtained from Langmuir isotherms, we conclude
that capacities are clearly related to the hydrated ionic
radii of the metal ions. The smaller metal ions have
the greater adsorption capacities, which may be
attributed to the fact that the smaller particles could

Scheme 2 Schematic representatiton of the proposed
structure of metal ions (M) complex of amidoximated
fiber.

Figure 7 Langmuir isotherm curves of metal ions [(�)
Pb(II); (~) Ni(II); (*) Cu(II); (^) Cd(II); (h) Co(II)].

Figure 8 Freundlich isotherm curves of metal ions [(�)
Pb(II); (~) Ni(II); (*) Cu(II); (^) Cd(II); (h) Co(II)].

Figure 9 D-R isotherm curves of metal ions [(�) Pb(II);
(~) Ni(II); (*) Cu(II); (^) Cd(II); (h) Co(II)].
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reach easily to the active adsorption sites. According
to this assumption, it could normally be expected to
have adsorption capacities in the order of Co2þ<
Ni2þ<Cu2þ<Cd2þ<Pb2þ. We believed that there
are some sterical hindrances, and therefore, ionic radii
of the metal ions are playing important role in deter-
mining the adsorption capacities of the meal ions.
Another thing is that capacities of Co2þ and Ni2þ are
greater than Cu2þ. This difference can be attributed to
the greater complexation abilities of the Co2þ and
Ni2þ ions with the amidoxime functional groups
when compared with Cu2þ ions. Therefore, capacities
obtained from Langmuir isotherms are logical and in
good accordance with the theoretical expectations.

Adsorption rate of metal ions

Using a constant ion concentration (25 ppm) and re-
active fibers (0.1 g/30 cm3), the concentrations of the
ions in solution were determined at regular times.
The experimental results obtained are shown in Fig-

ure 10. It shows that the adsorption rate of Pb(II)
and Ni(II) ions is much higher than that of Cu(II),
Co(II), and Cd(II) ions. According to the results from
Table II and considering the k2 values calculated
from pseudo-second order kinetics, the removal
order for amidoximated fiber is Co(II)>Pb(II)>
Cd(II)>Ni(II)>Cu(II). The initial rate of chelated
metal ions and the maximum uptake value are very
dependent on the type of metal ion, its coordination
and stability constant, and the steric effect of these
graft polymer complexes. As a consequence, it is
likely that the movement of hydrated Cu(II), Cd(II),
Ni(II), and Co(II) in fiber structures is stereo-chemi-
cally hindered. However, the ionic size of the inves-
tigated metal ions has a great influence not only on
the maximum uptake but also on the initial rate.
This can be reasonably explained by a consideration
of the diffusion of these metals through the porous
ionic hydrogels, which is mainly dependent on their
polarity, electronic configuration, ionic radii, and so
forth and also is dependent on the nature of the
interaction with the functional groups of the fibers.
Kinetic data were evaluated by applying pseudo-

first order (Lagergren equation), pseudo-second
order, and intraparticle diffusion models. Figure 11
shows the second-order kinetic model, and we have
only given this figure in the kinetics of the adsorp-
tion section. The constants related to the first and
second order kinetic models are given in the Table II
together with experimental and theoretical qe values.
Intraparticle diffusion model constants were also
given in the same table. Constants related to the
intraparticle diffusion model were calculated by con-
sidering the linear parts of the qe versus t1/2 plots.
As it can be seen from Table II, both kinetic models
(first and second order) gave good correlation with
the data. Infact, experimental and theoretical values
qe values are expected to be close to each other and
must be comparable. This was maintained only for
the second-order kinetic model.
In intraparticle diffusion model, there were some

interesting results. As it can be seen from Table II,
Pb2þ and Co2þ seemed to more likely fit to the model.
For Pb2þ, qe versus t

1/2 plot linearity is achieved some
times later after the beginning of the time course of

Figure 10 Competitive adsorption rate of metal ions onto
amidoximated PET fibers [(x) Pb(II); (~) Ni(II); (*) Cu(II);
(^) Cd(II); (h) Co(II). pH ¼ 5; Ci ¼ 25 ppm].

TABLE II
Langmuir, Freundlich, and D-R Isotherm Constants

Langmuir isotherm parameters Freundlic isotherm parameters D-R isotherm parameters

Metal
Q0

(mmol g�1)
b

(L mmol�1) R2
KF

(mmol g�1) n R2
Qm

(mmol g�1)
k

mol2 kJ�2
E

kJ mol�1 R2

Pb 0.3299 0.528 0.8886 0.674 0.735 0.8409 16.644 �0.0125 6.32 0.8246
Ni 0.1858 57.26 0.9958 0.178 1.059 0.9815 3.7373 �0.0107 6.84 0.9881
Cu 0.0936 1.125 0.9653 0.059 1.176 0.8852 0.4107 �0.0075 8.16 0.9701
Co 0.1434 0.276 0.9965 0.030 5.187 0.967 0.0538 �0.0019 16.22 0.9995
Cd 0.1171 0.203 0.9952 0.021 2.84 9853 0.0583 �0.0037 11.62 0.9967

PREPARATION OF AMIDOXIMATED POLYESTER FIBERS 1805

Journal of Applied Polymer Science DOI 10.1002/app



the adsorption. But for Co2þ, linearity starts from the
very beginning. These results concluded that intrapar-
ticle diffusion process is more effective and is a rate
determining step in Co2þ adsorption process. This
may also stem from some sterical hindrances and rel-
atively bigger hydrated radius of the Co2þ ion.
Although Co2þ has the greatest affinity to the amidox-
ime ligand, its adsorption capacity was not high as
expected. This may arise from some sterical hindran-
ces and intraparticle diffusion characteristics of the
adsorption process for Co2þ. Intraparticle diffusion
was also observed to some extent in Pb2þ adsorption
process. Although Pb2þ is a soft acid and is not
expected to make complex with amidoxime, it has the
highest adsorption capacity among the metal ions.
We thought that intraparticle diffusion behavior
seemed to support the adsorption capacity of the
metal. With its smallest hydrated radius and most

polarizable character, Pb2þ could be expected to show
good adsorption characteristic because, E values from
D-R isotherms concluded that physical forces were
more effective in the adsorption processes of the
metal ions.

Elution study

An important characteristic of an adsorbent is the pos-
sibility for its regeneration for further use. This is why
the elution of the metal loaded fibers was studied.
The elution was performed with 1M HNO3, and the
elution degrees of metal ions are presented in Figure
12. As shown in Figure 12, the elution degree of
Pb (II) is higher than the other metal ions. This may
be attributed to weaker coordination bonds between
Pb (II) ions and adsorbents’ functional groups.

CONCLUSIONS

In this study, a fibrous adsorbent containing amidox-
ime groups was prepared by graft copolymerization
of acrylonitrile (AN) onto poly(ethylene terephtha-
late) (PET) fibers using benzoyl peroxide (Bz2O2) as
initiator in aqueous solution, and subsequent chemi-
cal modification of cyano groups by reaction with
hydroxylamine hydrochloride in methanol, and its
adsorption behaviors for Co(II), Pb(II), Ni(II), Cu(II),
and Cd(II) metal ions were investigated. The follow-
ing conclusions were obtained:

1. The amidoximated fibers showed lower thermal
stability than the PET-g-AN and pure PET.

Figure 11 Second-order rate plot for the competitive
adsorption (a) [(x) Pb(II); (~) Ni(II)] (b) [(*) Cu(II); (^)
Cd(II); (h) Co(II). pH ¼ 5; Ci ¼ 25 ppm].

Figure 12 Elution degree of metal ions [1 : Pb; 2 : Ni; 3 :
Cu; 4 : Co; 5 : Cd].
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2. Adsorption rates for Pb(II) onto amidoximated
fiber is very rapid than Ni(II), Cu(II) Co(II), and
Cd(II).

3. It was observed that the amidoximated fibers
were more selective for Pb(II) in the mixed so-
lution of Pb-Ni-Cu–Co-Cd.

4. It was found that the amidoximated fibers
could be used as an active adsorbent for Pb(II)
in the mixed solution of Pb-Ni-Cu–Co-Cd with-
out losing their activity.
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