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ABSTRACT: The sorption properties of the commercially
available cationic exchange resin, Amberlite IRC-718, that
has the iminodiacetic acid functionality, toward the divalent
metal-ions, Fe21, Cu21, Zn21, and Ni21 were investigated by
a batch equilibration technique at 258C as a function of con-
tact time, metal ion concentration, mass of resin used, and
pH. Results of the study revealed that the resin exhibited
higher capacities and a more pronounced adsorption toward

Fe21 and that the metal-ion uptake follows the order: Fe21 >
Cu21> Zn21 >Ni21. The adsorption and binding capacity of
the resin toward the various metal ions investigated are dis-
cussed. � 2007 Wiley Periodicals, Inc. J Appl Polym Sci 107: 1316–
1319, 2008
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INTRODUCTION

Heavy metals are commonly found in large quanti-
ties in industrial wastewaters. For this reason, the
recovery of the metal ions present in these waste-
waters is necessary for environmental protection and
economical reasons. Solid organic and inorganic ion
exchanges constitute the basis of widely employed
chemical separation procedures, with applications
ranging from analytical and environmental chemis-
try research to water purification, waste manage-
ment, and material technologies (such as in nuclear
and electroplating industries).1–4 Stringent environ-
mental regulations require the treatment of waste-
water to remove heavy metals; this requirement is
very costly for industries.

The most common metals found in wastewater are
copper, cadmium, nickel, lead, and zinc which are
toxic at high concentrations.5,6 The use of synthetic
resins for chelating toxic metal ions in wastewater
is considered as a possible solution for preventing
environmental pollution. These resins are mostly
based on petroleum synthetic polymers.7,8

Synthetic chelating ion exchange resins are receiv-
ing considerable attention because of their applica-

tion in different areas such as the removal of heavy
metals, heterogeneous catalysis, solid electrolytes,
ion exchange membrane, ion selective electrode, and
purification of industrial waste. The use of chelating
resins for selective removal of heavy metals from
waste streams has been extensively studied.9–25 Res-
ins with iminodiacetic acid (IDA) functional group
such as Chelex 100, Amberlite IRC 718 (formerly,
IRC 718), Purolite S930, and Lewatit TP 207 were
mainly applied because of their high selectivity and
low manufacturing cost.9 The IDA group could pro-
vide electron pairs for chelation; it forms stable coor-
dinate covalent bonds with divalent metal-ions. For
example, the resins Chelex 100 and Amberlite IRC-
718 have been used to treat the waste effluent dis-
charged from printed circuit board manufacturing,
which contains Cu21, Ni21, Co21, and Cd21.26

One of the few commercial chelating ion exchange
resins available is Amberlite IRC-718; its chelating abil-
ity is attributed to iminodiacetic groups.27 This acidic
chelating resin has a high affinity and selectivity for
heavy metal cations; this is achieved by an iminoacetic
acid functionality chemically bonded to macroreticular
resin matrix.7,28 The macroreticular structure of Amber-
lite IRC-718 provides a number of advantages over tra-
ditional gel resins; it is highly resistant to osmotic shock
and has improved kinetics of ion exchange.28 Amberlite
IRC-718 was used for several purposes such as extrac-
tion of heavy metals (Cu21, Ni21, Fe21, and so forth)
from solutions like wine,29 liquor,30 stored phenol,31

sludge,32 and for ion exchange chromatography.33 In
some studies, it was considered as a reference to study
other resins.34
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In the present work, we have employed the batch
equilibration technique and atomic absorption spec-
trometry to evaluate the sorption properties of the
commercially available chelating resin Amberlite
IRC-718 toward the divalent metal ions, Fe21, Cu21,
Zn21, and Ni21, which are present at trace levels in
natural aquatic systems. The effect of the different
experimental factors such as pH, contact time, metal
ion amounts, and mass of resin on the sorption
capacity of the resin will be discussed.

EXPERIMENTAL

Reagents

Unless otherwise indicated, all chemicals were
obtained from commercial sources and were used as
received; the ion exchange resin containing imino-
diacetate groups, Amberlite IRC-718, obtained as a
sodium salt was purchased from Rohm and Haas,
company (USA); bulk density 750 g/L, swelling (%)
30, total exchang capacity 1.35 mequiv/mL,35 parti-
cle size of 16–50 mesh was used without further
purification. The following metal ion salts were pur-
chased from Fluka and were also used as received
without further purification: Cu(II) acetate, Ni(II) ac-
etate, Zn(II) acetate, and Fe(II) chloride.

Instrumentation

Atomic absorption measurements were carried out
with the aid of a Varian Atomic Absorption Spectro-
photometer. Samples were shaken using a GFL-1083
shaker thermostated water bath maintained at 258C.

Sorption of the metal ions on the polymer

The metal chelation characteristics of the resin for
each metal ion were studied by the batch equilibrium
technique. Duplicate experiments involving 0.100 g of
dry, 16–50 mesh size, resin samples were suspended
in 25 mL of sodium acetate-acetic acid buffer adjusted
to the desired pH with continuous shaking and left for
2 h to equilibrate. To this mixture, 25 mL of metal ion
solution containing a total of 15 mg metal-ion were

added. After being shaken for a definite period of time
at 258C, the mixture was filtered, and the amount of
metal ion remaining in the filtrate was determined by
atomic absorption spectrometry (AAS) using standard
solutions for calibration.

The extent of metal-ion uptake was studied under
similar experimental conditions, where the contact
time was varied from 0.5 to 24 h at 258C after the so-
lution was equilibrated with distilled water. Similar
experiments were also carried out in buffered solu-
tions, in which the pH was varied between 2.0 and
7.0 for a fixed contact time of 6 h.

The effect of resin mass on the metal-ion uptake
was also studied using the same general procedure
by shaking a suspension of 0.1, 0.2, 0.3, 0.6, 0.8, or
1.0 g of the dry resin in 25 mL of the acetate buffer
solution at pH 7.0 for 2 h. To this mixture, 25 mL of
buffer solution containing 15 mg of metal-ion were
added. The mixtures were then shaken at 258C for
6 h, filtered, and the amount of metal ion remaining
in solution was determined by AAS. The effect of
metal-ion concentration was investigated in a similar
fashion in buffer solutions containing 0.10 g of dry
resin and variable amounts of metal ions at 258C
and a fixed contact time of 6 h.

RESULTS AND DISCUSSION

Rate of metal-ion uptake as a function of
contact time

The sorption of various divalent metal ions (Ni12,
Cu12, Fe12, and Zn12) on Amberlite IRC-718 imino-
diacetate chelating ion exchanger as a function of
contact time was investigated by a batch equilibrium
technique. The metal ions displace the sodium ions
inside the resin when it was equilibrated with the
metal-ion solution as shown in the Scheme 1.

The results for the dependence of the metal ion
uptake on contact time for resin are presented in Fig-
ure 1. The results indicate fast rates of equilibration;
the rates of metal-ion uptake increase in the first 3 h
and a steady state is reached within 5–10 h. For
Fe(II), about 99% of metal-ion was achieved in the
first hour. The rates of metal-ion uptake by various

Scheme 1 Ion exchange between metal ions and sodium ions.
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classes of chelating polymers reported in the litera-
ture exhibited a wide range of adsorption rates. In
general, the adsorption rates are governed by several
factors such as the nature of active chelating groups
and repeating units, structural properties of the
polymer (porosity, surface area, size, and molar
mass), the concentration of metal-ion, the amount of
polymer used, and the concentration of other ions
that may compete with the metal ion of interest.
This makes rate comparisons a subject of great
uncertainty.36

Results also revealed that the metal-ion uptake fol-
lows the order: Fe21 > Cu21> Zn21 > Ni21; resin
shows highest uptake capacity toward Fe(II) and
lowest for Ni(II). This difference in capacities
observed among the metals by the resin can be
explained by the negative steric effect on coordina-
tion with the iminodiacetate group.16 The ionic
radius for Fe(II) is 75 pm and for Zn is 88 pm. The
stability of the chelate is expected to be less favor-
able for ions of larger size; this is consistent with
earlier investigations.37–39

pH dependence of the metal-ion uptake

The binding capacity of the resin toward the investi-
gated metal ions was studied in the pH range 2–7
under continuous shaking for a fixed contact time of
6 h at 258C; typical pH-binding capacity profiles are
displayed in Figure 2. Results reveal that metal-ion
uptake increased with pH of the medium and
approached a steady state at about pH 6.0. This ob-
servation was more pronounced with Fe(II) where
the binding capacity of the resin strongly increases
with increasing the pH of the medium, whereas the
sorption of other metals ions Cu(II), Zn(II), and
Ni(II) slightly increases as the pH increases. This
behavior could be explained by the nature of the
chelating group; the iminodiacetate groups of the
Amberlite IRC-718 are weak acids and the degree of

protonation will critically affect the ability of resin to
bind metal cations. For this resin, protonation of car-
boxylate groups and nitrogen atoms is reported to
be complete at pH 2.21.40 A completely deprotonated
form of the resin is reached at pH 12.30.16

Effect of resin mass on metal-ion uptake

The effect of resin’s mass on the rate of metal-ion
uptake was investigated using a batch equilibration
technique by suspending different masses (0.1, 0.2,
0.3, 0.6, 0.8, or 1.0 g) of the dry resin in 25 mL of the
acetate buffer solution at pH 5 7.0 for 2 h. Then,
25 mL of buffer solution containing 15 mg of metal-
ion was added at 258C under continuous shaking for 6 h.
Results are displayed in Figure 3. Results show that
the amount of metal ions adsorbed on the resin
increases with the increase of the mass of resin used.
This may be explained by the increase of the poly-
mer sites available for chelation when fixed amounts
of metal ions are available in solution. In all cases,
metal-ions are completely taken out of solution with
the presence of 0.8 g of resin.

Figure 1 Metal-ion uptake by resin as a function of con-
tact time.

Figure 2 Effect of the pH on metal-ion uptake by the
resin.

Figure 3 Effect of resin mass on metal-ion uptake by resin.
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Effect of metal-ion concentration on
metal-ion uptake

The effect of metal-ion concentration on metal-ion
uptake was studied by suspending 0.10 g of the dry
resin in 25 mL of the acetate buffer solution at pH
7.0 for 2 h followed by the addition of 25 mL of
buffer solution containing different amounts of
metal-ion. Results shown in Figure 4 reveal that the
metal-ion uptake capacity of the resin toward the
metal ions does not change considerably with metal
ion concentration.

CONCLUSION

In this investigation, we focused on the sorption
properties of the commercially available resin,
Amberlite IRC-718, a chelating resin containing imi-
nodiacetic acid as ligand attached to the copolymer
of styrene and divinyl benzene of macroporous ma-
trix structure, toward some divalent metal-ions in
aqueous solutions. The effect of exposure time on
the metal-ion uptake was studied by a batch equilib-
rium technique and showed that a time of 6–10 h
was enough to achieve maximum metal-ion sorption
and that the extent of metal-ion uptake followed the
order Fe21 > Cu21> Zn21 > Ni21. The pH binding
capacity profiles showed that the metal-ion uptake
of the resin increased with increasing pH and
reached a maximum at pH 6.0. The effect of resin
mass and metal-ion concentration on the extent of
metal-ion uptake were also investigated.
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Health (ANDRS). The authors wish also to acknowledge
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Figure 4 Effect of initial amount of metal ions on metal-
ion uptake by resin.
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