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Abstract This study is concerned with the synthesis of

some network polymers and their possibility of metal ions

removal from aqueous solution. A chelating hydrogel

based on modified poly(styrene-alt-maleic anhydride) with

p-aminobenzene sulfonic acid (sulfanilic acid) was syn-

thesized. This hydrogel was further reacted by 1,2-diami-

noethane or 1,3-diaminopropane in presence of ultrasonic

irradiation for preparation of tridimensional hydrogels. The

prepared hydrogels were characterized by Fourier trans-

form infrared spectroscopy (FTIR) and thermogravimetric

analysis (TGA/DTG) techniques. Also, the swelling index

of the copolymers was measured and the results clearly

indicate that the uptake of the water decreased with cross-

linked hydrogels with respect to noncross-linked form.

Adsorption capacity of the hydrogels for the selected metal

ions, i.e., Zn(II), Cu(II) and Fe(II) was investigated in

detail in aqueous solutions at pH 3–7 utilizing atomic

absorption spectroscopy (AAS). Also the prepared hydro-

gels were examined for removal of metal ions from

industrial wastewater samples. This study showed that the

prepared cross-linked hydrogel is very efficient in chelating

the selected metal ions from aqueous solutions, compared

to noncross-linked hydrogel and the affinity order was:

Fe(II) [ Cu(II) [ Zn(II). The equilibrium distribution

coefficient (kd) was determined and the findings proved that

the kd value is approximately high in the case of all mea-

sured metal ions.
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Introduction

Environmental contamination by heavy metal ions is a

serious problem because of their high persistence, damage

to nervous system, and even increase of the risk of cancer

caused by their accumulation at certain levels. Toxic-nat-

ured heavy metals are generally uncontrollable and cannot

be degraded. Thus, safe and effective waste water treat-

ment containing heavy metal ions is always a challenge to

industrialists and environmentalists, since cost-effective

treatment are not available [1]. Another problem encoun-

tered in the removal of the metal ions is that the target

species are usually at low concentration and in complex

mixtures [2].

Among various methods for the removal of heavy metal

ions such as liquid–liquid extraction, precipitation, elec-

trolytic concentration, membrane filtration, ion exchange

and adsorption, the last one is generally preferred because

of its high efficiency, ease of handling, and availability of

different sorbents [3–5]. While using methods such as

chemical precipitation and reverse osmosis for metal ions

removal from waste waters, led to incomplete metal

removal and, moreover, these processes need high reagent

and energy requirements and the toxic sludge produced

requires careful disposal. Therefore, the most promising

technique for removal of metal cations is their adsorption

on organic sorbents containing chelating functional groups

[6–8].

An organic chelating sorbent is consisted of two main

parts: chelating functional group(s) and the polymer matrix

or support. Structures of polymer matrix and chelating

groups on the one hand, and the interaction modes between

the support and functional groups on the other hand

determine the specific applications of the chelating sor-

bents. The processes of heavy metal removal using

P. Najafi Moghadam (&) � R. Hasanzadeh � J. Khalafy

Department of Chemistry, Faculty of Science, Urmia University,

Urmia, Iran

e-mail: p_najafi27@yahoo.com; p.najafi@urmiau.ac.ir

Iran Polymer and

Petrochemical Institute 123

Iran Polym J (2013) 22:133–142

DOI 10.1007/s13726-012-0111-5

https://link.springer.com/article/10.1007/s13726-012-0111-5


