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Introduction

Water contamination is a major global problem owing to 
the rapid development of the modern industry. Among con-
taminants, heavy metals are the most harmful ones due to 
their hazardous effects on the environment [1]. For treat-
ment of water and industrial wastewater containing heavy 
metals, dyes or other industrial organic compounds, dif-
ferent methods have been proposed, e.g., biological treat-
ments, filtration by membrane, advanced oxidation pro-
cesses, electrochemical methods and adsorption processes 
[2–4]. Among the adsorbent materials, hydrogels with 
porous structure attract a great deal of attention and count 
as a good candidate due to their three-dimensional cross-
linked structure that can swell in water and trap the solute 
materials. Besides, the hydrogels with ionic functional 
groups can remove metal ions from wastewater [5–7].

Hydrogels based on natural polymeric network such as 
polysaccharides (i.e., starch, dextran, chitosan, etc.) have 
been employed as adsorbents to remove heavy metals from 
wastewater because of their biocompatibility, biodegrada-
bility and nontoxicity. Some research works have reported 
about using chitosan in hydrogel structure for heavy metal 
removal. In this regard, the synthesis of magnetic hydro-
gel beads consisting of carboxylated cellulose nanofi-
brils, amine-functionalized magnetite nanoparticles and 
poly(vinyl alcohol)-blended chitosan has been reported [8].

Moreover, Kandile et al. [9] reported the use of modi-
fied chitosan-based hydrogel with pH-sensitive behavior 
in metal removal. Wang et al. [10], for example, reported 
the preparation of the CTS-g-PAA/GE semi-IPN hydrogels 

Abstract In this study, a novel hybrid hydrogel based on 
chitosan, acrylic acid and amine-functionalized nanosilica 
was prepared and characterized by Fourier transform infra-
red spectroscopy, thermogravimetric analysis and scanning 
electron microscopy. This hydrogel nanocomposite was 
used for removal of Co2+, Cu2+, Pb2+ and Zn2+ ions from 
aqueous solution. The metal ion adsorption was measured 
by inductively coupled plasma mass spectrometry. The 
adsorption behavior showed that the presence of modified 
nanosilica enhanced the porosity of the hydrogel network 
and affected its adsorption capacity in response to different 
parameters such as nanosilica content, metal ion concen-
tration, adsorbent content, pH value and contact time. The 
morphology study showed that the nanosilica which was 
functionalized by 3-aminopropyl triethoxysilane increased 
the porosity of the hydrogel and created extensive network 
domains which can permeate water. The nanosilica may act 
as a physical cross-linker. The adsorption behavior of nano-
composite hydrogel showed that its high porous structure 
and the presence of amine functional groups on the nanosil-
ica surface enhanced its adsorption capacity. On the other 
hand, the nanocomposite did not show any selectivity for 
removal of Co2+, Cu2+, Pb2+ and Zn2+ ions from aqueous 
solution due to the specific interaction between nanocom-
posite and these metal ions.
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