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Abstract
The present manuscript deals with the synthesis of novel chitosan-based semi-interpenetrating networks (semi-CIPNs) and 
explores their potential for removal of  Cd2+ ions from solution. Microwave radiation-induced polymerization was carried 
out using biopolymer chitosan (CS) and acrylic acid (AA) monomer, in the presence of initiator  (K2S2O8) and cross-linker 
thiourea  (CH4N2S). The effect of polymerization variables such as the amount of solvent, concentrations of initiator, monomer 
and cross-linker and the reaction time were optimized as a function of percentage grafting (Pg). Under optimized conditions, 
the liquid uptake potential of the synthesized semi-CIPN was studied in terms of percentage swelling (Ps). The semi-CIPN 
showed the maximum percentage grafting (3845%) and percentage swelling (311%) under the optimized conditions. The 
physico-chemical techniques such as Fourier transform infrared spectroscopy (FTIR), thermal analysis (TGA/DTG/DTA), 
scanning electron microscopy (SEM), and X-ray diffractometry (XRD) provided the evidence for formation of semi-CIPN 
from chitosan. Semi-CIPN was found to be an efficient device for facile sequestering of  Cd2+ ions on the basis of batch 
experimental studies as 98.1% efficiency was observed for removal of  Cd2+ from 100 mg/L solution. Reusability of polymeric 
material was evaluated for its sorption performance in consecutive adsorption and desorption cycle and it was observed that 
the regeneration efficiency decreases slowly up to eighth adsorption/desorption cycles, thereafter, it decreases significantly in 
the 9th and 10th cycles and 40% efficiency has been observed after 12th cycle. Regeneration of the synthesized semi-CIPN 
explores the reusability and economic feasibility of biopolymer material.
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Introduction

Heavy metal-laden wastes are often released into the environ-
ment from different industries such as tanneries, electroplat-
ing, galvanizing, pigments and dyes, metallurgical and other 
industries. They are responsible for acute metal toxicity in the 
aquatic systems. Metals once introduced into any environmen-
tal segment remain for years due to their persistence and ten-
dency to slowly crawl into the food chain and thereby leading 

to detrimental effects on human health and the environment. 
The various processes such as chemical precipitation, redox 
system, ion exchange, electrochemical treatment, and osmosis 
and membrane technologies are employed as treatment options 
for removal of heavy metals from wastewater [1–3]. However, 
these processes have limitations such as high cost, insufficient 
capacity to meet regulatory requirements and a generation 
of by-products which are toxic in nature and difficult to treat 
[4–6]. Heavy metals such as cadmium, chromium, arsenic, 
and nickel are of special concern because of (I) toxicity even 
at very low concentrations and (II) tendency to become accu-
mulated in various environmental segments [7–9]. Cadmium is 
released into the environment from electroplating and battery 
industries, mining activities, pigments, alloys and phosphate 
fertilizers [10, 11]. The permissible limit for cadmium in the 
wastewater discharge is 0.1 mg/L in India. The adverse effects 
of cadmium on human beings include high blood pressure, 
kidney damage and destruction of testicular tissues and red 
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