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Abstract
A chitosan/attapulgite/poly(acrylic acid) (CS/ATP/PAA) hydrogel was prepared by glow-discharge electrolysis plasma 
(GDEP) technique, in which N,N’-methylene-bis-acrylamide was acted as a crossing-linker, and then it was used as an 
adsorbent for the removal of  Pb2+ ions from aqueous solutions. A possible polymerization mechanism is proposed. The 
structure, morphology and adsorption mechanism of CS/ATP/PAA hydrogel were characterized by FTIR, XRD, SEM and 
XPS techniques. The influences of pH, contact time and initial concentration on the  Pb2+ adsorption were systematically 
examined. The selective adsorption of CS/ATP/PAA hydrogel for  Pb2+ ions with the coexistence of  Cd2+,  Co2+ and  Ni2+ 
ions was investigated, as well. In addition, regeneration of hydrogel was also discussed in detail. The results indicated that 
the optimal adsorption pH was 4.8, and the time of adsorption equilibrium was 60 min. The adsorption behaviors fitted well 
to the pseudo-second-order kinetic model and Langmuir isotherm. The maximum adsorption capacity of CS/ATP/PAA 
hydrogel for  Pb2+ ions based on Langmuir isotherm was 531.9 mg  g–1. The CS/ATP/PAA adsorbent exhibited promising 
selectivity for  Pb2+ ions with the coexistence of  Cd2+,  Co2+ and  Ni2+ ions, and excellent reusability using EDTA-4Na solution 
as desorption solution. The adsorption process of  Pb2+ ions on CS/ATP/PAA hydrogel was presented by the coordination 
between N or O atoms and  Pb2+ ion, and the ion-exchange between  Na+ and  Pb2+ ions.
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Introduction

Water is the basis of all life in nature. However, with the 
development of chemical industry and extensive applica-
tion of many chemical agents in agriculture, harmful com-
pounds have been polluted air and soil, and consequently, 
drinking water, which resulted in numerous diseases [1, 2]. 
In these pollutants, heavy metal ions, such as  Pb2+,  Cu2+, 
 Cd2+,  Ni2+,  Co2+ and  Hg2+ ions, are prominent environmen-
tal issues which have become serious threats to ecological 

environment because heavy metals are not biodegradable 
and tend to accumulate in living tissues [3].

Lead ion  (Pb2+) is extensively found in nature but is con-
sidered as one of the most carcinogenic and hazardous ele-
ments [4].  Pb2+ ions in wastewater mainly come from bat-
tery industries, electronic manufacturing, mining, smelting, 
painting, and fertilizers [2, 4]. Long-term exposure to  Pb2+ 
ions can be severely harmful to the urinary system, nervous 
system, immune system and blood system even at very low 
levels of  Pb2+ intake, especially in children [5, 6]. Hence, 
the World Health Organization (WHO) has classified  Pb2+ 
ion as a priority issue [7].

Various methods, for example, chemical precipitation, 
solvent extraction, ion-exchange, membrane separation and 
adsorption, have been developed for the removal of  Pb2+ 
ions to satisfy the water pollution discharge standards [4, 
6]. Among them, adsorption is considered as one of the 
outstanding methods because of its low cost, convenient 
operation, and simplicity in the post-treatment process [4, 
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