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Abstract
Carboxymethyl cellulose (CMC) grafted poly(methyl methacrylate)/Cloisite 30B nanocomposite hydrogels were prepared 
for adsorptive removal of auramine-O (as a cationic dye model) from wastewater. For the synthesis of nanocomposite 
hydrogel by free radical polymerization method, potassium persulfate (KPS), methyl methacrylate (MMA), N,N′-methylene 
bisacrylamide (MBA) and Cloisite 30B were used as initiator, monomer, cross-linker and nano-filler, respectively. The 
nanocomposite hydrogels were characterized by FTIR, TGA, SEM and XRD techniques. The FTIR results showed that the 
monomer was grafted onto carboxymethyl cellulose chains successfully. Swelling behavior of nanocomposite hydrogel as 
a function of KPS, MBA, MMA concentration and CMC/Cloisite 30B weight ratio was studied by Taguchi method using 
Minitab 16 software. According to ANOVA results, the most effective factor of equilibrium swelling of nanocomposite 
hydrogel was CMC/Cloisite 30B weight ratio. Addition of Cloisite 30B to hydrogel up to a certain amount improved swell-
ing, though its high amount decreased swelling. The effects of pH and ionic strength on swelling of optimum hydrogels were 
investigated. Maximum swelling of nanocomposite hydrogel occurred at pH 7.0. The kinetic data of adsorption fitted well to 
pseudo-second-order model. The best isotherm for investigation of adsorption mechanism was Langmuir model suggesting 
the formation of a monolayer on the adsorbent surface. FTIR results, before and after auramine-O adsorption, showed that 
complexation is the main mechanism of adsorption. High adsorption capacity of nanocomposite hydrogels made them more 
efficient in wastewater treatment application.
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Introduction

Water pollution is one of the major problems of humanity 
since industrialization. Effluents of most industries discharge 
to water resources and endanger animal and human life. 
Wastewater usually contains some dyes such as methylene 
blue, malachite green, auramine-O, etc. that give color to 
water and limit penetration of sunlight to water. Synthetic 
dyes are a group of inorganic materials that are used in food 
processing, leather tanning, textile industry, paper and cos-
metics. Due to their complex aromatic structure, they are 

stable and non-degradable [1, 2]. Auramine-O, a cationic 
dye, is used in textile, paper and carpet industry. It is a yel-
low fluorescent dye which is soluble in water and ethanol [3, 
4]. There are various methods to remove dyes from industrial 
effluents such as coagulation, electrochemical technique, 
chemical oxidation, membrane separation and adsorption 
[5]. Among these methods, adsorption is an effective method 
because of high efficiency, the simplicity of design and low 
cost [6]. In recent years, hydrogels are used as effective 
adsorbents in many studies. They can remove a wide range 
of pollutants from aqueous effluents. Hydrogels are a cross-
linked hydrophilic network that can swell and retain a great 
amount of water in their structures. Hydrogels cannot be 
solved in water because of their cross-linked structures. Due 
to the existence of hydrophilic functional groups, hydrogels 
can adsorb water [7]. In the past 50 years, more attention 
has been paid to hydrogels because of their wide range of 
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