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Abstract
Attapulgite is a kind of silicate with a nano-sized rod-like morphology. In this research, a novel nanocomposite hydrogel 
based on cellulose and attapulgite was fabricated by a facile method and its adsorption properties for methylene blue were 
investigated. First, cellulose was dissolved in 7 wt% NaOH/12 wt% urea solution within 2 min, and then cellulose was cross-
linked with sodium alginate by epichlorohydrin in presence of attapulgite at 50 °C for 4 h. By this facile approach, cellu-
lose–attapulgite nanocomposite hydrogel was fabricated. SEM observation showed that nanocomposite hydrogel exhibited a 
porous structure and rough inner surface and attapulgite was incorporated inside. The FTIR and XPS spectra confirmed the 
cross-linking between cellulose and sodium alginate. The swelling experiment results revealed that sodium alginate enhanced 
the swelling property of cellulose hydrogel. Swelling degree of cellulose–alginate increased from 36.9 to 42.8 with the 
increase of sodium alginate content, while swelling degree of pure cellulose hydrogel was 36.3. The addition of attapulgite 
reduced the swelling degree of nanocomposite hydrogel. Attapulgite enhanced the adsorption capacity of nanocomposite 
hydrogel compared to the hydrogel without attapulgite. The maximum adsorption capacity of nanocomposite hydrogel was 
24.3 mg g−1. Further adsorption kinetics and adsorption isotherm experiments showed that the pseudo-second-order adsorp-
tion model and Freundlich model best described the adsorption kinetics and isotherm, respectively. These results suggest 
that the nanocomposite hydrogel prepared by this facile method can be used in removing dyes from wastewater.
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Introduction

Polymer hydrogels have cross-linked hydrophilic polymer 
chains and can retain large amounts of water [1, 2]. Polymer 
hydrogels have been extensively studied in tissue engineer-
ing, drug delivery, water absorption, agriculture, and food 
industry. Incorporating nanomaterial into polymer hydro-
gel can form nanocomposite hydrogel which can be used in 
environmental applications to remove dyes from solution 
[3]. In contact with a dye solution, nanocomposite hydrogel 
swells due to absorption of solution. In this process, dye 
molecules diffuse into the hydrogel and are finally adsorbed 
by the nanomaterial inside the hydrogel.

In recent years, many natural adsorbents have been 
researched for water and wastewater treatment [4]. 

Nanocomposite hydrogels containing inorganic components, 
such as montmorillonite [5], laponite [6], vermiculite [7], 
sepiolite [8], and attapulgite have been reported.

Attapulgite is a kind of silicate with nano-sized rod-
like morphology and has high surface area. There are large 
reserves of attapulgite in South China especially in Xuyi, 
Jiangsu province of China. Attapulgite has been mainly 
used as adsorbent, catalyst carrier and grease decolorization. 
Attapulgite has permanent negative charges and can remove 
cationic dyes, such as methylene blue from water [9–11]. 
Thus attapulgite has the potential as an effective and low-
cost sorbent for dye removal from wastewater. Incorporating 
attapulgite into hydrogel to prepare nanocomposite hydro-
gel can improve the dye adsorption capacity of hydrogel. 
Chitosan-g-poly(acrylic acid)/attapulgite composite hydro-
gel [12], cross-linked poly(acrylic acid-co-acrylamide)/atta-
pulgite composite hydrogel [13] and N-succinyl-chitosan-
g-polyacrylamide/attapulgite composite hydrogel [14] have 
been reported to remove dye from solution.
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