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Abstract
Herein, we report the synthesis of a new thermally stable magnetic polyurethane nanocomposite (MPUNc) (14) containing 
azobenzene moiety and β-cyclodextrin (β-CD) and its application in removing some organic pollutants from water. First, 
4,4′-azodibenzene dicarboxylic acid (2) was synthesized and then it was converted to 4,4′-azodibenzene diacyl azide (3). 
MPUNc (14) was synthesized by grafting magnetic nanoparticles (MNPs) (11) onto β-CD-AzoPU (10). The properties of the 
MPUNc (14) were characterized by FTIR, 1H NMR, XRD, SEM, EDX, VSM, and TGA. By adding MPUNc (14) to PVA, 
the stress–strain curves of the resulting blend showed a ductile fracture due to the digressing toughness of PVA. The mag-
netic saturation (Ms) values demonstrated that the magnetic property of  Fe3O4 was reduced when coated by  SiO2. The TGA 
thermogram of MPUNc (14) showed a 10% weight loss below 300 °C. In addition, the weight loss of about 33% between 350 
and 750 °C was due to the chemical decomposition of β-CD-AzoPU (10) and EPO moieties. Thus, the results showed that 
the grafted β-CD-AzoPUs (10) to MNPs (11) had a density of about 18%. The MPUNc (14) was used as a new absorbent to 
remove 4-chlorophenol (4-CP) and 4-nitrophenol (4-NP) from water. Besides, the effects of pH, time, temperature, and the 
absorbent dosage on the adsorption ability were studied. The results showed that the pH and the adsorbent dosage had a key 
role in removing 94% of the 4-NP and 91.3% of 4-CP at the optimized pH of 3 using 50 mg of the sorbent.
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Introduction

Water is an important factor in human life on earth. Many 
aspects of human life such as food, economy, health, and 
energy depend on water. Water supply is the biggest prob-
lem in many countries and water purification has a very 
important role in the quality of human life [1]. Furthermore, 
inorganic pollutants (such as heavy metals) and organic 
pollutants (including phenol and phenolic derivatives) are 
toxic and harmful to human health even at very small quan-
tities [2, 3]. Phenolic compounds commonly pollute aque-
ous resources through chemical industry, mineral industry, 
wood preservation, plastic additives, and food industry [4]. 

Therefore, effective methods are important and essential to 
remove phenolics from water resources.

Classical methods for the purification of water resources 
from organic pollutants such as reverse osmosis [5], elec-
trochemical treatment [6], photocatalytic [7], chemical oxi-
dation [8], chemical reduction [9], and ion-exchange [10] 
are expensive and energy-consuming. Furthermore, some of 
them create new problems in producing other toxic materi-
als [11]. New absorption techniques based on carbohydrates 
not only are inexpensive but also can be applied on a large 
scale producing high-quality water without sludge produc-
tion [12, 13]. Because of their physical and chemical char-
acteristics, low price, availability, and the presence of vari-
ous reactive groups in their main chain, carbohydrates have 
attracted the attention of researchers [14]. Current studies 
show that cyclodextrins (CDs) are able to absorb pollutants 
better than zeolites and activated carbon [15, 16]. Cyclo-
dextrins are naturally occurring molecules derived from 
starch and have three types (α-CD, β-CD, and γ-CD) [17]. 
The outer surface and central cavity of these structures are 
hydrophilic and lipophilic, respectively [18]. The presence 
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