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Abstract
An insoluble polymer was elaborated by crosslinking reaction between β-CD (β-cyclodextrin) and BTCA (1,2,3,4-butane-
tetracarboxylic acid) and it was firstly applied in adsorption of paraquat (PQ) from water. This insoluble polymer was syn-
thesized at 180 °C for 30 min which displayed 74.1% of reaction yield, 3.80 mmol g− 1 of ion exchange capacity (IEC) and 
0.18 mmol g− 1 of β-CD content. Physicochemical properties were evaluated by attenuated total reflection–Fourier transform 
infrared spectroscopy (ATR-FTIR), carbon-13 nuclear magnetic resonance (13C NMR), thermogravimetric analysis (TGA), 
scanning electron microscopy (SEM), Brunauer–Emmett–Teller (BET) method and stereoscopic microscopy. The optimal pH 
was 8 and the equilibrium time was 120 min. At 30 °C, the adsorption capacity was enhanced (10.8, 19.7, and 25.8 mg g− 1) 
when the initial concentration of paraquat was increased (25, 50 and 200 mg L− 1, respectively). Adsorption kinetics was 
described by the pseudo-second-order model and adsorption isotherm was appropriated to the Langmuir model. The nega-
tive standard enthalpy change (∆Hº) showed an exothermic process, the positive standard entropy change (∆Sº) displayed an 
increased disorder and the negative standard Gibbs free energy change (∆Gº) indicated a spontaneous adsorption method. 
Ultimately, the regeneration efficiency of polymer in methanol was 87.3% after four cycles. This polymer could be used as 
a potential adsorbent for removal of other cationic pesticides.
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Introduction

Water contamination is a global environmental problem 
which could generate an important effect on the ecosystem, 
especially for the contamination of pesticides in water [1, 
2]. Pesticides have been employed in agriculture so as to not 
only increase productivity, but also reduce production costs. 
Nevertheless, the residual of pesticides could be hazardous 
for both biotic and abiotic components. A famous non-
selective herbicide named paraquat (PQ) is frequently used 
[3, 4] for plantation [5] or defoliation [6]. This dangerous 

agrochemical is very hydrosoluble (620 g L− 1 of solubility 
in water at 25 °C) because of the appearance of cationic 
charge on the molecule, thus it is quite difficult to eliminate 
from water. The presence of PQ residual could provide vari-
ous effects to health: respiratory problem [7], dermal expo-
sure [8], risk of the digestive apparatus [3], neurotoxicity [9], 
pulmonary fibrosis [10], and Parkinson’s disease [11–13]. 
The maximum admissible concentration of PQ for drinking 
water was 0.1 µg L− 1 [14].

Different processes have been reported in the literature 
for PQ elimination from water, such as biological treatment 
(fungi decomposition [15]), physical treatments (adsorption 
[16], filtration [17, 18] and ion exchange [19, 20]) and chem-
ical treatments photocatalytic degradation [21, 22], extrac-
tion [23], electrochemical process [24], and oxidation [25, 
26]. For the techniques mentioned above, many advantages 
of adsorption process afford high efficiency, simple opera-
tion and low-cost process. Up to now, a variety of adsorbents 
have been created for PQ elimination from aqueous solution, 
including pillararene-based porous polymer [27], biochar 
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