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Introduction 

Magnetic nanomaterials have attracted much attention as a promising alternative adsorbent in purifying 
wastewater contaminated with heavy metal ions owing to their unique features of a large specific surface 
area, enhanced active sites, and magnetic  properties for easy separation. Nano-magnetic iron oxides such 
as Fe3O4 and Fe2O3 have been used as novel sorbents for wastewater treatment, and have demonstrated 
their potential to effectively adsorb a wide range of heavy metal ions  (Giraldo et al. 2013). However, 
nano-magnetic iron oxides only contain surface hydroxyl groups, which limit the chemical and physical 
reactivity towards interactions with other aqueous species (Mahmoud et al. 2014). In addition, nano-
magnetic iron oxides are subject to agglomeration, and thus the high capacity and selectivity of these 
nanomaterials would be greatly reduced or lost (Mahmoud et al. 2013). Thus, an alternative magnetic 
nanomaterial is highly desired.

Chrysotile (i.e., Mg2Si2O5(OH)4) nanotubes (NTs) have been widely investigated to adsorb toxic metal 
ions from water (Zhuang et al. 2009). These naturally occurring nano-structured clay minerals are 
abundant in nature and are inexpensive as compared to carbon nanotubes (i.e., CNTs). More importantly, 
nickel chrysotile (i.e., Ni3Si2O5(OH)4), NTs have been found to be readily endowed with magnetic 
properties by in situ hydrothermal reduction (Yang et al. 2011).  Accordingly, the purpose of this study is 
to develop magnetic poly(methacrylic acid) (PMAA)-grafted chrysotile NTs as a novel magnetic 
nanosorbent for effective uptake of  Cu(II) ions from aqueous solutions. 

Methods

Ni3Si2O5(OH)4 NTs were synthesized by a previously-reported hydrothermal reaction, and were further 
hydrothermally-reduced in a NaBH4 solution at 180oC for 12 h to obtain magnetic properties. The grafting 
of PMAA brushes onto the surfaces of magnetic chrysotile NTs was achieved by surface-initiated atom 
transfer radical polymerization (ATRP). The as-synthesized samples were characterized by TEM, XRD, 
FTIR, XPS, TGA, BET, zeta potential and VSM measurements.  Batch adsorption experiments were 
carried out to determine the adsorption kinetics, isotherms, thermodynamic parameters and regeneration 
capacity of magnetic PMAA-grafted chrysotile NTs.
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Results 

Fig. 1 Schematic illustration of a three-step synthesis process of 
magnetic PMAA-grafted chrysotile NTs

Fig. 2  TEM images of (a) magnetic chrysotile NTs and (b)  
PMAA-grafted chrysotile NTs, and (c) magnetization curves of 
magnetic PMAA-grafted chrysotile NTs from 1 and 2 h of 
reaction

Conclusion

Ni3Si2O5(OH)4NTs were synthesized by one-pot hydrothermal reaction, and further magnetized by in situ 
hydrothermal reduction. Subsequent grafting of pH-sensitive poly(methacrylic acid) (PMAA) brushes 
onto the surfaces of magnetic chrysotile NTs was achieved by surface-initiated ATRP to provide abundant 
adsorptive sites. The adsorption of Cu(II) ions was found to proceed rapidly, and the adsorption kinetics 
followed the pseudo-second-order model. The maximum adsorption capacity derived by the Langmuir 
isotherms was 1.28 mmol·g-1  at solution pH 5 and 25oC. The calculated thermodynamics parameters 
revealed an endothermic and spontaneous adsorption process of Cu(II) ions on the PMAA-grafted chrysotile 
NTs. The adsorption-desorption cycle results demonstrated that the PMAA-grafted chrysotile NTs were readily
regenerated, and kept high separation efficiency under an external magnetic field .
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