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The contamination of water by potentially toxic elements (PTEs), such as Cd(II), Ni(II), Zn(II), and Mn(II), is a critical environmental issue due to the adverse effects these metals can have on ecosystems and human health. Long-term exposure to these elements, even in low concentrations, can lead to serious health conditions, including kidney damage, neurological disorders, and cancer. Various methods have been developed for the removal of PTEs from water, among which adsorptive membranes have emerged as a promising solution. These membranes provide a high surface area and selective adsorption properties, making them effective for removing heavy metals. In particular, All Cellulose Composites (ACC) have gained attention due to their biocompatibility, renewability, and the possibility of enhancing their adsorption capacities through modifications. This work focuses on the development of ACC membranes composed of microcrystalline cellulose (MCC) crosslinked with epichlorohydrin as the matrix and nanocrystalline cellulose (NCC) modified with succinic anhydride (NCC-m) as the disperse phase, enhancing the membrane’s mechanical and adsorptive properties. [1]
The NCC-m was synthesized by reacting pristine NCC with succinic anhydride in pyridine reflux for 24h. After the reaction, NCC-m was washed and dialyzed for purification, and its synthesis was confirmed by FTIR, which confirmed the successful introduction of carboxylate groups, being observed signals such as 1558 cm-1 and 1696 cm-1, corresponding to carboxylate assymetric stretching and carboxylic acid carbonyl stretching respectively. [2]
The ACC membranes were prepared by first dissolving MCC in a solution containing 12% NaOH and 7% urea, and then adding epichlorohydrin as a crosslinker. The reaction was conducted under vigorous stirring, yielding a gelified solution. [3] This solution was then mixed with NCC-m at concentrations of 0%, 5%, 10%, 25%, 50%, and 100%, using an ultraturrax homogenizer to ensure uniform dispersion of the NCC-m within the MCC matrix. The resulting mixtures were cast onto Petri dishes and crosslinked by heating at 80°C for 6 hours. The membranes were characterized by TGA and FTIR to evaluate the thermal stability and the presence of functional groups, respectively.

The FTIR spectra of the membranes confirmed the presence of both MCC and NCC-m, with characteristic peaks corresponding to cellulose and carboxylate groups, as well as ether related signals due to the crosslink. TGA results showed that the thermal stability of the membranes was maintained after the incorporation of NCC-m, indicating successful integration of the two components.

Sorption experiments revealed that the addition of NCC-m significantly improved the removal of PTEs. Pure MCC membranes removed less than 8% of each metal ion, while membranes containing 10% NCC-m demonstrated the best performance. The membrane with 10% NCC-m removed over 95% of Zn(II), more than 80% of Cd(II) and Ni(II), and 40% of Mn(II). The higher sorption performance in the membrane containing 10% NCC-m was attributed to the increased availability of NCC-m in the membrane’s structure, preventing aggregation and showing a uniform dispersion in the matrix. NCC-m enhances the membrane’s sorption performance due to the presence of carboxylate groups, which interact with metal ions through electrostatic attraction and complexation mechanisms. [2]
The development of ACC membranes with NCC-m as a dispersed phase demonstrated significant potential for the removal of PTEs from water. The introduction of carboxylate groups on NCC-m effectively enhanced the sorption capacity of the membranes, particularly for Cd(II) and Zn(II). The membranes containing 10% NCC-m were identified as the most promising candidates, offering a balance between mechanical stability and high sorption efficiency. These findings suggest that ACC membranes reinforced with NCC-m are an eco-friendly and effective solution for water purification applications.
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