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While traditional wastewater treatments like ion exchange and chemical precipitation are effective, they are often costly and risk 
secondary pollution. Biopolymeric hydrogels offer a greener alternative but lack the necessary porosity and mechanical strength. 
[1] These limitations can be overcome by utilizing polyelectrolyte-based composites . [2] These charged polymer structures 
leverage specific intermolecular forces to significantly enhance pollutant adsorption. Beyond water treatment, their high 
porosity makes them versatile for applications like fuel-oil recovery and gas adsorption . 
In this study, two different polyelectrolytes, chitosan and alginate, were used to prepare composites to increase the suitability of 
the materials for a broad range of applications. As positively and negatively charged polyelectrolytes, chitosan and alginate can be 
used for the adsorption of negatively and positively charged pollutants based on electrostatic attractions. Furthermore, hydrogen 
bonding also plays a vital role in adsorption. Chitosan, which is hydrophobic (depending on its acetylation degree), also 
contributes to the adsorption of hydrophobic pollutants. Polymeric beads were introduced into the system to induce porosity in 
the hydrogel. The composites were prepared using a combination of two types of materials: polymeric beads and hydrogels. 
Chitosan-based polymeric beads were prepared by cross-linking chitosan with sodium tripolyphosphate, and alginate-based 
beads were prepared by cross-linking alginate with calcium chloride. The chitosan beads were then added to the alginate solution 
and then frozen followed by cross-linking with calcium chloride to prepare the composite A. In a similar way, the alginate beads 
were added to the chitosan solution and then frozen followed by cross-linking with sodium tripolyphosphate to prepare the 
composite B. The layer-by-layer assembled composite was prepared by first preparing composite A then, adding the solution of 
composite B followed by freezing and cross-linking it to prepare the final material. Furthermore, this material showed promising 
results for gas adsorption and fuel oil adsorption. 
With 98% efficiency for both anionic and cationic dyes, these multilayered composites leverage diverse intermolecular forces for 
superior performance. Their extended lifespan stems from reversible ionic cross-linking : bonds break during desorption and 
reform during adsorption. Ultimately, this high-porosity "universal material" offers a robust, reusable solution for broad 
pollutant removal. 
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