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Abstract 

This study presents an environmentally conscious strategy to enhance the removal of anionic 
dyes from industrial wastewater using Phragmites australis as a biosorbent. The biomass was 
functionalized with hexadecyltrimethylammonium bromide (CTAB), a cationic surfactant, to 
improve its affinity for anionic dyes, particularly Indigo Carmine (IC). The modification process 
was optimized by testing different CTAB quantities (0.1, 0.5, 1.0, and 1.5 g) at 60 °C, aiming to 
strengthen electrostatic interactions between the biosorbent surface and dye molecules. 
Successful modification was confirmed through Boehm titration, pHpzc analysis, FTIR 
spectroscopy, and thermogravimetric analysis, all of which revealed the introduction of 
quaternary ammonium groups, an increase in positive surface charge, and improved thermal 
stability.   

Experimental results revealed a marked improvement in adsorption performance: at 0.1 g CTAB 
and an initial dye concentration of 20 mg/L, IC uptake increased from 0.639 mg/g for raw biomass 
to 2.5755 mg/g for the modified material, representing a nearly fourfold enhancement. Maximum 
adsorption occurred at pH 2, highlighting the predominant role of electrostatic interactions. 
Kinetic modeling showed that the Brouers–Sotolongo model provided the best fit to the 
experimental data, reflecting adsorption on heterogeneous active sites and rapid uptake on the 
modified surface.  

Compared with raw Phragmites and conventional adsorbents such as activated carbon, CTAB-
functionalized biomass displayed competitive or superior performance while relying on a simpler 
and less energy-intensive modification process. These findings position CTAB-treated Phragmites 
australis as a stable, efficient, and sustainable biosorbent for the removal of anionic dyes, with 
promising potential for industrial wastewater treatment and future exploration using real multi-
component effluents and other abundant local biomasses. 
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