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Manganese is an essential trace element, but its elevated concentration in groundwater can cause 

serious environmental and health problems. Conventional treatment methods are often inefficient or 

too costly, which has driven the search for novel adsorbent materials. Magnetite (Fe₃O₄) nanoparticles 

are attractive for water purification because of their high surface area, magnetic separability, and 

reusability. When combined with geopolymers, they form stable and porous composites with 

enhanced adsorption performance. The use of plant extracts during synthesis enables 

biofunctionalization, which can improve surface activity and sustainability of these materials.

INTRODUCTION

In this work, biofunctionalized magnetite–geopolymer composites, prepared from a kaolin-based 

geopolymer and synthesized magnetite in the presence of tangerine peel extract, were investigated for 

the removal of manganese ions from contaminated groundwater. 

The biofunctionalized magnetite–geopolymer 

composite based on bentonite was synthesized in a 

distillation flask equipped with a condenser and 

magnetic stirrer at 80 °C. The reaction mixture 

consisted of Fe(II) and Fe(III) salts with tangerine 

peel extract and bentonite-based geopolymer. The 

synthesis started with the dropwise addition of 

NaOH solution until pH 10 was reached, resulting in 

the formation of magnetite particles. The obtained 

composite was filtered, washed with distilled water 

to neutral pH, and dried at 60 °C for 12 h.

MATERIALS AND PREPARATION

RESULTS AND DISCUSSION
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Magnetite–geopolymer composites demonstrated excellent adsorption performance for manganese removal from 

groundwater. FTIR spectra confirmed the presence of Fe–O–Si vibrations, indicating successful incorporation of 

magnetite into the geopolymer matrix. XRD analysis revealed characteristic peaks of magnetite along with the 

amorphous geopolymer background, proving composite formation. Nitrogen adsorption isotherms and BJH pore 

distribution showed mesoporous structure with a surface area of 84.5 m²/g, suitable for adsorption applications. SEM 

images illustrated a heterogeneous porous morphology. Thermal analyses (DSC and TGA) indicated stability of the 

composites up to relevant operating conditions. Finally, adsorption experiments demonstrated rapid manganese 

removal, achieving 91% efficiency within 10 min and reaching 95% after 60 min.

Overall, the results confirm that biofunctionalized magnetite–geopolymer composites are stable, efficient, and 

sustainable adsorbents with strong potential for application in water purification.

CONCLUSIONS
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