
Highlights 
· Quaternized peels from Cucumis metuliferus and Aframomum melegueta achieved up to 95.95% phenol removal, outperforming raw sorbents by 2-4-fold under optimized conditions (pH 4, 30-60 min).
· Langmuir isotherms (R² > 0.90) confirmed monolayer chemisorption with maximum capacities reaching 17.61 mg/g for QAP.
· Pseudo-second-order kinetics (R² > 0.89) demonstrated chemisorption as the rate-limiting step, with faster rates in modified sorbents.
· Regeneration using 0.5 M HCl maintained >50% efficiency over five cycles, proving sorbent durability.
· Real Ruiru River water tests showed 20-29% removal despite matrix interferences, validating practical wastewater remediation potential.

