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ABSTRAK 

 

Penurunan kualitas air tanah di wilayah padat penduduk dan industri disebabkan 

oleh tingginya kandungan Fe²⁺ dan Mn²⁺ yang berdampak pada kesehatan. Metode 

adsorpsi dipilih karena sederhana dan efisien, menggunakan limbah fly ash dan 

tongkol jagung sebagai adsorben. Penelitian ini bertujuan menganalisis efisiensi 

penyisihan logam, karakteristik gugus aktif, serta laju kinetika adsorpsi berdasarkan 

model Thomas dan Yoon–Nelson. Proses adsorpsi dilakukan secara kontinyu 

dengan variasi tinggi adsorben dan waktu sampling menggunakan adsorben 

teraktivasi H₃PO₄ 40%. Hasil penelitian menunjukkan bahwa pada kondisi 

optimum, fly ash mampu menurunkan kadar Fe2+ sebesar 99,7% dari 1,305 mg/L 

menjadi 0,004 mg/L dan menurunkan kadar Mn2+ sebesar 89,2% dari 2,96 mg/L 

menjadi 0,321 mg/L. Sementara itu, tongkol jagung menurunkan kadar Fe2+ sebesar 

99,2% hingga mencapai 0,01 mg/L dan menurunkan kadar Mn2+ sebesar 87,7% 

hingga mencapai 0,364 mg/L. Peningkatan tinggi adsorben hingga 40 cm 

memperbesar efisiensi penyisihan akibat bertambahnya situs aktif dan luas 

permukaan. Fly ash mencapai kondisi jenuh pada menit ke-105, sedangkan tongkol 

jagung pada menit ke-90. Analisis FTIR menunjukkan keterlibatan gugus –OH, Si–

O–Si, C=O, dan COO⁻ dalam proses adsorpsi. Model kinetika Thomas dan Yoon–

Nelson mengindikasikan peningkatan laju adsorpsi dengan bertambahnya tinggi 

kolom, dengan konstanta KT dan KYN tertinggi masing-masing sebesar 0,318 

ml/mg·menit dan 0,041 menit⁻¹ pada penurunan ion logam Fe2+. Hasil penelitian 

ini menunjukkan bahwa kedua jenis adsorben efisien dalam menurunkan 

konsentrasi Fe²⁺ dan Mn²⁺ pada sistem adsorpsi kontinyu. 

Kata kunci: Air Tanah, Adsorpsi, Adsorben Alternatif, Fly Ash, Tongkol Jagung, 

Fe2+, Mn2+
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ABSTRACT 

 

The decline in groundwater quality in densely populated and industrial areas is 

caused by elevated concentrations of Fe²⁺ and Mn²⁺, which pose potential health 

risks. Adsorption was selected as a simple and efficient treatment method, utilizing 

fly ash and corncob waste as adsorbents. This study aims to analyze metal removal 

efficiency, characterize active functional groups, and evaluate adsorption kinetics 

based on the Thomas and Yoon–Nelson models. The adsorption process was 

conducted continuously with variations in adsorbent height and sampling time, 

using adsorbents activated with 40% H₃PO₄. The results showed that under optimal 

conditions, fly ash removed 99.7% of Fe²⁺, reducing its concentration from 1.305 

mg/L to 0.004 mg/L, and 89.2% of Mn²⁺, from 2.96 mg/L to 0.321 mg/L. Meanwhile, 

corncob adsorbent achieved 99.2% Fe²⁺ removal to 0.010 mg/L and 87.7% Mn²⁺ 

removal to 0.364 mg/L. Increasing the adsorbent height up to 40 cm enhanced 

removal efficiency due to the greater number of active sites and surface area. Fly 

ash reached saturation at 105 minutes, while corncob reached it at 90 minutes. 

FTIR analysis revealed the involvement of –OH, Si–O–Si, C=O, and COO⁻ 

functional groups in the adsorption process. The Thomas and Yoon–Nelson kinetic 

models indicated that adsorption rates increased with column height, with the 

highest KT and KYN values recorded at 0.318 mL/mg·min and 0.041 min⁻¹, 

respectively, for Fe²⁺ removal. Overall, the findings demonstrate that both 

adsorbents are effective for reducing Fe²⁺ and Mn²⁺ concentrations in continuous 

adsorption systems. 

Keywords: Groundwater, Adsorption, Alternative Adsorbent, Fly Ash, Corncob, 

Fe2+, Mn2+


