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ABSTRAK

Air tanah merupakan salah satu sumber air bersih yang banyak dimanfaatkan
masyarakat, namun sering mengandung besi (Fe) dan mangan (Mn) melebihi baku
mutu sehingga memerlukan pengolahan sebelum digunakan. Penelitian ini
bertujuan menganalisis karakteristik transfer oksigen secara real-time pada Airlift
Reactor (ALR) berdasarkan nilai koefisien perpindahan massa oksigen (KLa) dan
kinetika reaksi terhadap penyisihan Fe dan Mn menggunakan variasi diameter fine
bubble diffuser. Penelitian dilakukan pada Airlift Reactor (ALR) kontinu yang
dilengkapi Arduino Uno, sensor dissolved oxygen (DO), suhu, water flow, dan air
flow untuk pemantauan secara real-time. Variasi diameter diffuser yang digunakan
yaitu 6, 8, 10, dan 12 cm dengan waktu aerasi 10, 15, 20, 25, dan 30 menit. Hasil
penelitian menunjukkan bahwa peningkatan waktu aerasi meningkatkan kadar
oksigen terlarut (DO) serta menurunkan konsentrasi Fe dan Mn pada seluruh variasi
diffuser. Diffuser berdiameter 8 cm memberikan hasil terbaik dengan kadar DO
mencapai 6,5 mg/L, efisiensi penyisihan Fe sebesar 90,69%, efisiensi penyisihan
Mn sebesar 79,51%, serta menghasilkan nilai KLa tertinggi sebesar 0,0321 menit ™.
Analisis kinetika reaksi menunjukkan bahwa penyisihan Fe orde reaksi 2,3 dengan
konstanta laju reaksi tertinggi sebesar 1,644, sedangkan penyisihan Mn orde reaksi
1,7 dengan konstanta laju reaksi tertinggi sebesar 0,142 pada diffuser 8 cm. Dengan
demikian, diffuser berdiameter 8 cm merupakan kondisi operasi yang paling
optimum dalam meningkatkan transfer oksigen sekaligus mempercepat proses
oksidasi dan penyisihan besi dan mangan.

Kata Kunci: Airlift Reactor, Transfer Oksigen, Kinetika Reaksi, Besi , Mangan
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ABSTRACT

Groundwater is one of the primary sources of clean water widely used by
communities; however, it often contains excessive concentrations of iron (Fe) and
manganese (Mn) that exceed water quality standards, requiring treatment before
use. This study aimed to analyze real-time oxygen transfer characteristics in a
continuous Airlift Reactor (ALR) based on the oxygen mass transfer coefficient
(KLa) and reaction kinetics for the removal of Fe and Mn using different fine bubble
diffuser diameters. The experimental system consisted of a continuous ALR
equipped with an Arduino Uno, dissolved oxygen (DO), temperature, water flow,
and air flow sensors for real-time monitoring. Fine bubble diffuser diameters of 6,
8, 10, and 12 cm were evaluated under aeration times of 10, 15, 20, 25, and 30
minutes. The results showed that increasing the aeration time increased the
dissolved oxygen concentration while decreasing the concentrations of Fe and Mn
for all diffuser variations. The 8 cm diffuser achieved the best performance,
producing a maximum DO concentration of 6.5 mg/L, Fe removal efficiency of
90.69%, Mn removal efficiency of 79.51%, and the highest KLa value of 0.0321
min~'. Reaction kinetics analysis indicated that Fe removal followed a reaction
order of 2.3 with the highest reaction rate constant of 1.644, whereas Mn removal
followed a reaction order of 1.7 with the highest reaction rate constant of 0.142
using the 8 cm diffuser. These findings demonstrate that the 8 cm diffuser provides
the optimum operating condition for enhancing oxygen transfer while accelerating
the oxidation and removal of iron and manganese from groundwater.

Keywords: Airlift Reactor, Oxygen Transfer, Reaction Kinetics, Iron, Manganese
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