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ABSTRAK

Hasil penelitian menunjukkan bahwa bioadsorben okara teraktivasi memiliki
potensi sebagai adsorben ramah lingkungan dan berkelanjutan untuk penyisihan ion
Cd** dari air limbah artifisial. Pencemaran ion kadmium (Cd*") merupakan
permasalahan lingkungan karena bersifat toksik, persisten, dan mudah
terakumulasi. Penelitian ini bertujuan menganalisis pengaruh pH dan waktu kontak
terhadap penyisihan Cd**, memvalidasi proses adsorpsi melalui neraca massa dan
karakterisasi bioadsorben, mengkaji kinetika adsorpsi, serta mengevaluasi
kemampuan regenerasi bioadsorben okara teraktivasi. Bioadsorben dibuat dari
limbah okara yang diaktivasi menggunakan HsPOs 3 M dan diaplikasikan pada
sistem adsorpsi batch dengan variasi pH 5, 6, dan 8 serta waktu kontak 10, 20, 40,
dan 80 menit. Konsentrasi Cd** dianalisis menggunakan AAS, sedangkan
karakterisasi bioadsorben dilakukan dengan FTIR dan SEM-EDX. Kondisi
optimum diperoleh pada pH 6 dan waktu kontak 20 menit dengan efisiensi
penyisihan 85,71% dan kapasitas adsorpsi 14,56 mg/g. Analisis SEM-EDX
menunjukkan akumulasi Cd pada permukaan bioadsorben, sedangkan FTIR
mengindikasikan keterlibatan gugus hidroksil, karbonil, karboksilat, dan ester
dalam adsorpsi. Model kinetika yang paling sesuai adalah Pseudo Second Order (R?
= 0,9866-0,9884), menunjukkan dominasi mekanisme kemisorpsi. Bioadsorben
masih dapat diregenerasi hingga lima siklus adsorpsi—desorpsi meskipun efisiensi
desorpsi menurun. Hasil penelitian menunjukkan bahwa bioadsorben okara
teraktivasi berpotensi sebagai adsorben ramah lingkungan untuk penyisihan ion

Cd?* dari air limbah artifisial.

Kata Kunci: Kadmium (Cd**), Adsorpsi, Bioadsorben Okara, Kinetika,

Regenerasi.
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ABSTRACT

Cadmium (Cd?*") contamination in aquatic environments is a major environmental
concern due to its toxicity, persistence, and bioaccumulative nature. This study
investigated the effects of pH and contact time on Cd** removal, validated the
adsorption process through mass balance and bioadsorbent characterization,
analyzed adsorption kinetics, and evaluated the regeneration performance of
activated okara bioadsorbent. The bioadsorbent was prepared from okara waste
activated with 3 M HsPOs and applied in a batch adsorption system at pH values of
5, 6, and 8 with contact times of 10, 20, 40, and 80 min. Cd*" concentration was
determined using Atomic Absorption Spectrophotometry (AAS), while the
bioadsorbent was characterized by FTIR and SEM-EDX. The optimum condition
was achieved at pH 6 and 20 min, resulting in a removal efficiency of 85.71% and
a final Cd** concentration of 7.28 mg/L. SEM-EDX confirmed Cd accumulation on
the bioadsorbent surface, while FTIR indicated the involvement of hydroxyl,
carbonyl, carboxylate, and ester functional groups in the adsorption process. The
adsorption followed the Pseudo-Second-Order kinetic model (R? = 0.9866—0.9884),
indicating a predominantly chemisorption mechanism. The bioadsorbent remained
reusable for up to five adsorption—desorption cycles despite a gradual decline in
desorption efficiency. These findings demonstrate that activated okara is a
promising, environmentally friendly bioadsorbent for Cd** removal from artificial

wastewater.

Keywords: Cadmium (Cd*"), Adsorption, Biosorbent Okara, Regeneration,

Kinetics.
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