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ADSORPSI ION Pb(I), Cudl), DAN Fe(lll) ARTIFISIAL
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ABSTRAK

Pencemaran logam berat seperti Pb(Il), Cu(Il), dan Fe(III) dalam perairan
menjadi masalah lingkungan yang serius karena sifatnya yang toksik, persisten, dan
mudah terakumulasi dalam rantai makanan. Penelitian ini bertujuan untuk
mengevaluasi potensi biosorben cangkang larva Hermetia illucens (CL-HI) dalam
mengadsorpsi ion logam berat pada sistem multilogam melalui pendekatan
kinetika, i1soterm, dan termodinamika, serta analisis biaya. Biosorben dipreparasi
melalui proses pencucian, pengeringan, dan pengayakan tanpa aktivasi kimia.
Karakterisasi dilakukan menggunakan XRD, ATR-FTIR, SEM-EDX, dan BET
untuk mengkaji struktur, gugus fungsi, morfologi, serta luas permukaan. Hasil
menunjukkan bahwa biosorben memiliki struktur biokomposit yang tersusun dari
fase kalsit (CaCOs) dan kitin, dengan gugus fungsi aktif seperti -OH, —NH, dan —
COO yang berperan dalam proses adsorpsi. Uji selektivitas menunjukkan bahwa
CL-HI memiliki preferensi adsorpsi terhadap Pb(II), Cu(Il), dan Fe(Ill) dalam
sistem multilogam. Studi kinetika menunjukkan bahwa model pseudo-second-order
memberikan kecocokan terbaik, yang mengindikasikan dominasi mekanisme
kemisorpsi. Analisis isoterm menunjukkan bahwa model Langmuir dan Freundlich
mampu menggambarkan proses adsorpsi, yang mengindikasikan adanya adsorpsi
monolayer dan multilayer. Parameter termodinamika menunjukkan bahwa proses
adsorpsi berlangsung secara spontan (AG® < 0), bersifat endotermik (AH® > 0), dan
meningkatkan ketidakteraturan sistem (AS°® > 0). Selain itu, analisis biaya
menunjukkan bahwa biosorben CL-HI memiliki potensi sebagai adsorben berbiaya

rendah dan ramah lingkungan karena berasal dari limbah biomassa dan tidak

il



memerlukan proses aktivasi tambahan. Secara keseluruhan, biosorben CL-HI
menunjukkan kinerja yang efektif dan berpotensi diaplikasikan dalam pengolahan

limbah cair yang mengandung logam berat.

Kata Kunci: biosorben; cangkang larva; Hermetia illucens; logam berat; adsorpsi

multilogam
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ADSORPTION OF Pb(II), Cu(Il), AND Fe(IIl) IONS FROM ARTIFICIAL
SOLUTIONS USING Hermetia illucens LARVAE SHELL WASTE
BIOSORBENT VIA BATCH METHOD

Name : Wahyu Setiawan

NPM : 22065020009

Supervisor 1 : Prof. Euis Nurul Hidayah, MT., PhD.

Supervisor 2 : Prof. Dr.T. Ir. Dyah Suci Perwitasari, M.T.
ABSTRACT

Heavy metal contamination such as Pb(II), Cu(Il), and Fe(III) in aquatic
environments poses a serious environmental problem due to their toxicity,
persistence, and bioaccumulation potential in the food chain. This study aims to
evaluate the potential of Hermetia illucens larvae shell biosorbent (CL-HI) for the
removal of heavy metal ions in a multimetal system through kinetic, isotherm, and
thermodynamic approaches, as well as cost analysis. The biosorbent was prepared
through washing, drying, and sieving without chemical activation. Characterization
was carried out using XRD, ATR-FTIR, SEM-EDX, and BET to investigate
structural properties, functional groups, morphology, and surface area. The results
show that the biosorbent exhibits a biocomposite structure consisting of calcite
(CaCO:s) and chitin, with active functional groups such as -OH, —NH, and -COO~
that play an important role in adsorption. Selectivity studies indicate that CL-HI
shows a higher preference for Pb(Il), Cu(Il), and Fe(IlI) in a multimetal system.
Kinetic analysis reveals that the pseudo-second-order model provides the best fit,
indicating that chemisorption dominates the adsorption process. Isotherm analysis
demonstrates that both Langmuir and Freundlich models adequately describe the
adsorption behavior, suggesting the occurrence of both monolayer and multilayer
adsorption. Thermodynamic parameters indicate that the adsorption process is
spontaneous (AG® < 0), endothermic (AH® > 0), and accompanied by increased
randomness (AS° > 0). Furthermore, cost analysis reveals that CL-HI biosorbent
has strong potential as a low-cost and environmentally friendly adsorbent due to its

origin from biomass waste and the absence of chemical activation. Overall, CL-HI



demonstrates effective performance and promising applicability for wastewater

treatment containing heavy metals.

Keywords: biosorbent; larvae shells; Hermetia illucens; heavy metals; multimetal

adsorption
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