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ABSTRAK

MUHAMMAD FAZA ROMADHON. Sintesis dan Karakterisasi Hydrogel
Bead dari Komposit Cangkang Telur-Zeolit untuk Reduksi Zat Warna. Dibimbing
oleh MERSI KURNIATI dan FIFIA ZULTI.

Penelitian ini dilatarbelakangi oleh meningkatnya pencemaran air akibat
limbah industri tekstil yang mengandung zat warna sintetik metilen biru (MB) yang
bersifat toksik, persisten, dan sulit terdegradasi secara alami. Penelitian ini
bertujuan mensintesis, mengarakterisasi, dan mengevaluasi performa adsorben
berbentuk Aydrogel bead berbasis cangkang telur dan zeolit dalam sistem kolom
adsorpsi untuk reduksi MB. Hydrogel bead disintesis melalui metode enkapsulasi
sodium alginat menggunakan agen penaut silang CaCl. dengan variasi bahan aktif
cangkang telur (CThb), zeolit (Zhb), dan kompositnya (CTZhb). Karakterisasi
meliputi analisis kadar air, swelling, Fourier Transform Infrared Spectroscopy
(FTIR), dan Scanning Electron Microscopy (SEM). Pengujian adsorpsi dilakukan
secara kontinu menggunakan larutan MB 100 mg/L selama 18 jam. Hasil penelitian
menunjukkan bahwa ZHb memiliki efisiensi reduksi maksimum 89% dan kapasitas
adsorpsi 10,05 mg/g yang didukung kemampuan pertukaran kation dan struktur pori
zeolit. CThb menunjukkan kemampuan adsorpsi yang baik dengan stabilitas
penggunaan ulang lebih tinggi akibat proses desorpsi yang lebih optimal. CTZhb
mengombinasikan keunggulan kedua material sehingga menghasilkan efisiensi
adsorpsi dan kemampuan penggunaan ulang yang baik. Ketiga hydrogel bead
mampu mempertahankan bentuk fisik, laju alir, serta performa penggunaan ulang
hingga lima siklus adsorpsi—desorpsi, sehingga berpotensi sebagai adsorben ramah
lingkungan dan berbiaya rendah untuk pengolahan limbah zat warna secara kontinu.

Kata kunci: adsorpsi, cangkang telur, hydrogel, metilen biru, zeolit



ABSTRACT

MUHAMMAD FAZA ROMADHON. Synthesis and Characterization of
Hydrogel Beads from Eggshell-Zeolite Composites for Dye Reduction. Supervised
by MERSI KURNIATI and FIFIA ZULTI.

This study was motivated by the increasing water pollution caused by textile
industry wastewater containing methylene blue (MB), a synthetic dye that is toxic,
persistent, and difficult to degrade naturally. The study aimed to synthesize,
characterize, and evaluate the performance of eggshell- and zeolite-based hydrogel
bead adsorbents in a column adsorption system for MB removal. The hydrogel
beads were synthesized through sodium alginate encapsulation using CaCl. as a
erosslinking agent, with variations of eggshell (CThb), zeolite (ZHb), and their
composite (CTZhb) as active materials. Characterization included moisture content,
swelling, Fourier Transform Infrared Spectroscopy (FTIR), and Scanning Electron
Microscopy (SEM) analyses. Continuous adsorption experiments were conducted
using a 100 mg/L MB solution for 18 hours. The results showed that ZHb achieved
a maximum removal efficiency of 89% and an adsorption capacity of 10.05 mg/g,
supported by its cation-exchange capability and porous structure. CThb exhibited
good adsorption performance with higher reusability stability due to a more
effective desorption process. CTZhb combined the advantages of both materials,
resulting in good adsorption efficiency and reusability. All hydrogel beads
maintained their physical integrity, flow rate, and adsorption performance over five
adsorption—desorption cycles, indicating their potential as environmentally friendly
and low-cost adsorbents for the continuous treatment of dye-containing wastewater.

Keywords: adsorption, eggshell, hydrogel, methylene blue, zeolite.
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