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ABSTRAK 

Maulinda, Lusi. (2023). Adsorpsi Ion Logam Berat Timbal (Pb2+) dalam Limbah 

Cair Menggunakan Geopolimer Berbasis Bottom Ash, Metakaolin, dan Biochar. 

Skripsi, Jurusan Kimia, Fakultas Matematika dan Ilmu Pengetahuan Alam, 

Universitas Negeri Semarang. Pembimbing Ella Kusumastuti, S. Si., M. Si. 

Kata Kunci: Adsorpsi, bottom ash, biochar, metakaolin, geopolimer, ion Pb2+. 

Geopolimer merupakan polimer anorganik yang disintesis melalui aktivasi alkali 

pada material pozzolan. Pada studi ini geopolimer disintesis dari bottom ash, 

metakaolin, dan biochar yang kemudian dimanfaatkan sebagai adsorben untuk 

menjerap ion logam Pb2+. Karakterisasi geopolimer hasil sintesis dilakukan dengan 

FTIR (Fourier Transform Infrared), XRD (X-Ray Diffraction), dan SAA. Pengaruh 

pH, waktu kontak, dan konsentrasi pada proses adsorpsi dipelajari. Spektra FTIR 

geopolymer menunjukkan adanya ikatan C-H pada bilangan gelombang 2975 cm-1 

menandakan adanya senyawa organik biochar. Terbentuknya rantai geopolimer 

ditandai dengan vibrasi asimetris dan vibrasi ulur Si-O-Si atau Si-O-Al pada 

bilangan gelombang 554 cm-1 dan 988 cm-1. Analisis fasa mineral menggunakan 

XRD menunjukkan bahwa geopolimer mempunyai fasa amorf dengan mineral 

utama mullite (3Al2O3.2SiO2), kaolinite (Al2SiO2O5(OH)4), dan gibbsite (Al(OH)3) 

ditandai adanya gundukan (hump) pada 2θ antara 20°-40°. Hasil analisis dengan 

SAA menunjukkan luas permukaan pori geopolimer 1,382 m2/g, volume pori 

komulatif 4,788×10-3 cc/g, rata-rata jejari pori adsorpsi 17,039Å, dan rerata jejari 

pori desorpsi 19,113Å. Adsorpsi ion logam Pb2+ menggunakan geopolimer terjadi 

pada pH 6 dengan efisiensi adsorpsi maksimum 64,82%, waktu kontak 120 menit 

dengan efisiensi maksimum 69,73%, dan konsentrasi 92,2 ppm dengan efisiensi 

maksimum 64,83%. Isoterm adsorpsi Pb2+ dengan geopolymer pada penelitian ini 

mengikuti persamaan Freundlich dengan kapasitas adsorpsi maksimum (Kf) 

9,58076 mg/g. 
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ABSTRACT 

Maulinda, Lusi. (2023). Adsorption of Lead Heavy Metal Ions (Pb2+) in Liquid 

Waste Using Geopolymers Based on Bottom Ash, Metakaolin, and Biochar. Thesis, 

Departement of Chemistry, Faculty of Mathematic and Natural Sciences, Semarang 

State University. Supervisor Ella Kusumastuti, S.Si., M.Si. 

Keywords: Adsorption, bottom ash, biochar, metakaolin, geopolymer, Pb2+ ion. 

Geopolymers is an inorganic polymer synthesized through alkali activation in 

pozzolan material. In this study, geopolymer was synthesized from bottom ash, 

metakaolin, and biochar materials which was then used as adsorbent to Pb2+ metal 

ions. The characterization of the synthesized geopolymer was carried out using 

FTIR (Fourier Transform Infrared), XRD (X-ray Diffraction), and SAA. The 

influence of pH, contact time, and concentration on the adsorption process was 

studied. The FTIR spectrum of the geopolymer show the presence of C-H bonds at 

wavenumber 2975 cm-1, indicating the presence of biochar organic compounds. 

The formation of geopolymer chains is characterized by asymmetric vibrations and 

stretching vibrations of Si-O-Si and Si-O-Al at wave numbers 554 cm-1 and 988 

cm-1. Mineral phase analysis using XRD shows that the geopolymer has an 

amorphous phase with the main mineral mullite (3Al2O3.2SiO2), kaolinite 

(Al2SiO2O5(OH)4), and gibbsite (Al(OH)3), which are characterized by humps at 2θ 

between 20°-40°. The results of the analysis with SAA show that the geopolymer 

pore surface area is 1.382 m2/g, the cumulative pore volume is 4.788×10-3 cc/g, the 

adsorption everage pore radius is 17,037Å, and the desorption everage pore radius 

is 19,113Å. Adsorption of Pb2+ metal ion using geopolymer occurred a pH 6 with a 

maximum adsorption efficiency of 64,82%, an contact time 120 minutes with a 

maximum efficiency of 69.73%, and aconcentration of 92,2 ppm with a maximum 

efficiency of 64,83%. The Pb2+ isotherm adsorption with geopolymer in this study 

follows the Freundlich isotherm with a maximum adsorption capacity (Kf) of 

9.58076 mg/g.  
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