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ABSTRAK 

Penelitian ini bertujuan untuk menentukan kondisi optimum dalam aktivasi karbon 

aktif magnetit (MAC) menggunakan larutan basa KOH serta mengevaluasi 

pengaruh penambahan magnetit terhadap karakteristik fisikokimia dan kinerja 

adsorpsi serta desorpsi MAC pada limbah parasetamol. Proses sintesis MAC 

dilakukan melalui aktivasi kimia dengan larutan KOH, kemudian dimodifikasi 

menggunakan metode kopresipitasi untuk menambahkan magnetit. Karakterisasi 

MAC dilakukan menggunakan berbagai teknik seperti FTIR, XRD, Raman 

Spectroscopy, BET, TG-DTG, dan SEM untuk mengungkap sifat fisikokimia dan 

morfologi material. Kinerja adsorpsi dan desorpsi diuji menggunakan metode 

batch, dengan pengukuran konsentrasi parasetamol menggunakan spektrofotometer 

UV-Vis. Hasil penelitian menunjukkan bahwa MAC berhasil disintesis dengan 

kondisi optimum AC pada larutan KOH 2M, di mana karakterisasi FTIR 

mengidentifikasi puncak C-O (stretching) pada 1200 cm⁻¹. Analisis TG-DTG 

mengungkap perbedaan signifikan pada massa akhir. Penambahan magnetit pada 

karbon aktif menyebabkan perubahan pada karakteristik material, ditandai dengan 

munculnya puncak khas Fe-O pada 580 cm⁻¹ dan puncak C-H stretching pada 2900 

cm⁻¹. Penambahan magnetit juga mengubah pola difraksi XRD, dengan munculnya 

puncak baru pada 20, 29, 31,6, dan 36°. Kristalinitas material meningkat dari 7,7% 

(AC2) menjadi 12,7% (MAC7). Analisis Raman menunjukkan bahwa MAC7 

memiliki tingkat grafitisasi terendah dengan nilai R sebesar 0,84. Analisis BET 

menunjukkan bahwa AC2 dan MAC1 memiliki isoterm tipe I dengan luas 

permukaan masing-masing 378 dan 474 m²/g, serta rerata ukuran pori 1,7 dan 1,6 

nm. Morfologi SEM mendukung hasil ini, menunjukkan bahwa peningkatan 

magnetit pada MAC7 menyebabkan penutupan pori dan peningkatan kekasaran 

permukaan. Studi adsorpsi dan desorpsi menunjukkan MAC3 memiliki efisiensi 

tertinggi sebesar 98% dan 65%. Kinetika adsorpsi mengikuti model pseudo first 

order, dan isoterm adsorpsi sesuai dengan model Langmuir dan Redlich-Peterson 

dengan R² = 0,99 dan chi-square mendekati 0,0. 

Kata kunci: karbon aktif magnetit, parasetamol, adsorpsi, kinetika, isoterm, 

mikropori. 
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ABSTRACT 

This study aims to determine the optimal conditions for activating magnetite- 

activated carbon (MAC) using a KOH base solution and to evaluate the effects of 

magnetite addition on the physicochemical characteristics, as well as the adsorption 

and desorption performance of MAC in paracetamol wastewater. The MAC 

synthesis process was carried out through chemical activation with a KOH solution, 

followed by modification using the coprecipitation method to introduce magnetite. 

MAC characterization was conducted using various techniques such as FTIR, XRD, 

Raman Spectroscopy, BET, TG-DTG, and SEM to reveal the physicochemical 

properties and morphology of the material. The adsorption and desorption 

performance were tested using the batch method, with paracetamol concentration 

measured by UV-Vis spectrophotometry. The results showed that MAC was 

successfully synthesized under optimal conditions using 2M KOH for AC 

activation, where FTIR characterization identified a C-O (stretching) peak at 1200 

cm⁻¹. TG-DTG analysis revealed a significant difference in final mass. The addition 

of magnetite to activated carbon resulted in changes in material characteristics, 

marked by the appearance of a characteristic Fe-O peak at 580 cm⁻¹ and a C-H 

stretching peak at 2900 cm⁻¹. The inclusion of magnetite also altered the XRD 

diffraction pattern, with the emergence of new peaks at 20°, 29°, 31.6°, and 36°. 

The crystallinity of the material increased from 7.7% (AC2) to 12.7% (MAC7). 

Raman analysis indicated that MAC7 had the lowest degree of graphitization with 

an R value of 0.84. BET analysis showed that AC2 and MAC1 exhibited Type I 

isotherms with surface areas of 378 and 474 m²/g, and average pore sizes of 1.7 and 

1.6 nm, respectively. SEM morphology supported these results, showing that 

increased magnetite in MAC7 led to pore blockage and increased surface 

roughness. Adsorption and desorption studies revealed that MAC3 exhibited the 

highest efficiency, at 98% and 65%, respectively. The adsorption kinetics followed 

a pseudo-first-order model, and the adsorption isotherms were consistent with the 

Langmuir and Redlich-Peterson models, with R² = 0.99 and chi-square values close 

to 0.0. 

Keywords: magnetite-activated carbon, paracetamol, adsorption, kinetics, 

isotherms, micropores. 
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