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ABSTRAK  

Pencemaran logam berat, khususnya kadmium (Cd), menjadi permasalahan 

lingkungan karena sifatnya yang toksik dan sulit terdegradasi. Penelitian ini 

bertujuan menentukan kondisi optimum pembuatan karbon aktif berbasis lumpur 

Instalasi Pengolahan Air Limbah (IPAL) tersulfurisasi menggunakan Response 

Surface Methodology (RSM), mengkarakterisasi material hasil optimasi, serta 

menganalisis kinetika adsorpsi Cd. Karbon aktif dibuat melalui karbonisasi pada 

suhu 400–800°C, aktivasi menggunakan KOH 2,5 M dengan rasio sludge 1:1, dan 

sulfurisasi menggunakan variasi konsentrasi Na₂S. Optimasi dilakukan 

menggunakan RSM dengan rancangan Central Composite Design (CCD) dua 

faktor, yaitu suhu karbonisasi dan konsentrasi Na₂S, dengan respon efisiensi 

penyisihan Cd dan koefisien yield. Konsentrasi Cd dianalisis menggunakan Atomic 

Absorption Spectrophotometer (AAS), sedangkan karakterisasi material dilakukan 

menggunakan Fourier Transform Infrared (FTIR) dan Scanning Electron 

Microscopy–Energy Dispersive X-Ray (SEM-EDX). Analisis kinetika dilakukan 

menggunakan model Pseudo First Order (PFO) dan Pseudo Second Order (PSO). 

Kondisi optimum diperoleh pada suhu karbonisasi 712,7°C dan konsentrasi Na₂S 

1,56 M, dengan prediksi efisiensi penyisihan Cd dan koefisien yield masing-masing 

sebesar 90,114% dan 66,643%. Hasil verifikasi menghasilkan efisiensi penyisihan 

Cd sebesar 92,37% dan koefisien yield sebesar 68,097%. Hasil FTIR menunjukkan 

keberadaan gugus fungsi yang berpotensi berinteraksi dengan Cd, sedangkan SEM-

EDX menunjukkan perubahan morfologi dan komposisi unsur setelah adsorpsi. 

Model PSO memberikan kesesuaian lebih baik dibandingkan PFO dengan nilai R² 

masing-masing 0,9845 dan 0,508, serta konstanta laju adsorpsi (k₂) sebesar 1,888 

mg/g·min. Karbon aktif berbasis lumpur IPAL tersulfurisasi hasil optimasi 

berpotensi digunakan sebagai adsorben alternatif untuk penyisihan Cd dari larutan. 

Kata Kunci : adsorpsi, karbon aktif tersulfurisasi, lumpur IPAL, kinetika adsorpsi, 

response surface methodology. 
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ABSTRACT 

Heavy metal contamination, particularly cadmium (Cd), is an environmental 

concern due to its toxicity and persistence. This study aimed to determine the 

optimum conditions for producing sulfurized activated carbon derived from 

wastewater treatment plant (WWTP) sludge using Response Surface Methodology 

(RSM), characterize the optimized material, and investigate the adsorption kinetics 

of Cd. Activated carbon was prepared through carbonization at temperatures 

ranging from 400–800°C, chemical activation using 2.5 M KOH at a sludge-to-

KOH ratio of 1:1, and sulfurization using various Na₂S concentrations. 

Optimization was performed using RSM based on a two-factor Central Composite 

Design (CCD), with carbonization temperature and Na₂S concentration as 

independent variables and Cd removal efficiency and yield coefficient as responses. 

Cd concentration was analyzed using Atomic Absorption Spectrophotometry (AAS), 

while material characterization was conducted using Fourier Transform Infrared 

(FTIR) and Scanning Electron Microscopy–Energy Dispersive X-Ray (SEM-EDX). 

Adsorption kinetics were evaluated using the Pseudo-First-Order (PFO) and 

Pseudo-Second-Order (PSO) models. The optimum conditions were obtained at a 

carbonization temperature of 712.7°C and an Na₂S concentration of 1.56 M, with 

predicted Cd removal efficiency and yield coefficient of 90.114% and 66.643%, 

respectively. Experimental verification resulted in a Cd removal efficiency of 

92.37% and a yield coefficient of 68.097%. FTIR analysis indicated the presence of 

functional groups potentially involved in interactions with Cd, while SEM-EDX 

revealed changes in surface morphology and elemental composition after 

adsorption. The PSO model provided a better fit than the PFO model, with R² values 

of 0.9845 and 0.508, respectively, and an adsorption rate constant (k₂) of 1.888 

mg/g·min. The optimized sulfurized activated carbon derived from WWTP sludge 

demonstrates potential as an alternative adsorbent for Cd removal from aqueous 

solutions. 

Keywords: adsorption, sulfurized activated carbon, wastewater treatment plant 

sludge, adsorption kinetics, response surface methodology.
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