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BAB 5 

KESIMPULAN DAN SARAN 

5.1 Kesimpulan 

Berdasarkan seluruh hasil penelitian yang telah dilakukan dan dibahas, maka dapat ditarik 

kesimpulan bahwa: 

1. Kenaikan massa aktivator K2CO3 menyebabkan penurunan yield porous carbon dengan yield 

terbesar dihasilkan pada sampel KA-600-1 sebesar 20,82%. 

2. Kenaikan rasio massa aktivator K2CO3 menyebabkan kenaikan daya adsorpsi porous carbon 

dengan daya adsorpsi terbesar pada sampel KA-600-3 sebesar 69,36 mg/g. 

3. Melalui analisis SEM, porous carbon yang diihasilkan memiliki bentuk microsphere dengan 

diameter sebesar 1,05 μm. 

4. Melalui analisis XRD, ketiga sampel memiliki struktur amorf yang dominan dibandingkan 

crystalline dengan persentase struktur amorf terbesar sampel KA-600-1 sebesar 72,35%. 

5. Melalui analisis EDS, porous carbon pada setiap sampel memiliki kadar karbon yang tinggi 

dengan kadar karbon terebesar pada sampel KA-600-3 sebesar 92,41%-wt. 

5.2 Saran 

Dari hasil penelitian yang sudah dilakukan, terdapat beberapa saran yang dapat menjadi 

pertimbangan utnuk penelitian selanjutnya, diantaranya adalah: 

1. Penambahan analisis untuk sampel porous carbon berupa analisis Brunauer-Emmett-Teller 

/ BET untuk dapat mengetahui secara pasti luas permukaan spesifik, volume pori, dan 

ukuran diameter pori setelah proses aktivasi kimia. 

 



49 
 

 
 

DAFTAR PUSTAKA 

Abbas, A. F., and M. J. Ahmed. 2016. “Mesoporous Activated Carbon from Date Stones 

(Phoenix Dactylifera L.) by One-Step Microwave Assisted K2CO3 Pyrolysis.” Journal of 

Water Process Engineering 9:201–7.  

Abdullah, Nor Hakimin, Izzaty Inu, Mohammad Khairul Azhar ABDUL Razab, An’amt 

Mohamed Noor, Nurul Akmar Che Zaudin, Mohd Sukhairi Mat Rasat, Mohamad Faiz 

Mohd Amin, Wan Nazwanie Wan Abdullah, Nurasmat Mohd Shukri, and Ahmad Zamani 

AB Halim. 2018. “Effect of Acidic and Alkaline Treatments to Methylene Blue Adsorption 

from Aqueous Solution by Coconut Shell Activated Carbon.” International Journal of 

Current Research in Science, Engineering & Technology 1(Spl-1):319.  

Abubakar Tadda, Musa, Amimul Ahsan, Abubakar Shitu, Moetaz Elsergany, Ma Tadda, A 

Ahsan, A Shitu, M. ElSergany, T. Arunkumar, Bipin Jose, M. Abdur Razzaque, and NN 

Nik Daud. 2016. “A Review on Activated Carbon: Process, Application and Prospects.” 

Journal of Advanced Civil Engineering Practice and Research 2(1):7–13. 

Adinata, Donni, Wan Mohd Ashri Wan Daud, and Mohd Kheireddine Aroua. 2007. 

“Preparation and Characterization of Activated Carbon from Palm Shell by Chemical 

Activation with K2CO3.” Bioresource Technology 98(1):145–49. 

Aji, Yogi Bawono. 2020. “Analisis X-Ray Diffraction (XRD) Pada Friction Stir Welding Pada 

Aluminium Seri 6061-T6 Dengan Penambahan Filler Pelat Seng Dan Pelat Kuningan.” 

Universitas Muhammadiyah, Surakarta. 

Akhtar, Kalsoom, Shahid Ali Khan, Sher Bahadar Khan, and Abdullah M. Asiri. 2018. 

“Scanning Electron Microscopy: Principle and Applications in Nanomaterials 

Characterization.” Pp. 113–45 in Handbook of Materials Characterization. Springer 

International Publishing. 

Alatalo, Sara Maaria, and Mika Sillanpää. 2020. “Hydrothermal Carbonization in the Synthesis 

of Sustainable Porous Carbon Materials for Water Treatment.” Pp. 445–503 in Advanced 

Water Treatment: Adsorption. Elsevier Inc. 

Ali, Akbar, and Shakeel Ahmed. 2019. “Carrageenans: Structure, Properties and Applications.” 

P. 112 in Marine Polysaccharides: Advances and Multifaceted Applications, edited by S. 

Ahmed and A. Soundararajan. Pan Stanford Publishing Pte.Ltd. 

Astuti, Ketut Widyani, Ni Putu, Ayu Dewi Wijayanti, Gusti Ngurah, Agung Dewantara Putra, 

and Linda Laksmiani. 2017. Optimization Of Isolation Method Of Carrageenan From 

Kappaphycuss Alvarezii Doty Using Factorial Experimental Design. Vol. 1. 

Bansal, Roop Chand, and Meenakshi. Goyal. 2005. Activated Carbon Adsorption. Taylor & 

Francis. 



50 
 

 
 

Basso, D., D. Castello, M. Baratieri, L. Fiori, D. Basso, D. Castello, and M. Baratieri. 2013. 

Hydrothermal Carbonization of Waste Biomass: Progress Report and Prospect. 

Bedia, Jorge, Manuel Peñas-Garzón, Almudena Gómez-Avilés, Juan Rodriguez, and Carolina 

Belver. 2018. “A Review on the Synthesis and Characterization of Biomass-Derived 

Carbons for Adsorption of Emerging Contaminants from Water.” C 4(4):63.  

Bedia, Jorge, Manuel Peñas-Garzón, Almudena Gómez-Avilés, Juan J. Rodriguez, and Carolina 

Belver. 2020. “Review on Activated Carbons by Chemical Activation with FeCl3.” C — 

Journal of Carbon Research 6(2):21.  

Birkholz, Mario., Paul F. Fewster, and Christoph. Genzel. 2006. Thin Film Analysis by X-Ray 

Scattering. Wiley-VCH. 

Burchell, Timothy D. 1999. Carbon Materials for Advances Technologies. 1st ed. Oxford: 

Pergamon . 

Chang, Yuan Ming, Wen Tien Tsai, and Ming Hsuan Li. 2015. “Characterization of Activated 

Carbon Prepared from Chlorella-Based Algal Residue.” Bioresource Technology 184:344–

48.  

Chanpee, Sirayu, Nattaya Suksai, Napat Kaewtrakulchai, Sutee Chutipaijit, Masayoshi Fuji, and 

Apiluck Eiad-Ua. 2020. “Highly Porous Carbon Materials for Adsorbent from Water 

Hyacinth via Hydrothermal Carbonization.” in AIP Conference Proceedings. Vol. 2279. 

American Institute of Physics Inc. 

Chatterjee, Riya, Baharak Sajjadi, Wei Yin Chen, Daniell L. Mattern, Nathan Hammer, 

Vijayasankar Raman, and Austin Dorris. 2020. “Effect of Pyrolysis Temperature on 

PhysicoChemical Properties and Acoustic-Based Amination of Biochar for Efficient CO2 

Adsorption.” Frontiers in Energy Research 8:1–18.  

Chauhan, Prakram Singh, and Arunika Saxena. 2016. “Bacterial Carrageenases: An Overview 

of Production and Biotechnological Applications.” 3 Biotech 6(2). 

Christyaningsih, Rista Yuniar. 2020. “Aplikasi Fisika Kuantum-Hamburan Pada ‘X-Ray 

Diffaction (XRD).’” 1–5. 

Chrzanowska, Justyna, Jacek Hoffman, Artur Małolepszy, Marta Mazurkiewicz, Tomasz A. 

Kowalewski, Zygmunt Szymanski, and Leszek Stobinski. 2015. “Synthesis of Carbon 

Nanotubes by the Laser Ablation Method: Effect of Laser Wavelength.” Physica Status 

Solidi (B) Basic Research 252(8):1860–67.  

Creighton, J. Randall, and P. Ho. 2001. “Introduction to Chemical Vapor Deposition (CVD).” 

Pp. 1–11 in Chemical Vapor Deposition. 

Darmawan, S., W. Syafii, N. J. Wistara, A. Maddu, and G. Pari. 2015. “Kajian Struktur Arang-

Pirolisis, Arang-Hidro Dan Karbon Aktif Dari Kayu Acacia Mangium Willd. 

Menggunakan Difraksi Sinar-X.” Penelitian Hasil Hutan 33(2):81–92. 



51 
 

 
 

Dewi, Lia Puspita, Taslimah, and Choiril Azmiyawati. 2010. “Sintesis Porous Carbon Dari 

Sukrosa Menggunakan Silica Template Pada Temperatur Kamar.” Jurnal Kimia Saind Dan 

Aplikasi 13(1):25–29. 

Dewi, Rozanna, Azhari Dan, and Indra Nofriadi. 2020. “Aktivasi Karbon dari Kulit Pinang 

dengan Menggunakan Aktivator Kimia KOH.” Jurnal Teknologi Kimia Unimal 9(2):12–

22. 

Diam, Wajeha Abdle. 2019. “Identification of the Advantages of Laser Ablation Method for 

Preparing the Nanomaterials: Efficient, Reliable and Cost-Effective.” International 

Journal of Recent Advances in Multidisciplinary Research 6(6):5013–17. 

Diaz, Elena, Ines Sanchis, Charles J. Coronella, and Angel F. Mohedano. 2022. “Activated 

Carbons from Hydrothermal Carbonization and Chemical Activation of Olive Stones: 

Application in Sulfamethoxazole Adsorption.” Resources 11(5):43. 

Din, Muhammad Imran, Sania Ashraf, and Azeem Intisar. 2017. “Comparative Study of 

Different Activation Treatments for the Preparation of Activated Carbon: A Mini-Review.” 

Science Progress 100(3):299–312. 

Distantina, Sperisa, Wiratni, Moh Fahrurrozi, and Rochmadi. 2011. “Carrageenan Properties 

Extracted From Eucheuma Cottonii Indonesia.” World Academy of Science, Engineering, 

and Technology 54:738–42. 

Fan, Yang, Xin Yang, Bing Zhu, Pei Fang Liu, and Hai Ting Lu. 2014. “Micro-Mesoporous 

Carbon Spheres Derived from Carrageenan as Electrode Material for Supercapacitors.” 

Journal of Power Sources 268:584–90.  

Farma, R., R. Fadilah, Awitdrus, N. K. Sari, E. Taer, Saktioto, and M. Deraman. 2018. “Corn 

Cob Based Activated Carbon Preparation Using Microwave Assisted Potassium Hydroxide 

Activation for Sea Water Purification.” Journal of Physics: Conference Series 1120(1).  

Fathmawati, Dini, M. Renardo Prathama Abidin, and Achmad Roesyadi. 2014. “Studi Kinetika 

Pembentukan Karaginan Dari Rumput Laut.” Jurnal Teknik POMITS 3(1):27–32. 

Finkelman, Robert B., Amy Wolfe, and Michael S. Hendryx. 2021. “The Future Environmental 

and Health Impacts of Coal.” Energy Geoscience 2(2):99–112.  

Foner, H. A., and N. Adan. 1983. “The Characterization of Papers by X-Ray Diffraction (XRD): 

Measurement of Cellulose Crystallinity and Determination of Mineral Composition.” 

Journal of the Forensic Science Society 23(4):313–21. 

Girão, Ana Violeta, Gianvito Caputo, and Marta C. Ferro. 2017. “Application of Scanning 

Electron Microscopy–Energy Dispersive X-Ray Spectroscopy (SEM-EDS).” 

Comprehensive Analytical Chemistry 75:153–68.  



52 
 

 
 

Han, Qiaoning, Jing Wang, Bernard A. Goodman, Junkang Xie, and Zuguang Liu. 2020. “High 

Adsorption of Methylene Blue by Activated Carbon Prepared from Phosphoric Acid 

Treated Eucalyptus Residue.” Powder Technology 366:239–48.  

Heidarinejad, Zoha, Mohammad Hadi Dehghani, Mohsen Heidari, Gholamali Javedan, Imran 

Ali, and Mika Sillanpää. 2020. “Methods for Preparation and Activation of Activated 

Carbon: A Review.” Environmental Chemistry Letters 18(2):393–415. 

Hernández-Montoya, Virginia, Josafat García-Servin, and José Iván Bueno-López. 2012. 

“Thermal Treatments and Activation Procedures Used in the Preparation of Activated 

Carbons.” Pp. 1–36 in Lignocellulosic Precursors Used in the Synthesis of Activated 

Carbon - Characterization Techniques and Applications in the Wastewater Treatment, 

edited by V. H. Montoya. Rijeka: InTech. 

Huang, Y. X., and G. J. Zhao. 2016. “Preparation and Characterization of Activated Carbon 

Fibers from Liquefied Wood by KOH Activation.” Holzforschung 70(3):195–202. Hudha, 

Mohammad Istnaeny, Risa Sepdwiyanti, and Suci Dian Sari. 2012. “Ekstraksi Karaginan 

Dari Rumput Laut (Eucheuma Spinosum) Dengan Variasi Suhu Pelarut Dan Waktu 

Operasi.” Berkala Ilmiah Teknik Kimia 1(1):17–20. 

Hudi, Lukman, Dosen Program, Studi Teknologi, Hasil Pertanian, and Fakultas Pertanian. 2017. 

Carrageenan Characteristics of Different Types of Seaweed Processed with Different 

Extraction Materials. Vol. 11. 

Hui, Tang Shu, and Muhammad Abbas Ahmad Zaini. 2015. “Potassium Hydroxide Activation 

of Activated Carbon: A Commentary.” Carbon Letters 16(4):275–80. 

Husin, Adzlin bin. 2014. “Extraction of Kappa Carrageenan From Local Seaweed.” Universiti 

Malaysia Pahang, Pahang. 

Inada, Miki, Naoya Enomoto, Junichi Hojo, and Katsuro Hayashi. 2017. “Structural Analysis 

and Capacitive Properties of Carbon Spheres Prepared by Hydrothermal Carbonization.” 

Advanced Powder Technology 28(3):884–89.  

Indayaningsih, N., F. Destyorini, R. I. Purawiardi, D. R. Insiyanda, and H. Widodo. 2017. 

“Production of Activated Carbon by Using Pyrolysis Process in an Ammonia 

Atmosphere.” Journal of Physics: Conference Series 817(1):012006.  

Ito, Atsushi M., Arimichi Takayama, Seiki Saito, and Hiroaki Nakamura. 2013. “Formation and 

Classification of Amorphous Carbon by Molecular Dynamics Simulation.” Japanese 

Journal of Applied Physics 52(1 PART2).. 

Jendrzej, Sandra, Bilal Gökce, Matthias Epple, and Stephan Barcikowski. 2017. “How Size 

Determines the Value of Gold: Economic Aspects of Wet Chemical and Laser-Based Metal 

Colloid Synthesis.” ChemPhysChem 18(9):1012–19. 



53 
 

 
 

John, Yasinta, Victor Emery David, and Daniel Mmereki. 2018. “A Comparative Study on 

Removal of Hazardous Anions from Water by Adsorption: A Review.” International 

Journal of Chemical Engineering 2018:1–21.  

Karthik, P. S., A. L. Himaja, and Surya Prakash Singh. 2014. Carbon-Allotropes: Synthesis 

Methods, Applications and Future Perspectives. Vol. 15. Korean Carbon Society. 

Kazemizadeh, Fatemeh, Rasoul Malekfar, and Parviz Parvin. 2017. “Pulsed Laser Ablation 

Synthesis of Carbon Nanoparticles in Vacuum.” Journal of Physics and Chemistry of 

Solids 104:252–56.  

Khodabakhshi, Saeed, Sajad Kiani, Yubiao Niu, Alvin Orbaek White, Wafa Suwaileh, Richard 

E. Palmer, Andrew R. Barron, and Enrico Andreoli. 2021. “Facile and Environmentally 

Friendly Synthesis of Ultramicroporous Carbon Spheres: A Significant Improvement in 

CVD Method.” Carbon 171:426–36.  

Kim, Yongae, and Aeri Kim. 2002. “Solid-State Characterization of the HIV Protease 

Inhibitor.” Bulletin of the Korean Chemical Society 23(12):1729–32.  

Kurnia Dewi, Tri, Arif Nurrahman, and Edwin Permana. 2009. “Pembuatan Karbon Aktif dari 

Kuli Ubi Kayu (Mannihot Esculenta).” Jurnal Teknik Kimia 16(1):24–30. 

Lee, Gi Bbum, Jung Eun Park, Sang Youp Hwang, Ji Hyun Kim, Seokhwi Kim, Ho Kim, and 

Bum Ui Hong. 2019. “Comparison of By-Product Gas Composition by Activations of 

Activated Carbon.” Carbon Letters 29(3):263–72. Li, Rui, Lijun Wang, and Abolghasem 

Shahbazi. 2015. “A Review of Hydrothermal Carbonization of Carbohydrates for Carbon 

Spheres Preparation.” Trends in Renewable Energy 1(1):43–56.  

Li, Xian-Fa, Xue-Gang Luo, Lin-Qin Dou, and Ke Chen. 2016. “Preparation and 

Characterization of K2CO3-Activated Kraft Lignin Carbon.” BioResources 11(1):2096–

2108. 

Li, Zhen, Yimeng Huang, Lixia Yuan, Zhangxiang Hao, and Yunhui Huang. 2015. “Status and 

Prospects in Sulfur-Carbon Composites as Cathode Materials for Rechargeable Lithium-

Sulfur Batteries.” Carbon 92:41–63.  

Libra, Judy A., Kyoung S. Ro, Claudia Kammann, Axel Funke, Nicole D. Berge, York 

Neubauer, Maria Magdalena Titirici, Christoph Fühner, Oliver Bens, Jürgen Kern, and 

Karl Heinz Emmerich. 2011. “Hydrothermal Carbonization of Biomass Residuals: A 

Comparative Review of the Chemistry, Processes and Applications of Wet and Dry 

Pyrolysis.” Biofuels 2(1):71–106.  

Lin, Yunhao, Hui Xu, Ying Gao, and Xin Zhang. 2021. “Preparation and Characterization of 

Hydrochar Derived Activated Carbon from Glucose by Hydrothermal Carbonization.” 

Biomass Conversion and Biorefinery.  



54 
 

 
 

Linares-Solano, A., M. A. Lillo-Ródenas, J. P. Marco-Lozar, M. Kunowsky, and A. J. Romero-

Anaya. 2012. “NaOH and KOH For Preparing Activated Carbons Used in Energy And 

Environmental Applications.” International Journal of Energy, Environment and 

Economics 20(4):59–91. 

Lubis, A. R. F., H. I. Nasution, and M. Zubir. 2020. “Production of Activated Carbon from 

Natural Sources for Water Purification.” Indonesian Journal of Chemical Science and 

Technology 3(2):67–73. 

Maciá-Agulló, J. A., B. C. Moore, D. Cazorla-Amorós, and A. Linares-Solano. 2004. 

“Activation of Coal Tar Pitch Carbon Fibres: Physical Activation vs. Chemical 

Activation.” Carbon 42(7):1367–70.  

Manocha, Satish M. 2003. “Porous Carbons.” Sadhana 28(1 & 2):335–48.  

Márquez-Montesino, Francisco, Neil Torres-Figueredo, Adela Lemus-Santana, and Fernando 

Trejo. 2020. “Activated Carbon by Potassium Carbonate Activation from Pine Sawdust 

(Pinus Montezumae Lamb.).” Chemical Engineering and Technology 43(9):1716–25.  
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