5.1.

BAB V
KESIMPULAN DAN SARAN

Kesimpulan

Berdasarkan hasil penelitian yang telah berlangsung ini, dapat diambil beberapa

kesimpulan sebagai berikut:

1.

Modifikasi pati dengan urea mengakibatkan penurunan yield hydrochar menjadi
16,76% dan 20,33% apabila dibandingkan dengan hasil dari hydrochar tanpa urea.
Selain itu, yield N-doped hard carbon dari proses aktivasi langsung sekitar 28%.
Hasilnya lebih tinggi dibandingkan yield dari proses HTC dan aktivasi yaitu 7,7%
dan 9,93%.

Variasi proses mengakibatkan perbedaan morfologi N-doped hard carbon. Sampel
dengan aktivasi langsung menghasilkan bentuk irregular shapes atau flakes.
Sedangkan, sampel yang melalui tahap HTC menghasilkan bentuk microsphere yang
mengalami aglomerasi dan terdapat edge defect. Modifikasi penambahan urea
menyebabkan edge effect, dibandingkan hard carbon tanpa modifikasi urea yang
morfologinya smooth.

Doping nitrogen pada hard carbon yang melalui proses aktivasi langsung belum
berhasil karena tidak terdeteksi nitrogen. Sebaliknya, berdasarkan analisis EDS, N-
doped hard carbon dari proses HTC berhasil menambahkan nitrogen sebesar 1,94%
dan 2,67% secara berurut untuk variasi urea:pati 1:1 dan 2:1

Modifikasi penambahan urea menghasilkan N-doped hard carbon dengan interlayer
spacing sebesar 0,388 — 0,392 nm. Hasil XRD menunjukkan bahwa N-doped hard
carbon yang melalui proses HTC lebih amorf dengan tingkat amorf 69% dan 71,3%
dibandingkan tanpa HTC dengan 63,7% dan 66,2% amorf.

Analisis Raman spectroscopy menunjukkan N-doped hard carbon yang melalui
proses HTC memiliki rasio Ipo/lg yang lebih besar yaitu 1,29 dan 1,38 untuk variasi
urea:pati 1:1 dan 2:1. Sedangkan, rasio Ip/lc N-doped hard carbon dari proses tanpa

HTC hanya mencapai 1,17.
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5.2. Saran
Berdasarkan penlitian yang telah dilakukan, terdapat beberapa saran yang dapat

dipertimbangkan untuk mengembangkan penelitian selanjutnya agar lebih baik:

1. Perlu dilakukan studi lebih lanjut mengenai modifikasi pati dengan urea dan analisis
pati hasil modifikasi pati untuk memastikan keberhasilan modifikasi pati.

2. Karakterisasi lebih lanjut dapat dilakukan terhadap hydrochar untuk mengetahui
perubahan karakteristik sebelum dan sesudah aktivasi.

3. Sampel N-doped hard carbon sebaiknya dilakukan analisis XPS untuk identifikasi
komposisi dan jenis gugus fungsi sehingga hasil lebih akurat.

4. Perlu dilakukan uji lebih lanjut seperti cycling performance untuk menelusuri

karakteristik N-doped hard carbon yang diinginkan untuk SIBs.



DAFTAR PUSTAKA

Acohs Pty Ltd. 2015. “Ethanol Safety Data Sheet.” Diambil 11 April 2020
(https://www.chemsupply.com.au/documents/EL1411CH89.pdf).

Ahmad, Fasihuddin B., Peter A. Williams, Jean Louis Doublier, Sylvie Durand, dan Alain
Buleon. 1999. “Physico-chemical characterisation of sago starch.” Carbohydrate
Polymers 38(4):361-70.

Ahmad, W. R. W., M. H. Mamat, A. S. Zoolfakar, Z. Khusaimi, dan M. Rusop. 2016. “A
review on hematite a-Fe203 focusing on nanostructures, synthesis methods and
applications.” Proceedings - 14th IEEE Student Conference on Research and
Development: Advancing Technology for Humanity, SCOReD 2016 2—-7.

Alcazar-Alay, Sylvia Carolina dan Maria Angela Almeida Meireles. 2015.
“Physicochemical properties, modifications and applications of starches from different
botanical sources.” Food Science and Technology 35(2):215-36.

Alhnidi, Muhammad Jamal, Paul Koérner, Dominik Wst, Jens Pfersich, dan Andrea Kruse.
2020. “Nitrogen-Containing Hydrochar: The Influence of Nitrogen-Containing
Compounds on the Hydrochar Formation.” ChemistryOpen 9(8):864—73.

Annison, G. 1994. “Nutritional Role of Resistant Starch: Chemical Structure Vs
Physiological Function.” Annual Review of Nutrition 14(1):297-320.

Arie, Arenst Andreas, Hans Kristianto, Henky Muljana, dan Lorenzo Stievano. 2019.
“Rambutan peel based hard carbons as anode materials for sodium ion battery.”
Fullerenes Nanotubes and Carbon Nanostructures 27(12):953-60.

Arie, Arenst Andreas, Burak Tekin, Emrah Demir, dan Rezan Demir-Cakan. 2019a. “Hard
carbons derived from waste tea bag powder as anodes for sodium ion battery.”
Materials Technology 34(9):515-24.

Arie, Arenst Andreas, Burak Tekin, Emrah Demir, dan Rezan Demir-Cakan. 2019b.
“Utilization of The Indonesian’s Spent Tea Leaves as Promising Porous Hard Carbon
Precursors for Anode Materials in Sodium Ion Batteries.” Waste and Biomass
Valorization 0(0):0.

Azuma, Hideto, Hiroshi Imoto, Shi N. Ichir. Yamada, dan Koji Sekai. 1999. “Advanced
carbon anode materials for lithium ion cells.” Journal of Power Sources 81-82:1—7.

Baccile, Niki, Markus Antonietti, dan Maria Magdalena Titirici. 2010. “One-Step
hydrothermal synthesis of nitrogen-doped nanocarbons: Albumine directing the
carbonization of glucose.” ChemSusChem 3(2):246-53.

Ban, L. L., D. Crawford, dan H. Marsh. 1975. “Lattice-resolution electron microscopy in
structural studies of non-graphitizing carbons from polyvinylidene chloride (PVDC).”
Journal of Applied Crystallography 8(4):415-20.

Chen, Hongxia, Chengzhang Wang, Jianzhong Ye, Hao Zhou, Ran Tao, dan Wenjun Li.
2018. “Preparation of starch-hard carbon spherules from ginkgo seeds and their phenol-
adsorption characteristics.” Molecules 23(1):10-20.

44



45

Chen, Taigiang, Likun Pan, Ting Lu, Conglong Fu, Daniel H. C. Chua, dan Zhuo Sun. 2014.
“Fast synthesis of carbon microspheres via a microwave-assisted reaction for sodium
ion batteries.” Journal of Materials Chemistry A 2(5):1263-67.

Dou, Xinwei, Ivana Hasa, Damien Saurel, Christoph Vaalma, Liming Wu, Daniel Buchholz,
Dominic Bresser, Shinichi Komaba, dan Stefano Passerini. 2019. “Hard carbons for
sodium-ion batteries: Structure, analysis, sustainability, and electrochemistry.”
Materials Today 23(March):87-104.

Du, Xuan, Shuhui Ma, Wei Zhao, Zhilin Zheng, Tao Qi, dan Yi Wang. 2017. “Glucose-
based activated carbon spheres as electrode material for electrochemical capacitor.”
Journal of Nanoscience and Nanotechnology 17(6):3835-41.

Dutrow, Barbara L. (Louisiana State University) dan Christine M. (Eastern Michigan
University) Clark. 2020. “X-ray Powder Diffraction (XRD).” Diambil 8 April 2020
(https://serc.carleton.edu/research_education/geochemsheets/techniques/XRD.html).

El-Thalouth, I. Abd, M. A. El-Kashouti, dan A. Hebeish. 1981. “Modification of Rice Starch
through Thermal Treatment with Urea.” Starch - Stdrke 33(9):306-10.

Franklin, Rosalind E. 1951. “Crystallite growth in graphitizing and non-graphitizing
carbons.” Proceedings of the Royal Society of London. Series A. Mathematical and
Physical Sciences 209(1097):196-218.

Funke, Axel dan Felix Ziegler. 2012. “Perspective: Jatropha cultivation in southern India:
Assessing farmers’ experiences.” Biofuels, Bioproducts and Biorefining 6(3):246-56.

Gaddam, Rohit Ranganathan, Amir H. Farokh Niaei, Marlies Hankel, Debra J. Searles,
Nanjundan Ashok Kumar, dan X. S. Zhao. 2017. “Capacitance-enhanced sodium-ion
storage in nitrogen-rich hard carbon.” Journal of Materials Chemistry A 5(42):22186—
92.

Goodge, John (University of Minnesota-Duluth). 2017. “Energy-Dispersive X-Ray
Spectroscopy (EDS).” Diambil 11 April 2020
(https://serc.carleton.edu/research_education/geochemsheets/eds.html).

Gratzfeld, Dennis dan Matthias Olzmann. 2017. “Gas-phase standard enthalpies of
formation of urea-derived compounds: A quantum-chemical study.” Chemical Physics
Letters 679:219-24.

Gray, R. J. 1989. Coal to Coke Conversion. Butterworth & Co. (Publishers) Ltd.

Henry, Darrell, Nelson Eby, John Goodge, dan David Mogk. 2016. “X-ray Reflection in
Accordance with Bragg’s Law.” Diambil 7 April 2020
(https://serc.carleton.edu/research_education/geochemsheets/BraggsLaw.html).

Hu, Mingxiang, Le Yang, Kai Zhou, Chengshuang Zhou, Zheng Hong Huang, Feiyu Kang,
dan Ruitao Lv. 2017. “Enhanced sodium-ion storage of nitrogen-rich hard carbon by
NaCl intercalation.” Carbon 122:680-86.

Huang, Shifei, Zhiping Li, Bo Wang, Jiujun Zhang, Zhangquan Peng, Ruijuan Qi, Jing Wang,
dan Yufeng Zhao. 2018. “N-Doping and Defective Nanographitic Domain Coupled
Hard Carbon Nanoshells for High Performance Lithium/Sodium Storage.” Advanced
Functional Materials 28(10):1-10.



46

Ivan, Daniel. 2021. “Sintesis N-doped Hard Carbon dari Pati Ganyong Termodifikasi dengan
Proses Karbonisasi Hidrotermal dan Aktivasi Termal.” Universitas Katolik
Parahyangan.

Kalvin. 2020. “Sintesis Hard Carbon dari Pati Sagu Melalui Hydrothermal Carbonization
(HTC) dan Aktivasi Heat Treatment Temperature (HTT).” Universitas Katolik
Parahyangan.

Karim, A. A., A. Pei Lang Tie, D. M. A. Manan, dan I. S. M. Zaidul. 2008. “Starch from the
sago (Metroxylon sagu) palm tree - Properties, prospects, and challenges as a new
industrial source for food and other uses.” Comprehensive Reviews in Food Science
and Food Safety 7(3):215-28.

Kelly, Graham Edmund Northbridge (AU). 2001. “( 12 ) United States Patent.” 1(12).

Khalil, M. L., S. Farag, Kh M. Mostafa, dan A. Hebeish. 1994. “Some Studies on Starch
Carbamate.” Starch - Stirke 46(8):312-16.

Khosravi, M., N. Bashirpour, dan F. Nematpour. 2014. “Synthesis of hard carbon as anode
material for lithium ion battery.” Advanced Materials Research 829:922-26.

Kim, Yongil, Jae Kwang Kim, Christoph Vaalma, Geun Hyeong Bae, Guk Tae Kim, Stefano
Passerini, dan Youngsik Kim. 2018. “Optimized hard carbon derived from starch for
rechargeable seawater batteries.” Carbon 129:564-71.

Lewicka, Kamila, Przemystaw Siemion, dan Piotr Kurcok. 2015. “Chemical modifications
of starch: Microwave effect.” International Journal of Polymer Science 2015.

Li, Rui dan Abolghasem Shahbazi. 2015. “A Review of Hydrothermal Carbonization of
Carbohydrates for Carbon Spheres Preparation.” Trends in Renewable Energy 1(1):43—
56.

Libra, Judy A., Kyoung S. Ro, Claudia Kammann, Axel Funke, Nicole D. Berge, York
Neubauer, Maria Magdalena Titirici, Christoph Fiihner, Oliver Bens, Jirgen Kern, dan
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.

Liu, Ting dan Xifei Li. 2018. “Biomass-derived nanostructured porous carbons for sodium
ion batteries: a review.” Materials Technology 34(4):232—45.

Loeffler, Nicholas, Dominic Bresser, Stefano Passerini, dan Mark Copley. 2015. “Secondary

lithium-Ion battery anodes: From first commercial batteries to recent research activities.”
Johnson Matthey Technology Review 59(1):34-44.

Léopez, Olivia V., Noemi E. Zaritzky, dan Maria A. Garcia. 2010. “Physicochemical
characterization of chemically modified corn starches related to rheological behavior,
retrogradation and film forming capacity.” Journal of Food Engineering 100(1):160-
68.

Martin, C. dan A. M. Smith. 1995. “Starch biosynthesis.” Plant Cell 7(7):971-85.

Menéndez, J. A., A. Arenillas, B. Fidalgo, Y. Fernandez, L. Zubizarreta, E. G. Calvo, dan J.
M. Bermudez. 2010. “Microwave heating processes involving carbon materials.” Fuel
Processing Technology 91(1):1-8.



47

Morell, Mathew K., Michael S. Samuel, dan Michael G. O. Shea. 1998. “Analysis of starch
structure.” Electrophoresis 19:2603-11.

Morikawa, Yusuke, Shin ichi Nishimura, Ryu ichi Hashimoto, Masato Ohnuma, dan Atsuo
Yamada. 2020. “Mechanism of Sodium Storage in Hard Carbon: An X-Ray Scattering
Analysis.” Advanced Energy Materials 10(3):1-9.

Morrison, W. R. dan M. Nasir Azudin. 1987. “Variation in the amylose and lipid contents
and some physical properties of rice starches.” Journal of Cereal Science 5(1):35-44.

Myers, Alan M., Matthew K. Morell, Martha G. James, dan Steven G. Ball. 2000. “Recent
progress toward understanding biosynthesis of the amylopectin crystal.” Plant
Physiology 122(4):989-97.

National Center for Biotechnology Information. 2020. “Urea.” PubChem Database. Diambil
11 April 2020 (https://pubchem.ncbi.nlm.nih.gov/compound/Urea).

Nyamori, Vincent O. 2019. “Precursors on the Physicochemical , Optical , Nitrogen-Doped
Reduced Graphene Oxide.”

Okazaki, Masanori. 2018. “The structure and characteristics of sago starch.” Sago Palm:
Multiple Contributions to Food Security and Sustainable Livelihoods 247-59.

Okazaki, Moriyuki dan Toshitaka Funazukuri. 2008. “Decomposition of urea in sub- and
supercritical water with/without additives.” Journal of Materials Science 43(7):2316—
22.

Polnaya, Febby J. 2006. “Kegunaan Pati Sagu Alami Dan Termodifikasi Serta
Karakteristiknya.” Agroforestri 1(3):50-55.

Prakash Bamboriya, Om, Lokendra Singh Thakur, Hemant Parmar, Anil Kumar Varma, dan
Vijay Kumar Hinge. 2019. “A review on mechanism and factors affecting pyrolysis of
biomass.” International Journal of Research in Advent Technology 7(3):1014-24.

Qi, Yujie, Biying Song, dan Yang Qi. 2016. “The roles of formic acid and levulinic acid on
the formation and growth of carbonaceous spheres by hydrothermal carbonization.”
RSC Advances 6(104):102428-35.

Qiu, Tian, Jian Guo Yang, Xue Jie Bai, dan Yu Ling Wang. 2019. “The preparation of
synthetic graphite materials with hierarchical pores from lignite by one-step
impregnation and their characterization as dye absorbents.” RSC Advances
9(22):12737-46.

Ramya, A. V., B. Manoj, dan Anu N. Mohan. 2016. “Extraction and Characterization of
Wrinkled Graphene Nanolayers from Commercial Graphite.” Asian journal of
chemistry 28(5):1031-34.

Ratchahat, S., N. Viriya-Empikul, K. Faungnawakij, T. Charinpanitkul, dan A.
Soottitantawat. 2010. “Synthesis of Carbon Microspheres from Starch by Hydrothermal
Process.” Sci. J. UBU 1(2):40-45.

Reza, M. Toufiq, Janet Andert, Benjamin Wirth, Daniela Busch, Judith Pielert, Joan G.
Lynam, dan Jan Mumme. 2014. “Hydrothermal Carbonization of Biomass for Energy
and Crop Production.” Applied Bioenergy 1(1):11-29.

Reza, M. Toufig, Erwin Rottler, Laureen Herklotz, dan Benjamin Wirth. 2015.



48

“Hydrothermal carbonization (HTC) of wheat straw: Influence of feedwater pH
prepared by acetic acid and potassium hydroxide.” Bioresource Technology 182:336—
44,

Salinas-Torres, David, Soshi Shiraishi, Emilia Morallén, dan Diego Cazorla-Amoros. 2015.
“Improvement of carbon materials performance by nitrogen functional groups in

electrochemical capacitors in organic electrolyte at severe conditions.” Carbon
82(C):205-13.

Schaber, Peter M., James Colson, Steven Higgins, Daniel Thielen, Bill Anspach, dan
Jonathan Brauer. 2004. “Thermal decomposition (pyrolysis) of urea in an open reaction
vessel.” Thermochimica Acta 424(1-2):131-42.

Sevilla, M. dan A. B. Fuertes. 2009. “The production of carbon materials by hydrothermal
carbonization of cellulose.” Carbon 47(9):2281-89.

Sevilla, Marta dan Antonio B. Fuertes. 2009. “Chemical and structural properties of
carbonaceous products obtained by hydrothermal carbonization of saccharides.”

Chemistry - A European Journal 15(16):4195-4203.

Shivaraju, H. P., K. Byrappa, dan S. Ananda. 2010. “Photocatalytic Treatment of Paper and
Pulp Industrial Effluents using TiO 2 Deposited Calcium Alumino-Silicate Beads.”
2(2):219-30.

Siemion, Przemystaw, Jolanta Jablonska, Janusz Kapus$niak, dan Jacek J. Koziot. 2004.
“Solid state reactions of potato starch with urea and biuret.” Journal of Polymers and
the Environment 12(4):247-55.

Siemion, Przemystaw, Janusz Kapusniak, dan Jacek J. Koziot. 2005. “Solid-state thermal
reactions of starch with semicarbazide hydrochloride. Cationic starches of a new
generation.” Carbohydrate Polymers 62(2):182—86.

Siemion, Przemystaw, Janusz Kapus$niak, dan Jacek J. Koziot. 2006. “Solid state reaction of
starch with thiosemicarbazide.” Carbohydrate Polymers 66(1):104-9.

Singh, Jaspreet, Lovedeep Kaur, dan O. J. McCarthy. 2007. “Factors influencing the
physico-chemical, morphological, thermal and rheological properties of some
chemically modified starches for food applications-A review.” Food Hydrocolloids
21(1):1-22.

Smith, A. M. 2001. “The biosynthesis of starch granules.” Biomacromolecules 2(2):335-41.

Suo, Liyao, Jiahao Zhu, Xueyang Shen, Yizhou Wang, Xiao Han, Zhonggiang Chen, Yi Li,
Yurong Liu, Dan Wang, dan Yanwen Ma. 2019. “Hard carbon spheres interconnected
by carbon nanotubes as high-performance anodes for sodium-ion batteries.” Carbon
151:1-9.

Swapp, Susan. 2017. “Scanning Electron Microscopy (SEM).” Diambil 7 April 2020
(https://serc.carleton.edu/research_education/geochemsheets/techniques/SEM.html).

Tanuwijaya, Kevin Hazel. 2020. “Sintesis Hard Carbon Berbahan Dasar Pati Ganyong
sebagai Anoda Baterai Sodium.” Universitas Katolik Parahyangan.

Titirici, Maria-Magdalena. 2013. Sustainable Carbon Materials from Hydrothermal
Processes. John Wiley & Sons, Ltd.



49

Universal Industrial Gases Inc. 2015. “Material Safety Data Sheet Gaseous Nitrogen.”
Diambil 11 April 2020 (http://www.uigi.com/MSDS_gaseous_N2.html).

Vollmer, Michael. 2004. “Physics of the microwave oven.” Physics Education 39(1):74-81.

Wang, Denghui, Ning Dong, Yanqing Niu, dan Shien Hui. 2019. “A Review of Urea
Pyrolysis to Produce NH3 Used for NOx Removal.” Journal of Chemistry 2019(x).

Wang, Kun, Yu Jin, Shixiong Sun, Yangyang Huang, Jian Peng, Jiahuan Luo, Qin Zhang,
Yuegang Qiu, Chun Fang, dan Jiantao Han. 2017. “Low-Cost and High-Performance
Hard Carbon Anode Materials for Sodium-Ion Batteries.” ACS Omega 2(4):1687-95.

Wang, Qing, Hong Li, Liquan Chen, dan Xuejie Huang. 2001. “Monodispersed hard carbon
spherules with uniform nanopores.” Carbon 39(14):2211-14.

Wang, Tengfei, Yunbo Zhai, Yun Zhu, Caiting Li, dan Guangming Zeng. 2018. “A review
of the hydrothermal carbonization of biomass waste for hydrochar formation: Process
conditions, fundamentals, and physicochemical properties.” Renewable and
Sustainable Energy Reviews 90(March):223-47.

Xu, Shunjian, Can Liu, Feng Ye, Yajie Guo, dan Jorg Wiezorek. 2017. “Alkali-assisted
hydrothermal route to control submicron-sized nanoporous carbon spheres with
uniform distribution.” Colloids and Surfaces A: Physicochemical and Engineering
Aspects 515:1-11.

Yadav, Baljeet S., Prixit Guleria, dan Ritika B. Yadav. 2013. “Hydrothermal modification
of Indian water chestnut starch: Influence of heat-moisture treatment and annealing on

the physicochemical, gelatinization and pasting characteristics.” LWT - Food Science
and Technology 53(1):211-17.

Yogasara, Thedy dan Yutta Verena. 2014. “Please Make Me Warm : Combining Product
Emotions and Usability to Redesign Microwave Products.”

Zhao, Li, Niki Baccile, Silvia Gross, Yuanjian Zhang, Wei Wei, Yuhan Sun, Markus
Antonietti, dan Maria Magdalena Titirici. 2010. “Sustainable nitrogen-doped
carbonaceous materials from biomass derivatives.” Carbon 48(13):3778-87.

Zheng, Peng, Ting Liu, Jinzheng Zhang, Lifeng Zhang, Yi Liu, Jianfeng Huang, dan Shouwu
Guo. 2015. “Sweet potato-derived carbon nanoparticles as anode for lithium ion
battery.” RSC Advances 5(51):40737—41.

Zheng, Yuheng, Yuesheng Wang, Yaxiang Lu, Yong Sheng Hu, dan Ju Li. 2017. “A high-
performance sodium-ion battery enhanced by macadamia shell derived hard carbon
anode.” Nano Energy 39:489-98.

Zia-ud-Din, Hanguo Xiong, dan Peng Fei. 2017. “Physical and chemical modification of
starches: A review.” Critical Reviews in Food Science and Nutrition 57(12):2691-2705.



	2017620031-Bagian 10
	BAB V

	2017620031-Bagian 11
	DAFTAR PUSTAKA


