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Dari penelitian yang dilakukan dapat ditemukan beberapa kesimpulan sebagai
berikut :

1. Penambahan doping sulfur menyebabkan penurunan yield hydrochar. Yield HC-
200 sebesar 39,25 %, yield HC-S1-200 sebesar 37,25 %, yield HC-S2-200 sebesar 36,65
%, dan yield HC-S3-200 sebesar 37,4 %.

2. Penambahan doping sulfur menyebabkan penambahan yield karbon aktif. Yield
AC-600 sebesar 59 %, yield AC-S1-600 sebesar 73 %, yield AC-S2-600 sebesar 73,25
%, dan yield AC-S3-600 sebesar 72,25 %.

3. Penambahan doping sulfur menyebabkan penurunan luas permukaan, dimana luas
permukaan karbon aktif tanpa doping adalah 1883,89 m?/g sedangkan luas permukaan
terkecil karbon aktif dengan doping adalah 720,09 m?/g pada sampel AC-S1-600.

4. Berdasarkan analisis FTIR, diperoleh bahwa sampel hydrochar dan karbon aktif
menunjukkan terbentuknya gugus C-S, S=0, serta S-S.

5. Penambahan doping sulfur dengan jenis yang berbeda menghasilkan kadar sulfur
yang beragam dengan %S AC-S1-600 11,94 %, AC-S2-600 4,91 %, dan AC-S3-600
7,32 %.

5.2 Saran

Dari penelitian ini yang dilakukan terdapat saran yang dapat dipertimbangkan

sebagai berikut:

1. Perlu dilakukan analisis elektrokimia untuk mengetahui kemampuan karbon aktif
sebagai superkapasitor.

2. Perlu dilakukan variasi rasio massa masing-masing jenis sulfur untuk mengetahui
rasio optimum S-Doped karbon aktif.

3. Perlu dilakukan analisis XPS untuk mengetahui kandungan gugus sulfur pada

sampel.



52

DAFTAR PUSTAKA

Abd Mutalib, M., Rahman, M. A., Othman, M. H. D., Ismail, A. F., & Jaafar, J. (2017).
Scanning Electron Microscopy (SEM) and Energy-Dispersive X-Ray (EDX)
Spectroscopy. In Membrane Characterization (pp. 161-179). Elsevier Inc.
https://doi.org/10.1016/B978-0-444-63776-5.00009-7

Ahmed, S., Rafat, M., & Ahmed, A. (2018). Nitrogen doped activated carbon derived from
orange peel for supercapacitor application. Advances in Natural Sciences:
Nanoscience and Nanotechnology, 9(3). https://doi.org/10.1088/2043-6254/aad5d4

Amer, M., & Elwardany, A. (2020). Biomass Carbonization. In Renewable Energy -
Resources, Challenges and Applications. IntechOpen.
https://doi.org/10.5772/intechopen.90480

Arai, K. (1970). Aqueous Oxidation of Zinc Sulfide in Hydrochloric Acid*.

Arie, A.A., Kristanto, H., Halim, M., dan Lee, J.K. (2016). Synthesis and Modification of
Activated Carbon Originated from Indonesia Local Orange Pell for Lithium lon
Capacitor’s Cathode, Journal Solid State Electrochem, 21(5), pp. 1331-1342.

Bagheri, N., & Abedi, J. (2009). Preparation of high surface area activated carbon from
corn by chemical activation using potassium hydroxide. Chemical Engineering
Research and Design, 87(8), 1059-1064. https://doi.org/10.1016/j.cherd.2009.02.001

Bansal, R. C., & Goyal, M. (2005). Activated Carbon Adsorption. CRC Press.
https://doi.org/10.1201/9781420028812

Bubanale, S., & Shivashankar, M. (2017). History, Method of Production, Structure and
Applications of Activated Carbon. www.ijert.org

Campos-Vega, R., Nieto-Figueroa, K. H., & Oomah, B. D. (2018). Cocoa (Theobroma
cacao L.) pod husk: Renewable source of bioactive compounds. In Trends in Food
Science and Technology (Vol. 81, pp. 172-184). Elsevier Ltd.
https://doi.org/10.1016/j.tifs.2018.09.022

Chukwuka, C., & Folly, K. A. (2012). Batteries and Super-capacitors. IEEE PES
PowerAfrica 2012 Conference and Exposition.

Cocero, M. J., Cabeza, A., Abad, N., Adamovic, T., Vaquerizo, L., Martinez, C. M., &
Pazo-Cepeda, M. V. (2018). Understanding biomass fractionation in subcritical &
supercritical water. In Journal of Supercritical Fluids (Vol. 133, pp. 550-565).
Elsevier B.V. https://doi.org/10.1016/j.supflu.2017.08.012

Demirbas, A. (2009). Pyrolysis mechanisms of biomass materials. Energy Sources, Part A:
Recovery, Utilization and Environmental Effects, 31(13), 1186-1193.
https://doi.org/10.1080/15567030801952268

Elliott, D. C., Biller, P., Ross, A. B., Schmidt, A. J., & Jones, S. B. (2015). Hydrothermal
liquefaction of biomass: Developments from batch to continuous process. In



https://doi.org/10.1016/B978-0-444-63776-5.00009-7
https://doi.org/10.1016/B978-0-444-63776-5.00009-7
https://doi.org/10.1088/2043-6254/aad5d4
https://doi.org/10.1088/2043-6254/aad5d4
https://doi.org/10.1088/2043-6254/aad5d4
https://doi.org/10.5772/intechopen.90480
https://doi.org/10.5772/intechopen.90480
https://doi.org/10.5772/intechopen.90480
https://doi.org/10.1201/9781420028812
https://doi.org/10.1201/9781420028812
https://doi.org/10.1201/9781420028812
https://doi.org/10.1016/j.tifs.2018.09.022
https://doi.org/10.1016/j.tifs.2018.09.022
https://doi.org/10.1016/j.supflu.2017.08.012
https://doi.org/10.1080/15567030801952268
https://doi.org/10.1080/15567030801952268
https://doi.org/10.1080/15567030801952268

53

Bioresource Technology (Vol. 178, pp. 147-156). Elsevier Ltd.
https://doi.org/10.1016/j.biortech.2014.09.132

Eriska, H., Dewi, K., Darmawan Pasek, A., & Damanhuri, E. (2017). HYDROTHERMAL
CARBONIZATION OF BIOMASS WASTE BY USING A STIRRED REACTOR:
AN INITIAL EXPERIMENTAL RESULTS. REAKTOR, 16(4), 212.
https://doi.org/10.14710/reaktor.16.4.212-217

Fakkaew, K., & Setiadi, T. (2016). Evaluation of Hydrothermal Carbonization Reactions
for Faecal Sludge Treatment and Hydrochar Production.

Gan, Y. X. (2021). Activated Carbon from Biomass Sustainable Sources. Journal of
Carbon Research, 7(2), 39. https://doi.org/10.3390/c7020039

Gao, P., Zhou, Y., Meng, F., Zhang, Y., Liu, Z., Zhang, W., & Xue, G. (2016). Preparation
and characterization of hydrochar from waste eucalyptus bark by hydrothermal
carbonization. Energy, 97, 238-245. https://doi.org/10.1016/j.energy.2015.12.123

Ghosh, P., Sengupta, S., Singh, L., & Sahay, A. (2020). Life cycle assessment of waste-to-
bioenergy processes: a review. In Bioreactors (pp. 105-122). Elsevier.
https://doi.org/10.1016/b978-0-12-821264-6.00008-5

Goodge, J. (2017). Energy-Dispersive X-Ray Spectroscopy ( EDS ).
https://serc.carleton.edu/research_education/geochemsheets/eds.html

Guo, Z., Fu, Z., & Wang, S. (2007). Sulfur distribution in coke and sulfur removal during
pyrolysis. Fuel Processing Technology, 88(10), 935-941.
https://doi.org/10.1016/j.fuproc.2007.05.003

Hu, X., & Gholizadeh, M. (2019). Biomass pyrolysis: A review of the process
development and challenges from initial researches up to the commercialisation stage.
In Journal of Energy Chemistry (Vol. 39, pp. 109-143). Elsevier B.V.
https://doi.org/10.1016/j.jechem.2019.01.024

Jain, A., Balasubramanian, R., & Srinivasan, M. P. (2016). Hydrothermal conversion of
biomass waste to activated carbon with high porosity: A review. In Chemical
Engineering Journal (Vol. 283, pp. 789-805). Elsevier.
https://doi.org/10.1016/j.cej.2015.08.014

Jain, A., Balasubramanian, R., & Srinivasan, M. P. (2015). Production of high surface area
mesoporous activated carbons from waste biomass using hydrogen peroxide-mediated
hydrothermal treatment for adsorption applications. Chemical Engineering Journal,
273, 622-629. https://doi.org/10.1016/j.cej.2015.03.111

Jaruwat,D., Udomsap, P., Chollacoop, N., Fuji, M. dan Elad-ua, A. (2018). Effect of
Hydrotermal Temperature and Time of Hydrochar From Cattail Leaves, International
Conference on Science and Technology of Emerging Materials, pp. 020016-1-
020016-8.

Kambo, H. S., & Dutta, A. (2015). A comparative review of biochar and hydrochar in
terms of production, physico-chemical properties and applications. In Renewable and
Sustainable Energy Reviews (Vol. 45, pp. 359-378). Elsevier Ltd.
https://doi.org/10.1016/j.rser.2015.01.050

Kang, S., Li, X., Fan, J., & Chang, J. (2012). Characterization of hydrochars produced by
hydrothermal carbonization of lignin, cellulose, d-xylose, and wood meal. Industrial
and Engineering Chemistry Research, 51(26), 9023-9031.
https://doi.org/10.1021/ie300565d

Ketenagalistrikan. (2019). Statistik Ketenagalistrikan Tahun 2019 (Vol. 33).

Kim, B. K., Sy, S., Yu, A., & Zhang, J. (2015). Electrochemical Supercapacitors for
Energy Storage and Conversion. In Handbook of Clean Energy Systems (pp. 1-25).
John Wiley & Sons, Ltd. https://doi.org/10.1002/9781118991978.hces112



https://doi.org/10.1016/j.biortech.2014.09.132
https://doi.org/10.1016/j.biortech.2014.09.132
https://doi.org/10.1016/j.biortech.2014.09.132
https://doi.org/10.14710/reaktor.16.4.212-217
https://doi.org/10.14710/reaktor.16.4.212-217
https://doi.org/10.14710/reaktor.16.4.212-217
https://doi.org/10.3390/c7020039
https://doi.org/10.1016/j.energy.2015.12.123
https://doi.org/10.3390/c7020039
https://doi.org/10.3390/c7020039
https://doi.org/10.1016/b978-0-12-821264-6.00008-5
https://serc.carleton.edu/research_education/geochemsheets/eds.html
https://doi.org/10.1016/j.fuproc.2007.05.003
https://doi.org/10.1016/b978-0-12-821264-6.00008-5
https://doi.org/10.1016/b978-0-12-821264-6.00008-5
https://doi.org/10.1016/j.jechem.2019.01.024
https://doi.org/10.1016/j.cej.2015.08.014
https://doi.org/10.1016/j.cej.2015.03.111
https://doi.org/10.1016/j.cej.2015.03.111
https://doi.org/10.1016/j.cej.2015.03.111
https://doi.org/10.1016/j.rser.2015.01.050
https://doi.org/10.1016/j.rser.2015.01.050
https://doi.org/10.1016/j.rser.2015.01.050
https://doi.org/10.1021/ie300565d
https://doi.org/10.1021/ie300565d
https://doi.org/10.1002/9781118991978.hces112

54

Kristianto, H., Lavenki, Y., & Susanti, R. F. (2020). Synthesis and Characterization of
Activated Carbon Derived from Salacca Peel Using ZnCI2 Hydrothermal
Carbonization and Chemical Activation with Microwave Heating. IOP Conference
Series: Materials Science and Engineering, 742(1). https://doi.org/10.1088/1757-
899X/742/1/012044

Krylova, A. Y., & Zaitchenko, V. M. (2018). Hydrothermal Carbonization of Biomass: A
Review. In Solid Fuel Chemistry (Vol. 52, Issue 2, pp. 91-103). Pleiades Publishing.
https://doi.org/10.3103/S0361521918020076

Li, Q., Mahmood, N., Zhu, J., Hou, Y., & Sun, S. (2014). Graphene and its composites
with nanoparticles for electrochemical energy applications. In Nano Today (Vol. 9,
Issue 5, pp. 668-683). Elsevier B.V. https://doi.org/10.1016/j.nantod.2014.09.002

Li, B., Zheng, J., Zhang, H., Jin, L., Yang, D., Lv, H., Shen, C., Shellikeri, A., Zheng, Y.,
Gong, R., Zheng, J. P., & Zhang, C. (2018). Electrode Materials, Electrolytes, and
Challenges in Nonaqueous Lithium-lon Capacitors. In Advanced Materials (Vol. 30,
Issue 17). Wiley-VCH Verlag. https://doi.org/10.1002/adma.201705670

Libich, J., Maca, J., Vondrak, J., Cech, O., & Sedlaiikova, M. (2018). Supercapacitors:
Properties and applications. Journal of Energy Storage, 17, 224-227.
https://doi.org/10.1016/j.est.2018.03.012

Lubis, A. (2007). ENERGI TERBARUKAN DALAM PEMBANGUNAN
BERKELANJUTAN. Jurnal Teknik Lingkungan, 8, 155-162.

Lucian, M., & Fiori, L. (2017). Hydrothermal carbonization of waste biomass: Process
design, modeling, energy efficiency and cost analysis. Energies, 10(2).
https://doi.org/10.3390/en10020211

Ma, Y., Wang, Q., Wang, X., Sun, X., & Wang, X. (2015). A comprehensive study on
activated carbon prepared from spent shiitake substrate via pyrolysis with ZnCI2.
Journal of Porous Materials, 22(1), 157-169. https://doi.org/10.1007/s10934-014-
9882-8

Manocha, S. M. (2003). Porous carbons. In S adhan a (Vol. 28).

Matsumura, Y. (2015). Hydrothermal Gasification of Biomass. In Recent Advances in
Thermochemical Conversion of Biomass (pp. 251-267). Elsevier Inc.
https://doi.org/10.1016/B978-0-444-63289-0.00009-0

Mobley, D. P., & Bell, A. T. (1980). Effects of zinc chloride on sulphur removal from coal-
related structures.

Mohan, D., Pittman, C. U., & Steele, P. H. (2006). Pyrolysis of wood/biomass for bio-oil:
A critical review. In Energy and Fuels (Vol. 20, Issue 3, pp. 848-889).
https://doi.org/10.1021/ef0502397

Moller, M., Nilges, P., Harnisch, F., & Schrdder, U. (2011). Subcritical water as reaction
environment: Fundamentals of hydrothermal biomass transformation. In
ChemSusChem (Vol. 4, Issue 5, pp. 566-579). Wiley-VCH Verlag.
https://doi.org/10.1002/cssc.201000341

Munajad, A., Subroto, C., & Suwarno. (2018). Fourier transform infrared (FTIR)
spectroscopy analysis of transformer paper in mineral oil-paper composite insulation
under accelerated thermal aging. Energies, 11(2). https://doi.org/10.3390/en11020364

Naderi, M. (2015). Surface Area: Brunauer-Emmett-Teller (BET). In Progress in

Filtration and Separation (pp. 585-608). Elsevier Ltd. https://doi.org/10.1016/B978-0-12-

384746-1.00014-8

Oddoye, E. O. K., Agyente-Badu, C. K., & Gyedu-Akoto, E. (2013). Cocoa and its by-
products: Identification and utilization. In Chocolate in Health and Nutrition (pp. 23—
37). Humana Press Inc. https://doi.org/10.1007/978-1-61779-803-0_3



https://doi.org/10.1088/1757-899X/742/1/012044
https://doi.org/10.1088/1757-899X/742/1/012044
https://doi.org/10.1002/9781118991978.hces112
https://doi.org/10.1002/9781118991978.hces112
https://doi.org/10.3103/S0361521918020076
https://doi.org/10.3103/S0361521918020076
https://doi.org/10.3103/S0361521918020076
https://doi.org/10.1016/j.nantod.2014.09.002
https://doi.org/10.1002/adma.201705670
https://doi.org/10.1002/adma.201705670
https://doi.org/10.1002/adma.201705670
https://doi.org/10.1016/j.est.2018.03.012
https://doi.org/10.1016/j.est.2018.03.012
https://doi.org/10.3390/en10020211
https://doi.org/10.1007/s10934-014-9882-8
https://doi.org/10.1007/s10934-014-9882-8
https://doi.org/10.3390/en10020211
https://doi.org/10.3390/en10020211
https://doi.org/10.1016/B978-0-444-63289-0.00009-0
https://doi.org/10.1016/B978-0-444-63289-0.00009-0
https://doi.org/10.1016/B978-0-444-63289-0.00009-0
https://doi.org/10.1021/ef0502397
https://doi.org/10.1021/ef0502397
https://doi.org/10.1021/ef0502397
https://doi.org/10.1002/cssc.201000341
https://doi.org/10.1002/cssc.201000341
https://doi.org/10.1002/cssc.201000341
https://doi.org/10.3390/en11020364
https://doi.org/10.3390/en11020364
https://doi.org/10.3390/en11020364
https://doi.org/10.1007/978-1-61779-803-0_3

55

Pallarés, J., Gonzalez-Cencerrado, A., & Arauzo, I. (2018). Production and
characterization of activated carbon from barley straw by physical activation with
carbon dioxide and steam. Biomass and Bioenergy, 115, 64-73.
https://doi.org/10.1016/j.biombioe.2018.04.015

Perindustrian. (2007). Gambaran Sekilas Industri Kakao.

Prauchner, M. J., & Rodriguez-Reinoso, F. (2012). Chemical versus physical
activation of coconut shell: A comparative study. Microporous and Mesoporous
Materials, 152, 163-171. https://doi.org/10.1016/j.micromeso.2011.11.040

Saka, C. (2012). BET, TG-DTG, FT-IR, SEM, iodine number analysis and preparation of
activated carbon from acorn shell by chemical activation with ZnCI2. Journal of
Analytical and Applied Pyrolysis, 95, 21-24.
https://doi.org/10.1016/j.jaap.2011.12.020

Sevilla, M., & Fuertes, A. B. (2009). The production of carbon materials by hydrothermal
carbonization of cellulose. Carbon, 47(9), 2281-2289.
https://doi.org/10.1016/j.carbon.2009.04.026

Sing, K. S. W., & Williams, R. T. (2004). Review Physisorption Hysteresis Loops and the
Characterization of Nanoporous Materials.

S.S.Shah, S.M.Abu Nayem, N.Sultana, Dr. A.J.S. Ahammad, & Dr. Md.A. Aziz. (2022).
Preparation of Sulfur-doped Carbon for Supercapasitor Applications; A Review.
ChemSusChem, 15(1).

Sinha, & Kar. (2020). Springer Series in Materials Science 302 Handbook of
Nanocomposite Supercapacitor Materials Il Performance.
http://www.springer.com/series/856

Sudibandriyo, M., Pan, Z., Fitzgerald, J. E., Robinson, R. L., & Gasem, K. A. M. (2003).
Adsorption of methane, nitrogen, carbon dioxide, and their binary mixtures on dry
activated carbon at 318.2 K and pressures up to 13.6 MPa. Langmuir, 19(13), 5323—
5331. https://doi.org/10.1021/1a020976k

Susanti, R. F., Alvin, S., & Kim, J. (2020). Toward high-performance hard carbon as an
anode for sodium-ion batteries: Demineralization of biomass as a critical step. Journal
of Industrial and Engineering Chemistry, 91, 317-329.
https://doi.org/10.1016/j.jiec.2020.08.016

Susanti, R. F., Arie, A. A., Kristianto, H., Erico, M., Kevin, G., & Devianto, H. (2019).
Activated carbon from citric acid catalyzed hydrothermal carbonization and chemical
activation of salacca peel as potential electrode for lithium ion capacitor’s cathode.
lonics, 25(8), 3915-3925. https://doi.org/10.1007/s11581-019-02904-x

Susanti, R. F., Wiratmadja, R. G. R., Kristianto, H., Arie, A. A., & Nugroho, A. (2022).
Synthesis of high surface area activated carbon derived from cocoa pods husk by
hydrothermal carbonization and chemical activation using zinc chloride as activating
agent. Materials Today: Proceedings, 63, S55-S60.
https://doi.org/10.1016/j.matpr.2022.01.042

Swapp, S. (2017). Scanning Electron Microscopy (SEM).
http://serc.carleton.edu/research_education/geochemsheets/techniques/SEM.html

Thommes, M., Kaneko, K., Neimark, A. v., Olivier, J. P., Rodriguez-Reinoso, F.,
Rouquerol, J., & Sing, K. S. W. (2015). Physisorption of gases, with special reference
to the evaluation of surface area and pore size distribution (IUPAC Technical Report).
Pure and Applied Chemistry, 87(9-10), 1051-1069. https://doi.org/10.1515/pac-2014-
1117

Vaziri, R. S., & Babler, M. U. (2019). Removal of hydrogen sulfide with metal oxides in
packed bed reactors-A review from a modeling perspective with practical



https://doi.org/10.1016/j.biombioe.2018.04.015
https://doi.org/10.1016/j.micromeso.2011.11.040
https://doi.org/10.1016/j.jaap.2011.12.020
https://doi.org/10.1016/j.carbon.2009.04.026
https://doi.org/10.1016/j.carbon.2009.04.026
https://doi.org/10.1016/j.carbon.2009.04.026
https://doi.org/10.1021/la020976k
https://doi.org/10.1016/j.jiec.2020.08.016
https://doi.org/10.1007/s11581-019-02904-x
https://doi.org/10.1016/j.matpr.2022.01.042
http://serc.carleton.edu/research_education/geochemsheets/techniques/SEM.html
https://doi.org/10.1515/pac-2014-1117
https://doi.org/10.1515/pac-2014-1117

56

implications. In Applied Sciences (Switzerland) (Vol. 9, Issue 24). MDPI AG.
https://doi.org/10.3390/app9245316

Vriesmann, L. C., de Mello Castanho Amboni, R. D., & de Oliveira Petkowicz, C. L.
(2011). Cacao pod husks (Theobroma cacao L.): Composition and hot-water-soluble
pectins. Industrial Crops and Products, 34(1), 1173-1181.
https://doi.org/10.1016/j.indcrop.2011.04.004

Wang, L., Zhang, H., Cao, G., Zhang, W., Zhao, H., & Yang, Y. (2015). Effect of activated
carbon surface functional groups on nano-lead electrodeposition and hydrogen
evolution and its applications in lead-carbon batteries. Electrochimica Acta, 186, 654—
663. https://doi.org/10.1016/].electacta.2015.11.007

Wang, Y., Hu, Y.-J., Hao, X., Peng, P., Shi, J.-Y., Peng, F., & Sun, R.-C. (2020).
Hydrothermal synthesis and applications of advanced carbonaceous materials from
biomass: a review. Advanced Composites and Hybrid Materials, 3(3), 267—284.
https://doi.org/10.1007/s42114-020-00158-0

Wu, J,, Liu, J., Yuan, S., Zhang, X., Liu, Y., Wang, Z., & Zhou, J. (2015). Sulfur
Transformation during Hydrothermal Dewatering of Low Rank Coal. Energy and
Fuels, 29(10), 6586—6592. https://doi.org/10.1021/acs.energyfuels.5b01258

Yakout, S. M., & Sharaf El-Deen, G. (2016). Characterization of activated carbon prepared
by phosphoric acid activation of olive stones. Arabian Journal of Chemistry, 9,
S1155-S1162. https://doi.org/10.1016/j.arabjc.2011.12.002

Zhang, Z., Zhao, Y., & Wang, T. (2020). Spirulina hydrothermal carbonization: Effect on
hydrochar properties and sulfur transformation. Bioresource Technology, 306.
https://doi.org/10.1016/j.biortech.2020.123148

Zhu, F. Y., Wang, Q. Q., Zhang, X. S., Hu, W., Zhao, X., & Zhang, H. X. (2014). 3D
nanostructure reconstruction based on the SEM imaging principle, and applications.
Nanotechnology, 25(18). https://doi.org/10.1088/0957-4484/25/18/185705

Zhuang, X., Zhan, H., Huang, Y., Song, Y., Yin, X., & Wu, C. (2018). Denitrification and
desulphurization of industrial biowastes via hydrothermal modification. Bioresource
Technology, 254, 121-129. https://doi.org/10.1016/j.biortech.2018.01.061

Zou, K., Cai, P., Cao, X., Zou, G., Hou, H., & Ji, X. (2020). Carbon materials for high-
performance lithium-ion capacitor. In Current Opinion in Electrochemistry (Vol. 21,
pp. 31-39). Elsevier B.V. https://doi.org/10.1016/j.coelec.2020.01.005



https://doi.org/10.3390/app9245316
https://doi.org/10.1016/j.indcrop.2011.04.004
https://doi.org/10.1016/j.electacta.2015.11.007
https://doi.org/10.1007/s42114-020-00158-0
https://doi.org/10.1021/acs.energyfuels.5b01258
https://doi.org/10.1016/j.arabjc.2011.12.002
https://doi.org/10.1016/j.biortech.2020.123148
https://doi.org/10.1088/0957-4484/25/18/185705
https://doi.org/10.1016/j.biortech.2018.01.061
https://doi.org/10.1016/j.coelec.2020.01.005

	6141801068-Bagian 10
	6141801068-Bagian 11

