Pengaruh Kondisi Operasi Pada Pemisahan Litium Dari Limbah Baterai LiFePO4 dengan metode
Reversed
Electro-nanofiltration

Nyoman Agus Budi Hanifan, 3. Ir. Agus Prasetya, M.Eng.Sc., Ph.D; Ir. Sutijan, M.T., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

DAFTAR PUSTAKA

Bagus Galih Utomo, D., Sutresno Hadi Sujoto, V., Astuti, W., Rofieq Mufakhir, F.,
Pangihutan Christian Tampubolon, A., Syamsumin, S., Putera Utama, A., Tri
Bayu Murti Petrus, H., Fahrurozi, M., & Sutijan, S. (2023). Pengaruh Kondisi
Operasi Proses Pemekatan Litium Dari Geothermal Brine Sintetis Dengan
Metode Direct Contact Membrane Distillation (DCMD). Jurnal Rekayasa
Proses. https://doi.org/10.22146/jrekpros.79559

Bandini, S., & Morelli, V. (2017). Effect of temperature, pH and composition on
nanofiltration of mono/disaccharides: Experiments and modeling assessment.
Journal of Membrane Science, 533(December 2016), 57-74.
https://doi.org/10.1016/j.memsci.2017.03.021

Birdi, K. S. (2008). HANDBOOK OF Surface and Colloid Chemistry Third
Edition. Handbook of Surface and Colloid Chemistry, Third Edition, 1-757.
https://doi.org/10.1201/9781420007206/HANDBOOK-SURFACE-
COLLOID-CHEMISTRY-BIRDI

Bodo, E., Verma, S., & Pathak, A. K. (2023). Hydration of Phosphate Ion in
Polarizable Water: Effect of Temperature and Concentration. Liguids 2023,
Vol. 3 Pages 278-287, 3(3), 278-287.
https://doi.org/10.3390/LIQUIDS3030018

Christmann, P., Gloaguen, E., Labbé¢, J. F., Melleton, J., & Piantone, P. (2015).
Global Lithium Resources and Sustainability Issues. Lithium Process
Chemistry: Resources, Extraction, Batteries, and Recycling, 1-40.
https://doi.org/10.1016/B978-0-12-801417-2.00001-3

Cox, S. (2013). FTIR Characterisation of Nanofiltration and Reverse Osmosis
Membranes. https://doi.org/10.26190/UNSWORKS/1289

Davis, B., Watson, K., Roy, A., Kochhar, A., & Tait, D. (2019). Li-cycle—A case
study in integrated process development. In Minerals, Metals and Materials
Series (pp- 247-260). Springer International Publishing.
https://doi.org/10.1007/978-3-030-10386-6_29

Demichelis, R., Garcia, N. A., Raiteri, P., Innocenti Malini, R., Freeman, C. L.,
Harding, J. H., & Gale, J. D. (2018). Simulation of Calcium Phosphate Species
in Aqueous Solution: Force Field Derivation. Journal of Physical Chemistry
B, 122(4), 1471-1483. https://doi.org/10.1021/acs.jpcb.7b10697

Fang, J., Ding, Z., Ling, Y., Li, J., Zhuge, X., Luo, Z., Ren, Y., & Luo, K. (2022).
Green recycling and regeneration of LiNi0.5C00.2Mn0.302 from spent
Lithium-ion batteries assisted by sodium sulfate electrolysis. Chemical
Engineering Journal, 440. https://doi.org/10.1016/j.cej.2022.135880

Fievet, P. (2014). Donnan Steric Pore (DSP) and Dielectric Exclusion (DE) Model.
Encyclopedia of Membranes, 1-5. https://doi.org/10.1007/978-3-642-40872-
4 1717-1

Georgi-Maschler, T., Friedrich, B., Weyhe, R., Heegn, H., & Rutz, M. (2012).
Development of a recycling process for Li-ion batteries. Journal of Power
Sources, 207, 173—182. https://doi.org/10.1016/j.jpowsour.2012.01.152

Gomaa, H., Shenashen, M. A., Yamaguchi, H., Alamoudi, A. S., & El-Safty, S. A.
(2018). Extraction and recovery of Co2+ ions from spent lithium-ion batteries

98



Pengaruh Kondisi Operasi Pada Pemisahan Litium Dari Limbah Baterai LiFePO4 dengan metode
Reversed
Electro-nanofiltration

Nyoman Agus Budi Hanifan, 3. Ir. Agus Prasetya, M.Eng.Sc., Ph.D; Ir. Sutijan, M.T., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

using hierarchical mesosponge y-Al203 monolith extractors. Green
Chemistry, 20(8), 1841-1857. https://doi.org/10.1039/c7gc03673f

Gu, Y., Wang, W.-W_, Yan, J.-W., Wu, D.-Y., Dong, Q.-F., & Mao, B.-W. (2021).
Surface electrochemistry approaches for understanding and creating smooth
solid-electrolyte interphase and lithiophilic interfaces for lithium metal
anodes.  Current  Opinion in  Electrochemistry, 26, 100671.
https://doi.org/https://doi.org/10.1016/j.coelec.2020.100671

He, L., Li, Z., Zhu, Y., & Yang, C. (2020). A green and cost-effective method for
production of LiOH from spent LiFePO4. ACS Sustainable Chemistry and
Engineering, 8(42), 15915-15926.
https://doi.org/10.1021/acssuschemeng.0c04960

Hilal, N., Al-Zoubi, H., Darwish, N. A., & Mohammad, A. W. (2005).
Characterisation of nanofiltration membranes using atomic force microscopy.

_ Desalination, 177(1-3), 187-199. https://doi.org/10.1016/j.desal.2004.12.008

[Ampol'skii, I. P. (IUrii P., Pinnau, I. (Ingo), & Freeman, B. D. (Benny D. ). (2006).
Materials science of membranes for gas and vapor separation. Wiley.

Ilyas, A., Nurazzi, N. M., F Norrrahim, M. N., Zhang, W., Syahirah Suhalim, N.,
Kasim, N., Mahmoudi, E., Juliana Shamsudin, I., Wahab Mohammad, A.,
Mohamed Zuki, F., & Laili-Azua Jamari, N. (2022). Rejection Mechanism of
Ionic Solute Removal by Nanofiltration Membranes: An Overview.
https://doi.org/10.3390/nano12030437

Imbrogno, A., & Schifer, A. 1. (2019). Comparative study of nanofiltration
membrane characterization devices of different dimension and configuration
(cross flow and dead end). Journal of Membrane Science, 585, 67-80.
https://doi.org/10.1016/j.memsci.2019.04.035

Ismail, A. F., & Lau, W. J. (2009). Influence of feed conditions on the rejection of
salt and dye in aqueous solution by different characteristics of hollow fiber
nanofiltration membranes. Desalination and Water Treatment, 6(1-3), 281—
288. https://doi.org/10.5004/DWT.2009.479

Kavanagh, L., Keohane, J., Cabellos, G. G., Lloyd, A., & Cleary, J. (2018). Global
lithium sources-industrial use and future in the electric vehicle industry: A
review. In  Resources (Vol. 7, Issue 3). MDPI AG.
https://doi.org/10.3390/resources7030057

Key, J. A., & Ball, D. W. (2011). Introductory Chemistry-1st Canadian Edition.
http://open.bccampus.ca

Kosuti¢, K., Dolar, D., & Kunst, B. (2006). On experimental parameters
characterizing the reverse osmosis and nanofiltration membranes’ active layer.

Journal of Membrane Science, 282(1-2), 109-114.
https://doi.org/10.1016/j.memsci.2006.05.010
Lefrou, Christine., Fabry, P. (1943-. . . ), & Poignet, J.-Claude. (2009).

L ’¢électrochimie fondamentaux avec exercices corrigés. EDP sciences.

Li, C., Meckler, S. M., Smith, Z. P., Bachman, J. E., Maserati, L., Long, J. R., &
Helms, B. A. (2018). Engineered Transport in Microporous Materials and
Membranes for Clean Energy Technologies. In Advanced Materials (Vol. 30,
Issue 8). Wiley-VCH Verlag. https://doi.org/10.1002/adma.201704953

99



Pengaruh Kondisi Operasi Pada Pemisahan Litium Dari Limbah Baterai LiFePO4 dengan metode
Reversed
Electro-nanofiltration

Nyoman Agus Budi Hanifan, 3. Ir. Agus Prasetya, M.Eng.Sc., Ph.D; Ir. Sutijan, M.T., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

Li, J.,, Li, Y., Chen, M., Gao, F., Li, X., Ma, J., & Wang, Z. (2022). Introduction to
electrochemical membrane technology: current status and recent
developments. Electrochemical Membrane Technology for Water and
Wastewater Treatment, 1-42. https://doi.org/10.1016/B978-0-12-824470-
8.00003-6

Li,M., Lv, Z., Zheng, J., Hu, J., Jiang, C., Ueda, M., Zhang, X., & Wang, L. (2017).
Positively Charged Nanofiltration Membrane with Dendritic Surface for Toxic
Element Removal. ACS Sustainable Chemistry and Engineering, 5(1), 784—
792. https://doi.org/10.1021/acssuschemeng.6b02119

Li, Q., Liu, H., He, B., Shi, W., Ji, Y., Cui, Z., Yan, F., Mohammad, Y., & Li, J.
(2022). Ultrahigh-efficient separation of Mg2+/Li+ using an in-situ
reconstructed positively charged nanofiltration membrane under an electric
field. Journal of Membrane Science, 641.
https://doi.org/10.1016/j.memsci.2021.119880

Li, Q., Liu, H., Ji, Y., Cui, Z., Yan, F., Younas, M., Li, J., & He, B. (2022).
Efficiently rejecting and concentrating Li+ by nanofiltration membrane under
a reversed electric field. Desalination, 535.
https://doi.org/10.1016/j.desal.2022.115825

Liu, G., Zeng, Q., Tian, S., Tao, K., Xie, E., & Zhang, Z. (2023). Deciphering the
electrocatalysis essence of cobalt diselenide in lithium-sulfur electrochemistry
from crystal-phase engineering. Chemical Engineering Journal, 463, 142416.
https://doi.org/https://doi.org/10.1016/j.cej.2023.142416

Liu, H., Li, Q., He, B, Sun, Z., Yan, F., Cui, Z., & Li, J. (2022). High-Efficiency
Separation of Mg2+ /Sr2+ through a NF Membrane under Electric Field.
Membranes, 12(1). https://doi.org/10.3390/membranes12010057

Manthiramt, A., & Goodenough, J. B. (1987). Lithium Insertion into Fe2(#0&
Frameworks: Comparison of M = W with M = MO*. In JOURNAL OF SOLID
STATE CHEMISTRY (Vol. 71).

Martin, G., Rentsch, L., Hock, M., & Bertau, M. (2017). Lithium market research
— global supply, future demand and price development. Energy Storage
Materials, 6, 171-179. https://doi.org/10.1016/j.ensm.2016.11.004

Nadiri, A., D. C., S. R., & H. P. (1984). Chemical and electrochemical alkali
metal intercalation in the 3D-framework of Fe2(MO4)3 Frameworks:
Comparison of M = w with M = Mo.
https://doi.org/DOI:10.1002/chin.198509038

National Minerals Information Center, U. (n.d.). LITHIUM (Data in metric tons of
lithium content unless otherwise noted) Domestic Production and Use: The
only lithium production in the.

Nicolini, J. V., Borges, C. P., & Ferraz, H. C. (2016). Selective rejection of ions
and correlation with surface properties of nanofiltration membranes.
Separation and Purification Technology, 171, 238-247.
https://doi.org/10.1016/j.seppur.2016.07.042

Oatley, D. L., Llenas, L., Aljohani, N. H. M., Williams, P. M., Martinez-Llado, X.,
Rovira, M., & de Pablo, J. (2013). Investigation of the dielectric properties of
nanofiltration membranes. Desalination, 315, 100-106.
https://doi.org/10.1016/j.desal.2012.09.013

100



Reversed o
Electro-nanofiltration

Nyoman Agus Budi Hanifan, 3. Ir. Agus Prasetya, M.Eng.Sc., Ph.D; Ir. Sutijan, M.T., Ph.D.

Gli\I\IIDlJXEIRl%[];\ADSA Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

Ohanessian, K., Monnot, M., Moulin, P., Ferrasse, J. H., Barca, C., Soric, A., &
Boutin, O. (2020). Dead-end and crossflow ultrafiltration process modelling:
Application on chemical mechanical polishing wastewaters. Chemical
Engineering Research and Design, 158, 164-176.
https://doi.org/10.1016/j.cherd.2020.04.007

Prasakti, L., Prasetya, A., Suryohendrasworo, R. M. S. D., & Puteri, S. N. S. H.
(2021). Artificial wastewater treatment from recycling process of
LiFePO4(LFP) batteries using activated carbon. /IOP Conference Series: Earth
and  Environmental  Science, 882(1).  https://doi.org/10.1088/1755-
1315/882/1/012069

Purkait, M., & Singh Randeep. (2018). Membrane Technology in Separation
Science (1st edition).

Raman, L., Cheryan, M., & Rajagopalan, N. (1994). Consider nanofiltration for
membrane separations. Chemical Engineering Progress, 90, 68-74.
https://api.semanticscholar.org/CorpusID:128372989

Reck, B. K., & Graedel, T. E. (2012). Challenges in metal recycling. In Science
(Vol. 337, Issue 6095, pp. 690-695). American Association for the
Advancement of Science. https://doi.org/10.1126/science.1217501

RisingSun. (2019). Nanofiltration membranes.
https://www.risingsunmembranes.com/

Ros, U., Pedrera, L., & Garcia-Saez, A. J. (2021). Techniques for studying
membrane pores. Current Opinion in Structural Biology, 69, 108-116.
https://doi.org/10.1016/J.SB1.2021.03.012

Roy, Y., Warsinger, D. M., & Lienhard, J. H. (2017). Effect of temperature on ion
transport in nanofiltration membranes: Diffusion, convection and
electromigration. Desalination, 420, 241-257.
https://doi.org/10.1016/J.DESAL.2017.07.020

Salafudin, S. (2021). Sumberdaya Alam Lithium Indonesia. Jurnal Rekayasa Hijau,
5(2), 178-187. https://doi.org/10.26760/jrh.v5i2.178-187

Saleh, T. A., & Gupta, V. K. (2016). An Overview of Membrane Science and
Technology.  Nanomaterial — and  Polymer  Membranes, 1-23.
https://doi.org/10.1016/B978-0-12-804703-3.00001-2

Sigurdardottir, S. B., DuChanois, R. M., Epsztein, R., Pinelo, M., & Elimelech, M.
(2020). Energy barriers to anion transport in polyelectrolyte multilayer
nanofiltration membranes: Role of intra-pore diffusion. Journal of Membrane
Science, 603, 117921. https://doi.org/10.1016/J.MEMSCIL.2020.117921

Sonoc, A., & Jeswiet, J. (2014). A review of lithium supply and demand and a
preliminary investigation of a room temperature method to recycle lithium ion
batteries to recover lithium and other materials. Procedia CIRP, 15, 289-293.
https://doi.org/10.1016/j.procir.2014.06.006

Speight, J. G. (2020). The properties of water. In Natural Water Remediation (pp.
53-89). Elsevier. https://doi.org/10.1016/b978-0-12-803810-9.00002-4

Sudarmaja, D. P. A., Sujoto, V. S. H., Suryanaga, C. E., Petrus, H. T. B. M., Sutijan,
& Astuti, W. (2023). Separation Performance of Lithium and Calcium from
Synthetic Geothermal Brine Using Electric Field-assisted Membrane. /OP

101

Pengaruh Kondisi Operasi Pada Pemisahan Litium Dari Limbah Baterai LiFePO4 dengan metode



Pengaruh Kondisi Operasi Pada Pemisahan Litium Dari Limbah Baterai LiFePO4 dengan metode
Reversed
Electro-nanofiltration

Nyoman Agus Budi Hanifan, 3. Ir. Agus Prasetya, M.Eng.Sc., Ph.D; Ir. Sutijan, M.T., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

Conference Series: Earth and Environmental Science, 1275(1).
https://doi.org/10.1088/1755-1315/1275/1/012011

Suhalim, N. S., Kasim, N., Mahmoudi, E., Shamsudin, I. J., Mohammad, A. W.,
Mohamed Zuki, F., & Jamari, N. L.-A. (2022). Rejection Mechanism of lonic
Solute Removal by Nanofiltration Membranes: An Overview. Nanomaterials,
12(3). https://doi.org/10.3390/nano 12030437

Sujoto, V. S. H., Sutijan, Astuti, W., Mufakhir, F. R., & Petrus, H. T. B. M. (2021).
Lithium recovery from synthetic geothermal brine using electrodialysis
method. IOP Conference Series: Earth and Environmental Science, 882(1).
https://doi.org/10.1088/1755-1315/882/1/012003

Swapnil, P., & Meena, M. (2021). The industrial development of polymeric
membranes and membrane modules for reverse osmosis and ultrafiltration.
Membrane-Based Hybrid Processes for Wastewater Treatment, 1-12.
https://doi.org/10.1016/B978-0-12-823804-2.00009-4

Szymczyk, A., & Fievet, P. (2005a). Investigating transport properties of
nanofiltration membranes by means of a steric, electric and dielectric
exclusion model. Journal of Membrane Science, 252(1-2), 77-88.
https://doi.org/10.1016/J.MEMSCI.2004.12.002

Szymczyk, A., & Fievet, P. (2005b). Investigating transport properties of
nanofiltration membranes by means of a steric, electric and dielectric
exclusion model. Journal of Membrane Science, 252(1-2), 77-88.
https://doi.org/10.1016/J. MEMSCI.2004.12.002

Tajuddin, M. H., Yusof, N., Wan Azelee, I., Wan Salleh, W. N., Ismail, A. F.,,
Jaafar, J., Aziz, F., Nagai, K., & Razali, N. F. (2019). Development of copper-
aluminum layered double hydroxide in thin film nanocomposite nanofiltration
membrane for water purification process. Frontiers in Chemistry, 7(FEB).
https://doi.org/10.3389/FCHEM.2019.00003

Tang, C. Y., Kwon, Y. N., & Leckie, J. pdfs O. (2009). Effect of membrane
chemistry and coating layer on physiochemical properties of thin film
composite polyamide RO and NF membranes. II. Membrane physiochemical
properties and their dependence on polyamide and coating layers.
Desalination, 242(1-3), 168—182. https://doi.org/10.1016/j.desal.2008.04.004

Tansel, B. (2012). Significance of thermodynamic and physical characteristics on
permeation of ions during membrane separation: Hydrated radius, hydration
free energy and viscous effects. Separation and Purification Technology, 86,
119-126. https://doi.org/10.1016/j.seppur.2011.10.033

Uragami, Tadashi. (2017). Science and Technology of Separation Membranes 2 Vol
Set. John Wiley & Sons, Incorporated.

Wang, Q., Tang, X., Liang, H., Cheng, W., Li, G., Zhang, Q., Chen, J., Chen, K.,
& Wang, J. (2022a). Effects of Filtration Mode on the Performance of Gravity-
Driven Membrane (GDM) Filtration: Cross-Flow Filtration and Dead-End
Filtration. Water (Switzerland), 14(2). https://doi.org/10.3390/w14020190

Wang, Q., Tang, X., Liang, H., Cheng, W., Li, G., Zhang, Q., Chen, J., Chen, K.,
& Wang, J. (2022b). Effects of Filtration Mode on the Performance of Gravity-
Driven Membrane (GDM) Filtration: Cross-Flow Filtration and Dead-End
Filtration. Water (Switzerland), 14(2). https://doi.org/10.3390/w14020190

102



Pengaruh Kondisi Operasi Pada Pemisahan Litium Dari Limbah Baterai LiFePO4 dengan metode
Reversed
Electro-nanofiltration

Nyoman Agus Budi Hanifan, 3. Ir. Agus Prasetya, M.Eng.Sc., Ph.D; Ir. Sutijan, M.T., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

Wang, R., & Lin, S. (2021a). Pore model for nanofiltration: History, theoretical
framework, key predictions, limitations, and prospects. Journal of Membrane
Science, 620, 118809. https://doi.org/10.1016/J.MEMSCI.2020.118809

Wang, R., & Lin, S. (2021b). Pore model for nanofiltration: History, theoretical
framework, key predictions, limitations, and prospects. Journal of Membrane
Science, 620(July), 118809. https://doi.org/10.1016/j.memsci.2020.118809

Wang, W., & Wu, Y. (2017). An overview of recycling and treatment of spent
LiFePO4 batteries in China. In Resources, Conservation and Recycling (Vol.
127, pp- 233-243). Elsevier B.V.
https://doi.org/10.1016/j.resconrec.2017.08.019

Wietelmann, U., & Steinbild, M. (2014). Lithium and Lithium Compounds. In
Ullmann’s Encyclopedia of Industrial Chemistry (pp. 1-38). Wiley.
https://doi.org/10.1002/14356007.a15 393.pub2

Wu, L., Zhang, C., Kim, S., Hatton, T. A., Mo, H., & Waite, T. D. (2022). Lithium
recovery using electrochemical technologies: Advances and challenges. In
Water Research (Vol. 221). Elsevier Ltd.
https://doi.org/10.1016/j.watres.2022.118822

Xu, S., Song, J., Bi, Q., Chen, Q., Zhang, W. M., Qian, Z., Zhang, L., Xu, S., Tang,
N., & He, T. (2021). Extraction of lithium from Chinese salt-lake brines by
membranes: Design and practice. In Journal of Membrane Science (Vol. 635).
Elsevier B.V. https://doi.org/10.1016/;.memsc1.2021.119441

Xu, Z., Gao, L., Liu, Y., & Li, L. (2016). Review—Recent Developments in the
Doped LiFePO 4 Cathode Materials for Power Lithium lon Batteries . Journal
of  The Electrochemical Society, 163(13), A2600-A2610.
https://doi.org/10.1149/2.0411613jes

Yiiksel, S., Kabay, N., & Yiiksel, M. (2013). Removal of bisphenol A (BPA) from
water by various nanofiltration (NF) and reverse osmosis (RO) membranes.
Journal of Hazardous Materials, 263, 307-310.
https://doi.org/10.1016/j.jhazmat.2013.05.020

Zeng, X., Li, J., & Singh, N. (2014). Recycling of spent lithium-ion battery: A
critical review. In Critical Reviews in Environmental Science and Technology
(Vol. 44, Issue 10, pp. 1129-1165). Taylor and Francis Inc.
https://doi.org/10.1080/10643389.2013.763578

Zhang, H., Quan, X., Fan, X., Yi, G., Chen, S., Yu, H., & Chen, Y. (2019).
Improving Ion Rejection of Conductive Nanofiltration Membrane through
Electrically Enhanced Surface Charge Density. Environmental Science and
Technology, 53(2), 868—877. https://doi.org/10.1021/acs.est.8b04268

Zhang, Y., Song, Z., Sugita, K., Xue, S., & Zhang, W. (2023). Impacts of
Nanobubbles in Pore Water on Heavy Metal Pollutant Release from
Contaminated Soil Columns. Nanomaterials, 13(10).
https://doi.org/10.3390/NANO13101671/S1

Zoski, C. G. (2006). Handbook of Electrochemistry.
https://api.semanticscholar.org/CorpusID:92191312

Zsoldos, E. S., Thompson, D. T., Black, W., Azam, S. M., & Dahn, J. R. (2024).
The Operation Window of Lithium Iron Phosphate/Graphite Cells Affects

103



Pengaruh Kondisi Operasi Pada Pemisahan Litium Dari Limbah Baterai LiFePO4 dengan metode
Reversed
Electro-nanofiltration

Nyoman Agus Budi Hanifan, 3. Ir. Agus Prasetya, M.Eng.Sc., Ph.D; Ir. Sutijan, M.T., Ph.D.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/

their Lifetime. Journal of The Electrochemical Society, 171(8), 080527.
https://doi.org/10.1149/1945-7111/ad6¢cbd

104



	HALAMAN JUDUL
	PERNYATAAN BEBAS PLAGIASI
	KATA PENGANTAR
	DAFTAR ISI
	DAFTAR TABEL
	DAFTAR GAMBAR
	DAFTAR SIMBOL
	INTISARI
	ABSTRACT
	BAB I  PENDAHULUAN
	I.1 Latar Belakang
	I.2 Rumusan Masalah
	I.2.1 Rumusan Masalah
	I.2.2 Batasan Masalah

	I.3 Keaslian/Kebaharuan Penelitian
	I.4 Tujuan Penelitian
	I.4.1 Tujuan Umum
	I.4.2 Tujuan Khusus

	I.5 Manfaat Penelitian

	BAB II  TINJAUAN PUSTAKA
	II.1 Tinjauan Pustaka
	II.1.1 Litium
	II.1.2 Teknologi Membran
	II.1.3 Membran Nanofiltrasi
	II.1.4 Elektrolisis

	II.2 Landasan Teori
	II.2.1 Mekanisme Pemisahan
	II.2.2 Parameter Kinerja Membran dan Selektivitas Ion
	II.2.3 Donan Steric Pore Model and Dielectric Exclusion (DSPM-DE)
	II.2.4 Peristiwa Elektrolisis dalam Larutan

	II.3 Hipotesis

	BAB III  METODOLOGI PENELITIAN
	III.1 Tahapan Penelitian
	III.2 Bahan Penelitian
	III.3 Alat Penelitian
	III.4 Rangkaian Alat
	III.5 Variabel Penelitian
	III.5.1 Parameter Tetap
	III.5.2 Variabel Terikat
	III.5.3 Variabel Bebas

	III.6 Prosedur Penelitian
	III.6.1 Uji Karakterisasi Membran
	III.6.2 Preparasi Larutan Limbah Baterai LiFePO4 Sintetis
	III.6.3 Proses Reverse Electro-nanofiltration Larutan Limbah Baterai LiFePO4 Sintetis
	III.6.4 Uji Konsentrasi Di Umpan dan Permeat
	III.6.5 Analisis Data Penelitian


	BAB IV  HASIL DAN PEMBAHASAN
	IV.1 Karakterisasi Membran Nanofiltrasi (NF 5)
	IV.1.1 Karakterisasi dengan Fourier Transform Infrared (FTIR)
	IV.1.2 Karakterisasi dengan Scanning Electron Microscopy-Energy Dispersive Spectroscopy (SEM-EDS)

	IV.2 Variasi Kondisi Operasi
	IV.2.1 Pengaruh Variasi Kondisi Operasi Terhadap Rejeksi Ion
	IV.2.2 Pengaruh Variasi Kondisi Operasi Terhadap Fluks Permeat
	IV.2.3 Pengaruh Variasi Kondisi Operasi Terhadap Fluks Ion
	IV.2.4 Pengaruh Variasi Kondisi Operasi Terhadap Selektivitas Ion Litium
	IV.2.5 Pengaruh Variasi Kondisi Operasi Terhadap pH Larutan
	IV.2.6 Pengaruh Variasi Kondisi Operasi Terhadap Arus Listrik

	IV.3 Evaluasi Parameter dan Model

	BAB V  KESIMPULAN DAN SARAN
	V.1 Kesimpulan
	V.2 Saran

	DAFTAR PUSTAKA
	LAMPIRAN

