Laporan Hasil Penelitian

“Sintesis Zeolit X Dari Natrium Silikat Dan Natrium Aluminat:
Pengaruh pH Dan Konsentrasi Natrium Aluminat Terhadap Kapasitas
Tukar Kation”

DAFTAR PUSTAKA

Al-Jabri, M. (2010). PENGGUNAAN MINERAL ZEOLIT SEBAGAI
PEMBENAH TANAH PERTANIAN DALAM HUBUNGAN DENGAN
STANDARDISASINYA DAN PENINGKATAN PRODUKSI TANAMAN
PANGAN. JURNAL ZEOLIT INDONESIA, 9(1), 1-12.

Andarini, N., Haryati, T., & Lutfia, Z. (2018). Synthesis of Zeolite A From Coal
Fly Ash with Variation of Si/Al Molar Ratio. Jurnal ILMU DASAR, 19(2),
105-110. https://doi.org/10.19184/jid.v19i2.5910

Arnelli, A., Fathoni, B. Y., Prastyo, T. I., Suseno, A., & Astuti, Y. (2018a).
Synthesis of Zeolite from Bagasse and Rice Husk Ashes as Surfactant Builder
on Detergency Process: Variation of NaOH Concentration for Silica Isolation.
Jurnal Kimia Sains Dan Aplikasi, 21(3), 139-143.
https://doi.org/10.14710/jksa.21.3.139-143

Arnelli, A., Fathoni, B. Y., Prastyo, T. I., Suseno, A., & Astuti, Y. (2018b).
Synthesis of Zeolite from Bagasse and Rice Husk Ashes as Surfactant Builder
on Detergency Process: Variation of NaOH Concentration for Silica Isolation.
Jurnal Kimia Sains Dan Aplikasi, 21(3), 139-143.
https://doi.org/10.14710/jksa.21.3.139-143

Arnelli, A., Fathoni, B. Y., Prastyo, T. I., Suseno, A., & Astuti, Y. (2018c).
Synthesis of Zeolite from Bagasse and Rice Husk Ashes as Surfactant Builder
on Detergency Process: Variation of NaOH Concentration for Silica Isolation.
Jurnal Kimia Sains Dan Aplikasi, 21(3), 139-143.
https://doi.org/10.14710/jksa.21.3.139-143

Asgar Pour, Z., Alassmy, Y. A., & Sebakhy, K. O. (2023a). A Survey on Zeolite
Synthesis and the Crystallization Process: Mechanism of Nucleation and
Growth Steps. Crystals, 13(6), 1-13. https://doi.org/10.3390/cryst13060959

Asgar Pour, Z., Alassmy, Y. A., & Sebakhy, K. O. (2023b). A Survey on Zeolite
Synthesis and the Crystallization Process: Mechanism of Nucleation and
Growth Steps. Crystals, 13(6), 1-13. https://doi.org/10.3390/cryst13060959

Program Studi S-1 Teknik Kimia
Fakultas Teknik dan Sains
Universitas Pembangunan Nasional “Veteran” Jawa Timur 48



Laporan Hasil Penelitian

“Sintesis Zeolit X Dari Natrium Silikat Dan Natrium Aluminat:
Pengaruh pH Dan Konsentrasi Natrium Aluminat Terhadap Kapasitas
Tukar Kation”

Ayach, J., El Malti, W., Duma, L., Lalevée, J., Al Ajami, M., Hamad, H., & Hijazi,
A. (2024). Comparing Conventional and Advanced Approaches for Heavy
Metal Removal in Wastewater Treatment: An In-Depth Review Emphasizing
Filter-Based Strategies. Polymers, 16(14), 1-25.
https://doi.org/10.3390/polym16141959

Aziz, K. H. H., Mustafa, F. S., Omer, K. M., Hama, S., Hamarawf, R. F., &
Rahman, K. O. (2023). Heavy metal pollution in the aquatic environment:
efficient and low-cost removal approaches to eliminate their toxicity: a
review. In RSC Advances (Vol. 13, Number 26, pp. 17595-17610). Royal
Society of Chemistry. https://doi.org/10.1039/d3ra00723e

Bagshaw, S. A., Jaenicke, S., & Khuan, C. G. (2003). Structure and Properties of
Al-MSU-S Mesoporous Catalysts: Structure Modification with Increasing
Al Content. Industrial & Engineering Chemistry Research, 42(17), 3989—
4000. https://doi.org/10.1021/ie021050a

Bai, R., Song, Y., Li, Y., & Yu, J. (2019). Creating Hierarchical Pores in Zeolite
Catalysts. Trends in Chemistry, 1(6), 601-611.
https://doi.org/10.1016/j.trechm.2019.05.010

Baradaran, S., Sohrabi, M., Moghimpour Bijani, P., & Javid Royaee, S. (2015).
Effect of pH on the synthesis of ZSM-5 zeolite using TEOS and performance
of H-ZSM-5 catalyst in propane aromatization. IChEC, 17-19.
https://www.researchgate.net/publication/272785748

Barros, M. A. S. D., Zola, A. S., Arroyo, P. A., Sousa-Aguiar, E. F., & Tavares, C.
R. G. (2003). BINARY ION EXCHANGE OF METAL IONS IN Y AND X
ZEOLITES . Brazilian Journal of Chemical Engineering, 20(4), 413-421.

Boguniewicz-Zabtocka, J., Corpuz, M. V. A., & Naddeo, V. (2026).
Physicochemical Treatment of Electroplating Wastewater: Efficiency
Evaluation and Process Optimization. Processes, 14(2), 1-15.
https://doi.org/10.3390/pr14020182

Budianta, W., Warmada, I. W., & Nurudin, M. (2023). PENGARUH
KARAKTERISTIK MINERALOGI TERHADAP KAPASITAS TUKAR

Program Studi S-1 Teknik Kimia
Fakultas Teknik dan Sains
Universitas Pembangunan Nasional “Veteran” Jawa Timur 49



Laporan Hasil Penelitian

“Sintesis Zeolit X Dari Natrium Silikat Dan Natrium Aluminat:
Pengaruh pH Dan Konsentrasi Natrium Aluminat Terhadap Kapasitas
Tukar Kation”

KATION ZEOLIT ALAM PACITAN, JAWA TIMUR. KURVATEK, 8(1),
93-98. https://doi.org/10.33579/krvtk.v8i1.4004

Byrappa, K., & Suresh Kumar, B. V. (2007). Characterization of Zeolites by
Infrared Spectroscopy. In Asian Journal of Chemistry (Vol. 19, Number 6).

Cao, K. L. A., Kautsar, D. B., Kume, K., Cao, K. A. Le, Septiani, E. L., Hirano,
T., Tsunoji, N., Matsukata, M., & Ogi, T. (2025). Preparation of Hierarchical
Porous Zeolite Particles with Multiscale Pore Architectures through a
Template-Assisted Spray Process for Enhanced Toluene Adsorption Rate.
ACS Applied Materials & Interfaces, 17(16), 24310-24326.
https://doi.org/10.1021/acsami.4c22163

Cui, L., Han, R, Yang, L., Wu, Y., Pei, R.,, & Li, F. (2020). Synthesis and
characterization of mesoporous sodalite and investigation of the effects of
inorganic salts on its structure and properties. Microporous and Mesoporous
Materials, 306, 1-30. https://doi.org/10.1016/j.micromes0.2020.110385

Cundy, C. S., & Cox, P. A. (2005). The hydrothermal synthesis of zeolites:
Precursors, intermediates and reaction mechanism. Microporous and
Mesoporous Materials, 82(1-2), 1-78.
https://doi.org/10.1016/j.micromes0.2005.02.016

Dama, J., Zakia, M., & Ratnawati. (2012). Pengolahan Air Limbah Industri
Elektroplating dengan Elektrokoagulasi Menggunakan Elektroda Fe. JTKI,
(1), 34-39. http://ejournal-s1.un

Devos, J., Shah, M. A., & Dusselier, M. (2021). On the key role of aluminium and
other heteroatoms during interzeolite conversion synthesis. In RSC Advances
(Vol. 11, Number 42, pp. 26188-26210). Royal Society of Chemistry.
https://doi.org/10.1039/d1ra02887a

Dib, E., Rey, J., Vicente, A., Kunjir, S., Awala, H., Komaty, S., Daouli, A., Bucko,
T., El Siblani, H., Bedard, R., Bricker, J., Gilson, J.-P., Badawi, M., &
Mintova, S. (2022). Access to sodalite cages in ion-exchanged nanosized FAU
zeolites probed by hyperpolarized 129Xe NMR and DFT calculations.
Microporous and Mesoporous Materials, 338, 1-18.
https://doi.org/10.1016/j.micromeso0.2022.111965

Program Studi S-1 Teknik Kimia
Fakultas Teknik dan Sains
Universitas Pembangunan Nasional “Veteran” Jawa Timur 50



Laporan Hasil Penelitian

“Sintesis Zeolit X Dari Natrium Silikat Dan Natrium Aluminat:
Pengaruh pH Dan Konsentrasi Natrium Aluminat Terhadap Kapasitas
Tukar Kation”

Dyer, A. (2007). lon-Exchange Properties of Zeolites and Related Materials (pp.
525-553). Elsevier B.V. https://doi.org/10.1016/S0167-2991(07)80804-4
Elboughdiri, N. (2020). The use of natural zeolite to remove heavy metals Cu (lI),
Pb (1) and Cd (I1), from industrial wastewater. Cogent Engineering, 7(1), 1-

13. https://doi.org/10.1080/23311916.2020.1782623

Erwan, E. Y., & Oktavia, B. (2022). Penentuan Kondisi Optimum Waktu Aging
dan Temperatur Pengeringan Pada Sintesis Silika Xerogel dengan Bahan
Dasar Natrium Silikat dari Silika Alam. Chemistry Journal, 11(2).
http://ejournal.unp.ac.id/index.php/kimia

Estiaty, L. M. (2015). Synthesis and Characterization of Zeolite-TiO 2 from
Modified Natural Zeolite. Jurnal Teknologi Mineral Dan Batubara, 11(3),
181-190.

Fant, M., Angqvist, M., Hellman, A., & Erhart, P. (2021). To Every Rule There is
an Exception: A Rational Extension of Loewenstein’s Rule. Angewandte
Chemie International Edition, 60(10), 5132-5135.
https://doi.org/10.1002/anie.202013256

Febrianti, R. F., Zahara, T. A., & Adhitiyawarman, A. (2022a). SINTESIS
ZEOLIT A BERBAHAN DASAR ABU TERBANG (FLY ASH) LIMBAH
PT. INDONESIA CHEMICAL ALUMINA (ICA) MENGGUNAKAN
METODE ALKALI HIDROTERMAL (SYNTHESIS OF ZEOLITE A
BASE ON FLY ASH WASTE PT. INDONESIA CHEMICAL ALUMINA
(ICA) USING HYDROTHERMAL ALKALINE METHOD). Indonesian
Journal of Pure and Applied Chemistry, 5(1), 28-39.
https://doi.org/10.26418/indonesian.v5i1.53072

Febrianti, R. F., Zahara, T. A., & Adhitiyawarman, A. (2022b). SINTESIS
ZEOLIT A BERBAHAN DASAR ABU TERBANG (FLY ASH) LIMBAH
PT. INDONESIA CHEMICAL ALUMINA (ICA) MENGGUNAKAN
METODE ALKALI HIDROTERMAL (SYNTHESIS OF ZEOLITE A
BASE ON FLY ASH WASTE PT. INDONESIA CHEMICAL ALUMINA
(ICA) USING HYDROTHERMAL ALKALINE METHOD). Indonesian

Program Studi S-1 Teknik Kimia
Fakultas Teknik dan Sains
Universitas Pembangunan Nasional “Veteran” Jawa Timur 51



Laporan Hasil Penelitian

“Sintesis Zeolit X Dari Natrium Silikat Dan Natrium Aluminat:
Pengaruh pH Dan Konsentrasi Natrium Aluminat Terhadap Kapasitas
Tukar Kation”

Journal of Pure and Applied Chemistry, 5(1), 28-39.
https://doi.org/10.26418/indonesian.v5i1.53072

Fedeyko, J. M., Egolf-Fox, H., Fickel, D. W., Vlachos, D. G., & Lobo, R. F. (2007).
Initial Stages of Self-Organization of Silica—Alumina Gels in Zeolite
Synthesis. Langmuir, 23(8), 4532-4540. https://doi.org/10.1021/1a0628080

Ferreira, A. P., Almeida-Aguiar, C., Costa, S. P. G., & Neves, . C. (2022).
Essential Oils Encapsulated in Zeolite Structures as Delivery Systems
(EODS): An Overview. Molecules, 27(23), 1-24.
https://doi.org/10.3390/molecules27238525

Fitria Ekoputri, S., Rahmatunnissa, A., Nulfaidah, F., Ratnasari, Y., Djaeni, M., &
Sari, D. A. (2024). Pengolahan Air Limbah dengan Metode Koagulasi
Flokulasi pada Industri Kimia. Jurnal Serambi Engineering, 9(1), 7781-7787.

Gao, S., Peng, H., Song, B., Zhang, J., Wu, W., Vaughan, J., Zardo, P., Vogrin, J.,
Tulloch, S., & Zhu, Z. (2023). Synthesis of zeolites from low-cost feeds and
its sustainable environmental applications. Journal of Environmental
Chemical Engineering, 11(1), 108995.
https://doi.org/10.1016/j.jece.2022.108995

Grifasi, N., Ziantoni, B., Fino, D., & Piumetti, M. (2024). Fundamental properties
and sustainable applications of the natural zeolite clinoptilolite.
Environmental Science and Pollution Research, 32(48), 27805-27840.
https://doi.org/10.1007/s11356-024-33656-5

Gunawan, G. M., Suhendar, D., Deliana, C., Sundari, D., Ivansyah, A. L., Setiadji,
S., & Rohmatulloh, D. Y. (2017). SINTESIS ZEOLIT SILIKALIT-1
MENGGUNAKAN LIMBAH TONGKOL JAGUNG SEBAGAI SUMBER
SILIKA. Al-Kimiya, 4(2), 91-99.

Hama Aziz, K. H., Mustafa, F. S., Omer, K. M., Hama, S., Hamarawf, R. F., &
Rahman, K. O. (2023). Heavy metal pollution in the aquatic environment:
efficient and low-cost removal approaches to eliminate their toxicity: a
review. RSC Advances, 13(26), 17595-17610.
https://doi.org/10.1039/D3RA00723E

Program Studi S-1 Teknik Kimia
Fakultas Teknik dan Sains
Universitas Pembangunan Nasional “Veteran” Jawa Timur 52



Laporan Hasil Penelitian

“Sintesis Zeolit X Dari Natrium Silikat Dan Natrium Aluminat:
Pengaruh pH Dan Konsentrasi Natrium Aluminat Terhadap Kapasitas
Tukar Kation”

Hanudin, E., & Triyatmo, B. (2004). Improvement of Cation Exchange Capacity
of Natural Zeolite with Alkali Treatments. JURNAL ZEOLIT INDONESIA,
3(1), 25-29.

Harris, D. C. . (2007). Quantitative chemical analysis (7th ed.). W.H. Freeman and
Co.

Hartatik, W., Mardliyati, E., Wibowo, H., Sukarto, A., & Yusron, Y. (2020).
Formulasi dan Pola Kelarutan N Pupuk Urea-Zeolit Lepas Lambat. Jurnal
Tanah Dan Iklim, 44(1), 61. https://doi.org/10.21082/jti.v44n1.2020.61-70

Henschel, H., Schneider, A. M., & Prosenc, M. H. (2010). Initial Steps of the
Sol-Gel Process: Modeling Silicate Condensation in Basic Medium.
Chemistry of Materials, 22(17), 5105-5111.
https://doi.org/10.1021/cm100401f

Herawati, N., Alimin, & Effendi, A. Z. (2015). Penurunan lon Ca 2+ pada Air
dari Sumber Mata Air Citta Kabupaten Soppeng dengan Menggunakan Zeolit
Alam Toraja (Zeolit Mordenit). 4(2), 148-158.
http://ojs.unm.ac.id/index.php/sainsmat

Husaini, H., Amalia, D., & Yuhelda, Y. (2017). Pelarutan bijih bauksit dengan soda
kaustik (NaOH) menjadi larutan sodium aluminat (NaAlO2) skala pilot.
Jurnal  Teknologi  Mineral Dan Batubara, 12(3), 149-159.
https://doi.org/10.30556/jtmb.vol12.n03.2016.134

Hussar, K., Teekasap, S., & Somsuk, N. (2011). Synthesis of Zeolite A from By-
Product of Aluminum Etching Process: Effects of Reaction Temperature and
Reaction Time on Pore Volume. American Journal of Environmental
Sciences, 7(1), 35-42. https://doi.org/10.3844/ajessp.2011.35.42

Jayana, R., Fadlilah, 1., & Prasadi, O. (2024). Karakteristik Sintesis Zeolit Dari
Pemanfaatan Limbah Daun Nipah dan Alumunium Foil Bekas. METANA,
20(1), 1-13. https://doi.org/10.14710/metana.v20i1.56805

Jolivet, J.-P., Chanéac, C., Chiche, D., Cassaignon, S., Durupthy, O., & Hernandez,
J. (2011). Basic concepts of the crystallization from aqueous solutions: The

example of aluminum oxy(hydroxi)des and aluminosilicates. Comptes

Program Studi S-1 Teknik Kimia
Fakultas Teknik dan Sains
Universitas Pembangunan Nasional “Veteran” Jawa Timur 53



Laporan Hasil Penelitian

“Sintesis Zeolit X Dari Natrium Silikat Dan Natrium Aluminat:
Pengaruh pH Dan Konsentrasi Natrium Aluminat Terhadap Kapasitas
Tukar Kation”

Rendus. Géoscience, 343(2-3), 113-122.
https://doi.org/10.1016/j.crte.2010.12.006

Jonscher, C., Seifert, M., Kretzschmar, N., Marschall, M. S., Le Anh, M., Doert,
T., Busse, O., & Weigand, J. J. (2022). Origin of Morphology Change and
Effect of Crystallization Time and Si/Al Ratio during Synthesis of Zeolite
ZSM-5. ChemCatChem, 14(3), 1-10. https://doi.org/10.1002/cctc.202101248

Kadarwati, S., Annisa, R. N., & Apriliani, E. (2022). ZEOLIT ALAM
INDONESIA SEBAGAI KANDIDAT KATALIS ASAM PADAT YANG
UNGGUL UNTUK PROSES UPGRADING BIO-OIL MELALUI TEKNIK
ESTERIFIKASI. In Inovasi Kimia (Number 1, pp. 88-118). Universitas
Negeri Semarang. https://doi.org/10.15294/ik.v1i1.63

Katoueizadeh, E., Rasouli, M., & Zebarjad, S. M. (2020). A comprehensive study
on the gelation process of silica gels from sodium silicate. Journal of
Materials Research and Technology, 9(5), 10157-10165.
https://doi.org/10.1016/j.jmrt.2020.07.020

Khaleque, A., Alam, M. M., Hoque, M., Mondal, S., Haider, J. Bin, Xu, B., Johir,
M. A. H., Karmakar, A. K., Zhou, J. L., Ahmed, M. B., & Moni, M. A. (2020).
Zeolite synthesis from low-cost materials and environmental applications: A
review. In  Environmental Advances (Vol. 2). Elsevier Ltd.
https://doi.org/10.1016/j.envadv.2020.100019

Kharisma, W. N., & Munasir. (2023). SINTESIS MATERIAL ZEOLIT NAA
UNTUK  KOMPOSISI  SIO2/AL203 BERVARIASI DENGAN
METODEHIDROTERMAL. Jurnal Inovasi Fisika Indonesia, 12(1), 15-17.

Khramenkova, E. V., Venkatraman, H., Soethout, V., & Pidko, E. A. (2022).
Global optimization of extraframework ensembles in zeolites: structural
analysis of extraframework aluminum species in MOR and MFI zeolites.
Physical ~ Chemistry  Chemical  Physics, 24(44), 27047-27054.
https://doi.org/10.1039/D2CP03603G

Komarawidjaya, W. (2017). Paparan Limbah Cair Industri Mengandung Logam
Berat pada Lahan Sawah di Desa Jelegong, Kecamatan Rancaekek,

Kabupaten Bandung. Jurnal Teknologi Lingkungan, 18(2), 173-181.

Program Studi S-1 Teknik Kimia
Fakultas Teknik dan Sains
Universitas Pembangunan Nasional “Veteran” Jawa Timur 54



Laporan Hasil Penelitian

“Sintesis Zeolit X Dari Natrium Silikat Dan Natrium Aluminat:
Pengaruh pH Dan Konsentrasi Natrium Aluminat Terhadap Kapasitas
Tukar Kation”

Kordala, N., & Wyszkowski, M. (2024). Zeolite Properties, Methods of Synthesis,
and Selected Applications. Molecules, 29(5), 1-25.
https://doi.org/10.3390/molecules29051069

Kunpeng, Z., Peter, A., Schutter Geert, D. E., Guang, Y. E., & Luc, T. (2017).
Studies on the evolution of alkali silicate in a simulated alkali-silica reaction
system.

Lashchenko, D. I, Kukushkin, R. G., Danilova, I. G., Yakovlev, I. V.,
Bulavchenko, O. A., Lyulyukin, A. P., Rodina, V. O., & Yakovlev, V. A.
(2025). Effect of the alumina binder content on the mechanical strength and
the Si/Al ratio in the zeolite framework in the shaped y-Al203-ZSM-5
composites. Materials Today Chemistry, 46, 102735.
https://doi.org/10.1016/j.mtchem.2025.102735

Li, J., Gao, M., Yan, W., & Yu, J. (2023). Regulation of the Si/Al ratios and Al
distributions of zeolites and their impact on properties. Chemical Science,
14(8), 1935-1959. https://doi.org/10.1039/D2SC06010H

Li, Z., & Du, C. (2025). Current status and research trends of electroplating
wastewater treatment: Systematic review and bibliometric analysis.
Desalination, 613. https://doi.org/10.1016/j.desal.2025.119004

Lim, W. T, Seo, S. M., Okubo, T., & Park, M. (2011). Crystallinity of large single
crystals of FAU-type zeolites with a wide range of Si/Al ratios. Journal of
Porous Materials, 18(3), 305-317. https://doi.org/10.1007/s10934-010-9380-
6

Liu, H., Wang, L., Feng, W., Cao, L., Gao, X., Liu, H.,, & Xu, C. (2013).
Hydrothermally stable bimodal aluminosilicates with enhanced acidity by
combination of zeolite y precursors assembly and the pH-adjusting method.
Industrial and Engineering Chemistry Research, 52(10), 3618-3627.
https://doi.org/10.1021/ie302604m

Liu, X,, Liu, C., Feng, Z., & Meng, C. (2021). The Promoter Role of Amines in the
Condensation of Silicic Acid: A First-Principles Investigation. ACS Omega,
6(35), 22811-22819. https://doi.org/10.1021/acsomega.1c03235

Program Studi S-1 Teknik Kimia
Fakultas Teknik dan Sains
Universitas Pembangunan Nasional “Veteran” Jawa Timur 55



Laporan Hasil Penelitian

“Sintesis Zeolit X Dari Natrium Silikat Dan Natrium Aluminat:
Pengaruh pH Dan Konsentrasi Natrium Aluminat Terhadap Kapasitas
Tukar Kation”

Liu, X., Zhang, X., Long, K., Zhu, X,, Yang, J., Wu, Y., Luo, S., & Yang, S. (2012).
PVA wood adhesive modified with sodium silicate cross-linked copolymer.
Proceedings of 2012 International Conference on Biobase Material Science
and Engineering, BMSE 2012, 108-111.
https://doi.org/10.1109/BMSE.2012.6466192

Liu, Z., Shi, C., Wu, D., He, S., & Ren, B. (2016). A Simple Method of Preparation
of High Silica Zeolite y and Its Performance in the Catalytic Cracking of
Cumene. Journal of Nanotechnology. https://doi.org/10.1155/2016/1486107

Lutz, W. (2014). Zeolite Y: Synthesis, Modification, and Properties—A Case
Revisited. Advances in Materials Science and Engineering, 2014, 1-20.
https://doi.org/10.1155/2014/724248

Madlangbayan, G. A. C., Quiton, K. G. N., & Lu, M. C. (2024). Removal of Lead
and Nitrate from Simulated Lead- and Nitrate-Containing Wastewater via
Hydroxide Precipitation. Processes, 12(8).
https://doi.org/10.3390/pr12081662

Malki, M., & Abbas, V. (2013). CONTROLLING ALUMINUM SILICATE
FORMATION IN MEMBRANE SEPARATION PROCESSES.

Mancuso, J. L., & Van Speybroeck, V. (2024). The nature of extraframework
aluminum species and Brgnsted acid site interactions under catalytic operating
conditions. Journal of Catalysis, 429, 1-10.
https://doi.org/10.1016/j.jcat.2023.115211

Martinez, L. M. T., Ivanova, S., Benoit, L., & Odriozola, J. A. (2018). 2. Synthesis
and Identification Methods for Zeolites and MOFs. In Zeolites and Metal-
Organic Frameworks (pp. 25-52). Amsterdam University Press.
https://doi.org/10.1515/9789048536719-003

Masoudian, S. K., Sadighi, S., & Abbasi, A. (2013). Synthesis and Characterization
of High Aluminum Zeolite X from Technical Grade Materials. Bulletin of
Chemical Reaction Engineering &  Catalysis, 8(1), 54-60.
https://doi.org/10.9767/bcrec.8.1.4321.54-60

Melaningtyas, G. S. A., Krisnandi, Y. K., & Ekananda, R. (2019). Synthesis and

characterization of NaY zeolite from Bayat natural zeolite: Effect of pH on

Program Studi S-1 Teknik Kimia
Fakultas Teknik dan Sains
Universitas Pembangunan Nasional “Veteran” Jawa Timur 56



Laporan Hasil Penelitian

“Sintesis Zeolit X Dari Natrium Silikat Dan Natrium Aluminat:
Pengaruh pH Dan Konsentrasi Natrium Aluminat Terhadap Kapasitas
Tukar Kation”

synthesis. 1I0P Conference Series: Materials Science and Engineering,
496(1). https://doi.org/10.1088/1757-899X/496/1/012042

Miao, C., Wang, L., Zhou, S., Yu, D., Zhang, C., Gao, S., Yu, X., & Zhao, Z.
(2024). Preparation of Mesoporous Zeolites and Their Applications in
Catalytic Elimination of Atmospheric Pollutants. Catalysts, 14(1), 1-19.
https://doi.org/10.3390/catal 14010075

Mondale, K. D., Carland, R. M., & Aplan, F. F. (1995). The comparative ion
exchange capacities of natural sedimentary and synthetic zeolites. Minerals
Engineering, 8(4-5), 535-548. https://doi.org/10.1016/0892-6875(95)00015-
|

Morante-Carballo, F., Montalvan-Burbano, N., Carrion-Mero, P., & Espinoza-
Santos, N. (2021). Cation Exchange of Natural Zeolites: Worldwide Research.
Sustainability, 13(14), 1-26. https://doi.org/10.3390/su13147751

Mudaber, S., & Batur, J. (2023). Differences in Heavy Metals Adsorption on
Natural, Modified, and Synthetic Zeolites-A Review. JOTCSA, 10(3), 847-
860. https://doi.org/10.18596/jotcsa

Mukhamed’yarova, A. N., Gareev, B. 1., Nurgaliev, D. K., Aliev, F. A., & Vakhin,
A. V. (2021). A Review on the Role of Amorphous Aluminum Compounds
in Catalysis: Avenues of Investigation and Potential Application in
Petrochemistry and  Oil  Refining.  Processes, 9(10), 1-19.
https://doi.org/10.3390/pr9101811

Munthali, M., Elsheikh, M., Johan, E., & Matsue, N. (2014). Proton Adsorption
Selectivity of Zeolites in Aqueous Media: Effect of Si/Al Ratio of Zeolites.
Molecules, 19(12), 20468-20481.
https://doi.org/10.3390/molecules191220468

Nakano, T., Araki, S., Kien, L. M., Nam, N. H., Hanh, D. T., Owaki, A., Goto, K.,
Matsuo, A., Kindo, K., & Nozue, Y. (2020). Ferrimagnetic States of Na-K
Alloy Clusters in Zeolite Low-Silica X. http://arxiv.org/abs/2009.05742

Niamnuy, C., Sungsinchai, S., Jarernsamrit, P., Devahastin, S., & Chareonpanich,
M. (2024). Synthesis and characterization of aluminosilicate and zinc silicate

Program Studi S-1 Teknik Kimia
Fakultas Teknik dan Sains
Universitas Pembangunan Nasional “Veteran” Jawa Timur 57



Laporan Hasil Penelitian

“Sintesis Zeolit X Dari Natrium Silikat Dan Natrium Aluminat:
Pengaruh pH Dan Konsentrasi Natrium Aluminat Terhadap Kapasitas
Tukar Kation”

from sugarcane bagasse fly ash for adsorption of aflatoxin B1. Scientific
Reports, 14(1), 1-19. https://doi.org/10.1038/s41598-024-65158-2

Nikmah, R. A. S., Widiastuti, N., & Fansuri, H. (2008). PENGARUH WAKTU
PEMBENTUKAN ZEOLIT A DARI ABU DASAR BEBAS KARBON
DARI PLTU PT. IPMOMI DENGAN METODE HIDROTERMAL. Journal
of Indonesia Zeolites, 7(1), 42-52.

Nikolopoulos, N., Wickramasinghe, A., Whiting, G. T., & Weckhuysen, B. M.
(2023). Alumina binder effects on the hydrothermal stability of shaped
zeolite-based catalyst bodies. Catalysis Science & Technology, 13(3), 862—
873. https://doi.org/10.1039/D2CY01894B

Nuryoto, N.-, Sulistyo, H., Budi Sediawan, W., & Perdana, |. (2016).
MODIFIKASIZEOLIT ALAM MORDENIT SEBAGAI KATALISATOR
KETALISASI DAN ESTERIFIKASI. REAKTOR, 16(2), 72-80.
https://doi.org/10.14710/reaktor.16.2.72-80

Pal, N. (2020). Nanoporous metal oxide composite materials: A journey from the
past, present to future. Advances in Colloid and Interface Science, 280, 1-17.
https://doi.org/10.1016/j.cis.2020.102156

Palci¢, A., Suboti¢, B., Valtchev, V., & Broni¢, J. (2013). Nucleation and crystal
growth of zeolite A synthesised from hydrogels of different density.
CrystEngComm, 15(29), 5784-5791. https://doi.org/10.1039/c3ce40450a

Pangan, N., Gallardo, S., Gaspillo, P., Kurniawan, W., Hinode, H., & Promentilla,
M. (2021). Hydrothermal Synthesis and Characterization of Zeolite A from
Corn  (Zea Mays) Stover Ash. Materials, 14(17), 1-19.
https://doi.org/10.3390/mal4174915

Patmawati, Widodo, D. S., Suyati, L., Khabibi, & Haris, A. (2022). Original Article
Modifikasi Metode Fenton pada Dekolorisasi Larutan Remazol Black B
dengan Oksida Timbal Hasil Sintesis pada Variasi Molar Pb 2+ dan NaOH.
Greensphere: J. Environ. Chem, 2(2), 2022.

Peng, H., & Vaughan, J. (2018). Aluminate effect on desilication product phase
transformation.  Journal  of  Crystal  Growth, 492, 84-91.
https://doi.org/10.1016/j.jcrysgro.2018.04.013

Program Studi S-1 Teknik Kimia
Fakultas Teknik dan Sains
Universitas Pembangunan Nasional “Veteran” Jawa Timur 58



Laporan Hasil Penelitian

“Sintesis Zeolit X Dari Natrium Silikat Dan Natrium Aluminat:
Pengaruh pH Dan Konsentrasi Natrium Aluminat Terhadap Kapasitas
Tukar Kation”

Pratama, I., & Destiarti, L. (2018). PENURUNAN KADAR TIMBAL(II)
MENGGUNAKAN ZEOLIT-X SINTETIS DARI BATU PADAS. JKK, 7(1),
53-58.

Putri, A. N. R., Fadlilah, 1., & Prasadi, O. (2023). Effect of Si/Al Molar Ratio on
Zeolite Synthesis from Nipah Leaf and Used Canned Alumunium. Konversi,
12(2). https://doi.org/10.20527/k.v12i2.16985

Qasem, N. A. A., Mohammed, R. H., & Lawal, D. U. (2021). Removal of heavy
metal ions from wastewater: a comprehensive and critical review. Npj Clean
Water, 4(1), 1-15. https://doi.org/10.1038/s41545-021-00127-0

Rahman, A. U., Rehman, W. U., Khan, U., & Shah, J. (2021). SYNTHESIS OF
ZEOLITE 4A USING BAUXITE AS ALUMINUM SOURCE:
CHARACTERIZATION AND PERFORMANCE. Journal of Chemical
Technology and Metallurgy, 56(2), 327-330.
https://www.researchgate.net/publication/349367669

Ramadani, K., Sjamsiah, Putriani, & Rabiatul Adawiah, S. (2023). Pemanfaatan
Zeolit Sodium Dodecyl Benzene Sulfonate (Zeolit-Sdbs) Dari Abu Sekam
Padi Sebagai Adsorben Logam Timbal (Pb). ALCHEMY: JOURNAL OF
CHEMISTRY, 11(1), 50-55.

Rilyanti, M., Gita Silviana, E., Buhani, B., D. Pandiangan, K., & Luh Gede Ratna
Juliasih, N. (2020). SINTESIS DAN KARAKTERISASI ZEOLIT
MORDENIT (MOR) PORI HIRARKI BERBASIS SILIKA ABU AMPAS
TEBU. ANALIT:ANALYTICAL AND ENVIRONMENTAL CHEMISTRY,
5(02), 178-191. https://doi.org/10.23960/aec.v5.i2.2020.p178-191

Sakanthi, A. P., Aziz, S., Nabila, S., Ulya, A., & Auli, W. N. (2024). Analysis of
Lead (Pb) Contamination in Lipstick and Eye Shadow Powder Circulating in
the King Street Market in Bandar Lampung Using UV-Visible
Spectrophotometer  Method. J.  Chem. Sci, 13(3), 196-207.
http://journal.unnes.ac.id/sju/index.php/ijcs

Salman, Moh. N., Krisdiyanto, D., Khamidinal, K., & Arsanti, P. (2015).
PREPARASI KATALIS SILIKA SULFAT DARI ABU SEKAM PADI DAN
UJI KATALITIK PADA REAKSI ESTERIFIKASI GLISEROL DENGAN

Program Studi S-1 Teknik Kimia
Fakultas Teknik dan Sains
Universitas Pembangunan Nasional “Veteran” Jawa Timur 59



Laporan Hasil Penelitian

“Sintesis Zeolit X Dari Natrium Silikat Dan Natrium Aluminat:
Pengaruh pH Dan Konsentrasi Natrium Aluminat Terhadap Kapasitas
Tukar Kation”

ANHIDRIDA ASAM ASETAT. REAKTOR, 15(4).
https://doi.org/10.14710/reaktor.15.4.231-240
Saraswati, I. (2015). Zeolite-A Synthesis from Glass. Jurnal Sains Dan

Matematika, 23(4), 112-115.

Selim, M. M., EL-Mekkawi, D. M., Aboelenin, R. M. M., Sayed Ahmed, S. A., &
Mohamed, G. M. (2017). Preparation and characterization of Na-A zeolite
from aluminum scrub and commercial sodium silicate for the removal of
Cd2+ from water. Journal of the Association of Arab Universities for Basic
and Applied Sciences, 24(1), 19-25.
https://doi.org/10.1016/j.jaubas.2017.05.002

Senila, M., & Cadar, O. (2024). Modification of natural zeolites and their
applications for heavy metal removal from polluted environments:
Challenges, recent advances, and perspectives. Heliyon, 10(3), 1-17.
https://doi.org/10.1016/j.heliyon.2024.e25303

Serrano, D. P., & van Grieken, R. (2001). Heterogenous events in the
crystallization of zeolites. Journal of Materials Chemistry, 11(10), 2391-
2407. https://doi.org/10.1039/b100818h

Shahrian Putra, A., Ariani Purba, R., Siti Jahro, I., & Simatupang, L. (2026).
Synthesis of Zeolite from Fly Ash and Aluminum Can Waste as a Nickel (Ni)
Adsorbent. Journal of Chemical Science and Technology, 09(1), 116-121.
https://jurnal.unimed.ac.id/2012/index.php/aromatika

Singh, B. K., Kim, Y., Kwon, S., & Na, K. (2021). Synthesis of Mesoporous
Zeolites and Their Opportunities in Heterogeneous Catalysis. Catalysts,
11(12), 1-30. https://doi.org/10.3390/catal11121541

Sriatun, Taslimah, Cahyo, E. N., & Saputro, F. D. (2017). Sintesis dan
Karakterisasi Zeolit Y. Jurnal Kimia Sains Dan Aplikasi, 20(1), 19-24.

Su, S., Ma, H., & Chuan, X. (2016). Hydrothermal synthesis of zeolite A from K-
feldspar and its crystallization mechanism. Advanced Powder Technology,
27(1), 139-144. https://doi.org/10.1016/j.apt.2015.11.011

Sumada, K., Palaguna S, K. A., & Anggun, B. L. (2017). KARAKTERISTIK
NATRIUM SILIKA DARI GEOTHERMAL SLUDGE DAN ABU

Program Studi S-1 Teknik Kimia
Fakultas Teknik dan Sains
Universitas Pembangunan Nasional “Veteran” Jawa Timur 60



Laporan Hasil Penelitian

“Sintesis Zeolit X Dari Natrium Silikat Dan Natrium Aluminat:
Pengaruh pH Dan Konsentrasi Natrium Aluminat Terhadap Kapasitas
Tukar Kation”

BAGASSE THE STUDY OF SILICA CHARACTERISTICS OF
GEOTHERMAL SLUDGE AND ABU BAGASSE. Jurnal Teknik Kimia,
11(2), 61. www.silmaco.com

Suyanta, S., Sunarto, S., Kristianungrum, S., & Pambayun, L. E. (2026). The effect
of zeolite activation and time variation of batch method on the adsorption
effectiveness of iron metal ions. Jurnal Penelitian Saintek, 31(1).
https://doi.org/10.21831/jps.v30i1.91097

Tian, W., Li, Z., Gong, K., Wang, X., Shah, S., Wang, X., & Zhang, X. (2023).
Sodium Silicate Improves Cucumber Seedling Growth and Substrate
Nutrients and Reduces Heavy Metal Accumulation in Plants. Horticulturae,
9(9). https://doi.org/10.3390/horticulturae9090988

Tisler, Z., Hrachovcova, K., Svobodova, E., Safét, J., & Peliskova, L. (2019). Acid
and Thermal Treatment of Alkali-Activated Zeolite Foams. Minerals, 9(12),
1-19. https://doi.org/10.3390/min9120719

Tsani, M. K., Janah, Q. I., Fitri, Z., Arifin, A. A., Agustina, A., & Rahayu, B. B.
(2024a). Sintesis Zeolit Berbasis Silika dari Limbah Biomassa Sabut Kelapa
(Cocos nucifera L.). Jurnal Ilmu Kimia Dan Pembelajaran, 1(1).

Tsani, M. K., Janah, Q. I, Fitri, Z., Arifin, A. A., Agustina, A., & Rahayu, B. B.
(2024b). Sintesis Zeolit Berbasis Silika dari Limbah Biomassa Sabut Kelapa
(Cocos nucifera L.). Jurnal llmu Kimia Dan Pembelajaran, 7(2), 227-236.

Widodo, L. U., Sholekhah, B. A., & lima, H. H. (2021). Pengolahan Limbah Cair
Industri Elektroplating dengan Proses Flotasi Menggunakan Methyl Ester
Sulfonate (MES) sebagai Collector. Journal of Research and Technology,
7(2), 227-236.

Yao, G, Lei, J., Zhang, X., Sun, Z., & Zheng, S. (2018a). One-Step Hydrothermal
Synthesis of Zeolite X Powder from Natural Low-Grade Diatomite.
Materials, 11(6). https://doi.org/10.3390/mal11060906

Yao, G, Lei, J., Zhang, X., Sun, Z., & Zheng, S. (2018b). One-step hydrothermal
synthesis of zeolite X powder from natural low-grade diatomite. Materials,
11(6). https://doi.org/10.3390/mal1060906

Program Studi S-1 Teknik Kimia
Fakultas Teknik dan Sains
Universitas Pembangunan Nasional “Veteran” Jawa Timur 61



Laporan Hasil Penelitian

“Sintesis Zeolit X Dari Natrium Silikat Dan Natrium Aluminat:
Pengaruh pH Dan Konsentrasi Natrium Aluminat Terhadap Kapasitas
Tukar Kation”

Yaping, Y., Xiaogiang, Z., Weilan, Q., & Mingwen, W. (2008). Synthesis of pure
zeolites from supersaturated silicon and aluminum alkali extracts from fused
coal fly ash. Fuel, 87(10), 1880-1886.
https://doi.org/10.1016/j.fuel.2007.12.002

Yuna, Z. (2016a). Review of the Natural, Modified, and Synthetic Zeolites for
Heavy Metals Removal from Wastewater. Environmental Engineering
Science, 33(7), 443-454. https://doi.org/10.1089/ees.2015.0166

Yuna, Z. (2016b). Review of the natural, modified, and synthetic zeolites for heavy
metals removal from wastewater. In Environmental Engineering Science
(Vol. 33, Number 7, pp. 443-454). Mary Ann Liebert Inc.
https://doi.org/10.1089/ees.2015.0166

Zhao, D., Szostak, R., & Kevan, L. (1998). Role of alkali-metal cations and seeds
in the synthesis of silica-rich heulandite-type zeolites. Journal of Materials
Chemistry, 8(1), 233-239. https://doi.org/10.1039/a7050269

Program Studi S-1 Teknik Kimia
Fakultas Teknik dan Sains
Universitas Pembangunan Nasional “Veteran” Jawa Timur 62



