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ABSTRAK

Pembuangan limbah pewarna sintetis ke lingkungan dapat meningkatkan toksisitas
lingkungan perairan, dimana pewarna sintetis seperti Rhodamine B dan Eriochrome Black
T memiliki sifat karsinogenik dan sulit terurai. Pada penelitian ini dilakukan sintesis zeolit
magnetik dengan memanfaatkan limbah abu layang batubara yang dikombinasikan dengan
lumpur merah untuk memperoleh sifat magnetik. Zeolit magnetik disintesis menggunakan
metode alkali fusi hidrotermal dengan memvariasikan rasio NaOH dan waktu hidrotermal.
Berdasarkan pengujian XRD, hasil terbaik dihasilkan pada rasio NaOH 2:1 (massa/massa)
dengan suhu hidrotermal 160°C selama 12 jam (ZM-2:160). ZM-2:160 memiliki kemiripan
pola XRD dengan jenis zeolit sodalit (SOD) dan cancrinit (CAN) dan dikategorikan
sebagai partikel mesopori. Hasil analisis FTIR menunjukkan adanya serapan gugus
aluminosilikat tetrahedral dan besi oksida yang mengonfirmasi terbentuknya zeolit
magnetik. Mekanisme adsorpsi pewarna Rhodamine B dan Eriochrome Black T pada ZM-
2:160 mengikutii model isoterm Temkin yang berlangsung secara fisisorpsi. Pengukuran
zeta potensial menunjukkan permukaan adsorben bersifat negatif sehingga proses adsorpsi
kedua pewarna optimal pada kondisi asam. Zeolit magnetik menunjukkan hasil pemakaian
berulang yang baik hingga dua siklus dan mengalami penurunan kinerja pada siklus ketiga.

Kata kunci: abu layang batubara, adsorpsi, lumpur merah, pewarna, regenerasi, zeolit
magnetik.
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ABSTRACT

The release of synthetic dye waste into the environment can increase the toxicity of aquatic
environments, as synthetic dyes such as Rhodamine B and Eriochrome Black T are
carcinogenic and difficult to break down. In this study, magnetic zeolite was synthesized
using coal fly ash waste combined with red mud to obtain magnetic properties. Magnetic
zeolite was synthesized using the hydrothermal alkali fusion method by varying the NaOH
ratio and hydrothermal time. Based on XRD analysis, the optimal results were obtained at
a NaOH ratio of 2:1 (mass/mass) with a hydrothermal temperature of 160°C for 12 hours
(ZM-2:160). ZM-2:160 has an XRD pattern similar to sodalite (SOD) and cancrinite (CAN)
zeolites and is categorized as a mesoporous particle. FTIR analysis results show the
absorption of tetrahedral aluminosilicate and iron oxide groups, confirming the formation
of magnetic zeolite. The adsorption mechanism of Rhodamine B and Eriochrome Black T
dyes on ZM-2:160 follows the Temkin isotherm model, which occurs through physisorption.
Zeta potential measurements show that the adsorbent surface is negative, so the adsorption
process of both dyes is optimal under acidic conditions. Magnetic zeolite shows good
repeatability up to two cycles and experiences a decline in performance in the third cycle.

Keyword: adsorption, coal fly ash, dye, magnetic zeolite, red mud, regeneration.

viii



DAFTAR ISI

LEMBAR HAK CIPTA ...ttt sttt il
LEMBAR PENGESAHAN ..ottt il
PERNYATAAN BEBAS PLAGIARISME ......coooiiiiiiiieeeeeeeee e v
KATA PENGANTAR ...ttt st sae e v
ABSTRAK ...ttt ettt ettt n et n e ne e vii
ABSTRACT ..ottt sttt se e sseenseenaesseenes viii
DAFTAR IST ..ottt ettt st ix
DAFTAR GAMBAR ..ot xii
DAFTAR TABEL......ooiiiiiiieeeeee ettt Xiii
DAFTAR LAMPIRAN ....ootiiiiteeee ettt sttt s Xiv
DAFTAR SINGKATAN ....oootieieeieeeeeetee ettt st a e ae s ense e XV
BAB L.ttt ettt et et e teeteeneenneennens 1
PENDAHULUAN ...ttt sttt ettt ssaesaeessesneessaenseessenseensens 1
1.1.  Latar Belakang .........cccccooiiiiiiiiiieee e 1
1.2, Rumusan Masalah.........ccccoooiiiiiiiiiiiiiiceeeeee e 4
1.3, TUJUAN ettt ettt e et e e eeesabeeenseeenbeeenaeesnnseeens 5
1.4. Manfaat Penelitian ........c.cccooieiiiiiiiiiiiiiiiiieeeee e 5
1.5 Ruang Lingkup Penelitian..........cccceeeeiieiiiiiniieeeieccee e 6
BAB Ittt ettt st 7
TINJAUAN PUSTAKA ...ttt 7
2.1 Abu Layang Batu Bara.........cccccoceviiiiniiniiiiiccccccece 7
2.2 ZROME et 9
2.2.1 SIUKTUL ZEOIIE ..t 9
222 Klasifikast Zeolit......ccueruiiiiiiiiiiieieeeee e 10
223 Sintesis Zeolit dengan Metode Alkali Fusi Hidrotermal............... 12
2.2.4 Modifikasi zeolit dengan magnetik............cccceeeveivieniieencieeenieenne, 13

2.3 Lumpur Merah ........cccuiiiiiiieiieeee et e 15
2.4 POWAINA...iiiiiiiiiiiieie et 16
2.4.1.  Eriochrome Black T .......ccccoooiiiiriiiniiiiiiiiceeeeee 17
242, Rhodamine B.........cccocoiiiiiiiiiiiiiiee e 18

1X



2.4.3.  Metode pengolahan limbah pewarna ............cccceevveeviienieenirennnnne. 19

2.5  X-Ray Fluorescence (XRF).......ccccociieiiiiiieiiiienieeieeie e 23
2.6 X-Ray Diffraction (XRD) ....c.ccocuieriiiiieiieiiieiieeieesee et 24
2.7 Scanning Electron Microscopy-Energy Dispersive X-Ray Spectroscopy

[ 210 3 21 B SRR 25
2.8 Fourier Transform Infrared Spectroscopy (FTIR) ......cooevvvveiieecieennnnen. 26
2.9  Ultraviolet-Visible Spectroscopy (UV-VIS) ....cccooeeveiieeiiiiniieeieeeen. 28
2.10  Zeta-Potensial AnGLyzer ............ccoveeeiieeciieeieeeceeeeee e 29
BAB IIL ..ottt ettt st 31
METODE PENELITIAN .....oouiitiitieeee et 31
3.1 Waktu dan Tempat Penelitian............ccooeveeiieiieniienienieeeecieeieee, 31
3.2 Alatdan Bahan..........coccooiiiiiiiiiiiee e 31
32010 AlAL et 31
3.2.2. Bahan. ..o 31

33 Bagan Alir Penelitian ..........ccoooeeiiiiiiiiiiiee e 32
34 Metode Penelitian..........cccuvieeiieeeiieeiee et 32
34.1. Preparasi Bahan............ccccooeiiiiiiiiecieceeeeeee e 32
3.4.2. Sintesis Zeolit Magnetik ..........ccveevevieeriiieeniieceiie e, 32
3.4.3. Karakterisasi Zeolit MagnetiK...........cceevveeeeiieeniiieeniie e 33

3.4.4. Studi Adsorpsi Rhodamin B dan Eriochrome Black T oleh Zeolit
Magnetik 35

3.4.5. Regenerasi Zeolit Magnetik ...........ccccveeviieeiieeniiienie e 36
BAB IV ettt et ettt 37
HASIL DAN PEMBAHASAN .....ooiiee ettt 37

2.1.  Karakterisasi Bahan ...........cccccooiiiiiiiiiiiiie e 37

4.1.1. ANalisis XRF ....occooiiiiiiie e 37

4.1.2. ANalisis XRD ..coooiiiiiiiii e 38

4.1.3. Analisis FTIR ..o 38

4.2.  Sintesis dan Karakterisasi Zeolit Magnetik..........c.cccccveeeiierniieinneennne. 39
T TN 116 X (10 ) o1 R 44

4.3.1. Penentuan Waktu Kontak ..........ccocooiiiiiiiiiniiicee, 44

4.3.2.  Penentuan pH Optimal .........cccovviiiiiiiiiiniiiiieieeeeee e 45

4.3.3. Model Isoterm AdSOIPSi......ccceeeuierieriiieniieeiiesie et esee e 46



BAB Vet 49
KESIMPULAN ...ttt sttt 49
5.1 KeSTMPUIAN .....eoiiiiciiecce e 49
5.2 SATAN ...t st 50
DAFTAR PUSTAKA ...ttt et 51
LAMPIRAN ...ttt ettt et ettt e bt e et eesaaeeaneen 64

X1



DAFTAR GAMBAR

Gambar 2. 1. Berbagai Tampilan Fisik Abu Layang Batubara...........c.cccccvveenneenn. 8
Gambar 2. 2 Morfologi Permukaan Abu Layang Batubara Pada Perbesaran 5000x
................................................................................................................................. 8
Gambar 2. 3 Kerangka Tetrahedral dari Zeolit.........c.oocvveiiieniieiienieeiieeieeieeee, 9
Gambar 2. 4 Kombinasi SBU Untuk Membentuk Berbagai Jenis Zeolit............. 9
Gambar 2. 5 Struktur Pori Berbagai Jenis Kerangka Zeolit Tampak Depan....... 10

Gambar 2. 6 Proses Sintesis Zeolit Melalui Metode Hirotermal. (a) Terjadi Reaksi
Kristalisasi Pada Autoklaf; (B) Hasil Reaksi Disaring dan Dikeringkan dengan

Oven; (C) Zeolit Hasil SINTESIS ..c..veevvierieiiieiieeiiesie ettt ereeseeeveeseneenaens 12
Gambar 2. 7 Representasi Senyawa Oksida Besi Paling Umum. (A) Hematit; (B)
Magnetit; (C) Maghemit. ........ccveeiieiiieeiieiieeieeeiee et ere et e e seeesreesaeeeseenenes 14
Gambar 2. 8 Alur Proses Bayer dan Sintering yang Menghasilkan Lumpur Merah
............................................................................................................................... 16
Gambar 2. 9 Struktur Pewarna Eriochrome Black T..........ccocooiiiiiiiniiinnn 18
Gambar 2. 10 Tampilan Larutan Eriochrome Black T pada berbagai pH ........... 18
Gambar 2. 11 Struktur Pewarna Rhodamin B ... 18
Gambar 2. 12 Perubahan Struktur Rhodamin B.............coccoiiiii 19
Gambar 2. 13 Skema Pelepasan Orbital karena X-Ray Fluoresence .................. 24
Gambar 2. 14 Mekanisme Kerja XRD .......ccccooviiviiiiiniininiiicecececceee, 25
Gambar 2. 15 Mekanisme Kerja FTIR .......cccoooiiiiiiiniinicccce, 27
Gambar 2. 16 Vibrasi Molekul Akibat Penyerapan Sinar IR...........c...cccceceenenne. 27
Gambar 2. 17 Skema Transisi Elektron Yang Dapat Terjadi.......cccccoceevueeiennnnnne. 28
Gambar 2. 18 Mekanisme Kerja dari Zeta Potential Analyzer.............cccceeee.e. 29
Gambar 3. 1. Bagan Alir Penelitian...........cccooovvveeiiieeiiieeiieeeecee e 32

Xii



DAFTAR TABEL

Tabel 2. 1 Komposisi Kimia Abu Layang Batubara............cccceecvveeviieenieeieieeeneen. 7
Tabel 2. 2. Klasifikasi Zeolit Berdasarkan ICDD (ICDD, 1997) .......ccccveeeuveennn.e. 11
Tabel 2. 3 Perbedaan Fisisorpsi dan KemiSorpsi........cccoecveevvierieriiienieeniienieeinens 20
Tabel 4. 3 pKa Rhodamine B dan Eriochrome Black T .........cccccocevviiiiniinenene. 45

xiil



DAFTAR LAMPIRAN

Lampiran 1. Bagan AT ......c.coooiiiiiiiiiee e 64
Lampiran 2. Perhitungan ...........c.ccoooiiiiiiiiiiiiiieeee e 65
Lampiran 3. Dokumentasi Sintesis Zeolit Magnetik............ccoceveeverieneencnnene. 70
Lampiran 4. Dokumentasi Studi Adsorpsi Pewarna Rhodamine B dan Eriochrome
BIACK T .t ettt 71
Lampiran 5. Kurva Kalibrasi dan Panjang Gelombang Maksimum Pewarna
Rhodamine B dan Eriochrome Black T ........cccccooiiiiiiiiiniiniieeeceee 73

Xiv



DAFTAR SINGKATAN

CFA = Coal Fly Ash (Abu Layang Batubara)
RM = Red Mud (Lumpur Merah)

ZFA-RM = Zeolit Fly Ash-Red Mud

M = Zeolit Magnetik

SOD = Sodalite

CAN = Cancrinite

XRD = X-Ray Diffraction

XRF = Fourier Transform Infrared Spectroscopy

SEM-EDS = Scanning Electron Microscopy-Energy Dispersive X-Ray

Spectroscopy
PBU = Primary Building Unit
SBU = Secondary Building Unit

XV



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

Acquafredda, P. (2019). XRF technique. Physical Sciences Reviews, 4(8).
https://doi.org/10.1515/psr-2018-0171

Adesanmi, B. M., Hung, Y.-T., Paul, H., & Huhnke, C. (2022). Comparison of dye
wastewater treatment methods: A review. Comparison of dye wastewater
treatment methods: A review. https://doi.org/10.5281/zenodo.6331586

Agrawal, S., & Dhawan, N. (2020). Microwave Carbothermic Reduction of Low-
Grade Iron Ore. Metallurgical and Materials Transactions B: Process
Metallurgy and Materials Processing Science, 51(4), 1576-1586.
https://doi.org/10.1007/s11663-020-01883-z

Agrawal, S., & Dhawan, N. (2021a). Evaluation of red mud as a polymetallic source
— A review. In Minerals Engineering (Vol. 171). Elsevier Ltd.
https://doi.org/10.1016/j.mineng.2021.107084

Agrawal, S., & Dhawan, N. (2021b). Evaluation of red mud as a polymetallic source
— A review. In Minerals Engineering (Vol. 171). Elsevier Ltd.
https://doi.org/10.1016/j.mineng.2021.107084

Ahangaran, F., Hassanzadeh, A., & Nouri, S. (2013). Surface modification of
Fe304@Si102 microsphere by silane coupling agent. International Nano
Letters, 3(1). https://doi.org/10.1186/2228-5326-3-23

Akash, M. S. H., & Rehman, K. (2019). Essentials of pharmaceutical analysis. In
Essentials ~ of  Pharmaceutical ~ Analysis.  Springer  Singapore.
https://doi.org/10.1007/978-981-15-1547-7

Akhtar, K., Khan, S. A., Khan, S. B., & Asiri, A. M. (2018). Scanning electron
microscopy: Principle and applications in nanomaterials characterization. In
Handbook of Materials Characterization (pp. 113-145). Springer
International Publishing. https://doi.org/10.1007/978-3-319-92955-2 4

Alaboodi, A. S., Kadhim, S. A., & Hussein, A. S. (2025). Ultraviolet-Visible
Spectroscopy, Importance, Principle, Structure and Most Important
Applications: A Study Review. International Journal of Novel Research in
Physics Chemistry & Mathematics, 12, 53-60.
https://doi.org/10.5281/zenodo.14965556

51
Zahra Aulia Latifah, 2025
SINTESIS DAN KARAKTERISASI ZEOLIT MAGNETIK BERBASIS ABU LAYANG BATUBARA DAN
LUMPUR MERAH UNTUK ADSORPSI PEWARNA RHODAMINE B DAN ERIOCHROME BLACK T
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



52

Al-Buriahi, A. K., Al-Gheethi, A. A., Senthil Kumar, P., Radin Mohamed, R. M. S.,
Yusof, H., Alshalif, A. F., & Khalifa, N. A. (2022). Elimination of rhodamine
B from textile wastewater using nanoparticle photocatalysts: A review for

sustainable approaches. Chemosphere, 287.
https://doi.org/10.1016/j.chemosphere.2021.132162

Alegbe, E. O., & Uthman, T. O. (2024). A review of history, properties,
classification, applications and challenges of natural and synthetic dyes. In
Heliyon (Vol. 10, Issue 13). Elsevier Ltd.
https://doi.org/10.1016/j.heliyon.2024.e33646

Al-Ghouti, M. A., & Da’ana, D. A. (2020). Guidelines for the use and interpretation
of adsorption isotherm models: A review. In Journal of Hazardous Materials
(Vol. 393). Elsevier B.V. https://doi.org/10.1016/j.jhazmat.2020.122383

Almalike, L. B. (2017). Equations Adsorption Isotherms for Biuret on Soils, Paper
and Cortex Plant Application of the Freundlich, Langmuir, Temkin, Elovich,
Flory-Huggins, Halsey, and Harkins-Jura. International Journal of Advanced
Research in  Chemical Science, 4(5). https://doi.org/10.20431/2349-
0403.0405002

Alterary, S. S., & Marei, N. H. (2021). Fly ash properties, characterization, and
applications: A review. In Journal of King Saud University - Science (Vol. 33,
Issue 6). Elsevier B.V. https://doi.org/10.1016/j.jksus.2021.101536

Al-Tohamy, R., Ali, S. S., Li, F., Okasha, K. M., Mahmoud, Y. A. G., Elsamahy, T.,
Jiao, H., Fu, Y., & Sun, J. (2022). A critical review on the treatment of dye-
containing wastewater: Ecotoxicological and health concerns of textile dyes
and possible remediation approaches for environmental safety. In
Ecotoxicology and Environmental Safety (Vol. 231). Academic Press.
https://doi.org/10.1016/j.ecoenv.2021.113160

Amodu, O. S., Ojumu, T. V., Ntwampe, S. K., & Ayanda, O. S. (2015). Rapid
Adsorption of Crystal Violet onto Magnetic Zeolite Synthesized from Fly Ash

and Magnetite Nanoparticles. Journal of Encapsulation and Adsorption
Sciences, 05(04), 191-203. https://doi.org/10.4236/jeas.2015.54016

Arroyo, F., Morillo, J., Usero, J., Rosado, D., & El Bakouri, H. (2019). Lithium
recovery from desalination brines using specific ion-exchange resins.
Desalination, 468. https://doi.org/10.1016/j.desal.2019.114073

ASTM. (2009). Designation: C 618-08a Standard Specification for Coal Fly Ash
and Raw or Calcined Natural Pozzolan for Use in Concrete 1. www.astm.org

Awad, A. M., Shaikh, S. M. R., Jalab, R., Gulied, M. H., Nasser, M. S., Benamor,
A., & Adham, S. (2019). Adsorption of organic pollutants by natural and

Zahra Aulia Latifah, 2025

SINTESIS DAN KARAKTERISASI ZEOLIT MAGNETIK BERBASIS ABU LAYANG BATUBARA DAN
LUMPUR MERAH UNTUK ADSORPSI PEWARNA RHODAMINE B DAN ERIOCHROME BLACK T
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



53

modified clays: A comprehensive review. In Separation and Purification
Technology (Vol. 228). Elsevier B.V.
https://doi.org/10.1016/j.seppur.2019.115719

Ayawei, N., Ebelegi, A. N., & Wankasi, D. (2017). Modelling and Interpretation of
Adsorption Isotherms. In Journal of Chemistry (Vol. 2017). Hindawi Limited.
https://doi.org/10.1155/2017/3039817

Belviso, C., Agostinelli, E., Belviso, S., Cavalcante, F., Pascucci, S., Peddis, D.,
Varvaro, G., & Fiore, S. (2015). Synthesis of magnetic zeolite at low
temperature using a waste material mixture: Fly ash and red mud. Microporous
and Mesoporous Materials, 202(C), 208-216.
https://doi.org/10.1016/j.micromeso.2014.09.059

Bhateria, R., & Singh, R. (2019). A review on nanotechnological application of
magnetic iron oxides for heavy metal removal. In Journal of Water Process
Engineering (Vol. 31). Elsevier Ltd.
https://doi.org/10.1016/j.jwpe.2019.100845

Bhattacharjee, S. (2016). DLS and zeta potential - What they are and what they are
not? In Journal of Controlled Release (Vol. 235, pp. 337-351). Elsevier B.V.
https://doi.org/10.1016/j.jconrel.2016.06.017

Borhade, A. V., & Kale, A. S. (2017). Calcined eggshell as a cost effective material
for removal of dyes from aqueous solution. Applied Water Science, 7(8),4255—
4268. https://doi.org/10.1007/s13201-017-0558-9

Botelho Junior, A. B., Costa, R. H., Espinosa, D. C. R., & Tenorio, J. A. S. (2019).
Recovery of Scandium by Leaching Process from Brazilian Red Mud.
Minerals, Metals and Materials Series, 73—79. https://doi.org/10.1007/978-3-
030-05740-4 8

Bunaciu, A. A., Udristioiu, E. gabriela, & Aboul-Enein, H. Y. (2015). X-Ray
Diffraction: Instrumentation and Applications. In Critical Reviews in
Analytical Chemistry (Vol. 45, Issue 4, pp. 289-299). Taylor and Francis Ltd.
https://doi.org/10.1080/10408347.2014.949616

Buzukashvili, S., Sommerville, R., Kokkili¢, O., Ouzilleau, P., Rowson, N. A., &
Waters, K. E. (2025). Exploring efficiency and regeneration of magnetic
zeolite synthesized from coal fly ash for water treatment applications. JCIS
Open, 17. https://doi.org/10.1016/].j¢c1s0.2024.100127

Chukanov, N. V., Aksenov, S. M., & Rastsvetaeva, R. K. (2021). Structural
chemistry, IR spectroscopy, properties, and genesis of natural and synthetic
microporous cancrinite- and sodalite-related materials: A review. In

Zahra Aulia Latifah, 2025

SINTESIS DAN KARAKTERISASI ZEOLIT MAGNETIK BERBASIS ABU LAYANG BATUBARA DAN
LUMPUR MERAH UNTUK ADSORPSI PEWARNA RHODAMINE B DAN ERIOCHROME BLACK T
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



54

Microporous and Mesoporous Materials (Vol. 323). Elsevier B.V.
https://doi.org/10.1016/j.micromeso.2021.111098

Dada, A. O., Olalekan, A. P., Olatunya, A. M., & Dada. (2012). Langmuir,
Freundlich, Temkin and Dubinin-Radushkevich Isotherms Studies of
Equilibrium Sorption of Zn 2+ Unto Phosphoric Acid Modified Rice Husk. In
IOSR Journal of Applied Chemistry (IOSR-JAC (Vol. 3, Issue 1).
www.iosrjournals.org

De Magalhaes, L. F., Da Silva, G. R., & Peres, A. E. C. (2022). Zeolite Application
in Wastewater Treatment. In Adsorption Science and Technology (Vol. 2022).
Hindawi Limited. https://doi.org/10.1155/2022/4544104

Drioli, E., & Giorno, L. (2016). Encyclopedia of Membranes. In Encyclopedia of
Membranes. Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-662-
44324-8

Ebelegi, A. N., Ayawei, N., & Wankasi, D. (2020). Interpretation of Adsorption
Thermodynamics and Kinetics. Open Journal of Physical Chemistry, 10(03),
166—182. https://doi.org/10.4236/0jpc.2020.103010

El-Azazy, M. (2019). Introductory Chapter: Infrared Spectroscopy - A Synopsis of
the Fundamentals and Applications. In Infrared Spectroscopy - Principles,
Advances, and Applications. IntechOpen.
https://doi.org/10.5772/intechopen.82210

El-Kordy, A., Elgamouz, A., Lemdek, E. M., Tijani, N., Alharthi, S. S., Kawde, A.
N., & Shehadi, 1. (2022). Preparation of sodalite and faujasite clay composite
membranes and their utilization in the decontamination of dye effluents.
Membranes, 12(1). https://doi.org/10.3390/membranes12010012

Gadore, V., Mishra, S. R., Yadav, N., Yadav, G., & Ahmaruzzaman, M. (2024).
Advances in zeolite-based materials for dye removal: Current trends and future
prospects. In Inorganic Chemistry Communications (Vol. 166). Elsevier B.V.
https://doi.org/10.1016/j.inoche.2024.112606

Gholami, A., Golestaneh, M., & Andalib, Z. (2018). A new method for
determination of cocamidopropyl betaine synthesized from coconut oil
through spectral shift of Eriochrome Black T. Spectrochimica Acta - Part A:

Molecular ~ and  Biomolecular ~ Spectroscopy, 192, 122-127.
https://doi.org/10.1016/j.saa.2017.11.007

Ghosh, S., & Nandi, S. (2024). A Comprehensive Review on UV-Visible
Spectroscopy and Its Application. International Journal of All Research
Education and Scientific Methods (IJARESM), 12(1), 2455-6211.
https://doi.org/10.56025/IJARESM.2023.1201241025

Zahra Aulia Latifah, 2025

SINTESIS DAN KARAKTERISASI ZEOLIT MAGNETIK BERBASIS ABU LAYANG BATUBARA DAN
LUMPUR MERAH UNTUK ADSORPSI PEWARNA RHODAMINE B DAN ERIOCHROME BLACK T
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



55

Gora, E. H., Saldana, S. G., Casper, L. M., Coll Sjjercic, V., Giza, O. A., & Sanders,
R. L. (2022). Effect of Exhausted Coffee Ground Particle Size on Metal Ion
Adsorption Rates and Capacities. ACS Omega, 7(43), 38600-38612.
https://doi.org/10.1021/acsomega.2c04058

Ho, S. (2022). Low-Cost Adsorbents for the Removal of Phenol/Phenolics,
Pesticides, and Dyes from Wastewater Systems: A Review. In Water
(Switzerland) (Vol. 14, Issue 20). MDPI. https://doi.org/10.3390/w14203203

Hosan Shami, S., Mazhar Hassan, A., Lugman Razzaq, A., Majid Hashim, R., Ayed
Khalaf, T., Mehdi Shaheen, K., Murad ghafl, A., Jamil Zaghir, A., & Hassan
Lateef, E. (2024). Current Clinical and Medical Education UV-visible,
Infrared, Fourier transform infrared and Raman spectroscopy,
spectrophotometry:  Principles and  Applications. 7(5), 116-124.
https://doi.org/xx.XxX/XXX.XX

Hrachovcova, K., Tisler, Z., Svobodova, E., & Safat, J. (2020). Modified alkali
activated zeolite foams with improved textural and mechanical properties.
Minerals, 10(5). https://doi.org/10.3390/min10050483

Hu, T., Gao, W., Liu, X., Zhang, Y., & Meng, C. (2017). Synthesis of zeolites Na-
A and Na-X from tablet compressed and calcinated coal fly ash. Royal Society
Open Science, 4(10). https://doi.org/10.1098/rso0s.170921

Humpola, P. D., Odetti, H. S., Fertitta, A. E., & Vicente, J. L. (2013).
THERMODYNAMIC ANALYSIS OF ADSORPTION MODELS OF
PHENOL IN LIQUID PHASE ON DIFFERENT ACTIVATED CARBONS.
In J. Chil. Chem. Soc (Vol. 58).

Ibraheem, O., A, A. K., A, O. 1, H, A. B, & K, F. O. (2022). Methyl Orange, An
Organic Dye: Its Health Impact And Sorptive Removal From Waste Water.
International Journal of Progressive Sciences and Technologies (IJPSAT,
33(1), 150-160. https://www.researchgate.net/publication/367046858

Inglezakis, V. J., & Zorpas, A. A. (2012). Desalination and Water Treatment Heat
of adsorption, adsorption energy and activation energy in adsorption and ion
exchange systems. www.deswater.com

Jeyageetha, C. J., & Kumar, S. P. (2013). Study of SEM/EDXS and FTIR for Fly
Ash to Determine the Chemical Changes of Ash in Marine Environment. In
International Journal of Science and Research (Vol. 5). www.1jsr.net

Kannan, M. (n.d.). Scanning Electron Microscopy: Principle, Components and
Applications.

Zahra Aulia Latifah, 2025

SINTESIS DAN KARAKTERISASI ZEOLIT MAGNETIK BERBASIS ABU LAYANG BATUBARA DAN
LUMPUR MERAH UNTUK ADSORPSI PEWARNA RHODAMINE B DAN ERIOCHROME BLACK T
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



56

Kaszuba, M., Corbett, J., Watson, F. M. N., & Jones, A. (2010). High-concentration
zeta potential measurements using light-scattering techniques. Philosophical

Transactions of the Royal Society A: Mathematical, Physical and Engineering
Sciences, 368(1927), 4439-4451. https://doi.org/10.1098/rsta.2010.0175

Katheresan, V., Kansedo, J., & Lau, S. Y. (2018). Efficiency of various recent
wastewater dye removal methods: A review. In Journal of Environmental
Chemical Engineering (Vol. 6, Issue 4, pp. 4676-4697). Elsevier Ltd.
https://doi.org/10.1016/j.jece.2018.06.060

Kelechi, S. E., Adamu, M., Uche, O. A. U., Okokpujie, I. P., Ibrahim, Y. E., &
Obianyo, I. 1. (2022). A comprehensive review on coal fly ash and its
application in the construction industry. In Cogent Engineering (Vol. 9, Issue
1). Cogent OA. https://doi.org/10.1080/23311916.2022.2114201

Khan, S. A., Khan, S. B., Khan, L. U., Farooq, A., Akhtar, K., & Asiri, A. M. (2018).
Fourier transform infrared spectroscopy: Fundamentals and application in
functional groups and nanomaterials characterization. In Handbook of
Materials Characterization (pp. 317-344). Springer International Publishing.
https://doi.org/10.1007/978-3-319-92955-2 9

Khoshnevisan, K., & Barkhi, M. (2015). Zeta potential 73 PUBLICATIONS 2,343
CITATIONS SEE PROFILE. https://doi.org/10.13140/RG.2.1.4554.3844

Kordala, N., & Wyszkowski, M. (2024). Zeolite Properties, Methods of Synthesis,
and Selected Applications. In Molecules (Vol. 29, Issue 5). Multidisciplinary
Digital Publishing Institute (MDPI).
https://doi.org/10.3390/molecules29051069

Krol, M., Barczyk, K., & Mozgawa, W. (2011). FT-IR studies of zeolites from
different structural groups.
https://www.researchgate.net/publication/281213262

Krél, M., Mozgawa, W., Jastrzbski, W., & Barczyk, K. (2012). Application of IR
spectra in the studies of zeolites from D4R and D6R structural groups.

Microporous and Mesoporous Materials, 156, 181-188.
https://doi.org/10.1016/j.micromeso.2012.02.040

Laksmita, A. S., Widayanti, N. P, & Refi, M. A. F. (2018).
11_View of Identifikasi Rhodamin B Dalam Saus Sambal Yang Bereda
r_Di_Pasar Tradisional Dan Modern Kota Denpasar. Jurnal Media Sains.

Larin, A. V. (2013). The Loewenstein rule: The increase in electron kinetic energy
as the reason for instability of Al-O-Al linkage in aluminosilicate zeolites.
Physics and Chemistry of  Minerals, 40(10), 771-780.
https://doi.org/10.1007/s00269-013-0611-7

Zahra Aulia Latifah, 2025

SINTESIS DAN KARAKTERISASI ZEOLIT MAGNETIK BERBASIS ABU LAYANG BATUBARA DAN
LUMPUR MERAH UNTUK ADSORPSI PEWARNA RHODAMINE B DAN ERIOCHROME BLACK T
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



57

Leffler, T., Kassman, H., Norling, R., & Moya Nuiez, A. (2022). Experiences from
eight years of firing demolition wood using ammonium sulphate to mitigate
superheater corrosion. https://www.researchgate.net/publication/383947172

Li, C. X., Yu, Y., & Zhang, Q. W. (2020). Adsorption of Cu2+and rhodamine B by
zeolite obtained from electrolytic manganese residue. /IOP Conference Series:
Earth and Environmental Science, 612(1). https://doi.org/10.1088/1755-
1315/612/1/012038

Li, X. F., Zhang, T. A., Lv, G. Z., Wang, K., & Wang, S. (2023). Summary of
Research Progress on Metallurgical Utilization Technology of Red Mud. In
Minerals (Vol. 13, Issue 6). MDPI. https://doi.org/10.3390/min13060737

Li, Y., Cao, Z., Liu, P., Wu, X., & Zhang, D. (2025). Revealing the Coloration and
Color Change Mechanisms of the Eriochrome Black T Indicator through
Computational Chemistry and UV-Visible Absorption Spectroscopy %% 2T
(Eriochrome Black T, EBT)&—M Bz 4ukl, NABYLR, i s N
1-(1-FdE-2- 2548 %0)-6-f F5-2-2% Fp-4-ealiz 9, JL 53 7 L AC20H 12
N3NaO 7S, £ [ &I N5 &R 6k K, % K N1109. Chem, 3.
https://doi.org/10.12461/PKU.DXHX202405154

Liu, F., Li, W., & Zhou, Y. (2021). Preparation and characterization of magnetic
sodium alginate-modified zeolite for the efficient removal of methylene blue.
Colloids and Surfaces A: Physicochemical and Engineering Aspects, 629.
https://doi.org/10.1016/j.colsurfa.2021.127403

Liu, T., Zhang, S., & Xu, Y. (2022). Preparation and characterization of Fe304
nanoparticles via a hydrothermal process with propanediol as the solvent.
Materials Research Express, 9(12). https://doi.org/10.1088/2053-1591/aca6c4

Llewellyn, A. V., Matruglio, A., Brett, D. J. L., Jervis, R., & Shearing, P. R. (2020).
Using in-situ laboratory and synchrotron-based x-ray diffraction for lithium-
ion batteries characterization: A review on recent developments. In Condensed
Matter (Vol. 5, Issue 4, pp- 1-28). MDPI AG.
https://doi.org/10.3390/condmat5040075

Loewenstein, W. (1954). The distribution of aluminum in the tetrahedra of silicates
and aluminates. American Mineralogist, 39(1-2), 92-96.

Loiola, A. R., Bessa, R. A., Oliveira, C. P., Freitas, A. D. L., Soares, S. A., Bohn,
F., & Pergher, S. B. C. (2022). Magnetic zeolite composites: Classification,
synthesis routes, and technological applications. In Journal of Magnetism and
Magnetic Materials (Vol. 560). Elsevier B.V.
https://doi.org/10.1016/;jmmm.2022.169651

Zahra Aulia Latifah, 2025

SINTESIS DAN KARAKTERISASI ZEOLIT MAGNETIK BERBASIS ABU LAYANG BATUBARA DAN
LUMPUR MERAH UNTUK ADSORPSI PEWARNA RHODAMINE B DAN ERIOCHROME BLACK T
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



58

Maharana, M., & Sen, S. (2021). Magnetic zeolite: A green reusable adsorbent in
wastewater treatment. Materials Today: Proceedings, 47, 1490-1495.
https://doi.org/10.1016/j.matpr.2021.04.370

Majid, Z., AbdulRazak, A. A., & Noori, W. A. H. (2019). Modification of Zeolite
by Magnetic Nanoparticles for Organic Dye Removal. Arabian Journal for
Science and Engineering, 44(6), 5457-5474. https://doi.org/10.1007/s13369-
019-03788-9

Manian, A. P., Paul, R., & Bechtold, T. (2016). Metal mordanting in dyeing with
natural  colourants.  Coloration  Technology,  132(2), 107-113.
https://doi.org/10.1111/cote. 12199

Matias, C. A., Guisolphi Gomes De Oliveira, L. J., Geremias, R., & Stolberg, J.
(2020). Biosorption of rhodamine b from aqueous solution using araucaria

angustifolia sterile bracts. Revista Internacional de Contaminacion Ambiental,
36(1), 97-104. https://doi.org/10.20937/RICA.2020.36.53282

Mazzei, R. (2016). Zeta Potential Measurement. Encyclopedia of Membranes,
19(6), 4933-4935.

Mhemeed, A. H. (2018). A General Overview on the Adsorption.
www.tnsroindia.org.in

Mohamed, M. A., Jaafar, J., Ismail, A. F., Othman, M. H. D., & Rahman, M. A.
(2017). Fourier Transform Infrared (FTIR) Spectroscopy. In Membrane
Characterization (pp. 3-29). Elsevier Inc. https://doi.org/10.1016/B978-0-
444-63776-5.00001-2

Mohammed, A., & Abdullah, A. (2018). Scanning Electron Microscopy (SEM): A
Review. https://www.researchgate.net/publication/330168803

Mokgehle, T. M., Richards, H., Chimuka, L., Gitari, W. M., & Tavengwa, N. T.
(2019). Sulphates removal from AMD using CFA hydrothermally treated

zeolites in  column  studies.  Minerals  Engineering, 141.
https://doi.org/10.1016/;.mineng.2019.105851

Moosavi, S., Lai, C. W., Gan, S., Zamiri, G., Akbarzadeh Pivehzhani, O., & Johan,
M. R. (2020). Application of efficient magnetic particles and activated carbon
for dye removal from wastewater. In ACS Omega (Vol. 5, Issue 33, pp. 20684—
20697). American Chemical Society.
https://doi.org/10.1021/acsomega.0c01905

Mucsi, G., Halyag, N., Kurusta, T., & Kristaly, F. (2021). Control of Carbon
Dioxide Sequestration by Mechanical Activation of Red Mud. Waste and

Zahra Aulia Latifah, 2025

SINTESIS DAN KARAKTERISASI ZEOLIT MAGNETIK BERBASIS ABU LAYANG BATUBARA DAN
LUMPUR MERAH UNTUK ADSORPSI PEWARNA RHODAMINE B DAN ERIOCHROME BLACK T
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



59

Biomass Valorization, 12(12), 6481-6495. https://doi.org/10.1007/s12649-
021-01466-2

Mudhoo, A., Ramasamy, D. L., Bhatnagar, A., Usman, M., & Sillanpéé, M. (2020).
An analysis of the versatility and effectiveness of composts for sequestering
heavy metal ions, dyes and xenobiotics from soils and aqueous milieus. In
Ecotoxicology and Environmental Safety (Vol. 197). Academic Press.
https://doi.org/10.1016/j.ecoenv.2020.110587

Murtaza, A., & Zaheeruddin, K. (2019). Synthesis and FTIR Characterization of
Iron Oxide Nanoparticles. International Journal of Innovative Research in
Science, 8. https://doi.org/10.15680/1JIRSET.2019.0803219

Naderi, M., Khoo, J., Acharya, M., & Burnett, D. (2022). Isotherm Measurements
for BET Surface.

Nageeb, M. (2013). Adsorption Technique for the Removal of Organic Pollutants
from Water and Wastewater. In Organic Pollutants - Monitoring, Risk and
Treatment. InTech. https://doi.org/10.5772/54048

Nandhini, N. T., Rajeshkumar, S., & Mythili, S. (2019). The possible mechanism
of eco-friendly synthesized nanoparticles on hazardous dyes degradation. In
Biocatalysis and Agricultural Biotechnology (Vol. 19). Elsevier Ltd.
https://doi.org/10.1016/j.bcab.2019.101138

Narayanan, R. P., Kazantzis, N. K., & Emmert, M. H. (2018). Selective Process
Steps for the Recovery of Scandium from Jamaican Bauxite Residue (Red
Mud). ACS Sustainable Chemistry and Engineering, 6(1), 1478-1488.
https://doi.org/10.1021/acssuschemeng.7b03968

Nasir, S., Hussein, M. Z., Zainal, Z., Yusof, N. A., Afif, S., Zobir, M., & Alibe, L.
M. (2019). Potential Valorization of By-product Materials from Oil Palm: A
review of Alternative and Sustainable Carbon Sources for Carbon-based
Nanomaterials Synthesis.

Nowak-Michta, A., & Kabat, B. (2018). Physical properties of post-process fly ash
from TWTP Krakow. MATEC Web of Conferences, 163.
https://doi.org/10.1051/matecconf/201816303004

Ogundiran, M. B., & Kumar, S. (2016). Synthesis of fly ash-calcined clay
geopolymers: Reactivity, mechanical strength, structural and microstructural
characteristics. Construction and Building Materials, 125, 450-457.
https://doi.org/10.1016/j.conbuildmat.2016.08.076

Zahra Aulia Latifah, 2025

SINTESIS DAN KARAKTERISASI ZEOLIT MAGNETIK BERBASIS ABU LAYANG BATUBARA DAN
LUMPUR MERAH UNTUK ADSORPSI PEWARNA RHODAMINE B DAN ERIOCHROME BLACK T
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



60

Ojeda, J. J., & Dittrich, M. (2012). Fourier transform infrared spectroscopy for
molecular analysis of microbial cells. Methods in Molecular Biology, 881,
187-211. https://doi.org/10.1007/978-1-61779-827-6 8

Paramitha, T. (2020a). Conversion of Coal Fly Ash to Zeolite by Alkaline Fusion-
Hydrothermal Method: A Review.

Paramitha, T. (2020b). Conversion of Coal Fly Ash to Zeolite by Alkaline Fusion-
Hydrothermal Method: A Review.

Patuwan, S. Z., & Arshad, S. E. (2021). Important synthesis parameters affecting
crystallization of zeolite t: A review. In Materials (Vol. 14, Issue 11). MDPI
AG. https://doi.org/10.3390/ma14112890

Pérez-Botella, E., Valencia, S., & Rey, F. (2022a). Zeolites in Adsorption Processes:
State of the Art and Future Prospects. In Chemical Reviews (Vol. 122, Issue
24, pp- 17647-17695). American Chemical Society.
https://doi.org/10.1021/acs.chemrev.2c00140

Pérez-Botella, E., Valencia, S., & Rey, F. (2022b). Zeolites in Adsorption Processes:
State of the Art and Future Prospects. In Chemical Reviews (Vol. 122, Issue
24, pp- 17647-17695). American Chemical Society.
https://doi.org/10.1021/acs.chemrev.2c00140

Prastyo, E., & Mulyani, Y. (2024). Indonesian Journal of Chemical Science
Characterization and Optimization of Fe 2 O 3 Extraction From Red Mud
Using APDC ligan. In J  Chem. Sci (Vol. 13, Issue 2).
http://journal.unnes.ac.id/sju/index.php/ijcs

Qaiyum, Md. A., Priyadarsini Samal, P., Dey, B., & Dey, S. (2024). Elegant
synthesis of phyto-magnetic Fe304@Syzygium cumini and its application for
decontamination of Eriochrome Black T dye from aqueous solution and
wastewater. Biomass Conversion and Biorefinery, 14(19), 23361-23380.
https://doi.org/10.1007/s13399-023-04372-w

Radoor, S., Karayil, J., Parameswaranpillai, J., & Siengchin, S. (2020). Adsorption
Study of Anionic Dye, Eriochrome Black T from Aqueous Medium Using
Polyvinyl Alcohol/Starch/ZSM-5 Zeolite Membrane. Journal of Polymers and
the Environment, 28(10), 2631-2643. https://doi.org/10.1007/s10924-020-
01812-w

Ramette, R. W., & Sandel, E. B. (1956). Rhodamine B Equilibria.

Ritz, M. (2023). Infrared and Raman Spectroscopy of Mullite Ceramics
Synthesized from Fly Ash and Kaolin.  Minerals, 13(7).
https://doi.org/10.3390/min13070864

Zahra Aulia Latifah, 2025

SINTESIS DAN KARAKTERISASI ZEOLIT MAGNETIK BERBASIS ABU LAYANG BATUBARA DAN
LUMPUR MERAH UNTUK ADSORPSI PEWARNA RHODAMINE B DAN ERIOCHROME BLACK T
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



61

Rivera, R. M., Ulenaers, B., Ounoughene, G., Binnemans, K., & Van Gerven, T.
(2018). Extraction of rare earths from bauxite residue (red mud) by dry
digestion followed by water leaching. Minerals Engineering, 119, 82-92.
https://doi.org/10.1016/j.mineng.2018.01.023

Rohmah, M., Suharyanto, A., Lalasari, L. H., & Soedarsono, J. W. (2021).
Effectiveness and Isotherm Models of Lewatit Monoplus S-108 on Lithium
Adsorption Process from Bledug Kuwu Brine with Continuous Flow. Jurnal
Kimia Sains Dan Aplikasi, 24(7), 236-243.
https://doi.org/10.14710/jksa.24.7.236-243

Salari, N., M.A.Tehrani, R., & Motamedi, M. (2021). Zeolite modification with
cellulose nanofiber/magnetic nanoparticles for the elimination of reactive red
198. International Journal of Biological Macromolecules, 176, 342-351.
https://doi.org/10.1016/j.ijbiomac.2021.01.219

Salimi, F., Valiei, V., & Karami, C. (2020). Removal of EBT dye from aqueous
solution by modified MoNiO4 adsorbent. Desalination and Water Treatment,
190, 340-352. https://doi.org/10.5004/dwt.2020.25697

Schiith, Ferdi., Sing, K. S. W. ., & Weitkamp, J. . (2002). Zeolites in Industrial
Separation and Catalysis. Wiley-VCH.

Shackley, M. S. (2011). An introduction to X-ray fluorescence (XRF) analysis in
archaeology. In X-Ray Fluorescence Spectrometry (XRF) in Geoarchaeology
(pp. 7-44). Springer New York. https://doi.org/10.1007/978-1-4419-6886-9 2

Shikuku, V. O., & Mishra, T. (2021). Adsorption isotherm modeling for methylene
blue removal onto magnetic kaolinite clay: a comparison of two-parameter
isotherms. Applied Water Science, 11(6). https://doi.org/10.1007/s13201-021-
01440-2

Suleimenova, M., Zharylkan, S., Mekenova, M., Mutushev, A., Azat, S., Tolepova,
A., Baimenov, A., Satayeva, A., & Tauanov, Z. (2023). Fusion-Assisted
Hydrothermal Synthesis of Technogenic-Waste-Derived Zeolites and
Nanocomposites: Synthesis, Characterization, and Mercury (II) Adsorption.
International Journal of Molecular Sciences, 24(14).
https://doi.org/10.3390/1jms241411317

Swistun, E., Krishna, A. S., & Bajda, T. (2024). Magnetic Nanoparticles Decorated
with Synthetic Zeolite Derived from Coal Fly Ash: Application to Removal of
Heavy Metals and Organic Dyes. Lecture Notes in Civil Engineering, 525
LNCE, 143-149. https://doi.org/10.1007/978-3-031-63357-7 24

Thangaraj, S., Bankole, P. O., & Sadasivam, S. K. (2021). Microbial degradation of
azo dyes by textile effluent adapted, Enterobacter hormaechei under

Zahra Aulia Latifah, 2025

SINTESIS DAN KARAKTERISASI ZEOLIT MAGNETIK BERBASIS ABU LAYANG BATUBARA DAN
LUMPUR MERAH UNTUK ADSORPSI PEWARNA RHODAMINE B DAN ERIOCHROME BLACK T
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



62

microaerophilic condition. Microbiological Research, 250.
https://doi.org/10.1016/j.micres.2021.126805

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

Tkaczyk, A., Mitrowska, K., & Posyniak, A. (2020). Synthetic organic dyes as
contaminants of the aquatic environment and their implications for

ecosystems: A review. In Science of the Total Environment (Vol. 717). Elsevier
B.V. https://doi.org/10.1016/].scitotenv.2020.137222

Tosheva, L., Garbev, K., Miller, G. J., & Mihailova, B. (2023). Toward the
Synthesis of New Zeolite Structures in the Presence of Cesium: Zeolite MMU-
l. Crystal Growth and Design, 23(5), 3834-3844.
https://doi.org/10.1021/acs.cgd.3¢00239

Uddin, M. K. (2017). A review on the adsorption of heavy metals by clay minerals,
with special focus on the past decade. In Chemical Engineering Journal (Vol.
308, pp. 438-462). Elsevier B.V. https://doi.org/10.1016/j.cej.2016.09.029

Wan Nor, W. F. K., Soh, S. K. C., Azmi, A. A. A. R., Yusof, M. S. M., &
Shamsuddin, M. (2018). Synthesis and physicochemical properties of
magnetite nanoparticles (Fe304) as potential solid support for homogeneous
catalysts. Malaysian Journal of Analytical Sciences, 22(5), 768-774.
https://doi.org/10.17576/mjas-2018-2205-04

Wang, H., Zhang, F., Ang, R., & Ren, D. (2024). Hydrothermal Synthesis of
Cancrinite from Coal Gangue for the Immobilization of Sr. Materials, 17(3).
https://doi.org/10.3390/mal7030573

Wang, J., & Guo, X. (2020). Adsorption isotherm models: Classification, physical
meaning, application and solving method. In Chemosphere (Vol. 258). Elsevier
Ltd. https://doi.org/10.1016/j.chemosphere.2020.127279

Wernert, V., Schaef, O., Aloui, L., Chassigneux, C., Ayari, F., Ben, D., Chehimi, H.,
& Denoyel, R. (2020). Cancrinite synthesis from natural kaolinite by high
pressure hydrothermal method: application to the removal of Cd 2+ and Pb
2+ from water.

Wierzbicka, E., Ku$Smierek, K., Swiqtkowski, A., & Legocka, 1. (2022). Efficient
Rhodamine B Dye Removal from Water by Acid- and Organo-Modified
Halloysites. Minerals, 12(3). https://doi.org/10.3390/min12030350

Zahra Aulia Latifah, 2025

SINTESIS DAN KARAKTERISASI ZEOLIT MAGNETIK BERBASIS ABU LAYANG BATUBARA DAN
LUMPUR MERAH UNTUK ADSORPSI PEWARNA RHODAMINE B DAN ERIOCHROME BLACK T
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



63

Younas, F., Mustafa, A., Farooqi, Z. U. R., Wang, X., Younas, S., Mohy-Ud-din, W.,
Hameed, M. A., Abrar, M. M., Maitlo, A. A., Noreen, S., & Hussain, M. M.
(2021). Current and emerging adsorbent technologies for wastewater
treatment: Trends, limitations, and environmental implications. In Water
(Switzerland) (Vol. 13, Issue 2). MDPI AG.
https://doi.org/10.3390/w13020215

Yuan, Q., Zhang, X., Wang, Z., Shibraen, M. H. M. A., Yang, S., & Xu, J. (2015).
Dimerization of Rhodamine B in Alumina sol and corresponding dip-coated
film. Colloids and Surfaces A: Physicochemical and Engineering Aspects,
486, 139-144. https://doi.org/10.1016/j.colsurfa.2015.09.018

Zhang, J., Hu, X., Yan, X., Feng, R., Zhou, M., & Xue, J. (2019). Enhanced
adsorption of Rhodamine B by magnetic nitrogen-doped porous carbon
prepared from bimetallic ZIFs. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 575, 10-17.
https://doi.org/10.1016/j.colsurfa.2019.04.091

Zhang, X., Yu, J., Jin, B., Huang, Y., & Wang, Z. (2022). Experimental research on
the gaseous PbCI 2 adsorption by thermal alkali modified coal fly ash.
https://ssrn.com/abstract=4022189

Zhang, Y., Dong, J., Guo, F., Shao, Z., & Wu, J. (2018). Zeolite synthesized from
coal fly ash produced by a gasification process for Ni2+ removal fromwater.
Minerals, 8(3). https://doi.org/10.3390/min8030116

Zahra Aulia Latifah, 2025

SINTESIS DAN KARAKTERISASI ZEOLIT MAGNETIK BERBASIS ABU LAYANG BATUBARA DAN
LUMPUR MERAH UNTUK ADSORPSI PEWARNA RHODAMINE B DAN ERIOCHROME BLACK T
Universitas Pendidikan Indonesia | repository.upi.edu | perpustakaan.upi.edu



