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ABSTRAK 

Pewarna sintetis merupakan salah satu kontaminan yang terkandung dalam air 
limbah industri. Metil jingga merupakan salah satu kelompok pewarna sintetis yang 
banyak digunakan pada berbagai industri serta dapat menyebabkan berbagai 
masalah kesehatan pada manusia. Metode adsorpsi dianggap sebagai metode yang 
memiliki kelebihan dalam pengolahan air limbah karena operasinya sederhana, 
ekonomis, dan tidak menghasilkan produk samping. Zeolit merupakan salah satu 
material adsorben yang efektif dan dapat disintesis dari limbah abu terbang batu 
bara. Penelitian ini bertujuan mengetahui pengaruh modifikasi zeolit menggunakan 
kitosan untuk mengadsorpsi pewarna metil jingga. Metode sintesis zeolit dilakukan 
secara hidrotermal menggunakan autoklaf. Karakterisasi zeolit dilakukan 
menggunakan difraksi sinar-x (XRD) dan FTIR sedangkan uji adsorpsi dilakukan 
menggunakan spektrofotometer UV-Vis. Hasil karakterisasi XRD menunjukkan 
bahwa zeolit sintetis merupakan tipe Na-P1 dan hidroksi-sodalit. Adsorpsi metil 
jingga mencapai nilai tertinggi pada pH 3 dengan persentase adsorpsi zeolit 
mencapai 99% sedangkan komposit zeolit/kitosan menunjukkan persentase 
adsorpsi sebesar 98%. Kapasitas adsorpsi dari zeolit sebesar 14,26 mg/g sedangkan 
komposit zeolit/kitosan memiliki nilai kapasitas adsorpsi sebesar 13,42 mg/g. 
Modifikasi zeolit dengan kitosan diketahui tidak dapat meningkatkan kemampuan 
adsorpsi zeolit. Zeolit menunjukkan kesesuaian mekanisme adsorpsi dengan model 
isoterm Redlich-Peterson yang mengindikasikan proses adsorpsi yang terjadi secara 
monolayer sedangkan komposit zeolit/kitosan menunjukkan kesesuaian mekanisme 
adsorpsi dengan model isoterm Sips yang mengindikasikan proses adsorpsi yang 
terjadi pada permukaan heterogen. Interaksi antara adsorben dan adsorbat diduga 
melibatkan gaya elektrostatik dan ikatan hidrogen. 
 

Kata Kunci: Abu terbang, adsorpsi, hidrotermal, kitosan, metil jingga, zeolit 
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ABSTRACT 

Synthetic dyes are one of contaminants contained in industrial wastewater. Methyl 
orange is one of a group of synthetic dyes that are widely used in various industries 
and can cause various health problems. Adsorption is considered as a method that 
has advantages in wastewater treatment because its simple operation, economical, 
and does not produce by-products. Zeolite is one of the effective adsorbent 
materials that can be synthesised from coal fly ash waste. This study aims to 
determine the effect of zeolite modification using chitosan to adsorb methyl orange 
dye. Zeolite synthesis method was conducted hydrothermally using an autoclave. 
Characterisation of zeolite was done using X-Ray Diffraction (XRD) and FTIR 
while adsorption test was done using UV-Vis spectrophotometer. The XRD 
characterisation results showed that the synthetic zeolites were Na-P1 and hydroxy-
sodalite. Methyl orange adsorption reached the highest value at pH 3 with the 
zeolite adsorption percentage reaching 99% while the zeolite/chitosan composite 
showed an adsorption percentage of 98%. The adsorption capacity of zeolite was 
14.26 mg/g while the zeolite/chitosan composite had an adsorption capacity value 
of 13.42 mg/g. Modification of zeolite with chitosan was found not to improve the 
adsorption ability of zeolite. Zeolite showed the suitability of adsorption 
mechanism with Redlich-Peterson isotherm model which indicates the adsorption 
process occurs in monolayer while zeolite/chitosan composite showed the 
suitability of adsorption mechanism with Sips isotherm model which indicates the 
adsorption process occurs on heterogeneous surface. The interaction between 
adsorbent and adsorbate is thought to involve electrostatic forces and hydrogen 
bonding. 
 
Keywords: Adsorption, Chitosan, Fly Ash, Hydrothermal, Methyl Orange, Zeolite. 



v 

DAFTAR ISI 

KATA PENGANTAR ............................................................................................. i 

UCAPAN TERIMA KASIH ................................................................................... ii 

ABSTRAK ............................................................................................................. iii 

ABSTRACT ............................................................................................................. iv 

DAFTAR ISI ........................................................................................................... v 

DAFTAR TABEL ................................................................................................ viii 

DAFTAR GAMBAR ............................................................................................. ix 

DAFTAR LAMPIRAN .......................................................................................... xi 

BAB I PENDAHULUAN ....................................................................................... 1 

1.1 Latar Belakang .............................................................................................. 1 

1.2 Rumusan Masalah ......................................................................................... 5 

1.3 Tujuan Penelitian .......................................................................................... 5 

1.4 Manfaat Penelitian ........................................................................................ 5 

1.5 Struktur Organisasi Skripsi ........................................................................... 5 

BAB II TINJAUAN PUSTAKA ............................................................................. 7 

2.1 Zeolit ............................................................................................................. 7 

2.1.1 Struktur Zeolit ........................................................................................ 7 

2.1.2 Klasifikasi zeolit .................................................................................. 12 

2.1.3 Sifat zeolit ............................................................................................ 13 

2.1.4 Sintesis zeolit ....................................................................................... 14 

2.1.5 Sintesis zeolit secara hidrotermal ......................................................... 14 

2.1.6 Faktor-faktor yang memengaruhi sintesis ............................................ 15 

2.1.6.1 Rasio Si/Al .................................................................................... 16 

2.1.6.2 Alkalinitas ..................................................................................... 17 

2.1.6.3 Volume pelarut .............................................................................. 17 

2.1.6.4 Kation anorganik ........................................................................... 18 



vi 

2.1.6.5 Suhu dan waktu kristalisasi ........................................................... 19 

2.1.7 Karakterisasi zeolit ............................................................................... 20 

2.1.7.1 Difraksi Sinar-X (XRD) ................................................................ 20 

2.1.7.2 Fourier Transform Infrared Spectroscopy (FTIR) ....................... 23 

2.1.7.3 Scanning Electron Microscope ..................................................... 25 

2.1.8 Zeolit Hidroksi-Sodalit ........................................................................ 28 

2.2 Abu Terbang (Fly Ash) ................................................................................ 30 

2.2.1 Gambaran umum .................................................................................. 30 

2.2.2 Klasifikasi abu terbang ......................................................................... 31 

2.2.3 Mekanisme zeolitisasi abu terbang ...................................................... 32 

2.3 Kitosan ........................................................................................................ 36 

2.4 Metil Jingga ................................................................................................. 37 

2.5 Adsorpsi ...................................................................................................... 38 

2.5.1 Gambaran umum .................................................................................. 38 

2.5.2 Faktor-faktor terjadinya adsorpsi ......................................................... 39 

2.5.2.1 Luas permukaan adsorben ............................................................. 39 

2.5.2.2 Ukuran partikel adsorben .............................................................. 39 

2.5.2.3 Waktu kontak ................................................................................ 39 

2.5.2.4 Kelarutan adsorbat ........................................................................ 40 

2.5.2.5 pH larutan ...................................................................................... 40 

2.5.3 Jenis-jenis adsorpsi .............................................................................. 40 

2.5.4 Isoterm adsorpsi ................................................................................... 41 

BAB III METODE PENELITIAN ....................................................................... 45 

3.1 Waktu dan Tempat Penelitian ..................................................................... 45 

3.2 Alat dan Bahan Penelitian ........................................................................... 45 

3.2.1 Alat ....................................................................................................... 45 

3.2.2 Bahan ................................................................................................... 45 



vii 

3.3 Tahapan Penelitian ...................................................................................... 45 

3.3.1 Sintesis zeolit ....................................................................................... 45 

3.3.1.1 Variasi volume NaOH ................................................................... 47 

3.3.1.2 Variasi rasio konsentrasi NaOH .................................................... 47 

3.3.2 Modifikasi zeolit .................................................................................. 47 

3.3.3 Uji Adsorpsi ......................................................................................... 48 

3.3.3.1 Penentuan pH optimum ................................................................. 48 

3.3.3.2 Pengaruh konsentrasi awal adsorbat ............................................. 48 

BAB IV HASIL DAN PEMBAHASAN .............................................................. 49 

4.1 Karakterisasi abu terbang ............................................................................ 49 

4.2 Karakterisasi zeolit ...................................................................................... 52 

4.3 Uji Adsorpsi ................................................................................................ 60 

4.3.1 Penentuan pH optimum ........................................................................ 61 

4.3.2 Variasi konsentrasi adsorbat ................................................................ 65 

4.3.3 Studi isoterm adsorpsi .......................................................................... 67 

BAB V KESIMPULAN DAN SARAN ................................................................ 73 

5.1 Kesimpulan ................................................................................................. 73 

5.2 Saran ............................................................................................................ 73 

DAFTAR PUSTAKA ........................................................................................... 74 

LAMPIRAN .......................................................................................................... 86 

 

  



74 

DAFTAR PUSTAKA 

Al-Qaradawi, S., & Salman, S. R. (2002). Photocatalytic degradation of methyl 

orange as a model compound. Journal of Photochemistry and Photobiology A: 

Chemistry, 148(1–3), 161–168. https://doi.org/10.1016/S1010-

6030(02)00086-2 

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. Ecotoxicology 

and Environmental Safety, 231, 113160. 

https://doi.org/10.1016/j.ecoenv.2021.113160 

Alterary, S. S., & Marei, N. H. (2021). Fly ash properties, characterization, and 

applications: A review. Journal of King Saud University - Science, 33(6), 

101536. https://doi.org/10.1016/j.jksus.2021.101536 

Auerbach, S. M., Carrado, K. A., & Dutta, P. K. (2003). Handbook of zeolite science 

and technology. CRC press. 

Ayawei, Ebelegi, A. N., & Wankasi, D. (2017). Modelling and Interpretation of 

Adsorption Isotherms. Journal of Chemistry, 2017. 

https://doi.org/10.1155/2017/3039817 

Ayawei, N., Ekubo, A. T., Wankasi, D., & Dikio, E. D. (2015). Adsorption of congo 

red by Ni/Al-CO3: Equilibrium, thermodynamic and kinetic studies. Oriental 

Journal of Chemistry, 31(3), 1307–1318. https://doi.org/10.13005/ojc/310307 

Babazadeh, M., Abolghasemi, H., Esmaeili, M., Ehsani, A., & Badiei, A. (2021). 

Comprehensive batch and continuous methyl orange removal studies using 

surfactant modified chitosan-clinoptilolite composite. Separation and 

Purification Technology, 267(March), 118601. 

https://doi.org/10.1016/j.seppur.2021.118601 

Baerlocher, C., McCusker, L. B., & Olson, D. H. (2007). Atlas of zeolite framework 

types. Elsevier. 

Bahrudin, N. N., Nawi, M. A., Jawad, A. H., & Sabar, S. (2020). Adsorption 

Characteristics and Mechanistic Study of Immobilized Chitosan-

Montmorillonite Composite for Methyl Orange removal. Journal of Polymers 



75 
 

 
 

and the Environment, 28(7), 1901–1913. https://doi.org/10.1007/s10924-020-

01734-7 

Belviso, C. (2018). State-of-the-art applications of fly ash from coal and biomass: 

A focus on zeolite synthesis processes and issues. Progress in Energy and 

Combustion Science, 65, 109–135. https://doi.org/10.1016/j.pecs.2017.10.004 

Bukhari, S. S., Behin, J., Kazemian, H., & Rohani, S. (2015). Conversion of coal 

fly ash to zeolite utilizing microwave and ultrasound energies: A review. Fuel, 

140, 250–266. https://doi.org/https://doi.org/10.1016/j.fuel.2014.09.077 

Byrappa, K., & Yoshimura, M. (2012). Handbook of hydrothermal technology. 

William Andrew. 

Čejka, J. (2007). Introduction to zeolite science and practice. (No Title). 

Cheong, Y.-W., Wong, K.-L., Ooi, B. S., Ling, T. C., Khoerunnisa, F., & Ng, E.-P. 

(2020). Effects of synthesis parameters on crystallization behavior of k-mer 

zeolite and its morphological properties on catalytic cyanoethylation reaction. 

Crystals, 10(2), 64. 

Chester, A. W., & Derouane, E. G. (2009). Zeolite Characterization and Catalysis: 

a tutorial. In A. W. Chester & E. G. Derouane (Eds.), Focus on Catalysts (Vol. 

2010, Issue 8). Springer. https://doi.org/10.1016/s1351-4180(10)70329-9 

Cho, D. W., Jeon, B. H., Chon, C. M., Schwartz, F. W., Jeong, Y., & Song, H. 

(2015). Magnetic chitosan composite for adsorption of cationic and anionic 

dyes in aqueous solution. Journal of Industrial and Engineering Chemistry, 

28, 60–66. https://doi.org/10.1016/j.jiec.2015.01.023 

Criado, M., Fernández-Jiménez, A., De La Torre, A. G., Aranda, M. A. G., & 

Palomo, A. (2007). An XRD study of the effect of the SiO2/Na2O ratio on the 

alkali activation of fly ash. Cement and Concrete Research, 37(5), 671–679. 

Das, P., & Mandal, S. K. (2019). In-Depth Experimental and Computational 

Investigations for Remarkable Gas/Vapor Sorption, Selectivity, and Affinity 

by a Porous Nitrogen-Rich Covalent Organic Framework. Chemistry of 

Materials, 31(5), 1584–1596. https://doi.org/10.1021/acs.chemmater.8b04683 

de Araujo, L. G., Medeiros, V. L., Guarnieri, G. de P., da Silva, D. A., Watanabe, 

T., Marumo, J. T., & Nery, J. G. (2023). An adsorption agent based on 

chitosan-zeolite composite: environmental and radioactive liquid waste 



76 
 

 
 

remediation. Environmental Science: Advances, 2(3), 484–494. 

https://doi.org/10.1039/d2va00148a 

de Carvalho, T., Fungaro, D., Magdalena, C., & Cunico, P. (2011). Adsorption of 

indigo carmine from aqueous solution using coal fly ash and zeolite from fly 

ash. Journal of Radioanalytical and Nuclear Chemistry, 289(2), 617–626. 

El-Sayed, E. M., Tamer, T. M., Omer, A. M., & Mohy Eldin, M. S. (2016). 

Development of novel chitosan schiff base derivatives for cationic dye 

removal: methyl orange model. Desalination and Water Treatment, 57(47), 

22632–22645. 

Esaifan, M., Warr, L. N., Grathoff, G., Meyer, T., Schafmeister, M. T., Kruth, A., 

& Testrich, H. (2019). Synthesis of hydroxy-sodalite/cancrinite zeolites from 

calcite-bearing kaolin for the removal of heavy metal ions in aqueous media. 

Minerals, 9(8). https://doi.org/10.3390/min9080484 

Feng, Li, Y., Xu, M., Liu, S., & Yao, J. (2016). Fast adsorption of methyl blue on 

zeolitic imidazolate framework-8 and its adsorption mechanism. RSC 

Advances, 6(111), 109608–109612. 

Feng, S. H., & Li, G. H. (2017). Hydrothermal and Solvothermal Syntheses. In 

Modern Inorganic Synthetic Chemistry: Second Edition. 

https://doi.org/10.1016/B978-0-444-63591-4.00004-5 

Fukui, K., Nishimoto, T., Takiguchi, M., & Yoshida, H. (2006). Effects of NaOH 

Concentration on Zeolite Synthesis from Fly Ash with a Hydrothermal 

Treatment Method [Translated]. KONA Powder and Particle Journal, 24, 

183–191. 

Ghaedi, M. (2021). Adsorption: Fundamental processes and applications (M. 

Ghaedi (ed.)). Charlotte Cockle. 

Golbad, S., Khoshnoud, P., & Abu-Zahra, N. (2017). Hydrothermal synthesis of 

hydroxy sodalite from fly ash for the removal of lead ions from water. 

International Journal of Environmental Science and Technology, 14(1), 135–

142. https://doi.org/10.1007/s13762-016-1133-x 

Grela, A., Kuc, J., & Bajda, T. (2021). A review on the application of zeolites and 

mesoporous silica materials in the removal of non-steroidal anti-inflammatory 

drugs and antibiotics from water. Materials, 14(17). 



77 
 

 
 

https://doi.org/10.3390/ma14174994 

Grela, A., Kuc, J., Klimek, A., Matusik, J., Pamuła, J., Franus, W., Urbański, K., & 

Bajda, T. (2023). Erythromycin Scavenging from Aqueous Solutions by 

Zeolitic Materials Derived from Fly Ash. Molecules, 28(2), 1–20. 

https://doi.org/10.3390/molecules28020798 

Habiba, U., Islam, M. S., Siddique, T. A., Afifi, A. M., & Ang, B. C. (2016). 

Adsorption and photocatalytic degradation of anionic dyes on 

Chitosan/PVA/Na–Titanate/TiO2 composites synthesized by solution casting 

method. Carbohydrate Polymers, 149, 317–331. 

https://doi.org/https://doi.org/10.1016/j.carbpol.2016.04.127 

Habiba, U., Siddique, T. A., Lee, J. J. L., Joo, T. C., Ang, B. C., & Afifi, A. M. 

(2018). Adsorption study of methyl orange by chitosan/polyvinyl 

alcohol/zeolite electrospun composite nanofibrous membrane. Carbohydrate 

Polymers, 191, 79–85. 

Hasan, S., Boddu, V. M., Viswanath, D. S., & Ghosh, T. K. (2022). Chitin and 

chitosan science and engineering. https://doi.org/10.1007/978-3-031-01229-7 

He, X., Yao, B., Xia, Y., Huang, H., Gan, Y., & Zhang, W. (2020). Coal fly ash 

derived zeolite for highly efficient removal of Ni2+ inwaste water. Powder 

Technology, 367, 40–46. https://doi.org/10.1016/j.powtec.2019.11.037 

Holkar, C. R., Jadhav, A. J., Pinjari, D. V., Mahamuni, N. M., & Pandit, A. B. 

(2016). A critical review on textile wastewater treatments: Possible 

approaches. Journal of Environmental Management, 182, 351–366. 

https://doi.org/10.1016/j.jenvman.2016.07.090 

Hower, J. C., Groppo, J. G., Graham, U. M., Ward, C. R., Kostova, I. J., Maroto-

Valer, M. M., & Dai, S. (2017). Coal-derived unburned carbons in fly ash: A 

review. International Journal of Coal Geology, 179(May), 11–27. 

https://doi.org/10.1016/j.coal.2017.05.007 

Hums, E. (2017). Synthesis of Phase-Pure Zeolite Sodalite from Clear Solution 

Extracted from Coal Fly Ash. Journal of Thermodynamics & Catalysis, 

08(02). https://doi.org/10.4172/2157-7544.1000187 

Hussain, S., Kamran, M., Khan, S. A., Shaheen, K., Shah, Z., Suo, H., Khan, Q., 

Shah, A. B., Rehman, W. U., Al-Ghamdi, Y. O., & Ghani, U. (2021). 



78 
 

 
 

Adsorption, kinetics and thermodynamics studies of methyl orange dye 

sequestration through chitosan composites films. International Journal of 

Biological Macromolecules, 168, 383–394. 

https://doi.org/10.1016/j.ijbiomac.2020.12.054 

Inada, M., Eguchi, Y., Enomoto, N., & Hojo, J. (2005). Synthesis of zeolite from 

coal fly ashes with different silica-alumina composition. Fuel, 84(2–3), 299–

304. https://doi.org/10.1016/j.fuel.2004.08.012 

Jafari, S., Ghorbani-Shahna, F., Bahrami, A., & Kazemian, H. (2018). Adsorptive 

removal of toluene and carbon tetrachloride from gas phase using Zeolitic 

Imidazolate Framework-8: Effects of synthesis method, particle size, and 

pretreatment of the adsorbent. Microporous and Mesoporous Materials, 268, 

58–68. https://doi.org/https://doi.org/10.1016/j.micromeso.2018.04.013 

Jha, B., & Singh, D. N. (2016). Fly Ash Zeolites Innovations, Applications, and 

Directions. In Springer Singapore. https://doi.org/10.1007/978-981-10-1404-

8 

Jiang, N., Shang, R., Heijman, S. G. J., & Rietveld, L. C. (2018). High-silica 

zeolites for adsorption of organic micro-pollutants in water treatment: A 

review. Water Research, 144, 145–161. 

https://doi.org/10.1016/j.watres.2018.07.017 

Kafle, B. P. (2020). Introduction to nanomaterials and application of UV–Visible 

spectroscopy for their characterization. In Chemical Analysis and Material 

Characterization by Spectrophotometry. https://doi.org/10.1016/b978-0-12-

814866-2.00006-3 

Khalid, H. R., Lee, N. K., Choudhry, I., Wang, Z., & Lee, H.-K. (2019). Evolution 

of zeolite crystals in geopolymer-supported zeolites: Effects of composition of 

starting materials. Materials Letters, 239, 33–36. 

Kobayashi, Y., Ogata, F., Nakamura, T., & Kawasaki, N. (2020). Synthesis of novel 

zeolites produced from fly ash by hydrothermal treatment in alkaline solution 

and its evaluation as an adsorbent for heavy metal removal. Journal of 

Environmental Chemical Engineering, 8(2), 103687. 

https://doi.org/10.1016/j.jece.2020.103687 

Kołodyńska, D., Hałas, P., Franus, M., & Hubicki, Z. (2017). Zeolite properties 



79 
 

 
 

improvement by chitosan modification—Sorption studies. Journal of 

Industrial and Engineering Chemistry, 52(2016), 187–196. 

https://doi.org/10.1016/j.jiec.2017.03.043 

Krol, M. (2020). Natural vs. Synthetic Zeolites. Crystals, 10(622), 1–8. 

Leng, Y. (2009). Materials characterization: introduction to microscopic and 

spectroscopic methods. John Wiley & Sons. 

Leng, Y. (2013). Materials characterization: introduction to microscopic and 

spectroscopic methods. http://dnb.d-nb.de 

Li, Y., Zhou, K., He, M., & Yao, J. (2016). Synthesis of ZIF-8 and ZIF-67 using 

mixed-base and their dye adsorption. Microporous and Mesoporous 

Materials, 234, 287–292. 

Liu, Luo, Q., Wang, G., Li, X., & Na, P. (2018). Synthesis and characterization of 

zeolite from coal fly ash. Materials Research Express, 5(5), 55507. 

https://doi.org/10.1088/2053-1591/aac3ae 

Liu, Z., Li, S., Li, L., Wang, J., Zhou, Y., & Wang, D. (2019). One-step high 

efficiency crystallization of zeolite A from ultra-fine circulating fluidized bed 

fly ash by hydrothermal synthesis method. Fuel, 257(April). 

https://doi.org/10.1016/j.fuel.2019.116043 

Luo, Y., & Wang, Q. (2014). Recent development of chitosan-based polyelectrolyte 

complexes with natural polysaccharides for drug delivery. International 

Journal of Biological Macromolecules, 64, 353–367. 

https://doi.org/10.1016/j.ijbiomac.2013.12.017 

Madan, S., Shaw, R., Tiwari, S., & Tiwari, S. K. (2019). Adsorption dynamics of 

Congo red dye removal using ZnO functionalized high silica zeolitic particles. 

Applied Surface Science, 487(November 2018), 907–917. 

https://doi.org/10.1016/j.apsusc.2019.04.273 

Mahmodi, G., Zarrintaj, P., Taghizadeh, A., Taghizadeh, M., Manouchehri, S., 

Dangwal, S., Ronte, A., Ganjali, M. R., Ramsey, J. D., Kim, S. J., & Saeb, M. 

R. (2020). From microporous to mesoporous mineral frameworks: An alliance 

between zeolite and chitosan. Carbohydrate Research, 489(February), 

107930. https://doi.org/10.1016/j.carres.2020.107930 

Mahmoodi, N. M., Taghizadeh, M., Taghizadeh, A., Abdi, J., Hayati, B., & 



80 
 

 
 

Shekarchi, A. A. (2019). Bio-based magnetic metal-organic framework 

nanocomposite: Ultrasound-assisted synthesis and pollutant (heavy metal and 

dye) removal from aqueous media. Applied Surface Science, 480, 288–299. 

https://doi.org/https://doi.org/10.1016/j.apsusc.2019.02.211 

Manyatshe, A., Cele, Z. E. D., Balogun, M. O., Nkambule, T. T. I., & Msagati, T. 

A. M. (2022). Lignocellulosic derivative-chitosan biocomposite adsorbents for 

the removal of soluble contaminants in aqueous solutions–preparation, 

characterization and applications. Journal of Water Process Engineering, 47, 

102654. 

McCusker, L. B., & Baerlocher, C. (2007). Zeolite structures. Studies in Surface 

Science and Catalysis. Amsterdam: Elsevier, 13–37. 

Mirzaei, D., Zabardasti, A., Mansourpanah, Y., Sadeghi, M., & Farhadi, S. (2020). 

Efficacy of novel NaX/MgO–TiO2 zeolite nanocomposite for the adsorption 

of methyl orange (MO) dye: Isotherm, kinetic and thermodynamic studies. 

Journal of Inorganic and Organometallic Polymers and Materials, 30(6), 

2067–2080. 

Mohammad, A. K. T., Abdulhameed, A. S., & Jawad, A. H. (2019). Box-Behnken 

design to optimize the synthesis of new crosslinked chitosan-glyoxal/TiO2 

nanocomposite: Methyl orange adsorption and mechanism studies. 

International Journal of Biological Macromolecules, 129, 98–109. 

https://doi.org/10.1016/j.ijbiomac.2019.02.025 

Moshoeshoe, M., Nadiye-Tabbiruka, M. S., & Obuseng, V. (2017). A review of the 

chemistry, structure, properties and applications of zeolites. Am. J. Mater. Sci, 

7(5), 196–221. 

Mudhoo, A., Ramasamy, D. L., Bhatnagar, A., Usman, M., & Sillanpää, M. (2020). 

An analysis of the versatility and effectiveness of composts for sequestering 

heavy metal ions, dyes and xenobiotics from soils and aqueous milieus. 

Ecotoxicology and Environmental Safety, 197(January), 110587. 

https://doi.org/10.1016/j.ecoenv.2020.110587 

Munthali, M. W., Elsheikh, M. A., 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. 



81 
 

 
 

https://doi.org/10.3390/molecules191220468 

Murayama, N., Yamamoto, H., & Shibata, J. (2002). Mechanism of zeolite 

synthesis from coal fly ash by alkali hydrothermal reaction. International 

Journal of Mineral Processing, 64(1), 1–17. https://doi.org/10.1016/S0301-

7516(01)00046-1 

Neethu, N., & Choudhury, T. (2018). Treatment of Methylene Blue and Methyl 

Orange Dyes in Wastewater by Grafted Titania Pillared Clay Membranes. 

Recent Patents on Nanotechnology, 12(3), 200–207. 

https://doi.org/10.2174/1872210512666181029155352 

Ngah, W. S. W., Teong, L. C., Toh, R. H., & Hanafiah, M. A. K. M. (2013). 

Comparative study on adsorption and desorption of Cu(II) ions by three types 

of chitosan-zeolite composites. Chemical Engineering Journal, 223, 231–238. 

https://doi.org/10.1016/j.cej.2013.02.090 

Nguyen, V. N., Tran, D. T., Nguyen, M. T., Le, T. T. T., Ha, M. N., Nguyen, M. 

V., & Pham, T. D. (2018). Enhanced photocatalytic degradation of methyl 

orange using ZnO/graphene oxide nanocomposites. Research on Chemical 

Intermediates, 44(5), 3081–3095. https://doi.org/10.1007/s11164-018-3294-3 

Ojha, K., Pradhan, N. C., & Samanta, A. N. (2004). Zeolite from fly ash: Synthesis 

and characterization. Bulletin of Materials Science, 27(6), 555–564. 

https://doi.org/10.1007/BF02707285 

Ortega, E. O., Hosseinian, H., Meza, I. B. A., López, M. J. R., Vera, A. R., & 

Hosseini, S. (2022). Material Characterization Techniques and Applications. 

In Progress in Optical Science and Photonics (Vol. 19). 

https://doi.org/10.1007/978-981-16-9569-8_1 

Pabalan, R. T., & Bertetti, F. P. (2001). Cation-exchange properties of natural 

zeolites. Reviews in Mineralogy and Geochemistry, 45(1), 453–518. 

Panda, L., & Dash, S. (2020). Characterization and utilization of coal fly ash: A 

review. Emerging Materials Research, 9(3), 921–934. 

https://doi.org/10.1680/jemmr.18.00097 

Park, J., Choe, J. K., Lee, W., & Bae, S. (2020). Highly fast and selective removal 

of nitrate in groundwater by bimetallic catalysts supported by fly ash-derived 

zeolite Na-X. Environmental Science: Nano, 7(11), 3360–3371. 



82 
 

 
 

https://doi.org/10.1039/d0en00721h 

Prodinger, S., & Derewinski, M. A. (2020). Synthetic zeolites and their 

characterization. Nanoporous Materials for Molecule Separation and 

Conversion, 65–88. https://doi.org/10.1016/b978-0-12-818487-5.00003-0 

Querol Carceller, X., Moreno, N., Alastuey, A., Juan Mainar, R., Andrés Gimeno, 

J. M., López-Soler, Á., Ayora, C., Medinaceli, A., & Valero, A. (2007). 

Synthesis of high ion exchange zeolites from coal fly ash. Geologica Acta, 

5(1), 49–57. 

Radoor, S., Karayil, J., Jayakumar, A., Parameswaranpillai, J., & Siengchin, S. 

(2021). Efficient removal of methyl orange from aqueous solution using 

mesoporous ZSM-5 zeolite: Synthesis, kinetics and isotherm studies. Colloids 

and Surfaces A: Physicochemical and Engineering Aspects, 611(xxxx), 

125852. https://doi.org/10.1016/j.colsurfa.2020.125852 

Ragadhita, R., & Nandiyanto, A. B. D. (2021). How to calculate adsorption 

isotherms of particles using two-parameter monolayer adsorption models and 

equations. Indonesian Journal of Science and Technology, 6(1), 205–234. 

https://doi.org/10.17509/ijost.v6i1.32354 

Reddy, M. S. B. R., Ponnamma, D., Sadasivuni, K. K., Kumar, B., & Abdullah, A. 

M. (2021). Carbon dioxide adsorption based on porous materials. RSC 

Advances, 11(21), 12658–12681. https://doi.org/10.1039/d0ra10902a 

Ren, X., Xiao, L., Qu, R., Liu, S., Ye, D., Song, H., Wu, W., Zheng, C., Wu, X., & 

Gao, X. (2018). Synthesis and characterization of a single phase zeolite A 

using coal fly ash. RSC Advances, 8(73), 42200–42209. 

https://doi.org/10.1039/c8ra09215j 

Rodwihok, C., Suwannakeaw, M., Charoensri, K., Wongratanaphisan, D., Woon 

Woo, S., & Kim, H. S. (2021). Alkali/zinc-activated fly ash nanocomposites 

for dye removal and antibacterial applications. Bioresource Technology, 

331(March), 125060. https://doi.org/10.1016/j.biortech.2021.125060 

Romera, E., González, F., Ballester, A., Blázquez, M. L., & Muñoz, J. A. (2007). 

Comparative study of biosorption of heavy metals using different types of 

algae. Bioresource Technology, 98(17), 3344–3353. 

https://doi.org/https://doi.org/10.1016/j.biortech.2006.09.026 



83 
 

 
 

Saadi, R., Saadi, Z., Fazaeli, R., & Fard, N. E. (2015). Monolayer and multilayer 

adsorption isotherm models for sorption from aqueous media. Korean Journal 

of Chemical Engineering, 32(5), 787–799. https://doi.org/10.1007/s11814-

015-0053-7 

Sabarudin, A., & Madjid, A. D. R. (2021). Preparation and Kinetic Studies of Cross-

Linked Chitosan Beads Using Dual Crosslinkers of Tripolyphosphate and 

Epichlorohydrin for Adsorption of Methyl Orange. Scientific World Journal, 

2021. https://doi.org/10.1155/2021/6648457 

Sadiq, A. C., Olasupo, A., Ngah, W. S. W., Rahim, N. Y., & Suah, F. B. M. (2021). 

A decade development in the application of chitosan-based materials for dye 

adsorption: A short review. International Journal of Biological 

Macromolecules, 191, 1151–1163. 

Saheed, I. O., Da Oh, W., & Suah, F. B. M. (2021). Chitosan modifications for 

adsorption of pollutants–A review. Journal of Hazardous Materials, 408, 

124889. 

Samsudin, M. H., Hassan, M. A., Idris, J., Ramli, N., Mohd Yusoff, M. Z., Ibrahim, 

I., Othman, M. R., Mohd Ali, A. A., & Shirai, Y. (2019). A one-step self-

sustained low temperature carbonization of coconut shell biomass produced a 

high specific surface area biochar-derived nano-adsorbent. Waste 

Management & Research, 37(5), 551–555. 

https://doi.org/10.1177/0734242X18823953 

Shabani, J. M., Babajide, O., Oyekola, O., & Petrik, L. (2019). Synthesis of 

Hydroxy Sodalite from Coal Fly Ash for Biodiesel Production from Waste-

Derived Maggot Oil. In Catalysts (Vol. 9, Issue 12). 

https://doi.org/10.3390/catal9121052 

Sharma, S. K., Verma, D. S., Khan, L. U., Kumar, S., & Khan, S. B. (2018). 

Handbook of materials characterization. Springer. 

Silva, C. E. de F., Gama, B. M. V. da, Gonçalves, A. H. da S., Medeiros, J. A., & 

Abud, A. K. de S. (2020). Basic-dye adsorption in albedo residue: Effect of 

pH, contact time, temperature, dye concentration, biomass dosage, rotation 

and ionic strength. Journal of King Saud University - Engineering Sciences, 

32(6), 351–359. https://doi.org/10.1016/j.jksues.2019.04.006 



84 
 

 
 

Suraneni, P., Burris, L., Shearer, C. R., & Hooton, R. D. (2021). ASTM C618 fly 

ash specification: Comparison with other specifications, shortcomings, and 

solutions. ACI Materials Journal, 118(1), 157–167. 

https://doi.org/10.14359/51725994 

Szerement, J., Szatanik-Kloc, A., Jarosz, R., Bajda, T., & Mierzwa-Hersztek, M. 

(2021). Contemporary applications of natural and synthetic zeolites from fly 

ash in agriculture and environmental protection. Journal of Cleaner 

Production, 311(May), 127461. https://doi.org/10.1016/j.jclepro.2021.127461 

Tanaka, H., & Fujii, A. (2009). Effect of stirring on the dissolution of coal fly ash 

and synthesis of pure-form Na-A and -X zeolites by two-step process. 

Advanced Powder Technology, 20(5), 473–479. 

https://doi.org/10.1016/j.apt.2009.05.004 

Tien, C. (2019). Introduction to Adsorption: Basics, Analysis, and Applications. 

Elsevier. https://doi.org/10.1016/b978-0-12-816446-4.09991-7 

Tumrani, S. H., Soomro, R. A., Zhang, X., Bhutto, D. A., Bux, N., & Ji, X. (2021). 

Coal fly ash driven zeolites for the adsorptive removal of the ceftazidime drug. 

RSC Advances, 11(42), 26110–26119. https://doi.org/10.1039/d1ra02785a 

Vassilev, S. V., & Vassileva, C. G. (2005). Methods for characterization of 

composition of fly ashes from coal-fired power stations: A critical overview. 

Energy and Fuels, 19(3), 1084–1098. https://doi.org/10.1021/ef049694d 

Vassilev, S. V., & Vassileva, C. G. (2007). A new approach for the classification 

of coal fly ashes based on their origin, composition, properties, and behaviour. 

Fuel, 86(10–11), 1490–1512. https://doi.org/10.1016/j.fuel.2006.11.020 

Wałek, T. T., Saito, F., & Zhang, Q. (2008). The effect of low solid/liquid ratio on 

hydrothermal synthesis of zeolites from fly ash. Fuel, 87(15–16), 3194–3199. 

https://doi.org/10.1016/j.fuel.2008.06.006 

Wang, J., & Guo, X. (2020). Adsorption isotherm models: Classification, physical 

meaning, application and solving method. Chemosphere, 258, 127279. 

https://doi.org/10.1016/j.chemosphere.2020.127279 

Wu, L., Liu, X., Lv, G., Zhu, R., Tian, L., Liu, M., Li, Y., Rao, W., Liu, T., & Liao, 

L. (2021). Study on the adsorption properties of methyl orange by natural one-

dimensional nano-mineral materials with different structures. Scientific 



85 
 

 
 

Reports, 11(1), 1–11. https://doi.org/10.1038/s41598-021-90235-1 

Wulandari, W., Paramitha, T., Rizkiana, J., & Sasongko, D. (2019). 

Characterization of Zeolite A from Coal Fly Ash Via Fusion-Hydrothermal 

Synthesis Method. IOP Conference Series: Materials Science and 

Engineering, 543(1). https://doi.org/10.1088/1757-899X/543/1/012034 

Xing, X., Chang, P.-H., Lv, G., Jiang, W.-T., Jean, J.-S., Liao, L., & Li, Z. (2016). 

Ionic-liquid-crafted zeolite for the removal of anionic dye methyl orange. 

Journal of the Taiwan Institute of Chemical Engineers, 59, 237–243. 

Xu, X., Bao, Y., Song, C., Yang, W., Liu, J., & Lin, L. (2004). Microwave-assisted 

hydrothermal synthesis of hydroxy-sodalite zeolite membrane. Microporous 

and Mesoporous Materials, 75(3), 173–181. 

https://doi.org/10.1016/j.micromeso.2004.07.019 

Yang, G., & Park, S. J. (2019). Conventional and microwave hydrothermal 

synthesis and application of functional materials: A review. Materials, 12(7). 

https://doi.org/10.3390/ma12071177 

Yoldi, M., Fuentes-Ordoñez, E. G., Korili, S. A., & Gil, A. (2019). Zeolite synthesis 

from industrial wastes. Microporous and Mesoporous Materials, 287(March), 

183–191. https://doi.org/10.1016/j.micromeso.2019.06.009 

Zargar, V., Asghari, M., & Dashti, A. (2015). A Review on Chitin and Chitosan 

Polymers: Structure, Chemistry, Solubility, Derivatives, and Applications. 

ChemBioEng Reviews, 2(3), 204–226. 

https://doi.org/10.1002/cben.201400025 

Zeng, H., Qu, X., Xu, D., & Luo, Y. (2022). Porous Adsorption Materials for 

Carbon Dioxide Capture in Industrial Flue Gas. Frontiers in Chemistry, 

10(June), 1–18. https://doi.org/10.3389/fchem.2022.939701 


	Febrian Khoirul Insan_1903856_Skripsi_File 1_Halaman Judul.pdf
	Febrian Khoirul Insan_Lembar Pengesahan.pdf
	Febrian Khoirul Insan_1903856_Skripsi_File 1_Halaman Judul
	Febrian Khoirul Insan_1903856_Skripsi_Daftar Pustaka.pdf

