BABV
KESIMPULAN DAN SARAN

V.I  Kesimpulan

Sebuah komposit bentonit yang dimodifikasi surfaktan memiliki efek
signifikan pada struktur lapisan 2:1 bentonit. Bentonit dalam komposit
memiliki struktur mesopori. Kemampuan adsorpsi dan degradasi fotokatalitik
dari komposit diuji terhadap larutan Rhodamin B. Percobaan adsorpsi fase
cair dilakukan dengan atau tanpa radiasi sinar UV, didapatkan bahwa
adsorpsi maksimum terjadi pada pH 4 dengan waktu kesetimbangan selama
120 menit. Baik isoterm adsorpsi Langmuir, Freundlich maupun Sips dapat
mewakili data percobaan dan memberikan representasi dengan baik.
Karakteristik ruang antarlapisan (d001) dari bentonit Persamaan Langmuir
dan Sips lebih sesuai dalam menggambarkan adsorpsi Rhodamin B pada
bentonit termodifikasi, dengan kecenderungan monolayer pada permukaan
homogen. Kapasitas adsorpsi maksimum Rhodamin B pada masing-masing
komposit bentonit yaitu gmax komposit Be-SKS DDAC WO; 260,256 mg/g
dan nilai gmax komposit Be-SKS DODMAC WO; 206,2691 mg/g. Karena
pH air lebih tinggi dari pHp.c komposit bentonit, hal ini meningkatkan
kapasitas adsorpsi komposit bentonit melalui mekanisme pertukaran ion.
Berdasarkan uji kinetika, Pseudo Second Order juga dapat mewakili data

kinetika dengan baik untuk adsorpsi Rhodamin B.

V.l Saran
Penulis menyarankan agar penelitian selanjutnya melakukan variasi
suhu dalam proses adsorpsi untuk memperoleh data termodinamika yang

lebih komprehensif. Pendekatan ini penting untuk memahami secara
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menyeluruh aspek spontanitas, sifat energi, perubahan keteraturan, serta
mekanisme proses adsorpsi. Selain itu, penulis merekomendasikan
pelaksanaan karakterisasi tambahan menggunakan metode Nitrogen Sorption
untuk menentukan luas permukaan, volume pori, distribusi ukuran pori, dan
karakteristik pori material. Karakterisasi ini akan memberikan informasi
penting mengenai struktur pori dan kapasitas adsorpsi material. Selanjutnya,
penggunaan Transmission Electron Microscope (TEM) juga disarankan guna
mengamati morfologi, ukuran, distribusi partikel atau pori, serta struktur
mikro dan nano material secara detail. Kombinasi kedua teknik karakterisasi
tersebut akan memperkaya pemahaman tentang hubungan antara struktur

fisik material dan performa adsorpsinya.

54



DAFTAR PUSTAKA

[1] Mohapi, M., Sefadi, J. S., Mochane, M. J., Magagula, S. I., &
Lebelo, K. (2020). Effect of LDHs and Other Clays on Polymer Composite
in Adsorptive Removal of Contaminants: A Review. Crystals, 10(11), 957.
https://doi.org/10.3390/cryst10110957

[2] Wang, R., Shi, M., Xu, F., Qiu, Y., Zhang, P., Shen, K., Zhao, Q.,
Yu, J., & Zhang, Y. (2020). Graphdiyne-modified TiO2 nanofibers with

osteoinductive and enhanced photocatalytic antibacterial activities to prevent

implant infection. Nature Communications, 11(2), 4465.
https://doi.org/10.1038/s41467-020-18267-1

[3] Rauf, M. A., & Salman Ashraf, S. (2012). Survey of recent trends in
biochemically assisted degradation of dyes. Chemical Engineering Journal,
209, 520-530. https://doi.org/10.1016/j.cej.2012.08.015

[4] Kingsley, J. J., Suresh, K., & Patil, K. C. (1990). Combustion
synthesis of fine particle rare earth orthoaluminates and yttrium aluminum
garnet. Journal of Solid State Chemistry, 88(2), 435-442.
https://doi.org/10.1016/0022-4596(90)90239-T

[5] Nagaraja, R., Kottam, N., Girija, C. R., & Nagabhushana, B. M.
(2012). Photocatalytic degradation of Rhodamine B dye under UV/solar light

using ZnO nanopowder synthesized by solution combustion route. Powder
Technology, 215-216, 91-97. https://doi.org/10.1016/j.powtec.2011.09.014
[6] Zhang, X., Chen, J,, Jiang, S., Zhang, X., Bi, F., Yang, Y., Wang,
Y., & Wang, Z. (2021). Enhanced photocatalytic degradation of gaseous

toluene and liquidus tetracycline by anatase/rutile titanium dioxide with

heterophase junction derived from materials of Institut Lavoisier-125(Ti):

55



Degradation pathway and mechanism studies. Journal of Colloid and
Interface Science, 588, 122-137. https://doi.org/10.1016/j.jcis.2020.12.042

[71 Yang, Y., Zheng, Z., Yang, M., Chen, J., Li, C., Zhang, C., & Zhang,
X. (2020). In-situ fabrication of a spherical-shaped Zn-Al hydrotalcite with

BiOCI and study on its enhanced photocatalytic mechanism for
perfluorooctanoic acid removal performed with a response surface
methodology. Journal of Hazardous Materials, 399, 123070.
https://doi.org/10.1016/j.jhazmat.2020.123070

[8] Wang, Y., Yu, L., Wang, R., Wang, Y., & Zhang, X. (2020). A novel
cellulose hydrogel coating with nanoscale FeO for Cr(VI) adsorption and
reduction. Science of The Total Environment, 726, 138625.
https://doi.org/10.1016/j.scitotenv.2020.138625

[9] Wang, Y., Yu, L., Wang, R., Wang, Y., & Zhang, X. (2020).
Reactivity of carbon spheres templated Ce/LaC00.5Cu0.503 in the

microwave induced H202 catalytic degradation of salicylic acid:
Characterization, kinetic and mechanism studies. Journal of Colloid and
Interface Science, 574, 74-86. https://doi.org/10.1016/].jcis.2020.04.042

[10] Yang, Y., Zheng, Z., Ji, W., Xu, J., & Zhang, X. (2020). Insights to

perfluorooctanoic acid adsorption micro-mechanism over Fe-based metal

organic frameworks: Combining computational calculation with response
surface methodology. Journal of Hazardous Materials, 395, 122686.
https://doi.org/10.1016/j.jhazmat.2020.122686

[11] Salimi, M., Salehi, Z., Heidari, H., & Vahabzadeh, F. (2021).

Production of activated biochar from Luffa cylindrica and its application for

adsorption of 4-Nitrophenol. Journal of Environmental Chemical
Engineering, 9(4), 105403. https://doi.org/10.1016/].jece.2021.105403
[12] Mousavi, S. A., Kamarehie, B., Almasi, A., Darvishmotevalli, M.,

Salari, M., Moradnia, M., Azimi, F., Ghaderpoori, M., Neyazi, Z., & Karami,
56




M. A. (2023). Removal of Rhodamine B from aqueous solution by stalk corn
activated carbon: adsorption and kinetic study. Biomass Conversion and
Biorefinery, 13(9), 7927-7936. https://doi.org/10.1007/s13399-021-01628-1
[13] Kennedy, A. M., & Arias-Pai¢, M. (2020). Application of powdered

steel slag for more sustainable removal of metals from impaired waters.

Journal of Water Process Engineering, 38, 101599.
https://doi.org/10.1016/j.jwpe.2020.101599
[14] Wang, G., Xiao, H., Zhu, J., Zhao, H., Liu, K., Ma, S., Zhang, S., &

Komarneni, S. (2021). Simultaneous removal of Zn2+ and p-nitrophenol

from wastewater using nanocomposites of montmorillonite with alkyl-
ammonium and complexant. Environmental Research, 201, 111496.
https://doi.org/10.1016/j.envres.2021.111496

[15] Luo, W., Inoue, A., Hirajima, T., & Sasaki, K. (2016). Sequential

modification of montmorillonite with dimethyl dioctadecyl ammonium

chloride and benzyl octadecyl dimethyl ammonium chloride for removal of
perchlorate. Microporous and Mesoporous Materials, 233, 117-124.
https://doi.org/10.1016/j.micromeso.2015.12.030

[16] Abdelwahab, O., Amin, N. K., & El-Ashtoukhy, E.-S. Z. (2013).

Removal of zinc ions from aqueous solution using a cation exchange resin.

Chemical Engineering Research and Design, 91(1), 165-173.
https://doi.org/10.1016/j.cherd.2012.07.005

[17] Long, H., Wu, P., & Zhu, N. (2013). Evaluation of Cs+ removal
from aqueous solution by adsorption on ethylamine-modified

montmorillonite.  Chemical Engineering Journal, 225, 237-244.
https://doi.org/10.1016/j.cej.2013.03.088

[18] Zhang, H., Tong, Z., Wei, T., & Tang, Y. (2012). Sorption
characteristics of Pb(ll) on alkaline Ca-bentonite. Applied Clay Science, 65—

66, 21-23. https://doi.org/10.1016/j.clay.2012.06.010
57




[19] Acisli, O., Karaca, S., & Giirses, A. (2017). Investigation of the
alkyl chain lengths of surfactants on their adsorption by montmorillonite (Mt)
from aqueous solutions. Applied Clay Science, 142, 90-99.
https://doi.org/10.1016/j.clay.2016.12.009

[20] Malato, S., Fernandez-Ibafiez, P., Maldonado, M. 1., Blanco, J., &

Gernjak, W. (2009). Decontamination and disinfection of water by solar

photocatalysis: Recent overview and trends. Catalysis Today, 147(1), 1-59.
https://doi.org/10.1016/j.cattod.2009.06.018

[21] Hassani, A., Khataee, A., Karaca, S., Karaca, C., & Gholami, P.
(2017). Sonocatalytic degradation of ciprofloxacin using synthesized TiO2

nanoparticles on montmorillonite. Ultrasonics Sonochemistry, 35, 251-262.
https://doi.org/10.1016/j.ultsonch.2016.09.027
[22] Pannak, P., Songsasen, A., Foytong, W., Kidkhunthod, P., &

Sirisaksoontorn, W. (2018). Homogeneous distribution of nanosized ZnO in

montmorillonite clay sheets for the photocatalytic enhancement in
degradation of Rhodamine B. Research on Chemical Intermediates, 44(11),
6861-6875. https://doi.org/10.1007/s11164-018-3526-6

[23] Hajjaji, W., Ganiyu, S. O., Tobaldi, D. M., Andrejkovi¢ova, S.,
Pullar, R. C., Rocha, F., & Labrincha, J. A. (2013). Natural Portuguese clayey

materials and derived TiO2-containing composites used for decolouring

methylene blue (MB) and orange Il (Oll) solutions. Applied Clay Science,
83-84, 91-98. https://doi.org/10.1016/j.clay.2013.08.013
[24] Mohammad, A.-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

58



[25] ALTufaily, M. and Z.AlQadi(2016). Preparation and Utilization of
Corncob Activated Carbon for Dyes Removal from Aqueous Solutions:
Batch and Continuous Study. Journal of Babylon University/Engineering
Sciences, 2(3); 24

[26] Belessi, V., Romanos, G., Boukos, N., Lambropoulou, D., &
Trapalis, C. (2009). Removal of Reactive Red 195 from aqueous solutions by
adsorption on the surface of TiO2 nanoparticles. Journal of Hazardous
Materials, 170(2-3), 836-844.
https://doi.org/10.1016/j.jhazmat.2009.05.045

[27] SAHOO, C., GUPTA, A., & PAL, A. (2005). Photocatalytic
degradation of Crystal Violet (C.lI. Basic Violet 3) on silver ion doped TiO.
Dyes and Pigments, 66(3), 189-196.
https://doi.org/10.1016/j.dyepig.2004.09.003

[28] Hu, Q. H., Qiao, S. Z., Haghseresht, F., Wilson, M. A., & Lu, G. Q.
(2006). Adsorption Study for Removal of Basic Red Dye Using Bentonite.
Industrial & Engineering Chemistry Research, 45(2), 733-738.
https://doi.org/10.1021/ie050889y

[29] Karapinar, N., & Donat, R. (2009). Adsorption behaviour of Cu2+
and Cd2+ onto natural bentonite. Desalination, 249(1), 123-129.
https://doi.org/10.1016/j.desal.2008.12.046

[30] ANIRUDHAN, T., & RAMACHANDRAN, M. (2007). Surfactant-
modified bentonite as adsorbent for the removal of humic acid from
wastewaters. Applied Clay Science, 35(3-4), 276-281.
https://doi.org/10.1016/j.clay.2006.09.009

[31] Chandra, I. K., Ju, Y.-H., Ayucitra, A., & Ismadji, S. (2013). Evans

blue removal from wastewater by rarasaponin—bentonite. International

Journal of Environmental Science and Technology, 10(2), 359-370.

https://doi.org/10.1007/s13762-012-0114-y
59




[32] Merino, D., Ollier, R., Lanfranconi, M., & Alvarez, V. (2016).
Preparation and characterization of soy lecithin-modified bentonites. Applied
Clay Science, 127-128, 17-22. https://doi.org/10.1016/j.clay.2016.04.006

[33] Febrianto, J., Kosasih, A. N., Sunarso, J., Ju, Y.-H., Indraswati, N.,
& Ismadiji, S. (2009). Equilibrium and Kinetic studies in adsorption of heavy

metals using biosorbent: A summary of recent studies. Journal of Hazardous
Materials, 162(2-3), 616-645.
https://doi.org/10.1016/j.jhazmat.2008.06.042

[34] Kumar, R., Singh, R., Kumar, N., Bishnoi, K., & Bishnoi, N. R.

(2009). Response surface methodology approach for optimization of

biosorption process for removal of Cr (VI), Ni (II) and Zn (Il) ions by
immobilized bacterial biomass sp. Bacillus brevis. Chemical Engineering
Journal, 146(3), 401-407. https://doi.org/10.1016/j.cej.2008.06.020

[35] Kurniawan, A., Kosasih, A. N., Febrianto, J., Ju, Y.-H., Sunarso, J.,
Indraswati, N., & Ismadji, S. (2011). Evaluation of cassava peel waste as

lowcost biosorbent for Ni-sorption: Equilibrium, kinetics, thermodynamics
and mechanism. Chemical Engineering Journal, 172(1), 158-166.
https://doi.org/10.1016/j.cej.2011.05.083

[36] Mohan, D., & Pittman Jr., C. U. (2006). Activated carbons and low
cost adsorbents for remediation of tri- and hexavalent chromium from water.
Journal of Hazardous Materials, 137(2), 762-811.
https://doi.org/10.1016/j.jhazmat.2006.06.060

[37] ALDEGS, Y., ELBARGHOUTHI, M., ELSHEIKH, A, &
WALKER, G. (2008). Effect of solution pH, ionic strength, and temperature

on adsorption behavior of reactive dyes on activated carbon. Dyes and
Pigments, 77(1), 16-23. https://doi.org/10.1016/].dyepig.2007.03.001
[38] Barkat, M., Nibou, D., Chegrouche, S., & Mellah, A. (2009).

Kinetics and thermodynamics studies of chromium(V1) ions adsorption onto
60




activated carbon from aqueous solutions. Chemical Engineering and
Processing: Process Intensification, 48(1), 38-47.
https://doi.org/10.1016/j.cep.2007.10.004

[39] Chandra, T. C., Mirna, M. M., Sunarso, J., Sudaryanto, Y., &

Ismadji, S. (2009). Activated carbon from durian shell: Preparation and

characterization. Journal of the Taiwan Institute of Chemical Engineers,
40(4), 457-462. https://doi.org/10.1016/j.jtice.2008.10.002

[40] Chen, X., Chen, G., Chen, L., Chen, Y., Lehmann, J., McBride, M.
B., & Hay, A. G. (2011). Adsorption of copper and zinc by biochars produced

from pyrolysis of hardwood and corn straw in aqueous solution. Bioresource
Technology, 102(19), 8877-8884.
https://doi.org/10.1016/j.biortech.2011.06.078

[41] Zhang, W., Mao, S., Chen, H., Huang, L., & Qiu, R. (2013). Pb(Il)

and Cr(VI) sorption by biochars pyrolyzed from the municipal wastewater

sludge under different heating conditions. Bioresource Technology, 147,
545-552. https://doi.org/10.1016/j.biortech.2013.08.082
[42] Zhu, N., Yan, T., Qiao, J., & Cao, H. (2016). Adsorption of arsenic,

phosphorus and chromium by bismuth impregnated biochar: Adsorption

mechanism and depleted adsorbent utilization. Chemosphere, 164, 32-40.
https://doi.org/10.1016/j.chemosphere.2016.08.036

[43] Dong, H., Deng, J., Xie, Y., Zhang, C., Jiang, Z., Cheng, Y., Hou,
K., & Zeng, G. (2017). Stabilization of nanoscale zero-valent iron (nZVI)

with modified biochar for Cr(VI) removal from aqueous solution. Journal of
Hazardous Materials, 332, 79-86.
https://doi.org/10.1016/j.jhazmat.2017.03.002

[44] BASKARALINGAM, P., PULIKESI, M., ELANGO, D,
RAMAMURTHI, V., & SIVANESAN, S. (2006). Adsorption of acid dye

61



onto organobentonite. Journal of Hazardous Materials, 128(2-3), 138-144.
https://doi.org/10.1016/j.jhazmat.2005.07.049

[45] Ismadji, S., Soetaredjo, F. E., & Ayucitra, A. (2015). Clay Materials
for Environmental Remediation. Springer International Publishing.
https://doi.org/10.1007/978-3-319-16712-1

[46] Zhu, Y., Cui, Y., Peng, Y., Dai, R., Chen, H., & Wang, Y. (2023).

Preparation of CTAB intercalated bentonite for ultrafast adsorption of

anionic dyes and mechanism study. Colloids and Surfaces A:
Physicochemical and Engineering  Aspects, 658, 130705.
https://doi.org/10.1016/j.colsurfa.2022.130705

[47] Ding, W., Liang, H., Zhang, H., Sun, H., Geng, Z., & Xu, C. (2023).
A cellulose/bentonite grafted polyacrylic acid hydrogel for highly-efficient

removal of Cd(ll). Journal of Water Process Engineering, 51, 103414,
https://doi.org/10.1016/j.jwpe.2022.103414

[48] Hadoudi, N., Charki, A., el Ouarghi, H., Salhi, A., Amhamdi, H., &
Ahari, M. (2023). Sorption of Bisphenol A from aqueous solutions by acid

activated bentonite clay. Desalination and Water Treatment, 285, 121-128.
https://doi.org/10.5004/dwt.2023.29295

[49] Balarak, D., Bazzi, M., Shehu, Z., & Chandrika, K. (2020).
Application of Surfactant-Modified Bentonite for Methylene Blue

Adsorption from Aqueous Solution. Oriental Journal of Chemistry, 36(02),
293-299. https://doi.org/10.13005/0jc/360212

[50] Ozola-Davidane, R., Burlakovs, J., Tamm, T., Zeltkalne, S.,
Krauklis, A. E., & Klavins, M. (2021). Bentonite-ionic liquid composites for

Congo red removal from aqueous solutions. Journal of Molecular Liquids,
337, 116373. https://doi.org/10.1016/j.molliq.2021.116373
[51] Tayeb, H., Kamel Ismet, B., Brahim, B., Assia, Z., & Ahmed, B.

(2023). Enhanced Removal of Brilliant Orange by Poly (4-
62




vinylpyridine)/Acid-Activated Bentonite Composite. Physical Chemistry
Research, 11(2), 327-339.

[52] Igajtaoune, A., Taibi, M., Saufi, H., Aouan, B., & Boudad, L.
(2024). Enhanced removal of methylene blue and procion deep red H-EXL
dyes from aqueous environments by modified-bentonite: Isotherm, Kinetic,
and thermodynamic. Desalination and Water Treatment, 320, 100607.
https://doi.org/10.1016/j.dwt.2024.100607

[53] Zhang, L.-L., Zaoui, A., Sekkal, W., & Zheng, Y.-Y. (2023).

Interlayer adsorption of cationic dye on cationic surfactant-modified and

unmodified montmorillonite. Journal of Hazardous Materials, 442, 130107.
https://doi.org/10.1016/j.jhazmat.2022.130107

[54] Perelomov, L., Gertsen, M., Burachevskaya, M., Hemalatha, S.,

Vijayalakshmi, A., Perelomova, I., & Atroshchenko, Y. (2024). Organoclays
Based on Bentonite and Various Types of Surfactants as Heavy Metal
Remediants. Sustainability, 16(11), 4804.
https://doi.org/10.3390/su16114804

[55] Malakul, P., Srinivasan, K. R., & Wang, H. Y. (1998). Metal
Adsorption and Desorption Characteristics of Surfactant-Modified Clay

Complexes. Industrial & Engineering Chemistry Research, 37(11), 4296—
4301. https://doi.org/10.1021/ie980057i
[56] Zhou, Q., He, H. P, Zhu, J. X., Shen, W., Frost, R. L., & Yuan, P.

(2008). Mechanism of p-nitrophenol adsorption from aqueous solution by

HDTMA+-pillared montmorillonite—Implications for water purification.
Journal of Hazardous Materials, 154(1-3), 1025-1032.
https://doi.org/10.1016/j.jhazmat.2007.11.009

[57] Dutta, A., & Singh, N. (2015). Surfactant-modified bentonite clays:

preparation, characterization, and atrazine removal. Environmental Science

63



and Pollution Research, 22(5), 3876—-3885. https://doi.org/10.1007/s11356-
014-3656-3

[58] Perelomov, L., Gertsen, M., Burachevskaya, M., Hemalatha, S.,
Vijayalakshmi, A., Perelomova, I., & Atroshchenko, Y. (2024). Organoclays
Based on Bentonite and Various Types of Surfactants as Heavy Metal
Remediants. Sustainability, 16(11), 4804.
https://doi.org/10.3390/su16114804

[59] Kan, T., Jiang, X., Zhou, L., Yang, M., Duan, M., Liu, P., & Jiang,

X. (2011). Removal of methyl orange from aqueous solutions using a
bentonite modified with a new gemini surfactant. Applied Clay Science,
54(2), 184-187. https://doi.org/10.1016/j.clay.2011.07.009

[60] Gupta, V. K., Suhas, Ali, I., & Saini, V. K. (2004). Removal of

Rhodamine B, Fast Green, and Methylene Blue from Wastewater Using Red

Mud, an Aluminum Industry Waste. Industrial & Engineering Chemistry
Research, 43(7), 1740-1747. https://doi.org/10.1021/ie034218g
[61] Wan Ngah, W. S., & Hanafiah, M. A. K. M. (2008). Removal of

heavy metal ions from wastewater by chemically modified plant wastes as
adsorbents: A review. Bioresource Technology, 99(10), 3935-3948.
https://doi.org/10.1016/j.biortech.2007.06.011

[62] Zhang, L.-L., Zaoui, A., Sekkal, W., & Zheng, Y.-Y. (2023).

Interlayer adsorption of cationic dye on cationic surfactant-modified and

unmodified montmorillonite. Journal of Hazardous Materials, 442, 130107.
https://doi.org/10.1016/j.jhazmat.2022.130107
[63] Umpuch, C., & Fakthaisongdechakul, T. (2024). Application of

response surface methodology for optimization of reactive black 5 removal

by gelatin beads containing TTAB modified montmorillonite clay. Case
Studies in Chemical and Environmental Engineering, 9, 100758.

https://doi.org/10.1016/j.cscee.2024.100758
64




[64] Keshavarzi, F., Samaei, M. R., Hashemi, H., Azhdarpoor, A., &
Mohammadpour, A. (2024). Application of montmorillonite/octadecylamine
nanoparticles in the removal of textile dye from aqueous solutions: Modeling,
kinetic, and  equilibrium  studies.  Heliyon, 10(4), €25919.
https://doi.org/10.1016/j.heliyon.2024.e25919

[65] Abbou, B., Lebkiri, I., Quaddari, H., el Amri, A., Achibat, F. E.,
Kadiri, L., Ouass, A., Lebkiri, A., & Rifi, E. H. (2023). Improved removal of
methyl orange dye by adsorption using modified clay: Combined

experimental study using surface response methodology. Inorganic
Chemistry Communications, 155, 111127.
https://doi.org/10.1016/j.inoche.2023.111127

[66] Sarabadan, M., Bashiri, H., & Mousavi, S. M. (2022). Efficient

removal of crystal violet from solution by montmorillonite modified with

docosyl-trimethylammonium chloride and sodium dodecyl sulfate:
modelling, kinetics and equilibrium studies. Clay Minerals, 57(1), 7-20.
https://doi.org/10.1180/cIm.2022.15

[67] Rahmani, M., & Dadvand Koohi, A. (2022). Adsorption of

malachite green on the modified montmorillonite/xanthan gum-sodium

alginate hybrid nanocomposite. Polymer Bulletin, 79(10), 8241-8267.
https://doi.org/10.1007/s00289-021-03889-2

[68] Khatibi, A. D., Yilmaz, M., Mahvi, A. H., Balarak, D., & Salehi, S.
(2022). Evaluation of surfactant-modified bentonite for Acid Red 88 dye

adsorption in batch mode: kinetic, equilibrium, and thermodynamic studies.
Desalination and Water Treatment, 271, 48-57.
https://doi.org/10.5004/dwt.2022.28812

[69] Risti¢, M., SamarZija-Jovanovi¢, S., Jovanovi¢, T., Jovanovi¢, V.,
Kosti¢, M., Markovi¢, G., & Marinovi¢-Cincovi¢, M. (2024). Organically

modified montmorillonite as an environmental adsorbent of pollutants:
65



Formaldehyde from urea-formaldehyde resin and Acid Red 183 dye from the
aqueous solution. Journal of Environmental Chemical Engineering, 12(1),
111828. https://doi.org/10.1016/j.jece.2023.111828

[70] Tabrizi, S. H., Tanhaei, B., Ayati, A., & Ranjbari, S. (2022).

Substantial improvement in the adsorption behavior of montmorillonite

toward Tartrazine through hexadecylamine impregnation. Environmental
Research, 204, 111965. https://doi.org/10.1016/j.envres.2021.111965

[71] Sun, B., Qiu, P., Liang, Z., Xue, Y., Zhang, X., Yang, L., Cui, H., &
Tian, J. (2021). The fabrication of 1D/2D CdS nanorod@Ti3C2 MXene

composites for good photocatalytic activity of hydrogen generation and

ammonia synthesis. Chemical Engineering Journal, 406, 127177.
https://doi.org/10.1016/j.cej.2020.127177

[72] Wijaya, K., Sugiharto, E., Fatimah, I., Sudiono, S., & Kurniaysih,
D. (2006). UTILISASI TiO2-ZEOLIT DAN SINAR UV UNTUK
FOTODEGRADASI ZAT WARNA CONGO RED. Teknoin, 11(3).
https://doi.org/10.20885/teknoin.vol11.iss3.art4

[73] Wang, W., Lin, F., Yan, B., Cheng, Z., Chen, G., Kuang, M., Yang,
C., & Hou, L. (2020). The role of seashell wastes in TiO2/Seashell

composites: Photocatalytic degradation of methylene blue dye under

sunlight. Environmental Research, 188, 109831.
https://doi.org/10.1016/j.envres.2020.109831

[74] Nakata, K., & Fujishima, A. (2012). TiO2 photocatalysis: Design
and applications. Journal of Photochemistry and Photobiology C:
Photochemistry Reviews, 13(3), 169-189.
https://doi.org/10.1016/j.jphotochemrev.2012.06.001

[75] Chinh, V. D., Broggi, A., di Palma, L., Scarsella, M., Speranza, G.,
Vilardi, G., & Thang, P. N. (2018). XPS Spectra Analysis of Ti2+, Ti3+ lons

and Dye Photodegradation Evaluation of Titania-Silica Mixed Oxide
66




Nanoparticles. Journal of Electronic Materials, 47(4), 2215-2224.
https://doi.org/10.1007/s11664-017-6036-1
[76] Chinh, V.D., Hung, L.X., Di Palma, L., Hanh, V.T.H., Vilardi, G.,

2019. Effect of carbon nanotubes and carbon nanotubes/gold nanoparticles

composite on the photocatalytic activity of TiO2 and TiO2-SiO2. Chem. Eng.
Technol. 42, 308-315.

[77] Hassani, A., Khataee, A., Karaca, S., Karaca, C., & Gholami, P.
(2017). Sonocatalytic degradation of ciprofloxacin using synthesized TiO2
nanoparticles on montmorillonite. Ultrasonics Sonochemistry, 35, 251-262.
https://doi.org/10.1016/j.ultsonch.2016.09.027

[78] Fan, L., Long, J., Gu, Q., Huang, H., Lin, H., & Wang, X. (2014).

Single-site nickel-grafted anatase TiO 2 for hydrogen production: Toward

understanding the nature of visible-light photocatalysis. Journal of Catalysis,
320, 147-159. https://doi.org/10.1016/j.jcat.2014.09.020

[79] Huang, J., Shi, Z., & Dong, X. (2016). Nickel sulfide modified TiO
2 nanotubes with highly efficient photocatalytic H 2 evolution activity.
Journal of Energy Chemistry, 25(1), 136-140.
https://doi.org/10.1016/j.jechem.2015.11.007

[80] Tahir, M., & Amin, N. S. (2016). Performance analysis of
nanostructured NiO-In203/TiO2 catalyst for CO2 photoreduction with H2

in a monolith photoreactor. Chemical Engineering Journal, 285, 635-649.
https://doi.org/10.1016/j.cej.2015.10.033

[81] Natarajan, T. S., Thomas, M., Natarajan, K., Bajaj, H. C., & Tayade,
R. J. (2011). Study on UV-LED/TiO2 process for degradation of Rhodamine
B dye. Chemical Engineering Journal, 169(1-3), 126-134.
https://doi.org/10.1016/j.cej.2011.02.066

[82] Shi, L., Liang, L., Wang, F., Liu, M., & Sun, J. (2015). Enhanced

visible-light photocatalytic activity and stability over g-C3N4/Ag2CO3
67




composites. Journal of Materials Science, 50(4), 1718-1727.
https://doi.org/10.1007/s10853-014-8733-y

[83] Wang, R., Shi, M., Xu, F., Qiu, Y., Zhang, P., Shen, K., Zhao, Q.,
Yu, J., & Zhang, Y. (2020). Graphdiyne-modified TiO2 nanofibers with

osteoinductive and enhanced photocatalytic antibacterial activities to prevent

implant infection. Nature Communications, 11(2), 4465.
https://doi.org/10.1038/s41467-020-18267-1

[84] Attia, A. A., Girgis, B. S., & Fathy, N. A. (2008). Removal of
methylene blue by carbons derived from peach stones by H3PO4 activation:
Batch and column studies. Dyes and Pigments, 76(1), 282-289.
https://doi.org/10.1016/j.dyepig.2006.08.039

[85] Sharma, P., Kaur, H., Sharma, M., & Sahore, V. (2011). A review

on applicability of naturally available adsorbents for the removal of

hazardous dyes from aqueous waste. Environmental Monitoring and
Assessment, 183(1-4), 151-195. https://doi.org/10.1007/s10661-011-1914-0
[86] Gupta, V. K., Suhas, Ali, I., & Saini, V. K. (2004). Removal of

Rhodamine B, Fast Green, and Methylene Blue from Wastewater Using Red

Mud, an Aluminum Industry Waste. Industrial & Engineering Chemistry
Research, 43(7), 1740-1747. https://doi.org/10.1021/ie034218q

[87] Igbal, M. (2008). Textile dyes. Rehbar, Karachi.

[88] Basheer, A. A. (2018). Chemical chiral pollution: Impact on the
society and science and need of the regulations in the 21 *t century. Chirality,
30(4), 402-406. https://doi.org/10.1002/chir.22808

[89] Kornbrust, D., & Barfknecht, T. (1985). Testing of 24 food, drug,

cosmetic, and fabric dyes in the in vitro and the in vivo/in vitro rat hepatocyte

primary culture DNA repair assays. Environmental Mutagenesis, 7(1), 101
120. https://doi.org/10.1002/em.2860070106

68



[90] Smoke, T., & Smoking, I. (2004). IARC monographs on the
evaluation of carcinogenic risks to humans. IARC, Lyon, 1, 1-1452.

[91] Mirsalis, J. C., Tyson, C. K., Steinmetz, K. L., Loh, E. K., Hamilton,
C. M., Bakke, J. P., & Spalding, J. W. (1989). Measurement of unscheduled
DNA synthesis and S-phase synthesis in rodent hepatocytes following in vivo
treatment; Testing of 24 compounds. Environmental and Molecular
Mutagenesis, 14(3), 155-164. https://doi.org/10.1002/em.2850140305

[92] McGregor, D. B., Brown, A. G., Howgate, S., McBride, D., Riach,
C., Caspary, W. J., & Carver, J. H. (1991). Responses of the L5178Y mouse

lymphoma cell forward mutation assay. V: 27 coded chemicals.

Environmental and  Molecular  Mutagenesis, 17(3), 196-219.
https://doi.org/10.1002/em.2850170309
[93] Shimada, T., Yamazaki, H., Mimura, M., Inui, Y., & Guengerich, F.

P. (1994). Interindividual variations in human liver cytochrome P-450

enzymes involved in the oxidation of drugs, carcinogens and toxic chemicals:
studies with liver microsomes of 30 Japanese and 30 Caucasians. The Journal
of Pharmacology and Experimental Therapeutics, 270(1), 414-423.

[94] Opinion of the Scientific Panel on food additives, flavourings,
processing aids and materials in contact with food (AFC) on a request from
the Commission related to tertiary-Butylhydroquinone (TBHQ). (2004).
EFSA Journal, 2(10), 84. https://doi.org/10.2903/].efsa.2004.84

[95] Liu, K., Li, H., Wang, Y., Gou, X., & Duan, Y. (2015). Adsorption
and removal of rhodamine B from aqueous solution by tannic acid

functionalized graphene. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 477, 35-41.
https://doi.org/10.1016/j.colsurfa.2015.03.048

[96] Xiao, W., Garba, Z. N., Sun, S., Lawan, I., Wang, L., Lin, M., &

Yuan, Z. (2020). Preparation and evaluation of an effective activated carbon
69




from white sugar for the adsorption of rhodamine B dye. Journal of Cleaner
Production, 253, 119989. https://doi.org/10.1016/j.jclepro.2020.119989
[97] Kumar, R., Singh, R., Kumar, N., Bishnoi, K., & Bishnoi, N. R.

(2009). Response surface methodology approach for optimization of

biosorption process for removal of Cr (VI), Ni (II) and Zn (Il) ions by
immobilized bacterial biomass sp. Bacillus brevis. Chemical Engineering
Journal, 146(3), 401-407. https://doi.org/10.1016/j.cej.2008.06.020

[98] Kusmierek, K., Fronczyk, J., & Swiatkowski, A. (2023). Adsorptive
Removal of Rhodamine B Dye from Aqueous Solutions Using Mineral
Materials as Low-Cost Adsorbents. Water, Air, & Soil Pollution, 234(8), 531.
https://doi.org/10.1007/s11270-023-06511-5

[99] Hakim, Y., Mohadi, R., Mardiyanto, M., & Royani, I. (2023).
Ammonium-Assisted Intercalation of Java Bentonite as Effective of Cationic

Dye Removal. Journal of Ecological Engineering, 24(2), 184-195.
https://doi.org/10.12911/22998993/156665

[100] Petkowicz, D. I., Brambilla, R., Radtke, C., da Silva, C. D. S., da
Rocha, Z. N., Pergher, S. B. C.,, & dos Santos, J. H. Z. (2009).
Photodegradation of methylene blue by in situ generated titania supported on
a NaA zeolite. Applied Catalysis A: General, 357(2), 125-134.
https://doi.org/10.1016/j.apcata.2008.12.040

[101] Grzadka, E. et al. (2022) “Interactions between Nanoclay, CTAB
and Linear/Star Shaped Polymers,” International Journal of Molecular
Sciences, 23(6), p. 3051. Available at: https://doi.org/10.3390/ijms23063051.
[102] Kanwal, A., Rehman, R., & Imran, M. (2022). Adsorptive
Detoxification of Congo Red and Brilliant Green Dyes Using Chemically

Processed Brassica Oleracea Biowaste from Waste Water. Adsorption
Science & Technology, 2022. https://doi.org/10.1155/2022/9995335

70



[103] Ribeiro dos Santos, F., de Oliveira Bruno, H. C., & Zelayaran
Melgar, L. (2019). Use of bentonite calcined clay as an adsorbent:
equilibrium and thermodynamic study of Rhodamine B adsorption in
aqueous solution. Environmental Science and Pollution Research, 26(28),
28622-28632. https://doi.org/10.1007/s11356-019-04641-0

[104]  Anil Kumar, K., Bisoi, A., Yeshwanth, M., Shobham, N., Jujaru, M.,
Panwar, J., & Gupta, S. (2024). Unveiling the dye adsorption capability of

Moringa oleifera functionalized hybrid porous MOF-GO composites: in vitro
and in silico ecotoxicity assessment via antibacterial and molecular docking
studies. Environmental Science: Water Research and Technology, 10(8),
1938-1963. https://doi.org/10.1039/d4ew00185k

[105]  Xie, Y., Chen, C., Ren, X., Wang, X., Wang, H., & Wang, X.

(2019). Emerging natural and tailored materials for uranium-contaminated

water treatment and environmental remediation. Progress in Materials
Science, 103, 180-234. https://doi.org/10.1016/j.pmatsci.2019.01.005

[106] Test Method for Methylene Blue Index of Clay. (2019). ASTM
International. https://doi.org/10.1520/C0837-09R19

[107] Yang, Y., Chun, Y., Sheng, G., & Huang, M. (2004). pH-
Dependence of Pesticide Adsorption by Wheat-Residue-Derived Black
Carbon. Langmuir, 20(16), 6736-6741. https://doi.org/10.1021/1a049363t.
[108] Rivera-Utrilla, J., Bautista-Toledo, I., Ferro-Garcia, M. A., &

Moreno-Castilla, C. (2001). Activated carbon surface modifications by

adsorption of bacteria and their effect on aqueous lead adsorption. Journal of
Chemical Technology &  Biotechnology, 76(12), 1209-1215.
https://doi.org/10.1002/jctb.506

[109] Tomi¢, Z.P. et al. (2011) “Comparison of structural, textural and

thermal characteristics of pure and acid treated bentonites from Aleksinac and

Petrovac (Serbia),” Spectrochimica Acta Part A: Molecular and
71



Biomolecular  Spectroscopy, 82(1), pp. 389-395. Available at:
https://doi.org/10.1016/j.saa.2011.07.068.

[110] Zhang, R. etal. (2011) “Real time monitoring of the drug release of
rhodamine B on graphene oxide,” Carbon, 49(4), pp. 1126-1132. Available
at: https://doi.org/10.1016/j.carbon.2010.11.026.

[111]  Abdi,J. etal. (2017) “Synthesis of metal-organic framework hybrid

nanocomposites based on GO and CNT with high adsorption capacity for dye

removal,” Chemical Engineering Journal, 326, pp. 1145-1158. Available at:
https://doi.org/10.1016/j.cej.2017.06.054.
[112] Laysandra, L. et al. (2017) “Adsorption and photocatalytic

performance of bentonite-titanium dioxide composites for methylene blue
and rhodamine B decoloration,” Heliyon, 3(12), p. e00488. Available at:
https://doi.org/10.1016/j.heliyon.2017.e00488.

[113]  Petit, S. (2006) “Chapter 12.6 Fourier Transform Infrared
Spectroscopy,” in, pp. 909-918. Available at: https://doi.org/10.1016/S1572-
4352(05)01032-9.

[114] Koswojo, R. etal. (2010) “Acid Green 25 removal from wastewater

by organo-bentonite from Pacitan,” Applied Clay Science, 48(1-2), pp. 81—
86. Available at: https://doi.org/10.1016/j.clay.2009.11.023.
[115] Saadi, R. et al. (2015) “Monolayer and multilayer adsorption isotherm

models for sorption from aqueous media,” Korean Journal of Chemical
Engineering, 32(5), pp. 787-799. Available at:
https://doi.org/10.1007/s11814-015-0053-7.

[116] Siregar, S.H. et al. (2023) “Titanium Dioxide (TiO2) Modified
Bentonite for Photodegradation in Methylene Blue Dye,” Jurnal Kimia Sains
dan Aplikasi, 26(4), pp. 143-150. Available at:
https://doi.org/10.14710/jksa.26.4.143-150.

72



[117] Bora, J. et al. (2021) “Morphology and mineralogy of ambient
particulate matter over mid-Brahmaputra Valley: application of SEM-EDX,
XRD, and FTIR techniques,” SN Applied Sciences, 3(1), p. 137. Available at:
https://doi.org/10.1007/s42452-020-04117-8.

[118] Anirudhan, T.S. and Ramachandran, M. (2015) “Adsorptive removal

of basic dyes from aqueous solutions by surfactant modified bentonite clay

(organoclay): Kinetic and competitive adsorption isotherm,” Process Safety
and Environmental Protection, 95, pp. 215-225. Available at:
https://doi.org/10.1016/j.psep.2015.03.003.

[119] Xue, W. et al. (2007) “FTIR investigation of CTAB-Al-

montmorillonite complexes,” Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, 67(3-4), pp. 1030-1036. Available at:
https://doi.org/10.1016/j.5aa.2006.09.024.

73



