
 

47 

DAFTAR PUSTAKA 

Al-Hasani, H., Al-Sabahi, J., Al-Ghafri, B., Al-Hajri, R., and Al-Abri, M., 

2022, Effect of Water Quality in Photocatalytic Degradation of Phenol 

Using Zinc Oxide Nanorods Under Visible Light Irradiation, J. Water 

Process. Eng, 49, 1–13. 

An, L. and Onishi, H., 2015, Electron-hole Recombination Controlled by 

Metal Doping Sites in NaTaO3 Photocatalysts, ACS Catal., 5, 3196–

3206. 

An, M., Li, L., Gao, X., Zhu, Y., Guan, J., and Wu, Q., 2022, The Improved 

Photocatalytic Performance of The Gully-like CdS-APS@TiO2-ZrO2 

Composite by Constructing Z-Scheme Heterojunction, Physicochem. 

Eng. Asp., 643, . 

Andita, K.R., Kurniawan, R., and Syoufian, A., 2019, Synthesis and 

Characterization of Cu-doped Zirconium Titanate as a Potential Visible 

Light Responsive Photocatalyst, Indones. J. Chem, 19, 761–766. 

Arafati, A., Borhani, E., Nourbakhsh, S.M.S., and Abdoos, H., 2019, 

Synthesis and Characterization of Tetragonal / Monoclinic Mixed 

Phases Nanozirconia Powders, Ceram Int., 45, 12975–12982. 

Arce-Saldaña, L.A., Caudillo-Flores, U., Sayago-Carro, R., Soto-Herrera, G., 

Fernández-García, M., and Kubacka, A., 2023, Hydrogen 

Photoproduction Using Au Promoted ZrOx-TiO2 Composite Catalysts, 

Catal. Today., 419, . 

Arjun, A., Dharr, A., Raguram, T., and Rajni, K.S., 2020, Study of Copper 

Doped Zirconium Dioxide Nanoparticles Synthesized via Sol–Gel 

Technique for Photocatalytic Applications, J. Inorg. Organomet. Polym 

.Mater, 30, 4989–4998. 

Arora, P., Fermah, A., Rajput, J.K., Singh, H., and Badhan, J., 2017, 

Efficient Solar Light-Driven Degradation of Congo Red with Novel Cu-

Loaded Fe3O4@TiO2 Nanoparticles, Environ. Sci. Pollut. Res. , 24, 

19546–19560. 

Azizi, K.F. and Bagheri-Mohagheghi, M.M., 2013, Transition from Anatase 

to Rutile Phase in Titanium Dioxide (TiO2) Nanoparticles Synthesized 

by Complexing Sol-Gel Process: Effect of Kind of Complexing Agent 

and Calcinating Temperature, J. Sol-gel Sci. Technol., 65, 329–335. 

Babu, U.J.R., Hareesh, K., Rondiya, S.R., Nagaraju, D.H., and Mahendra, 

K., 2023, Synthesis and Characterization of Nitrogen and Phosphorus 

co-doped TiO2 Nanoparticle Anchored Graphitic Carbon Nitride 

Nanosheets: Photocatalytic Application on Dye Removal, Diam. Relat. 

Mater., 139, . 

FOTODEGRADASI FENOL DI BAWAH IRADIASI SINAR TAMPAK MENGGUNAKAN KOMPOSIT
Cu-N-CODOPED ZrTiO4 SEBAGAI
FOTOKATALIS BERKINERJA TINGGI
Wanda Putra Fauzi, Akhmad Syoufian, Ph.D.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



 

48 

 

Bahrudin, N.N., 2022, Evaluation of Degradation Kinetic and Photostability 

of Immobilized TiO2/Activated Carbon Bilayer Photocatalyst for Phenol 

Removal, Appl. Surf. Sci., 7, 100208. 

Bandara, W.R.L.N., De Silva, R.M., De Silva, K.M.N., Dahanayake, D., 

Gunasekara, S., and Thanabalasingam, K., 2017, Is Nano ZrO2 a Better 

Photocatalyst Than Nano TiO2 for Degradation of Plastics?, RSC Adv., 

7, 46155–46163. 

Bashirom, N., Tan, W.K., Kawamura, G., Matsuda, A., and Lockman, Z., 

2022, Formation of Self-Organized ZrO2-TiO2 and ZrTiO4-TiO2 

Nanotube Arrays by Anodization of Ti-40Zr Foil for Cr (VI) Removal, 

J. Mater. Res. Technol., 19, 2991–3003. 

Bharali, D., Saikia, S., Devi, R., Choudary, B.M., Gour, N.K., and Deka, 

R.C., 2023, Photocatalytic Degradation of Phenol and its Derivatives 

Over ZnFe Layered Double Hydroxide, J. Photochem. Photobiol., A. 

Chem., 438, . 

Byrne, C., Moran, L., Hermosilla, D., Merayo, N., Blanco, Á., Rhatigan, S., 

Hinder, S., Ganguly, P., Nolan, M., and Pillai, S.C., 2019, Effect of Cu 

Doping on The Anatase-to-Rutile Phase Transition in TiO2 

Photocatalysts: Theory and Experiments, Appl. Catal. B., 246, 266–276. 

Chen, X. and Zhu, H., 2011, Catalysis by Supported Gold Nanoparticles,. In, 

J. Nanosci. Nanotechnol. Elsevier, pp. 1–11. 

Choi, J., Park, H., and Hoffmann, M.R., 2010, Effects of Single Metal-Ion 

Doping on The Visible-Light Photoreactivity of TiO2, J. Phys. Chem. C, 

114, 783–792. 

Choudhury, B. and Choudhury, A., 2013, Defect Generation, d-d Transition, 

and Band Gap Reduction in Cu-doped TiO2, Int. Nano Lett., 3, 1–8. 

Colón, G., Maicu, M., Hidalgo, M.C., and Navío, J.A., 2006, Cu-doped TiO2 

Systems with Improved Photocatalytic Activity, Appl. Catal. B., 67, 41–

51. 

Crini, G. and Lichtfouse, E., 2019, Advantages and Disadvantages of 

Techniques Used for Wastewater Treatment, Environ. Chem. Lett., 17, 

145–155. 

Dang, T.T.T., Le, S.T.T., Channei, D., Khanitchaidecha, W., and Nakaruk, 

A., 2016, Photodegradation Mechanisms of Phenol in The 

Photocatalytic Process, Res. Chem. Intermed., 42, 5961–5974. 

Dijkman, W.P., De Gonzalo, G., Mattevi, A., and Fraaije, M.W., 2013, 

Flavoprotein Oxidases: Classification and Applications, Appl. 

Microbiol. Biotechnol., 97, 5177–5188. 

Doong, R. an and Liao, C.Y., 2017, Enhanced Visible-Light-Responsive 

Photodegradation of Bisphenol A by Cu, N-codoped Titanate 

FOTODEGRADASI FENOL DI BAWAH IRADIASI SINAR TAMPAK MENGGUNAKAN KOMPOSIT
Cu-N-CODOPED ZrTiO4 SEBAGAI
FOTOKATALIS BERKINERJA TINGGI
Wanda Putra Fauzi, Akhmad Syoufian, Ph.D.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



 

49 

 

Nanotubes Prepared by Microwave-Assisted Hydrothermal Method, J. 

Hazard. Mater., 322, 254–262. 

Feng, C., Chen, Z., Jing, J., and Hou, J., 2020, The Photocatalytic Phenol 

Degradation Mechanism of Ag-Modified ZnO Nanorods, J. Mater. 

Chem. C. Mater., 8, 3000–3009. 

Ghosh Chaudhuri, R., 2017, Metal/semiconductor core/shell nanostructures 

for environmental remediation,. In, Metal Semiconductor Core-shell 

Nanostructures for Energy and Environmental Applications. Elsevier, 

pp. 79–98. 

Goodarzi, N., Ashrafi-Peyman, Z., Khani, E., and Moshfegh, A.Z., 2023, 

Recent Progress on Semiconductor Heterogeneous Photocatalysts in 

Clean Energy Production and Environmental Remediation, Catal., 13, . 

Gunlazuardi, J., Author, C., Nasution, H.W., Purnama, E., and Riyani, K., 

2009, Effect of Copper Species in a Photocatalytic Synthesis of 

Methanol from Carbon Dioxide over Copper-doped Titania Catalysts 

Yeast-based Fuel Cell View project Effect of Copper Species in a 

Photocatalytic Synthesis of Methanol from Carbon Dioxide over 

Copper-doped Titania Catalysts, World Appl. Sci. J., 6, 112–122. 

Hamadanian, M., Reisi-Vanani, A., and Majedi, A., 2009, Preparation and 

Characterization of S-doped TiO2 Nanoparticles, Effect of Calcination 

Temperature and Evaluation of Photocatalytic Activity, Mater. Chem. 

Phys., 116, 376–382. 

Hammam, M., Zaki, M.S., Yousef, R.A., and Fawzi, O., 2015, AENSI 

Journals Advances in Environmental Biology Toxicity, Mutagenicity 

and carcinogenicity of phenols and phenolic compounds on human and 

living organisms [A Review] 1 A, Adv. Environ. Biol., 9, 38–48. 

Hanaor, D.A.H. and Sorrell, C.C., 2011, Review of The Anatase to Rutile 

Phase Transformation, J. Mater. Sci., 46, 855–874. 

Hannink, R.H.J., Kelly, P.M., and Muddle, B.C., 2000, Transformation 

Toughening in Zirconia-Containing Ceramics, J. Am. Ceram. Soc., 83, 

461–487. 

Hayati, R., Kurniawan, R., Prasetyo, N., Sudiono, S., and Syoufian, A., 2022, 

Codoping Effect of Nitrogen (N) to Iron (Fe) Doped Zirconium Titanate 

(ZrTiO4) Composite Toward Its Visible Light Responsiveness as 

Photocatalysts, Indonesian Journal of Chemistry, 22, 692–702. 

Jain, M., Majumder, A., Gupta, A.K., and Ghosal, P.S., 2023, Application of 

a New Baffled Horizontal Flow Constructed Wetland-Filter Unit 

(BHFCWFU) for Treatment and Reuse of Petrochemical Industry 

Wastewater, J. Environ. Manage., 325, . 

FOTODEGRADASI FENOL DI BAWAH IRADIASI SINAR TAMPAK MENGGUNAKAN KOMPOSIT
Cu-N-CODOPED ZrTiO4 SEBAGAI
FOTOKATALIS BERKINERJA TINGGI
Wanda Putra Fauzi, Akhmad Syoufian, Ph.D.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



 

50 

 

Jaiswal, R., Bharambe, J., Patel, N., Dashora, A., Kothari, D.C., and 

Miotello, A., 2015, Copper and Nitrogen co-doped TiO2 Photocatalyst 

with Enhanced Optical Absorption and Catalytic Activity, Appl. Catal. 

B., 168–169, 333–341. 

Jamali, A., Vanraes, R., Hanselaer, P., and Van Gerven, T., 2013, A Batch 

LED Reactor for The Photocatalytic Degradation of Phenol, Chem. Eng. 

Process.: Process Intensif., 71, 43–50. 

Kambur, A., Pozan, G.S., and Boz, I., 2012, Preparation, Characterization 

and Photocatalytic Activity of TiO2-ZrO2 Binary Oxide Nanoparticles, 

Appl. Catal. B: Environ., 115–116, 149–158. 

Kang, C., Wang, Y., Li, R., Du, Yaoguo, Li, J., Zhang, B., Zhou, L., and Du, 

Yuzhong, 2000, A Modified Spectrophotometric Method for The 

Determination of Trace Amounts of Phenol in Water, Microchem. J., 

64, 161–171. 

Karunakaran, C. and Senthilvelan, S., 2005, Photocatalysis with ZrO2: 

Oxidation of aniline, J Mol Catal A Chem, 233, 1–8. 

Khajavi, P., Xu, Y., Frandsen, H.L., Chevalier, J., Gremillard, L., Kiebach, 

R., and Hendriksen, P.V., 2020, Tetragonal Phase Stability Maps of 

Ceria-Yttria co-doped Zirconia: From Powders to Sintered Ceramics, 

Ceram. Int., 46, 9396–9405. 

Khan, S., Lemes Ruwer, T., Khan, N., Köche, A., Lodge, R.W., Coelho-

Júnior, H., Sommer, R.L., Leite Santos, M.J., Malfatti, C.F., Bergmann, 

C.P., and Fernandes, J.A., 2021, Revealing The True Impact of 

Interstitial and Substitutional Nitrogen Doping in TiO2 on 

Photoelectrochemical Applications, J. Mater. Chem. A. Mater., 9, 

12214–12224. 

Kim, M.G., Kang, J.M., Lee, J.E., Kim, K.S., Kim, K.H., Cho, M., and Lee, 

S.G., 2021, Effects of Calcination Temperature on The Phase 

Composition, Photocatalytic Degradation, and Virucidal Activities of 

TiO2 Nanoparticles, ACS Omega, 6, 10668–10678. 

Kogler, M., Köck, E.M., Vanicek, S., Schmidmair, D., Götsch, T., Stöger-

Pollach, M., Hejny, C., Klötzer, B., and Penner, S., 2014, Enhanced 

Kinetic Stability of Pure and Y-doped Tetragonal ZrO2, Inorg. Chem., 

53, 13247–13257. 

Kokporka, L., Onsuratoom, S., Puangpetch, T., and Chavadej, S., 2013, Sol-

gel Synthesized Mesoporous-Assembled TiO2-ZrO2 Mixed Oxide 

Nanocrystals and Their Photocatalytic Sensitized H2 Production activity 

Under Visible Light Irradiation, Mater. Sci. Semicond. Process., 16, 

667–678. 

FOTODEGRADASI FENOL DI BAWAH IRADIASI SINAR TAMPAK MENGGUNAKAN KOMPOSIT
Cu-N-CODOPED ZrTiO4 SEBAGAI
FOTOKATALIS BERKINERJA TINGGI
Wanda Putra Fauzi, Akhmad Syoufian, Ph.D.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



 

51 

 

Kumar, D. and Sharma, C., 2022, Paper Industry Wastewater Treatment by 

Electrocoagulation and Aspect of Sludge Management, J. Clean. Prod., 

360, . 

Kumari, H., Sonia, Suman, Ranga, R., Chahal, S., Devi, S., Sharma, S., 

Kumar, Sandeep, Kumar, P., Kumar, Suresh, Kumar, A., and Parmar, 

R., 2023, A Review on Photocatalysis Used For Wastewater Treatment: 

Dye Degradation, Water. Air. Soil. Pollut., 234, . 

Lamas, D.G., Rosso, A.M., Anzorena, M.S., Fernández, A., Bellino, M.G., 

Cabezas, M.D., Walsöe de Reca, N.E., and Craievich, A.F., 2006, 

Crystal Structure of Pure ZrO2 Nanopowders, Scr. Mater., 55, 553–556. 

L.C. Passos, M. and M.F.S. Saraiva, M.L., 2019, Detection in UV-visible 

Spectrophotometry: Detectors, Detection Systems, and Detection 

Strategies, J. Int. Meas., 135, 896–904. 

Li, M., Li, X., Jiang, G., and He, G., 2015, Hierarchically Macro–

Mesoporous ZrO2–TiO2 Composites With Enhanced Photocatalytic 

Activity, Ceram. Int., 41, 5749–5757. 

Li, R., Li, T., and Zhou, Q., 2020, Impact of Titanium Dioxide (TiO2) 

Modification on Its Application to Pollution Treatment—A Review, 

Catal., 10, 804. 

Liang, W., Zhang, Y., Xiong, J., Huang, X., Xu, Y., Zhang, L., Zhou, Y., 

Siyu liu, Liu, W., Liu, N., Dai, J., Huang, Y., Zhang, Z., He, Z., and 

Zhang, J., 2022, Synthesis of Highly Dispersed TiO2 NPs/GO 

Composites Sol and Its Application in Inverted Perovskite Solar Cells, 

Org. Electron., 109, . 

Liao, G., He, W., and He, Y., 2019, Investigation of Microstructure and 

Photocatalytic Performance of a Modified Zeolite Supported 

Nanocrystal TiO2 Composite, Catal., 9, . 

Lichtfouse, Eric., Schwarzbauer, Jan., and Robert, D. (Environmental 

chemist), 2005, Environmental Chemistry : Green Chemistry and 

Pollutants in Ecosystems, Springer. 

Lin, H.Y. and Shih, C.Y., 2015, Efficient One-Pot Microwave-Assisted 

Hydrothermal Synthesis of M (M = Cr, Ni, Cu, Nb) and Nitrogen co-

doped TiO2 for Hydrogen Production by Photocatalytic Water Splitting, 

J. Mol. Catal. A. Chem., 411, 128–137. 

Liu, B., Zhao, X., Terashima, C., Fujishima, A., and Nakata, K., 2014, 

Thermodynamic and Kinetic Analysis of Heterogeneous Photocatalysis 

for Semiconductor Systems, Phys. Chem. Chem. Phys. , 16, 8751–8760. 

Lucky, R.A. and Charpentier, P.A., 2010, N-doped ZrO2/TiO2 Bimetallic 

Materials Synthesized in Supercritical CO2: Morphology and 

Photocatalytic Activity, Appl. Catal. B., 96, 516–523. 

FOTODEGRADASI FENOL DI BAWAH IRADIASI SINAR TAMPAK MENGGUNAKAN KOMPOSIT
Cu-N-CODOPED ZrTiO4 SEBAGAI
FOTOKATALIS BERKINERJA TINGGI
Wanda Putra Fauzi, Akhmad Syoufian, Ph.D.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



 

52 

 

Lundqvist, M.J. and Eriksson, L.A., 2000, Hydroxyl Radical Reactions with 

Phenol as a Model for Generation of Biologically Reactive Tyrosyl 

Radicals, J. Phys. Chem. B, 104, 848–855. 

Ma, X., Zhao, J., Wang, R., Li, Y., Liu, C., and Liu, Y., 2022, Multi-Angle 

WideSpectrum Light-Trapping Nanofiber Membrane for Highly 

Efficient Solar Desalination, Appl. Energy., 328, . 

Ma, Y., Han, L., Ma, H., Wang, J., Liu, J., Cheng, L., Yang, J., and Zhang, 

Q., 2017, Improving The Visible-Light Photocatalytic Activity of 

Interstitial Carbon-doped TiO2 with Electron-Withdrawing Bidentate 

Carboxylate Ligands, Catal. Commun., 95, 1–5. 

Mainali, K., 2020, Phenolic Compounds Contaminants in Water: A Glance, 

Current Trends in Civil & Structural Engineering (CTCSE), 4, . 

Malato-Rodri´guez, S. and Rodri´guez, R., 2004, Solar Detoxification and 

Disinfection, Encyclopedia of Energy, 587–596. 

Mao, D., Zhang, H., Zhang, J., and Wu, D., 2023, The Influence of The 

Compositions and Structures of Cu-ZrO2 Catalysts on The Catalytic 

Performance of CO2 Hydrogenation to CH3OH, J. Chem. Eng., 471, . 

Mathew Simon, S., George, G., M S, S., V P, P., Anna Jose, T., Vasudevan, 

P., Saritha, A.C., Biju, P.R., Joseph, C., and Unnikrishnan, N. V., 2021, 

Recent Advancements in Multifunctional Applications of Sol-Gel 

Derived Polymer Incorporated TiO2-ZrO2 Composite Coatings: A 

Comprehensive Review, Appl. Surf. Sci., 6, . 

M.Munshi, A., 2023, Collaborative Impact of Cu/TiO2 Nano Composites for 

Elimination of Cationic Dye from Aqueous Solution: Kinetics and 

Isothermal Nodeling, Arab. J. Chem., 16, . 

Mohamed, A., Yousef, S., Nasser, W.S., Osman, T.A., Knebel, A., Sánchez, 

E.P.V., and Hashem, T., 2020, Rapid Photocatalytic Degradation of 

Phenol from Water Using Composite Nanofibers Under UV, Environ. 

Sci. Eur., 32, . 

Munir, M., Ahmad, M., Saeed, M., Waseem, A., Nizami, A.S., Sultana, S., 

Zafar, M., Rehan, M., Srinivasan, G.R., Ali, A.M., and Ali, M.I., 2021, 

Biodiesel Production from Novel Non-Edible Caper (Capparis spinosa 

L.) Seeds Oil Employing Cu–Ni Doped ZrO2 Catalyst, Renew. Sust. 

Energ. Rev., 138, . 

Murillo-Acevedo, Y.S., Giraldo, L., Poon, P.S., Matos, J., and Moreno-

Piraján, J.C., 2021, The Cramer’s Rule for The Parametrization of 

Phenol and Its Hydroxylated Byproducts: UV Spectroscopy vs. High 

Performance Liquid Chromatography, Environ. Sci. Pollut. Res., 28, 

6746–6757. 

FOTODEGRADASI FENOL DI BAWAH IRADIASI SINAR TAMPAK MENGGUNAKAN KOMPOSIT
Cu-N-CODOPED ZrTiO4 SEBAGAI
FOTOKATALIS BERKINERJA TINGGI
Wanda Putra Fauzi, Akhmad Syoufian, Ph.D.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



 

53 

 

Muslim, M.I., Kurniawan, R., Pradipta, M.F., Trisunaryanti, W., and 

Syoufian, A., 2021, The Effects of Manganese Dopant Content and 

Calcination Temperature on Properties of Titania-Zirconia Composite, 

Indones. J. Chem., 21, 882–890. 

Naguib, D.M. and Badawy, N.M., 2020, Phenol Removal from Wastewater 

Using Waste Products, J. Environ. Chem. Eng., 8, . 

Neppolian, B., Wang, Q., Yamashita, H., and Choi, H., 2007, Synthesis and 

Characterization of ZrO2–TiO2 Binary Oxide Semiconductor 

Nanoparticles: Application and Interparticle Electron Transfer Process, 

Appl. Catal. A. Gen., 333, 264–271. 

Nisha, U.M., Meeran, M.N., Sethupathi, R., Subha, V., Rajeswaran, P., and 

Sivakarthik, P., 2023, Studies on Chitosan Modified ZrO2–CeO2 Metal 

Oxide and Their Photo Catalytic Activity Under Solar Light Irradiation 

for Water Remediation, J. Indian Chem. Soc., 100, 101061. 

Olivo-Alanís, D., García-González, A., Mueses, M.A., and García-Reyes, 

R.B., 2022, Generalized Kinetic Model for The Photocatalytic 

Degradation Processes: Validation for Dye Wastewater Treatment in a 

Visible-LED Tubular Reactor, Appl. Catal. B., 317, 121804. 

Pacheco, G. and Fripiat, J.J., 2000, Physical Chemistry of the Thermal 

Transformation of Mesoporous and Microporous Zirconia, J. Phys. 

Chem. B, 104, 11906–11911. 

Pardeshi, S.K. and Patil, A.B., 2008, A Simple Route for Photocatalytic 

Degradation of Phenol in Aqueous Zinc Oxide Suspension Using Solar 

Energy, Sol. Energy., 82, 700–705. 

Pedanekar, R.S., Shaikh, S.K., and Rajpure, K.Y., 2020, Thin Film 

Photocatalysis for Environmental Remediation: A Status Review, Curr. 

Appl. Phys. , 20, 931–952. 

Pérez, E., Torres, M.F., Morales, G., Murgia, V., and Sham, E., 2015, 

Synthesis of N-TiO2 Effect of the Concentration of Nitrogen in the 

Band Gap, Procedia Mater. Sci., 8, 649–655. 

Polliotto, V., Albanese, E., Livraghi, S., Indyka, P., Sojka, Z., Pacchioni, G., 

Giamello, E., Chimica, D., Torino, U., Giuria, V.P., Bicocca, M., and 

Cozzi, V.R., 2017, Fifty − Fifty Zr − Ti Solid Solution with a TiO2 - 

Type Structure : Electronic Structure and Photochemical Properties of 

Zirconium Titanate ZrTiO4, J. Phys. Chem. C., 5487–5497. 

Qi, K., Wang, Zirun, Xie, X., and Wang, Zhaowei, 2023, Photocatalytic 

Performance of Pyrochar and Hydrochar in Heterojunction 

Photocatalyst for Organic Pollutants Degradation: Activity Comparison 

and Mechanism Insight, J. Chem. Eng., 467, . 

FOTODEGRADASI FENOL DI BAWAH IRADIASI SINAR TAMPAK MENGGUNAKAN KOMPOSIT
Cu-N-CODOPED ZrTiO4 SEBAGAI
FOTOKATALIS BERKINERJA TINGGI
Wanda Putra Fauzi, Akhmad Syoufian, Ph.D.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



 

54 

 

Qiao, L. ying, Xie, F. yu, Xie, M. hui, Gong, C. hua, Wang, W. lang, and 

Gao, J. cheng, 2016, Characterization and Photoelectrochemical 

Performance of Zn-doped TiO2 Films by Sol–Gel Method, Trans. 

Nonferrous Met. Soc., 26, 2109–2116. 

Quirk, James.A., Lazarov, V.K., and McKenna, K.P., 2020, First-Principles 

Modeling of Oxygen-Deficient Anatase TiO2 Nanoparticles, J. Phys. 

Chem. C, 124, 23637–23647. 

Radecka, M., Rekas, M., Trenczek-Zajac, A., and Zakrzewska, K., 2008, 

Importance of The Band Gap Energy and Flat Band Potential for 

Application of Modified TiO2 Photoanodes in Water Photolysis, J. 

Power Sources., 181, 46–55. 

Rahman, M.M., Rahaman, M.S., Islam, M.R., Rahman, F., Mithi, F.M., 

Alqahtani, T., Almikhlafi, M.A., Alghamdi, S.Q., Alruwaili, A.S., 

Hossain, M.S., Ahmed, M., Das, R., Emran, T. Bin, and Uddin, M.S., 

2022, Role of Phenolic Compounds in Human Disease: Current 

Knowledge and Future Prospects, Molecules, 27, . 

Rahmawati, L., Kurniawan, R., Prasetyo, N., Sudiono, S., and Syoufian, A., 

2023, Copper-and-Nitrogen-Codoped Zirconium Titanate (Cu-N-

ZrTiO4) as a Photocatalyst for Photo-Degradation of Methylene Blue 

under Visible-Light Irradiation, Indonesian Journal of Chemistry, 23, 

416–424. 

Reda, S.M., Khairy, M., and Mousa, M.A., 2020, Photocatalytic Activity of 

Nitrogen and Copper Doped TiO2 Nanoparticles Prepared by 

Microwave Assisted Sol-Gel Process, Arab. J. Chem., 13, 86–95. 

Reddy, C.V., Babu, B., Reddy, I.N., and Shim, J., 2018, Synthesis and 

Characterization of Pure Tetragonal ZrO2 Nanoparticles with Enhanced 

Photocatalytic Activity, Ceram. Int., 44, 6940–6948. 

Romero Ortiz, G., Lartundo-Rojas, L., Samaniego-Benítez, J.E., Jiménez-

Flores, Y., Calderón, H.A., and Mantilla, A., 2021, Photocatalytic 

Behavior for The Phenol Degradation of ZnAl Layered Double 

Hydroxide Functionalized with SDS, J. Environ. Manage., 277, . 

Sacco, O., Vaiano, V., Daniel, C., Navarra, W., and Venditto, V., 2018, 

Removal of Phenol in Aqueous Media by N-doped TiO2 Based 

Photocatalytic Aerogels, Mater. Sci. Semicond. Process., 80, 104–110. 

Samat, M.H., Taib, M.F.M., Hassan, O.H., Yahya, M.Z.A., and Ali, A.M.M., 

2017, Structural, Electronic and Optical Properties of Brookite Phase 

Titanium Dioxide, Mater. Res. Express., 4, 044003. 

Sannadurgappa, D., Ravindranath, N.H., Aladakatti, R.H., and Ravindranath, 

Ν.Η., 2007, Toxicit, Bioaccumulation and Metabolism of Phenol in The 

Freshwater Fish Oreochromis mossambicus, J Basic Clin Physiol 

Pharmacol., 18, 65–77. 

FOTODEGRADASI FENOL DI BAWAH IRADIASI SINAR TAMPAK MENGGUNAKAN KOMPOSIT
Cu-N-CODOPED ZrTiO4 SEBAGAI
FOTOKATALIS BERKINERJA TINGGI
Wanda Putra Fauzi, Akhmad Syoufian, Ph.D.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



 

55 

 

Saravanan, A., Kumar, P.S., Vo, D.V.N., Yaashikaa, P.R., Karishma, S., 

Jeevanantham, S., Gayathri, B., and Bharathi, V.D., 2021, 

Photocatalysis for Removal of Environmental Pollutants and Fuel 

Production: a Review, Environ. Chem. Lett., 19, 441–463. 

Sarkar, N., Park, J.G., Mazumder, S., Aneziris, C.G., and Kim, I.J., 2015, 

Processing of Particle Stabilized Al2TiO5-ZrTiO4 Foam to Porous 

Ceramics, J. Eur. Ceram. Soc., 35, 3969–3976. 

Schwarze, M., Borchardt, S., Frisch, M.L., Collis, J., Walter, C., Menezes, 

P.W., Strasser, P., Driess, M., and Tasbihi, M., 2023, Degradation of 

Phenol via an Advanced Oxidation Process (AOP) with Immobilized 

Commercial Titanium Dioxide (TiO2) Photocatalysts, Nanomaterials, 

13, . 

Shao, G.N., Imran, S.M., Jeon, S.J., Engole, M., Abbas, N., Salman Haider, 

M., Kang, S.J., and Kim, H.T., 2014, Sol-gel synthesis of photoactive 

zirconia-titania from metal salts and investigation of their photocatalytic 

properties in the photodegradation of methylene blue, Powder Technol, 

258, 99–109. 

Singha, K., Ghosh, S.C., and Panda, A.B., 2021, Visible Light-Driven 

Efficient Synthesis of Amides from Alcohols using Cu−N−TiO2 

Heterogeneous Photocatalyst, European. J. Org. Chem., 2021, 657–662. 

Sliney, D.H., 2016, What is Light? The Visible Spectrum and Beyond, Eye 

(Basingstoke), 30, 222–229. 

Sohrabi, S. and Akhlaghian, F., 2016, Modeling and Optimization of Phenol 

Degradation Over Copper-Doped Titanium Dioxide Photocatalyst Using 

Response Surface Methodology, Process. Saf. Environ. Prot., 99, 120–

128. 

Supriadi, H., Slamet, R., and Rahman, A., 2013, Sintesis dan Karakterisasi 

TiO2 dari TiCl4 dan Penerapan Sebagai Agen Pemutih Kain dengan 

Kitosan Sebagai Bahan Pendukung, Jurnal Riset Sains dan Kimia 

Terapan, 3, 311–316. 

Syoufian, A. and Kurniawan, R., 2023, Visible-Light-Induced 

Photodegradation of Methylene Blue Using Mn,N-codoped ZrTiO4 as 

Photocatalyst, Indones. J. Chem., 23, 661–670. 

Tahir, M.B., Rafique, M., Rafique, M.S., Fatima, N., and Israr, Z., 2020, 

Metal oxide- and metal sulfide-based nanomaterials as photocatalysts,. 

In, Nanotechnology and Photocatalysis for Environmental Applications. 

Elsevier, pp. 77–96. 

Tekeli, S., Chen, T., Nagayama, H., Sakuma, T., and Mecartney, M.L., 2007, 

High-Temperature Deformation Behaviour of TiO2-doped 8 mol.% 

Y2O3- Stabilized ZrO2 (8Y-CSZ) Under Tension and Tompression, 

Ceram. Int., 33, 869–874. 

FOTODEGRADASI FENOL DI BAWAH IRADIASI SINAR TAMPAK MENGGUNAKAN KOMPOSIT
Cu-N-CODOPED ZrTiO4 SEBAGAI
FOTOKATALIS BERKINERJA TINGGI
Wanda Putra Fauzi, Akhmad Syoufian, Ph.D.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



 

56 

 

Thambiliyagodage, C. and Usgodaarachchi, L., 2021, Photocatalytic Activity 

of N, Fe and Cu co-doped TiO2 Nanoparticles Under Sunlight, Current 

Research in Green and Sustainable Chemistry (CRGSC)), 4, . 

Thatit, S., D, M., and Diantoro, M., 2018, Pembuatan DSSC dengan 

Fotoanoda dari TiO2 dan β-karoten sebagai Sensitizer dan Analisis 

Kurva IV, JPSE (Journal of Physical Science and Engineering), 2, 66–

71. 

Tran, H.D., Nguyen, D.Q., Do, P.T., and Tran, U.N.P., 2023, Kinetics of 

Photocatalytic Degradation of Organic Compounds: a Mini-Review and 

New Approach, RSC Adv, , 13, 16915–16925. 

Tran, T. Van, Nguyen, D.T.C., Kumar, P.S., Din, A.T.M., Jalil, A.A., and 

Vo, D.V.N., 2022, Green Synthesis of ZrO2 Nanoparticles and 

Nanocomposites for Biomedical and Environmental Applications: a 

Review, Environ. Chem. Lett., 20, 1309–1331. 

Varshney, G., Kanel, S.R., Kempisty, D.M., Varshney, V., Agrawal, A., 

Sahle-Demessie, E., Varma, R.S., and Nadagouda, M.N., 2016, 

Nanoscale TiO2 Films and Their Application in Remediation of Organic 

Pollutants, Coord. Chem. Rev., 306, 43–64. 

Viet, N.M., Mai Huong, N.T., and Thu Hoai, P.T., 2023, Enhanced 

photocatalytic decomposition of phenol in wastewater by using La–TiO2 

nanocomposite, Chemosphere, 313, . 

Villegas, L.G.C., Mashhadi, N., Chen, M., Mukherjee, D., Taylor, K.E., and 

Biswas, N., 2016, A Short Review of Techniques for Phenol Removal 

from Wastewater, Curr. Pollut. Rep., 2, 157–167. 

Vinayagam, R., Singhania, B., Murugesan, G., Kumar, P.S., Bhole, R., 

Narasimhan, M.K., Varadavenkatesan, T., and Selvaraj, R., 2022, 

Photocatalytic Degradation of Methylene Blue Dye Using Newly 

Synthesized Zirconia Nanoparticles, Environ. Res., 214, 113785. 

Wang, C.C., Wang, X., and Liu, W., 2020, The synthesis strategies and 

photocatalytic performances of TiO2/MOFs composites: A state-of-the-

art review, Chem. Eng. J. , 391, . 

Wang, S., Zeng, F., Liu, Y., Meng, Y., Wang, W., Liu, C., Zhang, J., Du, H., 

and Li, J., 2022, Preparation and Application of ZrO2–SiO2 Complex 

Oxide for Efficient Biocrude Generation by Hydrothermal Liquefaction 

of Spirulina, Fuel, 317, . 

Wang, X., Wang, F., Sang, Y., and Liu, H., 2017, Full-Spectrum Solar-Light 

Activated Photocatalysts for Light–Chemical Energy Conversion, Adv. 

Energy Mater., 7, . 

Wu, Y., Guan, M., Chang, X., Wang, J., and Xu, S., 2023, Homogeneous 

Double Layer TiO2-ZrO2-SiO2 Photocatalyst With Multi-Heterojunction 

FOTODEGRADASI FENOL DI BAWAH IRADIASI SINAR TAMPAK MENGGUNAKAN KOMPOSIT
Cu-N-CODOPED ZrTiO4 SEBAGAI
FOTOKATALIS BERKINERJA TINGGI
Wanda Putra Fauzi, Akhmad Syoufian, Ph.D.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



 

57 

 

Structure for Enhanced Visible Light-Responsive Photocatalytic 

Activity, J. Mol. Liq., 369, . 

Xia, Y., Mou, J., Deng, G., Wan, S., Tieu, K., Zhu, H., and Xue, Q., 2020a, 

Sintered ZrO2–TiO2 Ceramic Composite and Its Mechanical Appraisal, 

Ceram. Int., 46, 775–785. 

Xu, T., Wang, M., and Wang, T., 2019, Effects of N Doping on The 

Microstructures and Optical Properties of TiO2, J. Wuhan Univ. 

Technol. Mater. Sci. Ed., 34, 55–63. 

Yaacob, N., Sean, G.P., Nazri, N.A.M., Ismail, A.F., Zainol Abidin, M.N., 

and Subramaniam, M.N., 2021, Simultaneous oily Wastewater 

Adsorption and Photodegradation by ZrO2–TiO2 Heterojunction 

Photocatalysts, J. Water. Process. Eng., 39, . 

Yan, R., Luo, D., Fu, C., Tian, W., Wu, P., Wang, Y., Zhang, H., and Jiang, 

W., 2020, Simultaneous Removal of Cu(II) and Cr(VI) Ions from 

Wastewater by Photoreduction with TiO2–ZrO2, J. Water. Process. 

Eng., 33, . 

Yunus, N.N., Hamzah, F., So’Aib, M.S., and Krishnan, J., 2017, Effect of 

Catalyst Loading on Photocatalytic Degradation of Phenol by Using N, 

S Codoped TiO2,. In, IOP Conf. Ser.: Mater. Sci. Eng. Institute of 

Physics Publishing. 

Zhang, J., Zhou, P., Liu, J., and Yu, J., 2014, New Understanding of The 

Difference of Photocatalytic Activity Among Anatase, Rutile and 

Brookite TiO2, Phys. Chem. Chem. Phys., 16, 20382–20386. 

Zhang, P., Yu, Y., Wang, E., Wang, J., Yao, J., and Cao, Y., 2014, Structure 

of nitrogen and zirconium co-doped titania with enhanced visible-light 

photocatalytic activity, ACS Appl. Mater. Interfaces., 6, 4622–4629. 

Zhang, X., Li, L., Zhou, Q., Liang, X., and Liu, D., 2019, Facile Synthesis of 

Novel Gully-Like Double-Sized Mesoporous Structural Sr-doped ZrO2–

TiO2 Composites with Improved Photocatalytic Efficiency, J. Solid. 

State. Chem., 269, 375–385. 

Zhang, Y., Jin, X., Wang, Y., Yu, Y., Liu, G., Zhang, Z., and Xue, W., 2018, 

Effects of Experimental Parameters on Phenol Degradation by Cathodic 

Microarc Plasma Electrolysis, Sep. Purif. Technol., 201, 179–185. 

Zhao, M.-H., Bai, X., Fan, X., Li, Y., Liu, Y., Huang, J.-L., Mo, W.-L., Wei, 

X.-Y., and Saikia, B.K., 2023, Removal Behaviors of Phenol from 

Aqueous Solution Using Industrial Coal Sludge-Derived Porous Carbon 

Sorbent, J. Mol. Liq., 385, 122427. 

Zhao, Z., Liu, J., Sa, G., and Xu, A., 2022, Electronic Properties and 

Photodegradation Ability of Nd-TiO2 for Phenol, J. Rare Earths, 40, 

1063–1072. 

FOTODEGRADASI FENOL DI BAWAH IRADIASI SINAR TAMPAK MENGGUNAKAN KOMPOSIT
Cu-N-CODOPED ZrTiO4 SEBAGAI
FOTOKATALIS BERKINERJA TINGGI
Wanda Putra Fauzi, Akhmad Syoufian, Ph.D.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



 

58 

 

Zhu, X., Li, B., Yang, J., Li, Y., Zhao, W., Shi, J., and Gu, J., 2015a, 

Effective Adsorption and Enhanced Removal of Organophosphorus 

Pesticides from Aqueous Solution by Zr-Based MOFs of UiO-67, ACS 

Appl. Mater. Interfaces., 7, 223–231.  

  

FOTODEGRADASI FENOL DI BAWAH IRADIASI SINAR TAMPAK MENGGUNAKAN KOMPOSIT
Cu-N-CODOPED ZrTiO4 SEBAGAI
FOTOKATALIS BERKINERJA TINGGI
Wanda Putra Fauzi, Akhmad Syoufian, Ph.D.
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/


	DAFTAR PUSTAKA

