
DAFTAR PUSTAKA 

Abdelrasoul, A., Doan, H., and Lohi, A., 2013, Fouling in Membrane Filtration and 

Remediation Methods, Mass Transf.-Adv. Sustain. Energy Environ. 

Oriented Numer. Model., INTECHOPEN, 196‒218. 

Abdullah, N., Ayodele, B. V., Mansor, W.N.W., and Abdullah, S., 2018, Effect of 

incorporating TiO2 photocatalyst in PVDF hollow fibre membrane for photo-

assisted degradation of methylene blue, Bull. Chem. React. Eng. Catal., 13, 

588–591. 

Abdullahi, N., Saion, E., Shaari, A.H., Al-Hada, N.M., and Keiteb, A., 2015, 

Optimisation of the photonic efficiency of TiO2 decorated on MWCNTs for 

methylene blue photodegradation, PLoS One, 10, 1–12. 

Ajmani, G.S., Goodwin, D., Marsh, K., Fairbrother, D.H., Schwab, K.J., Jacangelo, 

J.G., and Huang, H., 2012, Modification of low pressure membranes with 

carbon nanotube layers for fouling control, Water Res., 46, 5645–5654. 

Akter, J., Hanif, M.A., Islam, M.A., Sapkota, K.P., and Hahn, J.R., 2021, Selective 

growth of Ti3+/TiO2/CNT and Ti3+/TiO2/C nanocomposite for enhanced 

visible-light utilization to degrade organic pollutants by lowering TiO2-

bandgap, Sci. Rep., 11, 1–12. 

Alem, A., Sarpoolaky, H., and Keshmiri, M., 2009, Sol-gel preparation of titania 

multilayer membrane for photocatalytic applications, Ceram. Int., 35, 

1837–1843. 

Ali, S., Rehman, S.A.U., Luan, H.Y., Farid, M.U., and Huang, H., 2019, Challenges 

and opportunities in functional carbon nanotubes for membrane-based water 

treatment and desalination, Sci. Total Environ., 646, 1126–1139. 

Alias, N.H., Jaafar, J., Samitsu, S., Matsuura, T., Ismail, A.F., Othman, M.H.D., 

Rahman, M.A., Othman, N.H., Abdullah, N., Paiman, S.H., Yusof, N., and 

Aziz, F., 2019, Photocatalytic nanofiber-coated alumina hollow fiber 

membranes for highly efficient oilfield produced water treatment, Chem. 

Eng. J., 360, 1437–1446. 

de Amorim, M.T.P. and Ramos, I.R.A., 2006, Control of irreversible fouling by 

application of dynamic membranes, Desalination, 192, 63–67. 

Ao, C.H. and Lee, S.C., 2003, Enhancement effect of TiO2 immobilized on 

activated carbon filter for the photodegradation of pollutants at typical 

indoor air level, Appl. Catal. B Environ., 44, 191–205. 

Aran, H.C., Salamon, D., Rijnaarts, T., Mul, G., Wessling, M., and Lammertink, 

R.G.H., 2011, Porous Photocatalytic Membrane Microreactor (P2M2): A 

new reactor concept for photochemistry, J. Photochem. Photobiol. A Chem., 

225, 36–41. 

Argurio, P., Fontananova, E., Molinari, R., and Drioli, E., 2018, Photocatalytic 

MEMBRAN FOTOKATALITIK POLYACRYLONITRILE (PAN)/ TITANIUM DIOKSIDA (TiO2)/CARBON
NANOTUBE (CNT)
NANOFIBER UNTUK PENGOLAHAN ZAT WARNA METILEN BIRU
LATHIFAH PUJI H, Prof. Indriana Kartini, Ph.D; Dr.Eng. Ahmad Kusumaatmaja, M.Si.; Adi Darmawan, M.Si., Ph.D
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



membranes in photocatalytic membrane reactors, Processes, 6(9), 162. 

Athanasekou, C.P., Moustakas, N.G., Morales-Torres, S., Pastrana-Martínez, L.M., 

Figueiredo, J.L., Faria, J.L., Silva, A.M.T., Dona-Rodriguez, J.M., 

Romanos, G.E., and Falaras, P., 2015, Ceramic photocatalytic membranes 

for water filtration under UV and visible light, Appl. Catal. B Environ., 178, 

12–19. 

Bai, H., Zan, X., Zhang, L., and Delai, D., 2015, Multi-functional CNT/ZnO/TiO2 

nanocomposite membrane for concurrent filtration and photocatalytic 

degradation,156, 922–930. 

Bhardwaj, N. and Kundu, S.C., 2010, Electrospinning: A fascinating fiber 

fabrication technique, Biotechnol. Adv., 28, 325–347. 

Bokobza, L. and Zhang, J., 2012, Raman spectroscopic characterization of 

multiwall carbon nanotubes and of composites, Express Polym. Lett., 6, 

601–608. 

Botti, S., Laurenzi, S., Mezi, L., Rufoloni, A., and Santonicola, M.G., 2015, 

Surface-enhanced Raman spectroscopy characterisation of functionalised 

multi-walled carbon nanotubes, Phys. Chem. Chem. Phys., 17, 21373–

21380. 

Brunetti, A., Zito, P.F., Giorno, L., Drioli, E., and Barbieri, G., 2018, Chemical 

Engineering & Processing : Process Intensification Membrane reactors for 

low temperature applications : An overview, Chem. Eng. Process., 124, 

282–307. 

Cao, A., Xu, C., Liang, J., Wu, D., and Wei, B., 2001, X-ray diffraction 

characterization on the alignment degree of carbon nanotubes, Chem. Phys. 

Lett., 344, 13–17. 

Celik, E., Park, H., Choi, H., and Choi, H., 2011, Carbon nanotube blended 

polyethersulfone membranes for fouling control in water treatment, Water 

Res., 45, 274–282. 

Charlier, J.C., 2002, Defects in carbon nanotubes, Acc. Chem. Res., 35, 1063–1069. 

Chen, Y.F., Lee, C.Y., Yeng, M.Y., and Chiu, H.T., 2003, The effect of calcination 

temperature on the crystallinity of TiO2 nanopowders, J. Cryst. Growth, 

247, 363–370. 

Chen, I.H., Wang, C.C., and Chen, C.Y., 2010, Fabrication and structural 

characterization of polyacrylonitrile and carbon nanofibers containing 

plasma-modified carbon nanotubes by electrospinning, J. Phys. Chem. C, 

114, 13532–13539. 

Cheng, Z., Zhang, Y., Han, Z., Cui, L., Kang, L., and Zhang, F., 2016, A novel 

preparation of anti-layered poly(vinylalcohol)-polyacrylonitrile (PVA/PAN) 

membrane for air filtration by electrospinning, RSC Adv., 6, 85545–50. 

Cheng, J. and Pu, H., 2018, A facile method to prepare polyvinylidene fluoride 

MEMBRAN FOTOKATALITIK POLYACRYLONITRILE (PAN)/ TITANIUM DIOKSIDA (TiO2)/CARBON
NANOTUBE (CNT)
NANOFIBER UNTUK PENGOLAHAN ZAT WARNA METILEN BIRU
LATHIFAH PUJI H, Prof. Indriana Kartini, Ph.D; Dr.Eng. Ahmad Kusumaatmaja, M.Si.; Adi Darmawan, M.Si., Ph.D
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



composite nanofibers with high photocatalytic activity via nanolayer 

coextrusion, Eur. Polym. J., 99, 361–367. 

Choi, H., Sofranko, A.C., and Dionysiou, D.D., 2006, Nanocrystalline TiO2 

photocatalytic membranes with a hierarchical mesoporous multilayer 

structure: Synthesis, characterization, and multifunction, Adv. Funct. 

Mater., 16, 1067–1074. 

Crini, G. and Lichtfouse, E., 2019, Advantages and disadvantages of techniques 

used for wastewater treatment, Environ. Chem. Lett., 17, 145–155. 

Croisier, F., Duwez, A.S., Jérôme, C., Léonard, A.F., Van Der Werf, K.O., Dijkstra, 

P.J., and Bennink, M.L., 2012, Mechanical testing of electrospun PCL 

fibers, Acta Biomater., 8, 218–224. 

Cychosz, K.A. and Thommes, M., 2018, Progress in the Physisorption 

Characterization of Nanoporous Gas Storage Materials, Engineering, 4, 

559–566. 

Daels, N., Radoicic, M., Radetic, M., Van Hulle, S.W.H., and De Clerck, K., 2014, 

Functionalisation of electrospun polymer nanofibre membranes with TiO2 

nanoparticles in view of dissolved organic matter photodegradation, Sep. 

Purif. Technol., 133, 282–290. 

Dai, K., Lu, L., and Dawson, G., 2013, Development of UV-LED/TiO2 device and 

their application for photocatalytic degradation of methylene blue, J. Mater. 

Eng. Perform., 22, 1035–1040. 

Damodar, R.A., You, S.J., and Chou, H.H., 2009, Study the self cleaning, 

antibacterial and photocatalytic properties of TiO2 entrapped PVDF 

membranes, J. Hazard. Mater., 172, 1321–1328. 

Darvish, S.M., Ali, A.M., and Sani, S.R., 2019, Visible light photocatalytic activity 

of MWCNT/TiO2 using the degradation of methylene blue, J. Interfaces 

Thin Film. Low Dimens. Syst., 2, 149–156. 

Das, R., Hamid, S., Ali, M., Ramakrishna, S., and Yongzhi, W., 2014a, Carbon 

Nanotubes Characterization by X-ray Powder Diffraction – A Review, 

Curr. Nanosci., 11, 23–35. 

Das, R., Ali, M.E., Hamid, S.B.A., Ramakrishna, S., and Chowdhury, Z.Z., 2014b, 

Carbon nanotube membranes for water purification: A bright future in water 

desalination, Desalination, 336, 97–109. 

Deitzel, J.M., Kleinmeyer, J., Harris, D., and Beck Tan, N.C., 2001, The effect of 

processing variables on the morphology of electrospun nanofibers and 

textiles, Polymer (Guildf)., 42, 261–272. 

DiLeo, R.A., Landi, B.J., and Raffaelle, R.P., 2007, Purity assessment of 

multiwalled carbon nanotubes by Raman spectroscopy, J. Appl. Phys., 101, 

064307‒5. 

Djafer, L., Ayral, A., and Ouagued, A., 2010, Robust synthesis and performance of 

MEMBRAN FOTOKATALITIK POLYACRYLONITRILE (PAN)/ TITANIUM DIOKSIDA (TiO2)/CARBON
NANOTUBE (CNT)
NANOFIBER UNTUK PENGOLAHAN ZAT WARNA METILEN BIRU
LATHIFAH PUJI H, Prof. Indriana Kartini, Ph.D; Dr.Eng. Ahmad Kusumaatmaja, M.Si.; Adi Darmawan, M.Si., Ph.D
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



a titania-based ultrafiltration membrane with photocatalytic properties, Sep. 

Purif. Technol., 75, 198–203. 

Djokić, V.R., Marinković, A.D., Mitrić, M., Uskoković, P.S., Petrović, R.D., 

Radmilović, V.R., and Janaćković, D.T., 2012, Preparation of TiO2/carbon 

nanotubes photocatalysts: The influence of the method of oxidation of the 

carbon nanotubes on the photocatalytic activity of the nanocomposites, 

Ceram. Int., 38, 6123–6129. 

Dresselhaus, M.S., Dresselhaus, G., and Hofmann, M., 2007, The big picture of 

Raman scattering in carbon nanotubes, Vib. Spectrosc., 45, 71–81. 

Dufficy, M.K., Geiger, M.T., Bonino, C.A., and Khan, S.A., 2015, Electrospun 

Ultrafine Fiber Composites Containing Fumed Silica: From Solution 

Rheology to Materials with Tunable Wetting, Langmuir, 31, 12455–12463. 

Eder, D., 2010, Carbon Nanotube - Inorganic Hybrids, Chem. Rev., 3, 1348–1385. 

Eder, D. and Windle, A.H., 2008, Carbon-inorganic hybrid materials: The carbon-

nanotube/TiO2 interface, Adv. Mater., 20, 1787–1793. 

Ehsani, M. and Aroujalian, A., 2020, Fabrication of electrospun 

polyethersulfone/titanium dioxide (PES/TiO2) composite nanofibers 

membrane and its application for photocatalytic degradation of phenol in 

aqueous solution, Polym. Adv. Technol., 31, 772–785. 

Elma, M., Wang, D.K., Yacou, C., and Diniz, J.C., 2015, Interlayer-free P123 

carbonised template silica membranes for desalination with reduced salt 

concentration polarisation, J. Memb. Sci., 475, 376–383. 

Esmaeili, A. and Beni, A.A., 2014, A novel fixed-bed reactor design incorporating 

an electrospun PVA/chitosan nanofiber membrane, J. Hazard. Mater., 280, 

788–796. 

Ewaldz, E. and Brettmann, B., 2019, Molecular Interactions in Electrospinning: 

From Polymer Mixtures to Supramolecular Assemblies, ACS Appl. Polym. 

Mater., 1, 298–308. 

Ezugbe, E.O. and Rathilal, S., 2020, Membrane technologies in wastewater 

treatment: A review, Membranes (Basel)., 10 (89), 2‒28. 

Fan, W., Zhang, Q., and Wang, Y., 2013, Semiconductor-based nanocomposites for 

photocatalytic H2 production and CO2 conversion, Phys. Chem. Chem. 

Phys., 15, 2632–2649. 

Fu, S., Fang, Q., Li, A., Li, Z., Han, J., Dang, X., and Han, W., 2021, Accurate 

characterization of full pore size distribution of tight sandstones by low-

temperature nitrogen gas adsorption and high-pressure mercury intrusion 

combination method, Energy Sci. Eng., 9, 80–100. 

Fujihara, K., Izumi, S., Ohno, T., and Matsumura, M., 2000, Time-resolved 

photoluminescence of particulate TiO2 photocatalysts suspended in aqueous 

solutions, J. Photochem. Photobiol. A Chem., 132, 99–104. 

MEMBRAN FOTOKATALITIK POLYACRYLONITRILE (PAN)/ TITANIUM DIOKSIDA (TiO2)/CARBON
NANOTUBE (CNT)
NANOFIBER UNTUK PENGOLAHAN ZAT WARNA METILEN BIRU
LATHIFAH PUJI H, Prof. Indriana Kartini, Ph.D; Dr.Eng. Ahmad Kusumaatmaja, M.Si.; Adi Darmawan, M.Si., Ph.D
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



Fumio, U., Hiroshi, Y., Kumiko, N., Sachihiko, N., Kenji, S., and Yasunori, M., 

1990, Swelling and mechanical properties of poly(vinyl alcohol) hydrogels, 

Int. J. Pharm., 58, 135–142. 

Gao, B., Chen, G.Z., and Li Puma, G., 2009, Carbon nanotubes/titanium dioxide 

(CNTs/TiO2) nanocomposites prepared by conventional and novel 

surfactant wrapping sol-gel methods exhibiting enhanced photocatalytic 

activity, Appl. Catal. B Environ., 89, 503–509. 

Gao, J., Thong, Z., Yu Wang, K., and Chung, T.S., 2017, Fabrication of loose inner-

selective polyethersulfone (PES) hollow fibers by one-step spinning process 

for nanofiltration (NF) of textile dyes, J. Memb. Sci., 541, 413–424. 

Gerakines P. A., W. A. Schutte , J. M. Greenberg, and E.F. van D., 1999, The 

infrared band strengths of H2O, CO and CO2 in laboratory simulations of 

astrophysical ice mixtures, Astron. Astrophys., 346, 990–994. 

Ghadhban, M.Y., Majdi, H.S., Rashid, K.T., Alsalhy, Q.F., Lakshmi, D.S., Salih, 

I.K., and Figoli, A., 2020, Removal of dye from a leather tanning factory by 

flat-sheet blend ultrafiltration (UF) membrane, Membranes (Basel), 10 (47), 

2‒17. 

Girifalco, L.A., Hodak, M., and Lee, R.S., 2000, Carbon nanotubes, buckyballs, 

ropes, and a universal graphitic potential, Phys. Rev. B - Condens. Matter 

Mater. Phys., 62, 13104–13110. 

Goei, R. and Lim, T., 2014, ScienceDirect Ag-decorated TiO2 photocatalytic 

membrane with hierarchical architecture : Photocatalytic and antibacterial 

activities, Water Res., 59, 207–218. 

Gohil, S. and Ghosh, S., 2010, Surface enhanced Raman scattering from 

multiwalled carbon nanotubes at low temperatures, Appl. Phys. Lett., 96, 1–

4. 

Gozálvez-Zafrilla, J.M., Sanz-Escribano, D., Lora-García, J., and León Hidalgo, 

M.C., 2008, Nanofiltration of secondary effluent for wastewater reuse in the 

textile industry, Desalination, 222, 272–279. 

Greenstein, K.E., Nagorzanski, M.R., Kelsay, B., Verdugo, E.M., Myung, N. V., 

Parkin, G.F., and Cwiertny, D.M., 2021, Carbon-titanium dioxide (C/TiO2) 

nanofiber composites for chemical oxidation of emerging organic 

contaminants in reactive filtration applications, Environ. Sci. Nano, 8, 711–

722. 

Haider, A., Haider, S., and Kang, I.K., 2018, A comprehensive review summarizing 

the effect of electrospinning parameters and potential applications of 

nanofibers in biomedical and biotechnology, Arab. J. Chem., 11, 1165–

1188. 

Hanis, N., Hairom, H., Wahab, A., Yong, L., Amir, A., and Kadhum, H., 2015, 

Utilization of self-synthesized ZnO nanoparticles in MPR for industrial dye 

wastewater treatment using NF and UF membrane, Desalin. Water Treat., 

MEMBRAN FOTOKATALITIK POLYACRYLONITRILE (PAN)/ TITANIUM DIOKSIDA (TiO2)/CARBON
NANOTUBE (CNT)
NANOFIBER UNTUK PENGOLAHAN ZAT WARNA METILEN BIRU
LATHIFAH PUJI H, Prof. Indriana Kartini, Ph.D; Dr.Eng. Ahmad Kusumaatmaja, M.Si.; Adi Darmawan, M.Si., Ph.D
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



54, 19443994. 

Hayati, I., Bailey, A.I., and Tadros, T.F., 1987, Investigations into the mechanisms 

of electrohydrodynamic spraying of liquids. I. Effect of electric field and 

the environment on pendant drops and factors affecting the formation of 

stable jets and atomization, J. Colloid Interface Sci., 117, 205–221. 

Hermida-Merino, D., Belal, M., Greenland, B.W., Woodward, P., Slark, A.T., 

Davis, F.J., Mitchell, G.R., Hamley, I.W., and Hayes, W., 2012, Electrospun 

supramolecular polymer fibres, Eur. Polym. J., 48, 1249–1255. 

Hoffmann, M.R., Martin, S.T., Choi, W., and Bahnemann, D.W., 1995, 

Environmental Applications of Semiconductor Photocatalysis, Chem. Rev., 

95, 69–96. 

Horovitz, I., Avisar, D., Baker, M.A., Grilli, R., Lozzi, L., Di, D., and Mamane, H., 

2016, Carbamazepine degradation using a N-doped TiO2 coated 

photocatalytic membrane reactor : Influence of physical parameters, J. 

Hazard. Mater., 310, 98–107. 

Hotaling, N.A., Bharti, K., Kriel, H., and Simon, C.G., 2015, DiameterJ: A 

validated open source nanofiber diameter measurement tool, Biomaterials, 

61, 327–338. 

Huang, H.C., Huang, G.L., Chen, H.L., and Lee, Y. Der, 2006, Immobilization of 

TiO2 nanoparticles on carbon nanocapsules for photovoltaic applications, 

Thin Solid Films, 511–512, 203–207. 

Huertas, R.M., Fraga, M.C., Crespo, J.G., and Pereira, V.J., 2017, Sol-gel 

membrane modification for enhanced photocatalytic activity, Sep. Purif. 

Technol., 180, 69–81. 

Hurum, D.C., Agrios, A.G., Gray, K.A., Rajh, T., and Thurnauer, M.C., 2003, 

Explaining the enhanced photocatalytic activity of Degussa P25 mixed-

phase TiO2 using EPR, J. Phys. Chem. B, 107, 4545–4549. 

Jallouli, N., Elghniji, K., Trabelsi, H., and Ksibi, M., 2017, Photocatalytic 

degradation of paracetamol on TiO2 nanoparticles and TiO2/cellulosic fiber 

under UV and sunlight irradiation, Arab. J. Chem., 10, S3640–S3645. 

Jawad, A.H., Mubarak, N.S.A., Ishak, M.A.M., Ismail, K., and Nawawi, W.I., 2016, 

Kinetics of photocatalytic decolourization of cationic dye using porous TiO2 

film , J. Taibah Univ. Sci., 10, 352–362. 

Jie, G., Kongyin, Z., Xinxin, Z., Zhijiang, C., Min, C., Tian, C., and Junfu, W., 

2015, Preparation and characterization of carboxyl multi-walled carbon 

nanotubes/calcium alginate composite hydrogel nano-filtration membrane, 

Mater. Lett., 157, 112–115. 

Jorio, A. and Saito, R., 2021, Raman spectroscopy for carbon nanotube 

applications, J. Appl. Phys., 129, 1‒28. 

Jun, L.Y., Mubarak, N.M., Yee, M.J., Yon, L.S., Bing, C.H., Khalid, M., and 

MEMBRAN FOTOKATALITIK POLYACRYLONITRILE (PAN)/ TITANIUM DIOKSIDA (TiO2)/CARBON
NANOTUBE (CNT)
NANOFIBER UNTUK PENGOLAHAN ZAT WARNA METILEN BIRU
LATHIFAH PUJI H, Prof. Indriana Kartini, Ph.D; Dr.Eng. Ahmad Kusumaatmaja, M.Si.; Adi Darmawan, M.Si., Ph.D
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



Abdullah, E.C., 2018, An overview of functionalised carbon nanomaterial 

for organic pollutant removal, J. Ind. Eng. Chem., 67, 175–186. 

Kamil, A.M., Hussein, F.H., Halbus, A.F., and Bahnemann, D.W., 2014, 

Preparation, Characterization, and Photocatalytic Applications of 

MWCNTs/TiO2 Composite, Int. J. Photoenergy, 2014, 1–8. 

Kamińska, G., Bohdziewicz, J., Palacio, L., Hernández, A., and Prádanos, P., 2016, 

Polyacrylonitrile membranes modified with carbon nanotubes: 

characterization and micropollutants removal analysis, Desalin. Water 

Treat., 57, 1344–1353. 

Karimi, E., Raisi, A., and Aroujalian, A., 2016, TiO2-induced photo-cross-linked 

electrospun polyvinyl alcohol nanofibers microfiltration membranes, 

Polymer (Guildf)., 99, 642–653. 

Khalil, A., Nasser, W.S., Osman, T.A., Toprak, M.S., Muhammed, M., and Uheida, 

A., 2019, Surface modified of polyacrylonitrile nanofibers by 

TiO2/MWCNT for photodegradation of organic dyes and pharmaceutical 

drugs under visible light irradiation, Environ. Res., 179, 108788. 

Kemenperin (Kementrian Perindustrian Republik Indonesia), 2019, Industri Tekstil 

dan Pakaian Tumbuh Paling Tinggi , https://kemenperin.go.id/artikel/21191 

/Industri-Tekstil-dan-Pakaian-Tumbuh-Paling-Tinggi, diakses 20 

September 2022. 

Kongkanad, A., and Kamat, P.V., 2007, Electron Storage in Single Wall Carbon 

Semiconductor – SWCNT Suspensions, ACS Nano, 1, 13–21. 

Koozekonan, A.G., Esmaeilpour, M.R.M., Kalantary, S., Karimi, A., Azam, K., 

Moshiran, V.A., and Golbabaei, F., 2021, Fabrication and characterization 

of PAN/CNT, PAN/TiO2, and PAN/CNT/TiO2 nanofibers for UV 

protection properties, J. Text. Inst., 112, 946–954. 

Koulivand, H., Shahbazi, A., Vatanpour, V., and Rahmandoust, M., 2020, 

Development of carbon dot modified polyethersulfone membranes for 

enhancement of nanofiltration, permeation and antifouling performance, 

Sep. Purif. Technol., 230, 115895. 

Kumar, A. and Pal, D., 2018, Antibiotic resistance and wastewater : Correlation, 

impact and critical human health challenges, J. Environ. Chem. Eng., 6, 52–

58. 

Landaburu-aguirre, J., García-pacheco, R., Molina, S., Rodríguez-sáez, L., 

Rabadán, J., and García-calvo, E., 2016, Fouling prevention , preparing for 

re-use and membrane recycling. Towards circular economy in RO 

desalination, Desalination, 393, 16‒30. 

Lee, J., Yoon, J., Kim, J.H., Lee, T., and Byun, H., 2018, Electrospun PAN–GO 

composite nanofibers as water purification membranes, J. Appl. Polym. Sci., 

135, 1–9. 

Lehman, J.H., Terrones, M., Mansfield, E., Hurst, K.E., and Meunier, V., 2011, 

MEMBRAN FOTOKATALITIK POLYACRYLONITRILE (PAN)/ TITANIUM DIOKSIDA (TiO2)/CARBON
NANOTUBE (CNT)
NANOFIBER UNTUK PENGOLAHAN ZAT WARNA METILEN BIRU
LATHIFAH PUJI H, Prof. Indriana Kartini, Ph.D; Dr.Eng. Ahmad Kusumaatmaja, M.Si.; Adi Darmawan, M.Si., Ph.D
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



Evaluating the characteristics of multiwall carbon nanotubes, Carbon N. Y., 

49, 2581–2602. 

Leong, S., Razmjou, A., Wang, K., Hapgood, K., Zhang, X., and Wang, H., 2014, 

TiO2 based photocatalytic membranes: A review, J. Memb. Sci., 472, 167–

184. 

Li, J., Tang, S., Lu, L., and Zeng, H.C., 2007, Preparation of nanocomposites of 

metals, metal oxides, and carbon nanotubes via self-assembly, J. Am. Chem. 

Soc., 129, 9401–9409. 

Li, H., Zhang, W., Li, B., and Pan, W., 2010, Diameter-dependent photocatalytic 

activity of electrospun TiO2 nanofiber, J. Am. Ceram. Soc., 93, 2503–2506. 

Li, Y., Li, L., Li, C., Chen, W., and Zeng, M., 2012, Carbon nanotube/titania 

composites prepared by a micro-emulsion method exhibiting improved 

photocatalytic activity, Appl. Catal. A Gen., 427–428, 1–7. 

Lin, J., Tang, C.Y., Ye, W., Sun, S.P., Hamdan, S.H., Volodin, A., Haesendonck, 

C. Van, Sotto, A., Luis, P., and Van der Bruggen, B., 2015, Unraveling flux 

behavior of superhydrophilic loose nanofiltration membranes during textile 

wastewater treatment, J. Memb. Sci., 493, 690–702. 

Liu, L., Chen, F., and Yang, F., 2009, Stable photocatalytic activity of immobilized 

Fe0/TiO2/ACF on composite membrane in degradation of 2,4-

dichlorophenol, Sep. Purif. Technol., 70, 173–178. 

Liu, L., Liu, Z., Bai, H., and Sun, D.D., 2012, Concurrent filtration and solar 

photocatalytic disinfection/degradation using high-performance Ag/TiO2 

nanofiber membrane, Water Res., 46, 1101–1112. 

Liu, X., Wang, X., Xing, X., Li, Q., and Yang, J., 2015, Visible light photocatalytic 

activities of carbon nanotube/titanic acid nanotubes derived-TiO2 

composites for the degradation of methylene blue, Adv. Powder Technol., 

26, 8–13. 

Liu, Q., Chen, Z., Pei, X., Guo, C., Teng, K., Hu, Y., Xu, Z., and Qian, X., 2020, 

Review: applications, effects and the prospects for electrospun nanofibrous 

mats in membrane separation, J. Mater. Sci., 55, 893–924. 

Majumder, M., Chopra, N., and Hinds, B.J., 2011, Mass transport through carbon 

nanotube membranes in three different regimes: Ionic diffusion and gas and 

liquid flow, ACS Nano, 5, 3867–3877. 

Makuła, P., Pacia, M., and Macyk, W., 2018, How To Correctly Determine the 

Band Gap Energy of Modified Semiconductor Photocatalysts Based on UV-

Vis Spectra, J. Phys. Chem. Lett., 9, 6814–6817. 

Maultzsch, J., Reich, S., and Thomsen, C., 2001, Chirality-selective Raman 

scattering of the (formula presented) mode in carbon nanotubes, Phys. Rev. 

B - Condens. Matter Mater. Phys., 64, 1–4. 

Meng, X., Qian, Z., Wang, H., Gao, X., Zhang, S., and Yang, M., 2008, Sol-gel 

MEMBRAN FOTOKATALITIK POLYACRYLONITRILE (PAN)/ TITANIUM DIOKSIDA (TiO2)/CARBON
NANOTUBE (CNT)
NANOFIBER UNTUK PENGOLAHAN ZAT WARNA METILEN BIRU
LATHIFAH PUJI H, Prof. Indriana Kartini, Ph.D; Dr.Eng. Ahmad Kusumaatmaja, M.Si.; Adi Darmawan, M.Si., Ph.D
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



immobilization of SiO2/TiO2 on hydrophobic clay and its removal of methyl 

orange from water, J. Sol-Gel Sci. Technol., 46, 195–200. 

Mit-Uppatham, C., Nithitanakul, M., and Supaphol, P., 2004, Ultrafine electrospun 

polyamide-6 fibers: Effect of solution conditions on morphology and 

average fiber diameter, Macromol. Chem. Phys., 205, 2327–2338. 

Molinari, R., Lavorato, C., and Argurio, P., 2015, Photocatalytic reduction of 

acetophenone in membrane reactors under UV and visible light using TiO2 

and Pd/TiO2 catalysts, Chem. Eng. J., 274, 307–316. 

Molinari, R., Lavorato, C., and Argurio, P., 2017, Recent progress of photocatalytic 

membrane reactors in water treatment and in synthesis of organic 

compounds. A review, Catal. Today, 281, 144–164. 

Mora, A., Verma, P., Kumar, S., Verma, P., and Kumar, S., 2020, Electrical 

conductivity of CNT/polymer composites: 3D printing, measurements and 

modeling, composite, 183, 1–11. 

Moustakas, N.G., Katsaros, F.K., Kontos, A.G., Romanos, G.E., Dionysiou, D.D., 

and Falaras, P., 2014, Visible light active TiO2 photocatalytic filtration 

membranes with improved permeability and low energy consumption, 

Catal. Today, 224, 56–69. 

Mozia, S., 2010, Photocatalytic membrane reactors (PMRs) in water and 

wastewater treatment. A review, Sep. Purif. Technol., 73, 71–91. 

Nalbandian, M.J., Greenstein, K.E., Shuai, D., Zhang, M., Choa, Y., Parkin, G.F., 

Myung, N. V, and Cwiertny, D.M., 2015, Tailored Synthesis of Photoactive 

TiO2 Nanofibers and Au/TiO2 Nanofiber Composites: Structure and 

Reactivity Optimization for Water Treatment Applications, Environ. Sci. 

Technol., 49(3), 1654‒1663 

Nataraj, S.K., Yang, K.S., and Aminabhavi, T.M., 2012, Polyacrylonitrile-based 

nanofibers - A state of the art review, Prog. Polym. Sci., 37, 487–513. 

Nguyen, H.Q. and Deng, B., 2012, Electrospinning and in situ nitrogen doping of 

TiO2/PAN nanofibers with photocatalytic activation in visible lights, Mater. 

Lett., 82, 102–104. 

Ochoa Rodríguez, P.A., Casuscelli, S.G., Elías, V.R., and Eimer, G.A., 2021, LED 

visible-light activated mesoporous TiO2: A better understanding about 

carbon role in the photocatalytic performance of solid, Catal. Today, 372, 

198–210. 

Ohtani, B., 2010, Photocatalysis A to Z-What we know and what we do not know 

in a scientific sense, J. Photochem. Photobiol. C Photochem. Rev., 11, 157–

178. 

Olowoyo, Joshua O., Kumar, M., Jain, S.L., Babalola, J.O., Vorontsov, A. V., and 

Kumar, U., 2019, Insights into Reinforced Photocatalytic Activity of the 

CNT-TiO2 Nanocomposite for CO2 Reduction and Water Splitting, J. Phys. 

Chem. C, 123, 367–378. 

MEMBRAN FOTOKATALITIK POLYACRYLONITRILE (PAN)/ TITANIUM DIOKSIDA (TiO2)/CARBON
NANOTUBE (CNT)
NANOFIBER UNTUK PENGOLAHAN ZAT WARNA METILEN BIRU
LATHIFAH PUJI H, Prof. Indriana Kartini, Ph.D; Dr.Eng. Ahmad Kusumaatmaja, M.Si.; Adi Darmawan, M.Si., Ph.D
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



Ong, S., Keng, P., Lee, W., Ha, S., and Hung, Y., 2011, Dye Waste Treatment, 

Water, 3(4), 157‒176. 

Orlando, A., Franceschini, F., Muscas, C., Pidkova, S., Bartoli, M., Rovere, M., and 

Tagliaferro, A., 2021, A comprehensive review on Raman spectroscopy 

applications, Chemosensors, 9, 1–28. 

Osswald, S., Flahaut, E., Ye, H., and Gogotsi, Y., 2005, Elimination of D-band in 

Raman spectra of double-wall carbon nanotubes by oxidation, Chem. Phys. 

Lett., 402, 422–427. 

Pai, C.L., Boyce, M.C., and Rutledge, G.C., 2011, On the importance of fiber 

curvature to the elastic moduli of electrospun nonwoven fiber meshes, 

Polymer (Guildf)., 52, 6126–6133. 

Panahian, Y. and Arsalani, N., 2017, Synthesis of Hedgehoglike F-TiO2(B)/CNT 

Nanocomposites for Sonophotocatalytic and Photocatalytic Degradation of 

Malachite Green (MG) under Visible Light: Kinetic Study, J. Phys. Chem. 

A, 121, 5614–5624. 

Papageorgiou, S.K., Katsaros, F.K., Favvas, E.P., Romanos, G.E., Athanasekou, 

C.P., Beltsios, K.G., Tzialla, O.I., and Falaras, P., 2012, Alginate fibers as 

photocatalyst immobilizing agents applied in hybrid photocatalytic / 

ultrafiltration water treatment processes, Water Res., 46, 1858–1872. 

Papkov, D., Zou, Y., Andalib, M.N., Goponenko, A., Cheng, S.Z.D., and Dzenis, 

Y.A., 2013, Simultaneously strong and tough ultrafine continuous 

nanofibers, ACS Nano, 7, 3324–3331. 

Park, B.G., Lee, C.H., and Chung, K.H., 2020, Visible light photocatalytic activity 

of thin film coated on polycarbonate surface with N-and Ni-codoped TiO2 

photocatalyst, Catalysts, 10, 1–12. 

Pastrana-Martínez, L.M., Morales-Torres, S., Figueiredo, J.L., Faria, J.L., and 

Silva, A.M.T., 2015, Graphene oxide based ultrafiltration membranes for 

photocatalytic degradation of organic pollutants in salty water, Water Res., 

77, 179–190. 

Penboon, L., Khrueakham, A., and Sairiam, S., 2019, TiO2 coated on PVDF 

membrane for dye wastewater treatment by a photocatalytic membrane, 

Water Sci. Technol., 79, 958–966. 

Petras, D., Slobodian, P., Pavlínek, V., Sáha, P., and Kimmer, D., 2011, The effect 

of PVAc solution viscosity on diameter of PVAc nanofibres prepared by 

technology of electrospinning, AIP Conf. Proc., 1375, 312–319. 

Pimenta, M.A., Dresselhaus, G., Dresselhaus, M.S., Cançado, L.G., Jorio, A., and 

Saito, R., 2007, Studying disorder in graphite-based systems by Raman 

spectroscopy, Phys. Chem. Chem. Phys., 9, 1276–1291. 

Pingitore, V., Barberio, M., Barone, P., and Oliva, A., 2012, Photoluminescence 

properties of LiF/CNT, ZnS/CNT, TiO2/CNT composites, Nanosci. 

Nanotechnol. Lett., 4, 1082–1086. 

MEMBRAN FOTOKATALITIK POLYACRYLONITRILE (PAN)/ TITANIUM DIOKSIDA (TiO2)/CARBON
NANOTUBE (CNT)
NANOFIBER UNTUK PENGOLAHAN ZAT WARNA METILEN BIRU
LATHIFAH PUJI H, Prof. Indriana Kartini, Ph.D; Dr.Eng. Ahmad Kusumaatmaja, M.Si.; Adi Darmawan, M.Si., Ph.D
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



Pirkanniemi, K. and Sillanpää, M., 2002, Heterogeneous water phase catalysis as 

an environmental application: A review, Chemosphere, 48, 1047–1060. 

Plugaru, R., 2008, Optical properties of nanocrystalline titanium oxide, Thin Solid 

Films, 516, 8179–8183. 

Pramanik, C., Gissinger, J.R., Kumar, S., and Heinz, H., 2017, Carbon Nanotube 

Dispersion in Solvents and Polymer Solutions: Mechanisms, Assembly, and 

Preferences, ACS Nano, 11, 12805–12816. 

Pyrgiotakis, G., Lee, S.H., and Sigmund, W., 2005, Advanced photocatalysis with 

anatase nano-coated multi-walled carbon nanotubes, Mater. Res. Soc. Symp. 

Proc., 876, 83–88. 

Rahaman, M.S., Vecitis, C.D., and Elimelech, M., 2012, Electrochemical carbon-

nanotube filter performance toward virus removal and inactivation in the 

presence of natural organic matter, Environ. Sci. Technol., 46, 1556–1564. 

Rahimpour, A., Madaeni, S.S., Taheri, A.H., and Mansourpanah, Y., 2008, 

Coupling TiO2 nanoparticles with UV irradiation for modification of 

polyethersulfone ultrafiltration membranes, J. Memb. Sci., 313, 158–169. 

Rahimpour, A., Jahanshahi, M., Rajaeian, B., and Rahimnejad, M., 2011, TiO2 

entrapped nano-composite PVDF/PES membranes: Preparation, 

characterization, antifouling and antibacterial properties, Desalination, 278, 

343–353. 

Robati, D., Mirza, B., Ghazisaeidi, R., Rajabi, M., Moradi, O., Tyagi, I., Agarwal, 

S., and Gupta, V.K., 2016, Adsorption behavior of methylene blue dye on 

nanocomposite multi-walled carbon nanotube functionalized thiol 

(MWCNT-SH) as new adsorbent, J. Mol. Liq., 216, 830–835. 

Sa’adah, U., Himmah, S.W., Suprayogi, T., Diantoro, M., Sujito, S., and 

Nasikhudin, N., 2019, The effect of time deposition of PAN/TiO2 

electrospun on photocurrent performance of dye-sensitized solar cell, 

Mater. Today Proc., 13, 175–180. 

Sacco, O., Stoller, M., Vaiano, V., Ciambelli, P., Chianese, A., and Sannino, D., 

2012, Photocatalytic degradation of organic dyes under visible light on n-

doped TiO2 photocatalysts, Int. J. Photoenergy, 1‒9 

Saleh, T.A., 2011, The influence of treatment temperature on the acidity of 

MWCNT oxidized by HNO3 or a mixture of HNO3 /H2SO4, Appl. Surf. Sci., 

257, 7746–7751. 

Samsami, S., Mohamadi, M., Sarrafzadeh, M.H., Rene, E.R., and Firoozbahr, M., 

2020, Recent advances in the treatment of dye-containing wastewater from 

textile industries: Overview and perspectives, Process Saf. Environ. Prot., 

143, 138–163. 

Samy, M., Mossad, M., and El-Etriby, H.K., 2019, Synthesized nano titanium for 

methylene blue removal under various operational conditions, Desalin. 

Water Treat., 165, 374–381. 

MEMBRAN FOTOKATALITIK POLYACRYLONITRILE (PAN)/ TITANIUM DIOKSIDA (TiO2)/CARBON
NANOTUBE (CNT)
NANOFIBER UNTUK PENGOLAHAN ZAT WARNA METILEN BIRU
LATHIFAH PUJI H, Prof. Indriana Kartini, Ph.D; Dr.Eng. Ahmad Kusumaatmaja, M.Si.; Adi Darmawan, M.Si., Ph.D
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



Selen, V., Güler, Ö., Özer, D., and Evin, E., 2016, Synthesized multi-walled carbon 

nanotubes as a potential adsorbent for the removal of methylene blue dye: 

kinetics, isotherms, and thermodynamics, Desalin. Water Treat., 57, 8826–

8838. 

Sen, R., Zhao, B., Perea, D., Itkis, M.E., Hu, H., Love, J., Bekyarova, E., and 

Haddon, R.C., 2004, Preparation of single-walled carbon nanotube 

reinforced polystyrene and polyurethane nanofibers and membranes by 

electrospinning, Nano Lett., 4, 459–464. 

Serpone, N., Lawless, D., and Khairutdinov, R., 1995, Size effects on the 

photophysical properties of colloidal anatase TiO2 particles: Size 

quantization or direct transitions in this indirect semiconductor?, J. Phys. 

Chem., 99, 16646–16654. 

Sha, Y., Liu, W., Wang, M., Wu, J., and Cao, W., 2018, Force field induced 

heterogeneous molecular orientation within polyacrylonitrile 

monofilaments, RSC Adv., 8, 32966–32971. 

Shaban, M., Ashraf, A.M., and Abukhadra, M.R., 2018, TiO2 Nanoribbons/Carbon 

Nanotubes Composite with Enhanced Photocatalytic Activity ; Fabrication 

, Characterization , and Application, Sci. Rep., 1–17. 

Shaban, M., AbdAllah, H., Said, L., and Ahmed, A.M., 2019, Water desalination 

and dyes separation from industrial wastewater by PES/TiO2NTs mixed 

matrix membranes, J. Polym. Res., 26(181), 1‒12. 

Shafei, A. and Sheibani, S., 2019, Visible light photocatalytic activity of Cu doped 

TiO2-CNT nanocomposite powder prepared by sol–gel method, Mater. Res. 

Bull., 110, 198–206. 

Shahtalebi, A., Sarrafzadeh, M.H., and Rahmati, M., 2011, Application of 

nanofiltration membrane in the separation of amoxicillin from 

pharmaceutical wastewater, Iran. J. Environ. Heal. Sci. Eng., 8, 109–116. 

Shao, G.Q., 2013, Treatment of dyes wastewater with TiO2 photocatalytic 

membrane, Adv. Mater. Res., 781–784, 2124–2128. 

Sharma, H.K., Sharma, S.K., Vemula, K., Koirala, A.R., Yadav, H.M., and Singh, 

B.P., 2021, CNT facilitated interfacial charge transfer of TiO2 

nanocomposite for controlling the electron-hole recombination, Solid State 

Sci., 112, 106492. 

Shenoy, S.L., Bates, W.D., and Wnek, G., 2005, Correlations between 

electrospinnability and physical gelation, Polymer (Guildf)., 46, 8990–

9004. 

Shi, Y., Yang, D., Li, Y., Qu, J., and Yu, Z., 2017, Applied Surface Science 

Fabrication of PAN@TiO2/Ag nanofibrous membrane with high visible 

light response and satisfactory recyclability for dye photocatalytic 

degradation, Appl. Surf. Sci., 426, 622–629. 

Shin, M.K., Kim, S.I., Kim, S.J., Kim, S.K., Lee, H., and Spinks, G.M., 2006, Size-

MEMBRAN FOTOKATALITIK POLYACRYLONITRILE (PAN)/ TITANIUM DIOKSIDA (TiO2)/CARBON
NANOTUBE (CNT)
NANOFIBER UNTUK PENGOLAHAN ZAT WARNA METILEN BIRU
LATHIFAH PUJI H, Prof. Indriana Kartini, Ph.D; Dr.Eng. Ahmad Kusumaatmaja, M.Si.; Adi Darmawan, M.Si., Ph.D
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



dependent elastic modulus of single electroactive polymer nanofibers, Appl. 

Phys. Lett., 89, 2004–2007. 

Shojaei, M., Sadjadi, S., Rajabi-Hamane, M., and Ahmadi, S.J., 2015, Synthesis of 

TiO2/polyacrylonitrile nanofibers composite and its application to lead ions 

removal from waste waters, Desalin. Water Treat., 56, 1403–1412. 

Song, H., Shao, J., He, Y., Liu, B., and Zhong, X., 2012, Natural organic matter 

removal and flux decline with PEG-TiO2-doped PVDF membranes by 

integration of ultrafiltration with photocatalysis, J. Memb. Sci., 405–406, 

48–56. 

Song, J., Wang, X., Yan, J., Yu, J., Sun, G., and Ding, B., 2017, Soft Zr-doped TiO2 

Nanofibrous Membranes with Enhanced Photocatalytic Activity for Water 

Purification, Sci. Rep., 7, 1–12. 

Spudat, C., Müller, M., Houben, L., Maultzsch, J., Goss, K., Thomsen, C., 

Schneider, C.M., and Meyer, C., 2010, Observation of breathing-like modes 

in an individual multiwalled carbon nanotube, Nano Lett., 10, 4470–4474. 

Srivastava, H.P., Arthanareeswaran, G., Anantharaman, N., and Starov, V.M., 

2011, Performance of modified poly(vinylidene fluoride) membrane for 

textile wastewater ultrafiltration, Desalination, 282, 87–94. 

Stafford, U., Gray, K.A., Kamat, P. V., and Varma, A., 1993, An in situ diffuse 

reflectance FTIR investigation of photocatalytic degradation of 4-

chlorophenol on a TiO2 powder surface, Chem. Phys. Lett., 205, 55–61. 

Storck, J.L., Brockhagen, B., Grothe, T., Sabantina, L., Kaltschmidt, B., 

Tuvshinbayar, K., Braun, L., Tanzli, E., Hütten, A., and Ehrmann, A., 2021, 

Stabilization and Carbonization of PAN Nanofiber Mats Electrospun on 

Metal Substrates, C-J Carbon Res., 7(12), 1‒21. 

Sun, L., Li, J., Wang, C., Li, S., Lai, Y., Chen, H., and Lin, C., 2009, Ultrasound 

aided photochemical synthesis of Ag loaded TiO2 nanotube arrays to 

enhance photocatalytic activity, J. Hazard. Mater., 171, 1045–1050. 

Sun, W., Liu, J., Chu, H., and Dong, B., 2013, Pretreatment and membrane 

hydrophilic modification to reduce membrane fouling, Membranes (Basel)., 

3, 226–241. 

Talwar, S., Hinestroza, J., Pourdeyhimi, B., and Khan, S.A., 2008, Associative 

polymer facilitated electrospinning of nanofibers, Macromolecules, 41, 

4275–4283. 

Tan, Y., Song, Y., and Zheng, Q., 2012, Hydrogen bonding-driven rheological 

modulation of chemically reduced graphene oxide/poly(vinyl alcohol) 

suspensions and its application in electrospinning, Nanoscale, 4, 69977005. 

Tański, T., Matysiak, W., and Krzemiński, Ł., 2017, Analysis of optical properties 

of TiO2 nanoparticles and PAN/TiO2 composite nanofibers, Mater. Manuf. 

Process., 32, 1218–1224. 

MEMBRAN FOTOKATALITIK POLYACRYLONITRILE (PAN)/ TITANIUM DIOKSIDA (TiO2)/CARBON
NANOTUBE (CNT)
NANOFIBER UNTUK PENGOLAHAN ZAT WARNA METILEN BIRU
LATHIFAH PUJI H, Prof. Indriana Kartini, Ph.D; Dr.Eng. Ahmad Kusumaatmaja, M.Si.; Adi Darmawan, M.Si., Ph.D
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



Tarigh, G.D., Shemirani, F., and Maz’hari, N.S., 2015, Fabrication of a reusable 

magnetic multi-walled carbon nanotube-TiO2 nanocomposite by 

electrostatic adsorption: Enhanced photodegradation of malachite green, 

RSC Adv., 5, 35070–35079. 

Tarus, B., Fadel, N., Al-Oufy, A., and El-Messiry, M., 2016, Effect of polymer 

concentration on the morphology and mechanical characteristics of 

electrospun cellulose acetate and poly (vinyl chloride) nanofiber mats, 

Alexandria Eng. J., 55, 2975–2984. 

Thommes, M., 2010, Physical adsorption characterization of nanoporous materials, 

Chemie-Ingenieur-Technik, 82, 1059–1073. 

Toma, F.L., Bertrand, G., Klein, D., Meunier, C., and Begin, S., 2008, Development 

of photocatalytic active TiO2 surfaces by thermal spraying of nanopowders, 

J. Nanomater., 1‒8. 

Tsai, H.A., Ciou, Y.S., Hu, C.C., Lee, K.R., Yu, D.G., and Lai, J.Y., 2005, Heat-

treatment effect on the morphology and pervaporation performances of 

asymmetric PAN hollow fiber membranes, 255, 33–47. 

Ţucureanu, V., Matei, A., and Avram, A.M., 2016, FTIR Spectroscopy for Carbon 

Family Study, Crit. Rev. Anal. Chem., 46, 502–520. 

Uheida, A., Mohamed, A., Belaqziz, M., and Nasser, W.S., 2019, Photocatalytic 

degradation of Ibuprofen, Naproxen, and Cetirizine using PAN-MWCNT 

nanofibers crosslinked TiO2-NH2 nanoparticles under visible light 

irradiation, Sep. Purif. Technol., 212, 110–118. 

Varghese, O.K., Kichambre, P.D., Gong, D., Ong, K.G., Dickey, E.C., and Grimes, 

C.A., 2001, Gas sensing characteristics of multi-wall carbon nanotubes, 

Sensors Actuators, B Chem., 81, 32–41. 

Veluru, J.B., Manippady, K.K., Rajendiren, M., Mya Mya, K., Rayavarapu, P.R., 

Appukuttan, S.N., and Seeram, R., 2013, Photocatalytic hydrogen 

generation by splitting of water from electrospun hybrid nanostructures, Int. 

J. Hydrogen Energy, 38, 4324–4333. 

Venkatraman, M.R., Muthukumarasamy, N., Balasundaraprabhu, R., Agilan, S., 

and Velauthapillai, D., 2015, Solvothermal synthesis of TiO2/CNT 

composites and its physical and chemical properties, AIP Conf. Proc., 1665, 

1–4. 

Wang, W., Serp, P., Kalck, P., and Faria, J.L., 2005, Photocatalytic degradation of 

phenol on MWNT and titania composite catalysts prepared by a modified 

sol-gel method, Appl. Catal. B Environ., 56, 305–312. 

Wang, X., Sø, L., Su, R., Wendt, S., Hald, P., Mamakhel, A., Yang, C., Huang, Y., 

Iversen, B.B., and Besenbacher, F., 2014, The influence of crystallite size 

and crystallinity of anatase nanoparticles on the photo-degradation of 

phenol, J. Catal., 310, 100–108. 

Woan, K., Pyrgiotakis, G., and Sigmund, W., 2009, Photocatalytic carbon-

MEMBRAN FOTOKATALITIK POLYACRYLONITRILE (PAN)/ TITANIUM DIOKSIDA (TiO2)/CARBON
NANOTUBE (CNT)
NANOFIBER UNTUK PENGOLAHAN ZAT WARNA METILEN BIRU
LATHIFAH PUJI H, Prof. Indriana Kartini, Ph.D; Dr.Eng. Ahmad Kusumaatmaja, M.Si.; Adi Darmawan, M.Si., Ph.D
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



nanotube-TiO2 composites, Adv. Mater., 21, 2233–2239. 

Wongaree, M., Chiarakorn, S., and Chuangchote, S., 2015, Photocatalytic 

Improvement under Visible Light in TiO2 Nanoparticles by Carbon 

Nanotube Incorporation, J. Nanomater., 2015, 1–10. 

Wongaree, M., Chiarakorn, S., Chuangchote, S., and Sagawa, T., 2016, 

Photocatalytic performance of electrospun CNT/TiO2 nanofibers in a 

simulated air purifier under visible light irradiation, Environ. Sci. Pollut. 

Res., 23, 21395–21406. 

Wu, C.H., Kuo, C.Y., and Chen, S.T., 2013, Synergistic effects between TiO2 and 

carbon nanotubes (CNTs) in a TiO2/CNTs system under visible light 

irradiation, Environ. Technol. (United Kingdom), 34, 2513–2519. 

Wu, J.C., Ray, S., Gizdavic-nikolaidis, M., Jin, J., and Cooney, R.P., 2016, Effect 

of polyvinylpyrrolidone on storage stability, anti-oxidative and anti-

bacterial properties of colloidal polyaniline, Synth. Met., 217, 202–209. 

Xu, S., Shi, Y., and Kim, S.G., 2006, Fabrication and mechanical property of nano 

piezoelectric fibres, Nanotechnology, 17, 4497–4501. 

Yin, G., Zhao, Q., Zhao, Y., Yuan, Y., and Yang, Y., 2013, The electrospun 

polyamide‒6 nanofiber membranes used as high efficiency filter materials: 

Filtration potential, thermal treatment, and their continuous production, J. 

Appl. Polym. Sci., 128, 1061–1069. 

Yang, M.Q., Zhang, N., and Xu, Y.J., 2013, Synthesis of fullerene-, carbon 

nanotube-, and graphene-TiO2 nanocomposite photocatalysts for selective 

oxidation: A comparative study, ACS Appl. Mater. Interfaces, 5, 1156–1164. 

Yang, D., Tian, D., Xue, C., Gao, F., Liu, Y., Li, H., Bao, Y., Liang, J., Zhao, Z., 

and Qiu, J., 2018, Tuned Fabrication of the Aligned and Opened CNT 

Membrane with Exceptionally High Permeability and Selectivity for 

Bioalcohol Recovery, Nano Lett., 18, 6150–6156. 

You, S.J., Semblante, G.U., Lu, S.C., Damodar, R.A., and Wei, T.C., 2012, 

Evaluation of the antifouling and photocatalytic properties of 

poly(vinylidene fluoride) plasma-grafted poly(acrylic acid) membrane with 

self-assembled TiO2, J. Hazard. Mater., 237–238, 10–19. 

Yu, Y., Yu, J.C., Yu, J.G., Kwok, Y.C., Che, Y.K., Zhao, J.C., Ding, L., Ge, W.K., 

and Wong, P.K., 2005, Enhancement of photocatalytic activity of 

mesoporous TiO2 by using carbon nanotubes, Appl. Catal. A Gen., 289, 

186–196. 

Yu, H., Quan, X., Chen, S., Zhao, H., and Zhang, Y., 2008, TiO2-carbon nanotube 

heterojunction arrays with a controllable thickness of TiO2 layer and their 

first application in photocatalysis, J. Photochem. Photobiol. A Chem., 200, 

301–306. 

Yu, D., Bai, J., Liang, H., Ma, T., and Li, C., 2016, Dyes and Pigments AgI-modi 

fi ed TiO2 supported by PAN nanofibers: A heterostructured composite with 

MEMBRAN FOTOKATALITIK POLYACRYLONITRILE (PAN)/ TITANIUM DIOKSIDA (TiO2)/CARBON
NANOTUBE (CNT)
NANOFIBER UNTUK PENGOLAHAN ZAT WARNA METILEN BIRU
LATHIFAH PUJI H, Prof. Indriana Kartini, Ph.D; Dr.Eng. Ahmad Kusumaatmaja, M.Si.; Adi Darmawan, M.Si., Ph.D
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/



enhanced visible-light catalytic activity in degrading, Dyes Pigment, 133, 

51‒59. 

Yuan, W. and Zhang, K.Q., 2012, Structural evolution of electrospun composite 

fibers from the blend of polyvinyl alcohol and polymer nanoparticles, 

Langmuir, 28, 15418–15424. 

Zhang, H., Quan, X., Chen, S., Zhao, H., and Zhao, Y., 2006, Fabrication of 

photocatalytic membrane and evaluation its efficiency in removal of organic 

pollutants from water, Sep. Purif. Technol., 50, 147–155. 

Zhang, X., Du, A.J., Lee, P., Sun, D.D., and Leckie, J.O., 2008, TiO2 nanowire 

membrane for concurrent filtration and photocatalytic oxidation of humic 

acid in water, J. Memb. Sci., 313, 44–51. 

Zhang, X., Xu, S., and Han, G., 2009, Fabrication and photocatalytic activity of 

TiO2 nanofiber membrane, Mater. Lett., 63, 1761–1763. 

Zhang, W., Ding, L., Luo, J., Jaffrin, M.Y., and Tang, B., 2016a, Membrane fouling 

in photocatalytic membrane reactors (PMRs) for water and wastewater 

treatment : A critical review, Chem. Eng. J., 302, 446–458. 

Zhang, Y., Guerra-Nuñez, C., Li, M., Michler, J., Park, H.G., Rossell, M.D., Erni, 

R., and Utke, I., 2016b, High Conformity and Large Domain 

Monocrystalline Anatase on Multiwall Carbon Nanotube Core-Shell 

Nanostructure: Synthesis, Structure, and Interface, Chem. Mater., 28, 3488–

3496. 

Zhao, H., Li, H., Yu, H., Chang, H., Quan, X., and Chen, S., 2013, CNTs-

TiO2/Al2O3 composite membrane with a photocatalytic function: 

Fabrication and energetic performance in water treatment, Sep. Purif. 

Technol., 116, 360–365. 

Zhu, L.W., Zhou, L.K., Li, H.X., Wang, H.F., and Lang, J.P., 2013, One-pot growth 

of free-standing CNTs/TiO2 nanofiber membrane for enhanced 

photocatalysis, Mater. Lett., 95, 13–16. 

Zhu, Z., Zhang, Ye, Zhang, Yibo, Shang, Y., Zhang, X., and Wen, Y., 2019, 

Preparation of PAN@TiO2 Nanofibers for fruit packaging materials with 

efficient photocatalytic degradation of ethylene, Materials (Basel)., 

12(896), 1‒10. 

 

MEMBRAN FOTOKATALITIK POLYACRYLONITRILE (PAN)/ TITANIUM DIOKSIDA (TiO2)/CARBON
NANOTUBE (CNT)
NANOFIBER UNTUK PENGOLAHAN ZAT WARNA METILEN BIRU
LATHIFAH PUJI H, Prof. Indriana Kartini, Ph.D; Dr.Eng. Ahmad Kusumaatmaja, M.Si.; Adi Darmawan, M.Si., Ph.D
Universitas Gadjah Mada, 2022 | Diunduh dari http://etd.repository.ugm.ac.id/


