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1. natural organic matter

2. disinfection by-products
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5. valence band

6. conduction band
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11. fourier-transform infrared spectroscopy

&b

VoA

Adyani, S.M. and Ghorbani, M. 2018. A comparative study of physicochemical and photocatalytic properties of visible light
responsive Fe, Gd and P single and tri-doped TiO, nanomaterials. Journal of Rare Earths, 36: 72-85.

Ansari, S.A., Khan, M.M., Ansari, M.O. and Cho, M. H. 2016. Nitrogen-doped titanium dioxide (N-doped TiO »,) for visible
light photocatalysis. New Journal of Chemistry, 40, 3000-3009.

Bhatnagar, A. & Sillanpad, M. 2017. Removal of natural organic matter (NOM) and its constituents from water by
adsorption—A review. Chemosphere, 166: 497-510.

Canle, M., Pérez, M.1.F. and Santaballa, J.A. 2017. Photocatalyzed degradation/abatement of endocrine disruptors. Current
Opinion in Green and Sustainable Chemistry, 6: 101-138.

Cao, X., Liu, C., HU, Y., Yang, W. and Chen, J. 2016. Synthesis of N/Fe comodified TiO , loaded on bentonite for enhanced
photocatalytic activity under UV-Vis light. Journal of Nanomaterials, 2016, 1.

Charanpahari, A., Umare, S. and Sasikala, R. 2013. Effect of Ce, N and S multi-doping on the photocatalytic activity of TiO
». Applied Surface Science, 282: 408-414.


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiC1vbFvPrXAhUMK1AKHfrHDfMQFgglMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FScanning_electron_microscope&usg=AOvVaw2PJ2VwPtgUBo8hTLb1ctDI

wee 5lobuzo 8 Sl Suogusd SwaUiSgs LS

YoAa
Ol)So g sgllsae gyuo o

Cheng, X., YU, X. and Xing, Z. 2012a. One-step synthesis of Fe—N-S-tri-doped TiO , catalyst and its enhanced visible light
photocatalytic activity. Materials Research Bulletin, 47: 3804-3809.

Cheng, X., YU, X., Xing, Z. and Yang, L. 2012b. Synthesis and characterization of N-doped TiO 2 and its enhanced visible-
light photocatalytic activity. Arabian Journal of Chemistry.

Chong, M.N., Jin, B., Chow, C.W. and Saint, C. 2010. Recent developments in photocatalytic water treatment technology: a
review. Water research, 44: 2997-3027.

Eslami, A., Amini, M.M., Yazdanbakhsh, A.R., Mohseni-bandpei, A., Safari, A.A. and Asadi, A. 2016. N, S co-doped TiO2
nanoparticles and nanosheets in simulated solar light for photocatalytic degradation of non-steroidal anti-inflammatory drugs
in water: a comparative study. Journal of Chemical Technology and Biotechnology, 91: 2693-2704.

Fan, J., Zhao, Z., Wang, J. and Zhu, L. 2015. Synthesis of Cr, N-codoped titania nanotubes and their visible-light-driven
photocatalytic properties. Applied Surface Science, 324: 691-697.

Gnanasekaran, L., Hemamalini, R., Saravanan, R., Ravichandran, K., Gracia, F. and Gupta, V.K. 2016. Intermediate state
created by dopant ions (Mn, Co and Zr) into TiO , nanoparticles for degradation of dyes under visible light. Journal of
Molecular Liquids, 223: 652-659.

Hamden, Z., Concei¢do, D., Boufi, S., Vieira Ferreira, L.F. and Bouattour, S. 2017. Structural, Morphological, Optical and
Photocatalytic Properties of Y, N-Doped and Codoped TiO2 Thin Films. Materials, 10: 600.

Hayle, S.T. and Gonfa, G.G. 2014. Synthesis and characterization of titanium oxide nanomaterials using sol-gel method. Am.
J. Nanosci. Nanotechnol, 2: 1-7.

Jabbari, V., Hamadanian, M., Karimzadeh, S. and villagran, D. 2016. Enhanced charge carrier efficiency and solar light-
induced photocatalytic activity of TiO , nanoparticles through doping of silver nanoclusters and C—-N-S nonmetals. Journal
of Industrial and Engineering Chemistry, 35: 132-139.

Jiang, H., Yan, P., Wang, Q., Zang, S., LI, J. and Wang, Q. 2013. High-performance Yb, N, P-tridoped anatase-TiO 2 nano-
photocatalyst with visible light response by sol-solvothermal method. Chemical engineering journal, 215: 348-357.

Khade, G., Gavade, N., Suwarnkar, M., Dhanavade, M., Sonawane, K. and Garadkar, K. 2017. Enhanced photocatalytic
activity of europium doped TiO2 under sunlight for the degradation of methyl orange. Journal of Materials Science:
Materials in Electronics, 1-10.

Khan, H. and Swati, 1. K. 2016. Fe3*-doped Anatase TiO, with d—d Transition, Oxygen Vacancies and Ti3+ Centers:
Synthesis, Characterization, UV-vis Photocatalytic and Mechanistic Studies. Industrial & Engineering Chemistry Research,
55: 6619-6633.

Khodadadi, B. 2013. Preparation, characterization and investigation of photocatalytic properties of co, nd-codoped tio2
nanocomposites.

Kim, T.-H., Rodriguez-gonzélez, V., Gyawali, G., Cho, S.-H., Sekino, T. and Lee, S.-W. 2013. Synthesis of solar light
responsive Fe, N co-doped TiO , photocatalyst by sonochemical method. Catalysis today, 212: 75-80.

Koltsakidou, A., Antonopoulou, M., Evgenidou, E., Konstantinou, I., Giannakas, A., Papadaki, M., Bikiaris, D. and
Lambropoulou, D. 2017. Photocatalytical removal of fluorouracil using TiO ,-P25 and N/S doped TiO 2 catalysts: A Kinetic
and mechanistic study. Science of The Total Environment, 578: 257-267.

Kumar, M., Gholamvand, Z., Morrissey, A., Nolan, K., Ulbricht, M. and Lawler, J. 2016. Preparation and characterization of
low fouling novel hybrid ultrafiltration membranes based on the blends of GO— TiO , nanocomposite and polysulfone for
humic acid removal. Journal of Membrane Science, 506: 38-49.

Lei, X., Zhang, Z., Wu, Z., Piao, Y., Chen, C., LI, X., XUE, X. and YANG, H. 2017. Synthesis and characterization of Fe, N
and C tri-doped polymorphic TiO , and the visible light photocatalytic reduction of Cr (VI). Separation and Purification
Technology, 174: 66-74.

Li, C., Dong, Y., Wu, D., Peng, L. and Kong, H. 2011. Surfactant modified zeolite as adsorbent for removal of humic acid
from water. Applied clay science, 52:353-357.

Liu, H., Thind, S. S., Wu, G., Wen, J. and Chen, A. 2015. Synthesis and photoelectrochemical studies of N, Zr co-doped
mesoporous titanium dioxide. Journal of Electroanalytical Chemistry, 736: 93-100.

Liu, S., Lim, M. and Amal, R. 2014. TiO ,.coated natural zeolite: rapid humic acid adsorption and effective photocatalytic
regeneration. Chemical Engineering Science, 105: 46-52.



y24

19V Gliwo & bl @ K 5)95

V%o

Mendiola-alvarez, S., Guzman-mar, J., Turnes-palomino, G., Maya-alejandro, F., hernandez-ramirez, A. & Hinojosa-reyes,
L. 2017. UV and visible activation of Cr (I11)-doped TiO, catalyst prepared by a microwave-assisted sol-gel method during
MCPA degradation. Environmental Science and Pollution Research, 24, 12673-12682.

Mohan, R., Krishnamoorthy, K. and Kim, S.-J. 2012. Enhanced photocatalytic activity of Cu-doped ZnO nanorods. Solid
State Communications, 152: 375-380.

Moradi, H., Eshaghi, A., Hosseini, S. R. and Ghani, K. 2016. Fabrication of Fe-doped TiO , nanoparticles and investigation
of photocatalytic decolorization of reactive red 198 under visible light irradiation. Ultrasonics sonochemistry, 32: 314-319.

Nasir, M., Bagwasi, S., Jiao, Y., Chen, F., Tian, B. and Zhang, J. 2014. Characterization and activity of the Ce and N co-
doped TiO , prepared through hydrothermal method. Chemical Engineering Journal, 236, 388-397.

Oskoei, V., Dehghani, M., Nazmara, S., Heibati, B., Asif, M., Tyagi, I., Agarwal, S. and Gupta, V. K. 2016. Removal of
humic acid from aqueous solution using UV/ZnO nano-photocatalysis and adsorption. Journal of Molecular Liquids, 213,
374-380.

Pan, Y., LI, H., Zhang, X. and LI, A. 2016. Characterization of natural organic matter in drinking water: Sample preparation
and analytical approaches. Trends in Environmental Analytical Chemistry, 12: 23-30.

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 Materials Science, 8: 649-655.

Phung, H. N. T., Duong, P. A, Le, H. V. T. & Truong, N. D. 2017. Effect of co-doping and tri-doping with transition metals
and a nonmetal on photocatalytic activity in visible light of TiO2 thin film. Journal of the Korean Physical Society, 70: 995-
1000.

Quan, F., HU, Y., Zhang, X. and Wei, C. 2014. Simple preparation of Mn-N-codoped TiO 2 photocatalyst and the enhanced
photocatalytic activity under visible light irradiation. Applied Surface Science, 320: 120-127.

Rashid, S., Gondal, M., Hameed, A., Aslam, M., Dastageer, M., Yamani, Z. and Anjum, D. H. 2015. Synthesis,
characterization and visible light photocatalytic activity of Cr 3+, Ce 3+ and N co-doped TiO 2 for the degradation of humic
acid. RSC Advances, 5: 32323-32332.

Sood, S., Umar, A., Mehta, S.K. and Kansal, S.K. 2015. Highly effective Fe-doped TiO 2 nanoparticles photocatalysts for
visible-light driven photocatalytic degradation of toxic organic compounds. Journal of colloid and interface science, 450:
213-223.

Tabasideh, S., Maleki, A., Shahmoradi, B., Ghahremani, E. and Mckay, G. 2017. Sonophotocatalytic degradation of diazinon
in aqueous solution using iron-doped TiO2 nanoparticles. Separation and Purification Technology, 189: 186-192.

Tang, W. X., Ni, E. X,, Yuan, J., Yan, JK., Yang, G., Shi, Z, Gan, G. Y., Du, J. H., Zhang, J. M. and Liu, Y. C.
Photocatalytic properties of (Fe, N)-codoped TiO2. Advanced Materials Research, 2014. Trans Tech Publ, 84-87.

Vaiano, V., Sacco, O., Sannino, D. and Ciambelli, P. 2015. Nanostructured N-doped TiO 2 coated on glass spheres for the
photocatalytic removal of organic dyes under UV or visible light irradiation. Applied Catalysis B: Environmental, 170: 153-
161.

Wang, J., Zhao, Y., Wang, T., LI, H. and Li, C. 2015. Photonic, and photocatalytic behavior of TiO 2 mediated by Fe, CO,
Ni, N doping and co-doping. Physica B: Condensed Matter, 478: 6-11.

XU, J., AO, Y. and FU, D. 2009. A novel Ce, C-codoped TiO 2 nanoparticles and its photocatalytic activity under visible
light. Applied Surface Science, 256: 884-888.

Xu, Y., Lei, B., Guo, L., Zhou, W. and Liu, Y. 2008. Preparation, characterization and photocatalytic activity of manganese
doped TiO 2 immobilized on silica gel. Journal of hazardous materials, 160: 78-82.

Yan, Y., Yu, Y., Huang, S., Yang, Y., Yang, X., Yin, S. and Cao, Y. 2017. Adjustment and Matching of Energy Band of
TiO2-Based Photocatalysts by Metal lons (Pd, Cu, Mn) for Photoreduction of CO2 into CH4. The Journal of Physical
Chemistry C, 121: 1089-1098.

Yuan, R., Liu, D., Wang, S., Zhou, B. and MA, F. 2018. A comparison of water solubility enhancements of organic solutes
by aquatic humic materials and commercial humic acids. Environmental Engineering research, 22: in Press.

Yuan, R., Zhou, B., Zhang, X. and Guan, H. 2015. Photocatalytic degradation of humic acids using substrate-supported
Fe3+-doped TiO2 nanotubes under UV/O3 for water purification. Environmental Science and Pollution Research, 22: 17955-
17964.



wee 5lobuzo 8 Sl Suogusd SwaUiSgs LS
\24

Ol)So g sgllsae gyuo o

Zeghioud, H., Khellaf, N., Djelal, H., Amrane, A. and Bouhelassa, M. 2016. Photocatalytic Reactors Dedicated to the
Degradation of Hazardous Organic Pollutants: Kinetics, Mechanistic Aspects, and Design—A Review. Chemical Engineering
Communications, 203: 1415-1431.

Zhang, D. 2011. Chemical synthesis of Ni/TiO2 nanophotocatalyst for UV/visible light assisted degradation of organic dye in
aqueous solution. Journal of sol-gel science and technology, 58: 312-318.

Zhang, Y., Shen, H. and Liu, Y. 2016. Cooperation among N, F and Fe in tri-doped TiO2 photocatalyst. Research on
Chemical Intermediates, 42: 6265-6287.

Zulkifli, R., Razali, M., Azaman, F., Ali, A. and Nor, M. 2018. Synthesis and characterization of Al-Fe-Cu tri-doped TiO2 by
in-situ hydrothermal for degradation of methylene blue dyes. 10P Conference Series: Materials Science and Engineering,
I0OP Publishing, 012019.



