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Removal of Humic Acid Using Titania Film with
Oxygen Plasma and Rapid Thermal Annealing

Jun-Won Jang - Jae-Woo Park*
Department of Civil Engineering, Hanyang University

ABSTRACT

Titanium was oxidized with oxygen plasma and calcinated with rapid thermal annealing for degradation of humic acid
dissolved in water. Titania photocatalytic plate was produced by titanium surface oxidized with oxygen plasma by Plasma
Enhanced Chemical Vapor Deposition (PECVD). RF-power and deposition condition is controlled under 100 W, 150 W,
300 W and 500 W. Treatment time was controlled by 5 min and 10 min. The film properties were evaluated by the X-ray
Photoelectron Spectroscopy (XPS) and X-Ray Diffraction (XRD). From the experimental results, we found the optimal
condition of titania film which exhibited good performance. Moreover photocatalytic capacity was about twice better than
thermal spray titania film, and also as good as titania powder.
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Elefo} ¥hakS FAA)Z]7] 918k titanium  sheet
(purity 99.9%, 7] 025 mm)S 1 cmx 1 cm A2}51
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2.2. &Y X{2|(Rapid Thermal Annealing, RTA)
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Table 1. Deposition conditions in PECVD

Materials Titanium (99.9%)

Pre treatment gas (sccm) 0,, 80
Deposition gas (sccm) 0,, 10

Pre working pressure (10~mb) 1.0~2.0
Working pressure (10mb) 6.0~9.0

RF power (W) 100, 150, 300
Electrode to substrate distance (cm) 15
Treatment time (min) 5, 10
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Fig. 1. Shematic diagram of the photocatalytic reactor system.
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Fig. 2. SEM of the Titania film surface with RF power control in
PECVD. (a) x5,000, RF power 150 W, (b) x20,000, RF power
150 W, (c) x5,000 RF power 300 W, (d) x20,000, RF power 300
W.
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Fig. 3. X-ray Photoelectron Spectrometer of Titania film
controlled RF power and current time in PECVD (top : 300 W-5
min, middle : 300 W-10 min, bottom : 150 W-10 min).
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Fig. 4. X-ray diffractions of Titania film controlled annealing temperature in Rapid Thermal Annealer. (a) XRD of the film with annealing
temperature at 200°C, (b) XRD of the film with annealing temperature at 500°C, (c) XRD of the film with annealing temperature at 800°C.
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Fig. 5. Comparison of Humic acid degradation by TOC analysis
of photocatalytic reactor system with a) Only UV, b) UV +
Titania powder (0.1 g), ¢) UV + treated Oxygen plasma and RTA,
d) UV + Thermal spray Titania film.
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Fig. 6. Comparison of removal rate by photocatalytic reactor
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2 el ARKE Efepof Hheke Fekv) sleleE)
(Plasma-Enhanced Chemical Vapor Deposition, PECVD)
of &gk AAEet=ut Akshol ofsl AR RF
powere 150 W, 300 WollA Akl =]Azke 523} 10
HollA 27t S=3)ETt. =& RF powers 351) Iut
o] ¥WAS ZTH e SEMO o3 BRlsisit). =
gk XPSSA A 150 Wl A2 35n) vheto) H]
3 300 W2 48 A] 3o F& ElelgS 93] 4k
7= Aoz Yepdth F4¥2](Rapid Thermal
Annealing, RTA)E ©]831595, WiAto]=e] AAHS
AL = glom uElo] FAE wEsle] ARES 183 52
ek, F5G9A2] Al 200°C, 300°CoAE Tig07} &
dejo] APt 9@ XaE= ks SRl AHeleert
400°C, 500°CelA= ohteRAIER] F5a 283 o] 34
=L, 600°C, 700°C, 800°CAlA Fde] AAFo] YA
o FEU AAAGAA = 7S o] &HI AU+
Thermal spray EJERo} 335wl wito]] wlatod 2uf o]
o] 958t oS vepller E4d Elepoleh=s A
AR Hlale oA 248 885 veple 2e g1

& AU

il

P

o
rat

2 d7E, 1992, ESCA(XPS)E ©]-8- 3£ 4], Journal of the
Korean Society of Analytical Sciences, 5(2), 67A-82A.

Journal of KoSSGE Vol. 12, No. 3, pp. 29~35, 2007

92, 22U, HES, oW1, o] &<, 2001, TiO, FE57E ©]
43} Humic Acid®} 554 A1 AlA, =2873315]4], 17(2),
179-190.

WA 0%, o] HS-, T, FAE, 2006, 24 EFE
g ut A2t 2D EA AT, Journal of Korean Society for Imaging
Science & Technology, 12(1), 10-17.

A1t)-8-, 2000, T 7] =287 8}-8- Titania 33l A=, Journal of
Advanced Mineral Aggregate Composites, S, 185-194.

ST, AU, A8, 2001, = AR o] F8HE] Eh(Titania) 8
Zaf| o] 7t 9 2383}, Prospective of Industrial Chmistry, 4(6),
18-27.

oV, PEA], 1Y, 2003, Hpelekir F459] 717) 8814 2
SRR} Blolehg A1ehE w)ute] F-afol B3k A, Bull. Sci.
Ed, 19(1), 63-87.

A5, 71492, 2000, o] Bl eV B 2] 543} 58,
Prospective of Industrial Chmistry, 3(6), 41-47.

Z%%, Champaneria, R. K., 1989, #4:A| 5.2] 3 F-2o] &-&

= XPSe] Aol &3V, Bull. of the Koran Inst. of Metals,
24), 315-321.

34%%, 2003, Titania =) ¥H-3- ?“L:IL, J. Korean Ind. Eng.
Chem., 14(8), 1011-1022.

Adan, C., Bahamonde A., Fernandez-Garcia, M., and Martinez-
Arias, A., 2007, Structure and activity of nanosized iron-doped
anatase Titania Catalysts for phenol photocatalytic degradation,
Applied Catalysis B : Environmeantal, 72, 11-17.

Choi, W.Y. and Hoffmann. M.R., 1995, Photoreductive mecha-
nism of CCl4 degradation on Titania particles and effects of
electron donors, Environ. Sci. Technol., 29, 1646-1654.

Fox, M.A. and Dulay. M.T., 1993, Heterogeneous photocataly-
sis, Chem. Rev., 93, 341-357.

Fujishima, A. and Honda, K., 1972, Electrochemical Photolysis
of Water at a Semiconductor Electrode, Nature, 37, 238.
Fujishima, A., Rao, T.N., and Tryk, D.A., 2000, Titanium diox-
ide photocatalysis, Journal of Photochemistry and Photobiol-
ogy C: Photochemistry Reviews, 1(1), 1-21.

Ibusuki, T. and Takeuchi, K., 1994, Removal of low concentra-
tion nitrogen oxides through photoassisted heterogeneous catal-
ysis, J. Mol. Catal., 88, 93-102.

Kyriaki, K. and Xenophon, E. V., 1995, Definition of the intrin-
sic rate of photocatalytic cleavage of water over Pt-RuO2 Tita-
nia catalysts, J. Catalysis. 152, 360-367.

Lin, C.J. and Lo, S.L., 2005, Effects of iron surface pretreat-
ment on sorption and reduction kinetics of thrichloroethylene in
a closed batch system, Water Research, 39, 1037-1046.

Li, Y.L. and Ishigaki, T., 2001, Synthesis of crystalline micron
spheres of Titanium Dioxide by Thermal plasma Oxidation of



Axgeizolel FEAAell o8] AZH EEo) uleke] Fk Al 35

Titanium Carbide, Chem. Mater., 13, 1577-1584.

Min, H., Erwin, T., Abhaya, K. D., Michael, R. P,, and Bertha,
M. S., 1996, Removal of silver in photographic processing
waste by Titania-based photocatalysis, Environ. Sci. Technol.,
30, 3084-3088.

Oliver, D., Tracy, L. Thompson, Goralski, E. D., Walck, S. D.
and John, T. Y. jr., 2004, The Effect of Nitrogen Ion Implanta-
tion on the Photoactivity of Titania Rutile Single Crystals, J.

Phys. Chem B., 108, 52-57.

Tads, H., Salto, Y., and Kawahara, H., 1991, Photodeposition of
Prussian blue on Titania particles, J. Electrochem. Soc., 138(1),
140-144.

Xu, Y. and Langford, C. H., 1997, Photoactivity of titanium
dioxide suppored on MCM41. Zeolite X. and Zeolite Y, J. Phys.
Chem. B., 101, 3115-3121.

Journal of KoSSGE Vol. 12, No. 3, pp. 29~35, 2007



