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Carbon-titaniwmn dioxide heterogeneous (photo)catalysts (C-TiOs) for s
highly efficient visible light photocatalytic application

, Ha-Rim An"™
Hyun Uk Lee ™

*:‘II
!
Jeechan Yoon©,

, Hyeryeon Lee ", Raneun Lee ", Yunju Choi”, Ji-In Park ",
. Young-Seak Lee ™"

_' Digparmnens of Chemirad Engineering and Appbed Chewmoieary, Chungnom Nacoms Undeorily, Daghesn, 54734, Repudlic of Horea
" fetemae Indrumomsanon Assesemenr and Appheasion Team, Kores Bosde Seicnes Dusdnee, Dogicon, 5433, Repubbis of Foros

® Buzan Cemmr, Fwrea Bosiz Salimed Insgouss, Bawan 46743, Republis of Forea

Deparmmens of Mareials Seignce ond Emginesring. Infia Universiey, Inchesn, 22212, Bepublic of Forea
* Divirion of Mansts! Analisis and Revearch, Korea Baonc Sefence fotiune, Daogieon, 34173, Repubfie of Koreg
* Institute af Carbon Panon Technolagy (TnGFT), Chungnem Natiemal Usnaraisy, Dosean, 24154, Repudlic of Ko

ARTICLE INFO ABSTRACT

Foelrwords
Evnthoois

Plasma breatmernt
Hetezogeme,
Fhotnestalas
Adzorpiion

In this paper, a novel ome-step methed for the sypnthesiz of a heterogenscus carbon-titenium diexide (photwo)
carabyst {C-Tidw) is Arst reparted. This synthesis medhod was performed at roam remperamre and atmospheric
pressure using underwarer plasma treatment for 13 min over varous rados of tHmndum and carben sources, The
resulifng G-Ti0z had anatese/ brookite polyerystelline phases with turbestratie cerbon and large surface areas,
The bandgap ensrgies were narrowed by the generation of reactive oxygen species and carbon bonds in the
lartice of Ti0,, extending optical absorprion inta the wisible range. C80-TI0;. which had aptimal ratios of carbon

and TIO; exhibited suparior phowcatalytle activitdes for methylene blue ([&] — 4.61 h™Y) under artificlal solar
irradiation due te I enhanced optical properties and muemerous adsorption slives, which were approximately 10

timeas higher than those of commescial Tids ([k]

0.41 b Yy This stirdy represents 2 milestone of rapid and

convenisnt methods to produce C-Ti0; wdith high photocasalytic perfarmance for srdronmental apolicatons.

1. Introduetion

As indusoy develops. the threat of environmentsl polluden is
increasing. In particular, organic pollutants cause severs air and warer
polludon [1]. Mumerous atemprs to midgare these organie pollucants
have been documented; these amemprs have inclueded adsorprion. elac-
wical oxidadon, and phorecatalytic degradation [2—4]. Titanium diox-
ide [TiQ,) is one of the strongest candidares as a feasible (photelcatalyst
because of its various advantages, such as s low cost, nontoxicioy, and
abiity vo oxidize organic polluiane [5]. However, TI0y suffers from a
wide bandgap, Eow activity under visible light, a high electron-hole
recombination eate, and low adsorprion abiliey, and these limitadons
srongly resrrict ire application in pracrical cases [6,7]. Many researchers
have armempred to enhance the phowcatalydc performance of TiO-
using various approaches [6,5.9]. For example, TiOg-based heteroge-
neous (photojeatalyss, whose microstrectures are modulated with
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exrermal impuricies, have arracred increasing arcenion [10- 1 4], Ameng
them, TDp (photejearalvers hybridized with carbon manselals effee-
dvely enhance organic pollucant removel efficlency without using novel
metal species [15]. The hizh conductdvicy of carbon marerials may
provide & path for phutnexf[[ed free elecorons; therefore, charge-carrisg
separaton occurs [12.14.16], Addidonally, the largs surface arsas of
carbon materials improve the adsorption properties of organic pollut-
ants [17,15]. In addition, hybridizing Ti0- [photolatalysts with carbon
marerials improves their Ught harvesring properties beeause whice Ti0,
tends o reflect most irradiaced lighe, bur gray or black hybridized ma-
tarials absorb mors light in the visitle and near-infrared regions
[19-23).

Tio, (phora)caralyss hvbridized with earbon mareriale are prepared
using wlwasound radiadon, [D.I:I. Fm:hange. and sdsorpdon follewed by
hydrothermal trearment [24-27]. Thase methods usually require sol-gel
processes thar copsume considerable cime and energy  [25,20);
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