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SUMMARY
I Title

Detoxification of contaminated air/soil utilizing advanced  oxidation/reduction

{solar—driven) photocatalaysis
II. Objectives and Significance

Since hazardous wastes and toxic‘ chemicals pose complex environmental problems by
directly affecting the soil, water, and air, which are the most important factors to the
human, attempts have been made to address the magnitude of environmental
contamination by establishing the safety guidelines and regulations. Benzene, toluene,
ethylbenzene, Xyléne polycyclic aromatic hydrocarbons and chlorinated phenols derived
from petroleum processing and industrial plant were the main concerns to the risk of
human health. These toxic chemicals are mutagenic and carcinogenic to the living
organisms and also extremely resistant to degrade in nature and lipophylic and insoluble
in water and thus tend to biologically be concentrated in tissues of organisms at different
levels of food chain. For this reason, this research project has aimed at getting core
technologies on photocatalysis, which are necessary (o commercialize environmentally
benign contaminated waler/air treatment system, in cooperation with caltech and ISIH.

Photocatalytic treatment technology has heen investigated and developed by many
researchers from 1989 when it was first considered in terms of ’‘environmental
applications’ instead of water—splitting to produce hydrogen which had not been
commercialized for 20 years. This is mostly due to the ease of system construction and
operation. However, in many research areas such as the efficiency, reaction mechanism,
immobilization, and reactor design, tremendous efforts has been made.

While, in Korea, photocatalytic reaction system aftracted many researchers’ and
company’s interest about a year ago, research center at Korea Institute of Energy
Research (KIER) has performed a variety of related topics - preparation and

characterization of photocatalyst, contaminated liquid and gas treatment/remediation - for
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6 years. Because researchers at KIER has recently focused on commercialization based on
its experience, this effort has obviously helped solve the difficulties that many medium
and/or large companies encountered to apply the photocatalysis. The significance of this
study could be found from this situation.

I‘rom the other side of view, as a member of OECD, Korea was reported behind in
level among other member countries from environmental evaluation. According to this
evaluation they made a comment that Korea needs the regulation of energy price and
strengthened pollution emit level to decrease the air pollution in Korea. These needs are
quite global (rends nowadays and arise as international issues. Therefore, advanced
oxidaion technology, especially photocatalysis, which is the most appropriate one that is
able to resolve these problems and use solar energy should be investigated further. Doing
50, we can achieve not only the domestic clean environment but also the global mankind

welfare and ecocnomic and cultural side-effect.

III. Contents and Scope of Project

(1) Preparation of photocatalyst with high quantum yield (photonic efficiency)
- water phase 5 over 40% (depending on target materials)
- gas phase ; over 20%. stable at high temperature
- mixed oxides, metal-doped etc.
(2) Immobilization with high degradation efficiency
- packed type ; over 95% (averaged)
- thin film type ; over 95% (averaged)
- OFR type ; over 95% (averaged)
(3) Optimization of photocatalytic reactor for remediation ; water, gas, soil contaminants
- establishment of commecialization model
- on-site application method

(4) Combination of advanced oxidation technologies

vii



IV. Results

The conducted research topics can be divided into four section as follows,
- photocatalyst preparation and characterization ; pure, mixed (Fe, Ni, Zn etc.)
- Increase in photonic efficiency (photocatalyst and reaction parameters
modification)
- set-up and operation of various photocatalytic systems
" Packed type of TiO:-coated glass beads (for gas treatment)
" TiO2—coated flat glass plate (for gas treatment)
" Slurry type (for water treatment)
" OFR type (for water/gas treatment)
- Treatment of various target materials ; DCA, VOCs(TCE/PCL), toluene, MTBE
Detailed results and discussions according to aforementioned four sections are mentioned
in 'Chapter 3. Comments and Results’, Only the summarized results are following below.
Among prepared photocatalysts, Fe/Ti mixed photocatalyst showed UV/VIS absorbance
onset of 410nm and highly increased photonic efficiency. When Pt was deposited on this,
much higher efficiency resulted with over 40% in case of DCA degradation.
Photocatalyst-coated glass beads were packed in tubular type reactor. In this work,
target compound was TCE and photocatalysis was conducted at various experimental
conditions. Firstly, TiO2 and mixed oxides (Ni-Ti, Fe-Ti) were synthesized and coated on
glass beads. photocatalytic degradation rate of TCE with pure TiO» was highest ; Tt wus
observed that pure TiO, > Ni/Ti > Fe/Ti Results showed that important factors were
concentration of Os, relalive humidity, and UV intensity in this experiments. Secondly, five
intermediates were identified by GC-MS analysis, and they are chloroform, trichloroacetic
acid (TCAA), tetrachloroethylene (PCE), pentachloroethane, hexachloroethane. Thirdly,
solar irradiation experiments were performed with various photocatalysts. Although
experiments were affected by weather condition in terms of light intensity, the feasibility
of solar-driven detoxification has been obtained through outdoor experiments.
Using TiO.-coated optical fiber reactor (OFR) two chlorinated organic compounds, TCE

and PCE, were degraded This set of experiment included varied parameters such as
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optical fiber number and length, coating method, coated width, and irradiation. The
degradation efficiency increased as the length and number of optical fiber increased.
Slurry concentration of 5wt% of P25 in water showed the best photocatalytic efficiency.
In the case of using sol-gel method for coating, efficiency was dependent of coating
width. Within the investigated range of irradiation efficiency increased linearly. The effect
of pulse irradiation was observed, especially in lower irradiation. Relative humidity was
also a critical factor and reaction mechanism was also postulated. Toluene seemed to be
more difficult to degrade than TCL/PCE because of stable benzene-ring structure.

MTBE degradation in slurry type reactor was carried out, resulting in 3 and half
hr(Co=0.05mM), 5 hr (Co=0.5mM), and 7 hr (Co=1.0mM). According to the pH of MTBE
solution, rate constant of 1.7, 1.2, and 0.75 [x10* secfor pH=6.5, 3, and 11 respectively
with the inicial concentration of 05mM (048 107 sec™ for 1mM). Indoor simulated
chamber was used for TCE/PCE degradation with TiO2 coated flat plate. Because the

mass transfer was restricted and the long distance between lamp and coated plate were

not optimized, only 40% of the compounds was eliminated.

V. Application Plan

Photocatalysis application in environmental remediation includes contaminated water, air,
soil, and indoor working/living places. It has been reported that those compounds such as
common  solvents,  Kkelones, phenols, halogenated substances, surfactants, toxic
phosphorous--containing  substances were successfully treated in a photocatalytic way.
These compounds sum up about 600 species from all kinds of elution sources. In addition,
odor substances from foods, farm lands, and households electronics have been seriously
considered as another application area. Not only this harmful compounds treatment but
metal ions reduction and separation and spilled oils treatment are also applicable. When
highly efficient nano-sized photocatalyst can be prepared, self-cleaning lamps, glass, and
inner wall materials in tunnel are also developed in the near future. In the long term, this

”

technology is exposed to "energy” issues such as wet-solar cells, CO2 reduction to useful

fuel, and hydrogen production from water.
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Among mentioned categories, several fields have already been selected early
commercialization, and some have been investigated, and others have started being
investigated internationally. This center at KIER has covered organic detoxification in
liquid and gas phase, and self-cleaning materials with nano-sized photocatalvst. Wet-solar
cells and hydrgen production from water have been just started. In Korea, several venture
companies established recently and units of a couple of big company has seriously been
interested in photocatalysis application. With a cooperation of these companies, research

trends have been tried to direct commercialization step by step.
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Bdolrh, Qe Fr) A B eE A o] o] et A
24& ARstr] M A aAEdY dAT2E AW o £33 ARgEE “u] o]
(band theory)'& =9 HArF o}, EAAE o] &(molecular orbital theory)oll ¢}sb9 i
A} % (molecular orbitals)t= A} %= (atomic orbitals)E 2] A8 ZAge] 98] wd= 4 o

T4 AR $7h EAEE BAAE 29 A Folsk HolEA vtk 1w

)

S PASE QA T8 goni RAAE 0ol olux Aol VA s Aok 4
S A%H A wband)F P ol@sl shol YHH W w Apolol WA
S 4 gle FAE UA WA (band gap, BJol EAlatd], wEAel oy o F 4

Aol os) 7b5 Al HRE P wE X9 wE Ff-w(valence band, VB), #ztel] €]
3 HHEA & A v v x e ui dEu](conduction band, CB)¢FiL gk}, & fruf o)
Aryel 7t =& oyA AA s b ouA AAE A7 i 7R A e (valence
band edge, Ew)9} A %u] 7}4%Fe) (conduction band edge, Ep) B3l F-21 o4} Aol (Iigy
= Evp)7F WA oy A, Epoll 8l g3t

HEz o] Wo] zARE 49 oL vk o] u)zk4 o]ate] olUA & ks WAt hy >E)7F &

Zl 4l ]

-

aEo] FhHwolA AEuwi #xlo]Y)(electron excitation)® Yo7 il ol FHuwjo]= Ay
(hole)e], Mxu]o]i= HAH(electron)”} AAF=d o]& AA-A 34 KA (electron-hole pair
generation)o] 2kl 0} TiO.9F o] w]zhze] &+ WAl &2 wpxhe] Uhyke §5738ka0 b
SR o oS AAHske AR S FaskA Xske W, Sigr o] ujgbAo] e
HHEA e 7FA)3AE Fste] ofrjE 4 k. o33 W Ae) o 7] (photoexcitation) 7}
Hol A7} A7y geold xR deks= 3 HAl Al glelv, &, a8 §45)
of of71Eu dEr o] oAl F97F A A ool Axtel Ao AAgtel @Al w
2uzad 1- 11 ofd A&z Fa8 deluAry i dejel ouxn w3hd Ak
o] A7} s glo] kel Axol AAF s, o] wf ofite] o A7} vhA] Wl o WhE W A

(fluorescence), A2} ZlF(lattice vibration)?] Ho|ujA 2 W= 7] wfio] FFHuls ALgo]
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E7besh slojnt ey Wi Ale) A ol|qx] wihAoe] Eajste] % urhdaele] 9%

Aol 5o whE AAE Goldrh Aypyos whAule] Aol A-ge] ol gt
S 8] EHeR olFd g S v F3e] A lifetimeS 7AW RbE Ao} spwel] FAb

3
e
o
r>~

A A7) (electron donor) #AHD)W A A7) (electron acceptor) ¥AHA)7F <=A1g 4
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7F. qEv) F5F
1) sr& ks
A sryol A A S8 W dd e o] fEH T A R wnA] FEuj= F

EAFSE AS O RLAl TION3.2eV),  WO3(2.8eV),  SrTiOs(3.2eV), a ~Fe:03(2.2eV),
F3ls ATLEE CdS(2.4eV), ZnS(36eV),
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SnOx(3.65eV), Zn0(3.2eV) 5ol o,
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Aystthe AAHA FEE hA I 9E BrE ohyE) AbstE WA FAbs) vhE FA
o] Aol A % TiOo(anatase) > TiOo(rutile) > ZnO > ZrOs > Sn0: > V.03 9 2%, TiO:
b v 2 F4EE Rela gtk olgd oy s1A FHolA TiOw FFHvEA -3
54¢ AYn o] dAAA s st ARg AL Ao AAlE &8 F¥lelA e Tio:

b Ae fdd BEuE QA= vk LelA TiOx¢l Tl tE AA S slstix &

Rutile? anatasel® FFH o7 Ti''e]e F9 e 6719 070l &o] Zel%5 A= TiO, I
Aol Ao A, F A o] Aole o WAL HEHI whE a0 Ao
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anatase”} rutile®.t} #th(anatase:1.934A, 1.980A, rutile:1.949A, 1.980A). %381 rutileq- 2ol
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Degussait &l P-257} #F o 24 713 de] A& 53 ik, P-256¢ o & A4 brand®] TiO:
of Wigto] UntHo® e FEAYE Hola §lo] FEHEM WEE HAESE b o] 79

EF dAE5u EAAYE AR ok P25 v¥igEA xR, A F-E& anataseft rutile

o] i} 7:39] W& o]F W, BET £WdL 55+ 15m/golil, Hit 3A9 z=7)+ 30 nmel 0.1
e AEE 7k JFAE ol F5L v
2) ¥ 2 Z AF}o] E(Perovskite) 3}3HE
g Bajate] Ao 48 AAAT)E vl glolA, AP TiO, HieA] 4Sen) g
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AR R B @ A4 @ws) MEolxd e ¢th. NiobiumAd o] & mEA =4
#] 3§ 2~ 7} o] = (Jon-exchange lyered perovskite)®] 4wral& v}z o},
AM,;, - 1NbuOsgn i1

oI71Al Az e Std, M 42E EFE EE 47E 2% nd 2<n<72A4 Yekd
oo #1 AS VEEe R dto] NiobiumZl $74 #HlE27l0lE 8-S AHEW KLaNbO;,
PbLaN©b.0s, CsLaNb2Oy, KCa:Nb20ny, RbCasNhsOo, CsCasNbsOip, KSraNbzOgo,
KCa:NaNbiOw3 5ol vt

——
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gL, o] 8 mglo] Fhgdh F FaE 7F KiNbeOrel NiNOg)y A7-HE x| Al# At
8- ghel Akl KuNbsOrr 45 ml o] Aol oF 5A9 Nivk E95e] A5, BEel+ Nizt
MPEANA @in A WASER[2529]  UVEo]l KiNbsOrr 435 mol] AL o) 2w 25 )
UV Faeke] e ot b AR ohE AR e 43S 7 F FoA B BEes
Aol AR Nift o5 e oF o) WhEstol 4 dAst i BEolAyE B3 h'o] w
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3) AjL-vFol e 3FF v (Zeolite photocatalyst)

Algelol i A vhyd AR YOIERA oY kA #2719 {1 RAES FES o) F
Ak, Eet 2 9dvh I 1xpe] A7) 0.1~10mmel B, R Aol Fr)He Mdy T3S
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=), ol b AlOE §leto] el FHavh e oy d AldAlE dAEE WY
ofgle] A& o FAMG S 2 iz 42~T4A F27)9 Ado) EAHAY A 64~12A
&l Frul(cage) Mol G 23~13A A7]Q0 Fwindows)e]l A E} A SelolE ] &
AL A U4l Al Sig Ga, Ge, B, P 2 98 Ho] #4 F9 & 942 fgx
o xA A9 AIPOL SAPO Ald el FaA7E fH48 Bumdom st $79 9xl, o)
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WG g BN e Qe BE o) B FANLE 21 205 5
o equHe YAl E FEH T gom, B Jee e quAden A4sd &
Qe gAlel ok #Eusehgel el Ralst bsw BASe YrAF 4783, @

F5 G/uA, AN H183

(NOx), 3}§HE(SOx,

[Chem. Rev. 95(1995)], ol¢} tiio] &AF MiAE WaFY, FARey] a3y 59 43
AA Sy QAAE ALl A AR, WA, @8 F)e WA A A g0 AZEIA =9
B3 Qup[ gt Al i 1, 1999; Personal communication w/ S, LAH. o2l gt &3] 7183
ol AtsiA el Wuko] ofuel Fard o] 29 Yl FpRedE ggo] shEEy, HEA Y,
AspaA ], 89 g W dte] ek A% FdHI Qo v[Transactions of the
ASMI, 119 (19971, ¥ 718 ol G5 M faetadad A d4E 2ha JdE s %H
S Aol Sfo] H 4r dyr Eoko]l7]| =3t Ind. Eng. Chem. Res. 32 (1993) ;
Personal communication w/ SAHL Skell4] A% & ZbE AFAANA AAd FHLE F
AR 5 A 8 23 Al A Al2g ol )dto]l B v]golH,
u Vel vty AbES Wik w85 Jheed, A2 Uz AFE FAgenzx s
A7V s s, A4S e el Hd WY Ak wiv)rta g BEs g S
A By ol ardel digh A5t wmyo] wii Aot 9o BE @A EoF oo n
Hiroll iz o]abs)yk el WEk liist(vl gk wEHE) 9 F[]. photochem. photobiol., 113 (1998)],
Azl JpAv)ekags) st MY v1Ee] A WHEA] "G A ) dAE 5 e AR
& WA[Solar Energy Materials and Solar Cells, 32 (1994)], &3] a2z, 181 33
AGHA AlARLS ofFrehizdl Aol U HAIE, 98] 53] A Eote HYF x40

J Rl

$5FE /T8 A QoA 71T oldE TUNEAZ AAAATe 80% i 4

wsre) 2wt vhe)o] MW Aol AM, FaAEE FARRE A UA g, 4

=
g A ol A vwR dEA doy ERAE AHEH 2 g&FTUY =go] A%

1o
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B S gATH)el HFue Az, Br Nurl% FPYATE Faho] SAE LA/

Faket BAMAN L AHATE A o F, chpst Felel FEAFNIANG A, A4

QA7ANE wEstel HA/EH AT 5 & q4FE 2AA Ak o wgelA AL

e Ao Fa/AN AT WSS ol AT Wl g, vARA F Az
29 Bd GRS 459 0k gov, B3NN NY TR A &S W
S3 g olg slgoz 29 vt % AFvel A ol BeE ATo] BAL A )
zAFo] Arstglom od BA T4 L AN WA Bl B A& D8 A

Bk st ol g APE Sdstel JeH BEAe Sushn Pou A sue] 7
Holup LT 9ste] nEE ZVIMUA BEe) Az @ o) & Aaw FE7 4ol
27E D Ark A4 FAH §HAR

At @ et A% RoplAE AT AAHE #F dvkm & 5 . ol

Aol Festy Qov], BE @R-PAse Hokz eFlA W, vFHael 5

49, CO9) Halehd 89, 3&sk WEA FEUF A AANA FEow o] ofol
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of Fulste]l Arslal ivh AW FVAH/RWSAE AYE dAAATer o
TS W 50000091 o) o s o Zaka gl [AIE L] 52

ghbsl Al Ay s glon] el Alxe] Ay AAdE FEE FREF U
Lol [SEKIIO] Bahnemann¥l ©l nano size £%3Zuw]& A %£38}o] laser photochemistry &

Me B vk el V1S grsta dA g, Askr AYAagE FActe] 3F9E8E

Y

A s Qloy, 53] G F ol X eFFAel #H4Ql TNT £de F8sta o
Braunschweig W%}, Clausthal &dje} vlEo] EU &5 A 7419 < AVICENNE = 2 13 (3%
g g ol ARl Fhedsle] w9l Hepd ) ofzZ e, glulol, Alglo)l Fol| ejFRatet

o%‘J
b

H A e A 2glS AR sl dE3 VRS &Sk gl
N8 Caltech®] Iloffmann® ol A= g3t 55 F7]182 S oz FE2uE Ax H
7batar, ARLg- Felo] BT RA A M-S FAE Y AFE AAs Y

..... NREL, LLBL, SNL, Florida ®%e]d*17A1E, Brookhaven, ANL% &
DOEY DODe) #A1<l, §¥ stoll wjdgstehit s daxdrsgde AL A5 SusA 2
Aakar Qo WA el ofd¥l Akl el A&, CO9 23, 7dAHAE A%
pilot Jfizel Jw-g-r] QARG G vb glvh olutell W& uig, A5 WA YoM =
FE Alx, G7kel Ag/dz1 M2 E 91§ prototype H-83F Al &FE AzEa 3tk NREL

1

oAt AU R ek A AP ATE BuEl QAT Yor, T8 10% TP AT &

ghaf o] A g Wl Far gl
Fek)el) A= Concordia theti ] N, Serpone 4=, Ontario B8 2] Bolton w452 %3}
BF-S-o] mechanism -4, BE0 Q] AF, Hrix A AsFaL itk Purifics Environmental
=
=

Technologies $|AF = 33313} #H 42 AP A28 A 2ste] o] & wujstir glor} 717 o]

o

arzpelsn SLER FFve] AxvE RV A8 A 9@ A g Bl Ha ik

N

o gleln. I, HF, olekelel, WekH, BF, 2HQ, 292, oA FANT AFIE
of W) Az, WalH A W RS sY Bop) N A&HOE ATE FAsL ek

vlo] Ao}, 7], @ulol, of= AU, netd S Alsge Bge] TS Fol M 7]
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A1d A3

1. &=0f M=

-

B AFojxe e st nEse FEvlzA oA dEddR Tio2w A

L.

glont Egolu F4ud Qdoje) Ager Radsth A B ATelN T A

flo

Azsted WANRAE FAA 7|3, &8-S F7FA 7124 etk Milli-Q plus system

il

T AdstA vt

o] &3te] AZI ZFF(AFL>18M Qcm) 600mlE 1TColdta Yzha 2l

tio

A7) M A dopant ATFAEL AAF &R 247 HolE F, o Gdel] -20Te]stel A

TiCl4 (Junsei, Co)E 3] ¢ WA H7FAAA

[2¥] 3- 1]. &0 QA =& ¥ evaporator
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el pHrl oF 25-35 AXE7 & w7tx] Ao A dialyzingA Attt Dialyzinge 53 3o

A 5A171 7] 918t rotary evaporator (BUCHI Rotavapor R-114)$} aspirator(EYELA,

AdAE 7
Tokyo Rikakikai Co. Ltd)¥+ AF&3l9om[19 3- 1], cold trapo 2 AAAALE ALY
o, Wzbael ki oF 16~ 20, 18] 3L water bath®] £ EE AL o2 FA3HA rotary
evaporator W2 F¥E 9 25 ~30mb AEE x4y AxA7G7 FEHorE ¢rEH e
oF Imb7) ¥Xid & whiro]l Fol 24 viear)e] EFEFHE Axso F dAxE
AA R SrdsrAle] gt AbRelE ZAo® d#HE T AFARE TTIP
(titaniumtetraisopropoxide) t+ A3} 51 Si029] A4 2+ TEOS (tetraethylorthosilicate) &
o g3ttt i o] WMoy ST FHuhy ZEE Asidon, RE e B& H
ZFebAl e dkaL, TICL LtOIs) ehsalelele) & FmHy o3 2o
TTIP : TEOS @ EtOH : HCI = 1: (0, 0.1, 1 and 10): 40 : 0.01

WA EOHA TTIPi: #8450 S8 WAl & TEOS(ZFZ Y mol%d)9t HCIS 3
ol & frelw AAAMY dip ZH(E
55 2em/min) skl A500Cel Al 103 FF A Fste AS 6W wEETY. dXFE 3

Zol A Fi gt HhE AR e 8 S AMILPCL: T nH2O, Showa Chem. Co., Japan), &%

ZFskar sk N ARPol A kgl Srg Al wl

o

8T Mool 1(Yakuri Pure Chem. Co., Japan), %52 w8 2 H o] E(aq., Fluka, USA) & A}

g3k ar, st Wl¥E(CILOH, Hayman, England), ©ol¥-$(C:Hs0H, Hayman,

O'«

England), ¥3i3:AHIICOOIL, Duksan pharmaceutical Co., Korea) 5& A}&3tgt. 217 &%

& W o FHHAAY ) skal PLeMoOs, PHWOsA® Al 2709 S48 FX4A17])7

1

Shait), gk o A YA F dheste W e td ) 2o dgwgal, dRE
Sl A2l $ 80ml Al duE- el F2EE g TiO.9} "ehe S/FF 80mlE ¥ PES 3
Uiyl vy kS AYIUA g o R o) S RAMGT FYoZE 100W High
pressure mercury lamp (SIIL-100UVQ, TOSHIBA, Japan)& AF-g&3dte] w4 3 & wln
Ao A Az

W

gl el e (0.2um, Gelman Science)il 71

e

x: = =i
2. 2=0| Eo 24

E3Pd5ue] 540 onseto]l Fubd GO R red-shift HEA o] ARE #FE] Yo
A zatuke] We] F48S UV/VIS spectrometer(Perkin-Elmer, Ramda )& AF&3to] 20

0~800nme] gl el A A glcl rea Ege] ®stE Rty $ste] o] dolete 7}

-
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T absorption coefficient @ 2 A4t 3 In( @ )9} photon energy(E;)&E A48 AL%
%21, Absorption coefficient @ = T A3 HEghE Z8sto] Astglo)

2.303 X o x 1000
cX d

X A(A)

A7IA A(DE & FFoA FAHE 58, ARUE p=39 g/en, colloid ¥% ¢=0.5 g/L,
2] 1 optical path length d=1 cm& A}-8-3}¢lt).

¥ E3FEe YA TEM(Philips EM430, 200 kV, L = 600, 1 = 0.025A)
ZHgstel AR e, AAFEE electron  diffraction(EDP)#  X-ray  diffraction(XRD)

pattern®. 24 @1t} Ed Az EFFEZo)olA dopante] BAH LS} dxle) Ay F

2
{

o AejE ##A37] 9359 energy dispersive x-ray spectrometer(EDAX, Pilips PV99)& A}
fstdoh. A% dopant®] EA] AE] #92 X-ray photoelectron spectroscopy(XPS,
Fisons, ESCALAB220I-XL, Al Ke, 10kV, 15mA, 2°8X10™ mbar)& A}83}9lon, dolz
ol Bl = Cs(284.6 eV)E 7|52 2 charge effect @ work function®] 913 shift® B A &Y
o},

=

ol
23
o
fr
2
By
ts

o] g5l B LE ghobslr] 918lo] photonic efficiency & 3

ol

Fd=dl, 28 AdE¥2E ImM DCA(Aldrich Chemical Co. Inc)d A& s o1, 50mL
quartz WH&7]e) Fe/Ti &3r4ZvlE 05g/L2 ¥ EE wE 3 10ml/minl & 9% A9}
A A=Wz (500W)E E&3lo] DCAS #Hyhe Refl4£528 Z48 vk DCA W%

614 Impulsemat, 713 pH meter®?} 665 Dosimat (Metrohm Co.)& A& 3 'pH-stat’ W o3

_Ir*
|
|

FAskgl e, aberchrome &g A83}9] actinometry W ow FA7 ZAx FUo] A7)
268 pE/secolfith. AR oy A vhe] 9% Al AR E W

320nm cut-off BEE Fsto] Wol =AME 3, red-shift®l Fe/Tiste]l wlmE 9sAe
385nm cut-off BEH & AFEstA L™ 3- 2]
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Auto Titration System

pH 1

MELET fower O - _
o NaOH-titrator
for simultaneous
—] neutralisation
Xe-lamp | Quartz reactor /
l | == Cooling
A . water —/T
WG 320 stirrer ooo o

(28 3- 2] FFv] & E44A

FHALy-gl

1. Bockelmann, D., Lindner, M., Bahnemann, D., "Fine Particles Science and Technology”

(L. Pellizzetti ed.), 675-689. Kluwer Academic Publisher, Netherlands(1996).

Wt A A EE ghgetel RAsgtE S Akl AR
ooyl 3= 3lel vehiiek o] A A g HE S ER e, 20W black UV-A
3t (Hwaduck BLB20, 314 360nm)7F A9 ofE@d w8-71(200em® #9)5 AHg3h<
v}, Peristatic pump (Cole-Palmer) ¥ AF-8&3F 450 ml/min® F#o 2 =3$2]7] 3, 30ml/min

450
o AlAiE FEIAYIY WA Y. Fa71eA4a% (total organic carbon, TOC) =AH&

vil

or i
¢

Shimadzu 5000A TOC analyzer's At83tdeom, &y a4A 7% (chemical oxygen
demand, COD)3= ‘DR/2000 spectrophotometer’ 7} &2l ‘HACH COD reactor & #8319

AskAvk (20w 3 Al wAlEEd T EUR]D vl AT yokydie] HAE] e

A o}-& OFRIEA - Aleke] d4te Al MTBE &3] Ab&atdd whgAl~gojth &4

"

<

o] °F 2m A9 optical fibere] 3IEHE 30cmE I EF T TiOFZF=vlE coating 3FA o
[173]. o] ¢ 7}¥he) optical fiberit bundleE Bl & %S 3 32 W) gource® HEFH 3£

Al whvp wSA Aol FAEQY B UV generator (Oriel) &, ¥ A& shutter
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F et cvmor
% £
-
-
o rer

[(1% 3- 3], #21e] & Fbga)
(model D122, Uniblitz)E& wave form generator(model501, Alltech)®F oscillosope(1740A,
Hewlett Packard)& o] -&3sto] WAAZ T WAl 2912 Xe]go ) dyp w3 2z Fo
7yzy 221 /9 (Milli-Q, 18MQ2)E 53] M #31Y) (masterflex pump drive, Cole-Parmer
Instruments, Inc.). A&l FAr|zke] Ho 3 o]f= 7]EL] A2 E o] iz OFR Al=¥E& Al
gaksiom, ZaAdel vehtde Ay ALl AFEo R Fo B oAl AR Al
dto] 28T AFow g V)R AQd AWM ke BE [173]0] vely glow, oo

el mgol 4R Aok ¥ & A WAL o ° Qo FRANGRE AW
FA AR Fo] glrh, MTBE (0.1mM) 4litert

o].g_z:,—} _E_ :I/Q-]:]]é. /\]_jlo}oq 247\4 m ] 2 ju’?

[e] o = o

Ll_;

r \Fl
1
%
=2
>
=
do
ols
Lo
3R
|
b
=)
)]
@

9 plasma$

o
>
b
&l"
50
WA
L

# 1} plasma®H]i= 9184

EE R

X

Mo

HA R At FAHol =il FAHQ £42 autohead samplerZ ©]-&

g GCE o] Folhrt, vl 20 vt Als& AHASH o F WA TR 8AI¢F U7 52l
GC9 oven®&®& 70°C (7]1€9] 80°Cay= Hu]o Fxdo) w2 oF [15-9 retention time

ol gt th. FYT2 ¢HL S9psid ALEEAT oW BA A= oy RE ks

o] (TBA, TBF, acetone, methyl acetate’s) &% A& ko, MTBES] Alzlel] up& %}

ol MHE @ PR 3748 FAW Utk PARE)

: 2 BE VAT BAL

HE-&-A1 7k, A4S purgeability o] o sko] tpA] e Flojol & Ao FekH),
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L. N. J. Peill and M. R. Hoffmann, Environ. Sci. Technol., 2974-2981, 29, 1995,

2. N. J. Peill and M. R. Hoffmann, Environ. Sci. Technol., 2806-2812, 30, 1996.

3. N. J. Peill, L. Bourne, and M. R. Hoffmann, J. Photochem. & Photobiology, 108, 1997.
4. T. K. Lee, W. B. Kim, S. H. Cho, and P. C. Auh, Solar Energy Materials, 13-23, 23

1991.

[Z1%] 3~ 4]. OFR (at Caltech)
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NAFA e felTFEo X9 Ky wer[a9 3- 519 OFR[2€ 3- 7], 29 &=

7l #ElY Sawe A SR8 der[ag 3- 818 &8stk o7]d in-situ FTIR

-

Z 883 5 YEE G2 W) silicon wafers AF3 W15 A ZEko) AKF MR g
R FrwWaE GCO ¥4 BAeduiay 3- 6] o2 WErlE 1y el A AR
2 Aol 2AERen, FAFukee] tistel= ofgel Asgstarzl vk Optic fibere]
Ao A BEo# Ho] JEd e cored} ol ML SlE clad T, 2eli B2

1948 BEs) = buffer’t vk Buffersl Aol 28 Algalgen cladie

AC)
i
=

o

4 X AASAY, = clad FH L acetoneo] 24A17F AL §H7HFW clady-
Bol WAR cored v WA ®Bh, AF£3 B Fcoreis A4 Immel Aeolch FAF vt
o 2y za BE glo]io)] A28y HE ol EA FAAE wlol uAgdARTY. el
O] RL 24N AE AL AstE AT A3l EFud optical fibere] Weol Fol7k H-ikol

= OALEE ALgEe] o EAE AAST FAFAT RS dvlsidn. oy @ By Fol

8 slr] ¢8ke] TiOx(Degussa P-25) slurry®} -3
7] 93 TigFApol=F Algste] £& Fd|Edrh, P-25° A% 1, 5 10, 16wt.%% &&
mEo] Zhak & 1 £8 1 AR X sonicationdr - mEe] AR&SFlTh TCE/PCE 9
3 Axs BAME7] 98t GCY mass detector7t AFEFH A=, I 210 oS 2
v}, Bado] A}-8¥ GCY¥ Hewlett Packard 589010 =24 #2419 £z <Gf 3~ 1>o] vhepyd
A Zrh, B Ao x FEAsjok s TCES A4 wg & Wgr]& Faste] w23z gas
o]7] wE-o] WA o} 2% Fo] wE Frrt WE  gly] wite] GCR AA
auto injection 3FATF. ¥ A ¥o] AL-&3 GC-MSDv Varian 3400CX°]il Mass Detectorss
saturn 2000& AR&stgivl. Ao Ab&E EMZAE <3 3- 2>0] YERIRIE o] A7
oko] GC #4143 ON-LINE Ala®oz MAHQE A9-7F o] dAo} pale] whyfo i b
oylas BAE Ao ZEZEo ¥ TENEX columnol F2Hahsivh FaA12 uf §3&-23

A7) g o] column® outlet H-¥#-o vacumm pumpZ x| sle} At

How FHFUT & AES Atk ANY F o} 247 FUehw
p==
o

Z Ham o]F vhA @Aste GC-MSDel e 4 vk &3 93

o %o thek ko] Ayl wiiEe] ¥ A TENEX column o thermocouple® }ol 4=%15L
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o]

fs
1
!

PN
N

ezl gxo] AAste] o 130T LER A &

& 50 m/mineZ TENEX columne] F#HA|A @FA121 § 1L XMW

2314 E A 27F2(99.999%) )

o} gas tight
syringei A5 #slo] =95k

<E 3- 1> GC #4x4d

HP-5
Column
(50 m x 0.2 mm x 0.33um)
-Oven : 70 T (1 min) to 120 C
(14 min) at 5 C/min
Temperature

- Injector : 170 C

- Detector : 230 C
Nitrogen (99.999%)

Detector ECD

Injection dose

10«1

Carrier Gas

<#% 3- 2> GC/MSD &AM zH

Column DB-5 MS (30 m)
o Oven : 40 C (1 min) to 100 C
at 2 C/min, 100 T to
Temperature

200 C at 10 C/min

o - Injector : 120 C
Scan time

1 second
Mass Detect - 50 mu/100u
Back ground Mass 28 m/z

Ion Mode EI (Eletron Ionization)

lon Trap temperature

140 C

Manifold temperature 50 C
’l‘ransferwlinc temperature 170 C
o S;)lvlnt Delay 0 min
Inj(écz{(;D()se 200 w0
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T

TiO

——>
Gas UV
Bag lamp(6H)
v
Quartz /
- Bt= 7|
=

[219) 3- 5] fFel7& S8 k-

Galinlet GET outlet

\ O-ring

Silicon wafer

[z28 3- 6]. In-situ FTIR ¥4 &
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3- 7]. OFR (at KIER)

[Z1¥]

EEEEEE

uv

thermometer

I'eflon

8

O-rin

Pyrex glass

02

i

Glass plate coated T

10n port

ecti

Inj

2.5)cm?2

(40%
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A2 A A4
1. MZEE &0 A

[29 3- 9= & MgdM Azxd FHuE] A & vNDCAE 5% #858)

& A 2golth o] Oy A S-GE dFAel=E AFAE F sol-gel AEZHHY AHES,
P25% Homb+e Z+2F Degussa P259} Sachtleben Hombikat #&2w| & Q& 2 e AfAa
& quantum Atolz FEHu]E YERU, /) 4% BHE EPMER g9 AE

- mole%s
=

g udehdo W % LA WMELER MY BHE&E nod E¢EEv)
10mole?s Fe/Ti7k 7H¢ %€ &&e Yehv, Pt FAEAE 495 Hule) FF00 w4
flol Ao m$ S7HgHe Qe Fan Ak o)A ol R E Fe/Ti EF2EME o) 71x &

A/beAd e ddos AAste] olefdl 2pAE Qgstux @

o

05Li/S-G Ti 05

| LSAYP25 008 | |
10Q 021 Al
0.5Q 0.16 :
2MoOy/Homb  0.07
2MoO,/Pt 038 | Fe” Co Ni Cu Zn
N6 | Mo™

Pf
0.5Nb/P25 0.14 X
0.5Nb/S-G Ti 0.08

: | L7PyHomb - 0.45
2WOHomb 0.1 =

IWOPYHomb 053

[2¥ 3- 9] Alxd FEuEe] &Adua

oq71e] BAE FHolJYAl &FAR Az EFFE2a Fole Ni/Ti, Zn/Ti, 18]l Sn/Ti %

o sledl, ol Aol uwlg WUn(03AE) UV/VIS &+ onseto] ©@apa %0+

fe I

blue-shift¥ & 7 8-&(Ni/Ti; 380 — 340nm, Zn/Ti; 380 — 310nm) HodFo] dsts 2 g
9 ool e Agol o|Fo{Ax Yty DCAREO] AFFE Am@émel a7
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2.886%10°° ecinsteinA £2 A HYL}. ttee =A% BETA &0t}

<E 3- 3> MEWH 24 A3

BET Fe-Ti BET Ni-Ti BET
Pure TiO: ) ) )
(m%g) (mol %) (m”/g) (mol %) (m*/g)
05 108.941 05 80.126
1 104.507 1 91.659
37.8692
25 136.571 25 93512
10 139.35 10 67.276

outx o g FEu)slshite 8L HEHH] ddiHez HasiAE FErh guk A/
Age] A zlghe] WA o] ofr 3o 2d HAe Frl Holwkg AS-E

A9 napnAe] bol g o Qle dAEES wol FFstn g Bf werg S
of mge]l " F Urh < 3- 3>9 AFAE o)yt Y E e & F o, TiOY o
=] el sk F F9olA EdE Ao gFgos fAFol Add £ o
olEo] HulFoR ¥ nyWA FAH EIWLES vl Bo] £ AoZ Fe/Tio &
$94e H9F & Q= Aolth ohdel WENOE ATE Fe/Ti ELBSu U A7
A FEIAL,

FRolr9 AxAAAY GAE FFE SAHAANE #Es HW, dialyzing A7)
Aakghe] wefA] B mRded e YA Gl wE red-shift7t WEbEH, £ A9
Ao A= 1A1ZE o] -8B Faubdo] dAS Ao Hol Aol A Bt gles ¢
F vk g 3t T o TiOd A9olAY FFHdo]l bulk¥ElS] ca. 385nmE.TH
bRt o it o) 3k Aoy wWol AXRH PAA7|7F quantum confinementE 3 E LEFLY
v oAaziels FWshe ®oshve dAart 3 5 glen, & F3e JEd FA
337eVen A Aats Ay [y 3-1018 AXE Fe/Tid) £ mol%ol &
2ol folol Eag WElE In(e)9 photon energy(E;)7He #ARZ el AHo|th
o] oAl Mz npeh o] Fe'e) Fo] Frhstd FFHPe WA o R red-shifts il
A= (49 Ti0, & 3.42eV, 2.5% Fe/Ti @ 3.2eV, 10% Fe/Ti : 29eV), °ol& Fe/Ti &%
B & AQxe W £ T, A o) X8E Fe¥'9 Fe*’* redox potentiale] TiO;
2 5u] (conduction band, CB) oF#l €3l 43 Ti09 WA AW} w& oy

m

_3’7_



A% A7t o7 (excitation)® & oM, &3 dopant Fe''9 Ti0:9] CB Atole] #
slo] && Fdle] A M EF4E [fdl= A3l HMol(charge transition)® Yojihi=
Aoz HAd=" 5 Atk ojHld Fe’’” redox WHg oz o71¥l ARVt trapHlol e /hT %
o AAY $5E HFTA I Fagol IFE FUIE iz Ao

(2§ 3-1112 TEM #X4A4#E Holai ARAQH, APA Aol HAIY el <t
Fe/Ti §1A7F wolH, o] bt AR Aol A7 BAE nlasty §1zk9] #|Fo] °F 3~4
nm o]it A kAo g 357AU4& & F Ak Al FHH EDPAAME hE 4l
& AP d gl <8 (101), (103), (200), (211), (116), =12] 3L (303) anatased & -
Z4 TiOw7} &91¥ At

A-L=Ri-d

EDPelA] Scherrerile] WA A% E AL 2vAe A4S 9ulss TEMI EDPo] 4]
T TiO:9 Fe/Tigke] Apo)xe glir) EDAX B4 o i Al Fed ¥5Z &ela W
A3 olgHoz AME Fed =9 YAFTE FRlsAon, XpSE Agd e}
Fe(ID<}& &lstAvH 2 3-121.

9.5
0 0 mol% Fe
90 4] o 25mol%Fe
& 10 mol% Fe
4l v 20 mol% Fe
8.5 ¢ 50 mol% Fe
+ 99.5mol% Fe
8.0 -
(=]
4 S
E‘ 7.5 A
7.0 -
6.5 /
o
6.0 / j ; /4-55 /,E
(s]
(=]
5-5 T T B T T u Ef T
1.5 1.8 21 2.4 2.7 3.0 3.3 3.6 3.9

Photon Energy (eV)

[x¥ 3-10]. Plot of In( @) vs. photon energy for various Fe/Ti
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[Z2§] 3-11]. Electron micrograph of 2.5% Fe/Ti

Fe(III)

7350 7280 721.0 714.0 707.0 700.0
Binding Energy (eV)

[:1%] 3-12]. X-ray photoelectron spectra of Fe 2p level
for Fe/Ti.
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(7.8 3-13]2 10% Fe/Tie] x4 A2 § XRD £42#E ekl Zloltt. 190
A BEnke) Zo] HEl&mrl FUpsldEA anatasel F7FsIYl g A A, rutiled Al
F7h3he YEhllo] 1202 Z44E  amorphous—anatase—rutile® o] (phase
transition)”} deld& & 4 SUvh ZPja o) 22 A F9| photonic efficiency &
ZA% A3 Ay &7t SR E a&0] AAHoR Folnw dNo] #AHAU:=
HI[Zg 3-14], o]= &Ado] AL rutile2 ] Aol SEMEA AR e Xz &

HALE 9] agglomeration®] F¥ Yoz} AE 4= v},

200°C, 2hr 4

400°C, 2th p AN AL M

eorcow A RV L M MM

Intensity (cps)

T T T T 1

sooe. 2hr | | J JK e
30

10 20 40 50 60 70 80

2 theta (deg.)

[22¥ 3-13]. X-ray diffraction pattern of 10% Fe/Ti
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[-1¥ 3-14]. Photonic efficiencies of thermally treated 10% Fe/Ti.
(dotted : anatase TiOz solid : rutile TiOz)

50% Fe/Ti 7tA 9] % XRD A3 (500°C A8 )&=, ~20% Fe/TiolA] vheERUR]
Xl FeaOy7l FuldhA veldS & ¢ A0 ol 25 %9 dopant 719 7§ 2

%
A E-2] solid solutiono] A& Yebdich Ede 93t B’ hematite(Fe03)7F
ZA e woli= AR/ Fo] hematiteZ HolH F collapses o] F&EAo] "ol AL
2 s gt

[1¥ 3-15]% 385nm cut-off E| & A}8&3}a] Fed 7)o upg} photonic efficiency & &
A AR 10%04 HHE Jebla, 2 o398 FEFIIIAE 23]¥  photonic
efficiency 7l 7+AsHs 28-S YEMHEU(EERF kiow=4.16X107" sec’, kaws=2.82X10"
sec”, kawe=2.67x10" sech), ol9} 2 #BAaAFE ThE dopantH7lel #HE ATIME
&3] fpzbuy, ol f44= H7teE dopant®] ¥ F7bel W} trap® HA-AE Abole] Ag
7b fraskal wkAe] aste], A oR AAdEE Frlete AoE d9E F 4
of, Upgat ke Aol oA s dEE 5 Ut

Krecomb € CXD( -2R/! a())
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o714 api= trap® AAE Y hydrogenic wave function©] il RS trap® A z}-AF Apol
o] Agolrt. o] oA & 4= K] dopants 5ol F7bghel uwhEl I Abulel dopante
F7F SV R trap sited] Wit At #Fadte] JAFEEE FUMAIA HE AE
202 trap site?] &£&4 o] &3 AATF JleAHe FFo & A dopantF it
AAEY & Aolvh. 28y, A Zoy, Ha g&& vEhlE dda wx7 el
el by Apol7h v= ol frE, AW Rl AE] YA A F AxGAANA Y Ao
2 A9 5+ A

50

IS
o
1

[
(=]
1

n
o
L

Photonic Efficiency®
of DCA Degradation [%)]

-
o
L

|

100

0 25 10 20 50
Fe content

[72¥ 3-15]. Photonic efficiencies with Fe/Ti mixed oxide colloids at

different iron contents (ImM DCA, O, at pH=3)

Fe/Tiel &F#3o] 7% d9 o2 red-shiftdle] 400nm F-*olA] W& FFslnz,
o] oAl FEw A& dolrv] st [27 3-16(a)]elA 9} Zo] 385nm ©] &)
A& st FEE o438l Fe¥'e FEWE 3% TiO, ¥&Hvz DCARHA
& P3tArk [28 3-16(] & A HAoA e Zo] 10mol% Fe/Ti >
20mol% Fe/Ti > 50mol% Fe/Ti > 2.5mol% Fe/Ti > #%TiO, #2.2 DCA g
271 vebgEd, o9k e A &4 TiO9 2.5% Fe/TiyE 385nm cut-off 3 ¥ o
2E A F4 EikE whd 10% Fe/Ti0z0l 49 Fe'' =3 TiO= 2o §57)

J}-\

A

s
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dold F 97l wolrt a8l 10% Fe/TiZwle] 3% 7k % 49l 385nm °]%49]
©.& 3200m o] %& EEshE &4 TiO A9 FAIE BeukESEE YERAdET
4 3.

1}

A -

H

HL?L'

ol& Fe/Tio] 7HA34 &8 g3d e AWissFs Tas Axg

WG 320 filter GG 385 filter

L

10 Fe/TiO,

Absorbance

pure TiO,

(ORI

250 300 350 400 450 500 550
Wavelength (nm)

[:1¥ 3-16(a)]. The relative position of used cut-off filters
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0.0

e 0% 4% 4000,

In (DCA/DCA,)

-.6 1
o WG 320, Q-sized TiO,

iy » WG 320, Q-sized 10Fe/TiO,
o GG 385, Q-sized TiO,
a GG 385, Q-sizd 10Fe/TiO,

-1.0 T T T T D Y T
0 200 400 600 800 1000 1200 1400
Time (sec)

[ 3-16(b)]. The feasibility of 385nm cut-off filter with 109 Fe/Ti
photocatalytic degradation of DCA

o] uro] Pt EX o] W& DCA Fl&&3 #HF AFA= photonic efficiency 2t +-3l
BT 168R2wt%E FAANAS o HE YehUTh o] ¢ photonic efficiency 45%6°] A
i 600secoll A & &S 72%0l A rh 1.682wt%E BA A A 6A17F B FEUES A Fo=
o} 940secell Al DCAE 100% E33tH Tk TiOo H2de w3 e we, W' E£E Mo™
Fol 2ol A tEo] Fnj BWo| FHrig FHstE HETh ejd Fu) XH Mol F
ZtElol #Fu) A &o] FriETa BiarHol glov, Hawel H oF lwt% AEE HAA
A& wolwt o2t A FAE RAL W, FAFo] WolAFE Ayl @Al T
x 9] Z4-rnct Bajgo] wol@dg A & AUk Eal ol A & 1wtkHA A2
M= obf Y A% &x @i B A FErt Baldol AY #A UdgEd 600secol
A oF 338%9) ®al&S itk BElEde B9y FHA9 B9 uae Hauye] #

o

4

Aglel FAFol WoldFH Eal&ol dole AU, F 74 #4 @ FHNEEs
FAol EAAF 2R FFa AR YR FE FEAIHAUT B HAYdAM= PreErg,
Pt+¥ 2l F 7}A] 7o FNEEEE AU Pte ASAHE A7 J2d



Eenae ojud AdE o $e F5 AHE PHz 49 FSAD. Pr-Eonas

e 2dl viA o 714 2 Aolde PrEave A5EdHE Yuhin o PrEdnde
2ald PLbe Weir HANAE wol wste] Ggo] RolAse & & Utk B2 7
$ WEoyw VMANAS A9 # Ee Rl LA Pt FA FANHL
Agolis Aol FaE Ao mol Pk o] Fial wgold 27 HaHe 44
o Agate] B QP FFANE thehd oz BT Bude] e 7
sow GANZS A9l AsFde] QAT Proh Bl HAAAS BPlE A5y

Ti(IV)ol NbxOs(V)€F LixO(1)9] A3lE g EFE2 H7Hdoping) A& ™ defect structure
of dia)] ¢ropriyd vhfra} ok 4 NbeOs7d 8552 TiOzo] 7, NbOs = 2Nb.Ti +
¢ cp + 5202 7} vk 7)o A] Nb.Tit TiZAAE 22|34 effective positive chargeE X
UA @ niobium® 23, e gy conduction bandolA ABAHE Axtelrh TH(IVIEUT ¥
valency cation® dopinget o 24 interstitial Tiol<9] F X7} 7433l conduction band A
AHE 0] F7}sPAA] cationic conductivityt ZFAsteE ¥bA| electronic conductivitys 5 7F3F
vk A o5 Abal4 k(oxidation rate)w A& SkAl @k

8o s LiO7F TiOze 8¢EE H7Hdoping) =¥, Li20 = 2Li""'Ti + 3V.0 + OXO
o] Ht} of7|oAxl Li'"'Tix TiAAE ZX5la] effective negative chargeE AU AE
lithium-& 5:3hc}. OXO AAAQ Axpxpeg oA o] Ak4o] 28 238, V.OF oxygen anion
vacancy doubling positive chargeolth. Li+7F A<l TiY'e] A&)E #AxsA HwW charge
neutrality £ #%8}7] €38} V.0 AAHE Q734 At wEkA oxygen anion vacancy
o] sE7F FUFelAl e pd] TEE FASEA AARAMAEAL LS AT mebd IR A
gkgol FrhE 4 Qlvk o] F bA] EFEEFWE &8 AHRE obgfol WYERIH

AL ol 9ty H#-AYoR AXT ¢ TiOE=Y FEW &I Nb
(V)/Ti %37 LIC(I)/Tiol Eg457 &£&& ¥wdr] A8 ImM DCAE By Ed=

AAsHTE. 1 A3 Nh(V)Y %ko] Fold 4 E photonic efficiencys #43te AL & F
AR, TIIV)7F Nh(V)i2 A$8HAE A$E undsind g3 g, H7hE Nb(V)e
of H(excess) 9] A&} AAEAREZ W E3c) o] AgurEoz AW AR HrE FEn)

wo] FaAuo] it s WMEE s, holed} WE 549 FOoZ obF #e
dz MEd Aew AnEth 1HEE APNEos AN R AxE AnPAste §

dubgolnt holedt AAFsizd ARy WFo £ A wF Fsje wgo A% DCA
of Argulgol: FolshxA Fele] BEs Hel FadE: Ao AmdEd dAHow
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Kiwiol 2814 niobium o] o] titaniume| & Ael2 A #FHWA NbPe HeroiEs Nb'o
2 Eagda Rusta ot X 28 e AAE JolFE(donor) BE&EH ¢
< 9&E B2 conduction bando] AAE WHESA "l o)E 3 ol HE NhOso H7b=
RS st ol st 54 BA9 Earus @gutge]l 27 HE BA9 R
8ol F Ao Algdo

>

Li(I)e]2¢ -9 doping %ol 1wt%7lA] photonic efficiency’} 50% & A&Hel 715
st ®bE, 3 o] F 9 HrtFdAE 288 ZadtE AL & F Atk ole 5 Ti(IV)7L
Li(DE AFHUE F¢-8 neshd thg o] verd F diz),

Li2O = 2Li"""Ti + OXO + 3V..0
of 7]ell A Li""'Tiz Tigt A&se] ddxez fole HAE HiE Lig %3y V.0v %o
=9 4AE& ¥ & oxygen vacancyd %3 v} Lithiom( 1) H7l2 98 A71™ $4&
218171 $18+ positive charge® oxygen vacancy? 57}7F F9¢o RE z7o] Uity
FiiHeR MY HAag FEdc AR oR HAe FAhE FE0 42 ¥WY electron
hole® F7AAH HApete] AAG o ol &&= o AFsutgg MeH oz {F A 7|A 5
o] LiO #7712 U3t DCA9 Athibg A v F718HA HE o= A",

A¢ 2& AHE Q%snH

F-AR ol & HZF Nn(V)E 2 Fol S71d5E FEe & #asteE S HY
FAT. o= H7FE Nb(V)7} TiO:¢+e] A58 oez 7Y [zE AHAA Eddd &
Aoe] AEkEE AAste Aoz A
2. -4 og UM Li(D)e 2 Fol 71858 FRe & oA xY Fe7AAE F71
3l AEE R FAY ol HME Li(1)7F TiO:2+e] ¥32z8 97 oxygen vacancy &
BEANA B 49 AshigE Ftse AR A"k

rir
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2. welTts Y 37|

the-o] [f1¥] 31712 714 A el d 5318 wkgr)e ALL3 FEnjrt my€E f2 &l
b R irEo] Sl Fol, £ TiO29F mol% ™ Fe/Ti &nj7l 386 H F& F<Eolv) 2
2 Adge] A Gl A FAMirradiation) A 219} intensityd] #AE Lolwy] $iste] B

(19 3-17]. 5218 FZd97t 599 FeT&
Ago] 2oy 3920 F3% 254 nme UV-C lamp (SANKYO DENKI, JAPAN)¢ F3%
360 nm UV-A lamp (SANKYO DENKI, JAPAN)E 7}A|21 Ag & st B Age 39
7}z ARpQEe Al A AR S UV intensity®] 32 UV radiometer (MINOLTA,
JAPAN)E: ol &slqdct gl ¢1A]o ALM Fx2E HA F UV radiometers] 945 o]
FehiAl FAstArh. Ao Agrt oF 3em EolAHE S UV-C2 254nme} #7172} oF
3mW/cm2, UV-A2] 360nm<e] A717F 0.TmW/cm2°] Qth. #dkg-o] oA #FEujv} ob& Abs)
Al olee]l UV wroz FRE7F dojueErtg dolry] 9% Ade 38k ol(direct
photolysis), ©] H§$ 887 st 4 Ful7} coating™ A ¥ glass beadE #Fu+$
710 F 8. TCE gas®lol b9t F8-& FFstdn AFHA kg o] AzE oY
TCEw A3 drafjux g4kt o] AAE Fdl FEHajol] JEHA &AL & F AUk
GC ¥-AA &7] wRt 5-6% ¥ A7t A2y TCE 12 peak $Ho] #HEHA7]
o ol FHEE- 719 leakinge] itk 7FA sl A Fwkgol s 7l obuet wkEve] &
Rx o] Qi glass beadol] FAFHUUE B F AT 2715 % 60ppme] TCE 7F2E UV
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Az} ARA G2 oAl Fukgrld e BUFEAS d(old §4 7h29 HEe 240
ml/mine] ™ W&ol AFAE 522 aAE A A&HoZ Y RU FY,
AlEE TCERFHAEE SASATH Y 3-18]. ol AUFEE 0%, 30%, 50%s Wis
FAsd 2 d3s F57F $7185E TCEY FAAEI) Soloe AFE 2 F Atk 20
2 B3A TCEY F3Fol AUE Rojtprt 1 o|F FaAHE AN/} s AL 2 F
A o] A2 ZuE &9 73 (break through point)2 & F# UUew 1 o]F Fyo
F24% siter) BAEE RAos Amdr BY Y729 FE7F 0%AuE 2U)5Ee] o
20%AE7F FAEY $E7) 2&FE FA L] 7AS Bol TCEY F3 sited] S50 &
Ao Ae& & F UAT FgelA Atk dFE Hobslr] H3 HAES TCE 7hA9
FFHFES 240 m/mine 2 2FEA dae) FEE S7HAT. Aol RoFXol A
47b 5 X 10° ppmv BECIA 90% o4 AMAH L Aart F7H8EA] TCER: 2710 AA7}
o] FolAv} B Age 52L& TCEY #itgod A7 FHAEEL A7 shors)izt
¢ FHoNeER 4 BRE AL Frhstd HEE sk 2y 3-191

25

—@— Time (min) vs RHO0 %
—(O— Time (min) vs RH 30 %
—yp— Time (min) vs RH 50 %

Adsorption (%)

0 10 20 30 40 50 60 70
Time (min)

[1¥ 3-18]. The adsorption of TCE as a function of

residence time at three different relative humidities
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[71¥ 3-19]. The photocatalytic degradation of TCE as a

function of oxygen concentration

Fakgol oA Whgrbae] i Fie Fujo FAHo] ZHwj®AM hydroxyl
radical (OH " )& Aol Ao} o] gA #AIF hydroxyl radical (OH “)o] &ujgdo] F 23
7189 EstHA]l whgo] A AHfN-EE F3Y Fr1ES Hado 1Y 3-20(b)]
o Aol A veht glRel i1F =300 ppm)ell A dbgThsel] FREFo] FrbsbEA TCE
o] AAZE mEA He A& B F Utk #HF 202 Sl E v£d AEE BHolu ukg A

o

b 5-16% AboloflA o]l ¥&4E MaEA EEE & & AT 2y [2¥ 3-20(a))
o] AEX(60 ppm)el AHARNME FHo] 30%dwe A9} 50%Lwe] ATrt A9 w
=& AS B 5 AN ol whgdA FE EAle AFAHEE BHEAN) 0] #EFE
TR AojARt Whes FddtE deoldd FES UEd E3E FX FedE AL
Aoz & 4 otk [ 3-2112 B¢E7] Wiy-o 2% dlg TCEY Rz ed ve
W agelrk 2 Agel AMgE WEU]E Annulard 9] HukS12A Fgo] whgr] U Ho
1A BEaL FRle] FHuzl S Hel2 UVE Hdlg o] &3 F U Fdo] Ak FYdA

et 92 st ©F 2™l RS W] o¥e] wgve LEE ZHAES
A/7bE i Bol $RHER ST PUe Y ol BE WM LEE 38



# FFAAE i Aok AFBFAANE RFHo] A L(0-BTILHTE 1L
(60-65C)el o] W0l T WhETh: A% & 4 Slrh.

100
) 80 1 __ M—/"’/‘g
p )
£ o ; //t”‘*
[-*]
g e
O 40 yd
2 17
20 - // @ RH 0%
l/ o Ru0 %

A —

0 5 10 15 20 25
Reaction time (sec)

[-1¥ 3-20(a)]. The photocatalytic degradation of TCE with respect
to humidity (TCE initial concentration : 60 ppm, reactor

temperature : 25-30 C)
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3 0| |7
: 197
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= Yl
s i
20 - // / —@®- RHO%
~O- RH30 %
//////J —v- RH50 %
0& Lo T T T
0 5 10 15 20 25

Reaction time (sec)

[219 3-20(b)]. The photocatalytic degradation of TCE with

respect to humidity (TCE initial concentration : 300 ppm,
reactor temperature : 25-30 C)
12 —
- -4 - 333-338K |
1 —@— 293.298K
i
= 0.8
=
&
frt
= 06
€21
e
— 04
0.2 ;
0 1 1 i 1 1 4;
0 5 10 15 20 25 30
Reaction time (sec)
[;29]  3-21]1. Temperature effect on photocatalytic

degradation of TCE
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HE&-7] Qo] wkgo] oud Fg& F=rte] digt AdolA TCESY %75 =EE 420ppm,
HHE2EE 25-300CY HHE FA3HAM FE 50%, WEHZE ol &ald WHgr] ¢4EHE 10,
18 psiaZ WEA7]3 UV-A HZE ARl Rao et al®] d-ol oshd wE7ie] o+
o] ¥ ZAHr} ¢hgo]l e M §hE x&o] ¥ Fria AAEa rk. HEAAME 20
Z ukgo HEFEL ol W 1) (10 psia) 9% 7171 E&E& KT 18 psiaol A
20% W& & AdE 92% o] AE&E RHIoy 5-16% Atolo] WESARE B 18
psia¥s ¢F 40-80% AXE9 FELE BYI 10 psiarx A9 daAA UA AAHE AFE By
T3 otk ol 7| A E o)A e R AWE 4 g, gAY ek 2HE Y
BatA frAlska b7l We] Rust ARy wEe] FEEE vk h¥vle] MEE &
Atk 2E7] wjEel] wkg] Wi ¢tge] FrtEnke AL TCE 7t2¢ v%7F FotHe
ZAol7] wiEol whgo]l ¥Ale Aow AluEm H3 o §EEy] Ala¥] ¢¥e] ytolA sy
£ ¥2-89] diffusivity’} S718PEA EolEdo] flux?t Fr)star vkl 737} F718)7)
ool 2t AR E .

ol el H¥olM TCES EaAAE &7 gt FAAERAS FHsATh F2A F
5o} 9l¥ TENEX columng W&d2e &% A3 td dAREE FASEA 24
A X vacumm pump® 5%5%¢1%} oluf columno] HXH lineo &¢to] AYA FEE
Foste] dPLEE FASGATE FEMSE & TCE ¢ S EC] columnd] FAHH
T ool @&A3Y] $8te] columne]l HME HopFol 2RIt HAHGA HFAHREE &9
columnul¥-¢ &%7} ¢F 130C7F I %% FA8t9 columndl AA7FAE FHSHHA &3
2tk v2g 7txg £ Fo} gas tight syringe® YA #F F 38l o|& GC-MSDe| #
A3t scan mode® FUAAE = TCEQ chromatogrami 2} peakol] W # spectrume
drk. o] A3l 2sd TCEZF #&|=WA| tetrachloroethane, pentachloroethane,
hexachloroethane .2 A H U7t B& = Z 27 il chloroform® FA & k7 #-38)
He 27 e Aoz vepgoay 3-22) B Age AxeME HEEA &fey
carbon tetrachloride® ¥4 5t A&E Ul

b1

]

r‘g
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Chromatogran Plot

Comment: FULL REACTION(LOW TCE CONC.)

C:\SATURN\DATA\BYPE'

Date: 88/17/98. 17:45:54

Scan: 483  Seg: 1 Group: @ Retention: 8.85 RIC: 1985 Masses: 34-249
Platted! 1 to 1416 . Range: 1 to 1416 1802 = 2563631
6,257 - s o
T v
| | VI
w V-
10T~ o
J“M L..,J ML Lf\‘ |
LN B SR | LA I
360 €00 988 1208
4,99 9.99 14,99 19.99
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Library Search C:MSATURNMNDATANBYPY' Acquired! 17 Aug 1998 Scan number 131
Comment: FULL REACTIONCLOW TCE CONC.)

1808 N
Triy L B e S o e e B N i e B s B i e BT M e e e o e e
188~ Trichloroacetic ficid cAS 76-83-9 -
rv‘1|vl||1'1]v!\lv’r|I'l|v"u[r'v|lllrv"|qlv"‘|lil'|1,1['li|vli

1882 Chloroform CAS 67-66-3

l‘lJI']'I’I‘l‘|'l'l'l'I‘l'l'l'|'I'|'I'I‘I'['I'l'!'l'l']'I‘I‘I'I'
1884 S.alrha.~Cholestan~-3.alpha.-al, 4.alpha.-mothyl-, aceta CAS 28997-65-3

688 108 120 149 166 180 200 ZZB 248 260 2660 300 328 340 366 388
Formula C2.H.C13.02 nk 1 Index 67688
MolUeight 1162 Soarch!All LogalNorm:0n P:332 ¥:682 R: m CASH 76-83-9

Library Search CINSATURNNDATANBYPB’ fAcquired: 17 Aug 1998 Scan number 147
Commant: FULL REACT ION(LOW TCE CONC.)

188~
- u i) “I
OB/ SAALEES BN B AR LSS B B SIS0 S S0 BN S0 e n A e i ey w e v e s B SR,
188% Mathane, oxyhisldichloro— CARS 28524-86—1w
Ly, . 1t
LALAS LIS A B S S BN B S A B B ae e i et e U SRS SRR
188% Trichloroacetic Acid CAS 76-B3-9
A T
LI R B B A L B O B St I e e 2 o e ey e S S e
1688x 2-Propanone, 1,1,1,3,3-pentachloro~ CAS 1768-31-6
b b 4], PR
ALY S S SLA A SR B ST B O B NS B B B B O e o i e o et e o me
40 6a o8 188 120 148 168 188 268 228 218 268 280
Formula C2.H2.C14.0 1 Index 18133

MolWeight:182 Search:All LaocalNorm:iOn P68 F:875 R: im cnsn 28524-86-1
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Library Search CINSATURNNDATANICE  Acquired: 23 Jun 1938 Scan number 139
C;:lallaunt: TCE IDENTIFICATION
7

-
L L B A | L | I ¥ L A Ly Ll i LI | Ll
1882  Trichlorcatiylena CAS 73-81-6 =
m i ; Virn
Ty T LA B ) L L Ml i LA L kL L i A LA | T
1884  Trichlaroothylone CAS 79-81-6
“Wippre AL S B I h T T ¥ T 7 T T
1655 Trichloroethylene CAS 79-81-6
_ A l.

T T Tty T T T TP T T T F
S8 68 78 88 9o 189 118 128 138 148 150 160 178 198 190 26y
Forsula CZ.H.C13 Rank 1 Indox 42988
~ .MolVeight:138  Scarchifll LocalNors:On P:683 F:786 R:ZER CASH ?9-91-6

Liorary Search  C:\SATURN\DAIANBYPR’ Rcquired: 17 Aug 1998 Scan nusher 622
C(l);;cnti FULL REACTION(LOW TCE OONC.)
%

n 1“]11‘ . A I f
LN S LS B S Wt o 2 e s e SR SRR S A S S
188x Ethano, 1,1,2,2-tetrachloro- CAS 79-34-5 =
" (" 4 ;
L L L B It B s e e e e e e e o e
1887  Ethane, 1.1,2,2-tatrachloro~ CAS 79-34-5
il tota l“l
LU T e S oy B e e e e e B s S e R
1884 Ethane, 1,1,2,2-tstrachlore- CAS 79-34-5
1
1
,.T-.,.,'re',.,.,.,“e,,. ey

] i
8 : ] 198 128 148 168 188 288 i) 248

Formula C2.HZ.Cl4 Rank 1 Index 13773
HolWeight:166  SsarchiAll LocalNormiOn  PiS76 F:851 R:JEH CAsk 79-34-5
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Library Search CINSATURNNDATANBYPE' Acquired: 17 Aug 1998 Scan nuaber B26
Cxitglauunt: FULL REACTIONCLOW TICE CONC.)
4

.- repeprerengeiteqre ey |4.“7‘"'WJ]1!5- |v ]

E bbb b | Lihiddd Lhih | o

T T
168% Ethane, pentachlora- CAS 76-061~7 -
N Jl tht | L'I L
R L L e T L e L L s L W L e T M L G U i L A L Lt M e G
188% Ethane, pentachloro— CAS 76-81-7
14 AT | L |
s L L Lt b i i b B i R T U wa L A Wi s L i o s Wi A td b D B e
188~ Ethane. pentachloro— CAS 76-01-7
A .l.l NN Il
Yevey I kil el A L B

Uk M ok e e L i
78 688 98 léﬂ 118 128 130 148 159 168 178 188 198 288 218
Formula C2Z.H.C15 1  Index_ 69685

Rank
MolUeight:288 Search:A!ll LocalNormiOn  P:A85 F:940 R:I CAS# 76-81-7

!
68

w Library Search CiNSATURN\DATANBYPB’ Acquired: 17 ARug 1998 Scan number 1182
Commant: FULL REACTION(LOU TCE CONC.)

1802
ST - .J'LL.L,L._,.,l[lf.].j,,h... I
1882 Ethane. hexachloro- CAS B7-72~1 -
1 “I " ”I HI e
i e  [SA S S o B S e L B N A L SR SR SIS S
188% Ethaneo, hexachlora- CAS B7-72-1
188~ Ethane, hexachlorao— CAS 67-72-1
.i.u...‘,l.-.-.(... l.llrv..,,,L,.,...,.'.]...,..
a8a 100 120 116 168 18e 200 228 240 269 288

Formula C2.Cl6 . Rank 1 Index 78992
MolUoight:234 Search:All LocalNorm:On P:98@8 F:938 R:ZEFM CAS# 67-72-1

[71¥ 3-22] The chromatogram of TCE and intermediates by
GC-MSD




cl 9-11) - Q..°
s /8) {‘ ‘ /(12)
c1- (c'::,— al  co,co,(c,, Ho)

Ox
28Y G N2

Cl Cl Q.
} N/
Cl—(ll' + . C

(19)/ ¢l Cl
Cl 9' <|:1 (20\)&

+ Cl

[729¥ 3-23]. The reaction pathway for photocatalytic degradation of TCE

[71§ 3-2312 #t¥ TCE #ajwhg Z2olth b Aol st TCES WS8R
chloroforme] 7 & %329 ©]%= carbon tetrachloride] 93] veldctm ot ey A2
o A carbon tetrachloridey> F&HA &% 2y chloroforme AZEHUCH Aoz &
Aol TCES] 348 Al carbon tetrachlorides H&EHA &% e vy} chloroform, PCE,

tetrachloroethane, hexachloroethane ©] 7 &% it}
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99 BE AREE AT UVARE Agate de Ao B B4 715y e $dan
7l fdtel AY g SN 29E FRSURTY 3-24) BFol AHE 2AE | o
Fg g oy 7t dgdeh BFFRE FF FIEFE AAHE A o1&
QAT gAY 4 Bol Wit ddel QR duh AFANM FHE Ans
%G wrgol &% TCE ¥ala&g nustd mgrh. &5 TiO:9 ZF UV lamp XAl

0

=

olg W89 Ag &Eo] Fow HYF NS T e [2¥ 3-25)9 o HHAY
A Azl o whg Rl ejgFe] oF wgol ¥ & Hi AR YEhdEd ol H
oksto] UV intensity’} B¢ Egton w¢7] i £x7 &7 wio] wesn Fé 1S
wars Aoz 23 F 9o

[1¥ 3-24]. The photograph of PTC photocatalytic

reactor
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120

TCE Conversion %

0 (/ T T ¥ ¥
0 5 10 5 20 25

Reaction time (sec)

[229] 3-25]. The comparison of UV lamp and solar irradiation
(TCE initial concentration : 300 ppm, pure TiO: coated on glassbeads)

U2 dE 2AF 2308 9] €4 TiO: A8 FU 2PN ESFEYEL 71K
A WA E S 1 A% $4 TiO: Bvhs TCES MAZEe] EX &ga &v)
e Falad wd 10% Ni-Tizb oF 80% A= AAHAR thgo2E 25% Ni-Tizk o
60%, 10% Fe-Tiiz oF 26% Ax= AAHUG. [19 3-26]9 AAE T Nivl £gd %=
dlol 2]gt Wb-&A] TCE®Q AA&o] F}om ol UV lampE 73 AEE ZuoA % n
K& AFgolurt. £ EFFEv)e] HPFPA] HEFF UV intensityE &3 o8 £33}
71 flal UV datgs S43Q0. BadAed o Egste dAt#Ee 3-5% JE7) 239
A MSe) datgelga gty oY FEL EFAH FHEATAY UV dAES S
g ghol vl Stk YA EEA LS 529 A dAlEE S s 58] Ay I g
Hitd RS Zimde] Holglal ol& 2= 758 § UEE SN B 4¥E 53
& AdE F2 oA 1A @ F 34 Ateldar 2 Azt intensity7} 7HE ¥& A3t
2 et 3500-4000 £ W/ecm2 o] Lt
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TCE Conversion %

120
—@— pure TiO,
Q- 10% Fe-Ti
—y- 10% Ni-Ti
100 4] == 2.5% Ni-Ti
———@ o 9
P d
-~
//
v
r"
/
/ L~
"V/
N
v/
...... Lo e I
T T 1
10 15 20 25

Reaction time (sec)

Insolation(1998.9.18)

45 T - [

= Average(Smin}

2.5

intensity(mW/cm?)

2.0 47

10800 14400 18000 21800

Time(sec)

Q 3600 7200

[Z2®¥ 3-26]. The comparison of TCE conversion
with three different photocatalysts under solar

irradiation (TCE initial concentration : 300 ppm)
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28 "gFg g UV BZE AMESY] 20% WS d FHl9] AT S wlad Aol
(29 3-27]o1A1 B 4 AKol &4 TiOt F=Y HF#d 9g EF TCEE %% o4 A7
st o Zh4 g&o] Fohoh 8 10% Fe-Ti ¢ A% S193 4% 23%9 TCE AA &&
& Aoy AZG AMEI A oF 80% ol &S HAth 28y Ni-Tid A $ol+=
o A= 53% A g vEE A= 88%0l e AALEE BHAFU. o] AFjAME Y
A ggtoy Fert Wol sk Fuje] A4 whgo] of ZE &gten o 10% Ferl 7}
A Ao fFoldul. Ni-Tid Z$t AZR g IFFE o] &5He o g&o Fohe=d
ol EjgHo] EAs e FFY (L HF Ni-TiE 843+ A 7] photon energy
7 EAsEA 7] wiitol#l Al E W oloh Ze dElEtd Fe-Ti 3¢5 B Fdol EAdes 24
ME o] %2 999 photon energyE ol & F Jo@d A& oy FEHGE
G0l FA Fhout HAH Fe FF2Z WA A& UK FEAE 7 doget Jdidd
c}.

120

E Solar
—— UV-lamp

100 -

80 =

60 -

TCE conversion (%)

40 -

20 A

pure TiO2 10% Fe-Ti 2.5% Ni-Ti
Catalysts

[:1¥ 3-27). The comparison of TCE conversion with various

photocatalysts under lamp and solar irradiation
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3. OFR&E %4 MTBE &l

B AYe dol n3 e ¥1jolFdl(California Institute of Technology)2l &7 3} 83}
of W3t DrHoffmanno] Ab& ¢ #FAFREEAZHAE A/EE YU E F53H 53
ot dAEd & MTBESH o 83L& 7M&Ed9Y Se7ts F7MA71a, 58 b7zt
28 Folg Filge dRAVMERA, 199340 ulFel AT 1109 kgol MAHAoY, AH
Ao o] g3 HMgEdE FAHL Jon, F870 anEe F97F ol dAsa A
o] o]¢] A7} #Hel Hadw AAolrh. HoE B golx diy)/FA(HEF F) &4
A & 7HeAE Frsta, orle H2ade xAE HEstd Edeyd 4d
MTBE, CH:O(CHs)3)& #38liste w53 =gt At g Aich

A J1ER R 0.05mM# 0.1mMe] Z7wkel Yol JeEs HES HAAE Kk
b, WolzAl FHHl= AAE 2087 wrgHoz AL AlEFZXAN 900msecF A & 100msec
off, 18] 200msecZAFF 800msec off5 9] Ul7hA Aot 208-24w ZALSE 7 -$-ol= AdlF e
2 =Y gkge] o]Fojgon a9 Ao ¥R F o Al WAL F9rt F9 S0t
28 Ve [1§ 3-28]. ©] pulse Bt W EAE A& AN A& F (e &0

BHAM Y FETHE FUIHORE FUIANAF BEHAEE wEAS} = AV e e
AU, &= 0.lmMe MTBEZ7]F %9 ton=800msec / toff=200msec®] "5
Abg-8te] Aba pre-sparging®] o Fol wel A¥e HAAEATE [2¥ 3-29] ol of® yAl
ol 79+t purgeabilityd}r] wiiEo. 2 FAME yloto] mR-& Fuat dFPrt. EF AlAE
MTBER 3] 2@l d5E7bAe A2 Ay EArt. 9471717 dojzl Agaaze oy 7
AR AL & 571 glovt A AFRol 44he F84, pulsed XA 7Fs S S
g & AU o] AFEL 3 batch¥h &l "8AIZF W7l AR Ho] &3 o] U 4
go] o] Fojx]=] Rt

f

O

g A
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6000

ad
L 44
[ ]
5000 — . 2 o
o o ‘s
%) o e °
@ 4000 — ge _°
E [+] 8 A 2 o
o 8
“‘; 8 . [+]
% 3000 — ° g 8o
®

& Selay
? 2000 o
£ . . o ¢
< ©  ~20 min for each interval, 0.05mM | ® e ¢

® continuous irradiation, 0.1mM

1000 -| & pulse t;, =900msec, t,,~100msec
o pulse t, =200msec, t ,=800msec
O T ) T T l T T T T I T T T T I T T T T
0 5 10 15 20

Sampling sequence (every 20 min.)

[-1§] 3-28]. Photocatalytic Degradation of MTBE Using OFR

5000 —-w
e
o ® °
o O
4000 ®002%,
o
o0
ocgo ©
8 ce® oo0e
E 0080
§ 3000 3
3 o
@ %o
g 2000 — 0000
=4
£ o]
<
1000 11 o  w/o O, sparging
e w/ O, sparging
0 LI B B | I TV T T ' LB I L L) I T 1 7 1 l LR L
0 5 10 15 20 25 30

Sampling sequence (every 20 min.)

[-2¥ 3-29]. Photocatalytic Degradation of MTBE Using OFR (0.1mM
ton=800ms tor=200ms)
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4. OFREE 7|A TCE, PCE, Toluene &34l

v EYolE oA F5E FAFTRET AR g $83d (19 3- 71 2o
LA LS et oldt Al A wkgr] Fejul npolFE /A e dEA
25 Agg # e AHel vk TCE/PCEw obd) [1¥ 3-30] ~ [3- 3219 9]
150ppm &7 XA 273A13E Qe Baj7F AgEGlon, EFAe AP WA Fago
2 E&E gathe ddedn. o9 sad sedE P9 AT 492 6 OFR
Alz=d P AT A vEh A g

tifo

—&— time (min) vs TCE

-0+ time (min) vs PCE
1.0 ¢

0.8

0.6 1

cIc,

0.4

0.2 1

0.0 T T T T T T
0 60 120 180 240 300 360 420

Recirculation time (min)

The comparison of optic fibers reaction for chlorinated hydrocarbon
(TCE, PCE initial conc. : 150 ppm, O, 50%, relative humidity : 50%, Xenom lamp intensity 0.6 KW,
optic fiber bundlle coated P-25 0.5g)

[2¥ 3-30]. OFR&-& TCE/PCE %3
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1.2

—&— time (min) vs 0.3 KW
-+ O+ time (min) vs 0.6 KW
1.0 \ —w— time (min) vs 1 KW

[TCEV[TCE]

.A..O"'.'\
R

0.0 T T T Y - a g

0 60 120 180 240 300 360 420

Recirculation time (min)
Conversion vs, time plot for Trichloroethylene as function of Xenon lamp intensity
(TCE initial conc. : 150 ppm, O, 50%, relative humidity 50%, treated gas vol. 20 L)

[z19] 3-31]. OFR&% TCE/PCE #3| (lamp intensity#)

©

0.8 4

[Toluene]/[Toluene}
j=)
[«

0.4 4

0.2

0.0 T L) T T T L]
0 60 120 180 240 300 360 420

Recirculation time (min)

[ 3-32]. OFR #&8& Toluene ¥3] (initial conc. : 150 ppm,
Oz 509, relative humidity 50 96 Xenon lamp intensity 1 KW,
optic fiber bundle coated P-25 0.5g)
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5. alliZAIEX| &E TCE/PCE &3l

VA ofd ey WErE AMSSHA Fa, HHAH A FEHmE 2P d F YA
9y 29 YE AEFIVES Edstia v 22 AWEAPGAE vpAste 5
e rHay 3-33]. 271558 Ippme & UV7) old 7hA1 4 AagAZE Abgad) (1
¥ 3-34]e P25 AHEE Aoz P25 el wet oa HF: AFirl o)t AR
U, EFujgel] 9§ FAG] Aol B S duh[zy 3-35]9 [29 3-36]2 10% Fe/Ti &
FFEE AEFT Aoz A P25 A$HT oF 10%HE &&] TS AT = A
Atk vk ol HF HAA YL Ful {Eo FA e Ao AGE /RS A
= At

| Indoor air circulatign fan

35¢cm

Gas Outﬁe
r .

T Gas Inlet
—

) .

G)asé plate coated with P-25
70 cm . /0 em
ol

[Z29 3-33]. A&7 H3h8 F3ehubd RAREA

x

_66_



1.2
--o— eoxperiment 1
1.0 G O+ experiment 2
~0
[+3]
8]
)
=y "o
3 ».,,o,,..o‘...o.u‘o,”o
B
0.4
0.2 A
0.0 T T T T T T
0 2 4 6 8 10 12 14
Time (hr)

Purification of Indoor Air poliutant
(TCE 1 ppm, flourescence lamps (3 ea), experiment 1 : P-25 0.93 g coated on glass plate,
temperature 30 °C, relative humidity : 41 %, experiment 2: P-25 3.35 g coated on glass plate
temperature :29 °C, relative humidity : 33 %)

(29 3-34]. BHh8 28E AHEAL FA o]& TCEE3)

1.2
—&-— time vs [TCE}/[TCE]o
1.0 &
0.8 1
=
8]
=
= 0.6 A
=
&}
o)
0.4
0.2 A
an T T T T T T
0 2 4 [ 8 10 12 14

Time ¢hr)

Purification of Indoor Air Pollutant
(TCE 1 ppm, 3-wavelength flourescence lamps, 10% Fe/Ti 2.58 g coated on glass plate
temperature : 28.7 °C, relative humidity : 55.5%)

[29 3-35]. Hefe 28y AHRAL FA o8 TCERS
(10%Fe/Ti®] &)
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0.8 4

0.6 1

[PCEVIPCE]

0.4

0.2 1

0.0 T T T T T
0 2 4 6 8 10 12

Time (hr)

Purification of Indoor Pollutant
(PCE 1 ppm, 10% Fe/Ti 2.58 g coated on glass plate, 3 wavelength flourescence lamps,
temperature 29.7 °C, relative humidity 40.2 %)

(74 3-36] el A8 AUHEA FA o] & PCER-3)
(10%Fe/Tio| &)

o] #lolx &g A P2BE #43te A4 MTBEE 284d stdrh 005 mM
MTBE #3l o 3A13F 30%, 0.5 mMe] 75 °F 5A1F, 1.0 mMe] ¢ oF 7A12to] 494
Rem 05mMe ZVFE Al £X44E pHUZ 1.7(pH=65), 1.2(pH=3), 0.75(pH=11) [x
10-4 1/secl2 FRIE A2, ImMe] %% 048X 10-4 1/secE 743k

6. OFR Al2H FMBHE o7

7t B G 299 TiO29 Characterization® 7} 9 3% A}

TiO:2 M2 & FEY slurryE TE T oA & B Fd 288 Ax = 39 34,
dMYAF] JelE SEME AHgsted 248 Pt (298 3-379 F4H 99 Tio:
o] AH, [19 3-38ld& A& SEMaZ #Ag HAud B aydig o] TiOs %=
7 2olAFE FAF 9 TiOY (FAm)e] Bolxn 7 FAR FAYAE AL & F
Ak [2§ 3-3719) A3E FAF 9 TIUEESE 2 ¢ F e Aot 43 TiOE =9}
4% AEE OFRA&HCA FEmEd7 AHH A7 AS 7hsAdel b oA ¢
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AWALE ol TIO2HAE & 4ol

- o L 64

o

3 U% z9staaswte 4-$) 48 core &
Hol Ayn guk. W [2Y 3-38JA4 ZEE TiOo2¢] FAE 1 wt.% TiO; slurry 7%
ok 200nm, 5 wt.%e d$ °F 600nm, 10 wt%<9 A% < 1000nm, 15 wt.% Z-$ o

4o

1400nm7F ¥ 28 #4918 AT o1y @ TiOs=d wE FAS7Ie F4dF $& 4

WALSE o] @AN o] TiORHO#H g w(evanescent wave) ©] W] T &7 o]&L8 oy

n

M M+ “u".:
' ._:- » X O }
‘,Lﬁ’#';l',»,g« o

i M Ped

(c) TiO2 10 wi.%. (d) TiO2 15 wt.%

(719 3-37] TiOx7} ZRWE B+ £dEH (SEM).
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re fut oAl !A e 2 D Tl e B e BT )
t2g AN o SERMIC it aw o R P YAy

(a) TiO2 1 wt.%. (b) TiO2 5 wt.%.

LN TR oY

txt w ?——-“Y' "‘i fe

(c) TiOz 10 wt.%. (d) TiO. 15 wt.%.

(29 3-38] FA o] 2WE TiO:¢] DAL (SEM).

5

FH TidFAel=8 SEEAR & TIOEFE ol &3t FHFHA TiO. 2 3183} AE 4
+ TiO& T YstA FHfFol ABsE AL 7HedRAAT TiOw e w7l gels it
o] & AAAQ BEF AAol UF G 7tFHeR AzE
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0.8 1
§' 0.6 A —e— 15 fibers
5 —0— 10 fibers
b —b&— 5 fibers
0.4 - —&— | fiber
0.2 4
0.0 T T T T 1

0 20 40 60 80 100 120

Nlumination time (min)

[13 3-39] TiO7F ZEE B4 FY ol W& FZu) &4 9L
&l P-25 5 wt. %, 29 Xenon lamp (600 W), 3 HZ°]: 30 cm.

AR BA S Flese] w2 PCES FFuiEale] vAE GFe Bt [ Es
(29 3-3001 71 A9hE ehReh 2@elM s gel BHF 957 14U A9 PCEY

ST s A0 el gskort, #AH AAEEst S7hgl wek PCES RARge $7

-

HaL Qi AL o 4 Qlok ol A2 FEu) Fo ket A Gk gol(F ol 1F

)

A9 HAH P Ed he A ARg HAL

4. #9E 239 Wy 24
Aol 2B T shny] w0l Be FEASYE WRd] #3e} TiOp (P-25)2)

FES 1 wt%, 5wi%, 10wt.%, 15wt.%% WakA A PCES) 7|44 dEuulee AEdge
™, o] % TiOH #Afrol ZEF F 371 TN 2447 dAxA F st ad

3-40]. o] W AR&F #FPJoF= Xenon lamp (600 W)E AFE8IH 2 4 FE 30cmZo] 10
74Gg ol &gt s1gol M 2ol TiO: slurryd] FE7F owt.%d o PCES] #3w] 3|

-

Ao g4 el ZHY we Aeg vErdth TiO; slurryd %7F 1 wt.%ol M e 29 F5n)
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242 UehgA @ked ol AL B Fo A" TiO ¥l UF FHol FAHF9 cored 2=
dAtE dlo] A&HoE o&HA X 7 WEeR AGE & TiO: slurrysEsl 10
wt.2%E 9o coreF o g YAtE Ho] W&ol dojube TIO#W7A] 2dHo Utex &
&7] wiEo] FEFu@Ao] ol Ao M)

1.0

0.8 -

~e— P-25 1wi%. sol
02 1 | —o— P-25 5wt%. sol
—&— P-25 10wt%. sol
—e— P-25 15wt%. sol

0.0 ) ¥ T Ll T T
0 20 40 60 80 100 120 140

Nlumination time (min)

[ 3-40] TiO; slurryd] FXo] wh& FEFujgA,. 39 Xenon lamp (600 W),
SRS e 1070, 34 H 29l 30 ecm, PCE % X: 500 ppm.

A, TiO& BT F A7 FH@AH viAe 3 HEIFA=H, TiO: slurry
FEI7F 5 wtoeolM FEFM @Al b A debsy] WEe((2¥ 2-40) olA& TV Fol
M AzAZE W 450 ColAM 10 £33 AAFE dAE W FEuPAHL v ustA.
(29 3-41]004 R A3} Zo] TiO; ¥ F A HE A &2 zlo] PCEY #FZ v a0
Ao] B AFAQ Ao eyt 2% F 450 °ColA EXNYE ¥ Ti0y ¥y g
FHEJAT 2 YL dojHtt ol BA dAYF #go] ol o) fr 2 HAFSelA Al
AHE o] TiOdl o] dojut RHLE WoprpA|wt 4tghd W dFE UL 7 e A
AMgTh B o] A o AR o] TiOdW FAH UL o 1 & A o
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g s S BoEr

1.2

1.0 ¢

0.8 A

0.6 1

0.4 1

0.2 4
—&—— no heat treatment.

—1— 450°C 10min heat treatment.

0-0 T T L] T T
0 20 40 60 80 100 120

Illumination time (min)

[213] 3-41] FZvjgAd] vx= 38 &3 39 Xenon lamp (600 W), TiO::
P-25 5wt.%, BAdF 7te 1070, AR 2] 30 cm,
PCE % X%: 500 ppm.

Sol-gel]-& o]-&sto] #MHFol TiOE 593 5
& Wl AA FEu84-s HESA(Y. Z¥Eee 1M 404 3 A a4 W =

=

&
ofd
e
2
it
oX,
ftio
oY
il
o
N,
do
o
4
ol K
o,
St
i

2 AR Fo Ao fHvjdgE vwstRo ¥ 3-42). o] F¢ TiO:E FAF
T 450 Collx 1082 EA2] sk o] AL A Fex] && B¢ TiOx7 3
st FFaj ol vehbx] @] wWlEo] TiOZA & anatase¥ 02 THEY] $¢ EFoZ
Pt 1HoA % o] ST} 13 :
o2 1 FEHEuj@A o]l @A el E 4 3] ZHF o3& & AAFINEE W FEuj@A ol
2 AASHA @& ARG 52 AL ol A FEo] TiOxRU FFH J& o F=

ﬁd
4
ox

~{o
o
2]
[o¥)
Z
tot
K
ot
ok
o,
o
T
=
o
=

>,

m@gdo] A veldte Aow Hdydda Azed.
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1.0
; 0.8 4
s
3
© 06
04 1 | —a— 1 time coated a
—0O— 4 times coated
—4&— 4 time coated followed by water-washing
0.2 T T T T T
0 20 40 60 80 100 120

Mlumination time (min)

[29 3-42] sol-gel o2 W E TiO,9 FEFuvidA. 24 Xenon
lamp (600 W), B4 7t 10 7). PCE® %= 500 ppm.

. A7 9%
the& AFS R xenon WOl ' 360nm M @eiwHT Yo AZlE vehdm [

60000
(o]
50000 -
£
[=
(=]
8 40000 -
w
t
30000 - o
8
=2
2
£ 20000 4
c
2
£
10000 - o ® Experimental data. 1
O Experimental data. 2
0 T T T T T

300 450 600 750 900

Xenon lamp power / W
UV-RADIOMETER, UM-10 (360nm)

(2% 3-43] 9= &4 49 A]7] (@360nm)
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g 3-43], ol 7k A7) Wsbd W-EAS [19Y 3-44]91 VEFRATE

1.2
—e— 300w
1.0 ¢ —— 600w
—A— 900w
0.8
2]
5 e
S o
Q
04 4
0.2 4
0-0 T T T L} 1
0 20 40 60 80 100 120

INumination time (min)
[2%] 3-44] PCE®] #ZFuiiafol] Qojx D= 3. FY: Xenon lamp,
TiO2 P-25 5wt.%, PCE: 500 ppm.

Mgl Fad oz xAHE WARE 478 5 AT B AFME Xenon

L

B

_‘ﬁlt

lamp®] &% powerit F2dste YA ko] JFE HFEINA=H, & F9] &9 powerE 300W,
600W, 900W iz W 3lAl# 7h W7t w el PCES FHE&uj&@d el BAZ AR o 7
TiO=7) 5% ¥l optical fiberthito] Fatdl =22 Ho} optical fibers2 AWAIEHEZE 3%
ok (AAIZE 90 °). PCES 49 #ukol F7igel wat 350 EaSE7 F713keh o] w1k
& Awkabg o] o] TiO, YAUE ZF4dd" & AAEHE evanescent wavedt TiO:9 YA
o} QiApAPolo Al Atwbyd Wlo] ofs] PP rhar HzhEo] Mt} o] AdolA] ALGE FEHEH
el M= Fe] Frhe] W PCEY #& )87} saturation® A &2 A& & F U} o
AL optical fiber?tE-719] TiO:9] W FAH% A Zbo] WgoX T3 A2 Z§E 7}
Tl woE AE Ko, FHY §&T SAHE A wWete] ATEHejo & Aol
e oA EUHS|=E &l ddEde A e dFdeir. 7%= o 663ppm
AER ARz GAR COZt v AIZEe] Agel] whe} WS #08 + JdAon,
o] ¢ mineralizationo] doivtil UFE BAFHIH 3-45]
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500 30000

- 27000
400 - 24000
- 21000
£
g 3004 L 18000 §
k]
% - 15000 o
2 &
=
8 200 - 12000 5
o L
(6]
- 9000
100 - . 6000
—&— Acetaldehyde(ppm)
—m— CO, (area) - 3000
0 L T L 1 1] ¥ o

0 40 80 120 160 200

illumination time(min)

[19 3-45] 5wt% TiO:2 A®HE 30cm Zeo} 1471 F4F #ME600W) 84§

oM EH B = 3

g, Hxylo] 3

Pulse E}Ql9] HzAlE A& A A& F e FxwdAe] semid Fr8es
Z7IN ATl BHAGE WEA e 2V dE Aoz &eA vk olF A4S OFR
2 343 /ALY E Rio uste FQEux #AZ S 2(300, 600, 900W) pulse time
& ZA30.05, 0.1, 1sec) ¥ F3HsHt AAZ pulse on/off intervale] 0.05sece] 73
SR} 01, Isec® HZAAFE WEEEol F7I3IA oM, Isecd] 4-F& HZEHo| BARlol
L3y d&EAIRG EiEErE 4t FUkste A#E A ATHI2Y 3-47]1 & (1€
3-48]). &3 WEZZYo| FrAFE A& 7} intervald H2W O W&k v FF
o] Fol=&H|, ol &Y A W AIZE $AF QAR FHES ] YEeE dAHE
A AEEe 9 Aol aEpR AAs 2X3E Ald F & slojrt. ade g2
Axu g o7 Axe] S FadEd 29 A9 kineticsite] Aa#AA R AAX S, e
g AA/AFo] M AeH] Fehe AFeA AL g AL o) Fo|XW H2E b A
of 9% <o o3l Aoz AAFe] F/HE AL AP F Yok oI NS
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=A%) A5t Wago]l AgH Ao ARE HURE AH oA Yrdel
o GFe V1A & UL Rolth EF T A5l YA FE W

1.2
- - Continuous illumination
1.0 ¢ —0— Puise time : 0.05sec
—&— Pylse time : 0.1sec
0.8
5]
2
Qc 0.6 1
@)
04 4
0.2 1 ®.....
... .
0.0 T L T ) L
0 20 40 60 80 100
Hlumination time (min)

?

[t 3-46] PCES] 7|45 #FEu)Rsd oM pulsed] 93 34: Xenon
lamp, 300 W, TiO2: P-25, 5wt.%, #A5 7195 157, B 52 0] 30 cm
PCE: 500 ppm.
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1.2
—e— Continuous illumination
1.0 0 Pulse time : 0.05sec
4 Pulse time : 0.1sec
-4+ Pulse time : 1sec
0.8 4
5]
£
S 06 -
S 8
O
04 4
0.2
0.0 L] L} L} T T L]
0 20 40 60 80 100 120 140

INlumination time (min)
[ 3-47] PCEY] 714%F #FFajE-alol A pulsed] F&. F9:
Xenon lamp, 600 W, TiO2: P-25, 5wt.%, 345 7F3 157,
s #4030 cm, PCE: 500 ppm.

1.2
—e— Contiuous illumination
1.0 —0— Puise time : 0.05sec
—O— Puise time : 0.1sec
—4— Pulse time : 1sec
0.8 -
3
oﬂ' 0.6 4
o .
&)
0.4 4
0.2 4
0.0 T L] T 1
0 20 40 60 80

(19 3-48] PCE®] 714%F F&u &8 A pulsed] Hg. Fd
Xenon lamp, 900 W, TiO2: P-25, 5wt.%, &4 744 167,
A4 o] 30 cm, PCE: 500 ppm.
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Yy 300W 600W 900W

HA* lcont. | 005 | 01 |cont | 005 | 01 1 |cont. | 005 | 0.1 1

SEY5

PU 0.0193]0.0095] 0.0138 |0.0262 |0.0218 | 0.0195|0.0374 |0.0422 |0.0369 | 0.0378 | 0.0441

<¥ 3- 4> "2 intervall £LAF

Y ocont.=AE AN seedd. fmin)

<E 3- O "oy g8 kg £E45EE 2% A0F lsec intervald B¢ &R

%
AA BT FHE RS AR A5Ee HAY F gk

v, ddls=e 9%

N T dARE S HES A FE L2 ols AL FReH, ol 53| A
o &3 Aol duste BE 28 538 FHAgodMe E(H0)22 FH o€
TiO X WA FFo] AAH o] o)A OH radicals AEA 714, o] 8AFL 45t o] nj

A wkgol F&g Weol vk 2y} TCEY 7145 #5182 OH radical®tie& Cl
radaicalol 98] AE spsalo] AAIEO 9o PCEY H¥4¢E TCES H|£3% we&Az=z
Hkgo] Mgk Azt 4 vk [1¥ 3-49]¢ PCES] #Ewjdkg
vt o] A9 Wl ZEE Xenon lamp(600 W)E AFE3Ith wEEol SlojA Adis=
7} S7hgtol wel PCEe] #Fujia] w2 =g A JPEHJAed, o] o|FZF PCES &
o] ZujypH ool A AE A(competitive adsorption)2.Z W& 4 vt F ¥&E<Q PCE

lo
o,
o
4
=i
Lo
off
ook
to

o wEol sl AuHos F¥el %ol wolgol wek TIOS FH site (B4 site)l F¥
o el AASA Hol oleiy el WolM Uekkhin YZE oA TIOER
EASD G SR wgol FUHA A8 # 9ot WSre] FRECES TFE ¥
We WS A 44Ec /193 FE0Egl W FRe ¥ GE ATAE

of SalAE ol QpEol Tt ol WEE wEPES AED A% 52 dFe M o
2 wada gow, TiopREue] A2, wEe 27FE 5o wet FRY 9%
o thezan 9wk Zuh: dojA QX @k 1Y HE W3] QoM FEe T dobny
g RFwel d, A Fole) FuA, B BE, A$/AN SE wesel go

ol YNk HES R A9 HeAde =7

o



C/Coypp

0 1'0 2l0 3'0 4'0 5'0 6'() 70
IHumination time (min)
[1% 3-49] PCE® 714% FEvub&ol Qlojre =89 43 34
Xenon lamp, 600 W, &4 5 7t=h 1570, TiOz P-25, 5wt.%,

o] i} ZL AoAl FHujr} ¥ OFRAIAHY VOCsHE 7FsAle] 283 AlALE
AL FEFue] Aol o) BjFFe APAA &9 /AR duxn & F g aEn
o] g AzgoMe FARUE ZYT TiOFY FAANN $8% 247 Ugygon,
ol RaeHog RO Ao, intensity® B interval?te] A#AA B8 S9 ojgd F
Atk olAL B coreFo 2 FHkAlE Ho] ofE A Hbgo] o= TiOX'HNA o]
448 F UAe7te o] §d Hlo] A} wol wkgo] FAsr) Fol e A} UE AL
2 Az
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k0
e

L O2PDI0

0

M4 2 QY 3% 92

AL A A4 3 24

obef <3t 4- 1> ¥ APAYY ARMMAA HAPE ArspEEEe ATNEe WE
glogi9lolal, <3 4- 2> AAE dTFAIY S Hheke APy H A o[t

<GE 4= 1> AN ER R AdFUE

T s A TR EE R A F AT E L
- 20 ~ 30% photonic efficiency®] Mixed

oxide #&w| Az
- (3as phase ##]4 high photonici~ 20 ~ 30% photonic efficiency2] Metal

efficiency ¥ Ax71& % H717]| doped FEu] A=

14 1% [ Sy - Actinometry, laser photochemistry, ¥
(1997) ™ 5} 8} A

- OFR W3AI&d 5 Fopshits A= 32, sigtolAe] szt B g7}
25 TN E - gAY o2 Y B V2AY
(dgA, ol2 ZAY)

35 AR 37
— Azl A4 23 ¥ Ad59

- ASsel 3y, @A 2 FdE| #7b dAE oUsldds E)

A7 % 9 - gXAY 2AE NeA Y $AW)

*

27k X
(1998) ; AR sl e B2

- OFR W$A12% § #88ug Al|- OFR WA 2¢ #d 71249
(HERY A, 7 22H AA)

T A I i B
- HFe A A v F FHHA A" MR
=

32 W |- di7ledwd e A&s AL"l- AReF WS
(1999)  [AA) - 714 4

(prototype Al2¥ A ®+ A2H

A ‘%1] g ,7. .1\61

Mo
olo
i
>
-
A
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<E 4- 2> B7he A% R 4R

:]1

Az

Hq 7t Hd A 9 FH K
- Gas phase # #]-% high photonic efficiency F& )] X5
12PE (1997 ) | - A aE 71Er) s Sy

QAR 1998) | - FASA2Y 75 % B}
- 3FAT/H 1o AAAA
THERE ey

4 3 3 7 _
- 3FATI® 219 YA

A E olelgh EX oo s Agle] AAEHU oW, gofsiy th&3 £

FPE ANE LS AHEE A U A2 53 o] EFE F Uk

- AEAz D eFEEa, EFFEY (Fe, Ni, Zn 9 45 §) R £4

- Ao g&FY (HA/ARE AAY FA)E =odFE EFH7E (modification)

- ThERE B AlAY 7 % 2§

"EEvE 28 E frEaEe R ANEAIA" 1A )
"R Ay (1A 8

"EHEE (FAYR)

" OFR®EEA| 28 (72 8/71 43 2] &)

- A ogEA gUst 0 DCA ¥3l438 (actinometry ¥ 8), VOC (TCE/PCE). #Fql,
MTBE.

Zbzke] R E we Aol FPHU, AAE &L A7t FAWE f dapl
A A2 st dr| A dEA Q] Aawkg AMestaat grh A" AR & E)
% Fe/Ti EFFF97F 410nm A5 971 doluval, &% vi$ Sk 438 RoF
ATh E7E ogrlo Pt FAHUE AF v & AEFLE A + Ui e DCAYEE
B A&FAAME 0% e A3E 498 F At F54 VOCH 71A 2 (TCE)
ANx FeEFEe ZYE TiOE S wEd AR @5 TiOt HE 20% WEA
90-95% ol A9 FI&-S YEUAI, FEFu9 ukgol gleJx] UV intensity, oxygen,
humidity %©] W3-8 f¥sts T8¢ factorZ A v Fe] A& Ed Sl ME TCEE &/
AA Y koA A= TCES FUANELR AhddFo] S7HEUA A= FFe

B2 5 Ui o] Aazk o719 TiO:9] recombination-® ¥ol:7] wji-o]t} -0 Qlo] A
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flo
I

FRET 9A 28 factor 5 U H wHEo] "Had AR FENY FHEL e
#oodefe. Fx o wrgol WeF FE AHA percentage’t Ao B AYY A=
o} 509 AMit Vel TCEY: izt Hojk wa Alzkel 77 oy w82
F7-A ¥ chloroform,  trichloroacetic  acid(TCAA),  tetrachloroethylene  (PCE),
pentachloroethane, hexachloroethane ©] A& Q.en olo] that Zhzhe] HHE-A & o] Folx
A ekoron} AaE F7MA71HA] GC o B4® chromatogram 9] peak & ZAashs 3E
& AT = AUTE ATFE WA 9ol BFF wEA] TCES W&ol # HUoH
¥l intensity %4 A3} 3650-4000 £ W/eml A QEFARG o S5 H&ARE
S5 AU AOP] Bz el UV AZE H33dle ALgartd QFEH AAL A
AR gl ZolA] AAHY £ vk Ao Egsdch md SFFEe F9 TiO:

£

159 bandgap cnergyol WEE Fol thakdt el W& o888 F Ao VALY
B AE Aabo] X £ T &dol 7HF £¢hew Niel 4" EEFv7 Fert £

f F&Fvlpck TCE &7 & i o714 FFHuje] Fe F7F Uy wed (50%
Fe-Ti Z4-%) wkgo] & ¥z skl TiOyUVel th& AhstAlel Waste] Algeotd a3 &
oS Sdiskek = glvkar Abg

TiO»7} 3199 optical fiber reactor(OFR)E o] &3sted(AH&3 ZAHFS Ao, FHHF -,
TiOzA¥E ¥ (TIO: slurry, sol-gel process), ZEF4|, 4ol A7) 344 {7 €438 E
#9] 8}}Ql CuCly (Perchloroethylene, PCE), C2HClz (Trichloroethylene, TCE)E& W ¥F-&
LA A FolA g gele] g 28 ARE Ak FAAF 9l TiOE 2B

1= ) E(slurry A TiOs, sol-geld ol 913 TiO2®)-E dsgen, o& @83 TiO7}
w9y OFRA AR A2 &8 R 8849 TiOE A8d8 4% 1 ¥5& 5
wt.2%67F 7H4 w8 #EuEAL Ak TiOt Z8E FAFY #7F Be&T 5, 4+
o] dol7} 714# TCES PCEQ %2 AALEE d& F UUon, olAEe] 4aRvAs
e oglodrk w8k sol-gelH g ol &3le] TiOE ZBE A9 FFv] &g g =
ALl e)FHAS o 4 AaL, He Axe b wE wEEEE Hug HdE WelMe

AAHew FrhS oleld Agel: Bae FFE zAsdEd, W B pulse

T vl T~

o JaFe NN} HE A ek el dF FE G gl ZA 9
#389lal, TCESH PCES) 7144 &) dkgo] QlojA wkE7| & A&t 7 7

9 ob gk 7159 WAlaee] JFes TCERTH M =d WeHng eyt
seleld Wgv)it ALEd 4o Aele) MTBESZ Ralstde 49 Agd 4dzadA
0.05 mM MTBE ¥-&li= oF 3A17F 308 42, 05 mMe] 4% 9 5A17F &8, 282 1.0 mM
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o B9 o 7TAIZte) A8 HUTH 05mMe] %7] MTBES] 729 pHE= £%5445 1.7(pH=65)
1.2(pH=3), 0.75(pH=11) [x10™* 1/secl& AL, ImMS] Z$E 048%10™ 1/secE &Q1F
At HURANGAE &8 Hod 29 4FF5u&8 TCE, PCERs) A3 Algd 310
Aok 402%7F B E U=, o] HEA 2R A e dEAdY 50 FHo] Ao Kol
olel MY At A= FFHv ZWEHE Ayt vF ke FAlge] A AFYCH

<& 4- 3> 8%d dAY B 2N =
NEE FEv) A2 2 Y Yy Fuer) HH3};
HEER | - A48 2de9 AHF

- REAS/EY SAHAAEST R
- TiO:E ¥ EE Fe, Ni, Zn 5 v & 1a88& 350 A=
7

ot &l §& 5 20% (DCA 715)
-PrEAl BEe) Az I FE L& 5 40%018 (DCA 71F)
A% |-Actinometry, SEM, TEM, AFM, XPS, XRD % && #4Zu] 4
-1, fElTE, FAEFY g g

a5 90-99% @4 - TCE, PCE, MTBE, acetaldehyde, DCA %

—fe T FAY. WY, seed, FARBE Wer) P % 97}




<E{ 4- 4> A

5224

-4 =% FAH A =(%)
-5 TiO: & Ni/Ti, Fe/Ti & ©F
F EgHEE0 Az, H7h, &8
- Gas phase 4 &8 4|10-30% S (DCA7IE)
120 12 ] 100
ol Az @ FPrt - & HA &5 AZ (407509%)
-photonic efficiency7]¥ <&
-FS7] AANSTFH
- fElTE, FEF 5
o ¢t A Y Iy
- gEue zm¥, 9x 2@ FA-Fd4, 99y GRS F
241 5 100
oAz 8 FAVE 8- (4
-f=38tE 28 49" rt , TCE
90% ©]’d #3l
-t ey e &4 (FA
2, dhebA s e, FAdREs
- d7)/EEF LH9E AA (MY .
7
3ad = [F3kshit g7 o) Ak al sl 100

=

AL EREAHD) F FAY
WA LT &8

—OFR #4§ 7|H3 3
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A 2 A )7l =

o] AVAYSY e d-hEokY JiedHd o £ Qe ge ddVes @it
At FEME A8 FEE2 Yol 2 UVHAZY duxgs Hxete] 3o
gz & ALgste] /MM R Al A] S Gt leolgta FE et
A 2l 7 AW oled 7lg] A3 Adue @42 d-He dx

wEAGEES AYe #FHFuje] FAE odstu nxA&Y 4F FFuE AN
(modification) sh=dl &-&dHol Bejlew, FEajol o8 W F4& Sdiststa, 284
(versatility)-& W 3]7] Hdted= ofy HAAEE & £ 9 A9xdS FHstofor dr w
ghx Aetata = 7 7wl diE AVFHE Fokd obz fAHA R{ AF Ax 4
H771Ee] AAA FHE o]F i FsEge olfE mrg oin, WAl Axytel F
A& ol (FERtehay Eokg HlEeto F3e, wwisie), 17]8e, gRo|=td ¥
T 7Nz Hopst TEE FaAdx, FAA, FEA Fo| FEEok] xEHow vad
49 Hgans dod gl o9 HEo] Fauts FEF FAMNAA L, A2
Az, AWE7IA AL, $F522 Farle T A dAVE $9 Fdd JdE
& Ao Aadr old AL €2 HAdA ke 87ed EAY FAH A 3l 3AA

Hﬂ
rle

i _.\.4
-
!
N
ik
R
=
M1
2
oX,
L
1o

/[BEAE Ve x| medkE ddoldx el ol FAIE Ao mEeEh: Foz AAA
AF7F 1 ot & oA 2 7 S B2 Fd @Y, 2P ofAE HEEA

e AHO AT ojyRo]l out drrzxzo] £ W Ao grp= i 7

e

& 20]

;

3]
o] 7]&3 ol &% R A2 ¢, AEH WPEARY vaE FI FAHL A

SdE AQstile oA tgA R FRuE A ¢ gk et

Ao FHALR AFEHIL A&3Eo] ZFagde 254N LE o] &3 FAMNAA 29

< OFE A8 7heA e sag Zi7kE vldel d3 502 AR E oFEar gl

("TiO2 photocatalysis”, A Fujishima etc. BKC inc.). o] A& Z2FA a5 o] &3 zlog

of7lol FEFuje] FrlE BINEFE FA¢ete], AN EVIE S B T HEHAhd

o AN 6 ds] A Aot TOTOAe] - 20014 el 10009 <l o) & *

WA F 8B AR 324%). R B V1w S8 sty 2 Aol FH-sha Ak

glo] W& AAgel FEE & AL HAA dE delA sk

oldt HZul7} HEH FEEL VEY AFRT 5710% F4E rtHoR dvHe FE

i
it
«

1

__86_.



o Ao, o= H AAHQ FFEAY BHeR FEAHQ Ao wEHI Qv o]v]
Feol M= B #d AV FEHER FUsER Jon, SudME o8 di7|d/FaY
ol AMIAE A3t AR Bolve FAlel U kA AFUE AL ojv] 4
Hol vt wetww, #d si#vieh Zgo] Zolrb e wE, xR &9 HAH FFHv)
Z/MA/3E EE e 1 EY FYdiAY FE7d E97F g3E Aolth tEe #&F#Y
At ol <P e/ Aol 4 x] Bl 4ol A e ettt sk of# e ANk v o
arke ¥ AEl A g At dabeE U 250 #d Ay AL olv mF
2AE Bl edeolyla e, dedg 50 A+ FIHEAIV Ad Al oF 209 7)4)
U ARG EHE I VIwAkE R B5F AFALE e AFARG el #e 9 AZlel Al =
ALl

2

_—

_87_



J

H o5 &, e Ao &3

FEME &85 SN dde FA ARE B2 7], B, FAAMNEE F3 8
A3k 5o LdEde] MNAAYde &85 Jon, g g2 EAdEe] ¥yt e
Aoz olul dejx Ut} ; 2-ethoxyethanol(commonly used industrial solvent), methyl
vinyl ketone(industrial pollutant in waste water), phenol, halophenols(2-chlorophenol),
Halogenated substrates, Surfactants, Toxic phosphorus— containing substrates. %% w3} 8}
WE-o] o3l Bt Nod EHELS d2 s {8, $EgS A€, Al 4%
A, AM&AGA, tRol, AA4EE(NOX), 33HE(SOx, H:S §) F 6009 Fioldas

FR7F M- st duk e, A REstEd, AdEd, dadd, BREY, =dtola
Zd & ol dAHes #HGol 7F53tHChem. Rev. 95(1995)). o] &} vigo] HAF AL
HEEE, S22 HETHE T oA Axs|Ate] sbAAE (AAA], W, @
& 8ol HAA Aol o] AZetAl =i JYrIEEFHAMR 1, 1999; Personal
communication w/ AAAAL, LGHA. 3] A7184 o HEalxa ®ylo] olyel F4
o] 2o & 3FRdE &&o| Jhwet, HFAY, AstFHe, SE&F A5 E Huel &
£o] 7}5 3 (Transactions of the ASME, 119 (1997)), ¥ 71&2 o|u] U A {3letnd
ARAANA BHE 2t U AFFEHF AHEdi &80 € F Uv HolelthInd. Eng.
Chem. Res. 32 (1993) ; Personal communication w/ SK4]{}).

Aol M AAF BE AF ATEFAN A2d FAL BE FASANE F, AWy
3, &7 328 AA A2y FAAE vte] HE vEolw, 1] Yolr) &% Abtg u]E g
258885 Zhedtar, H2 TR A8 Fystax sk AV 29T, A8 S
el dolv il We 2 w7zt #EE A o BHY g Sl ayd
A A Jwelth vl &R ¢ e 89 o ol wE dush(v
g v g2) ¢ 7(]. photochem. photobiol., 113, 1998)2} # 7}9] 54 el ¥ F8}ahal o] /ytal
A 71 aA) b A A ¢ ds MR ¥H(ES E M oand S Co32
(1994)3} sjetA g @A AARE P& AFAom(YadAE, 9), o 4L Iy
T 71FE hHAL QoM AVlEHl olelf HUNFAR HAAIIT 80%
H-2o] 20k vhg)ol]l H & Ao] wHojujrh, of 7o B FaHzztA] g7/ Aol
U g debste: &89 oo A 83haizpgtct

olgl EE A GEof ol ME AU Qtol FA] fr(optic fiber)E #8385 U Alxglo



BE /14 2 AsE AAR7E Asb Ak Agde] B¢ @A §80] AFHos ay
Ha s A8 AUETNASGE Asdoez BE AUAEAEdd AR § A A9
Fal 71 (e, VOCTH $)& AA8] Eallstd F4 dhg FAeA & & o 23
ole] gt Ala¥lo] AFgH o REHY] 9l = FAf(optic fiber)®] ZHZHe] WF wld oy
o] glo] o] Htsly] fted thE F/HY FARVE & AEdA AT7HIL ok ol E Al
29 A T e dAet AMdE S dFEE gisl A Foll o, ol @
A 5-7] 8H(mineralization) 2 3§ A€ 2 wgxd, 28 e e 59 AA Fol
FgEo] k. Hwj o] HAA FAE FFHa Ay, thEFe AR A R, HA
g 7 selection ¥ 4o #FZurt F8&E F e EE EopdAM Atg&HE dMVE
2 Rr) vhekgl Ayl Agsle §8E ok &Y <E 5 1>& FEujAx ¥ 8§
i AYA FHE wgs FHA Ax v, G AAAAY @R, q2ela Alad

M seo] AulEy AAHsel $io] AztE Ropor

<E 5~ 1> #opd #EFv) #E AAA

Ay AE e FAHY HE AgA % FEF)EH
i o]2tslElE}L 0} & REUE
HEA] #Eu) EF AR FTAUAE
LR
A7l R a8 FE A28 x
AL A AR/ A 7] 3| AV
Hs, ZHAAE
o AH AT, FEUGEAAA, A
(N )3} shak - 7](&e g
#H 2] 2] A 228l ) ) Bl A}, A XTSAL, vkEA] AlXF

j:%w%—xg, E2
olzaely ArgA, ERAIA, 47
_ £94 5

&4 8 . A7)/3ke 84 5

VOC e A) 2~

27t DEF 5

y 2
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1., HIOMHS

o Al
H I| Jg Lo Cf — 97-1-01-03-A-076 / KIER-996318
2. NY  BAY
SLuAksl/R (e o) 38 shiES-S 0] 88 HY)/EYQLHdELNE
3. BOM ER 4, =8 HAYH
2 F K.a1A] B Foll v %] ¥4 31 < - B e}

5. A AHATHAR M ol 71A)
olUlit; T WA

6. HIAl By 7. HO[R(AE, &) | 8. &iAlg

2000. 10. 27 xviii, 89 SN/ 2H(55) 0/ L E# (108) )
9. fIEI2 10. SHAR

ey A (O) NN AA)

11, 22 (250%to] LHQl)

EYE)M di7)i: AgAe] b 83 g4z 844 BE 2 o WA g3 B4l
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Since hazardous wastes and toxic chemicals pose complex environmental problems by directly
affecting the soil, water, and air, which are the most important factors to the human, attempts
have been made to address the magnitude of environmental contamination by establishing the
safety guidelines and regulations. Benzene, toluene, ethylbenzene, xylene polycyclic aromatic
hydrocarbons and chlorinated phenols derived from petroleum processing and industrial plant were
the main concerns to the risk of human health. These toxic chemicals are mutagenic and
carcinogenic to the living organisms and also extremely resistant to degrade in nature and
lipophylic and insoluble in water and thus tend to biologically be concentrated in tissues of
organisms at different levels of food chain. For this reason, this research project has aimed at
getting core technologies on photocatalysis, which are necessary to commercialize environmentally
benign contaminated water/air treatment system, in cooperation with caltech and ISFH.
Photocatalytic treatment technology has been investigated and developed by many
researchers from 1989 when it was first considered in terms of ’'environmental applications’
instead of water-splitting to produce hydrogen which had not been commercialized for 20
years. This is mostly due to the ease of system construction and operation. However, in many
research areas such as the efficiency, reaction mechanism, immobilization, and reactor design,

tremendous efforts has been made.

(1) Preparation of photocatalyst with high quantum yield (photonic efficiency)
- water phase ; over 40% (depending on target materials)
~ gas phase ; over 20%. stable at high temperature
- mixed oxides, metal-doped etc.

(2) Immobilization with high degradation efficiency
- packed type ; over 95% (averaged)
- thin film type ; over 95% (averaged)
- OFR type ; over 95% (averaged)

(3) Optimization of photocatalytic reactor for remediation ; water, gas, soil contaminants
- establishment of commecialization model
- on-site application method

(4) Combination of advanced oxidation technologies
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