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Abstract — In order to study an enhancement of Jighotocatalytic reaction efficiency by a prohibition of the recombina-
tion of photogenerated electron-hole pairs, a degradation of TOC of 4CP was carried out by using a photocatalytic-electrolysis
reactor with an anode coated with a JiBin film of anatase structure, a low surface resistivity, and a large surface area. At the
photocatalytic anode under UV irradiation and with a potential to generate oxygen gas evolution being applied, the photocat-
alytic enhancement was about 90% because of taking out the generated electrons through an external bias into a cathode, and
because of the oxygen generated by electrolysis reaction acting as an acceptor to the electrons. The photocatalytic enhance-
ment effect occurred only when the cell voltage applied to the photocatalytic-electrolysis reactor was over a certaie value. Th
photocatalytic reaction observed on the catalytic oxide electrodes gféRd@ G, was because of the existence of J@D the
electrode surface caused due to the oxidation of Ti substrate itself during sintering for the fabrication of the electrodes.
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Fig. 1. Schematic photo-excitation and de-excitation.
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Fig. 2. Schematic photocatalytic-electrolytic reaction.

= AAsHrecombination)#8-g ZHA
He}y, 2227 49 AdFe B350 288 A7 7 & 2
o] A7} dasirt. o] AAE 2] Hste

ong 7R WPgo] AE 22 vk &l Fo) A} A 74 (electron scavenger)

AT ¥ 5 Y A FEA LS FEAG, Y50 5 9y
o B4 BAAA I FUAN WYSE WA FHOR o)F

AlA A2-AF AAFE AAANE  UrH8-10]. & vhE Az-dE A
A% A WHoE Arsteka el W -g Ag-ste] TiO, #EHE A
A= 2 ALgste] T AGE AAE AR o] 2502 B
ﬂ%b RS Azker 4= gl DSA(dlmenS|onaIIy stable ano@g)=<]
AsHe AF(TiO,, SnG, RuG, Ir0, )& A7|slstx oz okdd
Fo® Aa WA A9 2 st A= HHelA OH radicag 4873
Zlo® deiA SIvH11-18]. webA] Halg o ARE A
A Bl I A TO,E ZEAIZ F oj7]el) sl BAE 5
= A9 FEF SR UVE AT 79 Fig. 214 Be 2A
d Asf 2ol ofaf Aart dgE e HPN A FHeZHE OH
radicab] B ¥ a2, 3 UV A 98] AAdE AFo] 93] OH
radicap] ZAHH ofnf BAHE AA= 5ol FHHE Aol <)
S &on WEANZA F Slo] AA-HFT AAG-E XNEFHoE GAA
A F glo] FEE) B85 SHANF F vk o] W) AFolA viFeR
WS = Aee A2 FEAR ALste &9 8 A TE
AR e JAste AL oA 4@
o aEB R FeoR Ak FEn ASE AHShe A 987

NAE B UhS A Doluhs AAAT AAFL 94 SANA 3

zrzi rl

)
p
7=

2

¥

S} B8 S 5 9 0w A7
&) Aa) whe71o) AgsE %ﬂu}w TIO, 98 71X ahE

FAe] m FE0) B3

gl 54E 4% A0 9
3 E

AQ

Sfek Wb 2 AT oleldl S 2 YEuy NSHE I
& Akele] B0l ) W A B0 WO WA 1S 2
i S22 OO RA AAHT AAT AN S P S

Al GO B30l 54 5

2.4

oo

Fig. 22} 22 F&n)-As] v PS5 fIste] & A4 ARE
A9 AMF=rt Fig. 30 vl Stk UV lampEE 450 W Mercury
vapor lamp(Hanovia C&) AH&-3o 44 Z9] oF 250 nmo]s}e]
g UVE Adet7] % cut-off 2EIQ] Vycor absorption sleez &
A A5 A4 9.5 cm, o] 30cng] o}=™ t&%ﬂ~ UV Wz
7FA1E 4 9led chiller(25+0.5°C)2 8] Wzr7) <= S
Quartz immersion well(Ace glasg)=3Zri4d TiO, tl}‘%kg— 7}X] oF
=7 Ti 2=50] A2 F UEE FAFAT ol HX sk B
500 ml2#2==2E5 o] 83ty FEm)-As) vks7] -2 £ 2,000 mb
ke goflo] 8 HeE Fr). Tio,Y 2 FH-2 JEXv A ur
2 JFom ALHE AFY XAANZE 6 mm x 3mm mesh zHe
D 6.5cm x L 29 c] Madras B AF8519 0} 2302 E O AR
As} 2+ D 7.5cm x L 29 crél] Tid AR-SF3ATh =3 &= Abol9]
A2 potentiostat(Wonatech, WMPGlOOOHlP)'ﬂEH 75 %i Ao =]
RoH & AF7H 7142 5 mmiE FAE A
fdo] dAE A7 AEA-S 7FA o) sluz 715 %ﬁﬂ 54 48s
et RE FE5u/AE A3 s 5L 50 ppre] 4CP(4-chloro-
phenolp] &ax]o] $1& 0.2M NaNQ?] &8 AL8-519T), R-o59)
718 5 g B0 €A A7 7o R ARE AF st &9
%-9] TOC(Total Organic Carbon: Shimadzu TOC-5008A57 5131t}

FZFaf-zds) A Ti AXAZE AFOR=A EE TiO, 328 ¥,
249 g BHAES JAA 7] f18te Ti AAAE 61£1°C AH
9] 35% @Aatell 7L Fet @7t oAF-E et 13" Ti AXA
Hell TiO,, RuG, Ir0,8] Arahekg FH L] $laiA 2 A+ o)A
ER[17-19P1A Zvid AbetE A=A Azl ARSI WE S 5d
gk i-S ARSI A E Ti ARA = pAlAZE T TiCl,, Ticl,
IrCl;, RUCL(0.2M in 1: 1 vio HCI)5-9] precursors-21<| 2] (dipping)

——— Pewer supplier
b Cooling walss
= Chiller
= ————— Chille

L

i B

=

YWycar sleeve

Quariz well

¥

Pyraz Reactar

_:T
hN

Proatenticatal

Stirring bar

Fig. 3. Experimental apparatus for a photocatalytic-electrolytic reactor
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{a) Tisubstrate before etching

Fig. 4. SEM micrographs of the Ti substrate before and after etching.
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Fig. 5. XRD patterns after sintering the etched Ti substrates with sii
tering temperature.
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Fig. 6. XRD patterns after sintering the etched Ti substrates with TiG|
coating with sintering temperature.
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Fig. 7. XRD patterns after sintering the etched Ti substrates with TiG|
coating with sintering temperature.
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Fig. 8. XRD patterns after sintering the etched Ti substrates with TiG|
coating with sintering temperature.
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Fig. 9. Surface resistivities of the Ti substrates with sintering temperature

Ti XA AkgE w2 A8 ghe] SAHAT, 2 A37F Fig. P
vrERG Atk Ti AR A L] 2HA P2 500°C A7ER]= 0.1Qcm o]t
9] 3k& Eolu}, 600°C o) = w43] S71ste] 700°CAHAX = A
9] AT BE & AtHE7IA ZEAY S-S AE]l multi-
metefz 27501 7]7]9] Eals Wi S 0.1Qcm o]t &3
BHA T kS AA 3 Brh 28 4 o). B8 Ti 2kgEe] Tio,
ol 2% Ho] 902 ) ¥l 1.5x<2 F7helA Ti AtglEe] A7) Aw
=g e o] Sy Ao dElA glermR[11] Fig. BHEH
&AL 600°C WHl M= XR|H] 2] AltelEo] A7 Ax=r) =
2 HEEA 725 T E AR Y &R S48 ste
TIO, AtalE-S A gh gl8ha] oFE v]E 7hd 4hglEo] ofd oy gjst
A B1REA A3} FE(TIO, gae)®] AT # BT} OH radical
AFAHo T WA= AoF GelA 13[10, 24-27], FEEF AFAHEA
Z$)elM OH radical H4A1717] $1g+ EuiA AtelE Aoy e &
g MOyF obd 8l8h4 HIGE AFalE (MO, o)™ EAIT o) 3t
= Aoz gEA SIti17, 28-30]. 0|2 A EF} Fig. 84 99 A=}
25E F3u)-Ae) w871 dag S ks vRs Ase
AHE AFL AAE Ti AR A TiClE Z®E F 600°C o149 2
£ 2ARTHE % 500°C 4] &3 AAehs slo] Hasithe
S & AL, olH G 27A AAE BH TiO= ke ]
WEA AEE Zhe AFL AEA D B BUAEE TR A
]

Zu) AFoR AAE Z0= A2HET) ol mE AL o A

POUNNY
fo

UV only . Mixture of anatase &
i 90 minute reaction rutile TiO,
15 | o}

Rutile TiO,

Etched Ti
without TiO,

s| T
Fig. 10. Removal yields of TOC of 4CP by TiGcoated anodes unde
UV irradiation without electrolysis.

Removal of TOC of 4CP (1-C/C ) (%)

HWAHAK KONGHAK Vol. 41, No. 2, April, 2003



164 3 - 03] - A

60 Measured
| .
)
=
< Reaction time : 90 min
o
a. Theoretical
-
=
S
= Elactrolysis
‘s without UV
n
Q
o]
-
L)
[+]
- . UV photocatalytic only
£
o
4 /.
0 / I I T T S R

0.0 0.5 1.0 1.5 2.0 25 3.0 35
Applied cell current density (mAIcmz)

Fig. 11. Removal yield of TOC of 4CP by TiG-coated anode under UV
irradiation and electrolysis with applied cell current density.
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