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Summary

The experimental study on photocatalytic phenol removal was
conducted by using TiOs2 as a photocatalyst and ultra- violet(UV) ray
as a light source. The effect of experimental conditions such as the
amount of hotocatalyst, the wavelength of UV ray and the operation
temperature and pH of reaction system on the removal efficiency of
phenol was analysed experimentally. Until the concentration of
photocatalyst reached 0.025g/L., the removal efficiency of phenol
increased with the concentration of photocatalyst and beyond this
concentration the reaction rate was independent of catalyst
concentration. And, the removal -of phenol was enhanced as the
energy intensity was increased, that is the wavelength became
shorter. It seemed that the photocatalytic decomposition of phenol prefers

the basic condition and is insensitive to the operation temperature.
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AP 3 Yok (Frank 5, 1997).
B AFqE TiO: FEme} 2 (UV)E o] &3t w=e s 2 AASH
o thate] HESIH 1, HH8-d Fo] TiOe FEv| F=, UV 33, Hkgew 9 27

AL, R =

pH 59 ¥z we #=9 AAES nEUTH



1. B30le) 25 2 54

F2u|2A] o] 85 e ZF A5 pH 7oA band gap energy level S
Fig. 1 Jehilen, #Falshitgo] 288 4= e FFvle addA He upe}
Zo] TiOz, ZnO, WOs, SnOz CdSe, SiC % FF7l vl$ vtsith(ld S
1988).

WA =4 FolAE TiO2, ZnO, WO3 59 FZFujo] e A7} Bo] o] FolA]
SoHAE &, 1995). ZnOE E|ZF2=dEd HEHGZz=dEde] Fade a3
7} A3, 2 9o 4713880 eI E ZnOE Ti0:9 FEad Adsts &2
UERIAIRE, ZZAb] 98t Eul 2ol Eele falld ofdlolo]l 3o §3H 7]
w ol el FFoNME Aol AgE 4 Hhel flth. WOse hdsta o= H=e
Sl g5 YEA|TE TiOE RIAAE Eoth, 23y WOs= band gap(2.8
eV)ol ZtobAl TiO.Hth a7l 32 FF78 + 7] i HFd2 ol &dte 2
Bl felsidn 2ustdth(Okamoto 5, 1985). TiOsx F2AF st A thak
S BulgelA] Hgsta FPA R o] grhesta AtslEdRkgo]l oY JRA] FRE
fakel = 9l AEE 3% 3 leB g Bunsh $(1997)2 F&n A=

Vg EIHAQ Bdolekn SAT. ER TIOsE /el A, Bel B4 23 BIA,

X

AEstA o g okt AHE 7R AT (A &, 1995).
dHtA o 2 Ti0y AA o+ anatase, rutile, brookited A 7}A] £F7} 1o,

A T2E Fig. 20 Uehigla, &84 542 Table 1o Yeblth 29elA 2
o] anatase$} rutile®d2 AL A F+2E 73 3leH, brookites AP
A F2E A vk ddHe s AEEE TiOx= tha 2& Frota 37l o
ol ZAEo] AR, EdRe WAolth(H F, 1993). TiOw 2% Tl wet

g
S avsh then, dwdos gx7del 4x, EWde] 2 Ao] Lt At P



2 o] &5 = TiO 2% FX+= anatase® rutile®] F TFola, FFu=A e B&2
anatase(3.23 eV)7} rutile(3.02 eV)Et} 3t 2

F&2 anatase’} rutile®t}t O £& 4-57F Bt Rutile EHAAM = wE A2
WS (e w + h'y, — heat )o] dojdo <ldle] FEe|ee] Yojxm, W3t
rutile W] H2H H2ES59] 49} ¥W 99 hydroxyl groupd %o| Hlzxoz
anatase’} rutile®th B B7] wFol| anatase’} #Zul &&o] Hold Aoz A
A3 th(Sakata &, 1993 Watts &, 1995; Laurai &, 1997). Anatase®t
rutile@ o] FFvl] Ao Aol A2 O E AAFZE wioldta Euyn ok F
anatase= LUMO(lowest unoccupied molecular orbital)< 7FAx a1, A%
A2 (crystal lattice structure)o]BE A=) Axle] 3k EA9 tlekslr] W&
olgtx Byl tH(Gratzel 5, 1985). Anatase®} rutileo] ¥x}zre] Zuj g &9
zpol= Ef| SR =oEd, HEHSSZZALAS FEddA e Zol7t A, H=e] @
afloll A= anatase’t E&°] 4 Avty Haskict.

band gap energysS 7R P&

i

P
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Fig. 1. Energetic level of band gaps of several semiconductor electrode at

pH 7 (CB : Conductor Band, VB : Valence Band).



Fig. 2. The structures of TiOs groups.
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Table 1. The comparison of a physical properites on TiO2 group

(Purifics Environmental Technologic Inc., 1997)

Rutile Anatase Brookite
Form. Wt. 79.89 79.89 79.89
Z 2 4 8
Crystal System Tetagonal Tetagonal ~ Orthorhombic
a(A) 4.5845 3.7842 9.184
b(A) 4.5845 3.7842 5.447
Unit Cell
c(A) 2.9533 9.5146 5.145
Vol(x10% m) 62.07 136.25 257.38
Molar Vol (m’) 18.693 20.156 19.377
Density (g/cm) 4.2743 3.895 4.123

* 7 : coordination number

*

a, b, ¢ of Unit Cell : length of x, y, z axis



2. FEvlol o8 B 0|2

AP (AOPs: Advanced Oxidation Processes)S 7|&9] 4kaiA|Ht}t €%

FetEE 7B OH radical€ S3tedz Adstel ed=dES A7ste e

rob

24, AOPs® FREE 2F/UV, 2F/H20:, Hz02/UV, fentonits}, electron
beam irradiation, TiO2/UV &°] Ut} o] WPES] FFH2 OH radicals ©|&
d felEdE AbstAelsle W, OH radical® f71E3te] wHe&% 47t
107 ~ 10" M's'= vl W23, OH radicale A9 ZE #7183 FnF W&
g Hold AS 7 Aok wEb AOPs 33 eA e 7Hedk B8 &9 OH
radical& A3k Aol T83tHA 5, 1995 2, 1996).

EABPEe shel TiOx/UV 3342 HlwA 31 3o =o)Xl 300 ~ 400
nm F =] FAUA S TiOp FFule] ZARHE $32 OHeolZolv E#A}F TiO,
FHollA OH radical® W&H o] §71&S AAsks ol 35w Atsiuk-go)A]
OH radical A7 Wi7iUs 2 B4st vhg AEm= sl FHEAUA eobA] o}
A% as e B =40 oy HEdo g AAsta e w7 S Fig. 3
¥ 2t (Turche 5. 1990; Bahuemann %5, 1991).

Fig. 3¢ vehd 23} Zo] TiOp FFvwl FWol] Bleux]e] AL o] Foxd
TiO, LA7F Wl gle AA7E A=mE Hdoljsa A7t wele AA7E vofle &
(H¥F, positive hole, h')e] AAFHETH o] w M7} #elxr] Asire Wztg
(band gap)°ll dlEFet= oF 3.2 eVHAES U7} Ha3ty o] ddets g2
400 nm °Jste]ar, o] o] 2e)MdS zold whgo] P TH(Blake &, 1994: f
N &, 1994; A &, 1997).

olZAl A e cp(AEwe] Hold HAh, h'yp(ZFAAM e @ FF)E TiO: &
Holl A Fato] Jojupa, BbE h'ype & &9 FAkglo] L3t ukgsi OH radical
3 EEAeL wkgalA OH radical?t H' ol &S ARAIZIM, A% #71%
o f71&s Akt

o) Tee] AN A o wkgo] dojue}.

o
rlo

3} 2



hv

7.0y —————— — TiO, (e g + hip)
ecg T ——— - ey,
hJIr/B ______ - thry
e, +0y —————— — 0,
hi,+OH —————— — OH
hi, +H,O —————— —OH- +HT

9] whgelA BAEE FF3I OH radicale]l AHSHA| 2 2Hg-8to] FFu)

wo] sle f7les AsA7I=d, F71e3 OH radical®l ®H&2 etz w3t
2l

AA
FAkeE d@e] wke-S AA CO9F HoO 52 Faet 24z EaAI7|1A doh(A 5
2000). &% A5 OH radical ol9olx= TiO. EH f7]E°] F2hE o] 7k

wo e FZ(h')dl 9al Atslr} o] Folx 1, HAEwoAE Axjo] o8] gHdo] o] F
AAA F71E0] Esldttn HuEojx|a Atk (Matthews %5, 1986: Hussain %,

1990).
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Fig. 3. Simplified mechanism for the photo-activation of a TiOs catalyst.



3. el wIAE FeAA

1) 29454 27ls%

ANk oz F5o AR Held i
gt "k (Matthews 5, 1987).

Chen 5(1998)2 4-nitrophenol®] #F&n] Esjut2-o|r %7]2] 4- nitrophenol
o] =5 WsATIHA HAES A3 vEUt WS E Faleo] SUva Basksd
o}, 28la salicylic (Matthews %, 1997), chlorophenol(D Olivelra %,
1990), phenol(Okamoto &, 1985), UEZH=(o] &, 1998) &9 #7|slstEe]
FEf EA g E fARE A3E Advtn Easkelth TiOp F5vl e ih-g-
12} ¥re-& =2 (pseudo-first order kinetics)S wWEtiz H1sldt} o33k 2
& Matthews 5(1987)°] 93t phenol® chlorophenol® TiO, FZu] wH-
Edomondo £ (1993, 1997)°] Monuron® Carbaryl® Z&a] w2 Ollis &
(1991)¢ll 9]& CCls, CFCls, CF:Clz 52 TiO2 #Zw) HEE-, Laura 5(1997)°]

quinoline®| FE3| ¥H-2oA GA] 12} W& 2]S ulEttn B st}

rr
to
uitA
i
lo,
P
N,
off
K1
)
oy
ko
e
ko
b
fru

|

&

uwheba] 12F RhESEAS A (1)3 o] FAIE F Tt
_ _ dC _
r= dt - kobsc (1)

2 (DolM t=02 o, C=Co= Hrhd 2] (2)9 2] yepd 5 it

_Cc _
ln CO - kobst (2)

4 (2% T4 A (3)3 2o] ekl & itk



C= CO : eXp(_kobst) (3)

o714, Cor LBEZY %7] F=o|t}. 3 kg A 2d] S3H ZE7] ¥
SEAFE ey | whg-2do webd gebd 4 9, ®E3F o] ko] ARFE dkg-
Aol ARGE AS ou|glict

dutA o7 FZEu| HFS-S [angmuir-Hinshelwood kinetics® WE+x Zo=wE &

A 9lar, o] AF WS vt o] #AE 4 dtk(Matthews &, 1996:

Purden &, 1993; Ollis &, 1985: Augugliaro &5, 1991).

(4)

o] w, k& wreETuAL g3 KE 333 A (equilibrium  adsorption
k

constant) & YEHATH 27| F%(Co)7F ¥ AS, r=kKC= 73] Yyepd & 3

_ _ dC _
r= g = kC (5)

2l (5)elld t=04 W, C = Co= Hrtd, 4 (6)3 Zo] yehd + Ut

_C _ _
In Co — kt (6)
agla, A (D) 24 (HE ¥ud BA v 22 AAE 45 § drh



kobsz

4 (D3 e BAY

konsE S7F3H=

2) FF =

chﬂ]—Zﬂl o7 JJ—E.S.QH H].,Aoﬂ}d

=

o]t A= o

O

il

3t 4-chlorophenol®

m, Ea&zole
(aromatic

1995).

intermediates) 2

K (7)

(1+KCy)
O FZHE ¥k E9 %V TE Co/l ZAEFE HieET A
AL &+ Aok

E EulsE 3l mel BesE
oPgel WMgEE F74E UehiA @l Bk

WA FohsEe] F7tel ueh
Z7h <Jairte bEsE 2 4 g A

7} 7k 4%
Sl 7} Fol | A]

O

2EEL ZrlelR|nt

==

= eEES 3

2/, TiO; F5we=e] 4%

ol go Watds wwals =R
FroAe] AT mEw Wher|d zAlEE 1S 3
St BaEm glck,

0.05~1 g/L7H %718k

Folgke 1~2 g/L AE7t A%

= LU H(Turchi
Sl =F

olg&o] Frstm WeLET} i

ttlo

lo
o
Mo
:oljt

9lo1A TiOy H7bEre

Z7A

=
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3) UV sp#+

TiOz FFvl FHe] HoliA|e] A} o] oA TiO dA7bel = M7t
AEw R Holsu dxprinds Azt vlojls ¢ (FF, positive hole)o] A4
et o] W Azt Hel=r] $lairE w34 (band gap)ell ddeh= F 3.2 eV A
=9l AuA7F Fadtd ol sldste o2 400 nmeldtolth. 400 nmel FA}

7FA dUAE 30,000 C oo d< wkiy 9= A 2o AHgn B 5 9= A

ojt}. o]¢} ZE noAM= BE EZo] uiZ AHgEo] WAL & fUIstES o]
Jbetgtae} B2 FalEo] WeEls Aotk (Blake &, 1991: A & 4, 3 5,
1997). UV fluxE TiOz YAkl HA3 FAPE =(photon density)E Fojok 3}7]

w2e] A g Hee] Fasil,

olgAl B eop (Mmwel Held HAh), h'vg URA Fe& FF)S TiO:

FHdA ZFtela, FAE h'ype B &9 Fakgtol2m) wkesA OH radicalS A
stz = B89 vhesA] OH radical® H' o]&S AAAA7IH, wat 24 7%

2} hgste] fr1ES Akskeitt
OH radical A7¢ ¥%+ Kormann 5(1991)¢] A|A1g Quantum Yield (A}
&) AN ERYH Mg F Uk o714 OH radical #%7F 727dE1d of 2

_ _— dlorganicl/dt
D, I (8)
10} o = A%M (9)
AZIA, O 7= dE FAFE( ST LAUA(1)TF 7184 AAE), ©
one E7E YAUA|(1,)F OH radical AETE, 1,2 LAAUAE YeRIT F 2
o[/l TiOe EHAAS] OH radical® W= 4] (10)Z Zo] 71€d 4 Ut} 4

(10)9] <ol 3 OH radical®] BAEEo|a, 29 &2 OH radical &% A



He gEo|n, =5 F7]&E WE scavengerZ}t fitieE 7HE L -9t

dOH-1 _ (J[QH_I) ~ (J[QH_I)
dt dt for amtion dt consumptz'on(lo)
=0 OH-[a_ korganic,OH- [OH' ][Organic]_kOH- ,OH-[OH' ] 2

3714, OH radical =7} 3 dHl =9l d(OH - )/dt = 0°]az, 2] (9)9]
Doy -

= lelgka Abgah 4 (100 thewh o] 4 (11)02 20} 4 4 gt

I,=F oygunic. on- LOH - W organicl + k o5. on .[OH - 1°* (11)

2 (1D2 A (8)e] tRekd 4 (12)9 2o] vhepd 4 glek,

2 T A

O — R oreanic.onr - LOH - 1l organic] (12)
. korgzmic,OH~[OH' ][OVga%ic]—i-kOH.‘OH_[OH- ] 2

A7, T AR Prel PSS 2T F e, A A AsE 718
7} AL LUAT et 3

%E‘ /ﬁl (12)5)] %Eoﬂ}\i %‘i W_&Hﬁo} korganic,OH'
(OH - )(organiclel Hal F WM& kon. on- (OH - 1% A

ol 7HA ®t}t. Kormann 5(1991)2] A|A|<]e] o

= Korganic.on - (OH * J(organicle] HE2Z 2] (13)°] =7

gt = p, (13)

2 (13)9] He AEs] BH (organic) = - (L) G)OIEE AIZHt O] 5% (C)

o BAGIA LE 78 5 Uk



oﬂ}\i 'E‘Eig—‘g] 7}4\ ‘ﬂaﬂ?—%}jﬂr lf".‘x]'at} korganic,OH- [OH ° ][organiC]% l?’ Hd?;zﬂfﬁ— kOH-,O
n-[OH - 1% g FAIH] @2 00 7A9AT. 2822, I, = kon-.on- (O

H- %2 Jepd 4 glong o7t OH - FEE Bt 2ol uehd & e

-1
2

[0H-]=(I“) (14)

kOH~,OH~

FEe See W o] AZldxe 9ol AlZld HEstn w2 W] A7ldAE
o] A7le] AFZd vt (Pichat &, 1991: Kormann %, 1991:
Cunningham %, 1994: Okamoto %, 1994). Staffod % (1995)cl <ol3tH F&

A&7t AlFgel vlaEete olfE FuldA WollMe] FFa date] A2 F ] ofst
of duad 4 gtz skich = oE Haudl ot x4=7F 0.6~0.75(Tang
1989: Wei &, 1992) e Hrh 2 Mo vl#ldva Baustn v (Bideau %,

il

1991: Trillas &, 1992).

Kormann (199Dl sk TiO, FFulE o]&3k FEaldd gt dArEe
0.0012~0.569] W& z=rt
e} AE = FAk vld 7128 & A2 chloroform¥ 22 o 3HgE<] 45
= © = 0.56, oMEARE @ = 0.069] & #< 2z, chlorophenol 38&9] &
AFEL 0.006~0.039 HHAE zZt=ttn Buslith. Okamoto 5(1985)¢ <l3f
A FAEFE] oA el &2 phenol] walol SlolA thedt o] Hawm

At} 400 nme] A © = 0.01, 370 nmolA © = 0.106, 340 nmol|A= @

= 0.118 °ol&}z H3¥ 3 . Matthews 5(1992)¢] ¢3tH TiOy; FZwZE o]

43 phenol®] FE oM Hnd YAFE(0) BT} tha 7 Yepgtin Bkt
A 5(1998)°l ot dAHG gHe] FFu - FpehkgolA UV apike] gl
ek AFolA 184.7 nmBTHE 253.7 nmellA7F WeEEs} 24 Uehtttn Ba

=
f
o
Er
%0,
[o
)
ot
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I
k1
rr
P
N
Lot
%
i
i)
M

l



skt 1 olfr= 250~300 nmé] ALl dHe] Fdo] OHy - & HH= FF3td
%< OH radical® AT ¥ ok}, 184.7 nmEtt 253.7 nme| Fe] TiO:
FHol A HaAes stod Az (AZH o] Hol® Hxhe] Aol FAE] wiiol
gt 3k, a8l Bunce $(1989)¢] 9 UV lampd 3o wa
chlorophenol®} ©o]¢} H]S:3F 3}3HE-S FEE 319 S W 254 nme| A &7}
7P & dolwtta Haskitt,

4) ASHA(H202)

dvtd o g {7159 FEal vEolA Ho0:5 HI7Ige=A whgEEy 80 2
2 ®Hasm h(Ollis 5, 1991: &, 1995: ©] &, 1998). #7}
d strls FEudA drw® dojd Hdaket w8 OH radicale A4dsta
21 (15), T3k 2] (16)3} #°] superoxide radical® ¥kl OH radicalS A4/J3t
th. o|ZA AdE OH radicale]l f71& Abstel] #odsiAl "ot %3k HpO0ov 2
(17)3 %ol OH radical®] AAAREAN qTZ P7|= stRE Hikstrad] FY&
FYFo e JduHE E 7 Ao

H202+6_*>0H° + OH— (15)
H202+ 02_ . — OH- + OH-— ‘|‘02 (16)
H202+OH‘ _>OH2‘ + OH; (17)

Tanaka S(1992)¢] AAd] o3PH TiO=S )83 trichloroethylene
(TCE)9] FEsfjollx FAitee=aE Hrted 49 AA $=7F 6~88) Wbkt



t}. I3, Chen S(1998)% parathion® FEsAM= I3lrA2SE Hrted 2S
AALEE7E wepzltka it 1 o]f& Ollis $(1991D)e ofatd #ibskrae A
7etel djted =, AAFEARAL Tl Hou FEAEES ST A
2 HuFa 9o EI Okamoto 5(1985)9] 2lshA Iitslsris Aot A3t

o o3 walol oal APHOE OH radicale YYAHORN BRASES

H
rr
HE

7M1t Baskdtt, 28y Chun $(1993)2 TiO.E fe
2 trichloroethylene (TCE)E w3lAIZ Wl UV AR ZRbsteart A4S AAsH
of AAgE AAa7F TiO, ®Hel| FRE o2 TCES &3S wWelste] AlAEEC] 7

v gRtd F42 skl
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AutA o @ FZEu) kol 9lojx] 1 wHSEA| wle} pHe| ko] 7zt thaA U
Ehte Aoz defAla lth(Fox 5, 1993). Bahnemann % (1991)¢ <lshd %
& whgo loiA pHell wet TiO, EWO #-&717F 2] (18), (19)¢ 2ol o
A g el E TIOH: &, 7148990 e TiO7F F2 ZAgtta Rasglon,
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TiOH + HY =TiOH; (acidic condition) (18)

TiOH = Ti0 + HT (alkaline condition) (19)

D’Oliveira 5(1993)°l olshd w-g-Ae] 27} pHE TiO2 2% ] band energy
Ak ofet FEue] F¥ AotE WskAZItka sk9aL, 4- chlorophenol®} ©] 9} H]
& f7] sRHEY FEASE lolA] pH D thate] A7e 23 FEdEE
o} pHetel Al AAxoluy kil A= A AR pH 4 olsteld e B

o Ade aEthn on, 94 ZAdAE Bzl e mesl dodrin

r_{m

0

Hauspglth, 2% A9k Al-Ekabi 5(1989)° ©Jsl¥ nitrophenol® 22 33t
UM EAfEE] ek pHY| F3F A9 gltta Easitd. Kormann 5(1991)°
ofsh et =4l Aok drdelvrel wet pH7F EellS e miAe d3e 2
A v2nta Busiglen, TiOp F5mE o83 F-slolA chloroethylammonium-
pH 71l upegl Eal&=s S718kaL, trichloro- acetates pH Sl wel Fals
Tt Attty Buskdth. T8 nitrophenol®] para$t ortho ©]d&A = pH
7t wet Eel&ert fAadita Hausigith. 2eu A frlseEe AdE
pH FHolA= pHell A daF=s A =tk BHauskitt. Hofstadler 5(1994)



o] 9]3PA 4-chlorophenol< TiO: 1% 3} fused-silica glass fibersE ©]&3F pH
sl w2 AddA 4AHdelA 7oz AP 4E BalE&o] Hojutta sk e

ol¢} o] pH W3l W} B o] Gl o|a wieA 29 TiO7b 89

o] AMdolA 4tstgkel potential, &2, & 9 A2 Tl Woby] wiEelgta HH
A=

Oliveira 5(1990)2 &4 pHE WEA7|W A 3-chlorophenolE #3121
Az}, pH 9oA= ¥HEEErt S718ka pH 3.50M = #aE e S s ed,

ol &9 Fo OH o|&9 <ol et OH radicale] Aol EekA7] wiolzta
B3ttt Peterson 5(1990)el 93tH 71522 UV lampd 190~400 nm<]
FAAA A oA WERE et B f7IEAIE AApde|7b dojvte H ol
g Aol &2 pH XA wel 1 AAl9] f7|EAEY AR tE FEe] A
<& (internal rearrangements)el &gt Eajdcia B3}

Bahnemann 5(1991)¢] &3t TiOs F5vlE o] &3 chloroform®] 33l ol
AoJA pH7E motd s FH7)24 Qo] Axle] med . g3 o] &olstA o ®F
SEEo] FTUkete Aolgta Husigith. Wi F(1994)2 TiO: &% o8¢
trichlorophenol®] sl WX|= pHe GgFe| digt A7+A7 A7 A=
OHel &l o&f 7Pdzn]e] fgo] xAE o] HAEuwo] HArt Faae] AAds Wl
slo] B} @& OH radicalel AAEER ZAyA oz OH radicalel s &7t =
AEg st aga A dode Arued 22H 0.7} Op radicalS ABAAl
A FFo] H' o]23 Whgsle] OH radical BAAIA EalS 2R3tk B askd
™, A#H 2 trichlorophenol& pH7F #& 7 &8 &&o] Foha Eusta 3l
o},
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Fig. 6. Removal ratio of phenol on TiOs dosage(Co = 1.0 mM, T = 25T,
UV wavelength = 253.7 nm).
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wavelength = 253.7 nm, TiO2 dosage = 0.333 g/L).
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wavelength = 253.7 nm, TiOs dosage = 0.333 g/L).
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