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Abstract

Recently distinguished AOP means technology resolving organic compounds in water to harmless compounds such as CO,
and H,0 by creating OH radical (OH-) with more powerful oxidation than general oxidants. It has merits which the 2nd
pollution is not caused since it uses solar energy, sludge doesn't take place, it can be applied to high-density waste water and it
oxidizes non-biodegradable organic compounds more easily. The purpose of the study was to examine about removable
characteristics of phenol which was a non-biodegradable organic matter with UV/Og/Catalyst processes which is one out of
AOP and to present applicability of photocatalyst and the optimum conditions of treatment. The study regarded initial phenol
concentration, initial pH, photocatalyst amount and flow as its conditions. As the results, the test had the highest removable
efficiency (92%) when initial phenol concentration was 100 mg/L, initial pH 7, photocatalyst amount 6L and flow 1.5 mg/min.
The removable efficiency was increased as much as initia phenol concentration was increased, when initial pH was 7
(neutrality), photocatalyst amount was increased and flow was increased. It was checked that the optimum HRT was 12 hours.
Therefore, phenol is enough removable with UV/O4/Catalyst process and its prospect in the future is expected.
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¥ =2 benzened| FaHAATE FAVIE AdE S|EFA
SFAERA FHhde UL 989 JtEZRgE Ax&
o7 ¥ [HEAoY, HIZde 4% dAesTAY 9852

AMgFol Fbetal QlaL, W, 4&A5A 2 98 59 9=
2 99 AMSHI Jlen, A{FA, HisE
FF A F2 HlEHs AoE Himy
1994; A g3 JAY, 1995). AA Aol Hl
A A mFolHRE FYEE Ea A5
d4 ¢ ¥hgsle] chlorophenol S AAAI7IH, o]
Yad Wk ol AT AF S A FE
HA JYtHEEY 5, 1995, A&, 1994).
123 AlFadA dFdsta dew
g8A90] 1 mg/L, rm & A¥o] 3 mg/L
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FotA st A S (A sAY i v &9
AFAEY 389 =}dol BrtsA Hol WA gRed
Z1Ed =2ated AlAdb| gk YH|e o] Fgs] A
do. Eg-setE Aerled F¢ ol2ndgd, didd
W, EAe-AYHA A &Yl ES o] & FHY 59 W
ol o] &5 glou, fREe L2 AH & a8l
i BikE A 59 EAES A gl BA

5= 2+8}7] & (advanced oxidation processes, AOPs)©]
=3 ot

AE=ANEL7]E(AOPs)ol g At AtshAl ot FE gt Ahehy
< 7} OH HYZ(OH-)E APNA 5 43T ES
COt H:0 59 Faldt stFER BaA7e 7I&g T3
o ol TleRe L&Y FAsteid] UVE EAbSH
= 9, BN FASEASE ALRSHE Fenton 2HEHH,
I3 TiO, T H=A F54SET UVE o] & B
71% So] glth(Venkatadri and Peter, 1993). ©] oA &
il e HYNUAE ALt 23 29 S FEsEA
R, AV} BASA FoH, AFEY FHFo® HE
o] 7best dENAE FUISHES 4A AsAIA COoM

HO 59 F@ HaEe 242 & 2k 270 A
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(FE9, 1993; Al 5, 2004; AN 5, 2004). FE)
£ 7t 350 B9 A9 " aRFo|y o9
FTAME TiOE AMES FEFwlel g 38 &
E4o] Zstn AESFHorE AFHo] A3 #7158
< EHHCE AT & Yvk Bl glei(Pamisano

d., 1989; Sclafani et al., 1990). =3+ &%, pH, LEE
T2 Y F9TE v FHA JdeEdE=R AgzAd
NAMEZ A Fo] 729 Qitk I o= A2 = AFYeA
A7t bedtthe AR 42 2EAE BT dAa
A eve A, HFY fAED AAN HIeue A
T B2 FHE AU AtHEEY, 1999).

2 AFAME o]HF TiO9 UV, L O3 Al2HE
ol g3t dENY EF FY st HE AA 5
date] n2sla, FE) TS AAFeE EA5IY )
A& 7ted 2 HHY Ay 20& AR bk

rlo _I‘};,l'

o @ o oE o 2

O

2. A+ 2

£ Ao Me Anataserdtile = 82 2 74 P-25(powder,
Degussa Chemical Co.)& Zwu|(BET:47 mig)Z AM&3IA
o &3 oy =2< H=(CHsOH = <% 98%, Wako
Pure Chemical Industries, Ltd)2 239 #HES ALE
AL, °IAE 13 FHRTE ol&d o FEE Az
sto] Yot BRAsAT AxE HE FF 59 pHE
H.SOs (£% 95% ©]4, Samchun Pure Chemical Co., Ltd.)
9} NaOH(£%= 95% ©]4}, Yakuri Pure Chemical Co., Ltd.)
£ ol &3te =43

AAZA = Fig. 13 Zo] F4=EJ=, AFE o=2d

2 A7 100 mm, o] 1 me YEFLZ ARAIRIL AL
d FEE HEZEREE ARSI A 5(2007)9 o
To WEW wgxe olaUAATR FHEY WSS Yot
A A7 FAZTH vmsA Eaol7t gle AeE Y
Ebgth 9oz 254 nm #go] F2 WEEHI, 028

Table 1. Physical characteristics of UV-Lamp
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Fig. 1. Lab scae plant of wastewater trestment using the
AOP system.

%35} UV-C Lamp(65 W)S Atgatgen, Lanpd &
42 Table 17} Fig. 29t 2t} UV Lampe A G&] 44
o ¥gx FHo YAAA A Fgel uvrt FLsHA
(o]
AR

248 + S H93, A Bad 312 79
71 gstel Wyl R FAFAFA Y WHE ol
g9t # AT #9 A BE 2¥e ApHoz 59
st

2 AT AMgE 45 Aol & EgHo Qe
Zeolite, Alumina(S-ANE 712 EAZ2 sta, 5z g
g 2:0]a U= Anatase FH Y TiO(2%)% F&5ds &
BA1717]1 5t A &olEE £33t TE A Fo] 45
mm FE9 Bdl-type Fujoltt. o] Bal-typed FHuje] &

. Wattage Tube Length Ultraviolet Output Ozone Generation Average Life
Odering Code
’ W) (mm) (Mlcm?) (g/n) (h)
G64T5VH 65 1553 200 7.2 9,000
100

: Mﬁg’&' o4y

Fig. 2. Physical characteristics of UV-Lamp.
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Table 2. Effect of initial concentration on photocatalytic et os E59 FIILEEY A oA LEE
degrariation of_phenol o Z7)5EE $o% 842 A Aoz LA 9l

Phenol initie_JJ1 conc. Degradatioq ratio after !(_1 R tHMatthews, 1986). WetA, 27] H=Eert FEu 213}
(mg L7) 360 min (%) (min") HhSo] 9F ¥=e i £ho] M= FFS dolry]

Zg Zg gggjﬁ gzg glete] 2 H@ANNE W87 FEEF ok 8 L B50) 6

100 87 00051 | 079 2 2789 pH 7, % 15 Liming ZAsklA 27] 7
EEES 20, 60, 100 mg L'o2 #WsE Fo] A7 Het

o] Folgl: H7|SFES aHFoz RIAF7] YF Ade shdlTh Alzkel we AsE =9 % pHe ¥
MnO.% Fe0:2 @7tstel Azstgch 2 a7e swg e FAG 3 49 2 Flg 4% A9RY, dE 557 1
A|g&d Yz &1 5274 Fozn =iy fem o FELSFE FEu] A wkge g HEe AAEES
5o dmol BAOl BaHE Axgoltt B Zue §  Soorad WHE AT T AgEdTSs AALE]
APl B S5 AP s e gEa p GLAAT BT F 2] HAusE 20 mg Lie AAL
Hurg o] Ao wa, A= F=o BE7} e, &2 53%, 60 mg L' AAZLE 83%, 100 mg L7
Hle z7]e] Ex-aREFo] v, H},}# A7+ ote] Al AAEEE 87%=, 60 mg L™¢} 100 mg LY AAZEL
2o Ay =RoA OA ERPP TIaT) 249 ZpolE BATh Alte] wE pH WSk Fig. 4904
HFSAIZHE UV Lampel Aol ZFHo] UVZE AR o} Zo], wg N T 27] FHEEE 20 mg L= pH

6.49~6.61, 40 mg L& pH 6.49~6.59, 100 mg L& pH
652~6.66 =5 UERUAATE WS ZJ|de HEE&99
pH7} TiO.9 pzc(point of zero charge)q! pH 6.3ET £7]
wEo Zul EH] £59 OH o]2o] FAHo] AnFHE

2 w3+ as Lﬁﬁ 27 A% BE, 271 pH, 2
B Re Asanh o ursd g Axge AA x = OH C18S SR 2ok fo) pHrk B Ha
s = uT = = A0 Ao
22 wmsy] skl sme] HEL 20, 60, 100 mg Lz, = A #EEH ]
Ao 27] pHE 4, 7, 1002, BHZUZE 2, 4, 6 L2 dUHoE TiO, FFW wsves 13 WSEHE4
#3205, 10, 15 Limine.z s Fol stk (pseudo- first order kinetics)& mEthal efA ieh(Wolf
99 Aoz AAR ARE fieD adae Fug 419D o gam -
TEES AAT T UVVIS SBBEA(VARIAN CARY 12 eEEAS 4 (D% 22 BAE 5 3loH,
5002 o83l Hme) FRES 2 AFEEES B
gL uvis gRgEAz =-9C_; ¢ @

it

Astad HEe JH A&
248 A7, 2701 nmQl Aoz JeERY 2701 nm Tl A

4 (e Aram gew 2o gy,

3. ZAd 1 jE C = Cyexp(—kyt) 2
31. X7| HesE 2 MH EN 714 Cor ¥HEEY Z7EEC)L, kps e A 9
1.20 7.50
® 20 mg/L ® 20 mg/L
1.00 Al W60 mg/L m 60 mg/L
100 mg/L 100 mg/L
0.80 7.00 n
]
=] L]
Q 060 . EQ
o [ ]
0.40 - * ® n ,. n =
6.50 ] é = -
]
]
0.20 a - -
0.00 6.00
0 1 2 3 4 5 6 0 1 2 3 4 5 6
time (hr) time (hr)

Fig. 3. Variation of phenol depending on the initial concentration Fig. 4. Variation of pH as a function of operation time
(pH 7, TiO, 6 L, flow 1.5 L/min). (pH 7, TiO, 6 L, flow 1.5 L/min).
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3, dwg ez FEuo] g {FU1EY EHTSS
Langmuir-Hinshelwood 7178 @WZ2& AL=
ojwj o] FEEHEALS g Zo] BAE F JUTHAugug-

liaro et al., 1991; Matthew, 1986; Pruden and Ollis, 1993).
dC k. KC
= = TRy ©)
dt  (1+KC))

o, k< -
brium adsorption constant) S L}F)rﬂr,]._ IS ,_q 7 A
g vz ud o 2L 4 o

kK

ke = 0+ KCy) 4
ol & WAHoRRE WMSE 2VEE Gt Ba

TS SRS ke = F7HATE AL L 5 9Tk 2y

e N

T4 kgkol 20 mg L' o= 00020 min?, 60 mg LY

= 0.0044 min?, 100 mg LY w& 00051 min'ez
x7 Ass=rt SMEeE R4 kE Seke 2R
b dEgT clAe dse sEAT ARSE Eez9
AAGEE £ AXNA HEZ 27| dEs:rt 371
2 zu) 29 F3o) BAAL FAFE Feo AES
o HEsL AAGL 27l Aoz AlEdT ol:
SR Ao S AEgEH 2=
st ola) walE B2 AREe Azl o

o] oF
Al F&Eol EalEE ALR ALRHET Fig. 5= Al
e 27 dAes=d FEEEY HE Adds #;Ho=

Yehd 28 =2 Fig. 59 2=t FA9 FHE i
£ ACERH HEY Bl wEol §4F 14 wgde &
A+ UATh

000 i

=100

)
<4
e
=
-200
® 20mg/L
® 60 mg/L
100 mg/L
=300
time (hr)
Fig. 5. Linear plot of time versus In(C/Co) (pH 7, TiO, 6 L,
flow 1.5 L/min).
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32. =7| pHoll & ®MH EY

FEu sk olA AR EHE TiO, &
pHel wa} Zufje] T 22 JFE BFerh
TiOe T899 pH7l 56~6.6 Atolel A& EH
248 wxA &= pze(point of zero charge)7} b
ZA o] VLR &R pHIF 4 A E ]
Zu) Wl H" o]2o] Fa=Hol &9 JAE& 7HAA
H, SR pH7F 2 d714 99¢] HH OH oo
Holl F&H 259 425 wA FvhChen et 4., 1998,
O'Shea and Cardona, 1995).

E Aol AFE3S Degussa P-259] pze(point of zero
charge)= pH 6.3°]t}. I8 22 pH>6.3Y 3%, Ti09 %
2 negative charges WA HiL o]l Fol2& ZojulA
OH #tZe &4& wafetth old H|&| pH<6.3¥ 2%
ol TiO¢ EWo| postive chargeE WA FHo] #7188
FATE 2ol & TEH(Hamann et aI 1992). ©]A
d 899 pHe -’F%" of E4tEo] Qe Tio, B0
9] FHAA dojut= o 3R §& 4 293 448
WA wEol f71EY ’}_5} e 22 OH oz
AN &= TS FA HERZ AEFHoZ HA weH
ZdE s ok

E}E‘r/ﬂ, 2 Ao e 27] pH7F Eu) Asiebgel o

oL,
9a

1002 tﬂer 01 6217t B¢ AL 519
2 23te HE=9 437 pHY #HEkE Fig. 5, 64 2t

Fig. 58 A5x4, pH 49 pH 119149 HE9 AA &
&5 47 80%, 7T6%E Z4F ol UeWew, pH 7
AMe) AA &g 8% Mg BA UERth SE45
k =3 pH 49 ®& 00041 min®, pH 7€ ®l< 0.0051

n?, pH 10%! o= 0.0039 min'2 Uelgth o] Oshea
and Cordona(1995)7} pHE W3AA7IY FHEs AFA
A, pH 7914 19 REEE eI ST, pH 10914
£ B&Tr ZAStan Bud AF dXse Ao
YERR T

2, Ti0,9 pzc(pH=~5.6~6.6) ©]5kel A g
£ OHolo] HAsHA =of OH oz Ao ZaF
o2H FAGYRTG AA &gl FAT Ao A5d.
=R 9718 99(pH 10)1 & OH oo o] EA) 3}
OH #HdZe A =& FA 4, TiO, EHO| S0l
o] A& AT o FEY Fo] Fol2oz & FH
Re HEH ME wbEge] ZEso Tio, ZHd FZ ol
o] FA XA ol AA &go] FAdE FALE FHD

Fig. 6914 A|zte] mWE pH #3s Ayrd, 1 &
%7] pH 4% pH 6.20~6.28, pH 72 pH 6.50~6.66, pH 10
< pH 669~754 =5 YeRlATh ol oA AFT
vk} o], pH 7% pH 102 wHS x7]e] HEEH9 pH
7} TiO,9) pze(point of zero charge)?! pH 6.32th ¥7] o)
ol o) Fdol 359 OH o]20] F2Ho| ARFER

(pH 4)1A
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Fig. 6. Variation of phenol depending on the initid pH Fig. 7. Vaiation of pH as a function of operation time

(phenol 100 mg L™, TiO, 6 L, flow 1.5 L/min).

Table 3. Effect of initial pH on photocatalytic degradation

of phenol
Phenol Degradation ratio k 2
initia pH after 360 min (%) (min™) R
pH 4 80 0.0041 0.90
pH 7 87 0.0051 0.79
pH 10 76 0.0039 0.95

|29 &7} YolXA Ho pHZE dFEA TAEH
111, U2 pH 45 W8 7] HEs899 pHIF TioY
] EHe] 59 H' o

pzcql pH 6.35T 7] W] Zu) Ew
2o] AT £RHEE H' 0|29 557} YolHA Hof
pH7} 4dF8HA 718 Aoz #dHT

3. ZO0HE E HAH EM
wgoll H7FE EFHeiFo] vl AgutSel o9 HEe &
3 &= UWL FTFE Lotry] fsto HE8AY v=
100 mg L™, pH 7, % 1.5 L/ming] ZAstelA ZujzS
2, 4,6 L2 ¥W3E 3o 621 B¢ AFAS stATh
Fig. 8& A HEWH, Sull3F 2 L9 4 LoA Y H=9 A|A
282 A7 69%, 73%E 24T AolE YERHoH, 6 L
AMe AA TS 8T%E 7HE EA YEstth ’:E*.&#
k =3 2 LY ®& 00031 min", 4 LY w+ 0.0034 min’,
6 LY wWE 00051 mintez Zujgo] Z713e] wal HE
o] Ba&Ert SUkste RS AT F Al olge &
F TiO, &l ~7}°1°ﬂ 0 Ase F
A-e 7k B2 OH HUZY AFF Z7t o
A 2 #adh Fig 994 Al
g AZE & EF 4 L pH
pH 6.50~6.66 =2 JEl} &9
BRou, FulE 2 LAAE 24]
Pel sttt 3A17F B EHE = pH7E
# AV& Zo& pH 56 =2 Ueht oFaHA
Atk olA2 Ev| B9 st ukgo] 95t OH <]
31, olgt Bl FE9 Eafol <

fol
K
=2
N
o
rSL
f %
2 lo

>
£l
il
E
R}
>
Q1
o %% o
O.?’.. —
to

o ©
T
mlo
O>‘

(phenol 100 mg L™, TiO, 6 L, flow 1.5 L/min).

=100

In(C/Co)

200

m pH7
pH 10

-300
time (hr)

Fig. 8. Linear plot of time versus In(C/Co) (phenol 100 mg
L™, TiO; 6 L, flow 1.5 L/min).

Table 4. Effect of Catayst volume on photocatalytic degra
dation of phenol

Catalyst Degradation ratio k R
volume after 360 min (%) (min)
2L 69 0.0031 0.95
4L 73 0.0034 0.92
6L 87 0.0051 0.79
1.20
e2L
100 - M maL
6L
0.80
L
S o0 .
o .
0.40 [ L ]
n L]
n L]
n
0.20
0.00
0 1 2 3 4 5 [
time (hr)

Fig. 9. Variation of phenol depending on the TiO, catalyst
volume (phenol 100 mg LY pH 7, flow 1.5 L/min)
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Fig. 10. Vaiation of pH as a function of operation time Fig. 11. Linear plot of time versus In(C/Co) (phenol 100 mg L™,

(phenol 100 mg L™, pH 7, flow 1.5 L/min).
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3t AAEHE FAEER A% Az Q4"
34. 7EH ME MH EM
2 AgdM e fFo E sk o3 HEe &
I BXEe dEFE Lolrr] sy vy 458
8 Lo & 6 LE FF3tH HE&99 & 100
Y pH 79 2SI $F2 05, 10, 15 L/min&
32 Fo] 22cycle &8st AAL AT
Fig. 128 A¥92d9, % 1.0 L/ming 1.5 L/minolA 2]
Az AA TLE 47 72%, 74%2 24§ o] UE
Wow, 05 LimndAe] AA E&2 65%= 71 UA o
Bt fol S7hel wet #dEe B&EET She
oy, 1.0 Limingt 15 L/minel A9 £sl £E9 o)
£ "EE oA A 7F oldelA mHEe £

o i
l-rl
2

kmé oﬁ,:‘.":’
FE|—_I

Hh&-o] iuﬂ EHAA Y ERAY S5 FFS ¥A &
=te AL YR EtH(Matthews, 1986).
Fig. 13 1 A Azt M2 pH WslE AWEY, ¥ 14

1.20

® 0.5 !/min
1.00 -m m 1.0 {/min
1.5 £/min
0.80
L]
[A] )
< [ ]
0.60 n
S n
L]
n ® .
0.40 L] .
o ° 4
n L Y

0.20

0.00

0 2 4 6 8 10 12 14 16 18 20 22

cycle

Fig. 12. Variation of phenol depending on the flow
(phenol 100 mg L™, TiO; 6 L, pH 7).

2AHN SREEASSA| M2 X235, 2010

pH 7, flow 1.5 L/min).

0.5 L/min2 pH 6.28~6.61, 1.0 L/min pH

6.25~6.52, 1.5 L/min& pH 6.50~6.66 Z=Z e} &<
AAETH vl FFs BATh

35. FE|&HY HFAIZHHRT)O ME HAH EM

T8 AFAZHHRT A wE HE9 AA 2Te ¢
o7 $5te} wgr] FE8F < 8 Lo Fv) 6 LE
Aste] HAEgA] B= 100 mg LY, pH 7, #F 15
L/ming 2702 A¥g I Fig 1404 #HE9
AA AL AHRWA, 1~4 A= AA AAZY 92.2%
AAgES Yerd® 2 AA FAEel F3o Yerdrirl,
5-12 hi7hX &= AA AAFY 54% AAEES Yy 2
AA Aol mulstA Yebgth 12417 o] & A AL
A9 o]FoAA R Aoz Yehd, FETF AFAIT
(HRT)Z 12/]7te.2 gRIEFen, pHe WH3l= Fig. 1590
A g} Zo], pH 6.50~6.66 =S Ve YT

ofy

7.00 M

me
L&)
>

6.00

pH

5.50

5.00
® 0.5 ¢/min
m 1.0 £/min
1.5 £/min

4.50

10 12 14 16 18 20 22
cycle

o0 2 4 6 8

Fig. 13. Variation of pH as a function of operation time
(phenol 100 mg L™, TiO; 6 L, pH 7).
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Fig. 14. Variation of phenol as a function of HRT (phenol
100 mg L™, TiO; 6 L, pH 7, flow 1.5 L/min).

4 2 B

B dFolMe 719 e AL 95ey A
W gEstA Ayl Hl‘ﬂ <A A2ul et oFEu

BT 5 A0, ALY LIRA(LE, pH, BE, ¢

s

%‘ =2=m e T M =

g 5)9 o] Hlmy FHol HAwHQ AJH9 2o &

ol3t UV/OgCatalyst A28l o] &3t dEsY F71EZ

9l A& AA EHE LolruA i 2ERS v

Edg=

1) 27 dEskd e Jﬂ%J AA EZE A 9
ste] ¥g7] HFEE&Y <F 8 Lol Z9) 6 LE FH A
pH 7, #3F 15 Liming ZAsIAN z27] dAEs=s
20, 60, 100 mg L'o.2 #W3l2 Fo] eAHES AFS

—’F?%} Az, Zﬂﬂi%fj ‘7] HAE=EE7F 20 mg
-1
87%2, iﬂ A= oﬂ} %—7}-;4% Az AA
7}6}% Ao Z Yepsith
pHell @2 #H=e] AA EH& XA 935ty
8% < 8 L°ﬂ Zv) 6 LE FF3kA iﬂ
%’;—E 100 mg L™, 4 15 L/mine] ZAs}el A
pHE 4,7, 10 o2 wls}— Fol eAIgkEt 29 —%
St A AAZES 27] pH 49 F5 80%, %7
pH 79 AS$ 87%, %7] pH 109 AL 76%=Z, %7
pH7F 7(54)2 o #H&=9 AA &gol M & AL
2 Yepstth
3) EZujFe @ HE=9 ﬂ]ﬂ E8E& AR Hste] H
8¢ =% 100 mg L™, pH 7, % 15 L/ming %
At A EuiFE 2, 4, 6 LE WSE Fo] 6213 Bt
A4S FIF A, AAZES 4T 2 LY BH
69%, 4 LS A 73%, 6 LY AL 87%E, ujZo] &
Vg HEwY AAEEC] SVtete AoE JYEgth
4) FFd 2 HE=o AA EES A Y59 wg
7l 9E88F <8 Loﬂ =) 6 LS F378} :ﬂi%f)“
9] ¥ 100 mg L™, pH 79 ZAstA 2L 05,
10, 15 L/min2& WsE Fof 22 cycle f%o}oq 2

2)
]8

i olo N
1‘)1

N B mg

o
Y

P

= 700 @
=4

T T

01 2 3 4 & 6 T B 9 10 11 12 13 14 15 16 17

time (hr)

1819 20 2 2 23 M

Fig. 15. Variation of pH as a function of HRT (phenol 100
mg L™, TiO, 6 L, pH 7, flow 1.5 L/min).

de st 2H, AASES F+F 05 L/min & 73
65%, 1.0 L/min®] 2<% 72%, 1.5 L/ming 2<% 74%=,
FHo] Z7EFE HE:9 AARE] F/HEAT A
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