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Abstract : Effects of operating parameters such as activated carbon dose and pH on the phenol oxidation in ozone-activated carbon
hybrid process were investigated through a kinetic study. Activated carbon enhanced the self-decomposition of ozone, generating
OH-, thus promoting phenol degradation. The pseudo-first order rate constants of phenol degradation increased and half-life of
phenol decreased with activated carbon dose. The increase of pH enhanced OH- generation through chain reactions initiated by OH’,
therefore increasing the phenol degradation rate. TOC removal efficiency increased about 3.2 times by adding activated carbon in
ozonation process.

Key Words : Phenol, Ozone, Activated Carbon, Catalytic Oxidation, Hybrid Process
201 oz shyet ByFAel oa d=AA S4I To nAt AU Yol W R4 AWS Boto] T
ATE sARGT. DR 020 ArHEHE ZUAA OH MAX7|BE fims) $28 F7H7)E 0= by
o). ggete] Eolgro] Zbgol wet sE R wee] fAF QAR SEAGI} 2745 A A L) W)k st
Ao Uehdrh. 4-8909) pH S7He S4ttol&o] AjAlsH: 2R 0] A4ukge] ofs) OH 2 A7 L vis)|
52 F7MI1E Ao btk dEo SAAeh Q] F57IHA(TOC) AALLLE BAHE FUT o £ o
o 27T o 320 RS AWES A Uk
MO ss, oF, BAW, Hu) A} 252
1LME ol A BAErS 0y Halje] 7| Al RKinitiator) E= %21 ZH(pro-
moter) gHS B Ao R reiA ok Fagete] e
Ablatzo] mmstel thHEtE <le theket sEetEAE 3t OH- AL SAeto] Bz, TRy, A4 247
of AFEHIL glor o5 =39 wiEel 23t 2P Lol S} B Qoka WauE T 9ok
Az ARl REA R s ok S6] FEAx, 443} ozAE FAHAA 7152 £l 00 2g 2 ats)
5, AR FolA wiEE e Feole ot 79 U 0:2] 234452l OH-of oJ3t 7HaAkst o)8)] 2ojit
dReY Bdo] xEe] Qlong o) AT 4 At = pom dyA kR ek 0s He] A )
7)1E o] Basio? v HIRE FRH BEE g4 2 4 (1)) oA mEE & 9ok
aEoR A 5 e FHOEA o= T By
Z(ozone-activated carbon hybrid process)ol] gt HAlo] & d[Ph)
= Q) = O L0 slal o K 13 _7:]?[Ph“0‘]+k[PhHOH] (1
7Fste] $htth 23(05)2 2 4SS 7HA| AL 9oy Al dt ! s
A 54L& 7 EE GRS f718H AA anpyo
2 389 5 ol Ao IEA QU &, gL 4184 07|14 [Ph]E His %=, ki3t ki 7H27} fliso] 2 HAks}
1} o]e] Absle] o3 A E= ST ES 0:249] ¥heA 2 7hgAks) ukS o] SEARE UehdTh 050 dA4E 0
o] X gkorg O; Ao o8| A oE AL 5 ¢l 2 FgEe 204 ;9 5E= S fAEE A
ok wheba 05 A7) AN 0:9] Baluhe-g FHAA oz 1S 4 Q). o]9) HEo] OH- 9] B 5% A3
o 2 sk 7 SASRIOZOH)E AAYT gAHE Ao AHE 4 ok weba 05 Alshikg o]
71 9%k cheat gl sl gk A slize] AAURSe et o] fEETh
oE-get By e Bl o3t 0:9) ArtusE
XA A GEAA f71EE AAE ST = 9le 7] dlPn] k1Ph) )
24 g AR 483 5 Qe 714l o] B i @

TCorresponding author E-mail: jwchung@gntech.ac.kr Tel: 055-751-3348 Fax: 055-751-3484



312 ,

Kor. Soc. Environ. Eng.
k=1

J.
21 =D pspyE=1

dete| - 2X1E -

k:k1[03}+k2[0H'] 3)

o171 k= #HlEAA B fAF YARES &idaolch
HESAI WE Hme] FEet HssTt 57]%594 12
o] El= izl 4 )2 FEshd thea)t go] B

FBL

~In(C/Cy) =kt @

—1n(1/2)
he =

~
Wi
~

AP A oE-gAE BT o
A3t ol viAE el ol Bl
235ttt 059 271
e Bl 4S5
713} §k&-& H|aLs}y]
Carbon, TOC) £4-& +=3P3} At}

=,
2
>~
> T
5 &

o
M
o md o A

f

1% yE
tx
s
I‘m FllI
-
=
)
i
o]
rr
iz
i)
mh‘ﬁn

4o
o
2
ofj

7] €4 (Total Organic

7| (Fischer Ozone 500 M,
Germany)E AHE-SFGITE O WAYS 9J3f) AtaE o] &6}
Fomw oF 5000 ppm? 7tAA O FEE 7HA 01 Ala
o] E7IAE 0.5 Limine] 2 whg7]o] 353kt
Ao AMEE SRS A QA ENorit GAC 1240,
Netherland)o| ] A@ =z A wa}t 0~2 g/LE 243l £
3 th GACY 472 iz 0.43~1.70 mme] HYE 7}4
M EeEs AlASH 2HA-E7E B4A717] A8l o
AbS o] g3to] AHHelat Fo ZHAE AHste] Mg,
SEM-EDS (Scanning Electron Microscopy-Energy Dispersive

ml

el

X-ray spectrometer, Jeol, Japan)S A}-&-5}o] EAJELS] LA
ZAL BASH AT}, ©14(95.76%) L} A4 (4.24%) 2 FAE]
o] Sl AL=® Uetgth dA-3= 4 AIAFI(ASAP2010,
Micromeritics, USA)2 ARE-3}0] 77 K A AA e oA BA51H
24 &9 Brunauer-Emmett-Teller (BET) H]|EH A2 1156.22
m’/go] 1.1 Barrett-Joyner-Halenda (BJH) T2 HA
o2 HE dojxl F=2719 359 = 0415 nm H 0.64
em’/go| it AF oA 4= 99%9] Aok ¥]ix(Samchun
Chemical, Korea)& AME3lH 1 FH4-E5 AFE-35H] 1,000
mg/L9] stock solutiong A| X3t F-of 3]435}e] AR&-3} ]
sl 5-gole] pHE 2237] 18l 0.1 M| 4kt 5-4b)
UEE 58908 ALgasth Agol AE 8ol oo
500 mLo]|t}

WRSTl 2R QR A oR AR sk I
0.2 um?] ZE|(ADVANTEC, Japan)E& A2ZFA7] syringeS
o|-gsk3ict oF 3 mLo] A&7} AF = e F718] O; w¥E
S-S AA|A17]7] €3l 0.1 mL2] Sodium thiosulfate (Na,S,03)
2 Fstach

8 0 BEE BAS] $J9) 2T Aloke) BAERE
o]43l Qlt]al #(indigo method) AHE-3HCh” A=
2ol s 5EE BAS] f8 LA EIAaReE LY
¥](High Performance Liquid Chromatography, Agilent Tech-
nologies 1200 Series)& AFE-3} L} o]FA Sujg £24
oF migh&S 60:40 HER E3tsto] A§519 o0 264 nm
of oA BT ARl & §71E

4>(Total Organic

Carbon, TOC)E E-A41517] Y&l &-8-7|etAEA] 7] (multi N/C
2100s, analytik jena)E ©|83}%tt ZE AHL 23] o)A
Saslglon BAge gELOE Askich

Ozone
Analzer

—> OUT

KI solution

—

Ozone
Generator
Regulator
| o0
Rotameter
Gas
Reactor
/ :
= =
[

\
wd [

Fig. 1. Schematic diagram of experimental setup.
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Fig. 2. Effect of activated carbon on dissolved ozone concen-
tration with reaction time,
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Fig. 3. Effect of activated carbon dose on phenol removal ([Pho| =
300 mg/L, pHo=5).

Table 1. Kinetic parameters for phenol removal according to
activated carbon dose in ozone-activated carbon pro-
cess ([Pho] =300 mg/L, pHo = 5)

Activated carbon dose (/L)  k(min™)  ty2 (min) R?
0 0.0149 46 51 0.9778
02 0.0171 4053 0.9804
10 0.0274 2529 09822
20 0.0352 19.69 0.9858
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Fig. 4. Effect of pH on phenol removal ([Phg]
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Table 2. Kinetic parameters for phenol removal according to
pH in ozone-activated carbon process ([Pho = 300
mg/L, Activated carbon dose =1 g/L)

pH K (min™) ty/2 (min) R?
2 0.0219 3165 0.9856
5 0.0335 20.69 0.9514
12 0.0563 1231 09717
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Fig. 5. Effect of activated carbon on the removal of phenol and total organic carbon ([Pho] =

1 g/L, pHo=95).
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