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Oxidation of Phenol Using Ozone-containing Microbubbles Formed by Electrostatic Spray
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ABSTRACT : The use of ozone in water and wastewater treatment systems has been known to be a process that is limited by mass
transfer. The most effective way to overcome this limitation is to increase the interfacial area available for mass transfer by decreasing the
size of the ozone gas bubbles that are dispersed in solution. Electrostatic spraying(ES) of ozone into water was investigated in this work as
a method of increasing the rate of mass transfer of ozone into a solution and thereby increasing the rate of phenol oxidation. Results were
obtained for ES at input power levels ranging from 0 to 4 kV and compared with two different pore-size bubble diffusers(10~15 pm and
40~60 pum). It was determined that the rate of mass transfer could be increased by as much as 40% when the applied voltage was in-
creased from 0 to 4 kV as a result of the smaller bubbles generated by ES. In addition, ES was shown to be more effective than the medium-
pore-size(10~15 pm) bubble diffuser and the best results were achieved at low gas flow rates.

Key Words : Electrostatic Spraying, Microbubbles, Ozonation, Bubble Column

29 1 A5} AT FNA 2ol 2EATE EAADY AYL v FAYL SHAFT ol ELFGY IAE FHII=
wHog we HEQ AL LEVIAE TG 71X V)8 FYloEn EZAZY Fad AHAHL Wik Aotk L& g
<& A 37 9F e EA B AT A= F7|ZEANElectrostatic spraying: ES)E AM&3 9t

AP AE ESet 7| TR RS v ESAPAAE AL 0 kVAA 4 kV E97HA gAF0] EZAZEAE HAHELI 7]
2377 & F kA 1 FEABEA7FE: 71237) 10~15 um, F3H71F: 71537) 40~60 pmy AREsle] BERRERES v
24 9tk EAAGRES ATt B BE &202%EY 237 HEd Aoz F AdsN. 49 4% B89 Y
ALL 0 kVAA 4 kV7R SRS o) 71E A7)} FolP o Qe LEAEEE F 4% AE FHANE & AATh EF ESG
Z1Ze o] ERAY HZAPAM uArF 71 EARE 4 kv ESYF o &REYUS & F UAAT-

FHO - MANE, ANFEA LEAT, ARSI, AL, 2E

1. A—| = Fol7lx st} 2o o2 19963 A E The Safe Drink-

ing Water Act(SDWA)+= haloacetic acidy} E2| gz otz

A2 AN MEFE #0 #718E TR A5y 3 ¢ FEAROE A WMdse £SFAEDisinkction by-
72 e S859 5ol FHY §718 AP Fago)  Products DBP9S] B W ¥gshd flEd) DBPsE &

FAGE e A0 Ao 53 75T ve oege 4 849 DBE AWT F glens SaNHI AR o= 2
A A9F ARAE AYR HFAZ 32, A g GLEFC] o nE ARANS dadel AR wol

des A% 58 5 ¢ Atk A0% FoMz wag A 7P AT ol HER0) R 485 R 4859 &5
o EX o9 UF B2 BAY WYl He HgEer  A2H 280 VIS <2 A%
H=EE T 2 9 o)g L4 AVEY M e8s Fes} spAolA FEHE VEZAR A 71 2L

A% A2 9P Fo B 91 glon Agge  TOIH IR 5 oke qId Gl AEE A 7]
A&AY BAL B gk 98 H7IEHs} 2asA @ oy @ gEo gy JEHEL JAZ A&
E e 92 WRSe) $2712¢ golk %o wew TS WIMAN 72T Axds U= A8dn: o
A o] FF9 V| EARYLZ AUAE FAAAA FAF

+ Conesponding atthor o248 G dqUREAE ML Fe] wEk werId
E-mail: ncsung@donga.ac.kr A £249e YAshe G ibackmixing)= 1 F 3
Tel: 051-200-7480 Fax: 051-200-7610 th A 2o0)3 Q& JEAZHY oA FHE dEd &

J. of KSEE / Vol. 27, No. 12, December, 2005



AIAE AZTH FAld F2 ‘?}—%ﬁ
1EA 2] ARs e o] J
9 AdeA AHgE A7) Zo‘-“,?_—/ﬂ-(electrosta‘uc spray: ES)
= FEAHES) & AEHo] 4 B aAxo
2 ”Vﬂﬂig e £ Ann gEA > A FRA
B2 1AGE A wile U2 AFmA FHE ALT
2 2H H2 qUAE 2HEe A0E HIHT o g2
TS 9aF s du VTR ED FAFerE o1F
o] Yt Bugw ek

£ AFNAE At 288 4718 AAE 98 AF
A AR ¥g7]9 Ar)d 9& ¥hS7)(Electrostatic Ozona-
tion Reactor: EOR)S] H&5& nZ53R jrl. 7)1&9 &

279 nlR/kA 2 EORE 7|duker) ol dae Astm ¢
A, 71 ZA 2Rl V&Y & wgr)sh FEET A&
£ ¥g7]e 71 A A(diffuser) & AMRSIAY 34
7] (mixer)E AMg-3H= HPE EORE Shin SV <28
ES ‘ﬂ°ﬂ iiﬂ' E A8 P s 01%0}51 Ak A

ReH, ol ﬂlﬂlﬂii 7% WOM °—‘1xﬂ*&°i«l EZ]
éir% 7R = ol L&A Y aFHE 5 £ 3
b EORM = A7) gajx gd=s A7{A

E% 2 ante] B JIAAQ 2 glo] SR A
o] HL% Tl A o] fojzick whebx 2H#<l ayto] glof
g" FHE EoJED

T 42 A4 284 A8sE N1xAzY
%Exﬂrﬂr AHEZE 27870 EORE HlmEX 3t 3
Hze] s oEe) AT 4 2 =
AHBSIiT) oWl @) Zsha EORe] 24 &
&8l 482 F AEA ThedARE AYsh: 719
2 Aoz Alsdrh

03 A
22)E Mgt Az SE2EAR F AF 75 om, ¥9)
30 cmQ) f2 &6 FolFSith werulz 43% 5=
o &S FFEY] Y5t &7 2F0] AYM FBE
(Hewlett-Packard, Model HP8452)2 Z&33 71 433
Ex 229 A& 1% F, 50 mL H2 FA ] |t
A FAZIEEZE o] &3] wE7IZ Rtk @ Fo] wg7|d)
S0 AL g5k & nAL LA (Spellman High Voltage
Electronics, Model SL1200)E o] &3l nAYS HojFa
SAl9 UVNVisE ZAEAA dh871¢ Eo7ta Wihe &
o FEE HYAS o83l A% 2FsgT wheE
BA7E 289 TEE 3% U2 2% Kl 408 F
IANA ZFETEE A

A7 s Bda mA7

2 ol8% A oEus 1293

Sampling

Syringe

K Trap

Ozonation

Reactor

Ground

Ozone

0, Storage

Tank
—‘ODQ'—

Qzone

Tank

High-Voltage
Generator

Generator Syringe Pump

UVivis

Spectrophotometer

Kl Traps

Fig. 1. Experimental setup of the electrostatic ozonation reac-
tor(EOR) system with corona-discharge ozone generator.

Table 1. Average bubble diameter produced by electrostatic
spraying(ES) and bubble diffuser(BD)

Method 0 kV(ES) | 2 kV(ES) | 4 kV(ES) |Diffuser(BD M)
Diameter(mm) 1.34 0.45 0.05 0.36
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Fig. 2. Comparison of dissolved ozone concentration for elec-
trostatic sprying and a bubble diffuser: ozone input
concentration=10 mg/L and flow rate=2.1 mL/min.
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Fig. 3. Ozone off-gas measurements for ES and BD at ozone
input concentration=10 mg/L. and flow rate=2.1 mL/
min.
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Fig. 4. Ozone off-gas measurements for ES and BD at ozone
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Fig. 5. Comparison of phenol oxidation: initial phenol concen-
tration=1 mg/L, ozone input concentration=10 mg/L,
and flow rate=2.1 mL/min.
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Fig. 6. Ozone off-gas concentration modeling results at ozone
input concentration=10 mg/L., flow rate=2.1 mL/min, and
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Fig. 7. Ozone off-gas concentration modeling results at ozone
input concentration=10 mg/L, flow rate=2.1 mL/min, and
applied voltage=4 kV.
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Table 2. Volumetric mass transfer coefficients(f:a) calculated
from the model

0kV [1kV|2kV|[3KkV|4kV|Medium Pore

(ES) | (ES) | (ES) | (ES) | (ES) (BD)

ka(s"y  10.0005 ] 0.002 | 0.01 |0.025 ] 0.025 0.019

Method
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