B2x sl EkaAaEx)  Vol.e, No.1 3~12, 2001
Journal of KoSSGE Vol.6, No.1 3~12, 2001
IR

¢

QRTINS OH ) 9 AEE 54

VL4 E-AH

A 54

ool star 2ol e

The estimation of Hydroxyl radical generation rate in Ozonation

Choong-I1 Kwon - Sung-Ho Kong - Sung-Ryul Bae

Department of Chemical Engineering, Hanyang University

ABSTRACT

During ozonation process, the hydroxyl radical generation rates were measured under different
experimental conditions (ozone feed rate, nitrobenzene concentration, hydroxyl radical scavenger,
pH, HO,0,/O; etc.) Nitrobenzene could be decomposed by hydroxyl radical rather than ozone
only and nitrobenzene decomposition rate was expressed with functions of ozone and
nitrobenzene concentration. The rate was decreased as the hydroxyl radical scavenger
concentration was increased, and all results were followed pseudo first-order reaction. Using a
competitive method, hydroxyl radical generation rate was measured with probe compound and
scavenger. It was proportional to ozone concentration, and 0.24mol of hydroxyl radical was
produced with lmol of ozone. Under different pH conditions, hydroxyl radical generation rates
were measured (pH 10.2 (0.91Ms) > pH 7.3 (0.72Ms") > pH 5.6 (0.67Ms") > pH 3.4 (0.63Ms"))
showing higher generation rate at high pH values. Addition of hydrogen peroxide promoted the
generation rate of hydroxyl radical. Considering the results of pH experiments and addition of
hydrogen peroxide experiments, the hydroxyl radical generation rate was 1.6 times higher in
hydrogen peroxide solution than in high pH solution, indicating addition of hydrogen peroxide is
better promoter to produce the hydroxyl radical in ozonation. These results could be applied to
AOPs to remediate the contaminated wastewater and groundwater.



=
=

gl

old

A e

9
Key words : ozone, hydroxyl radical, pH, hydrogen peroxide, nitrobenzene
2948

L&A s Z (OH - )9 A%
scavenger, pH, TMIslya) A S

HEZHAS &3] AHHR vhgEre Fstetdd g3 2aEen Zasses &3 YERY
A sx9 gz T £ 48802 scavengerd Tt FUMESE BeEEE A
AGGoM d& BE Aie daeE TS O5th Probe compound®t scavengerg o] &3 A4 v

= AHESR] eatsleitZe ESsietl, 1 23 fAstet Y] QS 2&Y R A¥F R v
Falgon, e& 189 FAsEtZ2 0.2450°] AYEHU 5Y LEFEA pHE W3] wa $Aabslet
tze a4t 3= en, (pH 10.2 0.91Ms') > pH 7.3(0.72Ms") > pH 5.6(0.67Ms") » pH
3.4(0.63Ms") ZF4olste] pHelMETH 4zl pHelA FAslsitd e Wo| 2P S & 4 ok ®3 7
Asleae] Arle sastERe) BAESEE ZAANIE AHE Bdth pHe AT FAEELRY HIMA
PSS vws B AeleAE A/E o FAsE ] HSEE LA T o A SHA=
ol FatsgEitds HAAIE d oA FAsea] HrPL pHY AR o 2 SAAEAN EE
ks A& dgsiEeh
olgigt AFEL 2FE EYolv AsE Ay g 2 &2 o &%

b ek 4E2A (92 FUTE, EEZHNAY B,

L
A

I~
=
_1_71:1/1\_]_'51_ 075] ] 1_.5] 7(__'4_90.52 T

ofje

P, Y, pH, HdEes, YEzdAl

A (E=2.08V) & 72 32 oF FafA] 443
T FFEEHZ(OH - )& 23R b 73

LM B

A QA 2R Sz Bey)e gy Hes Al (B=3,06V) & Zed?. 53] slsleioze
A= A3} B odBAe Dd ZA4E B 7o f71eEEd S 44 A & e v+
doglm Yk B 7)ol Wt wiel 4F 4 vhgAdo] L& SEFo A o2t o)y wFel| 4¥s)
AeAlM T FHE 2PGEAEL vt} & A 2R BF oA B Bl FFHT Yok,
7Kl lE FAlolth wZ EPACIA 2ATE wlel] < SENSFH AN Fitstet A ST EE
3 AsieFele TCE, PCES 24 344 #7138t ojzf o} 2,

32 (VOCs) o] vHakez Eaditta <A i, vl

Fol} o {HF7IEL oln| ol EAE UH Oy + OH — HO, - + O, (1
Aty FHE AFE FYstn Ja o|F FI A HO,» <« Oy + H @
A BAE&E st Yk 58] H2o| L2 nFgtEF 0;+0; =05 + Oy 3)
3 (AOPs) & 2% 471848 weA FrAds o Oy +H — HO; - @
= A8E /AT Stk A7lele HE, F, oF HO;- — OH: + 0, (5)
/UV, L&/FNskrd, B thddt U Eol

drelz Yt olge HEETAM e&2L 2 A FEAFNA e&EF f71EAA WS 2 E2EA}

Journal of KoSSGE Vol.6. No.1 3~12. 2001



LEAEFH A PSSR (OH - ) 8 WHEE 57

A g HHAL g 2Fo] TP B4
HE PUiLEE, S8 A5 93 A
wgoz FRAY, 53 LUl St
gZe iy 28 A8E shed, ok Yyeaziy
gol} dastese oEFe wequr susle
g wegel WA o 2] HEolth Y 2
Ago] g FAsYTIDR HEEERFHES of
#) Table 19 LoFatgoi™?

Table 1, Second-order rate constants of selected

compounds for reactivity with hydroxyl

radicals
Compound kOH(M'sec')
Benzene 7.8x10°
Ethylbenzene 75%10¢°
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2-Propanol 75x10°
2-Mety1 2-propanol(tert-BuOH) 7.5%10°
bicarbonate 75%10°
carbonate 7.5%10°
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Fig. 1. Nitrobenzene decomposition by ozonation.

Influence of ozone flow rate without
hydroxyl radical scavengers. (T 15C , pH
5.5-5.7 Cyp,: 1*10* M/L)
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Table 2, Hydroxyl radical generation rate at

different pH
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10.2 0.91*10°

Zeld pHollM e 1 23i4=rt 84 o $718s ¢
& Aok ol3d Ade F4itsle] & (OH-)o] &9
& 7IESAA A RE AT B
o) e A2 (1)*2, Fig. 69 Jehd 2
ol 3l Zeppsol AMtet (2 (7)) & o83t +
Atgtzd YAEEE FFRAT °E oY
Table 2o A 2]stArt

FAbsleElt)de] AL EE Ak or 233 Ay
FT Table 2914 A izt ze] 44
pH7} 7l wet ARA o2 Foteta, &
zAs e Aol AN R o 1 5ulA
Zo| AAS & F Aok 1Y Fig. 64
BolFE 47z (pH 10.2) 2 °14e pH(pH
12.3) 4= YEZAAS] Fl&wr} 23]y HAst

£, ol HIe =Eslr] A8 sk
o] oxygen anion(0,) 2.2 dl2]= 7] WFeleta AL
2Hh

o

-y
fin il

g

T

Mgl Jb w
rr

M ok

=

3.5 IHsKRAAse e
FasktZe 4V B BRE s
a9 2 FAd WETNE FYsHE el

HyO; + 20, = 20H - + 30, )

F/IAelra Azt 228 EaAld)e
gt JAAAE AAHCE hydroperoxide ion

(HO,) ot ™).

Q
P Y
a<h

H,0, - HO, + H' (10)
03 + H02 i OH -+ 027 + OZ (11)

sl A e &2 WS- =2 A vk,
FHaksleart sEEHA A== hydroperoxide
ione &3} nj$ waA wgsld Sl dE
BB 2, Glazes< Tt dE APA7)e
g Jx L&/ FAA A B} 80| 1,
AlHog #e g3 47 #go| 7hsdlta Ba
AT,

Fig. 72 dsead] HA7M] JEZAAY] £
AE Jeidth A¥2d, 9A] FAsead At
£ UE=ZHAS & ZAAMAT.

108
'y .
0.8 A [ .
—_ L]
Q A u )
Q * . .
Y gg A * n
B 4 Y ]
© A *
% A
2 04
[
Z
0.2 e NoHQ,
m H,0,324 mmL
A H,0,6.48 mM/L
00 4 & H,0,972mMiL
i 10 20 30 40 50 60 70
Time{min)

Fig. 7. Nitrobenzene decomposition in H,0,/0,
system.(Cyg,: 1¥10* M/L, Ozone feed rate:
2.25%10°(Ms™), tert-butyl alcohol
concentration: 1*10> M/L)

A9 23E A (D& ol 8st] izt gl B4
£28 As9on ofe) Table 3 Felsiic.
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0 0.69*10°
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