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Improving the Performance of the Electro—Peroxone Process by
Increasing Ozone Dissolution Rate

Young-Seek Park’
Division of Liberal Studies, Daegu University, Gyeongbuk 38453, Korea

Abstract

Traditional wastewater treatments, such as biological treatments, were not designed to treat persistent drugs in
wastewater such as acetaminophen. Therefore, these treatments are unsuitable for treating wastewater containing
pharmaceuticals. Currently, pharmaceuticals are treated and do not completely decompose, entering aquatic
environments. Advanced oxidation processes (AOPs) are among most efficient modern technologies for treating
wastewater contaminated with nonbiodegradable organic pollutants. The electro-peroxone process is currently receiving
attention as an ozone-based AOP because this process increases the decomposition of difficult-to-decompose pollutants
and suppresses the production of toxic byproducts. This study developed a method to increase the ozone dissolution rate
and thus the efficiency of the electro-peroxone process. This study also evaluated the possibility of increasing of the
ozone dissolution rate and improving the performance of the electro-peroxone process.
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J 2ol E flol A+ A 7=
FolA 154 }9} F(AOPs, Advanced oxidation
processes) © GV LEEAR 2 gH H&E A}
= 7F 5842 A 71& F stelt 5’— A}
]-7] a—r/] 5’1—( OH)JJ. 7P0 g]—/\-l A]—/\ (ROS
Reactive oxygen species)= @7l A A4dsto] Z 2]
of o] & & glom, tESE F7] LA=EE HAH
o2 FAT 4= Q= 73T ASAE AB/dste] 3
e 771 RS MEA 4tekete] 77134 7Hs
gt Aor d#A QUti(Pelisardo et al., 2024;
Rashidi et al., 2024).

QF 7|9re] ng4tet 34
&2 2)7} glrh= Z3do] Qlof
Hog A% HGA 2= H-gol
adA ot eE2 Euf, Ald i H
gh-gof o5ty -OHS A4 4= qlt. o
L&} H,0,9] §Hge 25t -OH&
HZ<(Peroxone) 5302kl 61, ¥
A R LAEHL ] BolE e ”\]
E AEE JAZ 5= Qlo] RS
(Zhang et al., 2024).
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i dstr] flste] L oE W& AHEste] A5t
1, HO0= A=l &3t 7]l ¥H-8-& Foto] 4h4
o 3= ¥%F FqdE B9 st Ar-mEE
(Electro-peroxone) &74°] AF1EHL (Shokri
and Nasernejad, 2024). HS< §Egoly A7]-H=
£ RESoA T2 TS of= 2 E2 o gk -85
T7t 0ColA 1559 S tiah 0.494 vol%E W71
2ol @E9] ok F7He e E3 A2 vhgof
A Aot I4HEEAE o] §5te] -OHE 'TAAL7]
= A7-0EE Aol 9FE F= 58T 840

(Water Encyclopedia, 2016).
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1. Stirring bar

2. Bubble diffuser

3. Diapragm pump

4. Mixture of gas and liquid
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Fig. 1. Schematic diagram of ozone supply system.
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QF TPAREE 37 leES ol8skal dA| +=¢
I 5% 1,914 mL/min® 118 2304 2F
YA A W72 Solee 371 = 0.5 ~ 3.
L/min& W75t AdE= o 7t G2
SHAL.
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21491 To " (Fig. 1(b)2] 49 A1) HH 37 =& (Fig.
1(b)2] 29 2H-)7kA] o] 23 Zo]E 0.5 ~3 mZ 50
cm® HstAA A5t o|df 37 &g o]-gstn
BA B {FS 1,914 mL/min, & 7t~ S5
1.5 L/min2 2 117gsto] Agstict.
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HJo] ARESEYA, WS Holi= 1 LolSith oM E
ot Eajuh-g F<t vt YEl w¥7]2 200 rpm
o2 wykstlom 27] oM Eotn|H o] s 10
mg/Lolqlth. @F2 AtA WA (2.IND-7.5LC,
OXUS, Korea)& AH&aiA AFA(O, > 90%)E 878 Al

A

=,

T @& A (LAB 2, Ozone Tech, Korea)ell

Fot] 2E(0;) 7HAE TN HL, 0 E 5= Q
A2 o] M-S HAste] 2okl @& 34
2o A HFg7 = E0loE @& fF2 A A
HES %2719] 0.5 L/min® 1ASHIY, =&2 o]&
= A AROA= 0.5 ~ 3.0 L/min7tA] ®ISHAIA A
A5t THKim, 2018). ¥F87] We] HAE &8 ¥
Fot= HAl £FHZ(Diaphragm pump 2088-
564-144, SHURFIO)= H¢-& 30 V(642 mL/min)
~ 70 V (2,338 mL/min)= ZHoto] BA| FFS ¥
Z3ste] AAstant.
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2ol AMgS A2 =3 2= 25 Ti-Ir-Ru 374
HQl 4F8HE  H=(DSA, Dimensionally stable
anode)& AHESIAIL 9] WAL 25 cm?ol it
A71251E $18 M= 0.05 M NapSO48 FYst
Atk Fig. 1(0)2] M2 39 & FFFAE o8
g Hkg7)o) M= F4ot] A2 AAISHAT

oM Eotm| - H(Acetaminophen, Sigma-Aldrich)
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pure Diamond, Barnstead, USA)22 A5t 25
£ AHgskaTt

otA| Eotu]lHl 842 10,000 ppm? FA-S A=
2%, 10 ppm o= 3 Asto] ALESHGIT) && &
T gy Aoz =Hs5tYthBader et al.,
1981). oFA|Eotu|leHl Fki= HPLC (LC-10AD,
Shimadzu, Japan)& AR&-ot] S5t o, &4 &
H-2 LiChroCART 250-4 LiChrospher 100 RP-18
column (5 gm, 250 mm X 4 mm, Merck,
Germany)= AHgolth @B 2L = 40T, AE7]
T2 248 nm, ©1E-2 30%2] HIEHE, 70%<] 2
FE Ao Y 82 0.5 mL/ming] 208
BE4-& At Zhang et al., 2017).

F3L, opM|Eotu]i-H o] 2730t F7F Y ES] &
SIE Hlwst] fIsiA TOC =471(TOC-5000A4,
Shimadzu, Japan)& AF&-5to] Total organic carbon
(TOO) =& Attt & 27 AERFAI(TRO,
Total residual oxidants)= DPD total Chlorine
reagent (Hach, Loveland, USA) A2k Alzol &<
Sto] Afol= WM HEE Hach +EE47I(DR
2800, Hach, Loveland, USA)E AH8-5to] S5t T
(Park et al, 2010). AgEAM|g2 HHFEA7]
(SJPM-C16N, Seojun, Korea)?ll 7171& &35t A
Al A AHE S5k
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ol-gsto] LE& HiEshE 71E WY .E2 5l
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o] WHgene 2317 £T40h 1 EE Eoto] B
AR T 550 Bk B0 920 282 %
ol W] S opHEotn]il Bl Eajel

Bristdt. @& WA A YYo= oE Tt G
A2 1,914 mL/min, T#
S mHoA F 7tA-ghg o3t {A] wiEA<]
LE712]9) &3 dol= 50 ecmeol Tt
Fig. 201 Al2ta] 47|83t 5 /9] k&g o]-§-5to
QE MAE BAIE S Y oM Eoln] i Hl =
e sk Ak A7 3E o] 85ty @& 7tAE &
ZFoll A4 EASH -, oM Eotr| el 5kt 4
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9.05 mg/LE 9.5%2] oA Ectn|i-Ho] Eafj=| it}
E& o8k 9= oM Eoh|LHl Eoj7t
T A7 8EY FTete A0 & e oA Eolm
Lo B Ae=32mm =2 (23 mm =& (=
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Fig. 2. Effect of ozone supplying method on the
acetaminophen degradation.
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H 55 6.71 mg/L, AAEES 32.9%2 UERITEH
1,914 mL/min ©]/39] HA| £3-FFollA] ofM Eotw]
Ll AAgo] AdsEA gol HA AA &R
1,914 mL/min<! ZA22 Uepget,

HA| =e-R=Fe] SVt STAA Y oF JhAet
Ao JES FTIA EQ] §Fo] F7tE=
= A0 R BHE QT QF 7hAe} £3tE =

= ST goto 2 v At 2%
Foll A= W27 =2Fsh= BA|7F ©& 7
fiote] ZaLF Alo]2] Zotal Y=+
o] M55t dAto] WAt om, o]
o9to] o] AEA] grof i o]/de] ol Eot
7t dojubA] =otal wHE A,
,914 mL/min®| WA £3-FFlA HEES

e
=

]
it

o
olr

N
-

)

OXH‘ rIOIl
e
~

[0}

0

O

1o qle

]
7}A0

} o2l
e

> f 12 18

r lo b b ot oo
4o
i
=
ol
O

r;‘ to
J0 ok
ot

i

[0}

d

il

Mo Mo
:Oé

FF A

rlo

o ool
-
=

ol
-

WEE 34 A T 257

0.4

—@— 642 mL/min
O+ 1066 mL/min

Acetaminphen conc. (C/C,)

02} —W— 1490 mL/min
—/\— 1914 mL/min
—l— 2338 mL/min
00 L L L L
0 2 4 6 8 10

Time (min)

Fig. 3. Effect of liquid circulation rate on the acetaminophen
degradation.

3.1.3. @ JtARY0| OMEOID| .M 25H0] 0|2 =
ek

3T LE, OF WA A 120 W, AA &35
1,914 mL/min, €& A 50 cm?] 2704, &
7|2 FFEE A4 S WSt o T
7oA B &5 = 2F 7tA0 §5-2 0.5 L/min®llAl
3.0 L/min® & W7ot Q& 7tAfFo] opA| Eofn]|
Ll Eofjofl vX]= F&FS 11Fst Fig. 40l UEY
Art.

QZF JtARE] 0.5 L/min®lA 108 ATA]
oMM Eotm| ¥l 5= 7.79 mg/LE 22.1%2] AAE&
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L/minC 2 F7FstHA bR opd|Eofn|idl X7t
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ol 0 WAR AAE FHOHE Ah 1A
WA AAS A9 TR AL G0l 2]
shelA] AA|she 97t o Al ol 0. 7}
A-grgo] BEGAF WA 6 mmd TE Eoll 37
LER §YELY, 0F rhAo] fuko] Z7tehH 23
S et 0] T M0 fUTE e
ofglo] AaWA] 9= UAFx|o] o otElo] An

w710l FAsh= Ao w weE Qi ELF 7}i-ﬁ‘-‘%*°
W2 73 te 2 EGEA Aokl o 7tavt kg
2 HiEEo] WiEEE 7|29 277 AR @
AE e 3.1.278 004 et viet go] 71y A
o] & 29 {4 Hlgol ~7§9r < &9 it 71-
h &5k} 7EAQEFo]
A Hlg g EgtE|ojof 7]-of Egto] 77P°}‘3}ﬂ o

=

53} A (cavitation)

ZF/HA AL gas/L

T 22 Ao &
5

L/ming& & 7t~

—@— 0.5L/min

04 )
O+ 0.75 L/min
—¥— 1.0LUmin
—/A— 1.5Lmin
0.2 —— 2.0LUmin
—{F 2.5L/min
—@-- 3.0LUmin

Acetaminphen conc. (C/C,)

0.0
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Time (min)
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3

ig. 4. Effect of ozone gas flow rate on the Acetaminophen
degradation.

3.1.4. S Z0|7t OtMEOID| =l 25Hof D|2|=

PR o A HHAERE @ & FpAo) oA 451
=8ohs ¥H37] el 87 TAHE W 9ol
o 3 S3td fAVE SRS w3 k5 S
712 viEET webA] Q& 7EAe T Y

47} Tt B ol7t 9.2 7hao] Bole] 3

£ wetstol TAHG wYolA 37 =271
o £@e Zol7} obEotulime] Bafo] v A 3

Q& WA A9 120 W, A 434 1,914
mL/min, @& 7R 1.5 L/mingl 22014 &
o] 21015 0.5 ~ 3.0 m71A) WskAlA Egeie] 20|
7} oM ECt e Ealo] ulxE 9P wHsto]

Fig. 51 YEHi 2l

Acetaminophen conc. (C/C)

0 2 4 6 8 10

Time (min)

Fig. 5. Effect of mixing tube length from T fitting to 3-prong
nozzle on the Acetaminophen degradation.

Fig. 5014 o], =3ke] Zoj7t 0.5 msl A%
s 108 & 2+ OV‘ﬂ o H FE=7.18 mg/L
AAE, 28.2%)°130H, 23t Zol7t 2.0 me] ©]
27742 O}"ﬂEO}Uliiﬂ L7t gaskqlrt vt
S 10% F I Zo]7t 2.0 mollA] ZHF ofA| Eotu| il
FEE 3.55 mg/LAIAE, 64.5%)Z 0.5 mEch AA
&0l 2.284] F7tste] I dojrt 4 A2 I HollA] &
& 7tA8} WA HEa}p g9to] FUlste] o E
ol Eof&o] oItk Tt gict,

a8y & o7t 2.5 mZ F7F6HaA 108 & 2R
OBt 17} 5,63 m/L, 3.0 molAE 7.47
mg/LE S715te] 2.5 m old9] & dolelA= dol7t
F7FES= oA Eofr| gl o] Eof7t e E v Ao
= UET o] @45 mefsty] fJste] sqtoz 23t
Tt 0 & kAR, A oGS A=A 2 £
o] o7t dojAH 7]-of 23t AA| 9] {27} Lol
QF JtAT °°“°ﬂ |71 419 oM Eotm] i H 9]
2oll7F S7HEAIRE E§e] 2ozt 2.5 L/minol/dell

A W75 HiEEE oF 7hafol Fat gast
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o1 92 458 2.5 Lmin®2 4215171 Sistel 4
AR RIS B9 R F7MIA 5t

o}, E3H 0 4ol7t 3.0 mollAl= AFAEA 7] 9] Rkl 6
~ 7 L/min°] B835t31.2H, 3.0 m oFolAE= 571

apo] Bxste] Aol BrHsAIAT. webd 7 Zo]

=
2.0 m OVl ©F WA O] Aol G 771
uhol A Al2g gH0] RS Slet 22 £

T 2ol= 2.0 mYl AL ® FHE QI

315 22354y HEN OE

A7 3T =SS ol 89t A o] &
LEFEE S45H Hllo}‘ﬂt}. A7 o]t
He oF WAA A 120 W, 2F PR 1.5
L/min, 2<& 7kA3 Aol 0.5 m= Ao 23004
A5y, EH g]. LZ8 o835l o= g5

o1 "y
° 5% L= WY &2G%F 1,914 mL/min, & 71~

QE sk Hu

OE F}'N

F 1.5 L/min, & Zo] 2 m&l 7oA A5t
o, £%9] & ST & Fig. 6l UERH At
A713E o]goto] =50 i}— 7tAE BEA )=

AE &L LEFEE TS 97 ¥ 0.36 mg/L=E UE

O 37 k&S o]8ote 4% 0.54 mg/LE UE
U, 8F F T2t 159 Fold Ao yept
59 R A =& UEY= TRO (Total
residual oxidants)E 4T 21, 85 &L
A FARE =5 UEU AT ol @& Ao
A sk AR Hjf-2o] @&o)7] wiZo] TR
AV A FETF @& FEeF fARRE Ao =2 veht T
o2 et A= gttt

-@- Diffuser o)
O 3-prong

045 O

Dissolved ozone conc. (mg/L)

0 2 4 6 8 10

Time (min)

. 6. Comparison of dissolved ozone concentration with
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o
Y

=
+&

o ~
& FHE 53

7-wEE 390 A B4 261

Table 1. Actual amount of electric energy used in operation of two processes
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