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Abstract; With the advantages of convenient operation and maintenance, high removal efficiency,
combined process of electrolysis — ozone has received much attention in the field of water treatment. This
paper mainly introduces the reaction mechanism and the application performance of combined electrolysis
— ozone process under various conditions. The main factors affecting the combined electrolysis — ozone
technology are current intensity, ozone volume, electrode materials, electrolyte and the property of the
target pollutants. In addition, the pattern of the reactor also affects the performance of the combined elec-
trolysis — ozone technology on water treatment. In the end, the development of combined electrolysis —
ozone technology is prospected.
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Tab.1 Factors affecting removal of organic compounds from water by electrolysis — ozone technology
Hin# XA EBRECR N F, i R RS | RARRERL pHIE  B% U
, TN o TR 0 ~ 15
30 min NHAL A HR 5 RAHL] ) 2| = ke ,
s RAT 1 mg/ LU g 0 =10 A7m | LA R frk gy Tis| PPN Dl
RIS o N 21545 4B 75 1 20 me/L{162 me/L Y {E0 4 A7 6L 9
RN 6. 25% 37 5% AT ok L A LTy 20 me/LIL62 me/L Wg, 0y g | (XS £ (1]
IR | 5 2 B (T8 01 38 ORI | R T D R BR BT | K fife 20R A
XEXFRRRI KB 99% |0 = ERTR ‘
A H R B LR 47—
Joz jiks 3 A 2%, > 925 HE R -~
ST O R AT LTI Ty 0 A SR e B P SI0IB o i
6.04% 4. 23% ,*HIEJ/T{LF‘FEEA,EE/JIL%%J—;t&j(,&FF%AtO myLlﬁ?XﬁHﬁﬂ\jﬁ %ﬁ%ﬁtﬂﬁﬁb:}:
bl — BT EORXT COD |y R BOBR, 24 1L iR (x/jﬁwrgjjf’ﬁﬂﬂ (LN i 'gj\( A TR [2,3]
£%$ﬁ41.75%(HRT=6.6ﬁﬂ1.2A}a}iﬂjo?viﬁii A i - gﬁﬁaﬁ *
min, “EBEIE K COD 41 46 e JE % KR BEHE A ' S
99.30 mg/L)
SEAELIBIR LB A DL (BR80T 10,20, 30 59 B B
CE A T BRAIN 45% ) , AL 2 R R LR \mA/em® TF B A% | Wk B2 Ol (50 = | 38 T AT {T S il 4 Ptk pH fH N (18]
MR K| G A%, A — SARIR T BAR U 2% H 3 2% 2 Ak T 0. 5) me/L (b2 2h F‘Jng 18.24
A G e )16 23 B e fi 23 1
S I 55 0 I B T -
SCHL2 h A H 2% 15 AR XF IS0 ~ 300 mA 5 20 % 110,05 mol/L. 1|1 . 4 P LA
(B TOC JBRA 53 y 15% \23% 5552 15 I M 0036 ) 1E LU CRR S B 3 SR80 BT ™ o el 1107
AR |Hifb e - RABIHOR 1) TOC|IE [, M3 300 mA %0k & O 42|80 A1 sy 8 IR Bk — %*ﬁﬁm{;i
2y) | BZERFEN 5% SRR TRE  |mg/ L Ui D B, H o R DU R L 0 ;t "
250 L/min)  \BRCR et
4 s f s f - |00 A SR - O et B B
e |G I B 3 VE R LT 4 B er g oy 0.05 mol/L |43 J& , BAM| A 3 15 ¥ WK
W EIRIEICCT A L0 g it 400 mA I i #E 3¢ 27000 : [17]
AR ) T A ORI 48% s 0 0 e [BLIRER i - EpH A
e i 22 R 2 R e
) i L
L h AL R S A - 1100 ~ 300 mA B HE |10 ~ 40 mg/ FH % S #A
BT B | RS0 S O 7 05 A e 2T A b | KPR AR ROCR BE|L, R (0. 05 mol/L |4z, B AR H {5 =9 1227
PObR PR AR 80853 3 3. 1% (|5, o 300 mA |8 K R ik 28t R 4 S 3 A P T
47.3% \67.8% PSR P |5 214
W RS WA A ORI T RE R FH % ok 71
w5 TRERTEE FHI] BB I A A0 3 Al JEH 8.5 mg/ ;W H A W pH {5 N
o JHSUR LSRR 2 AL e b 25 mA O R) — (kg 2 4P (19
FRCRLEK 45 T A% I 3% A 2056 L Ho0. 4 LI/ AR
At} B AR B 5 min ) UL

is AL - A B BK A LS
QeI , HARTS AW R R 2 A FL R S R
St SR pHAEL | R ATR TR 28 A KR B 11 AU T
AR ERISR L, P I 50 EE A — S U L P A A
R IEANRIC R, Ml VE S R eR A BT,
X PR A A Ry — o 55 SRR R, L7 2R 19 0 e S A
FIL 2O —Rh B d EAARR, 5 B AR LT M
SO IC AT AR AL BIAG R . SRS D — i S AL
7R, AR R SN P Y SR AR I AR A HIL e Ak B
BRI AN T DRI R Y B A SR 4 0 AR Bl
PR B AR E o

SRR pH AR 208 2o 5 0 S8 AR B A7 R

AR H AR AL BRSO . fln, BRIk pH {E A%
PE AT oK b S A S A 8, TR A5 F T A
AT BRI I F ko RS [ SCRik
BN pH B RS Ak B A3 1) 5 i o A AR ] 7 22
2P o 1) SNEIR R S IS [+ e JEE 11 o TR
SRS R I R AR AL, X T E T A
fiFR I, PSRRI ) A (]t DAY 5z 79 A A )
JTT BN R A BRASCR o A, S sl Al e 5
46 F bR L B R AR AR A e — S AR 4
ARMELA 25 % 119 499 I, AT 5 0 A B AR (R
AN BAAS 55 SO 49y He RSME ik 1) ) I S 1
A DA B e A2 S S8 A0 790 i i E H AR AT L G 2%

.30 .



#3345 %18

P OE 2 K BE K

www. watergasheat. com

[N 15 W TR Y S 1 SN A T Bu g b
VSR P LA T G A, A R e IR R A A
HLR IR T B SRR AR A HILTS G LB, B 2ROK
TRy Ca®* il Mg®* 5 2 I J B 1T 0 B 6 6 W 3
THT | DTS S50 DU AL BA R B T 2 k%
AN T S WIS A 27 245 b A Sk F i B B, T DA
ot P B - S A8 B A Ay [T R o

2.2 RISt

FEHALSE - RS HOR T, SRR &R
KARFPKP ALY LR, S5 E, i TFRA
TEK H B FE AR, 387 38 A FL Ak o7 — B AU 2
LR FIRICR RSO 17% ~67% ', xRy
W H AL - RO e B X AR AR A —A>
T LA A A A B, P 1) A A R N, T
JEFRFEA A RO Sy 17 B %) BN , AR T
RS R RAAHOR Wb - BRI HOR BB I 2% 42
T E R BT Y L BR AR, 1 Ak BB 4 5T ) S A
B FAE SR M RE A2 n . S —AH i - R
SR N EEEH H A2E3 Kishimoto B3, X il S
i EZ R AR E M — B E, a3
T YR A B 2 1 A 400 JIE I 5 G, L AR R LA
TEA AR A2 S SN A A R S T L
SECTE BRI S5 A i S A PR T, s SR R A
FFIAN 28 0 25 M A o 1 A SL AR R A e T ) B
2 PR ER I RCRG 8) — e R R i, (H2
H T HAS RS R/ INB IR, A — B i [ A, DA
PR AR — BLARC SN AT S AR A SRR AR
B,

2011 4, Kishimoto ¥4**' Hi b 2% — BL4R S 1 %%
) et A S R R R A B i B — A R
WRZH B, JFHE R SR 2 1Y) 1R B2, FE LA i R v il
FH = 2 f i A R A BAGCR  BE R AR AT i
b1 A R =N R DRE Y & SR /5 ) NS IVE s
1,4 — ZHOSI I RRCR . (H2, XAl i 5 R
AL AR A B AR S A SR T B 458 25 SR
R, BT
3 %15

HL A2 AR T T B K b BT G i
FETESRAREREAE R A% 0 R/ NI DA PR 3 b
AL 55 B, R T H A SRS
B e LS s T TR BR b, Ak E R
R ARSI T A UL W R A i, 5 A B 2 1

R RN , BEAE A R e K o AL 25 Rl
SO L AL — SR EOR RS ROR I R J2 22
AR LR AR R IR AT )
AP A K e i g e o D S 20 i e Al R4
| FL U R R P AR T AR o S TR R R, X
PR FARTS G 1 5 LA B S N gt A 2 R B 5
B A i R BB ) D B AR AR LA
— S AR R R A IO T A B =S B g e, A
PR R RIS L RERE . LA, i RLIR R X
SN ZR R AN )35 e ) 2 7 2 1 e ) K B

SE

[ 1] Kishimoto N,Morita Y, Tsuno H,et al. Advanced oxida-
tion effect of ozonation combined with electrolysis[ J ].
Water Res,2005,39(19) 4661 —4672.

[ 2] Kishimoto N,Yasuda Y, Mizutani H,et al. Applicability

of ozonation combined with electrolysis to 1,4 — dioxane

removal from wastewater containing radical scavengers

[J]. Ozone:Sci Eng,2007,29(1) :13 -22.

[ 3] Kishimoto N, Nakagawa T, Asano M, et al. Ozonation
combined with electrolysis of 1,4 — dioxane using a two-
compartment electrolytic flow cell with solid electrolyte
[J]. Water Res,2008,42(1/2) :379 -385.

(4] JA®R K, e, 45 ik - LA a Ak R

MAMRELT . BRBERLE,2010,31(9) 12080 —2084.
Zhou Qi,Zhang Rong, Wang Xunhua,et al. Oxidative ef-
ficiency of the system of electrolysis coupled ozonation
[J]. Environmental Science,2010,31(9) :2080 — 2084
(in Chinese).
[5] YuanS,Li Z,Wang Y. Effective degradation of methyl-
ene blue by a novel electrochemically driven process
[J]. Electrochem Commun,2013,29 .48 -51.
Bakheet B, Yuan S, Li Z,et al. Electro-peroxone treat-

Water Res,

[6]
ment of orange II dye wastewater [ J].
2013,47(16) :6234 - 6243.

[ 7] Kishimoto N, Morita Y, Tsun H, et al. Characteristics of

electrolysis , ozonation, and their combination process on

treatment of municipal wastewater[ J]. Water Environ

Res,2007,79(9) :1033 —1042.

ek L IV SF. RIS AL B

mREA LK), AEE)E.: g &, 2012,

(3):32-35,43.

Cao Xuefeng,Meng Wei, Sun Lei,et al. Electrocatalytic

[8]

oxidization combined with ozone oxidation treating high

concentration organic wasterwater [ J |. Nonferrous Met-

< 40 -



www. watergasheat. com

A F E -

R BB AR IR R B R AT R P R S

#3345 %18

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

als,2012,(3) :32 — 35,43 (in Chinese).

Li X,Wang Y, Yuan S,et al. Degradation of the anti-in-
flammatory drug ibuprofen by electro-peroxone process
[J]. Water Res,2014,63(7) :81 —93.

Xiang L, Wang Y,Zhao J,et al. Electro-peroxone treat-
ment of the antidepressant venlafaxine; Operational pa-
rameters and mechanism [ J]. J Hazard Mater, 2015,
300.298 - 306.

Li Z,Yuan S,Qiu C,et al. Effective degradation of re-
fractory organic pollutants in landfill leachate by electro-
peroxone treatment [ J ]. Electrochim Acta, 2013, 102
174 - 182.

Yao W, Wang X, Yang H,ei al. Removal of pharmaceu-
ticals from secondary effluents by an electro-peroxone
process| J]. Water Res,2015,88.:826 —835.

Marson E O,Paiva V A B D, Goncalves B R, et al. Deg-
radation of Direct Red 81 mediated by Fenton reactions:
Multivariate optimization, effect of chloride and sulfate,
and acute ecotoxicity assessment[ J]. Environ Sci Pollut
Res,2016,24(7) :6176 - 6186.

Jung Y, Yoon Y,Hong E et al. Inactivation characteris-
tics of ozone and electrolysis process for ballast water
treatment using B. subtilis spores as a probe[J]. Mar
Pollut Bull,2013,72(1) ;71 =79.

Zhang X, Zhou Y, Zhao C,et al. Electric field induced
activated carbon fiber (ACF) cathode transition from an
initiator/a promoter into an electrocatalyst in ozonation
process[ J]. Chem Eng J,2016,304.:129 - 133.

R, 5K, AT, S5 IR SR TG P A 4 - R
SRR EBRK AR [T]. BRI R4, 2017, 38
(1):1-2.

Zhao Chun,Zhang Shuai,Zhou Yu,et al. Cathode elec-
tric field enhanced removal of nitrobenzene from aqueous
solution based on activated carbon fibers( ACF) — ozone
technique[ J]. Environmental Science,?2017,38 (1) :
212 =219 (in Chinese).

Zhan J,Wang Y ,Wang H et al. Electro-peroxone regen-
eration of phenol-saturated activated carbon fiber: The
effects of irreversible adsorption and operational parame-
ters[ J]. Carbon,2016,109:321 -330.

Garcia-Morales M A, Roa-Morales G, Barrera-Diaz C E,
et al. Synergy of electrochemical oxidation using boron-
doped diamond (BDD) electrodes and ozone (0;) in
industrial wastewater treatment[ J].
mun,2013,27.34 -37.

Li X,Liu G,Shi M,et al. A novel electro-catalytic ozo-

Electrochem Com-

nation process for treating Rhodamine B using mesoflow-

er-structured TiO,-coated porous titanium gas diffuser

<41 -

[20]

[21]

(22]

(23]

[24]

[25]

anode[ J]. Sep Purif Technol,2016,165 ;154 —159.
Akbari S, Ghanbari F,Moradi M. Bisphenol A degrada-
tion in aqueous solutions by electrogenerated ferrous ion
activated ozone, hydrogen peroxide and persulfate: Ap-
plying low current density for oxidation mechanism[ J].
Chem Eng J,2016,294:298 -307.

Lin Z,Yao W,Wang Y ,et al. Perchlorate formation dur-
ing the electro-peroxone treatment of chloride-containing
water ; Effects of operational parameters and control strat-
egies[ J]. Water Res,2016,88(2) :691 —702.

Guo W, Wu Q, Zhou X, et al. Enhanced amoxicillin
treatment using the electro-peroxone process: key factors
and degradation mechanism [ J]. RSC Adv, 2015, 65
(5) :52695 -52702.

Parsa ] B, Golmirzaei M, Abbasi M. Degradation of azo
dye CI Acid Red 18 in aqueous solution by ozone-elec-
trolysis process[ J]. J Ind Eng Chem,2014,20(2) :689
-694.

Kishimoto N, Nakagawa T,Okada H,ez al. Effect of sep-
aration of ozonation and electrolysis on effective use of o-
zone in ozone-electrolysis process[ J]. Ozone;Sci Eng,
2011,33(6) :463 —469.

SRACIN. SRS/ TR i T A BRSSO B
EES PE AL [ D] e 2R B W R 8 ol K,
2015.

Zhang Xianbing. Treatment Efficiency and Mechanism of
Reactive Azo Dyes Containing Wastewater by Ozonated
Internal Electrolytic Process[ D]. Harbin; Harbin Insti-
tute of Technology,2015(in Chinese) .

fEE® T AT (1992 - ),

B, ERA, Wit
O 1 e (e e [Fl R 2 O Ay s M [0 )
KA BE g R AR AR

E - mail : yu9207@ 163. com
Yr#s HHA:2018 - 02 - 03



