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O}AAARIEF(NaCl0,)2] F7u 217128 (un-divided electrolysis)l] 2]3+ ©]14+8}3 4 (chlorine dioxide; CIO,) Al
ZollA FAd=(anode) Aol WE ot AT WAELS ZARISITE AT 2= 1r0,-coated Ti, RuO,-coated
Ti, DSA(dimensionally stable anode) 55 ARE3I]OH], S22+ Pt-coated Ti A=< ARSI Thekst &F
AS A3 F2 8 A8 A (un-divided electrochemical cell) AlZ~Blofl A o]aka}d 40] A4l o} LA EF
(NaClO,) 5%, AsAZ AL APIEFNaCl) T 281 AA Fo] Aa)al 47217 (cell residence time;
tp), A7 SN2 27] pH 123 FAu Asf|de] T3 A (current; A9} 22 -7 g7} olatsldig 2
Aol w2 = FEks AR HA A0S EE3IGITE r0,-coated Ti, RuO,-coated Ti 12|31 DSA A= Al
BloflA #H2] AajAl AFARRS 2z ok 227, 1.52, 1.52 s, A7A] §0¢] 27] pHE ¢k 2.3, H 2] oI NIEF 5
5= IrO,-coated Ti¢®k RuO,-coated Ti F= Al2~Flo] oF 043 g/L, DSA = Al2Elo] oF 0.32 g/l 18|31 F4]
Al w5 oF 5.85 /L& WeoH 74U Haljdle] ¥ A AR oF 0.6 AR YT AEE H4 T
Zuk el 2ol oaksldsa WS 98k 1r0,-coated Ti, RuO,-coated Ti “12]31 DSA = A|24Ele] A5
&5 (current efficiency; C.E.%)7} olL4A] 425 & (energy consumption; E.C. W-hr/g-ClO,)}& ZF2} 2F 79.80, 114.70, 70.99%
18] 1.38, 1.03, 1.61 W-hr/g-ClO,= UERSTE

Abstract — A characteristic study of aqueous chlorine dioxide generation from sodium chlorite(NaClO,) by an un-
divided electrochemical cell with different anode materials were performed. IrO,-coated Ti, RuO,-coated Ti and DSA
were used as anode materials and Pt-coated Ti electrode was used as cathode. Various electrochemical cell operating
parameters such as cell residence time(ty), initial feed solution pH, sodium chlorite and sodium chloride(NaCl) concen-
tration and applied current for the generation of chlorine dioxide in an un-divided cell were investigated and optimized.
Estimated optimal cell residence times in IrO,-coated Ti, RuO,-coated Ti and DSA anode material systems were around
2.27, 1.52 and 1.52 sec, respectively. Observed optimum initial feed solution pH was around 2.3 in all anode material
systems. Optimum sodium chlorite concentrations in IrO,-coated Ti, RuO,-coated Ti and DSA anode systems were
around 0.43, 0.43 and 0.32 g/L, respectively. Optimum electrolyte concentration and applied current were around 5.85 g/L
and 0.6 A in all anode systems. Current efficiencies of IrO,-coated Ti, RuO,-coated Ti and DSA anode systems under
optimum conditions were 79.80, 114.70 and 70.99%, respectively. Obtained energy consumptions for the optimum gen-
eration of chlorine dioxide were 1.38, 1.03 and 1.61 W-hr/g-ClO,, respectively.
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A A Fokelld 71 g 4851 9l At A 3
2 4 (chlorine), 23 (ozone), UV (ultraviolet) “12] 12 0|23}
(chlorine dioxide) 212] 87 o] SltH1-4]. 0% AaAg] T4
Zo] ML & A5 o I E YR Q) 7P L EiEt B
Aow Jde AREEO] kot T FFol EAlehE AR
(natural organic material; NOM)¥} 2t 542 52908 G491
HEg-o o) A E= Er]@ 2 ek (trihalomethanes; THMs) 1=
F2 oA EAF(haloacetic acids; HAAs)y Y} -2 W] 4ns FokE 2
A&k QA flal/do] thirEHA] HAf 1 E-go] FHaE A Yl A%
o]™[2,5,6], 2F AT FFoll EAIBH= 25 771 (organic
matter) % BFel2]oK(bacteria)t HFo |2~ (virusy/FA] SFESHA] At
Sh= 2 AbslE S 7 dial 94 A5yl vlEl] X7F 3
710131 ol EABRE Hgol&(Br)Th 2E0] ¥hg-5o] Aol
gt BEato] 2 (bromate; BrO3)o] A4 Hoi= 7wt Wheslo] &
t|3] = (aldehydes) 57 2> AFFANES 3438 Bk o} &
= a7t glo] sule] A9 i S8 At A Al A
|53 Qo) T2 shulge] 1EAE] 30l JFAoR 48
aL QATH7.8]. HEgE UV S o] 85k Aol A 7 et
&t FAHES A o S AT Qo B B A
ST =8 A o] vol &o] "ojx| a1 oFd v AR
2= ARaHTT gl AR S kL Utk 28 oakekd A
(chlorine dioxide; ClO,)= 71& At AmA|E de] ARE AL Sl
A2 (Cly) ABAIR T} AFske 2.58) o, Eof thsh gl 10
Hl o =5 Rk of 2} 5ol A A A (nitrogen)E S Ao
L Vo AR WEEEA] 97 whitel]l A AR o R &
H7 S22 (chloramine)ys A/d5HA] oo} H 585 AZ34, 2
F7F 9 A 3] Aatas, skl Al ] 9 o
AATY Soll o]27|17HA] vhekst Abgditotellx] f1a-e] tiAlitsiA]
7 g FE8 ik QlrH6,9-13]. 53] o)akslgia fad) Als)
Aol 7H A OE o AL Q= THMs B35 HAAsSF 22
M s FAMES WAAIZIA] ¢ Rk ohdE}, B2 pH W9
of| A thefst S5-2] ulE 9 HhEEotel] disl] FHSlelr s w2
e 7 AL Sl Aol it o] ¢ 2 A Sl Estal
oISl AE 1A RS 45 Y 7Ed Aol golakA] Yot
HQsk AaoA viE whEo] ARgEljoRl k= g 7 1 glof
st 2 Hgslel] B AdEo] Fof ghont, Fael ofdavihg
EFNaCIO)T} 92(CL)2] 71-9) 1%, ZHHCL, H,S0,)S o]&
3t 2k3l, 183 IREEREA(H,0,)9F B2 SIAIE o] 83l 3lst
2 B 1|3 oI ERC] H781eH] B e <)k olatksled
A0 &I A7) 9l I G| Eo] AEERA o)ileldal]
Fla] F-g8A4do) Aak T7HE L QITH9,12,14]. vhFet o]akstas
Az 5 Az Helda Ao A a3 AkskA 9
SRl e} A AREORES] HASE f18t AHAE] el §EhA
Az oAl 713tk el 9§t o)Akl Ao A3 7]<z0]
AEAl T2 B3 e, 7182 A7)sfekA] v el ot olalksh
Aad AZFTHL F2 9 (anode)T} S (cathode)o] THFS!
FE o] o] w3k %] (ion exchange resin) = O] 3} (ion
exchange membrane)>. = M 28] = o] & A X3l A(divided

electrochemical cell) W22 o]43}kaL Qlot. 18u) At Al uk2a
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& o] o] 2w Ehhg AFE-3F L ol
ot S5 SFdE SEA7)7) Qe EEe &9 o)FR|7E F e
st 3 A A o Al 20 T

21 el AT A8 A (un-divided
electrochemical cell) W2]-S ©]&3t o|alaldAo] A A7} &
WS 23 3lHH9,15,16].

oo &2 AFollAi= RuO,-coated Ti, IrO,-coated Ti ~I2]3 DSA
(dimensionally stable anode)E- Z}7} oFd=© 2 ARE-813L Pt-coated
Tig 5502 ARk AR Asfd Wh2lo) 2§ o|ilsd 4
AZATE FR 0, ATAZ AREE oA hER 8912
Al AFARE, 27] A7 89€] pH, A7A &4 5 ofdant
UEH &5, delld= ARE AshERe] g el AT A
el g A 22 vkt 34 gehrE ) ojaksieda
AE ol vA= JEs ANk, 2] S Al whE
2k el dlof| 4 2] il i &S H A AR A
25 (current efficiency)¥} *llL#] A~X £ (energy consumption) A
=5 B3l vlasileh

2.4 ¥

2-1. ME L HA|

o|iksiqine] FAT A7k ClA ATAE AREE oldAa
AN} E H-(Junsei chemical co. Itd., Japan)¥} As&l ASPIEH
(Duksan pure chemicals co. Itd., Korea)> ZF2t S+ A|oke 741514
ARgsRl o AT 292 18.3 MQ-cm®] 5 (Human power
[1I+, human corporation co. Itd. Korea)g ©]-8-5}o] A|32315] 0 $]
K 8lof o5k IS WA flel AlxE A gl A
(brown bottle)el] A7d-ato] Ag el ARg-3FITt. A4 §-4€] pH %
AL 5 M2 34H95%, H,S0,, DC chemical co. Itd. Korea) £-H&
ol-gato] Ao BtA Zdsigion, A3 19+0.5°Ce] F &
= (fume hood) WellA S35t}

ARG E R FA4u 7]l ol AR [rO,-coated Ti,
RuO,-coated Ti, DSA, Pt-coated Ti A=+ mesh®d H=-& WESCO
co. ltd., Korea®ll Al -4 3Fo] AF&-3F3A ). 1rO,-coated Ti, RuO,-
coated Ti 28] DSA A= F=1(A), Pt-coated Ti- 5=1(C)
o7 ARgEIG oM el f A= uixE 2702 A= 1719 &
AT R Aaae At 3FES 1Ee fa A= wE
2 247k 9 0.12 dm? 231 A3 A2 1 mmE HEE (teflon)
AA 2] AH|o] A (spacenS 043t 7S FABIT) AU A
Aol g AR s 2917 (15 V, 100 A, korea switching co.
ltd., Korea)?] 7FAE A& ¥F = (power supply)E ©1&3to] &
HoF3ITh. Fig. 10 A3l ARSH A1} el o]alst el 4 A
Z A9 AAE eI

22, A R B2AMEY

OFALANIER §H o] AU WYl vESollA AAE olatst
QAT FE= A7) WA 3 A okl e H=rt
g 3kE = 20 min 39 HES Flom], A exks Fo)7]
Q8 BE AT 43] WHEsto] Patgks FSIQITE v AdlelA
A oAkl AS] FE QAR oF 4 20 mg/L ol UrERt.
A okl 4 9] F= U.S. EPA DPD MethodZ 7]HEC & 3t
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Fig. 1. An un-divided cell structure and schematic diagram of elec-
trochemical cell system for generation of aqueous ClO,.

UV spectrophotometric (HACH DR 2500, hach co. ltd. loveland, USA)
Wz S om, AE okl Agrell EAlhs okt
0] 2(C10;) ¥ P24t 0] 2(Cl03 )= AS 50 autosampler®} ED 50
conductivity detector “72] 3 SRS(Self-Regenerating Suppressor)”}
F2bg o] & ZrhE 718 3] (Model DX-600 ion chromatography
system, Dionex, Sunnyvale, CA)E ©]-&3}o] F215130tE AH2 AG-
18 guard column(lonPack, 4-mm, USA)%} AS-18 analytical column
(IonPac,4-mm, USA)S ARE38131 oM, o] 2 2ulE 73] o]F4
2 EG 50 eluent generator®t EGC-KOH cartridge - 32 mM KOHE
0]g3l] 1.0 ml/min®] 5 24 sl Alg U= 10 plE 347
A4S IS oFEAAE 0] 2(ClO5) ) Bat 0]2(Clo5) 2
EFEARE 259 A9k o]831o] 13410 gL-NaClO,, 1.2753
g/L-NaClO; &= 712} Al zao] ARgsigint. &4 5 Afojdat
(hypochlorite; HOCI2} 2o} 24k 018 (hypochlorite ion; OCIT) 1232
FAHE F 5+ US.EPA DPD MethodE 79SSt UV spectro-
photometricHACH DR-2500, hach co. ltd. loveland, USA) Wl 2]
3 & 2 (total chlorine)2} AT A (free chlorine) &= #2492 53l
2ot antat Gk o] 29 AA E3Fs =g St

3. 21 ¥ oF

3-1. MA| 20| Mol MFARZI M2 O AEIgiA HHHSEN

A} A S o]E3 ofAAARIEF O W7|EE| whSollA o]
absld s A EEo) s v A= T2 S E S shuRl
A G- 2] el Ul AlFAlgEe] o) aksldae] Al mlR)=
BEE AR A7 A g9 oA ERS] SEE 043 gL,
A A ATVEF FEE 585 g/L, AT £42) 27 pHE 2.3
T12]aL FAd Hajdle]] 35 AR 0.59 AR Flo] A £
o] Al AFAITRS 0.91~13.64 s7H4] S7FAZATE Fig. 2~42] 2
ol 2JahH FFollAl 2] AT} Sollx] 2] ghelnk-go] FUgt
1A SAlel dojuhs AR dsfjle] A At g2
A U A FAIZES ol AR ER 2] AkES<l] oJ8] A=
olabEldage] T B pHoll & S v A o® vERg)
Fig. 201l H.Q1 HallAl Ul Al FAIZHt,) Halel] upe A/dH olitks)
o] FEs Aufoll A Al g2 el F]lae] St

500
16
R
12|\
£ \
= 400 210 |
5 > \
o0 = 8 \
g 2 A
~— 2 6 \
. = cz
< = 4 o
g 300 ) N,
S Ce--—o
% 0
=] 30 60 9 120 150
6 Flow rate (ml/min)
~ 200
o
1
=
=
£
& 100 [0 IrO,-coated Ti
A RuQO;-coated Ti
O DSA
0

0 2 4 6 8 10 12 14
Cell residence time (s)
Fig. 2. Dependence of steady state ClO, concentration as a function of

cell residence time(tz)(Inset: Feed solution flow rate versus cell
residence time).
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Fig. 3. Influence of residence time(tg) on steady state an un-divided
cell voltage and produced CIlO, solution pH.

SR olksjele] ATA B4 ol aalol o] sl v A
FAlk0] 78l Ho] A4 (el 191 ol 2] ofdato) & At
Q

ShIgoll 23 T3 HFARS uskA] JL3roes] A E of
R s Bl IR ey ded et A KSR A a2 Lt I = R R I S )
AsfAl Ffo] st =W Fig. 3¢l B]1 nie} o] A4

folo] dafall AFAIRE SV Al 2] (2)2] Sl AdE &
shslo]2(0HN)S] F57} wA38] 7ol wet 4 (3)2) 2o] o]t
3l 42 o4 AAkO] & (Chlorite jon; ClO;) Hi @AaAlo]2
(Chlorate ion; ClO; )2 2.2] Z13k WI-3-o] F7lE o] ohlsldi 5
7} FAad Aoz AAETH15-17].

Cl0; >ClO,+e" (E° = 1.039 V) )
2H,0+2e—>H,+20H (E’=-0.828 V) )
2C10,+20H —CIOj +CI0; +H,0 Q)
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Fig. 28] Aafol|A = Ao whE 24 o3kslsd s igel 2
Q38 A g2 Ml A FAIZRS IrO,-coated Ti, RuO,-coated
Ti 18] 31 DSA F=fo] 77} oF 2.27, 1.52, 1.52 s& YER O, ©]
u] A olakeld Aol w217t oF 356, 358 18] 3L 314 my/
Lo]At}. IrO,-coated Ti®t RuO,-coated Ti =] 749 A==
olaksla o] “siE AAHAl YERE L, RuO,-coated Ti %<1
= A2EE] AFAIZR] 1r0,-coated Ti W= Al 2~Elef| H]gl] <F
0.75 s W= 210 VpEh, Bok 22 Algtel] FYE 512e] oikst
BETE BN F s & T Ak ohlEAT e 9
st AW A U AFAIRE Atel] whE Al s
Fig. 30l H31 njo} o] A FARE F7hel] T J3-g HolA| ¥+ 3
O 2 e O, RuO,-coated Ti A =10] 1rO,-coated Ti A=T
DSA =l HIsl oF 1.0 V 7FE 5 AskS vreERidth. =9 A
Al A FAIR o] SrkebAA A E = o)AtEdAe] pH 9A
IrO,-coated Ti, RuO,-coated Ti, DSA {5 X5 S7lh= 202
ERgkom, At g o] sl ZFAITte] 091004 4.55 744 5
7ol A oAtstE Aol pHEE OF 24004 34704 AA3]
7t Al A FAIREe] 4.55 s o S 5A43%] S8t
13.64 sellM= AR oliksld e pHYt oF 7.0714] 57Kt

3-2. M7A 8 X7| pH #H30f 2 O[ASIHA U 5N

otAARYERS] FAu 7| ol oJgt olateld g A W
SollA At G4 e] 27] pH7E A E olakeld e s} pH
18 ar el Astel] vl P3RS Fig. 49} soll JERASITE 1r0,-
coated Ti®} DSA = Al2~Elof|x]2] A4 G AFAIEE 227 s
1831 RuO,-coated Ti FH= AR 1.52 s 8l51 oM, 4]
FNO] O} AANIER FEE 043 gL, Halde JER v
€ 5.85 g/L 18|31 A Halj el I A 0.59 AR 31
AA] Gdle] 27] pHE 2.3~9.4704] S7HA1FT) Fig. dof] 1.1 v}
9} Zo] ATA) §-de] 27] pHt T Fstel whet oA ERS]
A8 A7l sl AAdE oakElaAag) FEs At
AT §oe] Z7] pH7F 2.3014 2.9% SV sHA AdH oliks)
Aae] FEE 7] oF 300~350 mg/LolA] €F 200~250 mg/LE
aatgl ok, AT gohe] pH7E 2.9 o Wi o] o]Ake]
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Fig. 4. Dependence of steady state ClO, concentration as a function of
initial feed solution pH.

sl5kgst Ml48H M2E 201041 43

8.0 12

|_’ 10

n
=]
—_—
.-_.-'-ﬁ‘

%
|

Cell voltage (V)
>
—J

N
Produced ClO, solution pH

N
=]
[1:> S

[ IrO,-coated Ti

1.0 A RuO,-coated Ti 2
O DSA

0.0 0

2 3 4 5 6 7 8 9 10
Initial feed solution pH

Fig. 5. Influence of initial feed solution pH on steady state an un-divided
cell voltage and produced ClO, solution pH.

e dojuA] ok Aom vepgth A9 oSl 5
£+ RuO,-coated Ti H=°] 1r0,-coated Ti =2} DSA %=l H]
8l 7] pH 2.32] oM oF 50 mg/L 18]l pH 2.9 o1d2] =
2AeA= ©F 30 mg/L 7FE A A= e, o) g} e A 89
%7 pHa7tell i A E oilsel Agre] F e sk Fig. 59 A
T & 271 pH Wstel whE B E olilst A pH st A3}
o} 3T Fig. 59 AtellA AE o|alsld o] pHe 271
A7 G4 ] pH7} 2.3Y A3 E o)k 4TS pHE oF 2.8091
O} AAl gAe) 27] pHZE 2.9 ool A E oakElaA
2] pHE= ©F 10~117 543] T7Fe3laL, o] 9} 22 pHel S7h=
2] (2)9] SolM 2] Fan(Hy) WO R 1S AvE ks 1wy
H oxkeldAg=e] pH7F 7 Feell whet A3 olakeld At 2] (3)
o] gkl oJal] opdat B faite] 2 0 29 A ek HEkE-o
2 oaklAAge] Fvt Akt Zlo g gt et A
98] 7] pH WAzl thgh 741} el o] HehAsh= UM
Liebsk o], = Aol whE FAu dald At Tea AdE
olataldAgme] pH Wsh= & 93] 9l 3= YRt

33 A SU2| OIFAMMIIER S5 W mE ojMEIEA
i =y

o|ikslAe] M AR ARSH oIAARIER F5 Wslel| e
A AalelA 2 olalslda AEE 9 Hal Wk aea
e olakeld Al pH WIgkE 24} Fig. 69 70l YERASITE
IrO,-coated Ti¢} DSA FH= AlAEloA 2] 4] G- AFAI
2.27s 712] 3 RuO,-coated Ti WH= A|AER 1.52 s&2 311oH,
AT g 7] pHiz 2.3, A ASHEFS] T 5.85
gL 1183 748 Asj| el T3E AR 0.59 AR 3t A
O] OJAAANIER FEE 0.14~0.7 gL7HA] S7HXZIL Fig. 601
131 kel o] A8 8] oA ER 17t Skt whet
Ade ol ATe] i A TkeRE ARdE Belot ol
2AJER F57) Ir0,-coated Ti2k RuO,-coated Ti FH=ollA=
0.43 g/L “12] 1 DSA =4 0.32 g/l oV deliM= 1 o]de]
ol AT v TP YA g @58 fhaske i
Rtk 12]a1 ofdAAER ] FE7} 0.14 g/lollA 0.7 g/L7HA]

78] 27Kt ol Beka zet e el o] Ask gl A
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Fig. 6. Dependence of steady state ClO, concentration as a function of
sodium chlorite concentration.

8.0 12
[ IrO,-coated Ti

70 A RuO,-coated Ti 10

6.0 O DSA
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=

Cell voltage (V)
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=
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Fig. 7. Influence of sodium chlorite concentration on steady state an
un-divided cell voltage and produced ClO, solution pH.

¥ o]Aas}9 49 pH W3l= Fig. 70l K1 nie} o] A8 7k
YRS

o]} Zo] o] aksldAe] M Al BARQI of A EES] 2t
23] 7RISRl Eelal K48 172 vkl <& 44
B oA SRt O ol SV o= o= A (1)
7} o] ofgdaitol 20 Absle] &gt o]kl AN T
w2 pHE| A &l Z7dellx] 2] (4)9} 22 oilstd e} A4
o2zt HES[18] T 2] (5)-(7) 2o] dsld= ARt d3ht
EFe] A7)Eslel gJal AgE zletdate] o F ol ikl As}
H-8-310] ¢ 4Ak(chloric acid; HOLClyS A4 7] v ot
7] w2 FYETH19).

2C10,+CI” +H,0 —» HCIO0,+Cl0;, +HOCI “)
2CI > Cly+2e” 5)
Cl,+H,0>HOCI+H" +CI” (6)
HOCI1+2Cl10,+H,0—2HO,CI+HCI (7

] <

oFASANFER 2] FA A7|Esl el <Jgt olatsld g A
Sl M AR AR G ER Fhol uk o ikeldAag
S, A A At ey A o ikl pH HEkE
Fig. 82} 9ol YERRIT}. [r0,-coated TiS} DSA A= Al Elof| A
o] A &N AFAITRS 227 s 18] 3L RuO,-coated Ti FH= Al
2L 1,52 % F9lem A 92 7] pHi 2.3, WAl &
N o} A NIER F 55 1r0,-coated Ti =7} RuO,-coated Ti
AT 043 gL 21831 DSA A5 032 gL, 728 HalAde)] &
HE A 0.59 AT IS sto] Al AsERS] vEE
1.99~9.94 g/L 7}A] Z7}X1 %t} Fig. 82] A4 55 St w2 A
35 olrtgldare] i Wl AvjellA & 5= glko] dallde] 74
o] ofAAIAFEFTR] A7)E3) Hholl SJeA % RuO,-coated
Ti A= DSA A=2] 739 242t oF 1507} 130 mg/Le] olhkslda
£ TAAF ST, 1rO,-coated Ti =] 749+ <F 40 mg/Le] o4t
sStAaE WIAT = Ao R veRsith ey oldahbER A
A g e] Aald 9] vt Sl we e olakgldage]
S SR o 6 g/l oo Al “sellk= 1r0,-coated

i
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Fig. 8. Dependence of steady state Cl1O, concentration as a function
of sodium chloride electrolyte concentration.
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Fig. 9. Influence of sodium chloride concentration on steady state
an un-divided cell voltage and produced ClO, solution pH.
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0.43 g/L 718]3 DSA A= 032 g/L “18]a dajdz T3 o
SPEF 55 BT 5.85 gL slo] 729 Ml el 3 5
£ 0.12~1.18 AR Z7HAIZIT}. Fig. 109] Avfe} o] 7241} )4l
ol 3 A Tl wek AR okl SRR T8I
on Asfjde] e AF7F 0.12 AL 1 [rO,-coated Ti, DSA 7
=& o] &gt AR el llollA A E olrteld Al s 27t
F 35, 46 mg/LL 183 RuO,-coated Ti =& o] &gk F-Au} 3
AL ok 80 mg/Lol o, THE AF7F 0.59 AZ TS8R} I0,-

500

-
(=4
=]

(7%
(=4
=]

200

Produced ClO, conc. (mg/L)

100 O IrO,-coated Ti
A RuQ,-coated Ti
O DSA
0

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Applied current (A)

Fig. 10. Dependence of steady state C10, concentration as a function
of applied current.

sl5kgst Ml48H M2E 201041 43

8.0 12
[ IrO,-coated Ti

7.0 A RuO,-coated Ti 10
O DSA

6.0

n
=

w
=)

Cell voltage (V)
-
—J
N
Produced ClO, solution pH

4

2.0

1.0 2

0.0 0
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Applied current (A)

Fig. 11. Influence of applied current on steady state an un-divided cell
voltage and produced ClO, solution pH.
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Table 1. Effect of applied current density on the current efficiency(C.E.) and energy consumption(E.C.) at different anode materials

, 3 CE. (%) EC. (WhrgClO,)

Current density (A/dm’) 1O,/ Ti RuO,/Ti DSA 1rO,/Ti RuO,/Ti DSA
0.84 30.02 105.06 57.17 2.63 0.85 1.56
3.38 71.47 104.52 57.53 1.41 1.07 1.84
5.07 79.80 11470 70.99 1.38 1.03 1.61
6.76 61.46 86.83 50.56 1.95 1.51 2.49
9.29 44.18 66.46 37.29 3.00 223 3.77
10.14 39.90 60.21 32.52 3.42 2.53 458

Table 2. Chlorite(ClO,), chlorate(ClO;), total chlorine(T.C.) and free chlorine(F.C.) concentration in the produced ClO, solution at RuO,-coated Ti

anode system

ClO, (mg/L) ClO; (mg/L) ClO; (mg/L) T.C. (mgL) F.C.(mgL)
Precursor solution 20.0 12.5 34.0 12.4 7.7
Produced ClO, solution 346.0 16.2 48.6 134.0 120.0
Alof|x] A oake}AAS=0] oAt o], Pk o] B FUFEE oF 5.85 g/LE YERITE 1r0,-coated Ti, RuO,-coated Ti
THRe} AMTHA s eI AR Vel wked A 1831 DSA A5 FAT0R ARS FAu e delA S
A gole] oPkElela SR oF 20 melL, olRAt ol BEE ARl Z7l ek R opkElagel EE Slkglon
oF 12.5 mg/L, a4t O] FE= OF 34.0 mg/L, & AaEEe oF AafAdlel] Frbe= A A A Skekelon, oilstd s A
12.4 mg/L 18|32 AFFP4 55 oF 7.7 mg/LE WERLOH, A7 EE SV s A9t TV 1Es HA AFRES 2k 06

3l & A olikeld e ohkell A S oF 346 mg/L, oF
A2A o] & FEE 9F 162 my/L, B2t o] F = < 48.6 mg/L,
T AT 9F 134.0 mg/L 12|31 AFE40l2 FRE 9F 120.0
mg/LE YERTE. 0]9} 22 Ayl ol i EF L] FA1 1Y)
w3kl oJal] A3 olateldang=e] pHYF oF 2.9 olskE Ytof
OFALAL I 4t 0] T T TS Holx] egton) A
A Z AMEH ASPEF] 23t F Fhol2) AP Lel R T2
B2 TN Hole Ao dudr)

¢
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>~
=L
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AT O Z AR AU Ml Aol A SRS wE s M
FH2 Ir0,-coated Ti F=0] 2F 79.80 %, RuO,-coated Ti H=0]
oF 114.70 % 12|31 DSA Z=r0] ©F 70.99 %= RuO,-coated Ti %1
=0 ARago] 7P w8 210 % YR BEst oabsld g
AL A3 oA 2R3 A 1r0,-coated Ti =] 2F 1.38 W-hr/
g-ClO,, RuO,-coated Ti =] F 1.03 W-hr/g-ClO, 18|31 DSA
Aol oF 1.61 W-hr/g-ClO,= YERE, RuO,-coated Ti H=-8 o4
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