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Formation Mechanism of Chlorate (CIO3) by Electrochemical Process
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ABSTRACT : This study was done to find out the formation mechanism of chlorate by electrochemical process using chloride ion
(CI') as an electrolyte. Firstly, the effective factors such as pH and initial chloride concentration were figured out to see the
formation property of chlorate during electrolysis. And the relation of free chlorine, and mixed oxidants such as OH radical and
ozone with chlorate were estimated to concretize the formation mechanism. As a result, it was found that the major reaction of
chlorate formation would be electrochemical reaction with free chlorine, and also the direct oxidation of chloride ion and the
reaction by OH radical were participated in the formation of chlorate. Moreover, it was observed that formed chlorate was oxidized
to perchlorate. Lastly, the optimum condition was recommended by comparing free chlorine with chlorate concentration during the
electrochemical process with the different electrode separation.
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Fig. 1. Schematic diagram of the electrochemical system.

20

g wul, S4 278k 3 Ak
% 4

a &
Ne B, AW, @), 3 Zo] At AtslkE o) {2
(Free chlorine, HOCI/OCl )&
Q%o pHell wkeh 2317

=
£} 9
2CI — Cly +2¢

Cl, + H,0 — HCI + HOCI

Cl, + H,0 — OCl-+H"

HOCl—H +0CI" pKa=7.54at25C

Hobd 24HHOCD T Hobg 44t o] 2(0C1)2] 4131

=212 o] 431 Zlo| Ag} ol &g ol 8 H7|3fat
o majoletm & 4 glout, 9iok Zol A4 B Heid

1 5),©)0] A Wt o] A7) seRg ] o) 2
oS HARERA A 4

2 T

_‘J>Ll~>

Ik
6HOCI + H,O — 2Cl05 +4CI + 12H+ 3/20, + 6¢°

OCI + 3H,0 — 2Cl05 + 4CI + 6H + 3/20, + 6¢°

A
AL, A (oM =

@

)

®)

©)

S35, th& A (NI Zo] F=ollA A4 Arshikg
(direct oxidation)o] Lol 2 0|EE AT 4= Qlth=
AFAI7E Qlow, dukd o g fegas 2F 9 OH 2ty
Z ihgste] FRYOES Y & o Qe Aom dYA
9lr} 10, 11

CI'+3H0 — ClOs + 6H' + 6¢” )

et g4 ol9lel £THOR FAl] A 8
AlS] A B4 oleigut BA TR W o] THsA

U3} Fzejol=e] TAZA YA HAUZ Aol et A
%7} ]BIg Agolek, meka] & Aol

EEﬂo]E_,] }\gkl EAS AmE o2 H A

r{r
o2
S b
=
Lo
4
>

W SR OIE ] A A

LR =

st 0 Apel 5= 0 P
%

N &
5 Zedjo|Eo] AL A7 5 Qe HA 27

27 sk,

2. deid=z 3 S
2.1, M7=ty 3| ¥xl+rd

2 Ao X+= Fig. 1a®t 2ol Elelw HAo] wigog
IE Ay HRATS AHEeGih vl Adr Ao = oF
S ZA3A Pt/Ti 2419 A cell (3HHZA 9
cm?)& AHEs] Fig. 102t o] 300 mL ¥Hg-7]o] s ays}

A olger Zakstlal, % %74]9} %‘7417} AzkE o] QlaL

177
-

2
el
op
g‘d
R
_E
rE
o]o
©
) >{
Of
i)
rr
T
rO
10
fo
1
o 4
ol

=

Do

> R

we G O
e, T TR N

| Journal of KSEE | Vol.31, No.8 | August 2009



REREREE T 23k S
71515 Soil ol 2230|E2Q| WHHIAHLIZ

Table 1. Operating conditions of the ion chromatography for
the chlorate analysis

ltem Analyzing condition
Separation Column AG-9HC
Guard Column AS-9HC
Eluent 9.0 mM Na2COs3
Flow rate 1 mL/min
Suppressor ASRS ULTRA Il 4 mm
Injection loop 480 uL
Pump DXP Pump
Detector Suppressed Conductivity
Storage solution 9.0 mM Na2COs3

o 27] pH A7) #3 HANA WEHE Fol] 918 0.1
M QAR S5 (pH 102 1AL

1,4-phenylene diamine)= ©]-&3to] A% F HAtO=
AEE AHT F, FFE=A(DR4000, HACH, USA)Z
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1 (DX-120, Dionex)E AH&3sto] FAlol #4553t
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3L Qi
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SRYPIEY AFo| WellE dor|A HER, On-Guard
I Ba cation resin (Dionex)= ©|-&slo] A|&& HA e o}
ek E3H A & 248 AR VAR ARHAIE SA]
g7]5to] Hkg-o] § oA MR R=F shlar, 24 A7t
A 4Col A WET sHlTh EA20lA 3t o] 2
glo]EQ] A& = 10 ug/Loltt, the Table 2= o] 2
EotE el A FAA S EAx2ds e ek
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Fig. 2. Effect of pH on the formation of chlorate in the
chloride electrolysis (V = 300 mL, applied voltage =
30 V, 20T, electrolyte : DW with K2SO4 and [Cl Jo=
30 mg/L, electric conductivity = 250 us /cm).
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Table 2. Operating conditions of the IC-MS system for the perchlorate analysis

lon Chromatograph ICS-3000, Dionex

Mobile Phase 65 mM KOH

Guard and Separator Dionex AG20+ AS20

Column 250 mm x 2 mm
Flow rate 0.3 mL/min
Suppressor ASRS300-2 mm, 49 mA

Injection volume 400 oL

Mass Spectrometer 6120 MS Quad SL
1.5 kv
Capillary Voltage 60 psi
Nitrogen Pressure 50 V
Fragment Voltage 300 C
Drying Gas temp 7 L/min
Drying Gas flow rate
Selected lon Monitoring m/z 89,101,107
Mass scan range 0.1 amu
Dwell time per mass 195 msec
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Fig. 3. Effect of initial chloride concentration on the formation
of chlorate (V = 300 mL, applied voltage = 30 V,
20°C, electrolyte : DW with K2SO4 and NaCl, electric
conductivity = 250 us /cm, pH = 7).
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Fig. 4. Formed chlorate observation after 5 min electrolysis
(V = 300 mL, applied voltage = 30 V, 20T,
electrolyte : DW with K2SO4 and [Cl ]0= 30 mg/L,
electric conductivity = 250 us /cm, pH = 7).
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Fig. 5. The observation of chloride and products by NaCl
electrolysis (initial chloride conc. = 30 mg/L, V =
300mL, applied voltage = 30 V, 207C, electrolyte :
DW with K2SO4 and NaCl, electric conductivity = 250
us/cm, pH = 7).
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Fig. 6. The formation of chlorate adding t-BuOH/Na2S203
for quenching oxidizing agent (V = 300 mL, applied
voltage = 30 V for 5 min, 20C, electrolyte : DW
with K2S04 and [Cl Jo= 30 mg/L, electric conductivity
=250us/cm, pH = 7).
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Fig. 7. The formation of perchlorate from chlorate and
chloride (V = 300 mL, applied voltage = 30 V, 20
C, electrolyte : DW with K2S0O4, NaCl and NaClOs,
electric conductivity = 250 us /cm, pH = 7).
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