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Model development for chlorine generation using electrolysis
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Abstract

Electrolysis produces hypochlorous acid by using a small quantity of NaCl as electrolyte. This process maximizes the stabilization
of drinking water through the control of chlorine residual concentration.

This study investigated free chlorine generation by an electrolytic method using Ti/lrO; and stainless steel. The generation of
free chlorine was increased with increasing hydraulic retention time, voltage, chlorine ion concentration and the number of
electrodes. However, the change of pH did not affect the generation of free chlorine. There was no significant difference on the
behavior of chlorine concentration between electrolytic method and NaOCI injection. In this study, the concentration of free chlorine
predicted model based on power functional model was developed various under conditions. Electrolysis free chlorine generation

model can be effective tool in the estimation of free chlorine generation.
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<Anode reactions>
2C1~ — Clg + 2e”
Cly + H0 — HOCl + CI” + H'
HOCl + H,0 — ClO; + 3H' + 3e”
2H,0 — Oy + 4H" + 4e”
O, + H,O — 03 + 2H" + 2e~
2H,0 — H,0, + 2H" + 2e”

<(Cathode reaction>
2H,0 + 2~ —H, T + 20H" (Eg.1)

&=l A= free chlorine, O3, ClOs, HoOq €]l Chlorite
(ClO,7)9} Chlorate(ClO; ™) 5ol A4 € 4= 9lom, &=
oA AYSE ATt W Al2E Yol A QFdSHA]
o7t Qbde) JEks T4 FErtHEET, 2003).

A7IEAl 7P wol ARSEE dASS
zirconium, tantalum, niobiums©] ¢.om W] FAF
AR lste] Abst mHo] Hojle ASS ARSI
(MAXHOBANDILE SIGUBA, 2005). o213t 4ta} s15) 4
=92+ TiO,, RuOy, IrOs, MnOs, PtOs, Co304, NiCos0s,
NiO 3} Z2 AEo] T2 AFZHT]E wEhA 2 A=
Aol A A+ F e Ti—Ir0. A= stainless
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o] FAMT uel deHor FAHLFE & U,
HEo] AGAS Fa R a7 efon, 9133 shekAlEol
u Fkeo] 73k QAT E ARSI 7] Wil A
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Table 1. Characteristics of raw water
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H cl TOC Turbidity UVosy Alkality NOs-N NHs-N

P (mg/L) (mg/L) (NTU) (cm™) (mg/L) (mg/L) (mg/L)

Han river 844 10.15 213 3.1 0.0%4 575 1.89 0.079
Nakdong river | 8.12 31.81 2.83 10.5 0.097 68.6 2.05 0.071
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D.C. Power Supply

Fig. 1. Electrolysis system
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Table 2. Experimental conditions by reaction time
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Fig. 2. Free chlorine generation by reaction time
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Fig. 3. Free chlorine generation by voltage
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3.3 Chloride s=of w& 54

NaCl& ©]-83}o] Chloride %5 10~100ppm7HA] ¥
SHAIA BE = AFALES 5 Xéé}oﬂr/‘r At 30V, A=
< 7 3cm® FAAR &
1027 ‘ﬂ'%/\]ﬂ ZA3}, 10ppme| chloridesx=olA
0.33mg/L, 100ppm] &%=0lA] 42mg/L7HA] UERstTh 2
Al L5l A12] chloride ©] &%=7}F ¢F 10ppm W] A&
erel wf, NaCl?t 22 dafjde] 371 9] flol free
chlorine®] A4 7Fs& Ao = Aoher) chloride ©]& 3
=7t F71eel whel WAE = free chlorine s A|54
o= FTkeh= gkl ol

34 pHoll e EAM
H,S0,9 NaOHE: ©]-&3le] pHE Z43te] [7]E3lA|

g/
noow
o S

T T

free chlorine(m
n
o
!

I

10 20 50 100
chloride concentration (mg/L)

Fig. 4. Free chlorine generation by chloride concentration

Table 3. Experimental conditions by voltage

WAE] = free chlorine?] $ %5 S48t pHE 43}
7] f18te] NaCls &3A1A e =8¢l H,SO,9F NaOH
£ 3rlete] A¥s 44819t chloride % 50mg/L,
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M4 WSAA S4% Ae, pHO Wsle] wWE free
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o] 54% 3 o= Wol, pHell o3k Ja2 A& Hlo= Ak
Hrh

12 r —

free chlorine(mg/L)

495 5.87 6.89 7.85 9.05
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Fig. 5. Free chlorine generation by pH

Chloride concentration(mg/L) pH Temperature(C) Eletrodes Area (brace)
50 5.73~587 17.8~20.3 2
Table 4. Experimental conditions by chloride concentration
Voltage(V) pH Temperature(C) Eletrodes Area (brace)
30 5.79~597 17.4~18 2
Table 5. Experimental conditions by pH
Voltage(V) Chloride concentration(mg/L) Temperature(C) Eletrodes Area (brace)
30 50 17.8~196 2
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Table 6. Experimental conditions by number of electrodes

Voltage(V) Chloride concentration(mg/L)

Temperature(C) pH

30 50

17.8~19.9 5.86~5.87
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3, A=) R4 119 o 105 59 1.06mg/L, A= 7Y
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Fig. 6. Free chlorine generation by number of electrodes
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Fig. 9. Free chlorine generation(Han river)
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Fig. 10. Measured free chlorine compare with predicted free
chlorine(Nakdong, Han river)
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Fig. 13. Variation of chlorine generation (Nakdong river)
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