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Abstract

The objective of this research is to investigate the electrochemical oxidation process for nitrogen removal
in wastewater involving chloride ion and nitrogen compounds. The process experiment of electrochemical
oxidation was conducted by using the stainiess steel tube type reactor and the Ti/IrO, as anode. Free
chlorine production and current efficiency variation for total nitrogen removat was compared depending on
whether electrolyte is added, and the nitrogen type distribution under an operating condition. When chloride
was added as electrolyte, it was found that production of free chiorine increased and the concentration of
the chloride decreased as retention time passed. The concentration of chioride in influent decreased from
1,660 to 1,198 mg/L at the current density of 6.7 A/dm?, while concentration of free chlorine increased to
132 mg/L. Current efficiency in removal of ammonium nitrogen was increased when chloride was dosed as
electrolyte. It was observed that ammonium nitrogen was oxidized to nitrite and nitrate through
electrochemical oxidation and that the concentration of total nitrogen in influent was reduced from 22.58 to
4.00 mg/L at the short retention time of 168 seconds through the electrochemical oxidation of nitrogen.

Key words: Tube Type Electrode, Nitrogen Removal, Chloride lon, Free Chlorine, Current Efficiency
FHO: FEE M AN, 402 Re¥s MNFEES

E7h =g Ent opdet Ha Fo] E4EA 0] &hH

1. M E ol & A% Mel7t Bbed F71 o} A s
Aro] AA gt ZaAQd He)TPY Mol &

Ay A 9 dao] AAe & FEh A2 30 golA Ayl siety Wyl 9@

*Corresponding author  Tel: +82-51620-4733, FAX © +82-51-626-3767, E-mail: jblee@ks.ackr (Lee, JB)

580



ZAZ - BEY - olAE

NOISEYN| =
18 68, pp. 580-587, 2004

FAele) A7t @wd] FYPHn Aoh(Brillas et al.,
2000; Iniestaetal., 2001; 2 =, 2000; 7 % 2000).
Holy ¢FnF 59 AFHE AHEEe AU SHT
Ao A$e YFoe £do] WA ASUE W
Aol v, stdAel T 279 B, &1 A
A sy Y4 To 2 g5t Mg g2 Gyl
$1th(Rubach et al., 1997).

A7)y AlslgAe e £ 4bs 84,
237} dojvked], A3 Hg ZA"AM Y HH
o) Abahik-es} Aukgof ofdle] A H = 4FsHA|
o} edEdo] HHALE 4HsNhEE 3o AT F
L9 EAE AAde F4 ol H(Goodridge et al.,
1995). e}t AASFE A A SN F5ES
T3 He) W71 eA et EAl dstEe An
of gt A7 ol 7A W FE A olr}.

A715eks Al o HA e dRYot
o AAE OH grizde 5ol B APH &
F4rk ot A YA BN G 7had 9 G obrt
AAR e THHA FFarste] FA AFHE o] Fo2
o 4 (DI o] dae FFA #7|3eA Atg
ghg-of oj3) HOCI, OCle] gej=2 &3z 34t
ko2 f2jd Gavt RV oM Aas kg
o AFAHER A4 7t2s TG Eudign
(v &, 1984; Lidiaetal., 1995).
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Fig. 1. Schematic diagram of experimental apparatus.
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Fig. 2. Schematic diagram of the electrode tube.

Table 1. Analytical methods and instruments

ltems Analytical Methods
pH pH Meter MH-20S(TOA Electronics Ltd., Japan)
Conductivity ~ Conductivity Meter CM-20S
(TOA Electronics Ltd., Japan)
Chloride Argentometric Method
Free Chlorine DPD Ferrous Method
NH;-N Indophenol
NO,-N Diazotization
NO;-N Brucine

st HalA Ao KRl wel AA L] WHEE
B AT A9 EZNE FEAdRE
(NH,HCO,) & AH88t9 1, Yol AL 352
A 200mg/L7t =2 sk AfA2E g3y
EFNaCh) S 2,500mg/l. et o] o) & ol
&9 FEE 1,660mg/Lolglth. AajuhgS 93 A
FAIRFE 282 ©@9lo] 69A 2 HAstd 2tz 28,
56, 84, 112, 140, 168x 2 WEAIATE o] W HE
AFAIE 16822 A=, ol B A1
A e & o3 dhel Ba7} A9 o] Fojx|E A
He A7) giEolth AFUEE 3.3, 4.0,
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Whatman § 4 #A 2 23 ¥ 7 44 & 2252
A EAd o
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Fig 3. Variation of chioride concentration and voltage in case of
with NaCl and without NaCl according to retention time
(Current Density = 6.7A/dm?),
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Table 2. Amount of chloride consumption and free chlorine
production according to current density (Retention Time =

140sec)
ltems Cument Density (A/dm?)
0 33 40 46 53 60 67
Chloride 1,660 1,383 1,319 1,262 1,234 1,233 1,198
Concentration
(mglL)
Chioride 0 277 341 398 426 427 462
Consumption
(mglL)
Free Chlorine 0 48 75 106 108 114 132
Concentration
(mgL)
Calculated Chlorine 0 229 266 292 318 313 330
Compounds and
Cl, Gas Emission
(mglL)
BRI
ARLzod g dioled i YH
W E dolEy] Y3t A RA dhol2 g 74

i, AFALE 14022 3 H AFLUEES 33,
4.0, 4.6, 53,60, 67A/dm*E A 71 HA A A

g Fgagn. fedade HOCL OCr 2
7t #Bets, AREE wE daoledt feda
o] s #3E Table 20 Yehigich

At AN 23 AFYEst 3.34/dm’ o A
4. 6A/dm'7H A & $-2] G 47} 48mg/Lol A 106mg/LE
7248 YdHAeH, HF AFLEQ 6.74/dm’ o)
e 132mg/lLE =7t gits] &
Bhich gaolee Afde 42 M{ER 33
A/dm’ol e 1383mg/LolUn HE ARIUL 6.7
AMdmd M 1,198mg/LE 57t Zaste Ao
2 Ueh AFAEt 371 e 4 4
ol ke #Aadtn Ard FHUBL FEE F
7hete Aog ZAEQT ols U dae AR
7F S Atele] Haj g gh-gate] Afopd Lt g
Aot 2qtol 29 FHjE A3 dF= HOCIO,
ClO?, HOCIO', ClO; 59 Atshidele] 42338
% davtzg F4HAY HEHAY T ddEn
Chiang 5(1995, 1995b)o] A&+& 71584 Abg
2] gt A% 7} Naumczyk 5(1996) 3 Lin 5-(1996)°]
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Table 3. Amount of chloride consumption and free chlorine 10 - - o o 100
production according to retention time (Current Density =
6.7A/dm?) —_
8 o R
ltems Retention Time (sec) = —O—CE{Without NaCl) 9
Lo —DO— CE(With NaCl) g
0 %6 84 112 140 168 g 6 —#—RE(Without NaCl) &0 =
Chloride 1,660 1,354 1,297 1,248 1,184 1,149 £ —O—RE(With NaCl) €
. L =]
Concentration £ 4 40 §
(mgl) 3 z
Chloride 0 306 362 412 476 511 , » F
Consumption z
(mglL)
. 0 L 0
Free Chlorine 0 46 56 78 98 114 0 0 I, ® 120 150 180
Concentration o
Retention Time(sec)
(mgL)
- Fig. 4. Variation of current efficiency and NH,*-N removal efficiency
Calculated Chiorine 0 260 306 334 378 397 according to retention time (Current Density = 6.7A/dm?, CE
Compounds and = Current Efficiency, RE = Removal Efficiency).
Cl, Gas Emission
(mgL)
A dAse ket BARR st A3 Al
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Table 4. Variation of T-N, NH;-N, NO;-N, and NO;-N concentration in case of with 1,660mg/L chloride ion and without chloride ion

according to retention time (Current Density = 6.7A/dm?)

Retention With 1,660mg/L Chioride lon Without Chioride lon
Time (sec) T-N(mgL) NH;-N(mgi) NO;-N(mglL) NO;-N(mgl) T-N(mgl) NH;-N(mgl) NO;-N(mglL) NO;-N(mgl)
0 22.58 20.00 0.86 1.72 22.58 20.00 0.86 1.72
56 12.54 0.40 4.00 8.14 13.88 11.44 0.033 241
84 8.88 0.36 3.70 482 13.01 10.37 0.035 260
112 6.42 0.30 3.00 3.12 11.78 9.09 0.038 2.65
140 417 0.25 1.30 262 11.72 8.81 0.050 2.86
168 4.00 0.25 1.30 245 11.47 8.08 0.057 3.33
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Nitrogen Compounds Conc.(mg/L)
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30
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Fig. 5. Variation of T-N, NH;-N, NO;-N, and NO3-N concentration
according to retention time with 1,660mg/L of chloride ion
(Current Density = 6.7A/dm?).
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Fig. 6. Variation of T-N, NH;-N, NO;-N, and NO;-N concentration
according to retention time without chloride ion (Current
Density = 6.7A/dm?).
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