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Removal of Nitrate Nitrogen for Batch Reactor by ZVI Bipolar
Packed Bed Electrolytic Cell

Abstract

Nitrate nitrogen is common contaminant in groundwater aquifers, its concentration is regulated many countries below 10 mg/
L as N (As per WHO standards) in drinking water. An attempt was made to get optimal results for the treatment of nitrate
nitrogen in groundwater by conducting various experiments by changing the experimental conditions for ZVI bipolar packed
bed electrolytic cell. From the experimental results it is evident that the nitrate nitrogen removal is more effective when the
reactor conditions are maintained in acidic range but when the acidic environment changes to alkaline due to the hydroxide
formed during the process of ammonia nitrogen there by increasing the pH reducing the hydrogen ions required for reduction
which leads to low effectiveness of the system. In the ZVI bipolar packed bed electrolytic cell, the packing ratio of 0.5~1:1 was
found to be most effective for the treatment of nitrate nitrogen because ZVI particles are isolated and individual particle act like
small electrode with low packing ratio. It is seen that formation of precipitate and acceleration of clogging incrementally for
packing ratio more than 2:1, decreasing the nitrate nitrogen removal rate. When the voltage is increased it is seen that kinetics
and current also increases but at the same time more electric power is consumed. In this experiment, the optimum voltage was
determined to be 50V. At that time, nitrate nitrogen was removed by 94.9%

Keywords : bipolar electrolytic cell, zero valent iron (ZVI), nitrate nitrogen, electrochemistry

A% Xl

A A YEFQ sk L9EAEA HUEE HIES oy rbse] &
1 10 mg/L as N ©J3l2 FAlsla ok B dAelxde 2g)slast she Edae] HE2uas U5 AAZ &
7k F2 BEIASZE o]8-sla] X3k Fo] A AAE AEsly] sl vkl A9z1S Il A HZ e
22 At sk AFAHREA G7HES BAAZ ARE ), A AAE AEANA 2L AAEES HAF
o, AIEAE FAXATA LE w dEYold AT FUE= FgollA 41sl7] WAoo E pHYt S8k Byt
ol Q3 aoleo] Ao Fgo| HA}F AskE A} LAEINth Bz, 9rFde) FRAALY] 7
HE= 0.5~1:100A] AAEEC] 7P E9hoH o] ZZe] 7Fd AL viAdd=go g 2R8817] ulitelgla sdd), 3
H] 2:1 o gl Xe HRXAR HAHEY A4 E clogging?] 7143812 A|AEEC] A3 7] 855 AAR
£o] Zo o} §EE7] U] bypass current’t S7F8h= ALE RIS o LHEE deEgko] HlE oo R FUIEIAH. B
Aol HF Q7FARS 50 vE 2R 2w AR FAE 94.9% AAT = A1)
#AIR0] : BIAsx, 971, A A, A7slst

2= %—_04 Zé/{x_]_%é AX == WHO

A Aae e SS90l 771012l NOy=A
ARAAl] EAS TR AR, Foligh F4E 52 T,
s, 2T SOl 38 To= viEdd. Ad 2
ae s os BN nEe A8 so= <l
g = glom &9 QPAES} FAolAe] Fgdst

o 0oL
)

N

]

2 AN, WHOSARE @M Adse] Flol=elele 10
mg/LE TS Qo et 2 AA oY HEE
o] gke At ek,

FE AW WaE AASE e = Beisek
Aels ABSE AePios 7Y & vk B8
S ol ol Lmahy, AR, SPHEY W Sl
£ ol83 W S| glom 1F P AT

HOR - SISt ALSEYESH MBINSE IS (E-mail : jooyjeong@hanyang.ac.kr)

*ZZ)S2loMS MHIE (E-mail : Itc12@hallaoms.com)

O - SIS AASEAZSH)} BN (E-mail : wonhochoi@hanyang.ac.kr)

5|2l - IARIAL - BIHSHD HAS4ES 1l HII4 (E-mail : jooypark@hanyang.ac kr)

B3 E2BIE - 20114 3H

- 187 -



< F71E SHEHIDS wE EAleh AR eHE
Ao} AA7F daside FAZ s TR W Bl
Hlgo] Bo] == WS 7AAL . o]2wdhHe Ao
A 27VaAmEF} fARRIZE avtelH, arsse] A
249 BR(Brine)o] HAYSIEE BEe] F71AHQ1 A2
g9 = she AES 7KL dhE AR A2l
£ MAES ol8she A Folrr) 379 o
o] W7 o] Qlot. whgo] =2n Bebsiar eRgk
A (Methanol, Ethanol, Acetic acid 5)2] A2 F7}
gasi Jof i) WA ol WE X st
$Gu7t s AREE BARe] o HZde 71E
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A Azl BQS B3 AANRS Follx] GrFEoe] Ask
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3t BIAS)Z(ZVI bipolar packed bed electrolytic cell)
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Fig. 1 Schematic of bipolar electrode cell
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Fig. 2 Isolated effects of conductive particles
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3.1 HiEe SRNE 0|88t 47
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99%, Junseiye AH8-3}d 25 mg NO;~ as N/LZE A3
Qﬂi ALg= 0517]-iq S Tron powder(Fisher, 40 mesh)S A}
2319} ¥kS7]12= 1500 mL =7]9] glass bottleS AR
o]-‘}ijl, F2ollA Zar Tester(WisestirE 240 rpmoZ wHk
AZIAA AR e 2 Aie] w5 SASIT A
A pHE A S1elix Ak pH Z37](785 DMP fitrino,
Metrohm)®} 27484 S 2+ 0.5 M HCl(Hydrochloric acid,
37%, Sigma-aldrichyS AFE3IET 97Fd T4 2 gL
o RREAIZ & AEFHel= vlo|AZ9E ARSI
pHO| &l WE FrEEe] A i AAE dolr] 9
sfod 47FA]1e] TR pH 2718 st A3S 333ttt

3.2 WY FEXTAE S8 &XE &4
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Z o]83l 7399} o] 25 mg NO;~ as N/LE A3}
F A= anodedll= AHle) WE ASA4E WAE] S8l
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power supply(Maximum voltage/current output 600 V/1.4
A, Sorensen, USAYS ZI5FEI9} 23l Algte] wha #Y
3 ARRS 15T + A= Sk, A3 AR 4R
Hujds ogste] Az en whg7] Uil =Fd A
Hske aslel g fiste] APAbi deEos
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HkS5le] WA A|RE UV-VIS spectrophotometer(UV mini
1240, Shimadzu) 640 nm, 2] 53} A2] 1 ecmellA] S5
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204 diREo] AA"E Aol Hlst] pH 3, 5, 70lM= 2t
Zt 75%, 16%, 83%7F AAHALH(Fig. 3) A3 W
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Fig. 3 The nitrate reduction depending on pH control with HCI
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Fig. 4 The nitrate reduction depending on pH=3 control or
initial pH=3 without control

o] WAYslaL(Scherer 5, 1998), 3714 “dEloM= 5]
SEMAT) AR Zgsle] Ba)S 7153IA7ITK Tratnyek
5, 199501 LA et

NO; +4Fe’+ 10H —>4Fe’ " +NH, +3H,0 (1)

2Fe’+0,+2H,0 > 2Fe” +40H

4.2 Q71E &7 vIg0] w2 FiY Ha M

Fig. 55 720 Ak F9do] gle El= 7Y 50
VollA] 180 &t FExARe} F7EEe] Sxivle] e A
2 Are] AlA BAEE e old MR+ 0.01
A A2 782y dAsHA A8 A847 9hg7] el
FEALeE G7H S el SR8 9T FHERAAE
Tk ge 9ol vl w2 did Ao AlA &85 e
ygler ojn AAEL Hol 95.6%= S8EAT. FHZ <
FERAR}E G7FEe] FXR(VIVIE 1~2:12 YERGS.
ol Ak Aol wE SHAT FEZTAE G7FEo]
250 EAF 4= = AREA HIQl 1.7-3.7:13 % AR
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Fig. 5 Removal of nitrate in various of packing ratio
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Hol] JslEo] EAskE A o]50| FFoA s #
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37F GAIE 2 cloggingd o] 7I&slE A3 HEHE 9
A wjFog AZdEn. 1 Ay dAgE H FXE wet
bypass current’} FFE o] BB a3t Ho| MAYlal H2&E
o] sl Zeog FoH) 3HH %7] pHE 6.4-7.2%
o1} 180 & Z4Zte] F7dA pHE 10.7-10.87HA] Aks
3iom o= i Aae FdoF gt FA1s)r]e] AY
4 dEo= AlEd) oW FF gEUol] FEe 6-7
mg/l AEZ, A Aae] 39S Bl dEUopd dAa
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Yo e M2 /KEIA BH B A4S Hn
Foz Ay Axel AAE Golsh SFos Beken.
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Fig. 6 Removal of nitrate in various of induced voltage
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Table 1. Power consumption and rate constant at various of
induced voltage

50V 100 V 150 vV
Power consumption (W) 13.8 99 288
Rate constant (h™) 1.4 4.0 6.2

2 A FA A AR QIS pHYF 27
6.4°14] 10.5-10.8=2 33Tt ol W71E Al &
olafl B Ax} J7pEe] A (cathoded = Wahut oluf =5
9] o}l Fr= ZH2t 8-9 mg/LE YERGor o}@xA
Aro FE T3 | mg/l °lBIE A9l EAIEHA] &)
2] Ao Aelgafel] A4, hydroxylamines-2-
2 EAT Aow AgkE)

At cathode side of ZVI:
Fe >Fe? +2¢”
Fe' >Fe’ 43¢ 3)

At anode side of ZVI:
NO; +7H,0+8¢” —NH, +100H"

NO; +5H,0+6¢” —>NH,OH+70H" (4)

A 41904 pHE Al A8 AFES &gk A
HlwslA fig. 60l YeRrd AXH 90F7F AUI7F Al F7F
Al pHEA glol= 50 VelA] 253 mg/LellA] 1.3 mg/LE
94.9%, 100 VX E 246 mgLollA 09mg/LE 96.3%,
150 VOlAE 25.0 mg/LolA 0.9 mgLE 96.4%2] =& &
2Hd A AAS FEE 5 Ak

Table 19AE 7+ <17} ZPE=E iS5 571 5 mg
NO;™ as N/Lo| =77kA|e] A¥eF @ &5/ ghs Ve
WAtk QIZFHSE 50 v ® 13.8 WrF &RFE ¥hA 100
V, 150 v ] 99 W, 288 W7} AREo] 50 Vel HlnL
sle] Zkzb 7.2 wll, 209 v} STREIALE EEAASE 50V,
100 V, 150 VollA] Z+zF 14 h'', 40 h'!, 62 h'&, 50
Vel HlaEke] 100 Vi 2.9 B, 150 VIAE 44 ¥ =7}
STt 7S] SRR sl HEiamwr) vlgopdez
F7RIARE, AALES] STk old PAA] Xl Ae &
2 A

1. G7HES A= AL Fabgd Ao AA 3l
pH7} 583 29log 830, pH 30]3le] Z7dlA
Ao AAFE] AU 53 Hhgo] YA
G7Fo] 8F4AS) NEESle] Akl o R Slsl)7) A
=] pH7} st WeEtA] HAHe AAEES 74
3171 SElie A& 4 9L B pHE 3 oFlE
FAAA & Lart Aok AR WY Q7F A= pH
23 glo] 90% olde] =& FA Ao AASE BHFE

|
& 5 A
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2. FFAAY SdiskE 98 234 AR PHEES AR
siom, AAA 2 = HALE ARSI
RTTARY GrEEe] FxIvle] e Aid AAe] A
BES W/RE An S| 0.5~1:19014 AAREC] 71
SR S| 2:1 ool M= 23]E AlAEEC] T
Z3lqint. oA G7HE dRbEe] Al wE A F
2R A g et dAISkEE o] st A
o] 7}A3lal, bypass current/} S7FEe] e EH QS
g ol o5k Alolet AT

3. I7FSte]l Ak Ao AAd vX= FEFs jetst
7] 3l HAe] FZM] 1:1 AN A3 Aw} A AL
TE 7EAYe] A7) oEdite A o ¢ AeH,
I7FAste] S7F &5 REE7IHolAY bypass current’t
F7kel Mg 513 Sk Als ERIE 4 Atk
A7HSte] 71 Mol 343] 78] wEel
&40} bypass currents ‘3% A1 $ FAIAQ]
< & ool ok FdEH B AddXE 50vE
HA QYo Agstaint.

4. Aglgrol] FESaL e HRE ol H oS A|AsH
7] $18l $E5FHO=E air strippings FR= A= 7
SotElel AZET pH 10013e] Z30A dRF o]
(NH; Y& AR UoKNH;)E Ak BE AF52Q] o
Hote] AAS 7l o= dom, 3ol veRdniet 2
o] ol 83id 27k 2 S 448 (Fe(OH),,
Fe(OH);) 2 2FFH (FeO, Fe,0;) FElZ IAAA A|A
< 4 ok

5. 97K X BESAEIERE o]831e] 25 mg NO;™ as N/
L w29 A das e 4% 958 AARES
B T AT O Yot 4lelx ek arEEe
2A2hd iy HE Ashr] fleia 2 A3ellA
TR e B ARHEE AgoAe] FEATTT S
g 2g7} St ekt

#Ale| =
B A= 20099 37 A A @A E

:061-081-046)2] A Y-S o} AJE|glom old] A=Y
et
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