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Hyunsang Kim'?and Younghee Kim'*

*Department of Convergence Engineering, Graduate School of Venture, Hoseo University
2497, Nambusunhwan-ro, Seocho-gu, Seoul, Republic of Korea
?The Ofour Co. Ltd 11, Banga-ro 16beon-gil, Bundang-gu, Seongnam-si, Gyeonggi-do, Republic of Korea

(Received for review July 6, 2022; Revision received August 25, 2022; Accepted September 5, 2022)

O OF
0 7
A 5 Q2E AAN) A% /15 B 5 A3 28E HA0] 9stel B89 HFl DSA HIL anode(At
SR AL B, 24 cathode(@UHT) £5 2 2AEZ HH2LE 9% A7E YT, U AL cathode
o

(@RHT)E AHg3tol AT 23k, §9 F Cl EAA A AENO-N)Y AIAL0] 71 0@ BARS] GFmrfoly
AANHN) S22k 7P W) LeRd Brass(35)7F 32 4302 A s gk, AR U0 B G3e 2Asde o, =
7) AP 29 SE7h S0 mg L9 2AGIA, 2 AFAEL 15 mA cm?0] 913, 11 0] 49] ARWEL A AL 2 3
2 %7 2ok, Ao (NaSO,2F NaCl) B g AI7bo] wHE 24 FANO,-N) A7 B G obg L 4(NH,-N) 35
L ZARNLS 1, YA FAENON) 7] S 50 mg L', AFE 15 mA em] 2714 90 13 A NanSO.h
NaCI 22} 1.0 g L™, 0.5 ¢ L' £ W), 24HY A20] 4782 o 48% A3 Frlopy Wit 25obA) grolek. A
o= % NaCIRF 15 g L8 AHE 312 W, A4 AANOxN)O) A AL OF 5% /M) 91, G Lloh dw 2Hast
A] ysket.

FHO] : A7) ekeA W, A H 4, F F 4, DSA, 24 cathode(BHA=)

Abstract : Research was conducted to derive the optimal operation conditions and the optimal cathode for using a DSA electrode
as an anode to minimize electrode consumption during the removal of nitrogen from wastewater by the electro-chemical method.
Of the various electrodes tested as cathodes, brass was determined to be the optimal electrode. It had the highest NOs-N removal
rate and the lowest concentration of residual NH;-N, a by-product when Cl is present in the solution. Investigating the effect of
current density found that when the initial concentration of NO3-N was 50 mg L™, the optimal current density was 15 mA cm™. In
addition, current densities above 15 mA cm did not significantly affect the NO3-N removal rate. The effect of electrolytes on
removing NOs-N and minimizing NH3-N was investigated by using Na>,SO4 and NaCl as electrolytes and varying the reaction
times. When Na,SO, and NaCl are mixed at a ratio of 1.0 g L™ t0 0.5 g L' and reacted for 90 min at a current density of 15 mA
cm? and an initial NOs-N concentration of 50 mg L'l, the removal rate of NOs-N was about 48% and there was no residual
NH;-N. On the other hand, when using only 1.5 g L' of NaCl as an electrolyte, the removal rate of NO3-N was the highest at
about 55% and there was no residual NH;-N.
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Qi HEE F2% 05 ppm o, £ 003 ppm OGO
o 9get eFHoltt. A ANO-N)= 285 59
2 L& EAste A% A4l EAE sy il
[4-6], =&l A AAiHd AANOs-N) o]29] ] 5§ 5=
£ AAEZAZ]IFH(WHO)l 23 50 mg L'Z[7], v+ IHES
SHUSEPA)l 2] 45 mg L'2 A3=of Jlu[s], S +&
& A 7182 dEYod AANH:-N) 05 mg L, F4Hy
HANOs-N) 10 mg L' o] 2 A5k i}, o= st 4lzhgt
LAY Rl dae A7 F2 FETA Ao-gdy
S Agsta ATHI). ey, SFRolAE 20121 FE
& AAT-N)9 U7 4 7]15E 20 mg L' ojy2 Zsts}
Folet AL 43t A8 V&S Adlete 547
a&0| Fashs BESH Ao g &7
t2 & AA(T-NF A= sH] o2 YA Aot T o]
14:0] 322 AYE sl 9Fe 7eso] e
| dEYoM] AANH:-N) H {7]84:9] 45} A
A= A4 AANO-N)2| A 2o ol
AL HANO-N)2 AAE sl AEE &Y
A 2]7]&ol= o] w3k H(ion exchange)[10-13], &
tH(reverse osmosis) [14], A7|54H (electrodialysis)[15]
o AT, ojzgt Wi HAd HANO-NE AAsH=
o] olYzt T Este 7IeR, A= A HANOx-N)
7t 5550 Sl 2249l HaE sk A7 Aok
A7kt o s ik AANO-NE AAsH: 71&2 &
25 HA7IAMN)E HEAA AASH: 71ex 24 AHAE
AASH] wzell 4715 713 22 d4 s52AE sde
4= Qlth. Pt[16-18], Rh[18], Ru[19] 59 AZFES ESI5HY
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DSA = Cathode metal

Cu[20-24], Ni[25], Zn[26,27], Fe[28], Pt/Cu[29], BDD (Boron-
droped diamond)[9,29], Al[31] & TH¥t A= &-8sto] A7)
sfetd oz Hibd AANOs-NFE A7 sk A7 &3] -+
e o] grou, o]t A= A=o] AREo] 44 77t
A2 WA Folof 5}ul, B3] Cu, Zn, Ni, Fe 5 A% 74
52 5453R0B AR AFHol 9o} 718 2T of
2 2712 A Folof s 2AHo| Uck

olElg BAE Ak o AT B8H W39 DSA
(dimension stable anode) A=-& anode(Ats}A=H)=2 &8st A
A HAA(NOs-N) AlAC] #eE At7F Wol HiEy gtk
[32-38]. Miao Li[32] 52 TiliO-PtZ T4 DSA AZL
anode(AtSIA=H 02 AR5}l cathode(BT-FAF)OZE Fe, Cu,
Ti 59 W2 ALgsiol B LANONE AASRE
S8 S, Fe > Cu > Ti 202 AAL0| %A Lehg
t}il B35} David Reyter[34] 52 Ti/IrO,2 4% DSA
A=< anode(4H2bd=h) 02 ARESHAL, cathode(BHEA=)O=
Niz Cuo] B8-S Tele TS AHaslol A LANO:N)
£ AAsks A5 FAFFALL, CunNiyy Bl&°] 7H 2 &
£ YeIttal B 15T} Yimei Zhang[37] 52 Fe/Cu)
Aa2 cathode(BAH=h) 02 ARESto] ALY AANO-N)S
A A= A+E Sk

2 AFoAE AT ARE FHAad)st] s B84
¢l DSA A= anode(AFPd=)E AME-SHHA TheFRE
cathode(Z-FHA=E ARHE-SF] A AA(NOs-N) A|A
AREQl R Uold AANH:-N) TS FAs)st7] 93 2
A= AAsta, AFE A= 244 AFLE, WA
Asfizdo] mE i FANO-N) 3 dEYory &
(NH3-N)o| AFS ZASLL, A4 AASS Aktsto] 23
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Figure 1. Experiment apparatus for removing nitrate by electro-chemical method



YlgHLE o]gsto] wyto] 7heste S A|&Feteitt. M=o &
FAFE A715H7] Y3l TOYOTECH AF2] power supply(DP30-
05SFUYE ARE-SHITE. <Fig. 1>0f AAGA] /ME=E HErl 3L
ot A3PA=91 DSAC (D=2 AZsFAL, FHFAToE AL
&3 F5AF (=2 AZdstlen, 2719 whgrlo] 27t
2 Ad= st 244 ¥
o] &3] wykd ¢ UEF AN E
shlal, HEHAE U= 517] 915 Mesh= DSA A= A
Botith. Ad2 HHA 2 AGste], A7FeE AR ot A
Sol Asor 249 & Y=F sk

Anode(AFPA=)E ARESE DSA A2 CXMET AHFS)E
FE TillrosRup,0,2 F+AE DSA A=E& Fufisto] ARESHS
11, cathode(E-AA=)E AME-SE Zn, Al, Fe, Ti, Brass(3-%), Cu
A= AEHolA sttt dAHd E4A(NOs-N) &HL
AANFE F(NaNO;. 98%) (CAS 7631-99-4, AFA40k29])S &
ool &ofisto] Axsielh AfEdE2= FSHEFNaC,
99%) (CAS 7647-14-5, 4d&F5 ) FAEE(NaySO;,
99%) (CAS 7757-82-6, 4HH=F3A)S AHEoIl o, A=
AANFEF(NaNOs) &Hof| 21 g3fiste] AE-5H3ITH

4% FF =R (Hach, DR890)S ol-gsto] ALY A
(NOs-N) AA Ad Ae9] ZAibd HANOs-N)et erRLoby
AANH-N) 525 24513l obdibyd AANO-N)= Hf
2 Azl Hghe] o] ZhReHA] gh=thal HE I 17 wiizo]
He EASHA] 23ITH36,38]. FARFEE(NaNOs)= -§-5f5to]
AL AANOs-N)FE EA5h= Ho-8H S o]-gsto] AP
7] 2ol A4S 0|85t ot equation (1)1} Zo] T-N
AAES AXrste.
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T-N removal rate (%) =
{[NO3‘N] raw'( [NO3‘N]+[NH3'N])lreated}/[NOS'N]ran 100
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2.2 Z|™ Cathode(ZtIXZ) MA

27} Zo] AFS Potyrh anode(AIEH=HE = DSA A=
S ARSI, cathode(BYHT)EE DSA, Zn, Al Fe, Ti,
Brass(@5), Cug ARESIITE A= ZHA2 1 emZ AA[5H9]
I, 7S AHEYUELE 10 mA em?o|Yth AREH ARES
(NaNO;) &919] A AA(NOs-N) 5== 100 mg L'@L
o, GSHIEENaCHS 1.5g L' &85lo] A7 HAEEE 4mS
om' 2 grEgich A xH AAEFE(NaNO;) £ F 400 mL
£ 22} Fsjol 0037t WHEAIT T ABYstol 4L $Pat

>R

A AANO-NE A7IEsf5td off vHS-4 (2)~(9)2t
HEE-E0] o] F01AH[36,39], mEhA] AT AA(NOs-N)
FEkE AA7EAN)Z AAE B9 oty dryoby Ha
(NH;-N)Z= g€t

m
z o w &

N

NO;y + H,0 +2¢ — NOy +20H Q)
NO; +3H, 0+ 5. — (1/2)N, + 60H 3)
NO, + 5H,0 + 6, — NH; + 70H C))

H] 214 Anode(AHsHA S o] 85t A4 A A 2|Hgt 311

NO;5 + 6H,O + 8. — NH; + 9OH )
NO; +4H,0 +4, — NH,OH + 50H (©6)
2NO; + 4H,0+ 6, — N, + 8OH’ @)
2NO, + 3H,0 + 4, — N,O + 60H )
NO; + H,0+2, — NO+20H ®

olgA AH drYoryd HANH:-Ny= AFEAR T
O 1 o

Sk NaCl9] Cl o]Zo] o] ¥-g-4] (10~(13)3} 22 W3 =
FHYoMd AANH;-NYE FAZHAN)Z HSHA|A A A 5HA
Fth40].
2CI — ChL+2¢ (10)
Cl, + H,0 — HCIO+CI'+H" (11)
HCIO — CIO +H" (12)
ONH," +3CIO0" — N, +3CI +2H' + 3H,0 (13)

wakA, F AAT-N)Q AAE A3 A A4 da
(NOyN)9| A|7go] EomA 7 muior AANHN)
9] BTt Yol F AA(T-N) AAL] 2 WIS 3 A=
o7 MAstHrt.

2.3 M7|1HEE0 M2 EHA ’IA

2 daom AHE HA=ol disf o7t ARdzd] oE 2
4Hd AANO-N) AA AES Yot AfEdE2=
NaCl 1.5 ¢ 'S FYst9 1, A4 A4 AAY 1d=E &
Q7] el 7] HA BANO-N)Y =S 50 mg L2
Skt AlEe 400 mLRL, H=9] 7H4E& 1 emz A2}
Aok AFUEE 7k} 5, 10, 15, 20 mA cm™>E HIA|7|HA]
907t BHSAIZ1 & A& ste] Fibgd FANO-N)2F 42 Y

=

ol FA(NHs-

Aelzdel /g0 we EAd AANOs-N)2F Yoy
HENHN)Q 752 AR & A&(T-N) AALS ALt
SFATE NaCl/Na,SO45 <Table 1>3} o] Z}zF FQJsto] Asf
=4 F40] A4 AANOs-N) 3 R YoM F4(NH;-N)
AAC vA s S 2ARIAT. A& 400 mLALL, =
7] FAHd AA(NO»-N)9] 5= 50 mg L'tk A= 7H4
1 em 929, 15 mA cm®9] ARLEE A7|E A7IeH
90&7t RWHEAIZIHA o 15Euich MEFsto] Fabd &
(NOs-N)&}F H Yoty ZAANH:-N)E EAstiaL, 1 A
FE F AA(T-N) AAES ALstgic
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Table 1 Experimental conditions for investgating the effect of
electrolyte composition on nitrogen removal

Classification Na,SO; (g/L) NacCl (g/L)
(a) 1.5 0
(b) 1.0 0.5
() 0.5 1.0
(@) 0 1.5
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3.1 Z|X Cathode(2tHM=) MH

A7getdor Aibd AANO-NE AAT o, H=9
ARE F431617] Y15t0] anode(AFBHd=hHE HIESi Y A=<
DSA® 1145}al, £2]9] cathode(BAH=) A= AES 371
AT AFS 6k, T ZTE <Fig. 2>0 YERfloH,
I AR2RE A (Dol Yoff A4S & AAT-N) AAES
<Fig. 3>0f YeRi]ltt.

%27] AAA AANOs-N) 5% 100 mg L'o]4] 10 mA cm™
07 90&7t BHEAIZE o, & HA(T-N)O| A|A&Z cathode
(FHA)Z A Brass(B-5) > Cu > Al > Zn > Fe > DSA > Ti
%02 =7 Uehdth(Fig 3). <Fig. 2>5 B9 Ti® DSA A=

NO5-N Removal rate(%)

In Al Fe Ti Brass DsA Cu

Cathode

(a) Removal rate of NO;-N

NHy-N (mg/L)
2

n Al Fe Ti Brass DSA Cu

Cathode

(b) Concentration of NH3-N

Figure 2. Removal rate of NO;-N((a)) and concentration of
NH;3-N((b)) using various metal as cathode with DSA
as anode.

T-N Removal rate (%)

Zn Al Fe Ti Brass DSA Cu

Cathode
Figure 3. Removal rate of total nitrogen(T-N) using various metal
as cathode with DSA as anode
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4 AANO-N2| AAZo] WA ettt AL Zn, Fe 23
9ol WA ARNOAN) AIALE HIS3HA R, A2
% QR0 FANHN)Y B FE7t Fe > Zn > Al 420
2 %7 ekt 0] wet $ AL(TN) AALO] Al > Zn >
Fo 402 Z23l9it). Culs 28 gm0l SEE Al Bet ¥
A ebont A AANON)Y A|7&o] EobA Brass
(%) TLOE F WA(TN) AAL] ¥ et

2 PAEQl FRYog AANHN)Z] RR7F QAT A

>

3.2 M7|MEZ0f M2 AN A KA

#7 cathode(FLAE A H Brass(F5) Ao s
Arlete AFUEES WA7|HA AFUE] w2 it
HAANOs-N) AALY F7 dTYokd FANHN) 5EE
ZAVs1tHFig. 4).

A7k AF7E EoHISE WA AENO-N)2| AAEO] 5
7FelAA 25 dryokd AANH-N)S BEE AL,
15 mA cm® o AAHd AANOs-N) AALC] 54.6%= X
2 vehgon, 1 w9 ¥ AMNT-N) AALE 544%= o
2 YERGTE 20 mA em®oM e Z5F dEYord AANH-N)
£ o AAY AANOsN) A|lAEe] 25|18 Holxl 73
3RS e QItt. Anode(AFsHd =)/ cathode(BHE A=) E A DSA/
Brass(35)S AR&sto] AAb AANO-N)E A AT B A
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Figure 4. Removal rate of NO;-N((a)) and concentration of
NH;-N((b)) according to various current density using
DSA as an anodes and Brass as cathodes.



L 0.5 g L9 NaS0,8F 1 g L'9] NaClS A& Z7A0) A
90 ol oF 50% =] HAbg FANOr-N)2F & i
o] AALS Hoj[36] AFLUE 15 mA cm™E Q75 B AY

3 A1 AAES ERpgc

3.3 TollE2& 7d & BHSA|ZH0| [HE EA XA

AFIUE 15 mA cm” RZ0l|A] anode(4Hs} =)/ cathode(3t
HHA=)ZA DSA/Brass(F5)E AHEoHHA AsiEd 4 H
AR e Hibd FANO-N) 9 Yoy Ha
(NH-N)9] 5= H3tE s thFig. 5). A7 A=EE A
2709 AT BA Q0] 3,900~4,000 uS em' 2 FAFSFATH
27] A AANOr-N)9] 5&t 50 mg L9, ¥HA]
7ro] ZAagtol| wet A9l AP oz sl MfEd=
Al Na, SO ARGRE 2704 90 & A4 FA(NOs-N)9
=57} 30.6 mg L2 718 @o] 2551901, NayS0,2} NaClZ
83 Ao 284288 mg L' (Ao, A
A& NaCIh AHE-SF 497} 24.8 mg L7} Zoto] 713 whe
A AANO-NE AAT Aor Yy, dEYoH
A2 (NH;-N)9| o= HEZEA NaSOFt ARGS9
ole AdE dEYoM ANH-NE AAY & Q= Cl 9]
71 wizol AlZto] A& dRUotd FANH:-N)7F L
Ef}7] AlZFeto] 908 ¥Hg-Fofl= 4.2 mg L'9] oy F

coneentration (mg/L)
w
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Figure 5. Changes in the concentration of NOs;-N and NH;-N

depending on the electrolyte composition and reaction
time using DSA as an anodes and Brass as cathodes.
(@) NaySO, : 1.5 g L™ (-#), (b) Na;SO4/NaCl : 1.0/0.5
gL' (=), (c) Na,SO4/NaCl : 0.5/1.0 gL (=), (d)
NaCl:1.5gL' (@)

H] 414 Anode(AFsHA S o] g5t A4 A A 2|Hgt 313

A(NH;-N)7} A= et 8Hd, AsjEAE NaClZ FU3g 3
S NaClZ 05 gL', 1.0g L', 1.5 g L' B3t & A0
AHE Yo AANH:-N)7F DAEA] gt

<Fig. 6>°ll A4 Aol WE F ANT-N)9 AAELES
eIt HoiEd 24 NaSOt AFHESE 9ol Al7to]
747t whet AAMS AANOs-N)7F FE U o] A 4y(NH;-N)
2 HSEHA T AA(T-N) AAES NaClZ Hi2d= A
83 8 FEY fasith AsiEdE NaClgk AHgH
897t & AA(T-N) AAL0] ¢ 55%=2 7HF =A Yes L,
71 Qo] Na,SO,2} NaCl& &8 AR&-3F Na,SO/NaCl : 0.5 g
L'/1.0g L2} Na,SO/NaCl : 1.0 g L'/0.5 g L''9] ALoj= &
Ai AAEL0] 48%2E SU5HA Urebch
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Figure 6. Removal rate of total nitrogen (T-N) depending on the
electrolyte composition and reaction time using DSA as
an anodes and Brass as cathodes.

() Na;SO; : 1.5 g L™ (- 4), (b) Na2SO4/NaCl : 1.0/0.5
g L' (), (c) NaySO/NaCl : 0.5/1.0 g L™ (=), (d)
NaCl:1.5gL'( @)

4.3 B

F5oll AA(T-NF AASH] A%t d7|etets] ¥y & A
S0 282 Hasb] Isto] v 1
anode(AFBHANE ALgD}7] 93t HH
A7E AT,

A7 A3 23S £2517] U9 cathode(FUHD)Z DSA,
Zn, Al, Fe, Ti, Brass(35), CuE ARESIRS W, Msf=d=
NaCl 1.5 g L 27104 Brass(F-%)7} 4 A4 (NOx-N) A
A&ol 7P o WA FARER] YoM A (NH:-N)7F %t
F3H glol 7V 2 & AATN) AALL Uerfel 57
cathode(F-YAT) 02 A5t Z. Shen[41]2 CuZ} HAHY
ZAANO3-NE oFdAH AAN02-N)E HE2A ASAZS
HI5FGT, S. Yang[42]2 Zno| obEAMY AAE A4E A
A71E E37F eE& BEA5HY T Brass(3-5) Cwznl| 3
TO= o|FojA QI7] Wzl olHgt AR aRE Qlsto] F
A4TN) AAG0] o BA et Aoz wekEr

Anode(AFsHd =)/ cathode(THA A=) O 2 A DSA/Brass(3s)
A= AHESHEA A 2A2AS 25T 20, AFRUE 15
mA em”, 3482 NaCl 1.5 g L'9] 24 90 wH-4], &
AATN) AAL] F 55%2 71 B AAES YA
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