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A718keHA HEled& olgsto] AS3 el W AA dAe] s AAEES AR,
0171*1 *Jé% Ao A2 (pH Wil ARFds, A, axdF/)S HAsAA dabd da AAEE, ouxx
FARNE BRI g gl Adel gJgh 2|7t obd ekl A71sekA A E Fe Dad
_/;\_ ;(."71 Ns—]& 31 g—g]. 1;]. 100 mg NO3 _N/L lzgj )\17‘54 ‘} gjq.oﬂ}\—] i(?_:} /(-]:10] 7:] > 7n-Zn @_' 7k, 5] ,g_/H /\]_
A= H“J(Pt)ol 79 PeTi A5elA =2 4] Ah AAEES YERNITE 150 mg NO; -N/LelA] Zn-Zn A=
F2l 79 pH ZAglo] A71Eds A 70~85%, B84 Alsbd=l WPl - Pt-Ti A=A 40~50%2] 2
A Az AAEEES JERITE 283 235521 500, 1,000 mg NO; -N/L AAbA Ax AA A843}, 5571 5
VR AAEES sk AEE HolA|RE ouA] Axgke] tigh é* AAEES TV thekA 27]5)8t
2 A2 %Jjﬂ?éﬂr Test 4 272 HA 9 27102 m%o}cmuq 71 o6 TRt k. 3 WA 1elelA 2anE
Zn F=E] ti-E 2t )% A elA EEiela, F WA, 2%t HOWL =84 s s R AR
oBM A AR 7l~ J& 9o, npHo R Zng AT R AMERIeRH Znd Aol§ 7FsdE =Xtk w
A, AAE e A g Ao A71siehA 3o] A8 ¢ e ZleE divhdrt

Abstract — This study examined the nitrate removal efficiency which uses an electrowinning, and also analyzed the nitrate
removal efficiency under a variety of operating conditions such as nitrate concentrations, pH, current densities, electrodes,
reducing agents in order to determine optimal conditions. In addition, the multi-step electro-chemical process test has been also
analyzed. During the electrowinning, the identical Zn-Zn and Pt-Ti electrodes in the insoluble oxidation electrode(Pt) has
shown the highest nitrate removal efficiency in the 100 mg NO; -N/L concentration. In the concentration of 150 mg NO3 -N/L,
the efficiency of the Zn-Zn electrode were 70~85%, and that of Pt-Ti electrode were 40~50% without any change of pH. In the
high concentration of 500 and 1,000 mg NO5 -N/L, the higher the concentration, the more decrease of its nitrate removal effi-
ciency decreased. However, the energy consumed for nitrogen removal increased when the nitrate concentration was high. As
a result of the multi-step electro-chemical process test, We chose the Test 4. Because the first, most of the zinc consumed from
1 step was recovered from over the 2 step. The second, amount of consumption anode decreased with insoluble anode Pt from
over the 2 step. And the third, Zn cathode increased the possibility of reusing Zn deposited. In view of the results so far
achieved, the multi-step electro-chemical process would be applied to treat nitrogen involved in metal finishing wastewater.
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2-1. A e H AKX

B Agof] ARgH AJekE ZXHHNO;; 60~62%, Daejung(f); extra
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Fig. 1. Schematic diagram of the electrowinning.
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1 . Pt-Ti Pt-Ti Zn-Zn Zn-Zn
Step || (1,200A/m’) (1,200A/m’) (200A/m’) (200A/m’)
| { 1 |
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l { 1 |
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Fig. 2. Flow sheets of multi-step electro-chemical experiments.
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Fig. 3. NOj3 -N removal efficiency with various electrodes.
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Fig. 4. NOj3 -N removal efficiency with various cathodes and current
densities (Anode : Pt).
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Fig. 5. NOj3 -N removal efficiency on different process and retention
time (Zn-Zn electrodes).
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Fig. 6. Variation of pH on different process (Zn-Zn electrodes).
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O LpERTE

ARl w2 pH W3H= Fig 60l LFERISITE. vkg-A1Zko] =ubdd
A pH7F 271 2.00014 7082 S78ke AEE Bl ole
sulfamic acid®} Zns AR Tt FAS En)2 =45 o
W sulfamic acid’} §8l|E0] F40]2H)S FHaHA 7] wfjEo]
tH12]. 3R 2] (el 28l Aol 7AsH Har o]2]Ek vE
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2

3-2-2. pH 228X Zn-Zn A= T3t A8
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Fig. 7. NOj3 -N removal efficiency on different process and retention
time (Zn-Zn electrodes, pH = 1.5~2.0).

= pH A FYUEE Ak 28] Hul eyt SRy
TAolZHYE T38A D7), o1& &l FAolR8] o] F kg
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acid, ¥'Z Zn Y& 123t Ay} pH ek b2 27E A4
st A71518k4 A7l S sielt).
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AT ARE Folal AW Ax AARES =o)7] SJd
W o] SRR 5% 7Aoo walste] AFeA< (anode)dh B
Hcathode)ll AFHE T8I ARl 23t A9 A7 = Fig. 8
off YRSt AAMd A AAEEC] T2 T 5 Hjs)] W
AnE Bk AAHQ) AT AN Foltis AEgS B
O} HESAIRE 60 min A7 3HE Wl AAFQ Had A A)A
FEHL 45-70%2] Arts Helom, Mo AEwAY st
Al B Zn2 AR Al A SEE o] M S 0% o] she
Z2E B3t

WA o8k F oA sulfamic acid®} Zn®] A Akl

HRg3} 712 ALeheh kg AT AT} gl ella] whyeted,
%

FxA)] AEE AL FAsK= ZnS A1elekANke-g- A el =
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Fig. 8. NO;3 -N removal efficiency on different process and retention
time (Zn-Zn electrodes, Cross-Currents).
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k9] Mo Faw= zno] =578 FE7} o complex HENE 3
ZE B 77 9hg/do] oA A0 ® AlEH

3-2-4. 7} QERJIA(pH, Aol digk A8 A7 v]w(150 mg
NOj;-N/L)

Iz Aad Ao AAEE] gt 423 7n-z7no] 7
G Ah AAEES Fokou AskAS ARE QIS A5 23k
25do] MABIQILE. o]} o] AlshA= ARE WSt F2 %
A A AAEES 97] f8 B84 WiaS ARSSE A3,
A ARE A §lglon A AAGE] Aoz v
e 28 E 5 9lth

weba] 873 A= AR iAetaL WA A AAESo] =
S Zn-Zn Wl gt 54l A ANE vwsiSith. 24%
A8 A A AAEET 259 XS] gt Ak A
Z[(Amount of NO3 -N Removaly/{Z(V XX t)}] A¥H= Fig. 99} Fig.
109 ERIRITE, FUH= Znell ] pHE 248k k2 7392k =
A A9, WA Al DAY A AA TS uid Ayjoln). A
& AAEES pHE A & A Judos =2 AAR
& Blon, AAAQ AAELES EW-Z>EW>EW-SZ>EW-S <&
© 2 et

o) ko] gk AA] Ax AARES pH 24E dhe &
AzdolA Aa AAZo] FA Ukt o= pH 28A] FY==
1N H,80,°0 ga) el Axs Rz Q13 o] 257} A
o7 ZolEA Hn AL o] 255 oJu|alA )

M Uncontrol pH B Control pH O Cross-Current

80
60
40 F

20

NO3-N removal efficiency(%)

s

EW EW +Zn

EW +sulfamic
acid

EW +sulfamic
acid+Zn

Fig. 9. NO;3 -N removal efficiency on different process and various
conditions (Zn-Zn electrodes).
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Fig. 10. Amount of nitrate removal/consumption energy on different
process and various conditions (Zn-Zn electrodes).
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3-3-1. 500 & 1,000 mg NO;-N/LoA Zn-Zn A=) o3t 28

Q1 500, 1,000 mg NO3 -N/LAA AFA = Arbg 24
AAEES ol Fig. 1134 Fig. 12¢] YeRQITE A7d=rt 5
7VeEE 2 Aa AAEE] S7FsHA "ok 2E]a Fad A
2 BE7 S7VERE AR A A EES s FAut A
A= 2 S "k £ Ao dRdRe] SR St
ARES AREEE 7M7) olo e A=A AAGEO]
S7RIR= 949, 1318k thEA AsE 5= Qlk. o)== AA uPd
o] T E gal &4, FAEE e hEA A At
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g. 11. NO3 -N removal efficiency on different process and various
current densities (Nitrate concentration : S00 mg NO; -N/L).
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Fig. 12. NO; -N removal efficiency on different process and various
current densities (Nitrate concentration : 1,000 mg NO;3 -N/L).
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Fig. 13. NO3 -N removal efficiency on different process and various
nitrate concentration (Nitrate concentration: 150, 500, 1,000 mg

NOj3 -N/L).
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Fig. 14. Amount of nitrate removal/consumption energy on different
process and various nitrate concentration (Nitrate concentra-
tion: 150, 500, 1,000 mg NOj3 -N/L).

sigkeiikg-o 2 ik AAE AAS] whitolt).

A E % 500 mg NO; -N/LoA Aaky Ax AAZE
38~72% 7450131, 1,000 mg NO3 -N/LollA 20~57%2] AF7U %
Ax AAEES Rk st AIWHE(EW, EW-Z, EW-SZ)
AV Ax AARES T A7) QI A= UERT

]

Wk rlo

3-3-2. A AARET oAUA] A5

FYe Zn-Zn A= A IA dPIAE S5 150, 500, 1,000 mg
NOj3 -N/L ©fl tigt Ax A AAREY oflUx]| AT st 2
4 A2 AR A3R= Fig. 137 Fig. 140 YeRilt

ASA3} 2F RN AV Ha s SRS A
AAEEE o= 4TS & T ot oux]an gl st 4
AV Aa AAZE S7RH Hi= AL BT ol Y oy
2R A tPIAEZE A B oA Fabd Havt A
= o] W o7 el Ar A4 AARES AwTel
A =5 ARE o] B2 arEollA oux] &gol A
ebdth=s 21 ou]siti14].

el FA o) 23k ¥ 0 7= AT AR} B84 AP A
AN A AAES, AFLE, pH 24, v A=, T893 ¥
A9 sulfamic acid®} Zn U 5 oI8] 71X glog 13l 90%
o] Aad A AAEES A TSI b AR ES

Table 1. Operating conditions of multi-step electro-chemical treatment

Conditions
Nitrate conc. (mg NO3 -N/L) 150
Current density (A/m?) 200, 400, 800, 1,200
Total retention time (min) 60
Anode-Cathode Zn-7n,Pt-Ti,Pt-Zn
sulfamic acid (g) 1.0
Zn(g) -

100

B0 r
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40
Test 1

—&k—Test 2
—{F+—Test 3
- -0 - Test 4

L 1

60 120 180 240

20

NO3-N Removal Efficiency (%)

Retention Time (min)

Fig. 15. NOj3 -N removal efficiency on several test process in various
current densities and retention time.
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