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*Vz�' ¾Ò»ö ~� ö>Ú~ FVb" î²~ ¾Òö &� ��¢ >¯~&
. � O»j �Ï~� �� �*Úö

FVbj 90%�ç B�& &Ë~&
. *~&ê& Ã&�>� >w³ê ç>~ Ã&� ¾ÒÎN� Ã&~&
. � 
þj

Û~� DSA*�j �Ï� '« Öë*Ë~ ö>Úö FVz�b" î²~ ¾Ò& &Ë�j {�~&
.

Abstract − This research has been performed to study electrochemical treatment of organic compounds and nitrogen in

wastewater. Organic compounds were removed through electrochemical treatment. The removal rate of organic compounds as

increased with the increasing current density(A/cm2). Because reaction rate is increased. The results in this study suggested that

DSA electrode was capable of removing organic compounds and nitrogen from industrial wastewater.
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1. B �

*Vz�' ¾Òº ¾Ò~�¶ ~º bîj �F� *�îj Ò�ö v

� ·�" r�~ Öz-~ö >wj �Ï~� *Vz�' >wj ¢bÚb

�B F� bîj B�~�¾ Z�� Wªb� æz�Êº �;j ö�
.

FVb ¾Òö ®ÚB~ *Vz�' O»f V�~ �Wê �O ¾Ò,

�' 6º z�' Öz ¾Ò 5 �b�' ¾Òö j~� &N �·, �

� >w ³êf �& 5 F�� ÖzB& jºì
º Ë6j &ê
. 

�f ?f FVb ¾Òö &� O» 7 *Vz�' ¾Ò O»f �²

v &æ� ¾*Ú ��Ú æ� ®
. Ñ� ·�j r��ª�¾ Æ" ?

f Ï�W .³b� ÒÏ~� ·� Öz >wö ~� FVbj *� w

÷[1]�Êº O»" ~� ·�j .³ Özb b;j ê��Î ®ÏW

*� Òò� ÒÏ~� ·� Öz >wö ~� çÁ*7'� FVb~

Öz ¾Ò»�
.

��¾ Ñ ®�~ *� w÷»f Ï�W *�j ÒÏ�b�B .³

>Özbj ;W, �~ �* >wj Û� FVbj B�~º O»� Ì

f *�~ vÚ¢º ^B6" Ò�æ B�" ?f 2N J"b~ VÂ

�¢º ^B6j n� ®
. �ö >~� .³ Özb *�j ÒÏ~º

ãÖ *� >wê~ 2N �Wb� B�~æ pj ïê B�, FVb ¾

Ò �Ò� 2N J" B�~ �²z G�öB �� &æ ­6j &æ�

®
. � <öê ®ÏW Özï *�j ÒÏ~¾, � ¾Ò ÎNj ¸�V

*� "²f ?f Î&B¢ ÒÏ~º ãÖ[2-4]ê ®
. ��¾ � ¾Ò

» �� Fë &Ê� "² &Ê~ B��¢º ^B6j &æ� ®
. V

¢B � ��º Î&B¢ ÒÏ~æ p�, ®ÏW� .³ Özï *�j

ÒÏ� *V z�' Öz >wj Û~� ö> 7~ FVb, 7.³, zÎ

îj, ïê 5 êî �j B�~º �;~ BBj Ï'b� ~&
.

ç^~²º b& r�b�º Æ, 6º î.6j ÒÏ~� ·�b�º

�æª 6çö .³ Özbj b��Î[5-9] *�� DSA(Dimensionally

Stable Anode)¢ ÒÏ~� ·�öBº FVb~ Öz >w� ¢Ú¾ ª

�>� B�>�, r�öBº 7.³~ ~ö >w� ¢Ú¾ r� 6ç

ö *O~� B�>º �;�
.

� ��º ��� 
þj Û~� ö>~ FVb" î² ¾Òö &�

Ú* �� 5 *�~ >wWj ��~º� � Ï'j &ê
.

2. ��' Vã

 ¢>'b� *Vz� ¾Ò�, FV J"b~ ª�º ç7 ·� Öz
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(direct anodic oxidation)>w 5 *7 ·� Öz(indirect anodic oxidation)

>w~ v &æ >wö ~� ¢ÚÂ
. ç7 ·� Özº ·� ��ö

B J"b� �OB ê ·�~ *¶ �ÿ >wö ~� J"b� ª�>

º V���, *7 Öz >wf *V z� >wö ~� ¦Öb� Nj

"²Ö(hypochlorite)[10], Fenton >wb[11] 6º .³W Özb �N

(oxidized metallic ion)[12]" ?f ;K� ÖzKj &æº bî
� �

W>� �
 �W ÖzBö ~� Ï� ÚöB J"b~ ª�& ê¯>

º V��
.

Özï *�öB~ FVb~ ç7'� Öz ";f �² 3�ê� ¾

*Ú �'� > ®
. b& � (1)ö ¾æÞ ©" ?f .³ Özb *

�~ &> ª� >wö ~� FVb Özf Ö² B�ö >wWj æò

z�«� MOx+1~ �W�
. �Ò� � z�«~ � (2)f (3)ö ¾æÞ

©" ?f >wj Û� FVb� ÖzB
.

·� Öz >w~ Î�ç[13][FVb(R), Öz.³ *�(MOx)]

Ñ®� >w: b~ O*ö ~� �Wê(MOx+1)~ ;W

(1)

v®� >w: FVb Öz >w

(2)

^®� >w: Ö² B� >w

(3)

� FVb~ Öz >wö ~� �« B� bîf �Özê²(CO2)&

B
.

� 
þf ³êö �² ~��
� &;~� 
r~ �b� ¾æâ

> ®
.

(4)

(5)

(6)

Ö"8f ³êö V�æ� ¦bº �J~æ pjê B
. V¢B ¢

>'� �*b� ¾æÚ� 
r" ?
.

(7)

�VB 
� ;Ò~� 
r~ �j áj > ®
. 

(8)

� �j �Ï~� ' *~ &êöB ³êö V� >w³ê ç>¢ �

� > ®
.

î² ¾Òö &� >wf ÖF ·�öB î²¢ ��~º FV z�

b� b" >w~� îÖ" jîÖb� Öz>�, � ";öB �Öz

ê²¢ OÂ~² >� >²�Nj �W�
. �r~ >²�Nf r�ö

B B�~º OH" >w~� bj �W~² B
. r�öBº îÖ� j

îÖb�, �Ò� jîÖf zÎîjf î²� *~B
. �r~ zÎî

jº 
� ·�öB î²� *z>² B
. ¢>'b� zÎîjº >Ï

çöB zÎªb� �Ò~² >º� �º Ö²f >w~� jîÖb�

*~B
. V¢B � ��¢ Û~� î²~ �W >wf ·ã >wªj

r > ®�, 6� î²f FVb~ ÿ� ¾Ò& &Ë�j r > ®
. 

3. 
þO» 5 Ë~

3-1. ·� B�

� 
þö �B *� Özö ÒÏ>º ·� Òò~ F�ö ®ÚB 


·� Wª~ .³ Özb *�j B�~&
. V�~ w÷»öBº Fe

¾ Al plate �j ÒÏ~&b¾ �º 2N J"b~ B�j Fê~æ�

� ��öBº î�Ú *�j BB �Ï~&
. ÖF'b� n;W, j

Ï �Ò� ~ã' �zW �j �J~&
. � 
þöBº Öz .³j

ææÚö ê�~� ÖWö ;~�, Ö² B�� ôf Fig. 1ö ��æº ©

" ?f DSA(dimensional stable anode)¢ B�~� *�b� ÒÏ~&


. B� O»f b& �æª ææÚ¢ sand blaster� �î~�, 10%

KÚÖ(oxalic acid)öB 30ª &�~� ��~ �æª Özïj j*®

B��
. �Þ "Ö 6º �²*�jr�ö �� &æ Wªj~ .³

Özbj Ï�~� Özb *� B�ö jº� Ï�j B��
. �Ò

� �
 Ï�j �æª ææÚö ê�~� 120oCöB ���Î ê, 550oC

öB ~²(calcination)�Êº �ÃO(thermal deposition)";j ��®
MOx H2O

 
 r0
  → MOx 1+ 2H+ 2e  –+ + +

MOx 1+ R r1
  → MOx RO+ +

MOx 1+  r2
  → MOx

1
2
---O2+

Ji
1dmi

Adt
------------  
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--------------– kCb= = =

 
dCb

dt
---------–
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V
----kCb=

Cd
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-------∫  A
V
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dCb
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---------– k Cb⋅=

Ct

Cb
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Fig. 1. Photograph of (a) titanium substrate (b) DSA electrode.

Fig. 2. The scheme of polarization curve of electrode.
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>�~� 
·� Wª~ .³ Özb *�j B�~&
. Fig. 2º ��

&æ *�ö &� CV(cyclic voltametric curve)¢ ¾æÞ ©�
.

2. *� Öz

*V ª�ö ~� FVb" î² B� 
þö ÒÏ� ö�f 
B Ö

ë *ËöB OÂ>º ³£B� ö>¢ &çb� 
þ~&�, 
þ Ë

~º Fig. 3ö ¾æÞ ©" ?� *�j vN V�~�, ¸�¢ �.~

� FÚ~ vªj *-j¾� >� v�² ~� >wWj ±ê� Jê~

� ÒÏ~&
. ·�b�º �B B�� /
 *�(DSA)(Fig. 1̂ �)j

ÒÏ~&�, r�f î. 6º Æ6j ÒÏ~&
. �Ò� *~~ �/

f power-supply(HUNG CHANG, HC1330A)¢ �Ï~&�, 6�, ö

>º ²*¢ �Ï~� ¢; ³ê� v�² ~&
. �r ö>~ >wV

Ú~ Fïf 2,000 ml¢ Fæ~&�, �* �Òº 3 cm� ~� 
þ~

&
. Table 1öº 
þö ®ÚB~ �� &æ 
þ ��ö &~� ¾�

~&
.

ö> 7~ FVb Öz B� 
þ~ BBº b& r�" ·�j r¢

Ò îæ[NaOH(25 g/l)], >^ 5 Ö^(5%HNO3) �~ *¾Ò¢ ~� Ò

Ï~&
. 6� 
þ ��f Table 1ö ��ê :f ?� **~(applied

current) 5 HRT(hydraulic retention time) æz�B &�, ' ö> Ú~

FVb Özïj �Ò~&
. >w 7 ¢; �*î
 �ò¢ j�~&

�, FVb~ ³ê ªCf Total Organic Carbon Analyzer(TOC-5000A,

shimadzu)¢ �Ï~� TOC(total organic carbon) 8j G;~&b�, î

²~ ³ê ªCf TKN(1035 Analyzer)¢ �Ï~&b�, ª¶~ �V

5 ç�¢ {�~V *� GPC(spectra-physics P2000)f GC-MS¢ �

Ï~&
. 6� ïê¢ G;~V *~� UV-spectrometer(UV-1601)j

ÒÏ~� ªCj ¯~&
.

4. 
þÖ" 5 Æ~

4-1. ·� F;

ö> Ú~ Öz ¾Òö ®ÚB �
 ¾f ¾Ò Î"¢ *~� ��

«~~ Özb bï[j ;W�Î 
·� .³ Özb *�(DSA)j B

�~�, ferric-ferrous cyanide Ï�öB~ B~� *~-*{»(CV, cyclic

voltmetry)j �Ï� �Ò¢ ~&
. Fig. 2º ' *�ö &� B~� *

~-*{ �Fb� �âöB r > ®�� IrO2-SnO2 Özï *�� *

êW 5 >wWö ®ÚB &Ë ·^� ©j r > ®
. V¢B ö> Ú

~ FVb Öz ¾Òö ®ÚB IrO2-SnO2/Ti *�j &�' ·�b�

ÒÏ~&
.

 

4-2. Batch Test

³£ B� �ËöB VÂ>º 
ö>¢ ÖF'b� batch test¢ >¯

~�, *~ &ê¢ '' 0.19, 0.29, 0.41A/cm2� æz�B 
þ� Ö"

¢ Fig. 4öB �&
. �Ò� r�" ·�~ �* �Ò(DC/A)¢ 3.0 cm�

�;�Ê�, /
 *�j ·�b�~� *� Öz 
þj �¯~&
.

�r *~ &ê æzö V� ö>Ú~ FVb Öz ³ê Fig. 4ö ¾æ

Úî
. Fig. 4º *~ &êö V� CTOCt/CTOCo 8 & �*~ �¾*

¢ ¾æÞ ©b� *~ &ê& Ã&�ö V¢ FVb~ Öz ³ê& Ã

&~º ©j r > ®�, �*� æÎö V¢ CTOCt/CTOCo 8� 6²

~
 £ 10�*� æÂ ê ï;ö ê��j r > ®
. �Ò� � r~

CTOCt/CTOCo 8f 0.19, 0.29 5 0.41A/cm2öB '' 0.80, 0.65 5

0.35� FVb Öz ª�Nf '' 20%, 35% 5 65%�î
. *~ &

ê Ã&ö V¢, ¯ *¶~ �ÿ >w� �B�^ Öz >w� /ê >

º ©j {�~&
.

�º Fig. 5öB ���� GPCÖ"öB ¾æ¾�� ö>ö �ª¶&

&¦ªj Næ~� �¢ ¾Ò~º� �*� �Òº ©b� ��
. �

³ 
þ Ö"öB ���� Ú~�*� ^>� ¾Ò ÎN� ±f ©j

r> ®º� HRT& 7�* �ç~ >wöB 70%�ç~ ¾Ò ÎNj á

j> ®î
. 6� GPCÖ"� Fig. 5f GC-MSÖ"� Fig. 6öB ��

Fig. 3. Experimental apparatus for electro-oxidation systemPP
1. Power supply 3. Cathode
2. Anode(DSA) 4. Reservoir

Table 1. Experimental conditions for electro-oxidation of wastewater by
electrochemical oxidation

Variable Condition

Current density(A/cm2) 0.01-0.04
Distance between cathode and anode 3 cm
HRT(hr) 3-12
Industrial wastewater Agricultural chemicals wastewater
Analysis TOC, CODMn, CODCr, GPC, GC-MS

Fig. 4. Variations of Ct
TOC /C0

TOC of agricultural chemicals wastewater
as a function of current density at DC/A=3 cm(batch test).
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æ�� &¦ª~ �ª¶ 5 Wª
� ª�>Ú ¾Òêöº &ª¶� >

�, B�>º ©j {�� > ®î
.

4-3. Continuous Test

Fig. 7f *~ 
þÖ"¢ �Ï~� *~ &ê¢ 0.035 A/cm2b� ~

� ' HRT¢ æz�B&� �³ 
þj ¯� Ö"¢ ¾æÞ ©�
.


þf HRT¢ 4, 6, 7, 8, 10�*b� ~� 
þj ¯~&
. ¾r 10

�*b� ~� 
þj �·~&j ãÖ �¾*öB r > ®�� n;

z, ¯ ï¯ ç�ö ê�~º� £ 5¢;ê �*� �^
. �º V�

¾Ò O»� �b�' ¾Òö j~� �� �*�Vº ~¾ *Vz�

' ¾Òö ®ÚBº 
² �*� �Òº ©b� ��
.

Fig. 8" Table 2º *~ &êö V� ¾ÒNj �Ï~� *~ � (8)

ö ~� >w³ê ç>¢ êÖ� ©�
.

Table 3f î²~ ¾Ò Ö"¢ ¾æÞ ©�
.

4. Ö �

Öë ö>¢ &çb�� *Vz�' Öz ¾Òö &� ��¢ Û~�


r" ?f Ö�j áj > ®î
.

(1) *Vz�'� O»j �Ï� Öë ö> ¾Òº �³ê 5 &³ö

®ÚB Ö>� ¾Ò ÎNj �&b�, V�~ �b�' ¾Ò¾ *� w

÷»ö ~� ¾Òö ®ÚB ^B& >º 2N J"b~ B�j ÛB~

Fig. 5. Variation of GPC of agricultural chemicals wastewater.

Fig. 6. Variation of GC-MS of agricultural chemicals wastewater.

Fig. 7. Variations of Ct
TOC /C0

TOC of agricultural chemicals wastewater
as a function of time and HRT at DC/A=3 cm and current  density
=0.035 A/cm2(continuous test).

Fig. 8. Variation of reaction rate of agricultural chemicals wastewater
as a function of applied current at pH 4.

Table 2. Variation of reaction rate

Current density(A/cm2) k(sec−1)

0.019 1.72*10−5

0.029 4.55*10−5

0.041 1.44*10−4

Table 3. Variation of T-N(ppm) as a function of current density at DC/A

=3.0 cm, pH 8

Current density
Result

Initial(0) 0.019 0.029 0.041

T-N(ppm) 621 130 64.4 28.5
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º ©� &Ë~&
.

(2) *Vz�' Öz ¾Ò �;ö ®ÚB ï;ö ê�~º n;z �

*� �b�' ¾Òö j~� ç�® 
rj {�� > ®î
.

(3) 
·� .³ Özb bïj �æªææÚö ;W�B *� Öz

ö ÒÏ>º ·� Òò¢ B�� > ®î
. �Ò� �
 *� Òò¢

�Ï� Ö" *�~ >«� Ö>~&b�, Ö" ?f ��~öBê �

^B& ìrj {�~&
.

(4) Âª�W FVbj �F� ö>~ *�Öz ¾Ò¢ Û~� 70%

�ç~ FVb Öz ª�Nj áj > ®îb�, ÿ�ö î² ¾Òö ®

ÚBê Ö>� Ö"¢ áî
.
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