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 *V z�' ¾Ò»ö ~� ö> Ú~ �n~ Öz 5 �Ò~ ²>ö &� ��¢ >¯~&
. *� ¾Ò¢ �Ï~�

ö> Ú~ �n 5 �Ò¢ 80%�ç B�� > ®îb�, >Ò�' Ú~�* 5 �*�Ò& 6²�>�, *{� Ã&�>

� �n~ ÖzN 5 �Ò~ ºÂ�f Ã&~&b�, 6� *{� 6²�>�, �* �Ò& 6²�>� ·� 5 r�~ *

~ÎNf Ã&~&b¾, >Ò�' Ú~�*f *~ÎNö � 'Ëj "æ p~
. 

Abstract − This research has been performed to study the oxidation of cyanide and recovery of copper in wastewater. The concen-

tration of cyanide and copper reduced by 80% through the electrochemical treatment. The oxidation rate of cyanide and the recovery

rate of copper increased as the hydraulic retention time and the distance between cathode and anode decreased. And, those rates were

proportional to the increment of applied potential. Cathodic and anodic current efficiency however increased as the potential and the

distance between cathode and anode decreased. The hydraulic retention time showed no effect on the current efficiency.
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. ß® ê.ëÚ�¦V B�~º ö>º ÿ¢ B®j �Ö~º
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.

� <öê r¢Ò ^;�, F7 �;, Æ; �¾Ò 5 ê�&Ê B�

�; �öBê B�>� ®
. ß® �n z�bf «~ö V¢ N�

º ®b¾ �~& ;� ëWj æî� ®b�, ö> 7ö �ï ��
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¾Ò ÎNj �J~� &Ë '�� �;~ BB� jº~
.
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��öBº ®ÏW ·�j �Ï~� *� ·� Öz ¾Ò»b� �

nj ª�~�¶ ~&
. �W ö> Ï�b�¦V *{, >Ò�' Ú

~�*, r�" ·�*~ �* �Ò �~ æ>ö V� �n~ Öz

ª�(�~ Öz� �V) ¾ÒN, �Ò~ ²>N 5 ''~ ¾Òö V

� *~ ÎNö &~� �Ò~&
.

2. ��' Vã

ê. Ï� Úö �n �Nf �ëb�ê �Ò¢ ~¾ 7.³ �N

� �Ò� ãÖ, 7.³" O"j ;W~� �Ò~² B
. � ��

öB ÒÏ� ö�~ ãÖ �Ò �N� �Ò~æ� � (1)" (2)ö ¾

æÞ ©" ?� �n �N" Ob ;W >wj ¢bÎ
.

(1)

(2)

�Ò� �
 � (1)" (2)~ >w ï; ç>º '' 3.8×1028 5 5.3×
1023b� 
Ö ¸
. V¢B � ��ö ÒÏ� Ï� ÚöB �Ò~º �

Ò~ z�«f  5 ~ ;�� �Ò~² B
. V

¢B r�öB ¢Ú¾º >wf Table 1ö ¾æÞ � (4)f (5)~ >w

� &¦ª¢ ©b� ÒòB
. 6�, ·�öBº �n �N� � (7)ö

¾æÞ ©" ?� Öz>Ú �nÖ �N(CNO−)b� B ê, � (8)"

?� î²f êÖ&Ê� ª�B
. 6� � �W ö�~ pHº r¢Ò

W�æ� � (11)ö ¾æÞ ©" ?� �nÖ �N� &> ª�¢ ¢b

B zÎª �N" êÖ �Nb� >º z�>wê ¢Ú¾² B
.

(11)

V¢B �n ª� >wf � (7), (8) 5 (9)~ >w
� ÷�~�

¢ÚÆ ©b� ÒòB
. 

�Ò� *� ¾Ò� ÒÏB *Vï 7 âî& 
B >wö ç7 �

Ï>îºæ r jº& ®
. 
B�º ·�öB~ ãÖ �n~ Öz

>w ��ö Ö² B� >w� ¢Ú¾�, r�öB~ ãÖ �Ò *O

>w ��ö >² &Ê~ B� >w� ¢ÚÂ
. ��æ� ·� 5

r�öB~ 
B Ï'� �n Öz >w 5 �Ò *O >wö �Ï

B *Vï" *Ú Û"� *Vï"~ jN ¯, 5 ·� *~ ÎN

(anodic current efficiency, A.C.E.) 5 r� *~ ÎN(cathodic current

efficiency, C.C.E.)f 
r � (12)f ?
.

(12)

�VöB niº z�« i~ *~>, Wiº r� 5 ·� >wb� ��

¾ÒB z�« i~ >wï(g), MWiº z�« i~ ö¶ï�� Qº *

Ú Û"� *Vï(AÁsec)j ¾æÞ


3. 
þË~ 5 O»

� ��öB �Ï� *� Ë~º Fig. 1ö ¾æÞ ©" ?
. *�

¾Ò�ö ÒÏ>º r�b�º 
�W î. *�j Z*� ê.b�

B�~� ÒÏ~&�, ·�b�º ®ÏW� �æª(titanium) ææÚö

RuO2-IrO2¢ b��Î öÛ; /
 *�(RuO2-IrO2/Ti)j B�~� Ò

Ï~&
. 6�, �W ö�f ²*¢ �Ï~� ¢; ³ê� B~�V

b�, �r �W ö�~ Nêº �N�(EYELA, SB-9)¢ ÒÏ~� 25

Û0.5oC¢ Fæ~&
. �Ò� >wV Ú~ Fïf 725 ml¢ Fæ~

&�, &Ë�¢ �Ï~� ö� 2,000 ml¢ ê³'b� B~�V
. �


þöB ÒÏ� �W ö�~ �Wf Table 2ö ¾æÞ ©" ?
.

�n 5 �Ò~ *� ¾Ò 
þ~ BBº, b& î. r� 5 RuO2-

IrO2/Ti ·�j r¢Ò îæ[NaOH(25 g/l)], >^ 5 Ö^(5%HNO3)

�~ *¾Ò¢ ~� ÒÏ~&
. 6� 
þ��f **{(applied po-

tential), >Ò�' Ú~ �*(hydraulic retention time, HRT) 5 ·�"

r�Ò�~ �* �Ò(DC/A)¢ æz�B &�, �W ö� ³~ �Ò~

ºÂï 5 �n Özïj �Ò~&b�, ' ��ö V� *~ ÎNj

êÖ~&
. �r �Ò ºÂï 5 �n Özï ªCj *� Ï�~ j

�(sampling)º 30ªj �*� ~� 10 ml¢ �~&
. �Ò� *� ¾

Òö ~� ºÂ>Úê �Òïj G;~V *� ªCf A.A.(Atomic

Absorption spectrophotometer; PERKIN ELMER, 2280)¢ ÒÏ~&

�, �n Özï G;f b& �W ö� Úö º~~º FÒ �n �

N(free cyanide ion; CN−)~ ³êº �N F�W *�[ion selective

electrode, ISE(CN−)]j �Ï~� G;~&�, 6� Ion Chromatograph

(Dionex Model 4500I, column No. AS5 & AG5)¢ �Ï~� �W

ö� Úö º~~º �nz �Ò O"(cyanocuprate ion)~ ³ê¢ G

;~&
. V¢B �f ?f v &æ ªC Ö"�¦V �*ö V� �

Cu+ 3CN  –+ Cu CN( )3
2  –=

Cu+ 2CN  –+ Cu CN( )2
 –=

Cu CN( )3
2  – Cu CN( )2

 –

CNO  – 2H2O+ NH4
+ CO3

2  –+→

C.C.E

or

A.C.E.

ni∑ F
Wi

MW i

------------

Q
--------------------------- 100×=

Table 1. Electrochemical reactions for copper cyanide synthetic waste
solution

No. Electrochemical reactions E0

- cathodic reaction
03 Cu++e− → Cu E0 = 0.52 V

04 Cu(CN)3
2− +e− → Cu+3CN− E0 = −1.09 V

05 Cu(CN)2
− +e− → Cu+2CN− E0 = −0.43 V

06 2H2O+2e− → H2+2OH− E0 = −0.83 V
- anodic reaction

07 CN− +2OH−→ CNO− +H2O+2e− E0 = −0.97 V

08 CNO− +2OH−→ CO2+1/2N2+H2O+3e− E0 = −0.76 V

09 Cu(CN)3
2− +6OH−→ Cu++3CNO− +3H2O+6e− E0 = −0.69 V

10 4OH− → O2+2H2O+4e− E0 = 0.40 V

Fig. 1. Schematic diagram of system for oxidation of cyanide and re-
covery of copper.
1. Power supply 5. Water bath
2. Reactor 6. Anode(DSA)
3. Pump 7. Cathode(Ni-foam)
4. Reservoir

 
Table 2. Synthetic waste solution concentration

Component Concentration(M)

CuCN 0.008
NaCN 0.024
NaOH 0.2

pH 11
Copper ion 508 mg/l
Cyanide ion 832 mg/l
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W ö� 7ö ª�>æ p� º~~º �n �N~ *Úïj êÖ~

� *� ¾Òö ~� �n ÖzNj �~&
.

4.Ö" 5 �V

 4-1.**{(applied potential)ö V� æz

 .V �n �N ³ê 0.032 M 5 �Ò �N ³ê 0.008 MöB,

�W ö� Nê 25oC, >Ò�' Ú~ �*(HRT)j 2.42ª, r�"

·�~ �* �Ò(DC/A)¢ 2.0 cm� ~&j ãÖ, ®*{(�~ *{b

� �V) æzö V� �n~ Öz ³ê 5 �Ò ºÂ ³ê¢ ''

Fig. 2(a) 5 Fig. 3(a)ö ¾æÚî
. Fig. 2(a)º �n Özö &� �

âb�� *{� 2 V, 3 V 5 5 V� Ã&�ö V� CCN
t /CCN

o 8 &

�*~ �¾*¢ ¾æÞ ©b� *{� Ã&�ö V¢ �n~ Öz

³ê& Ã&~º ©j r > ®�, �*� æÎö V¢ CCN
t /CCN

o 8

f 6²~
 £ 150ª� æÂ ê >w� �~ jò>îrj r >

®
. �Ò� �r~ CCN
t /CCN

o 8f 2 V, 3 V 5 5 VöB ''

0.69, 0.22 5 0.18� �n ª�Nf '' 31.3%, 77.7% 5 82.3%

�î
.

6� � ��ö ÒÏ� �W ö� 7 �n �Nf Table 1öB r >

®�� �Ò �N" O"j ��� ®æ pf FÒ �n �N(free

cyanide ion)" �Ò �N O"j ��� ®º �n �N(cyanocuprate

ion)~ v &æ ;�� �Ò�
. V¢B �n~ ÖzNj rj�V

*�B � v &æ �Nö &� ³ê æz ªCj ~&
. 6� Fig.

2(b)º �~ ��öB *{ æzö &� �*ö V� ·� *~ ÎN

(anodic current efficiency) æz¢ ¾æÞ ©�
. �âöB r >

®�� *{~ �V& 2 V, 3 V 5 5 V� Ã&�ö V¢ ·� *~

ÎN� /Ï® 6²�j r > ®
. �º �ê *~ &ê8 �ç~

�*~ &êöB *V z� >w~ ³ê& 
Ö �Ò ¢ÚÎö V� ·� ��öB~ �n �N~ �.� �� ç&'b� ·�öB~ Ö

² &Ê B�� Ã&~V r^�
. 6� *{ 2 VöB~ ãÖ >w

.V 30ªöB~ ·� *~ ÎN� 100% �çb� ¾æ¾º ©j

r > ®
. �º ·�öB~ �n Öz >w� � (7) 5 (8)~ *V

z� >w ��ö � (11)ö ¾æÞ ©" ?f z� >wb�ê ê¯

>V r^� ©b� ÒòB
.

Fig. 3(a)º �Ò ºÂö &� �âb�, *{� 2 V, 3 V 5 5 V�

Ã&�ö V� CCN
t /CCN

o 8 & �*~ �¾*¢ ¾æÞ ©�
. �

Ò ºÂö ®ÚBê �n~ ãÖf îR&æ� *{� Ã&�ö V

¢ *~ &ê~ Ã&� �� �Ò~ ºÂ ³ê& Ã&~º ©j r

> ®�, 2 Vö j� 3 V�çöB � ³ê& /Ï® Ã&~º ©b

� �j 2 V~ ãÖ �ê *~ &ê �~~ *~ &ê ��� ©b

� ÒòB
. >w �* 180ª ê~ CCu
t /CCu

o 8f 2 V, 3 V 5

5 VöB '' 0.65, 0.22 5 0.17� �r~ �Ò ºÂ�f ''

35.3%, 77.7% 5 82.6%�î
. �Þ, Fig. 3(b)º *{ æzö V�

�Ò ºÂö ®ÚB r� *~ ÎN(C.C.E.)j ¾æÞ ©b� ·�

*~ ÎN" îR&æ� *{� Ã&�ö V� r� ��öB~ �

Ò �N~ �. 5 >² &Ê~ B�b� �� r� *~ ÎN� /

Ï® 6²�j r > ®
.

4-2.�* �Ò(DC/A)ö V� æz

Fig. 4(a)f Fig. 5(a)º Nê 25oC, .V �n �N ³ê 0.032 M,

�Ò �N ³ê 0.008 MöB, >Ò�' Ú~�* 2.42ª, *{j 3

V� ~&j ãÖ, ·�" r�*~ �* �Ò(DC/A)¢ 1.5 cm, 2.0 cm

5 2.5 cm� æz�Vj r~ '' �n Öz 5 �Ò ºÂ ³êö

&� CCN
t /CCN

o 8 5 CCu
t /CCu

o 8" �*ö &� �â�
. v &æ

ãÖ Îv, �* �Ò& 6²�>� CCN
t /CCN

o 8 5 CCu
t /CCu

o 8�

6²~º ©j r > ®
.

Fig. 2. Variations of (a) CCN
t /CCN

o  ratios and (b) anodic current efficiency
as a function of applied potential at DC/A=2.0 cm and HRT=2.42
min.

Fig. 3. Variations of (a) CCu
t /CCu

o ratios and (b) cathodic current effici-
ency as a function of applied potential at DC/A=2.0 cm and HRT=
2.42 min.



*� Öz»ö ~� �n �F ö> ¾Ò 95

HWAHAK KONGHAK Vol. 38, No. 1, February, 2000

�Ò� >w �* 180ª ê, �n~ ãÖ, CCN
t /CCN

o 8f �* �Ò

1.5 cm, 2.0 cm 5 2.5 cmöB '' 0.16, 0.22 5 0.27� �n ª

� ÎNf '' 84.3%, 77.7% 5 73.5%�î
. �Þ, �Ò~ ãÖ

CCu
t /CCu

o 8f '' 0.2, 0.22 5 0.31� �r~ �Ò ºÂ�f ''

80.4%, 77.7% 5 68.6%�î
. �f ?f �n ÖzN 5 �Ò º

Â�~ 6²º �* �Ò Ã&� �� r�" ·� Ò�~ IR drop

~ �V& Ã&�ö V� *çb� �* �Ò Ã&�ö V¢ **~

& 6²~º ©, 
� ö� >w ³ê& 6²�j r > ®
. 6�

Fig. 4(b)f Fig. 5(b)º '' �* �Ò æzö V� �n Özö &

� ·� *~ ÎN(A.C.E.) 5 r� *~ ÎN(C.C.E.)j ¾æÞ �

âb� v ãÖ Îv, �* �Ò& 6²�ö V¢ ·� *~ ÎNf


² 6²�j r > ®
.

4-3.>Ò�' Ú~�*(HRT)ö V� æz 

Fig. 6(a)f Fig. 7(a)º Nê 25oC, .V �n �N ³ê 0.032 M

5 �Ò �N ³ê 0.008 MöB, *{ 3 V 5 �* �Ò¢ 2.0 cm

� ~&j r~ >Ò�' Ú~�* æzö V� �n Öz 5 �Ò

ºÂ ³ê¢ CCN
t /CCN

o 8 5 CCu
t /CCu

o 8" �*ö &� ¾æÞ �

â�
. Fig. 6(a)º �n Özö &� ©b� �âöB r > ®��

>Ò�' Ú~�*j 7.25ª, 2.42ª 5 1.45ªb� æz�ö V¢

CCN
t /CCN

o 8� � N�º ��æ pb¾, 6²~º ©j r > ®b�,

>w �* 180ª ê~ CCN
t /CCN

o 8f '' 0.26, 0.23 5 0.18� �

n ª� ÎNf 74.4%, 77.5% 5 82.3%�î
. �Ò� Fig. 7(a)ö

¾æÞ �Ò ºÂ~ ãÖö ®ÚBê �n~ ãÖf îR&æ� >

Ò�' Ú~�*� 6²�ö V¢ CCu
t /CCu

o 8� 0.26, 0.22 5 0.21

� 6²~&b�, �r~ ºÂ�f '' 74.3%, 77.7% 5 79%�î


. �º >Ò�' Ú~�*� 6²�ö V¢ ¯, F³� �¢öö V

Fig. 4. Variations of (a) CCN
t /CCN

o  ratios and (b) anodic current efficiency
as a function of distance between cathode and anode(DC/A) at 3 V
and HRT=2.42 min.

Fig. 5. Variations of (a) CCu
t /CCu

o ratios and (b) cathodic current effici-
ency as a function of distance between cathode and anode(DC/A)
at 3 V and HRT=2.42 min.

Fig. 6. Variations of (a) CCN
t /CCN

o ratios and (b) anodic current effici-
ency as a function of hydraulic retention time at DC/A=2.0 cm
and 3 V.
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¢ *� ��b�~ �n �N 5 �Ò �N~ bî*�³ê& Ã&

~V r^�
. 6� Fig. 6(b)º >Ò�' Ú~�* æzö V� �

n Özö ®ÚB~ ·� *~ ÎN(A.C.E.) æz¢ ¾æÞ ©b�

�~ �Ff îR&æ� ¯ F³� �¢öö V¢ ·� ��b�~

�n �N~ bî *� ³ê& Ã&�ö V� Ö"� ÒòB
.

Fig. 7(b)º �Ò ºÂö &� r� *~ ÎN(C.C.E.)j ¾æÞ �â

b� ·� *~ ÎN" ?f ãËj ��� ®
.

5.Ö �

*V z�' ¾Ò»ö ~� ö>�¦V �n Öz 5 �Ò ²> 


þj Û� 
r" ?f Ö�j ÚÚ > ®î
.

(1) >Ò�' Ú~�*, �* �Ò 5 *{j æz�Úö V¢ ö�

7~ �n 5 �Òö &~� '' 82.3%~ ÖzN" 82.6%~ ²>

Nj áj > ®îb�, >Ò�' Ú~�*" r�" ·�*~ �*

�Ò& 6²�>� �n ÖzN 5 �Ò ²>N� Ã&~&b�, *

{� Ã&�ö V¢ Ã&~&
. 

(2) ·� *~ ÎN 5 r� *~ ÎN Îv *{~ �V& 6²�

>� �² Ã&~&b�, r�" ·�*~ �* �Ò 6²�>� £

* 6²~&b�, >Ò�' Ú~�*ö V¢Bº � æz¢ ��æ

p~
.
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