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. �

"> *� �;öB Ö²r�; &Ê{Ö*�~ 'Ïö &� ��, �Ò~&
. &Ê{Ö*�f >w[, &Ê{Ö[, /
*Ú� �WB
. >w[f �>W ��:¿, ²>W ��:¿, PTFE(polytetrafluoroethylene), f�Þ>w�¾ ��»ö
~� �æB f /
� B�~&
. &Ê{Ö[f ²>W ��:¿" PTFE� B�>�, >w[ Úö ÒÏ>º /*Ú
º Ni �j ÒÏ~&
. 
þö ~~� ��»ö ~� Ag /
¢ >w[ ��ö �æ�B B·B *�(Ag 10 wt%,
:�z 20 wt%)� Ö²r� "*{� £ 700 mV, *��ö ËO~� G;� *�*{(*� ��� 80oC, 32 wt% &
W²
 �Ò� 300 mA/cm2~ *~ &ê)� £ 2.2 V� &Ë Ö>� Ö"¢ ¾æÚî
. �º V� �;~ *�*{
3.4 Vö j� 30% �ç &6B Ö"�
. 6� BBB &Ê{Ö *�f "> ª�Ï *� �;öB 3Bú �³ Ú*
� &Ë~&
.

Abstract : The gas diffusion electrodes as oxygen cathodes for the brine electrolysis process were investigated. The
gas diffusion electrode consists of a reaction layer, a gas diffusion layer, and a current distributor. The reaction layer
was made from hydrophilic carbon black, hydrophobic carbon black, PTFE(polytetrafluoroethylene), and Ag catalyst
loaded by the silver mirror reaction or impregnation method. The gas diffusion layer was made from hydrophobic
carbon black and PTFE, and Ni mesh was used as the current distributor in the reaction layer. The result that the
gas diffusion electrode (10 wt% Ag catalyst and 20 wt% binder) manufactured by applying impregnation method to
the carbon black for reaction layer showed the better performance was obtained from experiments. From the half-cell
test, the measured overpotential of this oxygen cathode was about 700 mV. And through the electrolysis experiment
under the condition of 80°C, 32 wt% NaOH, and 300 mA/cm2, the electrolysis voltage of this electrode was about
2.2 V. The gas diffusion electrodes manufactured in the present research were capable of continuous operations for
three months.

Key words : gas diffusion electrode, brine electrolysis, overpotential, impregnation

1. B �

"> *� �;f V.z� B®� &W²
f "²¢ �Ö
~� >² &Ê¢ ¦Öb� B��Êº *;'� ö.æ 
²
j; *Vz� �;b�, 2000j ¶òö ~~� �Ú ²
ëê
º C 20.4Û kWh(960Ûö)~ *Kj ÒÏ~&
. V�~ ·�
N v~ï "> *� �;öBº ·�b� DSA(Dimensionally
Stable Anode) *�j, r�b� Pt �~ /
& �æB Ni *

�j "� ÒÏ~� ®
. �r ·�öBº "² �N~ Öz>
wb� "²& �Ö>�, r�öBº b~ ~ö>wb� &W²

f >²& �ÖB
. �ö j~� &Ê{Ö*�j r�b�
ÒÏ~º *��öBº �¦�¦V �/B Ö² &Ê& b" >
w~º ~ö>wb� &W²
& �Ö>�, �r >²º B�~
æ pº
1).

 Ö² ~ö; &Ê{Ö*�(Ö²r�)ö &� ��º �ò*
æÏb� BB>� ®º Ö²r�j V.� ~�, ·�N v~
ï *��~ >² B� r�(>²r�)j Ö²r�b� &Ú �
Ï�b�� *��~ Ú**{j Ôºº� "K~� ®
2). &
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Ê{Ö*�j ">*� �;ö �Ï~V *� ��º 1980j&
ö 
ÚfB ��, ë¢, ¢� �öB �B® ºê>îb¾ ã
BW, VFK~ ¦�, æ ª¢ö~ ��K ÷7 �j �F� &
¦ª 7�>î
. 
ò ¢�öBº ¢�²
7²¢ 7�b� æ
Â 10�j* Þ&® ��~� æ.f 
Ïz �êö "7~�
®
3).
� ��öBº ��:¿" PTFE(polytetrafluoroethylene)¢
ÒÏ~º &Ê{Ö*�~ B� �;, Ö² ~ö>wö &� &
Ê{Ö*�~ "*{" Ú�W �ö &~� �V~� �~
.

1.1. >²r�" Ö²r�~ jv
Ö²r��¦ V�~ ·�N v~ï *��ö ÒÏ>º >²
B� r�j Ö²& R"� > ®º &Ê{Ö*�b� B�~
� V� *��öB ¢Ú¾º *Vª�>wö jº� *{j
30~40% ÔºV *� r��
. V� >²r�" Ö²r�öB
~ *�>wj *Û® ¾æÚ� 
r" ?
4,5).

·�>w("²�N~ Öz>w)
Cl- � 1/2Cl2 + e- (�&~ö** E1

0 = 1.36 V) (1)

>²r�>w(b~ ~ö>w)
H2O + e-� OH- + 1/2H2 (�&~ö** E2

0= -0.83 V) (2)
��ª�*{ Ed

0 = E1
0- E2

0 = 2.19 V

Ö²r�>w(Ö²f b~ ~ö>w)
1/4O2 + 1/2H2O + e-� OH- (�&~ö** E3

0= 0.40 V) (3)
��ª�*{ Ed

0 = E1
0- E3

0 = 0.96 V

Ö²r�; *��º >²r�;ö j� ��ª�*{� £
1.23 V Ôbæ�, &Ê*� "*{j �J~�ê *Ú *{�
£ 1 V ;ê Ôj^B ">*� �;~ ÒÏ ö.æ¢ ÎN'
b� .6� > ®
. �¢ �Ïê� *�® ¾æÚ� Table
13)" ?b�, ��'b� V� ·�N v~ï *��öB r�
~ vÚòb� *Vª�*{j 30% �ç ÔÂ > ®rj r
> ®
. ��ª�*{f *öB Þ/� ª�>w�ö V��
©��, >²r�f &Ê*� "*{, Ö²r�f >²"*{~
B�j Z�� ©�
. Ö²r�öB ¾æÂ &Ê*� "*{f
r�
ö Ö²¢ �/� ãÖ B�>º &�ö ~� *{ çß
j ~�~�, "*{j �²z~º *�j BB~º ©� � �
�~ "B &� Ò��
.
>²r�; *��f Ö²r�; *�� ��¢ *Û® jv
~� Figs. 1, 2f ?
. Fig. 1f *Ò ¢>'b� ÒÏ>�
®º >² B� r�; ·�N v~ï *��~ BÛê��,
Fig. 2º Ö²r�b� B�~&j ãÖ~ Ö²r�; *��~

BÛê�
. V� *��~ r�
j &Ê
" r�
� ªÒ~
�, Ö² _f �V~ �«" VÂ� &Ë~ê� B�>Ú ®r
j r > ®
. &Ê
" r�
f *�b� ªÒ>Ú ®b�,
� *�f ¢>'b� &Ê{Ö*��¢� Û�~�, �>W~
>w[" ²>W~ &Ê[� Ö�B ��¢ <� ®
. � &Ê
[f, �Ú~ {Öf �&� ÛB~� &Ê~ �ÿò� &Ë�
V� ��¢ <� ®
6,7).

1.2. Ö²r�öB~ >w
*�� Ú Ö²r�öB F«&Ê& �" 7/~� &W²

¢ �W~º >w";j *Û® �*~� 
r~ 5�ê� ¾æ
â > ®
.
� &Ê
öB¦V &Ê{Ö[ V� Ú¦�~ Ö² {Ö

Table 1. Cell voltages of hydrogen cathode and oxygen cathode at
300 mA/cm2, 90oC3).

� Ï >²r� Ö²r�

��ª�*{(V) 2.19 0.96

>²"*{(V) 0.3 -

"²"*{(V) 0.05 0.05

ï &�(V) 0.3 0.3

&Ê*� "*{(V) - 0.5

'« &�(V) 0.46 0.46

� ê 3.30 2.27

Fig. 1. Electrolyzer with hydrogen cathode.

Fig. 2. Electrolyzer with oxygen cathode.
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� VÚ-Ï� 7/�öB~ Ö² Ï�
� >w[ V� ã�öB electroactive site�~ Ï�B Ö²
~ {Ö

� electroactive siteöB Ï�B Ö²~ �� ·Ï(~ö>w)
� >w[ V� Ú *�î ³~ OH- �N~ {Ö
*~ >w �êöB Þ/� Ö²r�~ ��¢ Fig. 3ö ¾æ
Úî
8,9).

2. 
  þ

2.1. &Ê{Ö *�~ B·
1) >w[/&Ê[ ªö B�
&Ê{Ö*�ö ÒÏ>º >w[ ªöf f�Þ >w»" �
�»~ v &æ ;�� B�~� ÒÏ~&
. f�Þ >w»ö
~� B� O»f �>W �� :¿(Ketjen Black, �~ KB�
£�)j j�NW ê��WB� ªÖ�Î ê f/
¢ ~ö�B
��ö �æ~&
. ��� f�Þ>w~ >w z�î¾f 
r
" ?
.

2Ag+ + 2OH-� 2[AgOH]� Ag2O� + H2O (4)

Ag2O + 4NH3+ H2O� 2[Ag(NH3)2]+ + 2OH- (5)

HCHO + 2[Ag(NH3)2]
+ + 2NO3

- + H2O
   � HCOOH + 2Ag� + 2NH4NO3 (6)

*~ >wf îÖf Ï�ö zÎîj>¢ &� r ÖF .ï
~ �.� ;W>�, zÎîj>~ ê³B R�� � �.� O
�N ;�~ Zï R«� zÎîjW îÖf Ï�b� :2²
B
. �ê ��öÖ Ï�~ R�� � zÎîjW îÖf Ï�
� ~ö>Ú f� CÂ>� KBö �æ>² B
. � b��ö
:�z(PTFE emulsion)¢ Î&~� >w[ öò ªöj B�~
&
.
>� ��»ö ~� >w[ ªö B� O»f, Özf(Ag2O)
_f "Özf(Ag2O2) ªöj r¢ÒW >Ï�ö �� ê, �

>W��j I� b��
. �-² B�B ��j ¢;Nê(200
~400oC)� ¾Ò~� Özf 6º "Özfj ª�~� ��ö

Fig. 3. Schematic representation of the oxygen electrode.

Fig. 4UU (a) SEM image for size and distribution of Ag particles ; ÝÝ
1,000. (b) SEM image for size and distribution of Ag particles ; ÝÝ
10,000.
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fj �æ�
. &Ê[ öòªöf j�NW ê��WB� ªÖ
�Î ²>W �� :¿(Denka Black, �~ DB� £�)ö
PTFE *ç�j Î&~� B��
. B�B >w[ ªö~ Ag
/
 ª�º Fig. 4~ SEM(Scanning Electron Microscope)
Òêb� {�� > ®î
. (a)º 1,000V {&B Òê��, (b)
º 10,000V {&� ©�
. ÒêöB ��� ;WB Ag «¶
º �² 0.2µmöB �& 8 µmræ ª�>Ú ®
. Ag /
~
�Wj ¸��, *�*{j *�V *~� ;WB «¶�V¢
�²z~� «¶ ª�¢ �'z~�¢ �
.

2) &Ê{Ö*�~ B·
B�B >w[" &Ê[ öò ªöj '' ¾�ÊÞ çb�
ò
� ��� &Ú �Þ¢ ò� ê, '>w[ �Þ/Ni �/>w[
�Þ/&Ê[ �Þ'� '[~� &{� ê ���
. �VöB Ni
�f /*Ú~ ��j �
. ��B '[j &�Á&{~� &
Ê{Ö*�j B��
. ãÖö V¢ >w[ öò ªö" &Ê
[ öò ªöj b�~� >w[ �Þ¢ B�~Vê �
.

2.2. Ö² ~ö>wö &� &Ê{Ö*�~ "*{" Ú�W
B�B &Ê{Ö*�~ WËj ï&~V *~� W. ç&�

(counter electrode, C)" �z¢��*�(SCE) ^�*�
(reference electrode, R)j ÒÏ~�, 3��~ >ã*æ¢ �W
~&
. � G;Ë~¢ Fig. 5ö *Û® ¾æÚî
. *��b�
º 80oC~ 32% NaOH >Ï�j ÒÏ~&b�, *� 
þf
Potentiostat/Galvanostat(EG&G, Model 273A)¢ ÒÏ~� 300
mA/cm2 ��öB, FÎ *� �' 1 cm2~ &Ê{Ö*�j &
çb� Ö²~ö>w **¢ SCEö &� G;~&
. G;B
Ö²r�~ ~ö>w **º ª�(polarization)ö ~� �&~
ö** E3

0(= 0.40 V)f ÞN¢ ¾æÚ�, � ÞNö ��~º
**~ �V& &Ê{Ö*�~ "*{b�B � 
þöB B�
B *�~ *�WËj ��~º "º æ>�
.
6� B� *�~ ç&'� Ú�Wj ï&~V *�, *f ÿ
¢� *�êöB �þ�" ç&� òb� �WB 2��~ *æ
ê¢ �W~� �� *~&ê ��öB *�*{j G;~º &
³z 
þj >¯~&
. 
B *�� Ú* ��� 300 mA/cm2

�
 &_� 1,200 mA/cm2 ��öB, *�*{� ¢;� 8j
Fæ~º �*j G;�b�� B�*�~ ç&'� Ú�Wj

ï&� > ®
. 
B� ¢; �*� ã"� êöº *�*{�
çß~�, Ö²~ ~ö>w� jò >²& B�~º >w� ¢
ÚÎj {�� > ®
. �rº *�� z �ç Ö²r�b�B
~ ��j ~æ á�j ~��
.

3. Ö" 5 �V

3.1. ^���
Ö²r�öB~ >wf >w[ Ú~ V�b� �R� *��

(£ 30% NaOH >Ï�)" &Ê{Ö[j Û� >w[ Ú~ V
�b� {ÖB �/ Ö², >w[ Ú~ V�ö �æ>Ú ®º
/
~ 3ç ê�öB *� >w� ¢ÚÂ
(Fig. 3 ^�).
Miura �10)ö ~~� &Ê{Ö*�öB *�& ¢ÚÆ r, *�
�f 0.09µm �ç~ V�(�~ &V�)öò jòæº ©b�
.G~&
. ��¾ *� WË� ¸jæV *�Bº �/ Ö²
~ {Öê ö��¢ ~�, *��~ &Ê{Ö[b�~ *Âê
ïj¢ �
. V¢B, *��~ �Rê 7º~æò �/ Ö²~
�¢� {Öê �þ ��Ú^¢ ~æ� 0.09µm �~~ V�(
�~ �^V�)ê '.® �z�² ª�>Ú ®Ú¢ò �
. �
^V�� ô� ª�~² >� &Ê~ {ÖW� Ã&~² >æ
�, *Ú'b�º �/ Ö²~ Ï�ê& Ã&~² B
. �©f
*� WËj Ëç�Êº 7º� º�� F > ®bæ�, *�
¶Úº *��� �R� > ®º &V�" �/ Ö²~ {Ö�
&Ë� �^V�~ �z& ��Ú^¢ò �
. V¢B, ���
��j ò�~º '.� *� Òò~ F; 5 *� Jê& 7
º~
.

Table 2ö Mercury Porosimeter(Micromeritics, Autopore
II)� G;�, PTFE �ï æzö V� >w[ 5 &Ê[Ï �
Þö &� ^� ¦bf �V ª�~ æz¢ ¾æÚî
. �r d
º V�~ �V¢ ¾æÞ
. ¢>'b� PTFEº *� bî�
��:¿~ ;ê¢ Ëç�ÊV *� :�z� ÒÏB
. KB~
ãÖöº PTFE �ï Ã&ö V� ãËW� ¾æ¾æ pb�,
&V�" �^V�~ ¦b jNf 2.7 :1 ;ê� jÝ~² Fæ
>æ� >w[ Òò� '��j r > ®
. KBº �~ �R
& Ï�� ¯, &V�� ô� ª�>Ú ®º �>W bî�B,
PTFE~ ·� *Ú V� ª�öº 'Ëj "æ p�, :�z~
��ò ~² B
. ¯, V� ª�ö 'Ëj "Vöº PTFE~
·� ¦�� ©�
. �º KB~ j��'� 726 m2/gb�B �
ª¶� PTFEf jv& >æ pj ;ê� �V r^�
. b�
PTFE~ ·j ��'b� Ã&�Ê� V�~ �V& 6²~�
*�~ ;ê& Ëç>Ææò, �º *� Òò�B~ &V�"
�^V�~ �z, *V*êW, *�WË �j �J� r :²ç
~æ p
. V¢B, KB~ >w[ ßWöº 'Ëj "æ p�,

Fig. 5. Schematic diagram of experimental apparatus.

Table 2. Pore total volumes versus PTFE contents.

« ~
PTFE
(wt%)

C^�¦b

(ml/g)
d>0.09µm

(ml/g)
d<0.09µm

(ml/g)
ï�V�

(µm)

>w[

(KB)

5
10
15
20

1.766
1.664
1.842
1.799

1.294
1.196
1.343
1.321

0.472
0.468
0.499
0.478

0.1442
0.1457
0.1464
0.1472

&Ê{Ö[

(DB)

10
20
30
40

1.394
0.749
0.489
0.285

0.825
0.279
0.155
0.062

0.569
0.470
0.334
0.223

0.1877
0.0601
0.0555
0.0518
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:�z�B º�>º '.� ;ê ¦�ö jº� PTFE �ïò
� jº� ©�
. �ö >�, ²>W� ;� DB~ ãÖº
PTFE �ï Ã&ö V¢ &V�" �^V�~ ¦b& /Ï®
6²�j r > ®b�, ß® PTFE �ï� ¸jæ� �^V�
� &V��
 ôjöj r > ®
. �º DB~ j��'�
42 m2/gb�B KBö jv� �R ·bæ� PTFE~ 'Ë� �
² ¾æÂ ©�
. 
¯, PTFEº :�z~ �� öò jî¢ DB~ ²>Wj z×
¸�"º ��ê ~² B
. V¢B, DBº :�z� ÒÏ>º
PTFE~ ·ö V¢ ²>W" �^V�~ ·j £² �.� >
®bæ�, �~ �R¢ ÛB~� Ö²~ ö�� �/j Ï'b
� ~º &Ê{Ö[ Òò� '�� ©b� 6�B
. ��¾, >
w[" îR&æ� &Ê{Ö[ê *�b�B~ ��� º�>
æ�, *V*êW �~ �¶¢ �þ �J~� PTFE �ïj Ö
;�¢ �
.

3.2. j&�
Fig. 6ö 4-point probe»(Resistivity tester; Cascade

Microtech, Inc., Current source; Lake Shore Cryotronics
Inc. model 120, Digital multimeter; Keithley model 196)b
� G;� j&� G; Ö"¢ ê�~&
. *� �Þ~ j&�
f �� :¿ «~f PTFE �ïö V¢ �² N�¢ ¾æÚî

. DB� B·� &Ê[Ï �Þ~ j&�(0.2~0.5ΩÁcm)f
PTFE �ï� Ã&�ö V¢ jv' � �b� 6²~º ãË
j ¾æÚîb¾, KB� B·� >w[Ï �Þ~ j&�(0.15~
0.2ΩÁcm)f æz ;ê& �Ò �æ p~
. PTFE~ �ïö V
� ��� *V' ßW~ æzº 3.2.öB~ V� ª�ö &
� PTFE~ 'Ë" FÒ~
. 
¯, KBº DBö j� *êW� � bî��, PTFEº *V*
êWj &~�Êº ·Ïj � ©�
. ��¾, KB~ ãÖöº
j��'� 
B DB�
 PTFE~ 'Ëj '² A² B
. 6
�, &Ê{Ö[~ j&� G; Ö"º �¬8®3)~ 
þ8" F
Ò� ãËj ¾æÚ� ®
.

3.3. &Ê{Ö*�~ &Ê R"ê
Ö²r�; *�� r�öB~ "B >wf F«B Ö²f b
~ ~ö>wö ~~� �WB OH-Vf �2.�j Û"� Na+

�N� >w~� &W²
(NaOH)¢ �Ö~º ©�
. V¢B
*~&êö jf~º Ö²~ �/� 
Ö 7º� æ> 7~ ~
¾� ·Ï�
. *~&êö j~� Ö²~ ·� 'j ãÖ Ö²
r� >w� zz>Ú *�*{� çß~² >�, 6� ��'
� Ö² º�ï�
 "
~² R�� ãÖ º~ Ö²&Êö ~
� r�
 Ú &Ê[ �Wö V� &� Ã&� *�*{� ç
ß~² B
. '.� Ö²¢ &{öB �/ &Ë� *�(&Ê{
Ö[)~ B·� *�� WË 5 *�ÎNö � 'Ëj �~º
©b� 6�>�, � ��öB~ 
þ Ö" "> *� JjöB
º ��ï~ 1.2V~ Ö² F«� '�� ©b� G;>î
.
Fig. 7ö �� ��öB B·B &Ê{Ö*�~ &Ê R"Nj
¾æÚîb�(3.1. ^�), 
þö &� ��f Table 3ö ¾æ
Úî
. &Ê[f 
þöB &ÊR"W 5 W;Wj �J~�
¢;� ��(:�z 70 wt%/Carbon wt)b� �;~&�, >w
[~ ��j æã~� 
þ~&
. &Ê{Ö*�~ &ÊR"ê,
¯ *� Ú ;WB V�~ �Vº :�z Î&jf &7� &
ê& ®îb�, � � ªÖê(ê��WB Î&ï), W;{K, �
Ò� ��~ «~ö V¢Bê £*~ N�& ®î
.

3.4. >w[ B� ��ö V� "*{ 5 Ú�W
>w[ ��ö Ag~ �æ ç� 5 �æï �Ò� �æB Ag
~ �V, �� «~ö V� *V*êê, >w[ö ;WB V�

Fig. 6. Changes in specific resistivities measured at various PTFE
contents. (55 : reaction layer(Ketjen black), 00 : gas diffusion
layer(Denka black), íí : reference data3))

Table 3. Manufacturing conditions of gas diffusion electrodes.
                                                                      (wt%/carbon weight)


þ®^ Ag �æO» Ag �æï ê��WB :�z

1 f�Þ>w» 10 70 20

2 f�Þ>w» 10 70 40

3 f�Þ>w» 10 70 60

4 ��» 10 0 20

5 ��» 10 35 40

6 ��» 10 0 60

Fig. 7. Oxygen permeabilities versus inlet oxygen pressures. (figure
captions : listed in Table 3)
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öB &¦ª~ >w� ê¯Nb� ;WB >w[ ;�, >w[
~ �>zê, *V*êÚ(/*Ú)~ «~ 5 ;� � ôf º�
ö ~~� >w[öB ê¯>º >w ;ê& 
�² ¾æÆ >
®
. � 
þöBº f�Þ>w»" ��»ö ~~� Ag¢ �
æ� &Ê{Ö *�j &çb� *�� ÚöB~ ">*� ß
Wj ÚÚ�~
. Fig. 8f >w[f KB, &Ê[f DB, Ag
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Fig. 8. Comparison of impregnation and silver mirror reaction
electrodes for overpontentials (íí : impregnation, 00 : silver mirror
reaction).

Fig. 9. Durations of gas diffusion electrodes for operating current
densities.


