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. �

j��V*æº �V7~ Ö²¢ ÒÏ~æ� cathode~ Ò�Ï� &Ë~
º Ë6� ®b� j�~ ��Ïï�
820(mAh/g)b� ç�® ¸
. ��¾, j��V*æº cathode~ V�� .Z ·b� �¦�¦V F«>º Ö²ï�
¦�~� *æ~ O**{� Ôjæº Ö"¢ .¾~² >� cathodeö ��>Ú ®º ê*Ò~ �ïö V¢ &� 5
V�Nö ôf æz¢ ��� ®
. �ö � ��öBº *æ~ Ïï, ÂKßW, O**{, DC&�, ASTMö ~� V
�N G;j Û� ê*Ò~ «~ 5 �ï� j��V*æö �~º 'Ëj ��~&b�, Super P~ ê*Ò¢ 5 wt%
Î&~&j r &Ë Ö>� *æßWj áj > ®î
. 

Abstract - Zinc Air battery obtain their energy density advantage over the other batteries by utilizing ambient oxygen
as the cathode materials, and reusing cathode as recycled form. And specific capacity of zinc powder is as high as
820 mAh/g. However, if the pore size in cathode is small then the flow rate of air decreased, and as a result of
that discharge voltage of batteries becomes low. We focused on resistance and porosity of cathode. So we studied
the effects of conducting agents to zinc air batteries performance, capacity, power density, average discharge voltage,
resistance. And we also measured porosity of cathode by the ASTM. So we have got optimum contents of conducting
agent.
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1. B  �

j��V*æº V�~ ÒÒ2N*æ, î.��Ú*æ, �»*
æö j� �ö.æ&ê1)��, FV *��j ÒÏ~º ÒÒ2
N*æf jv� �� >ÏW *��j ÒÏ~æ� n*W �
öBê �ÚÎj r > ®
. 6� j�ªöj ÒÏ~� ®bæ
� ~ã J"bîj *& VÂ~æ pº Z��*æ�� �V
7~ O2¢ ö.æö2,3)b� ÒÏ~æ� cathode~ Ò�Ï� &
Ë~
º Ë6� ®
. 6� &V 7~ Ö²& ¢;~²
cathode~ V�j Û� �/>æ� anode~ Zn «¶& Îv
ZnO� Öz>Vræº j" ïê� O**{j Fæ�
. ��
¾ j��V*æº O* 7ö �ç &Vö �Â>Ú &V~ N
êf Ûê~ 'Ëö "6~² ·Ï�
4). V¢B &Ûê ª*
VöBº *��~ ÃB� ¢Ú¾ *��~ ¦�*ç� �V�

� ÛêöBº �b� &V 7~ >ª� *æ Ú� F«>Ú
*��~ ³êæzf �þ *æÚ¦~ {K� Ã&>Ú *��
~ FÂj .¾~² >� ²>W ï~ ^�ê& .Z ·b�
�¦�¦V F«>º Ö²ï� ¦�~� *æ~ O* �ö ·
ÿ*{� Ôjæº Ö"¢ .¾~² B
. V¢B j��V*æ
öBº ²>Wï~ ^��V¢ *æ~ �&�³ O* � jº
� Ö²& R" � ò¢~ ^�ê¢ <ê� �.~º ©� *
æ~ Ïï&~¢ �²z~º� &Ë 7º~
. 6� j��V*
æº Zinc gel~ ¦bcc� �~� �£~ *þ� �� �Â
KßW� ±æ pf �6� ®
5). 
j��V*æ~ O*>wf 
r" ?� ¾æâ > ®
. ¢
> r�Ò�**æ& r��bî� j�ªöj ·��bî�º
�Öz�*j ÒÏ~� ®b¾ j��V*æº ·��bî� &
V 7~ Ö²¢ ÒÏ~æ� *Ú >wöB ²Î>º bîf j
�" Ö²�� 
î'b� ²Î>º bîf j�öªj r >
& ®
. V¢B j��V*æº �V�j Ò�Ï� > ®b�
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&V 7~ Ö²& ¢;~² �/>æ� O**{j 
� *æ
ö j� j" ïê~² Fæ � > ®º Ë6j &æ� ®
.
Fig. 1f j��V*æ~ ·ÿ öÒ¢ ¾æÞ ©�
.

Cathode 1/2 O2 + H2O + 2e� 2OH- E0=0.40 V

Anode Zn + 4OH-� Zn(OH)42-+ 2e 
Zn(OH)4

2-
� ZnO + H2O + 2OH

- E0 = 1.25 V

Overall reaction Zn + 1/2 O2� ZnO E0 = 1.65 V4,5,6)

*æ~ ÂKßWf *æ~ ��, anode 5 cathode �Wj
�~ �� &æ º�� ®Ææò *æ~ &�� &Ë � º²
� ·Ï~� ®
. j��V*æ~ &�f ÒÒ2N*æ¾ î.
��Ú*æfº �Ò B>� *V'� &� �ö /
~ �W
zö &ê>º &�Wª" >wVÚ~ ª{" &N>º &�W
ª� ��'b� ¾æ¾� ®Ú cathode~ V�N� j��V
*æöBº 7º� º²� ·Ï~� ®
. *æ~ Ú¦&�f
Ö�B~ «~ 5 �ïö 'Ëj AÆæò cathode Ú~ ê*
Ò~ «~ö V� «¶ �V~ ;� 5 �ïöê &7� &ê
& ®
. �ö � ��öBº 3&æ~ ê*Ò «~� Super P
Black(SPB), Acetylene Black(AB), Vapor Grown Carbon
Fiber(VGCF)¢ �Ï~� *æ~ O*Ïï, ÂK&ê, ï�O*
*{, DC&�, ª�&�, V�N �j G;~� �'~ 
�î
cathode¢ B�~º� '�� ê*Ò~ «~ 5 �ïj Ö;~
&
.

2. 
 þ

2.1 �£ 5 Òò
Cathode Ú¦� O2& F«>º V�j ;W~V *� j��
'� � Darco G-60(7�«ê 18µm, BET 853 m3/g, American
Norit)� �Wêj ÒÏ~&�, *�~ *¶*ê ã�¢ ö�®
~� �Wê� V�j ;W~Vö '�� ê*Ò� Super P
Black(MMM carbon), Acetylene Black(MMM carbon), VGCF
(Vç»ê²çF 10~20µm, BET 25 m3/g, ²z*�)~ 3&æ
ê*Ò¢ ÒÏ~� jv 
þj ~&
. Ö²~ ~ö /
�

MnO2(<44µm, 92.15%, ERACHEM)¢ ÒÏ~&b� /
~
>w site¢ Ã&�ÊV *~� 15�* ÿn milling~� ÒÏ
~&� Ö�B�º PTFE *ç� (0.05~ 0.5µm, 60%, PTFE
30-J, Dupont)j ÒÏ~&
. ¦�~ �bî�º j�ªö (ó
250µm, UNION MINIERE),Ëgelling agentÌ� Poly acrylic
acid (Carbopol 711, BF Goodrich), *��f 8.5 mol KOH
>Ï�j B�~� ÒÏ~&
7,8,9). 

2.2 *� 5 *æB�
cathode B�º Table 1~ b�jN� Fig. 2f ?� PTFE
*ç�j Ã~>ö b�~� .r2 ªÖV� b��Ê� ê*
Òf /
� MnO2, �Wêj '' .r2 ªÖV� 1ª 30.
ÿn b�~&
. b�B slurry¢ 120oC J6öB ���Î ê
15 cc~ Iso-propyl Alcoholj Î&~� >#~&
. Roll press
¢ �Ï~� X, Y OËb� ®.j &� kneading ~� 300~
500µm vþ~ sheet¢ ò
Ú Ni mesh ·ãö {O~� 400~
700µm~ *�j B�~&
. B�B *�f hot press� 200oC
öB 90.*~ �¾Ò¢ Û~� >ªj B�~� O2~ F« ã
�� V�� ;WF > ®ê� ~&
. B�B *�~ �ã �
ö PTFE sheet¢ 130oC~ Nê� �[O~&
. �r PTFE
sheet~ V�j Fæ~V *� jÏæ¢ ÒÏ~&
. Anode~
B�º Table 2~ b� jN� 8.5 mol~ KOH >Ï�ö *�
�~ vªj ï� j� ªö~ W;Wj êf"� *��~ Ã
Bj ïj "º gelling agent¢ b�~� 800 rpmb� 3�*
ÿn v>~� gelling agent¢ *��ö j*® �Ò �Î ê
�Vö j�ªöj DÚB >#~� Zinc gelj B�~&
.
Gelling agentº Poly acrylic acid� ç®«f Carbopol ��

Fig. 1. Schematic diagram of Znic/Air Battery.

Table 1. Contents of materials in cathode. 

Materials MnO2 active carbon conducting agent binder
Weight ratio

(wt%)
25~30 16~20 3~15 45

Table 2. Contents of materials in anode.

Materials Zinc powder gelling agent KOH solution
Weight ratio
(wt% or M)

75 (wt%) 25 (wt%) 8.5 (M)

Fig. 2. Manufacturing process of cathode.
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2~7µm~ «¶ �V¢ &æ� >ªj �>~� �. ¦b~
1000Vræ cc~º 6ÃB �
. �. ò
Úê Zinc gelöº
�³ v>ö ~� ç�ï~ V�& �F>Ú ®bæ� ê�²
*¢ ÒÏ~� *��� ÃB~æ pº '�� {Kb� V�
¢ j* B�~&
. *æ~ �ãf Fig 3öBf ?� button
typej ÒÏ~&
. Êr�.Ê Òî~ caseö '�ï~ Zinc
gelj �� � *ö �> ¾ÒB ÏÒï (Celgard 3501), B�
B Cathodef ¦ç�¢ RJ¹f ê Ö² �« �s� ®º
top capj 2ò *æ¢ B�~&
.

2.3 WËï&
*æ~ WË ï& O»b� 20 mA/cm2~ *~&ê� ;*~
� O*~� *æ~ O*Ïï 5 ï�O**{j jv~&� *
~&ê¢ 20~100 mA/cm2� æz�Ê�B peak power density
(mW/cm2)¢ G;~&
. *æ~ Ú¦&�f &NO*ö �f
�NO*j ¯~� áf ∆If∆V¢ Û~� �~&
. 

2.4 &�Wª G;
B�B cathode~ *V&�ö ~� *{;~f �Wzª�ö
~� "*{j ªÒ~V *~�ËCurrent Interrupt TechniqueÌ10,11)

j �Ï~&
. Fig 4ö ¾æÞ :f ?� 30 mA/cm2~ ¢;
*~� *æ¢ O*~
& *~¢ pf ê �r ²�>º *{
N�¢ G;~&
. ¯, *~¢ N�� çêö çF'b� ²�
>º *{N�º *�~ *V' &� Wªö ~� *{;~ (IR
drop)Wªb� �~b�, � ê B�*{ræ BB® ²�>º
*{ N�º �Wzª�ö ~� "*{ Wªb� 6�~&
.

2.5 «êªC, ����&V 5 V�N G;
ê*Ò~ «êªCf .�&«êªCV(M1CRO-P, MALVERN

Instruments Ltd. U.K.)j �Ï~&
. Cathode~ ����º "
Ò*¶*�ã (Scanning Electron Microscope, S-2700, Hitachi)
j �Ï~� &V~&b�, V�Nf ASTMC20-00ö ~� >
ª�R»j ÒÏ~&º� *�j 100oCöB 12�*j y� ê
~ *� Z²f �V 7öB~ *�~ Z²~ NöB *� Ú

ö ��B >ª~ Ú'j �~� *�~ Ú'" *� Úö �
�B >ª~ Ú'~ jö ~� *�~ V�Nj �~&
. 

3. Ö" 5 �V

3.1 ê*Ò~ «~ö V� O*Ïï 5 ï�O* *{~ jv
B�B *æ¢ Maccor ÏO*V(Î�« MC-4, ��)¢ �Ï
~� ;*~� O*~� discharge capacityf discharge
voltage¢ jv� �� Fig 5öBf ?� Acetylene Black,
Super P Blackj ÒÏ®j rº £ 550-650 mAh~ Ïïj �
&b¾ VGCFº 500 mAh� 100 mAh~ ç�� N�¢ ���
®
. 6� Fig 6j �� ï� O**{ �� Acetylene
Black, Super P Blackj ÒÏ®j rº 1.05(V), VGCF~ ã

Fig. 3. Structure of Zinc/Air Battery.

Fig. 4. Voltage and current profile according to time before and
after current interrupt.

Fig. 5. Variation of discharge capacity according to contents of
conducting agent in cathode.

Fig. 6. Variation of average discharge voltage according to contents
of conducting agent in cathode. 
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Öº 1.00(V)� VGCF¢ ÒÏ~&j r Ôf O**{j ��
� ®º�, � �Fº Fig 7, Fig 8~ SEMö ~� ��;ç&
V 5 «êªC öBf ?� VGCF& ^�& Z RF ;ç�
� «¶ �V 6� Acetylene Black, Super P Blackö j�
�¢~æ á� �V*æ~ cathode B� � ®�¢� V�j
;W~� O* � ö�~² Ö² �/� ��Úææ pV r^
� ©b� ÒòB
. j��V*æ~ Ë6f 
� *æö j�
O* öVræ ïê� *{j Fæ� > ®
º 6�
. ���

ßûf anode~ Zinc powderö ~� 'Ë�
º cathode Ú~
V�j Û� pªì� �/>º Ö²~ ~öö ~�~º� ò
£ cathode Ú~ V�� Ïª® B�>æ á~� Ö²~ �/
� ö�® ��Úææ pº
� &�~ Ã&� �� ï�O*
*{� 6²~² >� Ö"'b� ïê� O**{j Fæ~æ
á~² B
.

3.2 j��V*æ~ &�Wª" ÂKßW
j��V*æº ¸f ö.æ&ê¢ B�~º Ë6j &æ�
®º >�ö �ÂK O*ö �£� �6j ÿ�ö &ê
. V¢
B, �ÂK O* �~ �6j �j� * > ®º �'~ ê*
Ò~ «~¢ Ö;~V *~� Fig 5f Fig 6~ Ö"öBf ?
� O*Ïï 5 ï�O**{ ßW� ±æ á� VGCF¢ B�
� Acetylene Black" Super P Blackj ÒÏ~� B�B *æ
~ ÂKßWj ï&~V *~� *~&êö V� peak power
density (mW/cm2)¢ jv~&
. Fig 9öB¾" 20 mA/cm2~

&NöBº �~ jÝ� 8j ��¾ �N� .>� Super P
Blackj ÒÏ®j r~ ÂK&ê ßW� Acetylene Blackj Ò
Ï®j r�
 Ö>�j r > & ®
. *æ~ ÂKßWö '
Ëj "º º²öº �� &æ& ®æò � 7öB &�" &
Ë &7� &ê¢ &æ� ®
. j��V*æ~ &�f 
� *
æfº �Ò B>� *V'� IR ;~f Ö²~ ~ö>w ³ê
f &ê¢ &æº activation loss¢ ��'b� &æ� ®
.

Fig. 7. SEM images of conducting agents.

Fig. 8. Particle size distribution of conducting agents for cathode.

Fig. 9. Variation of peak power density according to contents of conducting agent in cathode.
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IR ;~º *�~ *V' &�Wª" *�î~ �N~ �ÿ ³
êö ~� æV¢ Ab� � Wªö ~� ;~>º *{f ∆V
= IR~ &ê¢ <º
. ��� &�j ÔºV *�Bº *æ~
*¶*êWj ¸�¢ ~º� �¢ *�Bº *�Òò~ �*ê
W bî jÏ �b� �Ö�¢ �
. �Þ /
~ �Wzö &
ê>º &�Wª� activation lossº ∆V = A ln (i/i0)~ �b�
�*B
. �~ �Ö Onb� Ñ� *æ~ Nê¢ ¸� "º
O»�� ~�º Î"'� >w /
¢ ÒÏ~º ©��, q�
º *� ��j �
 ��² B�~� >w ��'j 9& "
º O»�
. j��V*æöBº Ö²~ ~ö>w ³êf &ê
¢ &æº activation lossö æV'� 'Ëj A� ®Ú *æ¢
B�~&j r activation loss 8� 'f *æ~ ÂKßW� Ö
>~² ¾æÂ
. 6� cathodeÚ~ 
�W� ¸j>� /
~
�Wz& ¸j^ activation loss8� Ôjê
. Fig 10j ��
Super P Black� Acetylene Black~ ãÖ�
 Ú¦&�� Ô²
¾æ¾ ®
. � �Fº Super P Blackb� *�j ò
 ãÖ
Fig 11" ?� Acetylene Black~ ãÖ�
 
�W� ¸jæ�
activation loss8� 'V r^ö *Ú'� &�� 6²~º *
çj ¾æÚV r^�
. öò jî¢ Super P Blackb� *�
j ò� ãÖ j� 10 wt%& 5 wt% �
 IR ;~º Ôæò
activation loss& 10 wt%�
 5 wt%& Ôj � v &æ &�8
j ��'b� jv� �� *Ú'� &�� 5 wt%öB &Ë
'Ú Ö>� peak powerßWj ¾æÚ� ®
. �©b� �j
j��V*æ~ ê*Ò~ «~�º Super P Black� '�~�
Cathode Ú~ �ï� 5 wt%¢ r &Ë ±rj r >& ®
.

4. Ö �

�ç~ Ö"¢ «�� " r, 
r" ?f Ö�j êÂ� >
®î
.

1. 3&æ ê*Ò 7 VGCFº O**{ 5 *æÏï�
Acetylene Black, Super P Black~ ãÖ�
 Ôj j��V*
æ~ ê*Ò�º '�~æ p~
. � �Fº VGCF& RF ;
��æ� cathode B� � ®�¢� pore¢ ;W~� �¢�
�V~ F«j O�~º ©b� ºGB
.

2. Super P Black, Acetylene Black j ÒÏ� ãÖ *æ
O*Ïï" O**{öº ê N�& ìî
. ��¾ Super P
Blackj ÒÏ~� B�� *�~ 
�W� Acetylene Black j
ÒÏ� ãÖ�
 ¸V r^ö Super P Blackj ê*Ò� jÏ
� *�~ *Ú'� &�� Ôj^ peak power density& Ö
>~&
. �©b� Super P Black� Cathode~ ê*Ò� '�
�j r > ®î
.

3. Cathode Ú~ Super P Black �ï� 5wt% ¢ r peak
power density& &Ë Ö>� ßWj ¾æÚî
. �º 5w%ö
B &Ë '�� 
�Wj ;W~� activation loss& &Ë '
V r^� ©b� ÒòB
.

4. V¢B j��V*æ~ ê*Ò�Bº Super P Black� &
Ë '�� ©b� 6�>� cathode Ú~ �ï� 5wt% ¢ r

*æ~ ßW� &Ë Ö>~&
.
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Fig. 10. Variation of internal resistance according to contents of
conducting agent in cathode.

Fig. 11. Variation of IR loss, activation loss and porosity according
to contents of conducting agent in cathode. 


