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. �

j� ·�~ WËj Ëç�Ò Ï'b� 4&æ «~~ Î&B~ Î"¢ ��~&
. Pb3O4 (0.5, 1.0 & 2.0 wt%)f 4
&æ «~~ Î&B(0.4wt% of Ca(OH)2, 0.025 M of Citrate, Tartrate and Gluconate)¢ 40 wt% KOH *�î Ï
�ö Ï��B ¦�** G;, ª�
þ, ÏÁO* Ò�� >«�þj ¯~&
. ¦�**º �*� vªö V¢ ¸f
OËb� �¯~&� Pb3O4~ ï� Ã&�ö V¢ >�'b� **& çß" ~;j ��~&
. z×� Ú�Wf Z
Î&~ ãÖö j� {
~² Ã&~&� Î&B& 
Ú* ãÖ ÏÁO* ßW� Ëç>î
. SEM Òêj ªC� Ö
" 0.5 wt% Pb3O4 òj Î&� ãÖf Tartrate& Î&B ãÖ~ �� ;ç� FÒ~&b�, 
� Î&B~ ãÖ �
�ö >æç Ö;~ WË� ¾æÒ
. Ö"'b� 
� Î&Bf jv~� Tartrate~ ãÖ Ú�W Î"öò jî¢
ÏÁO* ßWê Ö>�j ��"î
.

Abstracts: We investigated the effect of both 4 types additives and Pb3O4 which have been reported to show an
improvement on the performance of Zinc anode. And Experimental methods such as corrosion potential measurement,
potentiodynamic polorization test and charging-discharging cycle life test were carried out in 40 wt% KOH with
Pb3O4(0.5, 1.0 & 2.0 wt%) and 4 types additives (0.4 wt% of Ca(OH)2, 0.025 M of Citrate, Tartrate and Gluconate).
Corrosion potential was shifted to high direction and also changed to high and low direction repeatedly with increasing
of Pb3O4 quantity. However by adding 0.5 wt% Pb3O4, corrosion potential shifted to low direction and showed stable
condition. Furthermore it was well known that corrosion resistance was predominantly increased compared to no addition
and improved charging-discharging property with adding additives. By SEM analysis, it was concluded that the
morphology of surface in case of only 0.5 wt% Pb3O4 addition was nearly the same as that of Tartrate additive
and in the other additives such as Ca(OH)2, Citrate, Tartrate and Gluconate, their morphologies showed dendrite
growth. Eventually it was thought that the additive of Tartrate indicated comparatively good corrosion resistance effect
as well as charging-discharging property improvement among those four types additives.

Key words : Zn electrode, Cycle life, Additives, Pb3O4, Morphology

1. B �

Zn/AgO reserve batteryº jv' �&�� >«� 
röê
®�~� �* 7ï" Ú'� ¸f ö.æ &ê¢ &ææ� �
Ò'� Ïêf ��Öë" ?f ß>� ª¢ö ô� 'Ï>�
®b�1-3) 
r" ?f ÏÁO* >wj �~º ©b� rJ^
®
.
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çV~ �öB (1)�~ >wf 1&~ Özf�� (2)�~ >
wf 2&~ Özfö ~� ÏO* >w��
.
�Ò� Zn-AgO Secondary Battery systemöB r� Òò�
ÒÏ>� ®º j�(Zn)f jv' &Z~�, ·^� *Vz�'
Ïï(820 Ah/Kg)j &æ� 6�, &¦ª~ *æ �Ê�öB ¸
f B�*{(OCV, Open Circuit Voltage)j ¾æâ öò jî
¢ z×� Zë~æ� ~ã �z'� .³ Òò�B z× '7
j A� ®
. ��¾ j� *�f "Ï*� *æ WË� kz
>º ^B6� ®b� z×� �³ê r�Ò Ï�öB j� *
�f *æ f Ú¦~ >wöB j�� Zn(OH)2� :2� �
Zn(OH)2º KOH *�� ÚöB Ï�ê& 
Ö �� *Vz�
'� >w³ê& �¢öö V¢ j� �bî~ ÒV~ö V�
;çæz(shape change)& B�~� 6� j� *�f � ";
öB >æç Ö;(�~ dendrite)� �W>Ú �£j ¢V~æ�
2N *æ� ÒÏ~Vöº Ò�� >«� &�® 
f �6j &
ê ©b� rJ^ ®
4,5).
��� j�~ �6j ��~�¶ ~º ��& Þ&® æ³
>Ú zb�, � &nb�B j� �bî Úö Hg,6) Cd, As7)

�j Î&� j� *�j B�~�¾ 6º j� *�j ��
®º ^¢.�V~ ÒîBF 5 r�Ò *�îö �ï~ Î&
B¢ IÚB 2N *æ�B~ >« Ã&¢ êÎ� z
. ��¾
çV� :f?� j�*�~ WËËçj *~� �K~� ®r
öê ®�~� jçê �Ö�¢ � BF6� ôb� �
ö &
� ��ê æ³>� ®º 
;�
.
� ��öBº *Ò çÏ>� ®º r¢Ò 2N*æ~ ¢«�
ß>Ï'Ï Zn/AgO *æ~ r�b� ÒÏ>� ®º j� �~
WË BFj Ï'b�, �³ê~ 40% KOH *�îö j� *
�~ WËj Ëç�Ò > ®
� ��B 4&æ «~~ Î&B
[Ca(OH),28) Citrate,9) Tartrate,10) 5 Gluconate11)]f j�~ Ú
�Wj Ëç�Ò Ï'b� Pb3O4

12-15)¢ �þ b�� ç�öB
''~ ¦�**f Potentiodynamic Polarization Test�j Û�
*Vz�' �ÿ~ �V 5, ÏÁO* &³ >«�þ �Ò�
SEM(Scanning Electron Microscope) Òêj Û~� j� *
�~ WËö �~º Î&B~ ç&'� jv Î"�ö &~�
�V~� �~
.

2. 
þ O»

2.1. j� �~ B·
j� *�f *êW� ±f silver mesh¢ ææÚ� ~�

silver tapj Ï7~� 7/�¶� ~&� ªö ç�~ ZnO¢
silver meshö ²Ö~� B·~&
. ÒÏB ZnO ªöf
Aldrich Chemical Company, U.S.A~ B®b� Bê 99.9%~
©j ÒÏ~&b� ²Ö~V * îê(decarbonation) �;j �



.
�Ò� ¦�**f ª�
þ(Potentiodynamic Polarization

test)Ï �þÞf j�*�j 3 cmÜ3 cm~ �'b� .�� 

r ·Ï�' 1 cm2¢ B�� ¾^æº ö��z+(epoxy
coating) ~� .��B B·~&b� Fig. 1f B·�;~ vª
ê�
.

2.2. *��" Î&B~ �W 
KOH *��f Ã~>¢ ÒÏ~� B�~&�, � 
þö Ò
Ï� Î� KOH *��~ ³êº 40 wt%� ¢;~² ~&
. 
Î&Bº Îv ¢/ �£j ÒÏ~&b� Î&B Pb3O4~ ·
f '' 0.5 wt%, 1.0 wt% 5 2.0 wt%&b� Ca(OH)2º
0.4 wt%, Citrate, Tartrate 5 Gluconateº '' 0.025 Mj Î
&~&� Table 1f � 
þö ÒÏB Î&Bö ~� �WB
*��~ «~¢ ¾æÚ� ®
.

2.3. WË ªC �þ
çV� 6«~~ *��ö &jB j��Þj �æ�B 21¢
* ¦� **~ æz¢ G;~&b�, G; **êº John
Fluke MFG. Co., Inc. USA~ Fluke 97j ÒÏ~&
.
�Ò� Î&B& j� *�~ ¦�Wö �~º 'Ëj �V
~V *~� ª�
þ(Potentiodynamic Polarization test;
Gamry Instruments, Inc. U.K.)¢ ¯~&
. �r, &�(Counter
Electrode)b�º W. *�j ÒÏ~&�, V&*�(Reference
Electrode)f �³ê~ r�Ò Ï�öB n;� Hg/HgO *�j
¶Ú B·~� ÒÏ~&b�, ª� ��f Vinitial = -0.5 V, Vfinal =
+1.5 V, Scan rate = 1 mv/sec �Ò� delay time = 3,000 sec�
~&
.
ÏO* Ò�� rÊÞº ¢� Hokuto DenkoÒ~ HJ 2010

Charge-Discharge Unit~ 
þË~¢ ÒÏ~&b� ¶Ú B·
� *��Î" IBM PC¢ ÒÏ~� ÏO* *~f *{~ æ

Fig. 1. Process of manufacturing of Zn plate.

Table 1. The quantity and kinds of additives.

Pb3O4  0.5wt% Pb3O4  1.0wt% Pb3O4  2.0wt%

1 No Additive

2 Pb3O4 0.5wt%

3 Pb3O4 0.5wt%+Ca(OH)2 0.4wt% Pb3O4 1.0wt%+Ca(OH)2 0.4wt% Pb3O4 2.0wt%+Ca(OH)2 0.4wt%

4 Pb3O4 0.5wt%+Citrate 0.025M Pb3O4 1.0wt%+Citrate 0.025M Pb3O4 2.0wt%+Citrate 0.025M

5 Pb3O4 0.5wt%+Tartrate 0.025M Pb3O4 1.0wt%+Tartrate 0.025M Pb3O4 2.0wt%+Tartrate 0.025M

6 Pb3O4 0.5wt%+Gluconate 0.025M Pb3O4 1.0wt%+Gluconate 0.025M Pb3O4 2.0wt%+Gluconate 0.025M
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zö &� ¶ò¢ >÷~� ªC~&
. �Ò� cellj �N�
ö �æ~� 
þ Nê¢ 25Û2oC� Fæ~&
.

3. Ö" 5 �V

3.1. ¦�** G;
Pb3O4º j� *�~ ¦�j ÛB~º VËj &ê©b� r
J^ ®b¾ "
� ·� Î&>� *æ~ V*Kö k'Ëj
�~æ� �'~ Î&ïj �~V *� jv �V� jº~

� ÒòB
. Fig. 2º 40 wt%~ KOH *��ö Pb3O4~ ·

j '' 0.5 wt%, 1.0 wt% 5 2.0 wt%¢ Î&� ê *æ~
V*Kj Ëç�Êº� êæ� >º ©b� rJê 4&æ «~
~ Î&B(Ca(OH)2, Citrate, Tartrate �Ò� Gluconate)¢ �
þ Î&~� �WB *�î Ï�ö j� *�j �æ�B 21¢
*~ ¦� **~ æz¢ G;~&
. Fig. 2öB r > ®��
Pb3O4~ ·� 0.5 wt%ö j~� 1.0 wt%, 2.0 wt%� "ïj
Î&�>� j� *�~ **& jv' ¸f OËb� �¯~
� **~ æz�� 
æº ãËj r > ®b� ß® Pb3O4

2.0 wt% Î&~ ãÖöº ¦� **& jv' ¸f 8j ¾æ
Ú� ®rj r > ®î
. �Ò� 0.5 wt% Î&~ ãÖöº 4
«~~ Î&Bö &êì� jv' Ôf n;B ¦� **¢ F
æ~� ®rj r > ®
. 6� 4«~~ Î&B¢ Î&� ã
Ö& ZÎ&~ ãÖö j�B 
² ¸f **¢ ¾æÚîb¾
Pb3O4òj Î&� ãÖ�
º Ôf **8j ¾æÚîrj r
> ®î
. V¢B Pb3O4¢ "ï Î&~� Ú�Wf ËçF >
®b¾ ¦� **¢ çß�B B� *{j Ôºº �6j VB
� > ì
� ÒòB
.

3.2. ª� �F 5 ¦�ßW �V
*F� 
þ Ö"öB Pb3O4~ Î&ï� 0.5 wt%~ ãÖ,
¦� **& çß~æ p� n;B **8j Fæ~&rb�
Pb3O4 0.5 wt%ö 4«~~ Î&B¢ Î&� ãÖö �~� ª
� �F 5 ¦�ßW �Ò� ÏO* 
þ�j 
�~&
.

Fig. 3f 40 wt% KOH Ï�ö Pb3O4 0.5 wt%f 4&æ «
~~ Î&B¢ Î&� ê �æ 3¢ êö G;� ª� �F�
.
Fig. 3öB r > ®�� Pb3O4òj Î&� ãÖ -1.1 V~ ª
� **öB £ 6Ü10-2(mA/cm2)~ ¦ÿ� *~¢ ¾æÚ� ®
b¾ Î&B¢ Î&�>� 6N ¦ÿ� *~8� 
öj r >
®
. �Ò� ZÎ&~ ãÖöº 3Ü10-2(mA/cm2)~ jv' ¸
f ¦ÿ� *~ &ê¢ ¾æÚ� ®rj r > ®î
. �¾"
Pb3O4¢ Î&�>� ¦� **~ çß" �þ ¦ÿ� *~&
6²~� Ú�Wj Ëç�Ò > ®rj r > ®b� 4&æ «
~~ Î&B& Î&Nö V¢ Ú�Wf 
² ÎÚæº ãËj
r > ®î
. �Ò� �æ 5¢ 5 7¢~ ãÖöê ?f 
þ
Ö"¢ áj > ®î
. 

Table 2º Fig. 3~ �æ 3¢ ê~ ª� �F" �æ 5¢ 5
7¢ ê~ ª� �FöB Tafel �ã» (Gamry Instrument, Inc.
U.K)ö ~�B �� ¦�**, ¦�*~&ê �Ò� ·� 5 r

Fig. 2. Variation of corrosion potential as a function of submerged
time in 40 wt% KOH solution with additives.

Fig. 3. Polarization curves in 40 wt% KOH solution with additives
after 3days submerged.
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� ª� �F~ VÞV �j ;Ò~� ¾æÚî
. �Ò�
Tabel 2~ Ö"¢ ê�� ;Ò~� Fig. 4ö ¾æÚî
.

Table 2f Fig. 4öB r > ®�� ¦�**º �æ 3¢ ê
~ ãÖ Tartrate¢ Î&� ãÖ& &Ë ¸~b¾ �æ 7¢ ê
öº &Ë Ôf **8j ¾æÚî
. �Ò� ZÎ&~ ãÖö
º �æ 3¢ êö &Ë Ôf **8j ¾æÚîb¾ �æ 7¢
êöº �b� &Ë ¸f **8j ��"� ®rj r > ®

î
. 6� Î&B¢ Î&�>� ¦�**º 
² Ôjæº ã
Ë� ®rj r > ®î
. �Þ ZÎ&~ ãÖ �æ ¢>~ Ã
&ö V¢ ¦�*~&êº Ã&~º ãË� ®îb� �æ 7¢
êö &Ë ¸f ¦�*~&ê¢ ¾æÚî� Pb3O4 òj Î&�
ãÖ& &Ë Ôf ¦�*~&ê¢ ¾æÚîrj r > ®î
.
�Ò� 4«~~ Î&B 7öB Tartrate¢ Î&� ãÖ& �æ
¢>~ Ã&ö V¢ 6N ¦�*~&ê& 6²~º n;B ã
Ëj ¾æÚ� ®rj r > ®îb�, 6� r� ª�~ VÞ
V βc 5 ·� ª�~ VÞV βa~ ãÖöê Tartrate Î&B&

� Î&Bö j�B �æ ¢>~ Ã&ö V¢ jv' n;>
² 6N 6²~º ãËj ¾æÚî
. V¢B Tartrate~ Î&º
j� �~ Ú�W Ëç" �þ ÏO* �~ WË BFö êæ
� F > ®
� ÒòB
.

3.3. ÏO* Ò�� 
þ
æ.ræ Ú�Wö �~º Î&B~ 'Ëö &�B �V~�
�~
. ��¾ çV� Î&B& 
B f *�" �þ ��>Ú
ÏO*j >�~º 
B ç�öB~ ÏO*�~ *{~ æzf
Ú�Wö �~º 'Ëj �V~�¢ �
� �'B
. ��¾

Bf 7?f ç�j �J~� ÏO* 
þj ¯�
º ©f
ôf �*� º�B
. V¢B �V*ö Î&B~ 'Ëj Ï*
�~ *{ çß" O*�~ *{~;ö ÚÊ 'Ëj �~º&
ö &� �V 6� 7º~
� ÒòB
. � 
þöB ÒÏ�
� B~ *æº Ïï 180 Ahö ·�" r�6~ B>º ''
24B, 25B��. ÏO* Ò�� >« �þöBº *æ � B¢
Îv ÒÏ~æ p� � 7 ·� �6 1Bf r� �6 1B¢
f� ��~� 
þ~&
. V¢B 180 Ah¢ 24B f� ¾*�
1B f� &Û 4.9 Ah& ¾J� �V*ö Î&B~ WËj ¦
Æ~V *�Bº &_� O* ��� jº~
� 6�>Ú O
* *{j 5 A 70ªb� ~� 
þ~&
. ZæVº ¢>'b
� j�-Özf *æ~ ãÖ O* ê **~ ²�� 3ª �Ú
� 
Ö ��
º 6j �J~� ª~'b� 10ªb� ~&�
Ï*� *~~º **~ ²�ö jº� �²~òj �J~�
2 A 10ªb� ~&
. �Ò� ÏO* 
þj *~� �þÞj

Table 2. The experimental data obtained by potentiodynamic polarization test of Zinc electrode with and without additives in 40 wt% KOH.

Ecor I cor

3days 5days 7days 3days 5days 7days

No Add. -1.5358 -1.5328 -1.4957 3.550E-04 6.903E-03 2.332E-02

Pb3O40.5wt% -1.5053 -1.5052 -1.6089 6.979E-04 7.251E-05 5.011E-07

Pb3O4�Ca(OH)2 -1.5236 -1.4880 -1.6094 8.782E-03 3.204E-02 8.694E-07

Pb3O4�Citrate -1.5293 -1.4964 -1.6067 1.232E-04 1.370E-02 4.826E-03

Pb3O4�Tartrate -1.4955 -1.5214 -1.6126 7.487E-02 7.344E-03 1.916E-03

Pb3O4�Gluconate -1.5191 -1.4870 -1.6108 6.322E-03 1.121E-02 1.307E-04

ββ c ββ a

3days 5days 7days 3days 5days 7days

No Add. 50.8 95.4 141.1 45.4 376.2 272.9

only Pb3O4 54.4 53.5 28.5 58.4 172.0 17.9

Pb3O4�Ca(OH)2 130.6 335.6 19.6 212.4 485.6 17.0

Pb3O4�Citrate 41.0 128.4 77.9 32.3 283.1 88.4

Pb3O4�Tartrate 222.7 83.6 58.2 609.9 159.4 52.6

Pb3O4�Gluconate 121.4 117.8 36.8 245.4 204.8 34.5

Fig 4. Variation of corrosion properties as a function of submerged
time.
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�æ� ê .V 10ª* Z¦~ ç�� Fæ� ê 5 A~ O*
*~� 70ª* O*~� 
� 10ª* Z¦~ ç�� Fæ~�

� 2 A~ Ï* *~� 10ª* Ï*�Êº ";j 1²~
cycle� ~� 5²~ ÏO* Ò�� 
þj ¯~&
. 

Fig. 5º ÏO* Ò�� 
þ ";öB ¾æÂ Ï* 5 O*
*~f �r~ *{ æz¢ ¾æÚ� ®
. Fig. 5öB r >
®�� ÏO* Ò��� Ã&F>� O*�~ *{ ;~& Â
]~� 4Ò�� �ê¦Vº O* *{� �~ 1.5 V �~� Î
Úæ� ®rj r > ®
. �Ò� Z¦~ ç�f Ï*�öê
6N Z¦~ *{" Ï* *{f Ò�� Å>& Ã&�>� ~
;~º ãËj r > ®î
.

Fig. 6f 5 A~ *~� 70ª* 1² O*�~ O* *{~ æ
z¢ ¾æÚ� ®
. �âöB r > ®�� Gluconate Î&~
ãÖ O* *{� 1.48 V �~� &Ë Ô~b� Tartrate¢ Î
&� ãÖ &Ë ¸f O* *{j Fæ~� ®rj r > ®î

. �Ò� Fig. 7öB r > ®�� 3²~ ÏO* Ò�� 
þ
öBê Tartrate Î&& jv' ¸f O* *{j Fæ~º ã
Ëj r > ®b� ZÎ&f Citrate 5 Gluconate Î&~ ã
Ö O*�* 70ª ê~ *{f 1.5 V �~� ÎÚrb¾ 
�
Î&B~ ãÖöº 1.5 V �ç~ O* *{j ¾æÚ� ®rj
r > ®î
.
�Þ Fig. 8f 2 A~ *~� 10ª* Ï*~&j ãÖ~ Ï*
*{� æz¢ ¾æÚ� ®
. �âöB r > ®�� Tartrate
f Citrate Î&~ ãÖ £ 1.95 V~ Ï* *{j Fæ~� ®
îb¾ 
� Î&B~ ãÖ £ 1.65 V¢ Fæ~º jv' Ôf
Ï* *{j ¾æÚ� ®rj r > ®î
. �Ò� Ï* ê~
Z¦~ ç�öBê Tartrate Î&~ ãÖ& ¸f *{j ¾æÚ
îrj r > ®î
.
�Ò� Fig. 9~ 2²~ Ò��öBê Tartrate Î&B~ ãÖ
& &Ë ¸f Ï* *{j ¾æÚîb� 
� Î&Bº 1.65 V
;ê~ Ôf Ï* *{j Fæ~&
. 6� ��� ãËf 3²,
4² 5 5²~ Ò��öBê ?f ãËj ¾æÚî
. V¢B æ
.ræ~ ÏO* 
þÖ"öB r > ®�� ÏO* WËBF
ö jv' ±f Î"¢ ¾æÚº Î&Bº Tartrateªj r >
®î
.

3.4. SEM Òê�V
Fig. 10f �þÞj ''~ *��ö 3¢* �æ �Î ê

350V� {&~� �� ��~ SEM Òê�
. 
ÒêöB r > ®�� Pb3O4(0.5 wt%) 5 Tartrate Î&~
ãÖ �� ç�~ ·ç� 
� Î&B~ ãÖö jv~� jv
' ~&~� v �þÞ~ �� ·ç� FÒ� ãËj ¾æÚ�

Fig. 5. Variation of charge-discharge cycle current and voltage with increasing of cycle test.

Fig. 6. Variation of discharge voltage of the 1st cycle with
discharging current 5 A for 70 min.

Fig. 7. Variation of discharge voltage of 3rd cycle with discharging
current 5 A for 70 min.
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Fig. 8. Variation of charge voltage of the 1st cycle with charging current 2 A for 10 min.

Fig. 9. Variation of charge voltage of 2nd cycle with charging current 2 A for 10min.

Fig. 10. SEM photographs of Zn specimen in KOH 40 wt% with additives after 3days submerged.
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®rj r > ®
. �Ò� ZÎ&~ ãÖöº ��ö ôf V
�� �Ò~� ~&~æ á~� 6� Ca(OH)2, Ctirate 5
Gluconate Î&~ ãÖöº ��ö >æç Ö;(dendrite)� ;
W>Ú ®rj r > ®
. ��� >æç~ �Wf Ò�� >
«j �»�B ÏO* WË~ &~¢ &^R > ®
� ÒòB

.

5. Ö �

æ.ræ 40 wt% KOH Ï�ö Pb3O4 5 4«~~ Î&B¢
'' Î&� *�î Ï� 7öB j� �~ ª� ßW, ÏO*
ßW 5 ��~ SEM Òê �V �j Û~� 
r" ?f Ö
�j áj > ®î
.

1) Pb3O4~ Î&ï� Ã&�>� ¦� **º ¸f 8j ¾
æÚîb¾ **~ æz�� �~&b�, Pb3O4 0.5 wt%~ Î
&ï� ¦�**¢ çß�Êæ pº n;B **8j ¾æÚî

.

2) Pb3O4~ Ã&º ZÎ&ö j�B Ú�Wj çß�Êº Î
"¢ ¾æÚîb� 6� Pb3O4~ Î&ö *F� 4«~~ Î&
B¢ Î&�ö V¢ Ú�Wf 
² 6²~º ãË� ®î
.

3) j��~ SEM Òê �VöB Tartrate Î&º Pb3O4òj

Î&� ãÖf FÒ� ~&� �� ç�¢ ¾æÚîb�
Ca(OH)2, Citrate 5 Gluconate~ Î&º >æç Ö;j ¾æ
Úî
.

4) � 
þ~ Ö" Ú�W Ëç 5 ÏO* WË BFj *�
&Ë ·^� Î&Bº Tartrate ªj r > ®î
.
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