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. �

�Ö" �Ö�Ò >Ï�j *�î� ÒÏ~� 
�W �b�� .³j *Vz�'b� B�~&b�, �r �î *Oö
'Ëj �~º Î&B PEG, MPS~ 'Ëö &� ÚÚ�~
. ª�
þ" V�~ ï� çã� 250µm~ �b�� *
�j ��Ë '[~� throwing power¢ ;ïz� Ö", PEG~ ãÖ ª� .Vö *�öB îONb�� J®J
throwing power¢ 6²�Ê� MPSº 500 ppmræ Ï� 7 Î&ï~ Ã&f �þ throwing power¢ Ëç�Êº Ö
"¢ �&
. 6� MPSf PEG& ÿ�ö b�B Ï�öBº MPS~ Î"& ÖF'b� ¾æ¾� PEG~ Î"º Z
�� ;ê&
. ��¾ MPS~ Î&º *O[~ ��j Fê~� Vê' ;êö ±æ á� 'Ëj �~� ��j b
~J� 50 ppm �~& ';�j SEM &Vj Û� {�� > ®î
.

Abstract : The effect of organic additives such as PEG and MPS on throwing power have been studied in the
fabrication of porous reticular metal by electrodeposition using the mixture of cupric sulfate and sulfuric acid as
electrolyte. Both the polarization test and the electrodeposition on the stacked electrodes, mean pore diameter of
which was 250µm, were performed to illustrate the behavior of throwing power quantitatively. As far as PEG was
concerned, it lowered throwing power of electrodeposition on the porous electrode used in this work while the
addition of MPS up to 500 ppm in electrolyte enhanced throwing power monotonously. When both MPS and PEG
were added in electrolyte, the effect of MPS on throwing power was superior to that of PEG. However, the excess
addition of MPS was found to cause the defect in mechanical strength of deposit layer. From the result of SEM
observation, it could be concluded that less than 50 ppm of MPS in electrolyte was appropriate to avoid the breakage
of deposit layer. 
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1. B  � 


�W �b�� .³f �F~ ;çöB j�>º V~�'
º� r^ö .V *~&ê ª�(primary current density
distribution)ö �² ~�~� *~F� ��ö ÷7>Ú Ú¦r
æ �¢~² B�~V Ú[
. 
B FÎ *~&ê(effective
current density)º *�îö ~� &�" �¦'� ª�ö ~�
&�~ �ö ~�B Ö;>Ú, V~�' º²�¦V Jº .V
*~&ê ª�¢ ª�ö ~� �¢z�B �N *~&ê ª�
& ¾æÚº ãËj &ê
. � r "Úê V~�' *�V~ö

B~ *~&ê ª�¢ ï�z�Êº ËK� throwing power&
Ëç>�, �©f *Vê.j Û� ö~º ®î~ 
�W �b
�� .³j áV *�B &Ë 7º� º²¢� � > ®
.
�N *~&ê ª�& æV'� *Vz� �Ê�j �W~V
*� O»b�º *Vz� ê�öB ïêB¾ 7�B ��j >
¯� > ®º PEG(polyethylene glycol), MPS(3-mercapto-1-
propanesulfonic acid, sodium salt) �~ FVÎ&B¢ *�î
ö Î&~º O»� ¢>'�
. Kelly �f PEGf Cl �N�
�Ò *Oö �~º 'Ëö &� EQCM, EIS �~ O»j Û
� ��~&b� EQCM~ "2> æz¢ Û� *�î 7ö Cl
�N� �Ò~� �;b� ª�B PEG ª¶ �¢[� �O~
� *~¢ v~� > ®º *� ��j *��B leveler ��
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j >¯~�, Cl �N� �Ò~æ pj rº �~ �O� >æ
á�
� ��~&
. 6� �
f EIS G;öB �*j æz
�Bê PEG~ �Oïf �~ æz& ì
� C:
.1-3) Kelly
�f 6 
� ��öB SEM, TEM �j �Ï~� PEGf Cl
�N� �FB ç�öB º&'� SPS(bis(3-sulfopropyl)
disulfide), JGB(Janus Green B)~ Î&& �Ò *Oö �~º
'Ëj ÚÚ� : ®
.4) Thioureaö &� Î&B Î"ê ôf
^òöB ��>� ®
.5-9) &�'b� Fabricius �f :� B
�B Ï�" agingB Ï�öB~ �ÿ N�¢ W. RRDE¢ �
Ï~� &V~&� thioureaº �Ò *Oö ®Ú ;K� ÛBB
� ·Ï~� ß® agingF>� � Î"º 
ê
� Ö� ÚÖ
: ®b�,6) 1,3-diethyl-2-thiourea& Î&>îj r �Ò ê.
[~ �� ��Vf 7�Î"ö &� SFM(scanning force
microscopy)j �Ï~� Mendez �� ��~� ��öB Î&
Bö ~� �Ò ö¶~ �ÿê 6² Î"¢ ��~&
.9) 6�
Wolski �f 0.05 ppmöB 5 ppm º*~ MPS¢ �F� *�
îöB �^NZÏ �Ò ;6~ *V ê.ö &� ��¢ 
�
~� MPS& �Ò ê. � �� ïêzö V��j C² :
®
.10)

� ��öBº æÂ ��11)öB *�î 7~ �Ò�N ³ê
& throwing powerö �~º 'Ë" '; ³êö &� ��®
~ 
þ Ö"¢ :ûb� �Ò�N~ ³êf �Ö~ ³ê¢ '
' 0.2 M" 0.5 M� �;~�, ^ò
ö ��>� ®º �� &
æ FV Î&B 7öB �î *Oö 'Ëj �� > ®º Î&
B� PEGf MPS¢ F�~� �
� 
�W �b�� �Ò B
� � throwing powerö �~º 'Ëj rj�~
. ª¶ï�
� PEGº �b�� *�~ ��ö "� �O>Ú *~&ê&
÷7F r *Oj ïj"º ÛBB ��� V&>îb�, 7�
B 5 *O /êB� rJê MPS& 
�W �b�� Ú¦~
*Oj /ê�B �Ò ª�& ��" Ú¦öB �¢� 
�W
�b�� *�j B�� > ®j ©b� .ç>î
. 6� v
Î&B& ÿ�ö Î&>îj r, v Î&B& ÚÊ ç^·Ïj
~ºæ rj�~b�, Î&B~ Ï� 7 �ï æz& �~º '
Ëê �þ rj�~
.

2. 
þO» 

�Ö�Ò ê.�f jv' &Ï� ��, ê.� �W� *�
~� &Ò& Ï�~� �Ò *Vê.ö 6Ò ÒÏB
. �Ö�
Ò ê.�öB �Ö�Ò~ ³êº .Z Ôb� r� ÎN� ¾
�æ� �*~ &ê ¦ªö ³ê ª�� B�~� >æçb�
CÂ>�¾ �Ç� ê.� CÂB
. �Þ ³ê& .Z ¸b�
Ï�êö &ròB �¦ Nêæzö V¢ �Ö�Ò Ö;� C
Â~V £�, jº �ç~ �³ê� �� ¶
� 
ê
. ¢>
'� 7� �Ö�Ò *�î~ ãÖ 1 L~ ê.�j ò
 r �
Ö�Ò(CuSO4Á5H2O)¢ 160~220 g ;ê Iº ©� �Û�
.
��¾ � ��~ Ï'� �î� 
�W �b��¢ B�~º
� ®V r^ö æ¾� ³ê ª�b� �� >æç CÂj Û
B~º º* ÚöB *�î~ throwing power¢ �&z~V *
~� �Ò �N ³ê~ 'Ëö &� æÂ ��~ 
þ Ö"11)

¢ �Ï~� �Ö�Ò¢ 50 g/L If ê.�j V� �Wb�
~&
.
ê.» 7~ �Öf ê.~ bWj Ëç�Ê� ·� Ï�¢
/ê~º �ö »~ *êWj ±² �
. ò£ » nö �Ö�
��>Ú ®æ pb� ê.f Ê�æ Î·~ ��� ~&~æ
á� Î·b� CÂ>� ·� ��ö bï� �ÎB ·� Ï�
& ö�~ á~² B
. �-
� �Ö ³ê& .Z �� �Ö

�Ò~ Ï�ê& 6²~� �Ö�ÒÖ;� *�î 7ö CÂ>
V �Öæ� ¢>'b� 98% �Öj 1 Lö 40~80 g ;ê º
*öB Î&�
. � ��öBº 50 g/L Î&~&
.
� ��öB~ r�f Z*� ê.B 
�W �b�� �Ò
�æ� ¢>'� *�ö j� ��'� ú�® � ßWj <º

. V¢B ·�b� ¢> ÿ6j ÒÏ� ãÖ Ò¢ª~ B��
�~�, *~ÎN� ÎÚæ² >� �~� ·�ª�ê ¢ÚÆ
> ®º � ôf ^B6j �Â�
. V¢B ·f �b� ò�
ôf ·�ÿj ��®º çG�Ú~ �æª :Ê9j ·�b�
ÒÏ~� ·� �'j �&z~&
. 6� Ò¢ªj ïV *�
�æª :Ê9j �Ò^ Ê�Öb� 6�"î� êê~ *¾Ò
ì� ê.j >¯~&
.
Î&B~ 'Ëj rj�V *� æÂ ��11)öB 
�®~ O
»" ÿ¢~² ÿ** r� ª� �þ" 
B 
�W �b��
*�j �Ï� '[
þj 
�~&
. Ï� 7~ H2SO4~ ·
" CuSO4Á5H2O~ ·j 0.2 M� �;� ê PEGf MPS¢
'' �ëb� Î&� >Ï�öB 
�~&� 
� v Î&B
¢ ÿ�ö Î&� >Ï�j �þ~&
. ÿ** r� ª� �þ
öB r�b� ÒÏB �Ò *�~ ��f 10µm~ «¶ �V
¢ <º �îæf 
�jÒ� ¾�ÊÞ¢ �Ï~� �î� ê
j^Êj �Ï~� VªV¢ B�~&
. ·�b�º �Ò6j
�Ï~&�, V&*�f �z ¢�� *�(SCE: saturated
calomel electrode)j �Ï~� 3 *� �Ê�j �W~&
. �
r ' *�~ *~& �ç �;>Ú .V *~&ê ª�& ¢
;~ê� fj :¶�~� ÒÏ~&
. ª� �*f B²�**
(open circuit potential)öB -1.0 V(vs. SCE)ræ&b� "Ò³
êº 0.1 mV/sec� ~&
. �þf çNöB 
�>îb� �þ
� 
�>º ÿn �¦ v>f ìî
.
ÿ** r� ª� �þöB .G>º throwing power¢ 
B

�W �b�� *�öB {�~V *� Fig. 1" ?f O�b
� ê.j 
�~&
. ¯, V�(pore)� ZîB~² ª�>Ú
B� �Ö>Ú ®º r�öB 
B� �î� *Oj � > ®
ºæ ;ïz~V *� vþ 2 mm~ �b�� *�j ö~º ·
ò¢ '[~� *O� > ®º fz¢ B·~� ÒÏ~&�, ;
** r� ª� �þöBf ÿ¢~² ��j �î� ZÖ² ÿ

Fig. 1. Schematic diagram of "stacking experiment".
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6j ÒÏ~� ·�" r�~ Ñ ®� 6"~ �Ò¢ �ç 30
mm� Fæ� ç�öB 1�*ÿn *O~&
. � 
þöBº
C 5Ëj '[~� 
þ~&º� *O� �¾� '[B Bê'
� *�
j ·�öB &rÚ BB&� 1~5~ ®^¢ 
V�
' ®^ê� *O>V *" *OB ê~ îïj '' G;~�
jv ªC~&
. ®^ö V� ''~ îïj m1, m2, ..., m5¢

~� '[B *� *Úö ê.B C *Oïf & B
. V¢B
*Ú *Oï 7 ''~ *�ö *OB îï~ ªNj Pi¢ ~
� j¾~ � (1)" ?� ¾æâ > ®
.

(1)

� (1)~ Piº 5Ëj '[~� 
þ®bæ� �Ò ª�& �
ç'�¢� P1öB P5ræ Îv 20%¢ ¾æÚ¢ ~�, throwing
power& ¾� *�î¢>� ��ö *O� ÷7>Ú P1~ 8�
�² ¾æÂ
. � ��öBº ''~ FV Î&B& *�îö

Ú. r Pi 8� Úá² æ~ºæ �Ò~� throwing power
& �&& >º *�î �Wö &� ÚÚ�~
.

3. Ö" 5 �V

Fig. 2º Î&B «~ö V� ª� �Fb� PEGf MPS¢
'' �ëb� Î&� Ï�" ÿ�ö Î&� Ï�, �Ò� Î&
B& ìº Ï�j ?� ¾æÚÚ jv~&
. FV Î&B& �
FB *�îf � ·� ²ï�Úê ª� ßWöº � 'Ëj
�~� ®º ©j &V� > ®
. Î&B& �F>æ pf �
Ö�Òf �Öòb� ��Úê *�î~ ãÖ -180 mV(vs.
SCE) �
 æ� ** '�öBº F;'b� VÞV& æ~º
Tafel '�� ¾æ¾� ®b�, -180 mV(vs. SCE)�
 z× j
� **� ª�� ê¯>� ³ê ª�� B�~º � *;'�
�Ò~ ª� ßWj &V� > ®
. 6� -500 mV(vs. SCE)~
**¦V 
� *~&ê& Ã&~� >²& B�~V �·~º
©j Fig. 2~ ª� �Ff ��"� ®
. ��¾ FV Î&B
& Î&>� ·ç� �¢ê
. MPS& Î&B *�îf Î&B
& ìº *�î" ª� �F~ Î·� ç�® FÒ~æò Tafel
'�~ VÞV& z× � 8j ¾æÚ� ®
. �Ò �N ³ê
¢ æ>� � ª� 
þöB Tafel VÞV~ Ã&& throwing
power~ Ëçb� �Úê : ®b�11) �VöBê Î&B& ì
º ãÖ�
 ª�ê& �æ� MPS& Î&>îj r throwing

power& z× ËçF > ®rj .G� > ®
. 6� -300 mV
(vs. SCE) ;êræ Tafel '�� �Úæ
 � �êö ³ê ª
�� �·>� ®b� Fig. 2ö ¾æÚÚê ** '�öBº >
² B�� &V>æ pº
. 
�ö j� PEGº j*® 
� ·çj ��º� Fig. 2öB

-90 mV(vs. SCE)ræº ª�� ê¯Nö V¢ *~&ê& J®
J 6²~º ß�� *ç� &VB
. � êö /Ï® *~&ê
& Ã&~
&, Î&B& ìº *�î~ ª��Fj V¢ �ÿ
~� ³êª�� B�~� >²B� >w� �³'b� ê¯>
º ©j r > ®
. �Ö�Ò *�îöB >¯>º �Òê.~
r� *~&êº ¢>'b� 20~60 mA/cm2��, 'Úê 10
mA/cm2f >Ú¢ Öë'� &~¢ <º
� � > ®
.12) 

�W �b�� *�~ ãÖ �î *Oj *� 10 mA/cm2� B
�~º� Tafel '�ö ��B
. V¢B Tafel VÞV& �~
'ö &�² ¾æ¾º ©b�¦V PEGò �ëb� Î&>� ¢
>'� r� *~&ê º*öBº throwing power& J®J z
¾�î >ê ®rj .G~² �
. Kellyf West~ ��Ö"3)

öB¾" ê. .Vöº ��ö PEG �¢[� �Ob� �W
zB ��'� 6²~V r^ö �Ò �N~ *~ �ÿ >w�
O�¢ Aj *~&êº J®J 6²~º�, ª�� -90 mV �
ç ê¯>� PEG Ëãj �Ú>º *¶ö.æ& *�ö »'
>� PEG& *� ��öB /³~² îO>�B r� *Ú&
�Wz>� ¢�ö �Ò *O� ê¯>V r^ö *~&ê~ /
Ï� çß� &V>º ©b� ��
. ��ö �OB PEG~ /
Ï� *�b�¦V~ �î *çj ïV *�Bº �B® PEG
~ �Oö &� /
 ��j Æ¾B PEGf z�' ç^·Ïj
~º º&'� Î&B& jº~� ��¶z�böB � &ËW
j dj > ®
.13)

Fig. 2öB PEGf MPS¢ ÿ�ö Î&� *�î� ¾æÚº
ª� �ÿf MPSò �ëb� Î&B *�î" �~ FÒ�j
r > ®
. MPS& �ëb� Î&B Ï�� .Vö b� Ï�
�
 Tafel VÞV& �^~² z � 8j ¾æÚº ©j B�
~� ÿ¢� �ÿj ��� ®
. �©f PEGò Î&B Ï�
~ ª��FöB ÚÚ� ©¾" PEG& ª� .Vöº *� �
�ö �O>Ú 'Ëj �~æò ª�� ê¯Nö V¢ *��
�öB /Ï® ÎÚ^ ¾&� MPSò� �O>Ú *�ö 'Ë
j ��b�� ¾æ¾º *çb�, Fig. 2öB PEG& ÎÚ^¾
&º **(-90 mV)ö ê�~� PEG, MPS b� Ï�ê MPS
�ë Ï�~ �ÿj ÿ¢~² V�º ©j r > ®
.
Ö�'b� ª� Ö"òj ¹� " r, PEGº J®J Î&
~æ pf ãÖ�
ê ±æ pf Ö"¢ &^R > ®º >�
ö MPSº *�î~ throwing power Ëçö ôf êæj *
> ®j ©b� .GB
. 6� PEGf MPS¢ ÿ�ö Î&�
ãÖöê PEGº ª� .Vö *� ��öB ÎÚ^ ¾6b�
� MPS �ë Î& �f �~ Î"& ?j ©b� Fig. 2º
��&
. 
ª� 
þj Û� throwing powerö &� .Gj :ûb�

Fig. 1" ?f O»b� 
B 
�W �b�� *�j �Ï~�
'[
þj 
�~&� ª� 
þ~ Ö"& 
B *�öBê ¾
¾æ¾ºæ {�~&b� � Ö"¢ Table 1ö ¾æÚî
.
Table 1öB ª� 
þb�¦V .GB Ö"& 
B 
�W �
b�� *�öBê ¾æÎj {�� > ®îº�, '[B Ñ ®
� *� ¯ ·�öB &Ë &r� V~>Ú *~&ê& ÷7>
º 1® *�~ îï ªN� P1~ 8� PEGò �ëb� Î&>
îj r *Ú îï~ 59.7%& ÷7>Ú Î&B& ì� 
�B
Ï�öB~ 44.2%�
ê ±æ pf Ö"¢ �&
. �©f ª
��FöBê ÚÚ�~æò PEG& *O .Vö *���ö �

Pi

mi

mi
i 0=

n

∑
--------------- 100  %( )×=

Fig. 2. Variation of polarization behavior with organic additives.
(25oC, 0.2 M CuSO4 + 0.5 M H2SO4, 0.2 mV/sec)
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O>Ú >wj O�~
& ¢; **ò¢ ª�>� ¢�ö î
O>� B*'b� �WzB ��'� Ã&~� *~&ê& /
Ï® çß~² >�, �� >w ³ê r^ö *� Ú¦~ ³ê
ª�� �z>� �¢� ê.� ��Úææ á~� ��ö ÷
7'b� *O>º *ç� B�®V r^b� �'B
. >�ö
MPS¢ Î&~�¾ PEGf MPS¢ ÿ�ö Î&~� 
�� '
[ 
þ Ö"º P1~ 8� '' 34.7%f 35%� Î&B& ì
j r�
 throwing power& Ëç>� ®rj &V� > ®b
� �º Fig. 2~ ª� 
þ~ Ö"f ¢&B ãË�î
. 6�
r�ö �&B 10 mA/cm2º ��ö �OB PEG& Îv *�
b�¦V �î~Vö Ïª� *~&ê�� PEG& �ëb� Î
&B Ï�" b�Ï�f �~ ÿ¢� 8j Pi8
j ��� ®

. Table 1j ê�z� Fig. 3öBº z× ª«~² Î&B~
«~ö V� '[
þ Ö"~ æz 5 � ãËj {�� > ®

.
�B ÚÚ � :f ?� PEGº Ï�~ throwing power¢
Ëç�Êæ á~� MPSò� � Î"¢ ¾æÚî
. �®öº
MPS~ ';ïj rj�V *~� MPS~ �ïj �.~�B
'[
þj 
� 
�~&b� � Ö"¢ Table 2f Fig. 4ö

¾æÚî
. Fig. 4öB MPSº Ï� 7 �ï� 500 ppmræ
MPS~ �ï� Ã&�ö V¢ æ³'b� throwing power¢ Ë
ç�Êº Î"¢ ¾æÚî� � �êöº �~ � Î"& �z
>º *ç� &V>î
. ��� Ö"�¦V 
�W �b��
*�~ throwing power& �&z>º MPS~ ³êº 500 ppm
�¢ �;æj > ®
. ��¾ Fig. 5öBf ?� MPS& Î&
>� 
�W �b�� *�~ �W� Ã&~² >� *�ö �
�� B�~� Öë'� &~¢ ç
~² B
. MPS~ Î&&
�î� 
�W �b�� *�~ B�öº êæj "æò Vê
' Wîöº ±æ á� 'Ëj �~º ©�
.

MPS& *�~ �Wö �~º 'Ëj rj�V *~� 
�
æ>
f Îv �;�Ê� MPS �ïj æz�B 
�W �b
�� *�j B�~&
. B�B *�öB �Þj j�~� ö
�� >æö molding~� Vê' �î¢ � ê 
�W �b�
� *�~ ��j SEM &V� Ö"¢ Fig. 6" Fig. 7ö ¾æ
Úî
. Fig. 6" Fig. 7~ [A] ��B ¦ªf 
�W �b��

  
Table 1. Mass distributions of copper electrodeposit with organic additives. (current density i = 10 mA/cm2)

Stack Order
Mass fraction

(%)
Experimental condition

No additive PEG only MPS only PEG+MPS

1� close to anode P1 44.2 59.7 34.7 35.0

2 P2 19.7 11.1 22.4 21.7

3 P3 13.4 10.0 16.7 16.9

4 P4 12.0   9.7 13.6 14.1

5� far from anode P5 10.7   9.6 12.7 12.4

Current Density Efficiency (%) 97.1 97.7 98.6 97.9

Fig. 3. Effect of organic additives on mass distribution of porous
reticular electrode. (25oC, 0.2 M CuSO4 + 0.5 M H2SO4, 1 hr).

Fig. 4. Effect of MPS contents on mass distribution of porous
reticular electrode. (25oC, 0.2 M CuSO4 + 0.5 M H2SO4, 1 hr).

    
Table 2. Mass distributions of copper electrodeposit with MPS contents. (current density i = 10 mA/cm2)

Stack Order Mass fraction (%)
Contents of MPS (ppm)

10 50 100 200 500 1000

1� close to anode P1 75.6 66.3 63.6 60.1 55.9 56.2

2 P2 16.2 21.0 23.4 24.4 23.9 26.1

3 P3 3.7 7.2  9.2  7.4 11.4 9.4

4 P4 3.3 3.0  2.1  4.2  4.8 4.3

5� far from anode P5 1.2 2.5  1.7  3.8  4.0 3.9

Current Density Efficiency (%) 97.6 98.2 96.9 98.0 97.1 97.3
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*�~ .&¢ ��� ®º *OB �Ò��, [B] ��B ¦ª
f ö�� >æ�
.

Fig. 6f MPS& 30 ppm �FB *�îöB ò
Úê 
�W
�b�� *�b� �~ �� ìº ��j &V� > ®î�,

B 
�W �b�� *�ö Vê' ÏÏj "Úê �~ �W

j ¾æÚæ p~
. ��¾ MPS& 100 ppm �FB *�îö
B B�B 
�W �b�� *�~ ãÖ Fig. 7~ zÚ�� �
�� ¦ªöB &V� > ®º ©¾" *�j �W~º .&
��öB �^� ��� BÒ>î�, 
�W �b�� *��
�¦~ ¾j A² F ãÖ ��� �^ ��j 7�b� 2Z
& ¢ÚÎj r > ®î
. ��� �^ ��� &V>º MPS
�ï~ V&f &Û 50 ppm ;ê� 50 ppmræº �~ ���
&V>æ p� �Wê ¾æÚæ p~b¾ � �çöBº Fig. 7
" ?f �^ ��� 
> &V>� Vê' ÏÏö �£�j
��Úî
.

4. Ö  �

� ��º *�î ³~ �Ò �N~ ³ê¢ 0.2 M� �;~
� Î&B~ «~f ·j �.~� 
�W �b�� *�~ �
î *O 5 Ï�~ throwing power~ Ëç �¦¢ ÚÚ�~b
� 
r" ?f Ö�j áj > ®î
.

1. *���ö �OB PEGº ª�� ê¯Nö V¢ £² î
O>Ú �Ò~ �î *Oöº 'Ëj �~æ á~�, J®J B
*'� *~&ê~ Ã&� Ï�~ throwing power¢ 6²�Ê
� �Òª�º z× ®�¢�ê
.

2. MPSº 500 ppmræº Î&ï� Ã&�ö V¢ Ï�~
throwing powerê �þ Ã&~º ©� &V>îb� PEGf
MPS¢ �þ Î&®j röê .Vö PEG& &¦ª îONb

Fig. 5. Porous reticular copper broken up. (25oC, 100 ppm MPS,
5 hrs)

Fig. 6. Cross section SEM images of porous reticular electrode
electrodeposited in basic solution and 30 ppm MPS. ([A] : copper
electrodeposit, [B] : epoxy resin).

Fig. 7. Cross section SEM images of porous reticular electrode
electrodeposited in basic solution and 100 ppm MPS. ([A] : copper
electrodeposit, [B] : poxy resin).
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�� MPS~ Î"& Ö^~² ¾æ¾º ©j r > ®
.
3. MPS~ Î&º 
�W �b�� *�~ Vê' �Wj &
^R > ®b� �¢ Oæ~V *�Bº MPS~ Î&ïj 50
ppm �~� B�~�¢�
.

4. Vê' ;ê¢ Fæ~�B throwing power¢ �&z� >
®º Ï�~ ��f 0.2 M [Cu2

+], 0.5 M H2SO4~ V� �Ö
�Ò ê.�ö 50 ppm~ MPS& �FB *�î�î
.
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