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º £

� ��öBº ABS(Acrylonitrile-Butadiene-Styrene)j "-�ª¶� ÒÏ~� Özn;W� BFB ABS/Polypyrrole
��;ïj *Vz�' O»b� �W~&
. ÖF acetonitrileê~ Ï
� "-�ª¶¢ cc�Vb�, pyrrole" ææ*
�î� W.*�ö �Ò z+B ABSÚ¦� R"~� W. *���ö ABS/PPy ��Ú& ;W>ê� ~&
. Ö"'
b� *êW ABS/PPy ��;ïf polypyrrole" jv~� ¢;� &�j Fæ~&b�, Özn;Wê Ëç>º ©b�
¾æÒ
. 

Abstract :  ABS/Polypyrrole composite film has been synthesized by means of electrochemical polymerization in
order to enhance the oxidant stability by using ABS(Acrylonitrile-Butadiene-Styrene) as a host-polymer. While the
acetonitrile as a solvent swells the host-polymer ABS on Pt plate, and then the pyrrole in an electrolyte penetrates
the pre-coated ABS film during electrochemical polymerization. Comparing with the single-component polypyrrole
film, the resulting conducting ABS/PPy composite film shows the good reliability for the uniform resistance and the
enhancement of the oxidant stabilization.
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1. B  �

Pyrrole" thiophene�~ 
·� �W�Òz�b �ïÚ
(heterocyclic monomer)~ î�Ú �Wb� �� �V7öB �
R n;� *V*êW ;ïj *Vz�' 7�� &Ë~
. �
W�Òz�b FêÚ¢ ò�º 
·� *Vz�VFf ç�®
ËçB ßWj &ê *êW �ª¶~ �WöBê 'Ï� &Ë
~�, �f?f *V*êW �ª¶;ïf ÒÏ* M�Òf æï
ÂKË~� � wÏº*& 9&æ� ®
1,2). *Ò ¢>'�
PVC¾ PVA�~ ºÏ �ª¶f �W�Òz�b �ª¶¢ �Ï
� ��Ú~ �W� ��>� ®b�, �
 bW� Ö>� 
�
«~~ "-�ª¶f ��z~� *êê~ 6²ì� Vê'� b
Wj Ëç�ÊJº ��& 
·~² ê¯>Ú J� ®
. 
*êW �ª¶~ *Vz�' 7�O»f Dall'Olio �ö ~�
BB>îb�3), �
f �� "Pyrrole Black"�¢ ®Òº ªö
~ polypyrrole ;ïj �W~&
. �ê Diaz �ö ~�B

free-standing polypyrrole� ¾rb� �W>îº�, � �� *
V*êêº 100 S/cm�î
4). �FÖ�W �ª¶~ ÒÒ~ ¸
f Ö;zêº ¢> Ï
öB ®ÏW� >²~º ãË� ®b
�, �©f �ª¶ïj &ê FV *êW �ª¶~ &�j Ú[
² ~&
. �"~ B*B VFf �ª¶~ êw(doping) 6º
*êW(conductive)ç�öB &�Wj &æ² � > ®b�, �
©f §�'b� çë' �Ï� &Ë� bîj áº� � "n
6� ®
. ¢>'� &�W Ëçj *� O»b� ª¶ï� ·
�¾, "æÒÒ(side chain)ö ~~V¢ ¿�B �ª¶~ Ö;W
j &~�B ß; Ï
ö &ÏW� *V *êW �ª¶¢ �W
~Vê ~æò, � ãÖ &B �WB �ª¶~ *V' Wî�

Ö &~>º ãË� ®Ú çë' wÏö ôf ^B¢ &æ�
®
. �f &N~� PVC¾ PVA �~ ºÏ �ª¶f �W�
Òz�b �ª¶¢ �Ï� ��Ú~ �W� ��>� ®b�,
�
 bW� ±f 
� «~~ "-�ª¶(host-polymer)f ��
Òòz~� *êê~ 6² ì� �Ë;êf ��Kj Ëç�Ê
Jº ��& ê³>Úæ� ®
. �¢ *~� Diazº PVC¢ �
Ò *�ö b��Î Ê acetonitrile(AcN) êöB pyrrolej *
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Ú 7�~� bW� BFB *êW polypyrrole ;ïj �W~
&
5). 6� Lindesyf Streetº PVAö pyrrolej �� 7�~
� polyrrole~ *êê¢ Fæ~�B bW� ËçB polypyrrole
;ïj �W~&
6). �Þ Biº PU(PolyUrethan)ö polypyrrole
j �� 7�~º O»b� ��' bW� 
Ö Ö>� PU/
PPy �� ;ïj �W~Vê ~&
7). ��¾, PVC/PPy ��
;ï" PVA/PPy �� ;ï~ ãÖ �Ë;ê& polypyrroleö
j� ô� &~>º �6� ®�, PU/PPy �� ;ï~ ãÖö
º bWf ç�® Î"'b� BF>îb¾, *êêöB
polypyrroleö j� *Ï~² ÎÚæº ãË� ®
. ¯, "-�
ª¶º *êW ��Ú~ *Ú bWj Ö;� jº& ®
. &Ë
7º� "-�ª¶~ ��b�, êW" �N� Ö>�¢ ~�, ß
; Ï
ö &ÏW��B *��ö ~� ccF > ®j ©�

. >�ö ABSº ÚÏÏW� Ö>� ��� 2¢Ê�~ ¢«b
� �æV �Ú polypyrrole~ bW�jö Î"'¢ ©�æ�
"-�ª¶�B :²ç� ©b� *�B
8).
� ��öBº �æV �Ú �6b� �� &�ö ôf ÚJ
æj &æ� ®º polypyrrole*êW ;ï~ bWj BF~V
*~� bW� Ö>� ABS>æf ��Ú¢ ;W~� �F~
*êê¢ Fæ~�B bW� Ö>� ABS/polypyrrole��Ú¢
*Vz�' O»b� �W~� Özn;Wö &� ßWj ï&
~&
. 

2. 
  þ


þË~º V�'b� ;*~ *� 7� Ë~� potentiostat
(BANK, Model 87)j �Ï~�, 7� ÏV� 250 ml >wfj
ÒÏ~&
. �Wö ÒÏ>º ·ë *�b� ^� 2.3 cm, &�
2.0 cm~ W.b� B�� 6j ÒÏ~� ç& *�b�º ^
� 4.0 cm, &� 2.5 cm~ W.6(Pt plate)¢ ÒÏ~�, �&
*�f �z��� *�(Saturated Calomel Electrode)¢ �Ï~
&
. �Wö jº� V� 7� Ë~º Fig. 1ö ¾æÚî
.
"-�ª¶�~ *�ê.j *~� THF(tetrahydrofurane,

Fischer) 100 ml¢ jÖ� v>~�B ABS(Acrylonitrile
Butadiene Styrene, B¢Îç base resin) 3 gj Ï��V
. j
*® Ï�B ABS Ï�ö ·ë *�j �" ê âÚÚ >ïj
Fæ�Ê� çNöB 2�* &ï ���V
. �ïÚ(monomer)
� pyrrole(0.05 M Fisher)f 30 wt%~ NaOHf b�~� 2¢
* v>�ê 6{Ã~ö ~� ;B~&b�, ÖzOæ¢ *~�

î²ª*VöB 4oCöB �&~&
. 
250 ml~ >wfö Ï
, �Ï
, pyrrole, êwb(dopant)¢
jÖ� &jB "-�ª¶~ ·ë *�", ç&*� �Ò� V&
*�j >wfö Ë~~&
. ;*~ *Ú 7�Ë~¢ �Ï~�
1.5V~ *{j �&~� ·ë *�öB ABS/PPy ;ï� �W
>î
. �WB ABS/PPy �� ;ïf *�î" *��j B�
~V *~� ethanol�¾ n-hexanej ÒÏ~� 1�*ÿn
soxhlet ;B� ê ê� J6 (60oC)öB 30ª* ���V
. �
�B ;ïf f��Vf î���²�æ¢ �Ï~� &�" v
þ¢ G;~&
.

3. Ö" 5 ¦Æ

3.1. Polypyrrole~ *�7�ßW
ÖF PPy(PolyPyrrole)~ *�7� ßWj �Ò~V *~�

acetonitrile" ethylene glycol �ï 1/1� *�îöB 7�B�
ê 150ªræ 7��*~ æzö &� PPy(PolyPyrrole)~ &�
" vþ¢ G;~&
. � Ö"¢ Fig. 2ö ¾æÚî
. >wB
�ê 30ª �êö Ú¶;ê 7�~ ê¯ö &~� &�'� æ
z¢ ��"îb�, �r G;B &�" vþº '' 6.2Ω/cm
f 2.7µm� G;>î
. �êöº &�� /Ï® 6²>îb
�, vþº BB® Ã&~º ãËj ��"î
. �âö ��º
:f ?� PPyf 7��*� ã"�ö V¢ 7�B�ê 60ª
ræº &�� /Ï® 6²~&b�, �r~ &�f 2.8Ω/cm
�B .V 30ªöB�
 .>b� 6²>î
. �ê >w�*�
ã"�ö V¢ &�8f 
Ö BB® 6²~� 150ª�êöº
1.6Ω/cm~ &�j ��"î
. >�ö vþº �*� Ã&�ö
V¢ >wê 100ªræº �~ F;'b� Ã&~&
. �º 7
�.V¦V PPyº ÒÒ� ß~�B ¶¢¾V r^ö ¢; ³ê
� WË~V r^� ©b� .çB
. >�ö � �6�êöº
� vþ& 6.5µm �B �~ ¢;~² Fæ>î
. ��� *
çf 7��* ã"ö V¢ PPy ÒÒ(chain)~ ~&ê& Ã&
~� Ö;zê& ¸jæ� �º 
� *¶& ÒÒ~ ~&ê&
Ã&~� Ö;zê& ¸jæ� �º 
� *¶& ÒÒöB Ò
Ò� êw~� *~¢ v�² ~º �ö êæ� >V r^�
©b� �JB
.

3.2. ABS/PPy ��;ï~ *�7�ßW
"-�ª¶ï" *�~ ��öB >w� ê¯>º ©b� r

Fig. 1. Schematic diagram of experimental setup. Fig. 2. Kinetics of electrochemical polymerization of polypyrrole.
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J^ ®bæ�, "-�ª¶ � ABSº *�î ÚöB �²~ Ï
�êf �&~ ccj¢ <ê� ~�¢�
. � 
þöBº 7
��*, *�** 5 z+>º ABS~ vþ¢ æã~� �²&
�j <º ��j {ã~V *~�, Ï
~ æz& 7�³ê, b
W 5 &�ö �~º 'Ëj �Ò~&
. �¢ *~� ÖF Ï

� AcN(AcetoNitrile)j �Ï
� ethylene glycol" b�~�
0%öB 100% ræ æz�Ê�B ABS~ º~ïj G;~&b
�, �Ö" AcN(AcetoNitrile) �ï 50% �~öBº 10 wt%
&ï~ SAN(Styrene-AcriloNitrile)� �j ¾J�B &¦ª c
c(swelling)>º ©j &G� > ®î
. �r AcN~ �ïö
&� ''~ 
þ~º *�ö ABS¢ b�� ê 1�* ÿn *
�î Ï�ö �&vî
& Z²æz¢ G;~º O»b� G;
~&
. b�* ABS Ï�~ ³êº 3 g/100ml � b�B vþ
º ¢;~² ~&
. ABS/PPy �� ;ï~ &�f AcN �ï
� 6²�ö V¢ 6²~&
& 
þ~& 33.3 wt% �~öB
�²8j �&b�, � �~� �ïj *�� 
� &�� Ã&
~&
. �º Ï
~ �ï� *�B "-�ª¶� ABS¢ Ïª®
cc(swelling)�Êæ á~V r^ö pyrrole �ïÚ& *� ê
�ræ R"� 
Ú&V ÚJòæV r^� ©b� �JB
.
�¢ "�� ABS Ï�³êö V� *êßW æz¢ �Ò~&

. THF¢ Ï
� ~� 100 ml � ABS �ïj 1 göB 8 g
ræ 1 g �*� Ã&�Ê�B 
þ~&
. �r AcN ~ �ï
f 33.3 wt%� ¢;~² �;~&
. ABS~ �ïê *�7�
ßWj Fig. 3ö ¾æÚî
. �âöBf ?� 1 göB 3 græ
~ &�f 2.4Ω/cm ;ê� jÝ~æò � �êöº 6N Ã&
~� 8 g/100 ml Ï�öBº 14.96Ω/cm¢ ¾æÚî
. �f ?
f Ö"º b�B ABS~ vþ& Ã&�ö V¢ *�î� "-
�ª¶ Ú¦� �R~V ÚJòæV r^b� ¢;� *êê¢
Fæ~�B &Ë�� ABS~ ßWj ô� <² ~V *�Bº
£ 3 g/100 ml~4 g/100 ml ;ê� ABS Ï�~ ³ê¢ ;~º
©� &Ë '�� ©b� ��ê
.
b�>º PPy ~ *�ê.ßW" ABS~ �ïê ABS/PPy
��;ï~ *�7� ßWj V.� ~� �' *�7�ßWj
�Ò~&
. êwbº ClO4¢ ÒÏ~&�, AcN 33.3%~ *�
îj �Ï~� 10ªöB 150ªræ ABS/PPy �� ;ï~ &
� 5 vþæz¢ �Ò~&
. � Ö"¢ Fig. 4ö ¾æÚî
.
PPy " îR&æ� 120ªræ &�� 6²~
& � �êöº
¢;� 8j Fæ~&
. 7��* æzö V� *�� G~ &
� G;j � Ö" ABS/PPy �� ;ï~ �W� polypyrrole
� *�" "-�ª¶~ ê�öB¦V *��OËb� ¶¢¾6

j {�� > ®î
. vþ �� 120ªræº Ã&~
& � �
êöº æz~æ pº ©b� ¾æÒ
. PPyf~ N�6f v
þö ®º�, �B J«� :f ?� 7� �·ê 45ª �ê¦
V Ã&~º ãËj ��
. Polypyrrole~ ãÖ ¾r¦V ÒÒ
� ß~�B ¶¢¾V r^ö ¢; ³ê� WË~æò ABS/
PPy �� ;ïf .Vö ABSf W.��~ ê�öB ;ï�
;W>� � �êöº ABS~ ccB ÒÒ Ò�� �R~² >
Ú ABS/PPy �� ;ï~ ccB î� �&�æº 45ª �ê
¦V vþ& Ã&�j ��
. �« vþf &�f '' 23µm
" 0.7Ω/cm b� ¾æÒ
. �r ��;ê(tensile strength)f
�Ë2Z(elongational break)º '' 13.7 N/mm2" 6.4%b�
G;>î
.

3.3. ABS/PPy ��;ï~ Özn;W
*êW �ª¶~ ��öB &Ë 7º�>º 
þ~ ~¾� Ö
z n;W~ G;� ®b� �©f *êW �ª¶~ 
Ïzö
7º� ��� B
. Öz n;W~ G;f �WB �� ;ïj
çNö O~� ê 1" �*� &�j G;~� 6"ræ~ &�
æz¢ &V~º O»b� ê >̄î
. Özn;Wj G;� Fig.
5¢ �� polypyrrole~ ãÖ ¾r 1"¦V 6"ræ VÞVº
�.O ·jææò ê³�B &�� Ã&~º ;�¢ ��"�
®b�, ABS¢ "-�ª¶� �W� ABS/PPy �� ;ïf ¾

Fig. 3. Effects of ABS contents on ABS/PPy composite film.

Fig. 4. Resistance and thickness of ABS/PPy composite film.

Fig. 5. Oxidation stability of PPy and ABS/PPy films.
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r 2"¾ 3"ræ ÂÂ® Ã&~
& � �êöº ¢;� 8j
Fæ~� ®
. �º "-�ª¶� ABS& polypyrrole ÒÒ~ b
ï ��j ~� Ö²f Ö�~�¾ êwb� �^¾&º ©j
Oæ� "V r^� ©b� �'B
. �âöB �º :f ?�
*>'b� ABS/PPy ��;ï~ ãÖö PPy �ë~ ãÖö
j~� &�8
� Ôf >~� ¾æ¾� ®îb�, �f?f
ãËf �*� ã"~�ê FÒ� ;�¢ ��"î
. ¯, CIO4

� êw� v B~ 
þ��öBê &�f 
�æò Öz n;
Wf ËçB ;�¢ ��"î
. 

4. Ö  �

� ��¢ Û~�, *V *êW polypyrrole �� ;ï~ 

Ïzö &Ë 7º� &�� Öz n;Wö &� &ËWj B�
~&
. *�7���f >w�*(120 min), Ï
/�Ï
 �ï
(33.3%/66.7%), dopant(BF4, 0.02M), ABS/THF Ï�(3-4 g/
100 ml), �Ï
(ethylene glycol)" Ï
(AcN)b� �'z>î

. � Ö" �� 7�j Û� B�B ABS/PPy �� ;ïf
polypyrrole" jv~� �F &�j Fæ~�B Öz n;W�
Ëç>î
. �
 Ö>� bW <º *êW �� ;ïj �W~
V *�Bº Ëê 7�Nê, 7� ** �~ æãj Û~� *
êW" bW~ �j� jº~�, &Ë 7º� factor� Ï
f

�Ï
 ~ 'Ë� æ³'b� �Ò>Ú¢ � ©�
.

6Ò~ &

� ��º 2000jê 7Ú&�v ��j æö*��Î~ ¢~
b� ��Úrb�, � ��~ ê¯ö &� �v��~ æöö
6Ò�Òº :«î
.
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