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$EVWUDFW

7KH HIIHFW RI VXUIDFH IUHH HQHUJ\ RQ WKH SRVLWLYH WHPSHUDWXUH FRHIILFLHQW �37&� RI FDUERQ EODFN�WKHUPRSODVWLF UHVLQ
FRPSRVLWHV ZDV LQYHVWLJDWHG� 7KH WKHUPRSODVWLF UHVLQV VXFK DV (9$� /'3(� //'3( DQG +'3( ZHUH XVHG ZLWK WKH
DGGLWLRQ RI �� ZW�� RI WKH FDUERQ EODFN� 7KH VXUIDFH IUHH HQHUJ\ RI WKH FRPSRVLWHV ZDV VWXGLHG LQ WKH FRQWH[W RI WZR�
OLTXLG FRQWDFW DQJOH PHDVXUHPHQWV� L�H�� GHLRQL]HG ZDWHU DQG GLLRGRPHWKDQH� ,W ZDV REVHUYHG WKDW WKH UHVLVWLYLW\ RQ 37&
FRPSRVLWHV ZDV JUHDWO\ LQFUHDVHG QHDU WKH FU\VWDOOLQH PHOWLQJ WHPSHUDWXUH� GXH WR WKH WKHUPDO H[SDQVLRQ RI SRO\PHULF
PDWUL[� )URP WKH H[SHULPHQWDO UHVXOWV� LW ZDV SURSRVHG WKDW WKH GHFUHDVH RI VXUIDFH IUHH HQHUJ\ LQGXFHG E\ LQWHUDFWLRQV
EHWZHHQ FDUERQ EODFN VXUIDFHV DQG SRO\PHU FKDLQV LV DQ LPSRUWDQW IDFWRU WR WKH IDEULFDWLRQ RI D 37& FRPSRVLWH PDGH RI
FDUERQ EODFN DQG SRO\PHULF PDWUL[�

.H\ZRUGV � 3RVLWLYH 7HPSHUDWXUH &RHIILFLHQW� 7KHUPRSODVWLF 5HVLQ� &DUERQ %ODFN� 6XUIDFH )UHH (QHUJ\�

1. B �

�ª¶ Òòº Ôf *V*êê� �� *V' .�Ú� �

Ï>Ú zb¾, �ª¶ 
ÞÓÊö �� :¿, �� 2�ª, .

³ ªö �~ *V*êW Ï*Ò~ Î&ö V¢Bº *V*ê

Wj æò �ª¶ Òò�B~ �Ï� &Ë~
� rJ^ ®


[1]. ��� �ª¶ Òòº *V »'ç�~ Oæ, *V *ê

W z+B¾ 7OB, �Ò� self-controlled heaters, current

limiters, sensorsf ?f positive temperature coefficient(PTC)

Òò �~ 
·� Öë' wÏ &ËW r^ö &�~ &ç�

>Ú z
[2, 3].

Ï*Ò¢ Î&� �ª¶ ��Òòº Nê¢ çß�Úö V

¢ �ª¶~ Ö; Ï[ '� ¦"öB *V &�~ /Ï� Ã

&& ¾æ¾² >º� �f ?� Nê& çß�ö V¢ *V

&�� Ã&~º *çj PTC *ç�¢ ~�, Ö; Ï[ '�

j æ¾Bº *V &�� 
� 6²~º� �f ?f *çj

negative temperature coefficient(NTC) *ç�¢ �
[4, 5]. �

Þ, *V*êW �ª¶ Òò~ Ï*Ò~ ~¾� �� :¿(CB)

f «¶ �V, ÷� ;� �Ò� ªÖ ç� �� �� :¿b

� Ï*B �ª¶ Òò~ *V' bWö 'Ëj "� ®b�,

6� �ª¶ Òò~ z�' ��, Ö;z �Ò� �; �� �

ö ~� 'Ëj Aº
� rJ^ ®
[6, 7].

PTC *çf �ª¶ Ö; Ï[ '�öB �� :¿ö j~

� � �cc ê>¢ <º �ª¶~ ¦bccb� �~� �

� :¿ «¶~ *Ï, w÷*~ *Ï� 
^B �� :¿ Ò

�~ �Ò& ç&'b� fÚæ² >Ú *¶~ tunneling *ç

j O�~V r^ö B�~º ©b� rJ^ ®
[8, 9]. �Þ,

NTC *çf �ª¶~ Ö; Ï[� ê¯Nö V¢ �� :¿

«¶
� ¶F�� ÒV�~� î�Ú *ê JÞò�¢ ;W

~² Nb�� *V &� 8� Ôjæº ©b� J«>� ®


[10].

PTC ÒòöB 
ÞÓÊ ''f "� Ú¦~ ;� z�' Ö

�j ��� ®º ©ö >~� 
ÞÓÊf �� :¿~ ê�

f £� bÒ' Ö�j ��� ®V r^ö �¦�¦V *�

>º ¾f � bÒ' Ö�~ ;êö ~�F ©b� ÒòB


[11]. bÒz�'b� �Úç �� 6º ê� ßW�¢� ~�,

v &æ B� 
� �W Ò�ö ¢Ú¾º ª¶*~ �KWb

� ÿ¢�� > ®b�, �¢ z® �� ¶Fö.æ 6º "

¯ ¶Fö.æ¢ ¢�º
. �Ú~ �� ¶Fö.æ¢ G;~

º� �Ï>º O» &Ú� 7/' G;O»f �� �; 7

ö ¢Ú¾º �Ú~ �O, <r 5 7O *ç �j .G &Ë

~² �
. ��� 7/'j G;~º O»b�º �² sessile

drop methodf Wilhelmy plate method~ v &æ O»� rJ

^ ®
[12, 13]. � 7 sessile drop methodº �j �Ú ��

*ö ÎÚNJ �� �� �Vº 'j G;~º ©b� ��

� 7/'� ;W>V *�Bº �Ú, �Ú �Ò� VÚ*~

�� ç^·Ïö V�B
. 7/'f "� <rWj G;~º

� �Ï>�, ��� <rW �j �Ï~� �Úbî~ �>

W, ²>W �" ?f bWj G;� > ®
[14, 15].

V¢B, � ��öBº Ö; Ï[ Nêf �ö &� cc�


� �&²W �ª¶f �� :¿j b�~� Ö; Ï[ '

�öB~ PTC *çj DSCf *V &�j Û~� rj �~

�, 6� Ö>� PTC ²¶~ 6� V&� PTC intensity¢ Û

~� �� &æ �ª¶ 
ÞÓÊ
~ PTC �ÿö &� &V

~&
. �Ò� 
ÞÓÊ >æf �� :¿~ ê�*çj �

�~�¶ �� ¶Fö.æf *V &�~ &êö &� ¦Æ~

&DUERQ

6FLHQFH
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&
.

2. 
 þ 

���� Òò

� ��öB ÒÏB 
ÞÓÊ >æº (")�z~ ethylene

vinyl acetate(EVA, &ê: 0.941 g/cm3), low density polyethyl-

ene(LDPE, &ê: 0.925 g/cm3), linear low density ployethyl-

ene(LLDPE, &ê: 0.930 g/cm3), �Ò� (")^Î~ high

density polyethylene(HDPE, &ê: 0.967 g/cm3)¢ '' ÒÏ~

&
. PTC Òò~ Ï*Ò�º (")zÒj �� :¿~ *êW

�� :¿(ç®«: ~� :¿ 40B1)j ÒÏ~&�, bWf

Table 1ö ¾æÚî
. 

���� �Þ B�

�� :¿f >æf b�~V *ö 70oC ê�J6öB 24

�* ÿn ���B >ªj B�~&�, 
ÞÓÊ >æf �

� :¿j '' 100 : 30 wt%~ jN� internal mixernöB

>æ
~ [6�
 ¸f 110, 130, 150, �Ò� 170oCöB '

' 60 rpm~ ³ê� 5ª ÿn Ï[ b�~� {Â�V
. {

Â� �òº ÆAz �Î 
r hot press¢ �Ï~� 1.5 mm

;ê~ vþ� {» W;~&
.

���� ÿ' %4$ G;


ÞÓÊ >æf �� :¿j b�� �Þ~ [6j rj�

V *~� �N"Ò�ïê DSC, Perkin Elmer DSC-6¢ ÒÏ

~&
. �;f j�" �öö ~� >¯>îb�, 30 ml/min

~ ³ê� î² ª*V ~öB ªCj ê¯~&
.

���� *V &�~ G;

{» W;� �Þ�¦V 1Ü1 cm �V~ �çb� �Þj

B·~� ·�ö f b�j � ê *�j ¿� 1Ü10−3 A~

*~¢ �&~� Nêæzö V� *V &�~ æz¢ G;~

&
.

���� 7/' G;

�ª¶~ ��ßW 7 ��ö.æº ��ËKj r� ®º

Ï
f �ª¶*~ 7/'j G;�b�� áj > ®
. �

��öB �� ¶Fö.æ¢ rj�V *~� G;B 7/'

f Rame-Hart goniometer¢ ÒÏ~� sessile dropO»b� 20

Û1oC~ Nê��öB G;~&
[16]. 7/'f ''~ <r

�ö &~� ' �Þ � B� 
� 3��öB 3®O G;~�

ï�8j �~&b�, 7/' G;j *� ÒÏB <r�b�

º Ã~>f diiodomethanej ÒÏ~&
. Table 2ö ÒÏB

<r�ö &� ê�(6º ��)ËK" ''~ Wª
~ 8j

¾æÚî
[17, 18].

3. Ö" 5 �V 

���� [6" *V&�

� ��öBº ''~ >æ
� Ï[ Nê¢ æ¾�B *V

&�� /Ï® Ã&~º PTC *çj rj�V *~� DSC¢

G;~� Ï[ Nê¢ �� ê, *V &�"~ &ê¢ rj�

~
.

7DEOH �� 3URSHUWLHV RI &DUERQ %ODFN ��%�

6SHFLILF VXUIDFH DUHD �P��J� ���

'%3 DEVRUSWLRQ �FF���� J� ���

S+ ���

$YHUDJH SDUWLFOH VL]H �QP� ��

$VK ��� �����

9RODWLOH FRQWHQWV ��� ����

Table 2. London Dispersive (γ L
L) and Specific (γ L

SP) Compo-
nents of Surface Free energy (γ L) in Wetting Liquids (Subscript:
L), Measured at 20oC

:HWWLQJ OLTXLGV γ /
/ �P-±P−� γ /

63�P-±P−� γ /�P-±P
−�

ZDWHU ����� ����� ����

GLLRGRPHWKDQH ����� � ���� ����

)LJ� �� '\QDPLF '6& WKHUPRJUDPV IRU WKH &%�WKHUPRSODVWLF
UHVLQ FRPSRVLWHV �KHDWLQJ UDWH� ��R&�PLQ��

)LJ� �� 5HVLVWLYLW\ IRU WKH &%�WKHUPRSODVWLF UHVLQ FRPSRVLWHV
PHDVXUHG DW URRP WHPSHUDWXUH�
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Fig. 1f �� :¿j b�� 
ÞÓÊ >æ
~ DSC¢ Û

� [6j ¾æÞ ©b�, � Ö"�¦V HDPE, LLDPE,

LDPE, �Ò� EVA~ BB� [6� ¸rj r > ®î
.

Fig. 2º çNöB~ 
ÞÓÊ >æ
ö V� *V j&�

8j ¾æÞ ©b� çNöB~ *V *êWf LLDPEf

LDPE& EVA¾ HDPE�
 Ö>�j r > ®î
. �º &

&ê�� Ö;'�� 'f LLDPEf LDPEöB �� :¿~

êç �Ö� EVA¾ HDPEöB �
 ¾ ��Ú^ ®V r^

�¢ ÒòB
.

Fig. 3f Nêæzö V� ' >æê *V j&� 8j ¾æ

Þ ©b� >æ~ Ï[� �·>�B *V &�ê Ã&~
&

Ö; Ï[ '�öB �&~ *V j&� 8j �&b�, HDPE,

EVA, LDPE, LLDPE Bb� ¸f &� 8j ¾æÚî
. ß

® HDPE~ ãÖöº 
� >æ
ö j~� ú�® ¸f PTC

*çj ��º ©b� �j �&ê �Òö�2~ ãÖ �cc

� ô� ¢ÚÎj r > ®î
. �Ò� Î� >æöB PTC

*çf b� [6j æ¾B �� :¿~ ÒV�� �� 
�

&�� 6²~º NTC *çê �&
. �º �öB Þ/~&

�� �j®º �ª¶ ç nöB �Ò^~ êWê>~ 6²�

�� �� :¿ «¶~ ÒV� r^�¢ ÒòB
[5, 19]. V¢

B &�~ æzº �Ò^~ Ï[ö ç�® &ê>Ú ®rj

r > ®�, �º Ï[� �·>�B >æ~ �ccb� ��

�� :¿*~ �Öj N��b�B ¸f &�j ��º ©�

¢ ÒòB
[20].

Fig. 4º �� :¿j �F� ' >æ
j 3² �³ >�~

� *V j&� 8j ¾æÞ ©b�, � Ö"�¦V çNöB

öò jî¢ �NöBê >�~� G;�>� *V j&� 8

� Ã&�j r > ®î
. �º �ª¶& cc� Êö Ú¶

;êº æ;� ¢ÚÂ ê j*� ç�� öç²� >æ á~

º ©j r > ®î
. 

)LJ� �� 37& FXUYH IRU WKH &%�WKHUPRSODVWLF UHVLQ FRPSRVLWHV�

)LJ� �� 5HSURGXFLELOLW\ IRU WKH &%�WKHUPRSODVWLF UHVLQ FRPSRVLWHV�
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Ö>� PTC ²¶¢ 6ê~º V&~ �&æ� PTC intensity

¢ ¾æÚº ¿ê� j&�j¢ ï&� > ®º�, ¯ j&�

j& �>� Ö>� PTC ²¶¢� rJ^ ®
. j&�j ρ
º j¾f ?f �b� ¾æâ > ®
[21].

 (1)

�VöB, ρmaxº �& j&��� ρRTº çNöB~ j&�
�
.

Fig. 5º ' >æê PTC intensity¢ ¾æÞ ©b� HDPE&

&Ë � PTC intensity¢ �&�, EVAº j&� 8� LDPE¾

LLDPE�
 ¸~b¾, Fig. 2ö ¾æÂ ©¾" ç&'b� ç

NöB~ j&� 8� 
B J®J PTC intensity& Ôrj r

> ®î
. V¢B 4«~ >æ~ PTC ̂ V¢ ¦Æ� Ö",

HDPE, LDPE, LLDPE, �Ò� EVA Bb� Ö>� PTC *ç

j ��º ©j r > ®î
.

�ú ·9¿e.= ��Òò~ �O, <rW, 7OW, �Ò�

�� ;çf ê� 6º �� ¶Fö.æ~ 'Ëj �² Ab

�, �©f bÒ' 5 Vê' ßWj rjÚº� 7º� ��

j �
. Fowkes[22]ö ~� �� ¶Fö.æº j¾~ � (2)

f ?� London j�W º²(γ L)f �W º²(γ SP)� ¾2 >

®
.

(2)

�VöB, γº �� ¶Fö.æ, γ Lf London �Kö &� van
der Waals ¾j ¾æÚ� γ SPº bÒ' ç^·Ï(Debye.
Keesom �Kö &� van der Waals ¾, >²Ö�, �Ò� 

� ·f �W Î")~ Î� �W º²¢ ¾æÞ
.
�Ú~ ��çöB �² 
� ßWj &ê v &æ �ç~

�Ú¢ ÒÏ~� 7/'j G;� r, Owensf Wendt[23], �

Ò� Wu[17]º geometric mean method¢ �Ï� *~ Fowkes

~ Bvj ê«~� 
r" ?f � (3)j Fê� î
[14-16].

(3)

�VöB, j¾Î¶ Lf �Ú¢, Sº �Ú¢ ¾æÞ
.
� (3)ö V¢ v &æ �Úö &~� �j �ã~� ¦�

º;~�¶ ~º �Ú~ �� ¶Fö.æ� " ö &�

� (4)f (5)� ¾æâ > ®
[15].

(4)

(5)

ρ=ρmaxρRT

γ =γL γSP+

γL 1 cosθ+( )=2 γL
L γS

L⋅( )1/2
+2 γL

SP γS
SP⋅( )1/2

γS
SP γS

L

γS
SP=

1
4
---

1 cosθ2+( )γL2 γL1
L( )1/2⋅ 1 cosθ1+( )γL1 γL2

L( )1/2⋅–

γL1
L γL2

SP⋅( )1/2 γL2
L γL1

SP⋅( )1/2
–

----------------------------------------------------------------------------------------------------------------------

2

γS
L=

1
4
---

1 cosθ1+( )γL1 γL2
SP( )1/2⋅ 1 cosθ2+( )γL2 γL1

SP( )1/2⋅–

γL1
L γL2

SP⋅( )1/2 γL2
L γL1

SP⋅( )1/2
–

----------------------------------------------------------------------------------------------------------------------

2

)LJ� �� 37& LQWHQVLW\ IRU WKH &%�WKHUPRSODVWLF UHVLQ FRPSRV�
LWHV�

7DEOH �� &RQWDFW $QJOH 'HWHUPLQDWLRQ �LQ GHJUHH� RI WKH 37&
0DWHULDOV VWXGLHG

37& PDWHULDOV ZDWHU GLLRGRPHWKDQH

(9$ � &% ���� ± ��� ���� ± ���

/'3( � &% ���� ± ��� ���� ± ���

//'3( � &% ���� ± ��� ���� ± ���

+'3( � &% ���� ± ��� ���� ± ���

)LJ� �� 6XUIDFH IUHH HQHUJLHV RI WKH &%�WKHUPRSODVWLF UHVLQ
FRPSRVLWHV XVLQJ D WZR�OLTXLG JHRPHWULF PHWKRG�

)LJ� �� 'HSHQGHQFH RI WKH UHVLVWLYLW\ RQ γ6 RI WKH &%�WKHUPR�
SODVWLF UHVLQ FRPSRVLWHV�
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''~ PTC Òò~ Ã~>f diiodomethaneö &� 7/'

G; Ö"¢ Table 3ö ¾æÚî�, Fig. 6ö two-liquid

geometric method¢ �Ï� � (4)f (5)�¦V ''~ �Þö

&� �� ¶Fö.æ¢ êÖ� Ö"¢ ¾æÚî
. � Ö"

�¦V γSº LLDPE& &Ë ¸~�, HDPE& &Ë Ôrj r

> ®î
. �º 
ÞÓÊ >æ nö �� :¿ö �Ò~º &

ËV
" bÒ' Ö�j � > ®º ª¶ê ö�V& �&ê

� HDPE�
º &&ê�� ª¶&æ& ôf LLDPE¾ LDPE

ö ô� �Ò~V r^�¢ ÒòB
. 6� >æ
� "êö

Z ê²ÒÒj &æ� ®V r^ö �Wº² �
º j�W

º²~ 8� �² ¾æÒb¾, J®J �� ¶Fö.æöº �

W º²& �² ²Ö�j r > ®î
. �º �öBê Þ/

� :f îR&æ� LLDPEf LDPE& jv' ôf ª¶ÒÒ

j &æ� ®ÚB �� :¿~ �W º²
" Ö�� > ®º

ª¶ê ö�V& ôV r^b� 6�B
[24].

Fig. 7f �öB �� �� ¶Fö.æf *V &�~ &ê

¢ ¾æÚî
(coefficient correlation, R=0.94). � �âöB r

> ®�� �� :¿ö �� «~~ 
ÞÓÊ >æ¢ b��

PTC ²¶º �� ¶Fö.æ& Ôf ©� Ö; Ï[ '�ö

B~ *V &�� ¸f ©j r > ®î
. �º *V &��

>æ~ ccb� �� :¿*~ �Ò¢ f² ~� ¾æ¾º

Ö"� �&ê¢ <º HDPE& [6 ¦"öB &Ë ¸f *

V &�j ¾æÚî�, ç&'b� ¸f �� ¶Fö.æ¢ <

º LLDPE¾ LDPEº >æf �� :¿*~ Ö�K� HDPE

¾ EVA�
 �� &&ê�V r^ö Nê~ çßb� ��

*V &�~ �� 'rj r > ®î
[24, 25].

4. Ö �

� ��öBº Ö; Ï[ Nê& 
� �&²W �ª¶f

�� :¿j 100 : 30 wt%~ jN� b�~� ò� PTC ²¶

¢ ''~ *V &�~ G;" z®Ú >æf �� :¿*~

��(6º ê�)ËK� *V &�ö �~º 'Ëö &� ��

~&
.

DSC¢ G;~� [6j �Ò� ê, *V &�"~ &ê¢

G;� Ö", >æ& Ï[>V �·� r *V &�ê çß�

j r > ®î�, [6 ¦"öB /Ï� çßj ��
& [

6j æ¾� �� :¿~ ÒV�� �� *V &�� 
� 6

²~º ©j r > ®î
. Ö; Ï[ '� ¦"öB~ *V

&� 8f HDPE, EVA, LDPE �Ò� LLDPE~ BB� ¸²

¾æÒæò, PTC ²¶~ F�V&� PTC intensityöBº

HDPE, LDPE, LLDPE �Ò� EVA~ BB� ¸² ¾æÎj

r > ®î
. 6� 3² �³ *V &�j G;� Ö", ¾r

�
º cc>î~ >æ& Ú¶ ;ê æ;� ¢Ú¾ j*�

²�� >æ á~� *V &� 8� 6N Ã&�j r > ®

î
.

�� ¶Fö.æf *V &�~ &ê¢ ¦Æ� Ö", ��

¶Fö.æ& Ôj>� *V &�� 
öj r > ®î
. �

º &&ê�� ª¶ÒÒ� ôf LLDPE¾ LDPE& �&ê�

� ª¶ÒÒ� 'f HDPE�
 �� :¿~ �W º²
" >

w� > ®º ª¶ê ö�V¢ ô� &æ� ®ÚB �� :¿

"~ Ö�K� Ã&>îV r^�¢ ÒòB
. 

^�^ò

>�@ 7DQJ� +�� 3LDR� -�� &KHQ� ;�� /XR� <�� /L� 6� -� $SSO�

3RO\P� 6FL� ����� ��� �����

>�@ 1DUNLV� 0�� 5DP� $�� )ODVKQHU� )� 3RO\P� (QJ� 6FL� �����

��� ����

>�@ 7DQJ� +�� /LX� =�� 3LDR� -�� &KHQ� ;�� /RX� <�� /L� 6� -�

$SSO� 3RO\P� 6FL� ����� ��� �����

>�@ 0H\HU� -� 3RO\P� (QJ� 6FL� ����� ��� ����

>�@ 7DQJ� +�� &KHQ� ;�� /XR� <� (XU� 3RO\P� -� ����� ��� �����

>�@ 6XPLWD� 0�� $EH� +� -� 0DFURPRO� 6FL� 3K\V� % ����� ���

����

>�@ :HVVOLQJ� %� 6\Q� 0HW� ����� ��� ���
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