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3¢�¿�A;¥uØÓ�§Ý (35 ◦C, 55 ◦C Ú 70 ◦C) e, ±ÍíNÈßÝ� 12.5%�Í/�·Üíé9Ø�
��à¯L (PE) ¡GÁ� (þ� 0.8 mm) ?1
�Ó�m (2 h) �L�ÍzU5. |^ØåÅ{ïÄ
Íz§Ý
é PE ¥�m>ÖÈ\�K�. (Jw«, �XÍz§Ý�Jp�6pØ�^e�ÍzÁ�¥��m>ÖÈ\²w
~�, ù� 70 ◦C �ÍzÁ�¥A�vk�m>Ö. P~���ù	©ÛL², ÍzÚå
Á�L�zÆ|¤���
Cz9ÍzÝ�Íz§Ý�²wJp. �>�ÿþ�L¡UO�m�/L²
ù
Íz�kwÍO��0>~ê.

m´9e-�>>6ÿþ?�Ú�«
ù
Íz�ØÓ�>ÖÓ¼A5, 9�XÍz§Ý�JpÍz�ézÆ,
�l��5>4� PE *Ñ�Or�{	A5, ÏdL²Íz�¥gdNÈ��A~�. L�gdNÈ�~�é³
��m>Ö�È\, '0>~ê�O�Ú>Ö�²�Czå��\wÍ��^.

'�c: à¯L, L�Íz§Ý, �m>Ö, Íz�A5

PACS: 82.35.Lr, 81.40.−z, 77.22.Jp, 73.40.−c

1 Ú ó

�hý�½hE�ý�>C�', àÜÔý�
>CäkÃõ`:. 8càÜÔý�>C®2�!
¤õ/A^upØ��pØ�6Ñ>. �´§3�
6pØÑ>�A^vk@o¤õ, ÙÌ��Ï´3
�6pØeàÜÔ0�¥´uÈ\�m>Ö. Lõ
��m>ÖÈ\¬��0�¥>|�îÆC, Ú
åÙSÜ�>!ÛÜü)!ý�5Ueü, �ª$
���àÜÔ0��ÂB [1,2]. ¦+p>ØeàÜ
Ô0�¥��m>Ö�@�åuü��¡: >4
>Ö5\Ú0�¥,�©f�lfz, �3�õê
�¹e�öØ�U´àÜÔ0�¥�m>Ö/¤
�Ì�å, ùcÙ´é�XÀ�0�. >4�à
ÜÔ0��.¡!��>Ö5\� “�r”, Ù�
5®��2���£ [3−6], �®�·�Cc5'u
à¯L (PE) ÍzL�éÙ�m>ÖK��ïÄ(
J¤y¢ [7−10].

�©��±cïÄó��UY, mÐ
L�Í
z§Ýé PE ¥�m>ÖÈ\�K��ïÄ, ¿&
?
�m>ÖÈ\� PE ÍzL��zÆ|¤Ú(
�A��>ÆA5m�'é.

2 Á��¢��{

�©æ ^ � PE � ��{ I Exxon Mobil
Chemical ú i ) � � LLDPE1004 ä �, þ Ý
� 0.8 mm � PE �¡, Á�d9Øó²��. Á
��Íz3¢�¿�A;¥?1, ±ÍíNÈß
Ý� 12.5%�Í/�·Ü���AíN, ���A
;¥·Üí�ØåÚ�A�m©O� 1 × 105 Pa
Ú 2 h, 3 35 ◦C, 55 ◦C Ú 70 ◦C eéÁ�?1©
1?n, �A�?nÁ�e©¥©O�{¡�Íz
� 35, Íz� 55 ÚÍz� 70. �©±(çW¿�
¯LÚp�¯L�àÔ (EVA) ��Á����>
>4á�, e©¥{¡ EVA >4. PE Á�� EVA
>4¡ (þÝ�� 0.4 mm) �(Üæ^9ØbÜó
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². ¦^ØåÅ{ (PWP) ÿþÁ�3�6pØ4
zÏm��m>Ö, TÿÁXÚd�NóÀ-1
ì Continuum Surelite II-10!êi«Åì Tektronix
5052 Ú°���ì Miteq, 37 dB |¤. $^P~�
��ù	1Ì{ (Thermo Nicolet, NEXUS 670) ©
ÛÍzÚå�Á�L�|¤�Cz. ÏLÿþ�
>� (Dataphysics Instruments, OCA15) �O�L¡
U (Owens-Wendt �{ [11]) µdÍzÚå�Á�L
�45½0>~ê�Cz. ¦^9e-�> (TSD)
Eâ, ïÄÍzÚå�Á�L�>ÖÓ¼A5�
Cz9m�µdÍz���Á�L�gdNÈ�
Cz. T TSD ÿþXÚd�5,§¬!õõU
L (Keithley 6514) Úêâ?nO�Å|¤, �5,
§¬�,§�Ç�N��� 1 ◦C/min.� � � � � �� � � � �	 � � � �
 	 � � � �� � 	� � 
�� � � 
� � � 	� � � 
 � � 	 � � � � � 
� � � � � � �� � � �
 	 � � � �� � 	� � 
�� � � 
� � � 	� � � 
 �

�
� � � � � � � � 
� � � � �

� � �
� � �

ã 1 3 40 ◦C, 40 kV ��6>Ø�^ÏmÁ�¥��m>Ö
(a) PE �Á�; (b) Íz� 35

3 (J�?Ø

3.1 ÍÍÍzzz§§§ÝÝÝéééààà¯̄̄LLL¥¥¥���mmm>>>ÖÖÖ���KKK���

�
&ÄÍz§Ýéà¯L�m>Ö1��
K�, ù
 “EVA >4/PE/EVA >4” Á�3 40 ◦C
e²É
 240 min, 40 kV ��6pØ�^. 3dp
Ø�^Ïm, ¦^ PWP {!ÿþ
Á�¥ØÓ�

����m>Ö.�
;�>Ö©ÙÓ+�U!
�Ù/w«Á�¥�m>Ö�>Ø�^�m�C
z, ã 1(a) Ú (b) �ã 2 (a) Ú (b) =�Ñ
�Á
� (��ÍzÁ�) Úùn«ÍzÁ��3>Ø�
^m© (10 s) Ú>Ø�^����� (240 min) 9
�
¥m����m>Ö©Ù, 3@p!¢��Þ
L«Á�¥�m>Ö��mCz. ,	I��Ñ,
ã¥�p�I�>6&Ò, Äu PWP �{��n
§�'uÁ�¥��m>Ö�Ý [12]. Ï�¤¦^
�á���X� PE ó���, ¤±Ø��é PE!
3pØ�^ÏmÁ�NS,�lfz�)�>Ö
�±�Ñ, ù
¤*ÿ��>ÖÌ��>45\�
>Ö. � � � � � �� � � �	 
 � � � �� � 
� � 	�� � � 	� � � 
� � � 	 � � � 
 � � � � � 	 �� � � � � � �� � � �	 
 � � � �� � 
� � 	�� � � 	� � � 
� � � 	 � � � 
 � � � � � 	 �� � � �

� � �
� � �

ã 2 3 40 ◦C, 40 kV ��6>Ø�^ÏmÁ�¥��m>Ö
(a) Íz� 55; (b) Íz� 70

dã 1 (a) ��, �X>Ø�^�±Y, �Á�
ÐyÑ�þ�>Ö5\ÚÈ\. ��Á��', X
ã 1 (b) Úã 2(a) Ú (b) ¤«�!ù
ÍzÁ�¥
ywÍØÓ��m>Ö1�. Íz� 35(ã 1(b)) Ø

��Á�!Ðy�þ�V45>Ö5\ÚÈ\
	, Ó�3�4ÚÒ4NC�3²w�ÉÒ>ÖÈ
\, ù
ÓÒ½ÉÒ>Ö'uÁ�¥%A�¥yé
¡©Ù. �XÍz§Ý�Jp, �Íz� 35 �',
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Íz� 55(ã 2(a)) ��m>Ö5\ÚÈ\²w/
~�, ÉÒ>Ö�©Ù¥%²w/�Á�¥%¤£
�Ù��wÍ/O�, ±�Á�¥%üý�ÓÒ>
Ö��, Ø
�4NC�3�½þ�ÓÒ (�) >Ö
È\	, Á��Ù¦?A�vkÓÒ>ÖÈ\. A
T�Ñ, 3ã 2(b) ¥�4NCÑy�!Xã¥J�
�Þ¤«����>6&ÒØ'éu�>Ö, =
´åÏuÿþ£´�>��, Ï�=¦3¿©$�
>Øe (vk>Ö5\), ���A�&Ò�¬Ñy.
¯¢þ, �q�>��&Ò��3uã 1 (a) Ú (b)
�ã 2 (a) �ÿþ(J¥, �3@pduÈ\�Ó
Ò½ÉÒ>Ö&Ò�ùXC�Ø²w. Ïd, Í
z� 70(ã 2(b)) 3��pØ�^ÏmA�vk>
Ö�5\�È\. ù«3�ÓÍz�m (2 h) e�
m>Ö1��Íz§Ý�Cz�~aqu3�Ó
Íz§Ý (55 ◦C) e�m>Ö1��Íz�m�C
z [13], ,3@p�
¢y�Íz� 70 �q��
m>Ö³��J, I��� 4 h �Íz?n. Ïd,
L²JpÍz§ÝU
wÍ/ á�¿©³��
m>Ö¤7I�Íz�m.

3.2 ÁÁÁ������LLL���zzzÆÆÆ|||¤¤¤

duÍí4r��A5Ú�zUå, Nõà
ÜÔ (�)àÍ¯L (PVF)) U�Íí��Íz, Í
z¬��àLg¥ C—H ��ä�� C—F ��
/¤!$�Úåp©fó�,«§Ý�}���
é [14]. ¤/¤Íz��ÍzÝ�þÝ�ûuÍ
z^� (Íz§Ý��m, �A¿¥Íí� Ø
�)[14]. ã 3 Ð«
ù
ÍzÁ���Á��P~
���ù	1Ì. ��Á��ù	1Ì�', Íz

� � � � � � � � � � � � � � � �� � � � 	
 �� ����� � � � � � � � � � �� � �� � �� � �� � � � �� �� �
ã 3 Á��ù	áÂ1Ì

Á��ù	1Ì3 900—1300 cm−1 Åê��S
Ñy
ér� C—F áÂ¸, 3 2850—2915 cm−1

Åê��S� C—-H áÂ¸�wÍ/~f. ¿�
X¤ý��, �XÍz§Ý�Jp, C—F áÂO
r!C—HáÂ~f. ùL²Íz�ÍzÝ��A
Jp�Íz�þÝ��AO\. ,	, 3ù
Íz
Á��ù	Ì¥, 3 1580—1880 cm−1 Åê��S
Ñy
 C = OáÂ. ù
�þ��5uù�û�
Íí!��Ù¥�,�. du�¬r�/ë�Í
z�A [14] �Ú\ù
Íz�¥. Ïd, ù�ù
	©Û(JL²Íz��
 PE L�zÆ|¤��
�Cz.

3.3 ÍÍÍzzz���ééé���mmm>>>ÖÖÖ111������KKK���ÅÅÅnnn

þãØÓ��m>Ö1�w,A8Ïuù

Íz��ØÓK�. >Ö�5\�È\A��'é
uÁ�L��0>~êÚ>Ö�²�L�¥�g
dNÈ. cö´Ï�L��0>~êÚL�p�Ó
¼�>Ö¬K�.¡>|. �ö´du>f÷gd
NÈÚ©fóm´»�DÑA�9�Ç�©fó
SDÑA� [3,4], L�¥�gdNÈ7,¬4�/
K�>Ö3Ù¥�DÑ, ÏdK�ÓÒ>ÖÏLL
��NS�5\9NS�ÉÒ>ÖÏLL�l>
4�ÄÑ. ,	, lÒ4�É9-y>f�Oý�
��@�AOà8uL�¥�gdNÈ, gdNÈ
�O�½~�Ó�¬*Ü½ �>f���4�
Ï�, ÏdK�3�4�ÇÏL Auger L§���
5\ [3,4].

L 1 �>��L¡U

Á�
�>�/(◦) L¡U/(mJ/m2)

Y �9`� 45©þ �45©þ o

�Á� 99.7 53.2 0.2 32.8 33.0

Íz� 35 75.4 65.0 12.2 19.6 31.8

Íz� 55 79.4 66.6 10.0 19.4 29.4

Íz� 70 85.8 79.4 9.5 13.3 22.8

duL�0>~ê��ÿþ�(J5,·�®
JÑ
�«ÏL�>�ÿþ�L¡UO�5m�
/µdÁ�L�0>~ê��{ [8], ù��{�
�^u�©�ïÄ. L 1 ¥�Ñ
YÚ�9`�
3Á�þ��>�9Äuù
�>�ÿþ(J, �
ì Owens-Wendt �{ [11] O��Ñ�Á�L¡U.
ù
(JL², Íz��YÚ�9`��>��
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²w~�ÚO�, �A/Úå
L¡U�45©
þÚ�45©þ�wÍO\Ú~�9oL¡U�
~�. L¡U45©þ�O\´duL�¥Ú\
��þ45Äì (X –CHF, –COF 9¹ –C = O Ä
ì). �XÍz§Ý�Jp, L¡U45©þ�ü
$8Ïu3�p�Íz§Ýek�õ���f�

Í�f¤�� (Xã 3 �ù	©Û(J¤L²)!
±� -CHF 45Äì�Ü©/=z� -CF2 Äì.
ù�L¡U45©þ�O\, m�/L²
0>~
ê�Jp. Ïd, k|uü$.¡|r!~��m
>Ö5\.�� � � � � � � � � � � � � � � � � � ������ �	
�� � � � � （� ） � � �

� � � � � � � � � � � � � � � � � �� � �� � ��� � � �	
�� � � �� � （� ）
温度� �温度� �

ã 4 Á��m´ TSD >6Ì

�
ÏLm´ TSD >6ÿþïÄÁ�L��
>ÖÓ¼A5�gdNÈ, ��
üaÿþÁ�:
�a�ü¡9ØÜk EVA >4�Á�, ,�a�
V¡Ó�9ØÜ EVA >4!e%�¿§���Ù
¥�¡>4�Á�. 3¢� TSD ¢�c, ù
Á�
�»�>'¿>!¦Ùäk� −2000 V �Ð©L
¡> . ã 4(a) Ú (b) é'/Ð«
ùüaÁ��
m´ TSD >6Ì. '�ù
1�aÁ��>6Ì,
�w�§�3¸§Ú/Gþ²w/ØÓ. Xþãù
	(JL²�, ùw,´duÁ�L�|¤�ØÓ
9�~�U�L�(��ØÓ. ��Á��>ÖÓ
¼�', ù
¹k�,��Íz¦+�)
�
�
²Ó¼ (�ûuÍz§Ý), �Ó��)
�õ�f
²Ó¼, l¦�N�>Ö�²Ó¼Cf. ù�±
c�¹�Íz(J�� [8,9,13], �@Ï�Ã�Í
z(J�� [7]. ,	, I��Ñ�´�
¼�>Ö
ø²��[�&E, �ïÄæ^� TSD ,§�Ç
�� 1 ◦C/min!�$u± �� 3 ◦C/min[7−9,13].
Ïd, 3ùp!¿>Á�Íz�¥���45©f
3 TSD ,§L§¥�)��&E�°(¼�, Xù

1�aÍzÁ��>6Ì¥!3 60 ◦C—95 ◦C
���SÑy�K TSD >6. 2ö, 1�aÚ1
�aÓ«Á�ü>6Ì�ØÓw,´dul EVA
>4*Ñ?\1�aÁ�L�p�zÆ,��K

�, Ï�ùüaÁ�39ØbÜ EVA >4�²É

�Ó�9ÚAåL§ (3 90 ◦C Ú 0.3 MPa e�
9Ø
 6 min)!Ø�39{¤ÚAåL§ØÓ�
K�. ¯¢þ, ù«zÆ,��.¡*Ñ®��

ïÄö¤ïÆ [6,15], ·�±c�ù	©Û(J�
®��y¢
u)uù��Á�þ�zÆ,�*
Ñ [8,9]. aqu± ��A(J [8,9,13], Xã 4 ¥
�é'>6Ì¤«, ù
*Ñ?\Á�L�¥�
zÆ,�, du¬��#�>ÖÓ¼: (>Ö�²)
9ÙéL�Ä��K�, ¦L��>Ö�²Cf.
31�aÍzÁ��ù
>6Ì¥�Ñyþã�
K TSD >6, AT´duù
zÆ,��Ó¼>
Öø²¤/¤��>6�ùX9Ùé45�©f
)���V��í´�A. ,	AOI�5¿�´,
dã 4 ��zÆ,�éù
Á�� TSD >6Ì�
K�§Ý²w�ØÓ. �Á��>6Ì!Ø=�$
§��u)
²w�¤£, �3 85 ◦C—120 ◦C
mÑywÍ��>>6. ù
ÍzÁ�Ø
§��
K TSD >6þÏzÆ,��*Ñ��	, Íz
� 35 3 133 ◦C NC�p§�>>6A���!
�3 75 ◦C—95 ◦C mÑy
����>>6, ù
åÏuzÆ,�Ó¼>Ö�ø². Íz� 55 �p
§�>>6�,�ÏzÆ,���3wÍ/~
�!��Ñy
$§ (80 ◦C—95 ◦C m) ��>>
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6, �ù�~����>>6���Ú§Ý��
²w/�uÍz� 35. Íz� 70 �p§�>>
6 (3 125 ◦C ±þ)�u)wÍ�Cz!�k��
$§��>>6. Xã 3 �ù	(J¤L²�, ù

Íz�äkØÓ�ÍzÝ, ÏdzÆ,�3§�
¥�*Ñ�ÝÚ*ÑþATØÓ. �,��*Ñ�
Ý�uÍz��þÝ�, ¤ÿ�� TSD >6Ì�*
Ñ�Ú�*Ñ�¥Ó¼>Öø²��N�z. Ïd
ã 4 ¤«��Íz§Ý½Íz�ÍzÝ�O\!
ùüa TSD >6Ì�É�~��NzÆ,��*
Ñ�ÝÚ*Ñþ��A~�. ù�*Ñ{	A5�
ÍzÝ�JpÌ�8ÏuL�gdNÈ�~� [14].
Xc¤ã, L�gdNÈ�~�Ø=¬wÍ/³�
ÓÒ>ÖÏLÍzL�5\Á�NS½ÉÒ>Ö
lÁ�NSBL§l>4ÄÑ, �¬~�>Ö�
��>45\. Ïd, ¦+>Ö�5\�È\ÉL
��0>~êÚ>Ö�²�gdNÈ�nÜK�,
L�gdNÈ'0>~êÚ>Ö�²å���
���^. ,	, <��®o(Íz��,���

3é~�gdNÈ!Jp{	5UkXr�K¡
K� [14], Ïdé��Ã�Íz!=¦3á�Íz
�m (30 min) S/¤�$ÍzÝ�L��U¢y
é�m>Ö5\�k�³� [10].

4 ( Ø

ù�ó�Ð«
L¡Íz§Ýé PE ¥�m>
ÖÈ\�wÍK�!¿ïÄ�©Û
ÙÅn. 3�
Ó�Íz�mÚÍz�Aíe, 35 ◦C Ú 55 ◦C e
ÍzØU¢yé�m>ÖÈ\�k�³�, ¦+�
Íz§Ý�Jp!�m>Ö�~��uy. �Í
z§ÝJp� 70 ◦C �, �m>Ö�5\�È\A
����³�. ù
ØÓ�m>Ö1�8Ïuù

Íz��ØÓ|¤�(�!Ïd8Ïu§��Ø
Ó>Æ5U. ��äk��gdNÈ�ÍzL�é
¢yÁ�NS�m>ÖÈ\�³��'�, ¦+
ÍzL��0>~êO\k|uü$.¡>|±
9L�>Ö�²�¬K�>Ö�5\�È\.
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Abstract

Polyethylene (PE) discs prepared by hot-pressing, each with a thickness of 0.8 mm, are surface fluorinated in a laboratory vessel

by an F2/N2 mixture containing 12.5% F2 by volume at different temperatures of 35, 55, and 70 ◦C for the same time of 2 h. The

influence of fluorination temperature on space charge accumulation in PE is investigated by the pressure wave propagation method. The

results show an obvious decrease in space charge accumulation in the fluorinated sample subject to a direct current high voltage with

the increase of fluorination temperature, and there exists almost no charge accumulation in the sample fluorinated at 70 ◦C. Attenuated

total reflection infrared analyses indicate a substantial change in chemical composition of the sample surface layers by the fluorinations

and an obvious increase in degree of fluorination with fluorination temperature increasing. Contact angle measurements and surface

energy calculations indirectly indicate a significant increase in permittivity of the fluorinated layers by the fluorinations. Open-circuit

thermally stimulated discharge current measurements further reveal different charge trapping properties of the fluorinated layers and

the improved barrier properties of the fluorinated layer to the diffusion of the chemical species from the semi-conductive electrode to

the PE with increase of fluorination temperature, thus indicating a corresponding decrease in free volume of the surface layer. The

decrease in the free volume plays a more important role in suppressing the space charge accumulation, compared with the increase in

permittivity and the change in charge trap.
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