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���(homo-polypropylene: HPP)  !" #�	
���(random ter-polypropylene: RTPP)$ %&' ()* +�, -.

��/0 123. 4�5 TMPTA� ��� HPP� RTPP$ 67 ��/* 5 kGy85 99 67%� 52%� :;8, TAC� �

�� HPP$ ��/* <)=>8 ?@ AB,C� D�E45 240 kGy85 65%8 /FE23. GH>, IJKL, MNO,

PQR&> RS� T. 4U VW X�#�Y#, TAC� ��� HPP� TMPTA� ��� RTPP* TMPTA� ��� HPP

13 -. ()=>85 Z[ -. <)\]�� ^_` ab3. IJc X�#�Y# <)��* ()� �	
���85

d]/ ef8 g$ hi` jK kCl ��* d]hm  n]ohm$ pq;85 j� rst` 123. 2 mmol%�u

$ TMPTA� ��� HPP*  >$ ���8 $v &w$ ��xy z{8 �� |�� s}~3.

Abstract − Electrons-irradiated homo-polypropylene(HPP) and random ter-polymer of propylene(RTPP), in which trifunctional

monomers such as trimethylopropanetriacrylate(TMPTA) or triallylcyanuate(TAC) was added as crosslinking agent, showed

comparably high degree of crosslinking: wherein the maximum degree of crosslinking was 67% and 52% around at 5 kGy for

HPP and for RTPP, respectively, both added with TMPTA, whereas the degree of crosslinking in HPP with TAC continuously

increased with radiation dosages, reaching to 65% at 240 kGy. From several experimental data such as, gel content, melt index,

swelling ratio, and average molecular weight distribution, HPP with TAC and RTPP with TMPTA were found out to be much

higher radiation-stable than HPP with TMPTA, especially at high dosages. The heat of fusion data could show that radiation

crosslinking hardly gave an effect on changing of crystallinity in the irradiated polypropylene and could occur mainly at bound-

aries between crystalline and amorphous phases. It was found that HPP added with more than 2 mmol% of TMPTA were dif-

ficult to be highly crosslinked probably due to a homopolymerization by an excess of this monomer.
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1. � �

��� ���� �	, 
��
� �� ��� ���� ��� �

�� �� ���  ! "#. ���� $%& ���� �' ()*

+,-.� /0�12 �. +,-.* 3456 78�9 :�;$

< (0=#[1, 2]. ��� $%� *�9 �	& ���� >8� �8

�9 ?!= @AB C0� DEFG H? IJ F KL0, MN O F

P0 Q* R0.� DES#. ��� �	@TJ UV W�X, P !

Y Z[ Q� \= P ]^0� _`�@ a�� B�b�[3], �cd

Fe�� fghi�N %�b� "#. j= *k� �k* $% l�

� \= V;�9 mn�6opJ 3^q* rAs�9 tGD� ��

�^� *� 50 kGy ̂ N* $%u`�9 �vMN� wGx#� y

�& z "52[5, 6], $% { j� $% | 2}A ~K� *� ���

! "#� ��#[7-9]. ���%�� �+ � �N* 4_* ����

.� ��� mn��[�p, mn���E��n���� mn���

E�p QJ ����D ��u� *�9 �6 ��� tGD��, �

� /0& +,-.�* �qB �34� ���56� %�* ���

U}� �\b@ ���#[10]. �s� �� �J ;$C0� BJ m
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n��p, mn�E�p� �V�� QJ �6 �	� tG #. =¡,

mn�6op�9 �	� �¢ ��;$� ���a@ ��9 �	�

� �* £	B IJ $%u`�9 /0&#� �¤¥�[6], �� �J

��;$< ��� mn�6opJ �v¦N� I�9 #§= �¨�

9 ��� ! "#.

���� ()LB56 3^q, �^( ©ª, 3^q� �^( ©ª �

* As56 D« ! "#. IJ 3^0 ���� 3^q� �^(�*

As� �\B56 ¬ ��=#. Dole[11]J ­�®� +,-* �¯ °

^56±² �	� �^( ©ª�9 ¬ ³ /0&#� �e�´#. �s

� Keller� Ungar[12]� mn��p�9 �	� 3^©ª�9� tGD

� µ52 3^ ¶s�9 ³ tG #� ·^�´#. O’Donnell�

Whittaker[13]� mn��p�9 ��u� *= +,-* /0J 3^

q©ª�9y#� 3^q� �^( ©ª �* As�9 ¬ ³ tGD

9 %�* U}� �	� � As�9 �6 tG #� �e�´#. �

' V;�� *�s mn��p�9 3^N� ���� �+ �	N�

��=#� ��#[14-17].

t�B56 %�b� P��0 !�. {�9 mn��p� £	¸

�, mn�6opJ �¯* #¹ aº� h3* ����< g��� "

@ ��� »K, ¼K� �%� H? ½J F0� ¾� ��b@ ¿#.

mn�6opJ �	� ! "�À c�� �¯* U}� tG #. #

@Á0 Â»Ã< ���� Ä��s IJ ��056 ÅÆÇ� £	B

½J ���* $%u`�9N �	� *= :�;$� (0b�� l

�B�#[10, 11, 18].

È V;�9� ­�`, �v�!, ��P, ��`�g� ÉÊ®� \

= 7Ë3�6±² # @Á0 Â»Ã� Ä�& ÌÂmn�6op� Í

Î ²mn�6op� \= �	 C0.� ÏÐyÑ#.

2. ����

2-1. ����

È 7Ë�9 %�& ����Ò@� '�� »y�£Ó��(Novo-

sibirsk)� ��= ÔRnV;�(B.I.N.P)�9 hÕ& Ö56 ×\ ��Ø

� 50 mA, ×\ � ���� 1.4 MeVÙ �Ú� ��Û �Ò@�#(ELV).

7Ëeº* _ÜN� Fig. 1� DEFÝ#. �Ò@[1]6±² �Þ& �

��[2]J ßà�G �� á�"� ��� �¡[3]� ât�� $%&

#. �� ��� �¡* 8N� ���� *�9 �ãbä6 �¡� �

��� åÆæç[4] F±� èé!< êëyFG ×\8N� ì 45oC

���9 í�bNî �´#. ßà�G[6]* ïðÒN� ñØÂ²[7]<

hG@[8]� V3�� ^ò�� $U�´#.

ó!u`(dose)* ôK� � �Ø� �¡* ïðÒN69 $U�´

#. ßà�G* �cÒN� 3-6 cm/s õa´#. �¡* 7h ó!u`

J ��� åöÆæÙ u(u` A[5]6±² u(òN< °^�� A

~bÝ#.

2-2. ��

È 7Ë� %�& mn�6opJ �÷ø% \=íKùÚ%�9 /

~& úH û%� 300 ppm ̂ N g��� 5014 
��ü* ÌÂ mn

�6op(HPP : MI=1.0)� 8088 
��ü* ÍÎ ²mn�6op(RTPP :

MI=0.3)�Ý#. ÍÎ ²mn�6opJ 2%* ��p� 1%* 1-butene

� g�bG "#. ��� $% � ~K��� ýh�1@ a�� mn�

6op� þÿ E�* ~K��h(Irganox 1010)� Ä�bÝ#. j=

�	úx� a�� #@Á0 Â»ÃÙ �n��6�6ç�n����

��(TMPTA) j� �n�������(TAC)� Ä�bÝ� �. Â

»Ã� C��ì569 ^h �� %�bÝ#.

��� 3 mmÙ �¡J, mn�6op �Å� #@Á0 Â»Ã< Ä

��� 78�9 30�� 	��� 24�� �� >e= | 200oC* Û

Þ@�9 ÛÞ�� hÕbÝ52, 
 $0.J Table 1�9� �#.

2-3. ��

�	� *� /0& ���* ­* �`J #�� �� °^bÝ#.

�> 120H	 
Ò:(US-No. 120)� ���� ì 40 mm e�(56

�¡� �' � |, 1%* ~K��h� 350 ml* �tp� 
�x

500 ml �+��� ��9 120oC�9 20�� �´#. 
n� �(sol)

� �Þ& ��� �¡� 150oC* xù��� �G �$�� #� �

�W�� Ò�9 èé�� � ��< °^�� #�* ÷56±² ­

%� A~�´#.

­% = �100

�@9, W1=
Ò: ��, W2=�¡� 
Ò: ��, W3=·Þ | �J

�¡� 
Ò: ��

$% | ��* �v�!� ���6GÙ�� @@(Toyoseiki co.)<

%��� 230oC, 2.16 kg �{ ��9 �� 2.095 mm* �n��<

��� 10� c] ê'Fn� mn�6op* ��6±² °^bÝ#.

$%u`� �¹ ���* ��` ôK� ­�6� 
��(GPC:

Waters-1560-CV)< ���� °^bÝ#. !, $%& ��� 160oC�

9 3�� c] �n"66#$(1.2,4-trichlorobenzene : TCB)� %�&

'�� 140oC* (8$�9 30� ^q= |� o²)� *+ �,�

140oC�9 �-�´#.

.* ­%°^�^�9 /Gx %�& �$& ­.� \= ÉÊ®J

#�� �� °^bÝ#. �> TCB� 0�& ­* �	;$ F6 1

2¸ ! "� �@ a�9, TCB �h� 
�x �+��� �� 100oC

W3 W1–
W2 W1–
--------------------

Fig. 1. Schematic diagram of apparatus for crosslinking of polymer�
1. Electron beam accelerator 5. Linear dosimeter
2. Electron beam 6. Conveyer
3. Irradiating samples 7. Motor
4. Aluminum target 8. Motor speed controller

Table 1. Several samples of polypropylenes added with trifunctional
monomers[trimethylopropane triacrylate(TMPTA) and triallyl-
cyanurate(TAC)]

Sample 
group

PP powder
(g)

TMPTA
(mmol)

TAC
(mmol)

IR1010
(g)

A* 100 1 0 0.5
C* 100 2 0 0.5
D* 100 4 0 0.5
E* 100 0 2 0.5

 G** 100 2 0 0.5

*: Homopolypropylene
**: Random PP included with 2 wt% of ethylene and 1 wt% of 1-butene
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�9 4��c] �P= | �8�9 24�� �º�´#. 
n� 80oC

xù ���9 8�� �$= �¡* ��< ^`��, ­ ��� \=

12& TCB�h* �� 3�®69 ÉÊ®� A~bG¥#.

���* �vPJ ���a@ ��9 10oC/min* �P O èéÒ

N6 P�d �-@(DSC : Perkin-Elmer, DSC-1B)< ���� °^b

Ý#.

3. 	
 � �


3-1. 	
�� 
�� ��� �� PP� �� ��

3-1-1. ­KN

�' V;�.� *�s[4, 10, 19], mn��p� ��u�D ���

� �J �%u� $%bs �	��� �6 tGD�, �s� mn�

6op�9� �	��� qÙ U}� *= �� ��� c�� tG

D�À ��� �& ���+� �¤�� "#. Fig. 2� �	h� Ä

�b� µJ 4!= mn��p� mn�6op� \�9 ���� *

= �	< 96 £	= Ö�#. mn��pJ �	h* Ä� ��N �

��� *= �	;$� (0bÝ�, 
 �	N� ���* $%u`

� �+ ���� 300 kGy�9 63.6%< DEFÝ#. �s� �	h�

Ä�b� µJ mn�6opJ H? ½J �	N< y´#.

�%KL� *= ���* �	� ��� ���* ;$, ! 3^0

� ò5= 6A� "#. 3^0� IJ ���� ���%�* ½J í

c056 %��* �	;$ (0� G7#. �� /0& +,-� 3

^q F� e�� g8bG �. +,-.� *� ��%�* ���

tGD@ ���#[20]. È V;�9 %�& mn�6opJ 95% �

�* Q�0(isotacticity)� IJ 3^0 ;$< ��@ ��� ���

$%� *= �	��� G7#� È#. �s� �òN mn��pJ

BU= 3^056±² 3^q� �^( ©ª �* ¶sB� �\B5

6 I� j= u( ;$6±² %�* íc0� í�b@ ��� �	

;$* (0� ���#� ç}&#.

mn�6opJ @Á0 Â»Ã� Ä�bs @Á0 Â»Ã* IJ �

�0 ��� ½J $%u`�9 ���� �	;$< Àü�� l�B

�� P ]^0 �J R0 _`�N í��#� åë�� "#[11].

Fig. 3J 3@Á0 Â»ÃÙ �n��6�6ç�n������(TMPTA)

� �n�������(TAC)< mn�6op� Ä�9� � �	N<

DES 7Ë3��#. ÌÂ mn�6op� TMPTA� Ä� = �¡(A)

* �	N� 5 kGy ±:�9 67%* ×\º< DEF� 10 kGy±² #

� ���� 240 kGy�9� 39%< DEFÝ#. �s� ÍÎ ²mn�

6op� TMPTA< Ä�= �¡(G)J 5 kGy ±:�9 ÌÂ mn�6

op y# ½J 51%* ×\ �	N< DEF� 20 kGy±² 240 kGy

%��9 t^= ­KN< y´#. �+9 ÍÎ ²mn�6opJ �

��� \= �% ]^0� ;#� ¸ ! "#. TAC� Ä�& ÌÂ m

n�6op(E)J 10 kGy<� �	��� ** �� µ#� 20 kGy±²

�=& ­� /0b� ���* ó! u`� ���� �+ ì� ��

�� r�� y´#. � j= pÎ mn�6op� �� �% ]^0

� ?!�#� ¸ ! "#.

3-1-2. �vP

Table 2� ���* ó!u`� �¹ ���* �vP� P �d�-

@(DSC)< %��� °^= 3��#. �	& mn�6op* �vP

J ���* 3^0� 6Ab� PªL C0º69, 3^N� I�!

î �vPJ IJ >� DES#. $%u`� ���� �+ �vP�

�� ���� µJ Ö56 y� �	� �¹ ���* 3^N ôK�

�� µ#� ¸ ! "#. �� �	� 3^q =� F�9� tGD@

Gë?� *Æ=#. Àì� 3^;$ F�9 %��* �	� È V;

�9� �� 50%�� tG@#s 3^N ��6 ÅÆÇ� �vPJ

�A& ��bÝG¨ ¸ Ö�#.

j= �tp �H6 �	& ���* � ±�� �Þ�� | �J 4

!= ­� \= �vPJ �	& ���* �q(� +­)� \= �vP

� £� ì� ½J >� DEFÝ#. �� 3^©ª�9* mn�6o

p* %�.� �^( ©ª� "� %�.� � ©ª* rAs� ��

� 96 �	b@ ��� �h·Þ | ­* 3^N* ôK� �� µ

#� È#. 
B� µ� �	� �^( ©ª j� 3^©ª�9À \

±� tG #s �	 |* 4!= ­* 3^N� �� ôKbG¨ ¸

Ö�#.

3-1-3. �v�!

���� �	� *= :�;$< ¾*D �¯�9 ��;$òN�

���s �v�!� ��bG �v¦ ±:�9 @AB MN� ���

� &#. Fig. 4� Fig. 3�9� ct= ��� \�9 �v�!< °^

= 3��#. TMPTA� Ä�& ÍÎ ²mn�6op(G)� TAC� Ä

�& ÌÂmn�6op(E)J C@* IJ �v�!6±² ���� $

%bs �== ��< y�s9 240 kGy* IJ u`<� ** 0� �

<ï >� DEFÝ#. �s� TMPTA� Ä�& ÌÂmn�6op(A)
Fig. 2. Gel% of EB-irradiated polypropylene and polyethylene in no

presence of crosslinking agent.

Fig. 3. Gel% of irradiated HPP and RCPP added with TAMPA and
TAC, wherein the samples are as mentioned in Table 1.
���� �39� �3� 2001� 6�
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J 4.5* C@ �v�!6±² 5 kGy�9 0.005>56 �=& ���

� 30 kGy<� ½J >� í��#� 60 kGy±²� $%u`� �+

DÓ� ���� 180 kGy±²� C@ �v�! >� #� NE�´#.

�� �J 3�6±², �	úxh TAC< Ä�= ÌÂmn�6op(E)

� TMPTA< Ä�= ÍÎ ²mn�6op(G)�9� ��� qÙ* U

}� *= ����� ýhb� ���* IJ ó!u`�9N ]^0

� IJ :�;$� í�&#� È#. �s� TMPTA� Ä�& HPP

(A)�9� GF ��* $%u`�9� ��� %�* U}� tGD

9 �v�!� �ãbÝ#� ç}&#. �� �� ct= mn�6o

p� \�9 �	h� �+ ��= 3�< DEF� ÖJ ���� \

= �	h* ��C0* d�6±² @Ù&#� ̧  ! "#. !, Fig. 5�

9 yG� TAC� �n;$< ��� "�À TMPTA� ��;$< H

#. t�B56 �n;$ K4RJ �8 �%� \�9 ]^�2 ��

< ó!�� 0�� "@ ��� IJ $%u`�9N �� ��� ý

h� ! "#[10, 21]. =¡, 2%* ��p� 1%* 1-butene� Ä�&

ÍÎ ²mn�6opJ TMPTA� Ä�bGN IJ $%u`�9 �

���� ýhb� £	B IJ �	N< y´#. �� Table 2�9 y

ÑG� C@ ÍÎ ²mn�6op* �vP� #¹ ÌÂmnÃ� £�

½@ ���, mn��p� �� �\B56 ½J 3^N6±² 3^

q� �^( ©ª�* �	� tGI ! "� J ¶sB� IJ %�

�* íc056 ÅÆÇ� IJ $%u`�9N ��y#� �	��

� �6 tGI ! "#� ç}&#.

3-1-4. ÉÊ®(swelling ratio)

TAC� Ä�& mn�6op(E), TMPTA� Ä�& ÌÂmnÃ(A)�

ÍÎ ²mn�6op(G)* �	()* d�< ÏÐy@ a�9, �	

& mn�6op.* ÉÊ®� 96 £	�´#. Fig. 6�9 yG�,

TAC� Ä�& mn�6op* ÉÊ®J 10 kGy�9� 36%* ½J >

� DEF� ���* $%u`� ���� �+ AÒ �ã�� 60 kGy

�9 ì 100%� NEb� �|±²� ** t^= >� DEFÝ#.

TMPTA< Ä�= ÍÎ ²mn�6op* ÉÊ®J 5 kGy* ½J $

%u`�9 �Æ 84%� NEb� 20 kGy�� ±²� ** 100%* t

Table 2. The heats of fusion in gel+sol and gel of irradiated polypropylenes from DSC analysis

Dose(kGy)
Heat of fusion for gel + sol, J/g(crystallinity, %) Heat of fusion for gel, J/g(crystallinity, %)

Sample A Sample E Sample G Sample A Sample E Sample G

00
05
10
20
30
60

1200
1800
2400

107.5(72)
103.3(69)
107.0(71)
197.6(65)
101.8(68)
101.1(67)
199.8(67)
198.7(66)

−

103.6(69).1
104.0(69)1.

−
103.9(69.3)

−
195.0(63.3)

−
194.4(62.9)

−

79.1(52.7)
77.5(51.7)

−
75.8(50.5)

−
72.8(48.5)

−
−

70.8(47.2)

−
100.4(66.9)
100.9(67.3)
198.6(65.7)

−
194.6(63.1)

−
−

188.6(59.1)

−
−
−

103.6(69.1)1
-

95.0(63.3)
−
−

84.9(56.6)

−
69.9(46.6)
67.9(45.6)
68.3(45.5)

−
64.2(42.8)

−
−

64.0(42.7)

Fig. 4. Melt index of the irradiated polypropylenes in Fig. 3.

Fig. 5. Molecular structures of TMPTA(a) and TAC(b).

Fig. 6. Changings of swelling ratio versus radiation dosages for the gels
extracted from irradiated polypropylenes in Fig. 3.
HWAHAK KONGHAK Vol. 39, No. 3, June, 2001
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^= >� í�bÝ#. �s� TMPTA� Ä�& ÌÂmn�6op(A)

* ÉÊ®J 10 kGy ±:* ó!u`�9 97%* ×\º< DEF� $

%u`� ���� �+ J K56 ���� 60 kGy�9 50%, 240 kGy

�9 44%< DEFÝ#. t�B56 ���� �	� *= :�;$

< ��s �H� :�;$F� 12�� ÉÊb2 ct= �	N�9

� �	òN� ��¸!î ÉÊ®J ��=#� �¤¥#[10]. �Æ

Fig. 3� 4�9 ÏÐyÑG�, TMPTA� Ä�& ÌÂmnÃ(A)� ÍÎ

²mn�6op(G)�D TAC� Ä�& ÌÂmn�6op(E)�� En

5 kGy�9 ×\º* �	N< DEF� �|±²� ���´52

(Fig. 3), IJ $%u`�9� ��� qÙ� U}bG9 �v�!�

�=& ���´#(Fig. 4). �+9 TMPTA� Ä�& ÌÂmn�6o

p(A)J $%u`� ��L� �+ :�;$* �@� ��b#� G

F $%u` ���9� :�;$* t± j� ��� %�� U}b

G :�;$* }a �@� Õ�M9 ÉÊ®� ��&#� È#. Àì

� �	òN* ��� *�9 ÉÊ®� ��&#s �v�!� $%u

`� �+ ��b� µ�¨ =#. ¬N� �	& �¡* �	N< °

^�@ a�9 �tp �H6 ·Þ= | /Gx ­* ()< 7h6

6O= 3�, TMPTA� Ä�& ÌÂmn�6op(A)* ­J GF $

%u`���9� ÕJ ��6 ;0& �Å ()´� TAC� Ä�&

ÌÂmn�6op�D TMPTA� Ä�& ÍÎ ²mn�6op* ­J

J PGn ()6 Q��´#.

3-1-5. Râ ��`

$% | @Á0 Â»Ã� Ä�& mn�6op� 1,2,4-�n"66#

$(TCB)� '�s ��b� �� ��b� µ� ­6 ;�&#. ��

& �� GPC(gel permeation chromatograph)6 ��`� °^�s, �

gSuJ $% u`� ��L� �+ %�* U}� tGD9 ½J �

�` T56 }AB �c� tGD� UJ ��` �g< V�#� å

ë¥#[23, 24].

Table 3�9 yG� ���� $%b� µJ TMPTA� TAC� Ä�

& ÌÂmnÃ.(A, E)* ­ �`� éé 0.81%, 0.22%�ä6 GPC�

9 °^& �� Râ ��`� ! Râ ��`J ��� �q* Râ

��`�+� ¸ ! "#. TMPTA� TAC� Ä�& ÌÂmn�6op

* � ±�* �� Râ��`(Mw, s)J ** £W��À ! Râ ��

`(Mn, s)�9� TAC� Ä�& r?� TMPTAy# ¬ �#. �� TAC

* �`� 2 mmol%Ù �s� TMPTA* �`J 1 mmol%�ä6 >

��`* �	 úxh� �\B56 X� g�bG "@ ��Ù Ö5

6 ç}&#. �� �J �¡.� ���� *�9 $%bs, $% u

`� ��L� �+ �� Râ ��`� ì� ��b#� ��b� r

�� y´#. �� �	� *�9 ��`� ��bG9 �Þb� �*

��`N ì� ��&#� ¸ ! "#. TAC� Ä�& mn�6op(E)

J IJ u`(240 kGy)�9 � ±�* �� Râ ��`� �=& �

��´#. �s� TMPTA� Ä�& ÌÂmn�6op(A)J $%u`

� �¹ �� Râ��`* ôK K� TAC� Ä�& mn�6op(E)

y# �� µ�� å ! "#. �� TAC� Ä�& mn�6opJ $

%u`� �+ �	N� ��b� qÙ U}� *= ����J ýh

b@ ���, �	 | �Þb� �* ��`J �\B56 ½#� ¸

! "#. �s� TMPTA� Ä�& mn�6opJ $%u`� GF

���9� �	��� qÙ U}� *= ����� c�� tGDä

6 C@ �� Râ ��`� £� J K* ��� y�� µÑ#� ç

}&#. ��` �gN� 6Y& �~N(polydispersity)� TMPTA�

Ä�& mn�6op(A)�9� $%u`� ��L� �+ ��bG9

240 kGy�9 ì 8Ù �s� TAC� Ä�& mn�6op(E)�9� $

%u`� ��L� �+ ���#� IJ �	N< DEF� ó!u`

�9 #� D¹ ÒN6 ���� 240 kGy�9 1.81* ½J >� DE

FÝ#. IJ �~N� ��` �g� U#� Ö� *Æ�2 �� �

�.* %� U}56±² @Ù� ! "#.

 

3-2. 
�� 
��� ���� �� ���� ��

TMPTA* Ä�`� ôK�Z9 @Á0 Â»Ã* Ä�`� �¹ �

	N* ©�� ÏÐyÑ#. Fig. 7�9 yG�, 2 mmol%� 4 mmol%

* TMPTA� éé Ä�& mn�6op(C, D)* �	N� 1 mmol%�

Ä�& mn�6op(A, Fig.  3)� £�9 �	N� H? ½�� å !

"#. 2 mmol%� Ä�& mn�6op(C)* �	N� $%u`� �

��� �+ ì� ��b�À 240 kGy* ó!u`�9� 4.6%� [�

Table 3. Mw,s, Mn,s, polydispersity(pd), melt index(MI) and gel% for irradiated polypropylenes

Dose
(kGy)

Sample A Sample E

pdc MI gel, % pdc MI gel, %

00
05
10
20
30

2400

245,211
277,377

−
267,769

−
200,114

54,095
42,348

−
38,533

−
24,881

4.53
6.55

−
6.95

−
8.04

4.500
0.005

−
0.028

−
4.700

000.81
66.9

−
55.0

−
39.0

225,805
279,401
296,213

−
201,643
53,9480

70,910
65,713
56,151

−
69,553
29,756

3.18
4.25
5.28

−
2.90
1.81

8.800
4.500
0.400

−
0.360
0.009

000.22
000.80
003.70

−
59.2
64.7

a: weight average molecular weight in sol
b: number average molecular weight in sol
c: polydispersity in sol

Mw s,
a Mn s,

b Mw s,
a Mn s,

b

Fig. 7. Gel % of irradiated homopolypropylene added with different con-
tents of TMPTA, wherein the samples are as mentioned in Table
1. C: 2 mmol% of TMPTA, D: 4 mmol% of TMPTA
���� �39� �3� 2001� 6�



������� �	
 ��
� 319

,198

ence

d

ly-

 J.,

nd
�´#. 4 mmol%* TMPTA�9� 10 kGy* ó!u`<�� 2 mmol%

�9� �� �	N� ì� ��b#� 20 kGy�9 £	B J K56

��b2 240 kGy�9� 12%* �	N< DEFÝ#.

Fig. 8�9 yG�, 2 mmol%� 4 mmol%* TMPTA� Ä�& ÌÂ

mn�6op* �v�!� éé 10-20 kGy� 20-30 kGyõa�9�

ì� ��b#� ó!u`� �+ #� ��bG9 240 kGy�9� é

é 104� 86* IJ �v�!< DEFÝ#.

��* 3�6±² @Á0 Â»Ã* Ä�`� GF ��t �� N

nG ���* �	��J ýhb� ����� �\B]� å ! "

#. �� �`* Â»Ã� Q�¸ �� ���� *�9 /0& +,

-.� Â»Ã� *� �' ^�9 %��* �	 ��J ýhb� Â

»Ã�* {4��(homopolymerization)� �6 tGD� bä6 �	

N� ½J >� DEFÝ#� ¸ ! "#[22].

4. 	 �

(1) @Á0 Â»Ã TMPTA j� TAC� Ä�= mn�6opJ £

	B ½J ���* $%u`�9 IJ òN* �	;$� (0bÝ#.

(2) TMPTA� Ä�& ÌÂmn�6op* �	N� ���* IJ

ó!u`�9� %���� *�9 ��b�, �s� TAC� Ä�& Ì

Âmn�6op� TMPTA� Ä�& ÍÎ ²mn�6opJ IJ $

%u`�9N IJ �	N� £	B ]^& �	;$� í�bÝ#. 

(3) TAC� Ä�& ÌÂmn�6op� TMPTA� Ä�& ÍÎ ²m

n�6opJ ���* �	6±² ���PGn �q� *\= :�

;$< DEF�À TMPTA� Ä�& ÌÂmn�6opJ �%���

�� *�9 � }a.6 ;0& :�;$< ��� "#.

(4) ���56 �	& mn�6opJ �	6 Ù= 3^N* ôK�

BÝ52, �	� 3^=�� �^( ©ª %��9 �6 tG #�

ç}&#.

(5) ÌÂmn�6op� Ä�& TMPTA* Ä�`� GF ��t �

� �	;$ (0� G7� IJ ó!u`�9 ����� �=& �

�bÝ#.
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Fig. 8. Melt index of irradiated homopolypropylenes in Fig. 7.
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