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� ?6� @A� BC� D� ��EF4. 	
��G H�I+J =>� )%8 �*): KLEF4. "	�#$%� H�

�MN ��O(%� KLE� PQ� &' =>� )%8 MnR Mw� ST H�EFUV, ��������G 60�W P &

' =>� )%8 MnR Mw� XX &YZ[ \F4. &' "	(%� H��MN ��O(%� C]^� PQ� &' =>

� )%8 MnR Mw 123 Mw/Mn� ST KLEF4. ]_`�� aG� b�?� $%� �cd� ��	
G Wef� D

g 380oC� %O� P� &YZ[ \hij4. ����� k*� &' =>� �*)R +l� m� BC[ i7 no4.

Abstract − The effects of the operation conditions, such as reaction time, introduction of preheating stage, temperature of

starting stir, preheating stage time, and final stir speed, on the physical properties of the polyethylene wax producted in a loop

reactor by thermal degradation were investigated. As the reaction time increased, the viscosity and the softening point of the

products were decreased. The viscosity, Mn and Mw of the final products were increased with an increase of the temperature of

starting stir due to a decrease of heat transfer rate. When the preheating stage time was 60 min, the viscosity, Mn and Mw of the final

products showed the minimum values, respectively. As the final stir speed increased, the viscosity, Mn, Mw and Mw/Mn of the final

products were decreased due to an increase of heat transfer rate. The deepness of the top void showed the minimum value when the
medium temperature reached at about 380oC because thermal degradation of the medium took place in good earnest at the temper-

ature. The effects of the operation conditions on the softening point of the final products and the yield were negligible.
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1. � �

��� ��� ���	 
���
 �� ��(plastic solid)��� �

�� ���� �� ��� ��� �  !"# �$%&. '� ()�

*+ ,-�  ./01 '����  23�45 ��(PE ��)6 2

37�85 ��(PP ��)� 9&[1]. PE ��  :;<=>?� .@

500-10,000 g/mol1 A=> 23�45# �$%&.

PE ��B CD�  EF�  G'F
 H=IF� 9&. G'F�

0J% KL6 chain transfer agentB MN�O .PQR& S� QT�	

�45 U?�(monomer)B G'VW	 PE ��B X  EF�&[2, 3].

H=IF� PE� H# �I	 �=>� YMZ[P(chain branching) �

��	 =I� \]^�_ �O PE ��B CD�  EF�&. H=I

F� ̀ a, Rb cd e  QT� fg hiDB MN�O dP e  &

j -kC� l  �m�	 PEB 290-600oC� �H�O H=Iin#

\opq[4, 5], rsc &j H=I dt� QT# ��O ()1 PE�

�H�� 9  u� v`� w# b
��_ �O �x  y�&[6].

%z, Kossiakoff6 Rice[7]  radical� {g |-� P1�  ‘}~

�
(cage effect)’� ‘� YMZ[P(chain branching)’B �P%&� R

���&. ��% }~�
B ��k�P ��O Guy6 Fixari[8]  PE
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454 �������
��R& S� � �# �  phenylether# HA� NL(heat resistant

solvent)� MN�O HA� NL ��	 PEB H=I�o�� ���

0� PE ��B ,-��&.

PE ��� `a, &=-��:� �#:_ �d�� R& a:Ic&.

��^ H=IFo� PE ��B ,-�  .*=� dt� ()1 PE

� �� H��� ��� H=Iin� ���� ��^ ]� w��

	 
H� ��� �&  U�# �oq, ��% U�� �I �� &

=-��:B �  PE ��� ,-� EIB � &[4]. �3� P��

H=IF� hiDinP^ w�inP �� �]9  PEB U�� \

t% in��� �H�O H=I�o�� PE ��B CD�  y�

\i0�&. PEB U�� \t% in��� �H�O �� =-��

:B �  PE ��B CD�s� �Q, �j hi��, t�% ��D

J, � CDV  ¡� 8¢�&. %z, HA� NL ��	 H=Iin

# :£�  EF e% MN�  HA� NL6 H=Iin� ,-¤

1 PE �� � k¥01 ¦M�o� 1�O §�01 NLC�� 9

]	� �CB ¨©%&[4].

�ª� Choi[9]  ��% H=IF� �C�# I«�P ��O H=

Iin� ¬­0o� \]^  in��(380-400oC)� ()B �H�

P ��� in��R&  �� ��(250-370oC)� ()B �H�O

\tV  ¦��  1® ��� ¯°�HU±B ²  y# ³´o� �

  ±Uµ �HEF# C¶��&. �  ¯°�HU±B ²� ()B

¬­0o� H=I�P ��� ()� H���B ·�Vp  y� �

¸�q, ¹7inP6 ±Uµ �HEF# MN�� .PQ
 �� hi

���	 t��� �� DJ# �� ��	� �� &=-��:(3.90

��)B �  PE ��B °h0 º� V (5.40V ��)� ,-» :

9¼&� R���&. e%, �  ¯°�HU±� ��� C¤� &=

-��:6 �� �3� CDV � $[  ½¾� ¿V»���, ̄ °

�HU±� :B ·�VW� C¤� &=-��:  �� À�� �o

q, in��� ·��� in��� Á�Â	 ³t% ��B �  C

¤# ,-� Ã 8¢% inV � Ä�%&� R���&.

¬ ÅÆ�	  �� &=-��:B �  PE ��B R& `C0o

� ,-» : 9  ±Uµ �HEF� Ç�DÈ# |É» Ê0o� i

nV , ̄ °�HU±� ¦¿, hiVu��, ̄ °�HU±V , �Ë h

i��6 �� Ç�DÈ� ��6 Åk� �3� &=-��:6 ��

PE �� C¤� !�� $[  ½¾� .I �±0o� ÅÆ��&.

2. � �

2-1. ����

¬ ÅÆ� MN� ¹7inPB Ì��  ÍÎ~[� ®@�  Fig. 1


 �&. ¹7inPB Æ��  ÏÐ :vw(��w)
 aÐ :vw(�

Ñw) �3� �* Å«wo�  v`� 70 mm�� ²Ò� 5 mm1

�Ó13� �4 w# MN��oq, �*� Å«*=� ²Ò� 5 mm

1 �Ó13� �4 Ôo� Cu��&. inP� S�  0.52 m��

inP� �* *Õ  5 L�¼&. ()� ��6 Ö×� ��B Ðt�

� DJ�P ��O 2®� H�.B ÏÐ :vw� �*(�×o�*+

26 mm Ø]c ��)6 Ö×� ÙÙ Ú[��&. ÛnP� 8¢% H#

dÜ�P ��O �* Å«*=� 200 V, 900 W N?� �H Ô# *

Ý�  %z, inP� �*(ÏÐ :vw, aÐ :vw
 �* Å«w#

Ì��  *=)  200 V, 2 kW N?� HÞ# Äßà� � Ö*B UH

á� Äâà] Ö*6 UH� ��_ ��&. ¯°ÍÎo� PID C]P

� >ãÚt(auto tuning) P¸# MN�O C]P� L®À:B Út�

� �HP� dÜ�  �Q# DJ�o�� �N!� ��B C]��&.

inP�� �] 9  ()� äå
 æ'# �ç�P ��O äåè

é, ê®6 ×ëì ê® �3� i`E¾æ' ê®� Æ�� �í�

11®B �Ó13� �4 Ôo� Cu�O MN�� Ã[9], ÏÐ î�

ï� 6®B �3� aÐ î�ï� 5®B ÙÙ Ú[��oq, ��w�

	  �� ðñ� ,P�_ î�ï# iV±E¾o� òsà¼oq �

Ñw�	  �Ñ ðñ� ,P�_ î�ï# V±E¾o� òsà¼&.

2-2. ����

¬ ÅÆ�	 ¯°�HU±  �N!� H���B ·�VpP ��

O =Iin� Ü�ó \]^  in��R& �� ]� ��� �H

% §� �N!# � ���	 \t% V ã¶ ¦��  y# �$�

q, inU±  °h0 Ü�ó =Iin� \]^  ��� �N!#

�H�O � ���	 \t% V ã¶ ¦��  y# �$%&[9]. %

z, �N!� ��� �¨� ¯°�HU±� Út��� �ô% §�*

+ C]P� Út��B in��� õöP �÷�� V # ¯°�H

U±V o� t���oq, �N!� ��� �¨� in��� �ô

% �*+ Ðt% V # inV o� t���&.

ÍÎ# �I øA ()ùúÆB H�, ��� 0.918 g/cm3�� Nû

�:� 101 PE 2 kg# inP�� ùú��&. �ü &ì� ýP��

þÿ(valve 1)B �� "� àú þÿ(valve 2)B H]	 2 atm� "�

B àú% §� "�àú þÿB �� ýP�� þÿB H]	 inP

�� �] 9  P�B ý��  EF# 8�� :£�o�� inP �

*B ��� P� =�P� ��¼&. � u�� �^� �*6 �* �

HP� dÜ�  �.�Q# 200 V� Út�O �N!# �H�P V

u��&. �N!# �H�P Vu% v§*+ 5=  ­o� H�.B

MNI	 inP� �] 9  �N!� ��6 inP Ö×� ��B

ÙÙ Ðt�  %z, inP 	
�	 �N!� �*/�÷�� �31

�*d � ��  �* Å«*=� Ú[� w� 
# b�O |1�

� �>B MN�O Ðt��&. ̄ °�HU±� l  `a�  C]P

� Út��B �ì*+ in��(390oC)� Út�O �N!� ��B

��Vp� in���	 \t% V ã¶ �N!# H=I��&. ±

Uµ �HEF# MN» ��  ¯°�HU±� C]P� Út��B

310oC� Út�O �N!# �H�� ¯°�HU±� �^� inU

±� C]P� Út��B in��(390oC)� Út�O �N!� ��

B ��Vp� in���	 \t% V ã¶ �N!# H=I��&.

Ç� G� �N!� ��� �¨� hiVu��� �ô�� hiPB

20 rpmo� î���&. � �§�  hiP� î���� �Ëhi�

�� �ô» �÷� hiP� î���B L 5=�& 20 rpm� ·�V

�&. �N!� ��� �¨� in��� �ô% §�*+ \t% V

   ­(10=)o� V)�� þÿ(valve 3)B b�O C¤# ���O

C¤� ��6 Åk�# Ðt��&. �N!� ��� �¨� in��

� �ô�O 60=� �^� H=Iin# ��P ��O �*6 �*

�HP� �(# ç² �oq, �N!� ��� .@ 350oC ��� �

ô» �÷� �ÙV�&. �Ù� �Ë C¤� inP �*� Ú[�]

9  C¤ý� þÿ(valve 4)B b�O ý���&.

hiVu��� C¤� !�� $[  ½¾� .% ÍÎ# » �� 

¯°�HU±V # 60=o� �Ë hi��B 120 rpmo� �tVp

� hiVu��B 200, 250, 300oC� ÀkV�&. ¯°�HU±V 

� C¤� !�� $[  ½¾� .% ÍÎ# » ��  hiVu��

B 250oC� �Ë hi��  120 rpmo� �tVp� ̄ °�HU±V

 # 30, 60, 75, 90=o� ÀkV�oq, �Ë hi��� C¤� !�

� $[  ½¾� .% ÍÎ# » ��  hiVu��B 250oC� ¯

°�HU±V # 60=o� �tVp� �Ë hi��B 60, 90, 120 rpm

o� ÀkV�&.

in!
 C¤� ��  ��±(Brookfield, Model DV-II+)B MN�

O 140oC�	 Ðt��&. C¤� Åk�� ring and ball apparatusB

MN�O ASTM D36� EFo� Ðt��&. PE ��� :;<=>
���� �41� �4� 2003� 8�
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?(Mn)
 "?;<=>?(Mw) �3� &=-��:(polydispersity

index, Mw/Mn)  gel permeation chromatography(Waters, GPC2000)B

MN�O Ðt��&. ��� ��(column)o�  Å��O Å«� 3®

� ��(column)(HT-2,4,5)# MN��oq, 1,2,4-trichlorobenzene# N

L� MN��&. Ç���, ¦? �3� àú*Õ  ÙÙ 140oC, 0.917 ml

min−1 �3� 200µl�¼&. V)  àú# �I 2V ã¶ 140oC�	

NI�] 0.1%� ��� �°�¼&.

3. �� 	 
�

()� °¡� H=Iin� w% thermogravimetry(Perkin-Elmer,

Model 7 TGA) >)  Fig. 26 �&. Fig. 2�*+ ()1 PE  P¬

0o� 1 U± =I�# r : 9¼&. ()  .@ 287oC�	 =IB

Vu��oq 50%6 90%� ¿��Í� 466oC6 482oC�	 ÙÙ w

��¼&. �, ¿��Í� 0.7%1 350oC÷�  °h0 =Iin� {

3� \] # r : 9¼&. ¯°�HU±� ��  0]� �N!�

Nû�R&  Sß� �q =Iin� Ü­ó \]^  ��R&  �

ß�� �&[9]. !�	 ¬ ÅÆ�	  Fig. 2� «
B "��O �N

!� Nû�R&  So�	 °h0 {g =Iin� \]^  ��1

310oCB ¯°�HU±��� MN��&.

Fig. 3� ¯°�HU±B �� �  �HEF# MN» �� Ç�V

 � ·�� !� inP�� �]9  �N!� ��(TM)6 inP Ö

×� ��(TW)� ÀkB ^#$ y�&. %z, Fig. 4�  ¯°�HU±

B �  ±Uµ �HEF# MN» � Ç�V � ·�� !� �N!

� ��6 inP Ö×� ��� ÀkB ^#�¼&. PIDC]B ��

9 Ã� �Æ�� ¯°�HU±B ²  ±Uµ �HEF# 0N� 

`a�  �N!� ��� ¯°�HU±� ¨P(.@ 25= t�)� Ú

t��1 310oC R& S%oq, ¯°�HU±B ²  y
  �wl

� inU±� ¨P(.@ 15= t�)�� �N!� ��  Út��1

390oC R& S%&(Fig. 3, Fig. 4). ��% &�� \]^  y� ª

¬0o� � �÷� H=I� '� \]^� �ß	 �N!� H��

�� �P ����� �N!� ��B DJ�  Ã�� � (1� 9

Fig. 1. Schematic diagram of the experimental apparatus.
1. Heat exchanger 19. Gas absorption tank
2. Raw material input cap 10. Valve 2
3. Top connection 11. N2 line
4. Riser 12. motor
5. Bottom connection 13. Downcomer
6. Valve 4 14. Thermocouple
7. Valve 1 15. Impeller
8. Vent line 16. Valve 3

Fig. 2. Thermal gravimetric weight-loss analysis of raw material with a
heating rate of 10oC/min under nitrogen atmosphere.

Fig. 3. Variation of the medium and wall temperatures with time for
the operation without preheating step.

Fig. 4. Variation of the medium and wall temperatures with time for
the operation with preheating step.
HWAHAK KONGHAK Vol. 41, No. 4, August, 2003
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&. %z, ̄ °�HU±B ²  y
  �wl� �N!� ��� Út

[ ���	 ·��  .*=� Æ �	  �HP� dÜ�  �Q�

200 V� \t��&. �, inP� dÜ�  H?� °(��� �Æ�

� ¯°�HU± v§�*+ �N!� ��� in��� �B �÷�

Ö×� ��6 �N!� �� � ��  ¯°�HU±B ²� �  `

a� �� �� Æ 
 °h» �� �)ó u%&. ��% «
�*+

¯°�HU±B �[� �N!� H���� ̄ °�HU±B �[� �

# �R& ·��  y# r : 9&[9].

Fig. 5  C¤� ��� .% hiVu��� ½¾# inV � �

:� ^#$ y�&. ;<=>?� =Iin� ¨P U±�	 Ü���

Ä��q Ä�� t�  §i U±�	 Ü��� {s�  yo� r

sÂ 9&. in� R& �j U±�	  =>?
 ��B Ä�Vp 

à� ² ��� °*é� Uz(fragment)� ,-�q, +� U±ã¶�

  MZJU� �ý0�]	 Nû�� "?# Ä�Vp^ ;<=>?

� �� À�� �� �ß²  *é� Uz� ,-�&[5]. !�	 ̄ °

�HU±B �  ±Uµ �HEF# MN�  `a� =Iin� ¨P

�	  C¤� ��� Ü­ó Ä���o^ C¤� ��� Ä��  t

�  inV � ·��� !�	 �� Ä���&. ̄ °�HU±B ²

� �  `a�� C¤� �� Àk  �6 ¦M% `¾# ROà¼&

[9]. %z, hiVu��� S&  y� hi# R& +� Vu%&  y

# �$%&. �, hiVu��� ·��� hiî�:� �Ë hiî

�:� �ô�  ã¶(�Ë hiî�:� 120 rpm1 `a 25=)� �

N!� æ' , äå� t�  Ø]�-� �ã¶� H�ô��� {

s�� �&. hi# Vu�O �Ë hiî�:� �ô�  ã¶� Ö

×� ��� �� 402oC÷� �ô�-� Ö×ª�� 9  �N!� H

=IB ¿V» : loq, H=I� 1% ��� Ä�6 H���� ·

� e% ¿V» : l&. !�	 hiVu��� ·�»:_ Ö×o�

*+ �N! .o� H�ô��� ·��P ��� /0 Á3 H=I

in� c£�]	 C¤� ��  Ä���&. e%, ̄ °�HU±B ²

� �# �� CD� C¤� ��� ±Uµ �HEF# MN% �� C

¤� ��R& u%&. �  ¯°�HU±B ²� �o� �N!� �

�� �¨� in��� �ô�  V�� �§� Ö×� ��� .@

20= ã¶ 400oC ��o� ���-�(Fig. 3) A=>?� ��� R&

'� ,-�P ��o� Ú1» : 9&.

Fig. 6� C¤� ��� .% ¯°�HU±V � ½¾# ^#$ y

�&. ()� H���� �P ��� �N!� ��� ¯°�HU±�

�� �ô�  V� �§�	 Ö×(2402oC)
 �N!� ��(2355oC)�

¯°�HU± Út��R& S%&. !�	 ¯°�HU± ¨P� �H

P� �I�  �(� \V0o� �U��	 Ö×
 �N!� ���

�Ò ¯°�HU±��� Ø]� Ã �ã¶ f3  V � .@ 30=

t��&. �, ¯°�HU±V � 30=� 3 �÷�  �HP� �(

� 4�P ��� �N!� *Õ� :ï��	 �N!� �*� 95

PÌ� ��ó C��  &�� \]6&. PÌ� ��ó C��� �

N!� H���  ·���� 7RP �N!� ��  8Â	 æ'


äå� 9 �� � &. ¯°�HU±V � .@ 30= �§�  �N

!� ��B ¯°�HU±��� ¦��P ��O �HP� �(� &

V dÜ�&. �HP� �(� dÜ�� =Iin� \]^	 &V P

Ì� é,��oq, �N! �� �] 9  PÌ� :� ¯°�HU±

V � 60=\ �R& 75=�^ 90=\ �� / '� y� w��¼&.

�N! �� PÌ� '#:_ 7RP �N!� ��� ußÂ	 æ'


 äå� 9 �  i�� �N!� H���  Ø]c&. ��% �¦

� ¯°�HU±V � 60=\ `a� ¯°�HU± �§� �� ��

P ã¶� Ö×�	 �N! .o� H�ô��� �~ Á�	 R& Á

3 H=Iin� \]^P ��� C¤� ��� �~ u%&.

Fig. 7� C¤� ��� .% �Ë hi��� ½¾# ^#$ �;�&

. �Ë hi��B ·��� �N!� æ'
 äå� ¾��-� Ö×�

	 �N! .o�� H�ô��� ·��]	 =Iin� R& Á3 \

]<&. !�	 �Ë hi��B ·�Vp� C¤� ��  Ä���&.

Table 1� Ç�DÈ�� �Ë C¤� :;<=>?, "?;<=>?,

&=-��:6 :=� $[  ½¾# ROà� 9&. hiVu��B

·�Vp� H�ô��� Ä��P ��� �Ë C¤� :;<=>?


 "?;<=>?� ç² ·���&. ��^ hiVu��� !� &

=-��:  >� À�� �%&. ¯°�HU±V � 60=\ `a�

Fig. 5. Effect of the temperature of starting stir on the viscosity as a
function of reaction time.

Fig. 6. Effect of the preheating stage time on the viscosity.

Fig. 7. Effect of the final stir speed on the viscosity.
���� �41� �4� 2003� 8�
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4
27
H�ô��� �.0o� �?P ��� ̄ °�HU±V � 60=\ �

� :;<=>?
 "?;<=>?� @� �~ u%oq, ¯°�HU

±V � ·�»:_ &=-��:  ·���&. %z, �Ë hi��

� ·�»:_ H�ô��� Á��-� :;<=>?
 "?;<=>

? �3� &=-��:� ç² Ä���&. �3� ¯°�HU±B ²

� �  �HEF� `a�  ±Uµ �HEF
 °h» �� ()�

A*0o� 
H�m� ��  t�� B�O A=>?� ��� R&

'� ,-�-�, ±Uµ �HEFo� ,-� �Ë C¤� °I ¯°

�HU±B ²� �  �HEFo� ,-� �Ë C¤� :;<=>?


 "?;<=>?� @� ç² u%o^ &=-��:� @� C&.

%z, :=� 95-96%� Ç�DÈ� !� �� À�� �%&. Murty ¡

[10]� HDPEB °KL H=Iin�� ,-!� .*=� 5%���

�� :=# �  ���� R�% õ� 9&.

Fig. 8� Ç�V � !j inP� 	

 N�M�� 9  �*d

  ��� Àk� hiVu��� $[  ½¾# ^#$ �;�&. h

iVu��� 200oC\ `a�  &j `a�
  ô3 hi ̈ P� h

iP ï� ��� �.0o� �oq *=0o� Nû� �=> !"

� �� e% �.0o� Sß	 *=0o� Nû� �=> !"� h

iP ï� ��D] E���	 Í#© ç:# ����&. ��% &

� ��� hiVu��� 200oC\ ̀ a�  hi ̈ P� �*d  �

�� Ü­ó Ä���&. � § ±�I	 inP� ×�� �H�� �

��¼5 Í#© ç:� �� Fß�3P ��� �*d � ��  &

V ·���&. !�	 Ç�V � .@ 25=\ �� �*d � ��

� Ü­ó Ä���&� &V ·��  ÍÎ«
� X]G&. %z, ̄ °

�HU±� ¦¿6  w±l� �N!� ��� =Iin� ¬­0o

� \]^P Vu�  ��(.@ 380oC)� �ô��# � &?� P�

� é,�O	 N�� S�� Ü­ó ���-� �*d � ��  �

V��	 Ü­ó Ä���&. � v§� �N!� ��� in���

�ô�� �HP� �(� 4�q, �)P  inP� �I�  H�

�U�P ��� é,�  P�� :� Ü­ó Ä���oq, �� 1

I

 �*d � ��  Ü­ó ·���&. !�	 Ç�DÈ
 w±l� �

N!� ��� .@ 380oC� �ô�O in� ¬­0o� \]^  V

��	 �*d  ��  �A@# ROà¼&.

Fig. 9  Ç�V � !j �*d  ��� Àk� ¯°�HV � $

[  ½¾# ^#$ �;�&. ¯°�HV � ·��� ¯°�HV 

� ·�% �H �N!� ��� 380oC� �ô�  V � �Å�-

� �*d � ��� Ü­ó Ä���&� ·��  &�� � V 

�H ÙÙ �Å�] ^#6&.

�Ë hi��� Ç�V � !j �*d  ��� Àk� $[  ½

¾# Fig. 10� ^#�¼&. Fig. 96 Fig. 10# �Ò IJR� �N!

� ��� .@ 380oC� �ô�O in� ¬­0o� \]^  V�

�	 X]�  �*d  ��� �A@� ¯°�HV � 90=\ �6

�Ë hi��� 60 rpm\ ��  &j DÈ� `a6 °h�O �)

ó uì# r : 9&. ��% «
� X]c �¦  �$ Ú1��K

� ¯°�HV � 90=��^ �Ë hi��� 60 rpm1 DÈ� `a

Table 1. Operation conditions and physical properties of final products

Non
preheating stage

Temperature of starting stir
(oC)

Preheating stage time
(min)

Final stir speed
(rpm)

- 200 250 300 30 60 75 90 60 90 120

Mn (g/mol) 2,485 4,164 4,294 4,447 4,403 4,294 4,370 4,681 4,806 4,546 4,29
Mw (g/mol) 13,387 16,393 16,827 17,488 17,257 16,827 17,310 19,684 19,538 18,229 16,8
Mw /Mn (−) 5.4 3.9 3.9 3.9 3.9 3.9 4.0 4.2 4.1 4.0 3.9
Yield (%) 95 95 95 95 95 95 95 96 96 96 95
Manufa-cture time (min) 109 173 172 173 142 172 187 201 167 169 172

Fig. 8. Effect of the temperature of starting stir on the variation of
deepness of the void with operation time.

Fig. 9. Effect of the preheating stage time on the variation of deepness
of the void with operation time.

Fig. 10. Effect of the final stir speed on the variation of deepness of the
void with operation time.
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�  &j DÈ�� °I H�ô��� �ß	 H=Iin� {3� \

]^P ���&. %z, ¯°�HV � 90=\ �6 �Ë hi���

60 rpm\ �B CÖ% .*=� Ç�DÈ�	 �*d  ��� �A@

� .@ 3 cm�¼&. � @# MN�O 8¢% inP� ��*ÕB ±

-��/L �H# Vu�P �� Ðt% 7RP () *Õ� .@ 1.4

ý�&. �, ¬ ÅÆ�	 MN% ()6 Ç�DÈo� PE ��B CD

» �� inP� *ÕB 0]� 7RP () *Õ� 1.4ýR&  >�

�O� Ç� G� �N!� HhåP.o� MN ^O  &�# E�

» :� 9ì# r : 9&.

Table 2  Ç�DÈ�� �Ë C¤� Åk�� $[  ½¾# ROà

� 9&. inV � ·�»:_ H=Iin� /0 c£�]	 ;<=

>?� /0 Ä�% C¤� X]�-�, &j Ç�DÈ� Àk6  w

±l� inV � ·�»:_ C¤� Åk�� Ä���&. %z, ¯

°�HU±� ¦¿6 ¬ ÅÆ�	 ÅÆ% P�� hiVu��, ̄ °�

HU±V  �3� �Ë hi��6 �� Ç�DÈ� Àk  �Ë C

¤� Åk�� �� ½¾# à� �%&. inV � 60=\ �� X]

�  �Ë C¤� Åk�� 101-102oC�¼&.

4. � �

¬ ÅÆ�	 inP�  ¹7inPB MN�� �N!� ��B C

]» �� PE� H=Iin Ç�DÈ1 inV , ¯°�HU±� ¦

¿, hiVu��, ¯°�HU±V  �3� �Ë hi��� ��, Å

k�, :;<=>?, "?;<=>?
 &=-��:6 �� PE ��C

¤� !�� $[  ½¾� .I ÅÆ��&. ¬ ÅÆ�	 X� «
B

t3�� &ì
 �&.

(1) &j Ç�DÈ� Àk6 w±l� inV � ·�»:_ C¤�

��6 Åk�� Ä���&.

(2) hiVu��B ·�Vp� H�ô��� Ä��P ��� �Ë

C¤� ��, :;<=>?, "?;<=>?� ç² ·���&.

(3) ̄ °�HU±V � 60=\ � �Ë C¤� ��, :;<=>?, "

?;<=>?� �A@# R�&.

(4) �Ë hi��B ·�Vp� H�ô��� ·��P ��� �Ë

C¤� ��, :;<=>?, "?;<=>?, &=-��:  ç² Ä�

��&.

(5) �N!� ��� ¬­01 =Iin� \]^  .@ 380oC� �

ô» �� �*d � ��  �A@# ROà¼&.

(6) Ç�DÈ� Àk  �Ë C¤� Åk�
 :=�  �� ½¾#

à� �%&.

�
��

Mn : number average of molecular weight [g/mol] 

Mw /Mn : polydispersity index [−] 

Mw : weight average of molecular weight [g/mol] 

TM : medium temperature [oC] 

Tp : preheating stage temperature [oC] 

tp : preheating stage time [min] 

Ts : temperature of starting stir [oC] 

TW : wall temperature [oC] 

Vs : final stir speed [rpm] 
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Table 2. Effect of operation conditions on softening point

Reaction time
Softening point (oC)

10 20 30 40 50 60

Non preheating stage (oC) 390 104 104 103 102 101.5 101

Temperature of starting stir (oC) 200 105 104 103 102.5 102 101
250 105 104 103.5 103 102 101
300 105 104 104 103 102 101.5

Preheating stage time (min) 30 105 104 104 103 102 101.5
60 105 104 103.5 103 102 101
75 105 104 104 103 102 102
90 105 104 104 103 103 102

Final stir speed (rpm) 60 106 105 104 103 103 102
90 105.5 105 104 103 103 102
120 105 104 103.5 103 102 101
���� �41� �4� 2003� 8�
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