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º £

Ziegler-Natta 5 Metallocene /
� VçFÿ[öB 7�B polyethylene «¶~ ��� ßWj ¸� 50 cm, çã 7 cm~

Fÿ[ 
þË~öB &V~&
. VÚF³� �²Fÿz ³êöB Â~Fÿz ³êræ æz� r Fÿ[ Úö~ ï� �

��f Metallocene /
� 7�B PE~ ãÖ 0.4-0.65�î�, Ziegler-Natta /
� 7�B PE~ ãÖ 0.4-0.85�î
. «ê

ª�& jv' 9f Ziegler-Natta /
� 7�B PE& Metallocene /
� 7�B PE �
 {Kæÿ~ �� ·~b�,

Metallocene /
� 7�B PEö Ziegler-Natta /
� 7�B PE¢ Î&�ö V¢ {Kæÿ~ �� 6²~�B ���f Ã

&~&
.

Abstract − The characteristics of bed voidage in a fluidized bed of polyethylene particles polymerized by Metallocene and

Ziegler-Natta catalysts were investigated in a fluidized bed of 7 cm I.D. and 50 cm in height. The average bed voidage for the

ranges of gas velocity from minimum fluidization velocity to turbulent fluidization velocity were 0.4-0.65 for PE with Metallocene

catalyst and 0.4-0.85 for PE with Ziegler-Natta catalyst. The pressure fluctuations were smaller for PE with Ziegler-Natta catalyst

than that with Metallocene catalyst. The addition of PE with Ziegler-Natta catalyst to the PE with Metallocene catalyst reduced

the pressure fluctuations and increased the bed voidage.
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1. B �

Fÿ[f ;F�ËöB öF~ �¿ß >w, �Ò� Cê~ �², &

Êz 5 ²'Ë~� "� ÒÏ� >Úz
. 6� CFz��ËöBº

LDPE, LLDPE¢ 7�~º >wV� ÒÏ� >Úzb�, &�'b�

UNIPOL �;� ®
. �"ö V�~ PE 7�/
� ÒÏ>ÚN Ziegler-

Natta /
~ �6j �j� > ®º Metallocene /
& BB� >Ú

B Fÿ[ PE 7�ö 'Ï~Jº ��& 76'b� ��>� ®
[1].

î�Ú Metallocene /
� 7�B PEº V�~ Ziegler-Natta /
�

7�B PEfº «¶~ &ê, �Ò� «êª�öB � N�¢ ��� ®


. V¢B î� BBB Metallocene /
¢ �Ï� PE7� Vç Fÿ

[ >wV~ n;'� �ëj *�Bº Fÿ[ >wVÚöB «¶~ �

ÿßWj ��~º ©� j>'�
. ¯ /
 æãö V¢B 7�>º

PE «¶~ bÒ' Wî� æz~º�, ��� «¶~ bÒ' Wî~ æ

zº Fÿ[~ >K�' ßW~ æz¢ &^R ©b� .çB
. V¢

B, PE7� /
~ æãö V� Fÿ[ ÚöB~ ��� æz, {Kæ

ÿ, Fÿ'�~ *�ö V� *�³ê~ æz �j ÚÚ�º ©f î�

Ú /
 ÒÏö V� Fÿ*çj ��~º� j>'� ¶ò& F ©�
.

Fÿ[öBº VÚ F³j Ã&�Úö V¢ [ Ú~ 
� Fÿz '

�� ¾æ¾� ' Fÿ'�öB 
� vª ßWj ��
. Fÿ[ Ú {

K ºÿf Fÿ[~ V~�' ;�, [ Ú¦~ {K, «¶~ bW 5 F

Ú~ vª ;�f ���ö 'Ëj Aº
[2-5]. ¢>'b� Fÿ[ �

�öBº Cê, Æ7C, Î¾ � &ê& 1.0 �ç� �Ú«¶¢ "� 


�Úz� � ��öB ÒÏB PE ?f &ê& 1.0 �
 ·f «¶ö &

� ��º ��� ç��
. �"ö Fÿ[j �Ï� PE 7��;� ö
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.æ ÎN�öB '7j Ab�B �ª¶ «¶~ FÿßWö &� �

�& �.O ��Úæ� ®
[6, 7]. � ��öBº �zCFz�öB î

�� BB� Metallocene /
� 7�B PE «¶f V�~ Ziegler-Natta

/
� 7�B PE «¶¢ ÒÏ~� F³æzö V� Fÿ[öB~ �

��, {Kæÿj jv 
þ~�¶ �
. jÞ� 
B Vç Fÿ[ PE 7

� �;öB 
� grade~ B®j �Ö~V *� 7�";öB /
¢

:îb� ��B Fÿ[ ÚöB 
� /
� 7�B PE& �Ò~² B


. �f?f ãÖ¢ �J~�, � ��öBº Metallocene /
f Ziegler-

Natta /
� 7�B PE «¶ö &�B 'V 
� jN� «¶
j D

f ê Fÿ[ ÚöB~ FÿßWj &V~�¶ �
.

2. 
 þ

� ��ö ÒÏB 
þ Ë~~ BÛê¢ Fig. 1ö ¾æÚî
. 
þË

~º �² �V "«¦f Fÿ[, �Ò� Ò���b� �W>î�, F

ÿ[f çã 7 cm, ̧ � 50 cm�� Ú¦vª~ &V� &Ë~ê� j

�Ú &b� B·>î
. Fÿz VÚ� �Vº blower¢ ÒÏ~� F

ÿ[ Ú� �/~&b�, ªÖ6 7ö 50 micron~ screenj ¦O~�

«¶~ �îj Oæ~&
. .V [ ̧ �º 35.3 cm� *Ú Fÿ[~ £

70% ;ê >² ~&
. [ *Ú {Kæÿf ªÖ6 :� *f ªÖ6

b�¦V 33 cm*ö {K�j J~~� N{;�� {K�^¢ >÷~

&
. {Kæ~V(N{;, Cole-Parmer Co.)� G;B {K�^º A/D

æ~V(KEITHLEY Co., Model: DAS 800)¢ �ö ��Vö &Ë>î


. ' 
þ��öB 100 Hz~ þ2ç ³ê� 60. ÿn 6,000B~ {

K�^¢ &Ë~&
. [ bî� ÒÏB PE«¶º Metallocene /
�

7�B PE~ ãÖ, ï� çãf 554µm�îb�, Ziegler-Natta /
�

7�B PE «¶º 542µm�î
. �Þ 
þö ÒÏB PE«¶~ &ê

º Metallocene /
� 7�B PE~ ãÖ 0.80 g/cm3 �îb�, Ziegler-

Natta /
� 7�B PEº 0.65 g/cm3�î
. .j
þöB áÚê �

²Fÿz ³êº Metallocene /
~ ãÖ 0.089 m/s&b�, Ziegler-

Natta /
~ ãÖ 0.072 m/s � G;>î
. � ��öB ÒÏB «¶

�V~ ª�º Fig. 2ö ¾æÚî
. � 
þöBº «¶ª�~ 'Ëê

rj�V *~� Fÿ[ 7�>wVöB áÚê «¶ª�¢ 9f «¶

ª�(wide distribution; WD) PE¢ ~�, � «¶¢ sieve� 
� öB §f

«¶ª�~ PE þ¦j îN~&b�, �©j §f «¶ª�(Narrow

Distribution; ND) PE¢ ~&
. FÿßW 
þf çN(20oC), ç{(1 atm)

öB PE«¶¢ column ¦b~ £ 70%¢ jÚ ê �;[ ç�öB¦V

�² Fÿz ³ê~ £ 8Vö ��~º Â~ Fÿz *� '�ræ [

Ú~ {Kæÿj &V~&
. Blower¢ ·ÿ�Ê� �VF³j ^2 5

Fïê� �.~� ' 
þ ��ö �¾ ê, ��Vö ¾æ¾º {K~

�^& stationary ��j ò�~� .b� ��æº [~ Fÿz ç�

& ¢;� NZj &æº ;çç�ö ê�~&j r, ' {K�öB G

;B {K æÿ~ 8j ��Vö &Ë~&
.

3. Ö" 5 �V

¢;� VÚ F³öB Fÿ[ Ú {Kæÿ ¶òº Fÿ[ ���, slug

flow FZ, �Ò� FÿßWj ��~º� 7º� ¶ò¢ B��
[8].

Fig. 3" 4º F³ Ã&ö V� Fÿ[ Ú~ {Kæÿ �^¢ Metallocene

/
, �Ò� Ziegler-Natta /
� 7�B PE «¶ö &~� ¾æÚî


. �âöB " > ®�� Metallocene /
� 7�B PE «¶& Ziegler-

Natta /
� B�B PE «¶�
 {Kæÿ� �~² ¾æÎj " >

®
. �©f ?f PE¢� ~�ê 7�/
ö V¢B «¶~ bÒ' ß

W, .¢ 
� «¶~ �;ê, «êª�~ N�ö V�~º ©b� �Î

æ�, Metallocene /
� 7�B PE~ ãÖ «ê ª�& 
Ö §jB

9f «êª�¢ &æº Ziegler-Natta /
� 7�B PE �
 Fÿ'

�~ /Ï� æzö V�� ©b� ��� *ç� B�>î
� " >

®
. 6� Fig. 3" 4º PE& F³~ Ã&ö V¢B V�Fÿ, slugging,

�Ò� Â~Fÿb� Fÿ'�� :2� ®rj ��&
. 6� Fig. 3

~ Metallocene /
� 7�B PE~ ãÖ F³� 0.3-0.5 m/s ~ º*ö

B 
Ö ��'� slug& B�Nj r > ®b�, .V Fÿz ³ê~ 8

V ;ê~ F³öB V�¾ slug& �æ�B {Kæÿ~ �� ·jæ�

6� ®��'� {Kæÿ �^& B�~�B Â~Fÿ '�b� Fÿ

'�� :Bj r > ®
. �Þ Fig. 4~ Ziegler-Natta /
� 7�B

PE~ ãÖ �~ Metallocene /
~ ãÖ�
 Fÿ'�~ *�& jò

~² ¾æ¾� ®b�, Â~Fÿb�~ *�³êê �² Fÿz ³ê~

9V ;êöB B��j r > ®
. ��� *çf Ziegler-Natta /
�

7�B PE~ ãÖ «êª�& ç&'b� 9V r^ö ¢; F³öB

«¶~ �V N�ö V� Fÿ'�~ b�� 
² ¢Ú¾V r^b�

�Îê
.

PE «¶[j Û� VÚ~ vªb� B�>º Fÿ[ *Úö �� ï�

{K;~¢ Fig. 5ö ¾æÚî
. Fig. 5öB �º :f ?� Metallocene

/
� B�B «¶& *>'b� z � {K;~& ¢ÚÒ
. �©f

Fÿ[ *Ú~ {Kf «¶~ Z²ö ~~� �² ²Ö& >�, Metallocene

/
� 7�B PE~ &ê& Ziegler-Natta /
� 7�B PE �
 �V

r^�
. 6� ?f /
� 7�B PE~ ãÖ, ?f ï� �V¢ &æ

º «¶öB ï� {K;~ö &� «ê ª�~ 'Ëf ê� ìº ©b

� ¾æÒ
.

Fÿ[ �ëöB FÿßWj ��~º 6 ~¾~ 7º æ>º Fÿ[

Fig. 1. Schematic diagram of experimental test set-up.
1. Blower 17. Disengaging section
2. Filter & Regulator 18. Cyclone separator
3. Rotameter 19. Pressure tap
4. Calming section 10. Pressure transducer
5. Distribution plate 11. A/D converter
6. Fluidization column 12. PC
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Fig. 2. Histogram of particle size distribution.

Fig. 3. Signals of pressure drop for PE of Metallocene catalyst. Fig. 4. Signals of pressure drop for PE of Zigler-Natta catalyst.
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~ ����
. Fÿ[~ ���(ε)f «¶
~ F³ö &� [cc~ ß

Wj ��&
. Fÿ[öB ���f 
r~ "Úê �b�¦V ��
.

(1)

Fig. 6f � (1)ö ~� �� VÚ F³ö V� PE «¶~ Fÿ[öB

~ ï� ���j ¾æÞ ©�
. �âöB " > ®��, Ziegler-Natta

/
� B�� PE «¶& Fÿ[ �ë��öB ���� �² ¾æÎ

j r > ®
. �©f jîê Metallocene /
� 7�B PE& Ziegler-

Natta /
� 7�B PE �
 �;ê& 1.0ö &�� 6� «¶~ ��

� 
² 
j#V r^� ©b� �Îê
. «¶~ �;êf �� ��

Vº G;~V& 
Ö ÚJÚ bÒ' Wî�� V¢B 
þöB áÚ

ê ��� ¶ò�¦V .G~&
. �Þ ¢>'b� «ê ª�& 9f

ãÖº � «¶
 Ò�ö ·f «¶& �Ò� > ®V r^ö «ê ª

�& §f º*~ ãÖ�
 ���� ·² ¾æ¾º� � 
þÖ"ö

B ÒÏB PE~ ãÖöê ?f ãËj ��� ®
. ~æò Metallocene

/
� 7�B PE~ ãÖ «ê ª�~ æzö V� ���~ N�&

Ziegler-Natta /
~ ãÖ�
 ·² ¾æÎj " > ®
. � Ö"�¦

V Metallocene /
� 7�B PEº Ziegler-Natta /
� 7�B PE �


 
² �¢� �;ê, §f «ê, �Ò� ��� 
j�Ú Wîj &æ

� ®
� � > ®
. .V Fÿz ³êöB¦V Â~ Fÿz '�ræ

>¯B VÚ~ F³º*öB PE «¶ Fÿ[~ ���f Metallocene /


~ ãÖ £ 0.4-0.65, �Ò� Ziegler-Natta /
~ ãÖ £ 0.4-0.85 ;

ê� G;>î
. �©f Ziegler-Natta /
� 7�B PE& ?f F³

öB Metallocene /
� 7�B PE �
 Fÿ[~ ���� 
B �

~ Fig. 3" 4~ jvöB �~�� {K;~& '² ¢Ú¾� {Kæ

ÿ~ �� ·rj ��"� ®
.

�Þ Â~ Fÿz~ ãê'�öB [ Ú~ ���f Metallocene /


� B�� PE~ ãÖº £ 0.56��, Ziegler-Natta /
� B�� PE

«¶º 0.73b� ¾æÒº�, �©f Avidan" Yerusalmi[9], Masten

[10]ö ~� B�B Â~ Fÿ[b�~ *�'�öB~ [ Ú~ ���

� 0.65-0.75~ 8" FÒ~
. ß®, Ziegler-Natta /
� B�� PE «

¶~ ãÖ¢ ÚÚ��, Â~ Fÿz� *�& ¢Ú¾V *ê~ F³ º

*öB ���� 
�² ¾æÒ
. ¯, Ôf VÚF³ º*öBº «ê

ª�& Ôj ãÖö z � ���j �&b¾ ¸f VÚ F³ º*öB

º «ê ª�& §j ãÖö z � ���j ¾æÚî
. �©f 9f

«ê ª�¢ &ê «¶º V� 5 Ò�k Fÿz '�öB ·f «¶f

� «¶*~ B� o~º ©j Oæ~º Î"ö V�~�, jv' �¢

� «¶�V¢ &æº §f «ê ª�~ «¶º �� VÚ F³b� �

~� ÏR� «¶~ Fÿ� �Vº Â~ Fÿz *�'�öB � «¶

f «¶ Ò�¢ jÞò� �V~ «¶& �Ò~ pjB ���� 
ê

©b� ÒòB
.

� ��öBº 6 �Þb� 
� 7�/
� 7�B PE~ b�bö

&~� ?f 
þj >¯~&
. 
B çëÏ 7�>wVöBº � B

~ PE 7�>wVöB /
~ vÚ¢ Û~� 
� grade~ PE¢ �Ö

~æ�, �f ?f ç�öB, ¯ /
~ vÚö V� 7�>º PE~ j

Næzö V� FÿßWj ÚÚ�V *~� Metallocene" Ziegler-Natta

/
� 7�B PE~ jNj :ÞÚ&�B Fÿ[~ {Kæÿ" ���

~ æz¢ G;~&
. Fig. 7" 8f Metallocene /
� 7�B PE «

¶f Ziegler-Natta /
� 7�B PE «¶ö &�B 'V 
� jN�

«¶
j Df ê Fÿz ç�¢ ÚÚ� ©�
. �âöB �º :f ?

� Metallocene /
� 7�B PE «¶ö «êª�& jv' 9f

Ziegler-Natta /
& £ 20% 6ê Î&>¶ {K;~& �² *Ú�j

" > ®b�, Ziegler-Natta /
� 7�B PE~ ·� Ã&�ö V¢ {

K;~& F;'b� 6²Nj " > ®
. �©f Fÿ[Ú~ «¶


~ «êª�~ {Ëb� �~� {Kæÿê 6²~� Fÿz ç�& ^

*Nj ¾æÞ
� � > ®
. Fig. 8f ��� 'V 
� /
� 7�

B PE «¶~ jNæzö V� Fÿ[~ ï� ��� æz¢ ¾æÞ ©

b� Metallocene /
� B�B PE «¶ö £ 20% ;ê~ Ziegler-Natta

/
� 7�B PE¢ Î&~&j ãÖ, Fÿ[~ ï� ���� �² Ã

P∆
L∆

------- − ρs 1 ε–( )
g
gc
----∼

Fig. 5. Pressure drop of fluidized bed of PE as a function of gas velocity.

Fig. 6. Bed voidage of PE particles as a function of gas velocity.

Fig. 7. Pressure drop of mixture of PE particles as a function of gas
velocity.
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&�j " > ®
. 6� Ziegler-Natta /
� 7�B PE~ ·� Ã&

�ö V¢ ���� F;'b� Ã&�j " > ®
. V¢B Fÿ[ Ú

ö ���f 7�/
ö V� PE «¶~ jNö �² ~��
� � >

®
.

4. Ö �

Metallocene /
f Ziegler-Natta /
� 7�B PE «¶~ F³æz

ö V� {K;~ 5 ��� æz¢ ²; Fÿ[ 
þË~öB >¯~

&
. � 
þöB áÚê Ö"º 
r" ?
.

(1) PE 7�/
~ æzö V� PE «¶~ bÒ' ßW~ æzö ~

~� Fÿz ßW� 
�² &V>î
.

(2) «êª�& §�, &ê& ��, �;ê& 1ö &rÚ Metallocene

/
� 7�B PE& Ziegler-Natta /
� 7�B PE �
 {Kæÿ�

�~&
.

(3) Metallocene /
� 7�B PE& Ziegler-Natta /
� 7�B PE

�
 Fÿz ç�& ®n;~&b�, Fÿ[ ï� ���f .V Fÿ

z³êöB Â~Fÿ[ ³ê º*ÚöB 0.4-0.65, �Ò� 0.4-0.85� '

' G;>î
.

(4) Metallocene /
� 7�B PEö Ziegler-Natta /
� 7�B PE

¢ F;'b� Ã&�Úö V¢B {Kæÿf F;'b� 6²~&�,

���f F;'b� Ã &~&
.

ÒÏV̂

dp : particle diameter [µm]

g : gravitational acceleration [cm/s2]

gc : gravitational conversion factor [g-cm/gf-s
2]

∆L : local bed length [cm]

∆P : pressure drop [Pa]

Umf : minimum fluidizing velocity [cm/s]

ε : void fraction in the bed [-]

ρs : particle density [g/cm3]
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