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�,�-� #$*.�'�-, �/0123� 45 " ��67% ��� �89� :; < =�> � ?@ �A% B

C DE F�. L/DG� 40H IJKLM NO�P QR " NOS 20 kg/h, KLMT UVW
� 400 rpmH GX$S�

0.05 kg/hYrpm �A%� HZ[
� �Z �\�] #$%&'()*+)�,�- 88 wt%� #$*.�'�-P 12 wt%

�A�. 45 @ ^� ��� ��� ��_ `a b
P cd% ef> � ?@ g� �A��. �/0123T h/

�a ������T b
� ��� ��% ij� �k�] �/0123 l
% mnH/� h/�. QRo 15 mgPO4
−3/g�

�Z pa q_� ?r�.

Abstract − We have studied on the conditions to make uniform microvoids inside a film by blending with polyethylenetere-

phthalate, polypropylene and titanium dioxide in order to produce microvoided films with light weight like paper, high white-

ness and brilliant mechanical properties. In twin screw extruder with length to diameter ratio(L/D), 40, it was possible to get the

highest tensile strength at specific throughput of 0.05 kg/h with the extrusion amount of 20 kg/h and screw rotational speed of

400 rpm, and to satisfy the good mechanical properties and low density at the blending conditions of polyethyleneterephtha-

late, 88 wt% and polypropylene, 12 wt%. It was found that the dispersion property of titanium dioxide affected the density and

mechanical properties of microvoided films and the effect was best at the condition of 15 mgPO4
−3/g as the surfactant on tita-

nium dioxide surfaces.
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1. � �

������ ��	 
��
� ��� ��� �� ������

���� �	 �� �� � � �!�
"# $%!� &� '(�

� )*+ ,- �.+/ 0� 1�2� 3#[1, 2]. 4567+/ 0�

1�2� 3� 8�� 1�9�  �:; <= >?�� 3@  AB

CD+ EF G$*%, HI�J� KLM@� N	 ;O5P, QR!,

SL! T� UV W�' "X� ?Y#� (<� 3?[3] �� VZ

�� �	 [\@� 8�] ^� ;_� `a:; &� ����� �

�+ [	 bc; �d?�� 3#. Boutevin T[2]� PP��] ef

+ghijklj�m(polyethyleneterephthalate, PET)� 
��n/ �

6�� o!� pq+ [V bcr@s Sambaru] Jabarin[4]� PET

��] �t:ef+gh(high density polyethylene, HDPE)� 
�+

EF Zuq:� pq+ [V bcr#. Halder T[5]� PET��] PP

��, vw-A-efx"y�m(bis-A-polycarbonate)� 
�+ EF z{

|! } �~{ |!� pq+ [V bcr#. Wilfong T[6]� PET

��+ �j���� ��:� 
��, �M�t:ef+gh(linear

low density polyethylene, LLDPE)� �t:ef+gh(low density poly-

ethylene, LDPE)�  PP��"# PET��� Zuq� �%��� �

�; � 3#� bcZ�� ��r#. � Bataille T[1]� PET��]

PP��� 
���n/ 1�	 ���~ ���%; ������ �~

{ |!� ������ ��; 3#� bcZ�� ��r#. Traugott

T[7]� Dagli] Kamdar[8]� PET��] HDPE�� '� 
�+ 5

�q%(compatibilizer)� 1��, 6A!(productivity)� o!� ��

r#� Z�� ��r#.

�-	 ������ 
��@�� ��!� `a: ��+ 	~;

3? �Aq���, �A��, �fx, �A�� T� ^� `a �� 

;%� 1��� 3@s |¡ �Aq���� ��; &� ¢�{@�
645
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1�2� 3#[3, 9]. �Aq���� ^� £$� ¤� ��£�¥�

�n+¦�; &� |!)*+ �§�¨� ©ª+/ «¬ ­®�¯�

$°� 3@±�[10] ²³ T� ^� �n �´�
� ���, �Aq

���� �n+¦�� µ¶� bc; ·¸2� 3#. ���¹ �n+

[	 ��NA(PO4
−3)²³+ [	 bc; ,- �.+/ �d?�� 3

�� Hemwall[11]� Aqºd»�+ [	 ��NA� ²³��� v¼

bc�½� Chen T[12]� �¾¸"# Aqºd»�� Nq�o ²³

��; ¿#� bcZ�� ��r� Nakatsuka T[13]� Sawada[14]

� �A��+ N���%� ²³Àf�, %�ÁÂÃÄ� µ¶� ��

� ÅÆ#� ��r#.


�� �¬ �A
�(dispersion blend)� (Ç
�(distribution blend)

@� c��s (Ç
�� (Ç¡ �Èp$@� L4	 ©!� Å�


��s �A
�� �Mo� �n+¦�"# É ÊË� ;�, o!

� L4!Ì� Å� � 3� 
���� Í	#[10]. �A
�� w�

Î� 8Î, MÏ, Hu©ª T+ �V Zu2s �A!� &�� �V

/� ����� '� ~nWË� µÐ � 3� ©ª� ÑJ�#[15].

Ò bc+/� 8�] ^� ;Ó� ÑÔ� Å� ��, Qz!� Õ

�	 ef+ghijklj�m��] t:; µ� efk�Ñh��

� 
��, o!pq� v¼�� �A%�/ �Aq��� �n+ ²

³Ö ��NA� »×#HÑÔ o!+ »È� Ø°+ [V �Ù�½#.

2. � �

2-1. ��

�Ú+ 1�	 PP��� %ÛÜ H221P(	Ý SK1, melting index: 2.0

Þ0.1 g/10�)� 1�r@s PET��� DDW00(	Ý SKC1, intrinsic

viscosity: 0.65Þ0.01 dl/g)� 1�r#. |¡ �Mß(chip)MÏ� 2?3

� ����� ¥� à�á� �â<� ãä �â
�+/ KL45�

M!å Õ¯; 3? £$ 30-50µm ��� �ÍMÏ� �§+/ �æ

V/ 1�r#.�Aq���� d�4(rutile)MN %ÛÜ R101(»Ý Dupont

Co.)� 1�r@s ç1M è�é»$(scanning electron microscopy)@�

XÙ	 £�M5� Fig. 1� ^� L4r� êL£$� Fig. 2] ^�

0.5Þ0.05µm½#.

2-2. ����

2-2-1. �Aq��� �n+ [	 ��NA ²³

4Ò Shinyo1 %ÛN ����Nq�o(anhydrous monobasic po-

tassium phosphate, KH2PO4)� ��ë+ �V�ì Fig. 3� ^� í­

�+/ �Aq��� �n+ ��NA� ²³�î #ï 100oC� ª©

�+/ ¼í� �n/ //¡ ª©�ð#. �) ¦� &� §:+/ I

ñ¡ ª©��n �Aq��� '� 2= ­®� �6�ò  �n+ ²

³Ö ��NA� z�V; 4?ó ;�!� 3#. ª©Ö �Aq���

� ôØvõ(glass bead)� àöv 70 : 30@� ÷� 10-15�' �æH

u� òø £$ 0.6-0.7µm� �Aq����� �ùV/ �Ú+ 1�

r#.

2-2-2. �A
�

Ò �Ú+/ 1�	 úûw�Î ¨Ð�(Werner & Pfleider Co., ü

ýÜ ZSK-25)� L/Dv(length to diameter ratio); 40(þ$: 25 mm)@

� ÿ �� w�Î; ��°@� �è�:� �~2Æ#. PP��]

PET�� �f� �Aq���� èÀf
��(premixer)+ ÷? 50-60
oC §:+/ 30�' ¼í�î � ��� 	V w�Î ¨Ð�+ HIr

#. �Aq���� 5§5Ï+/ �n+ 0� ��� ;�� 3? �

§+/ ­®� «¬ �d?�±� �A
��� è+ 
�¡ %R�

r@s PET��: ��+ �V �â�u+/ �Vé5� 4? � �

� ��q��� �V 110oC+/ 1�', 180oC+/ 2�'
 �H©

ª+/ ª©V/ 1�r#. PP��� ª©Hu� òÈ� �� �[�

1�r#. úûw�Î ̈ Ð�� Hu§:©ª� �zà�� 280-285oC,

��+/ �����] �Aq���� �£2� à�� 270-275oC�

r@s �8 ¨Ð2� §:� 270oC� r#[3]. ¨Ðà� §:; &�Fig.2. Average diameter of rutile type titanium dioxide by Malvern Instrument.

Fig. 1. Electron micrographs of rutile type titanium dioxide by scan-
ning electron microscopy(magnification 20,000).

Fig. 3. Diagram of experimental reactor for orthophosphates adsorption
on titanium dioxide.
1. Stainless steel screen with 3. Holding frame with clamp

1000 mesh 4. Titanium dioxide
2. Agitator with controller 5. Supplying tank with pump
���� �38� �5� 2000� 10�
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� H�]� §:=; ��� �Aq��� '� ­®é5� �V�±

�[9] ¨Ðà� Ñ�+ à�� ç� �� ¢�+/ ��§:� �è�

� �� ¿#.

2-2-3. ��%©

��� 3� ������ �[� �â��� $Õ <:; µ�� u

5{N ��� %¤å � �� )*+ PET��] PP��, �Aq��

�� �A
�Ö ß� �â�� è+ ª©Hu� ò�#. (~{@�

120oC+/ 1�', 150oC+/ 2�'
 �H5Ï+/ ª©�î ß�

280oC+/ �â�ì 15oC� ��� �n§: ©ª+/ ���qÖ

�Zu5Ï� �m(sheet)� �¥Æ#. �m� #� 9�� n{���

120oC� §:+/ 8�°� ��°@� ��+ �°(orientation)�î

� 15oC� H�� �n� ���ì êLÿ ; 100µmN ÑÔ(film)

MÏ� ��� %©r#[3].

2-3. ����

2-3-1. ̀ a:

ÑÔ� `a:� JIS-L-1015+  �! ©ª� ���, "ur#[3].

þ$ 2.5 cm� �#� $W 450 nm� í1�(B %)� $W 550 nm�

í1�(G %)� "u	 � #ï� ^� %+ �V `a:� ~Ar#.

`a:=4B−3G

2-3-2. �A!

�A
�Ö ß� �'& 30 kg� ©ª@� �â¨Ð��n/ 1000

'� Ñ�� 	�å ) "u2� ¨Ë� v¼�½@s 20� �\ (;

	 ¨Ë� pq(∆P)� "u�, �Aq���� �A!� ê;r#.

2-3-3. t:

t:� 1)q��] *Í+�@� c!Ö t:c�X� ���, 25oC

� §:©ª+/ "ur#[3].

2-3-4. �~{ |!

�~{ |!� b,�(»Ý U.T.M.1, üý Instron 4206)� 1��

, NW-:(tensile strength)� ê;r#. ��� à�á "u�=�

.�� �V 5§+/ 34 �5 
�¡ $q�ì[4] ÑÔ� Zu5Ï�

\u�î � 8�°@� "ur#./� 50 mm,0 20 mm, ÿ  100µm

� MÏ� ��� %¤	 � 25oC, 60%� 5[R: ©ª+/ 200 mm/

min� ñ:� ��� NW��n/ "ur@s �4©ª+/ 5� "u

� êLÄ� cr#.

3. �� 	 
�

»×#H ÑÔ� o!� PET��] PP��, �f� �Aq��� '�

5�!� &, o!� ��å � 3@s 5�!� 
����  �1 �

3#[16]. 
���+ Ø°� »È� J��� Hu©ª, efk�Ñh�

29, �Aq���� 29, ��NA� ²³9 T� �¯å � 3#.

3-1. 	
��

úûw�Î ¨Ð�� Hu©ª� �A5Ï� Zu�� �J	 J�

�� � �#[16]. Fig. 4] 5+/ "� �] ^� HI9(feed rate,

Q)� (;å�� NW-:� 3�r@s w�Î �èñ:(screw speed,

N); (;å�� NW-:� (;r#. HI9� (;�n ¨Ð�Q�

¹Î�'�Á(residence time distribution); 4��n/ �A!� 5?

�¬ 2±�[15] PP��] PET�� �f� �Aq��� '� 5�!

� ���� NW-:� °5��� �V/� w�Î� 6ü; 4? 

� �� L4	 Hu� ��2� ¢�Q+/ HI9� {¬ �� ��

¿#. � w�Î �èñ:; (;å�� ������ <:; µ��n

/ 
���; &��� )*+ NW-:� �ä;¬ Ö#[3].

�4	 §:©ª+/ 
�Ö ������ -:+ Ø°� ç� N�

� HI9� w�Î �èñ:�±� HI9� �èñ:�  7 Ä(Q/

N)� vÀf9(specific throughput)�ä� u��s úûw�Î ¨Ð�

� Hu©ª� Zu�� N�� 1�å � 3#[15]. Fig. 6+/� vÀ

f9� 0.05 kg/h8rpmN ©ª+/ NW-:; ;W &� �@�  �

9@s Ò �Ú+/� ¨Ð9 20 kg/h�� w�Î� �èñ:; 400

rpm4 )� Hu©ª� ¨Ð9� �¬ ���n/ �A!� NW-:

� �[� å � 3� �{ ©ª�½#. 0.05 kg/h8rpmN ©ª+/ w

�Î� �èñ:; 500 rpm�ä� �n ¨Ð9� 25 kg/h� Ö#. Fig.

4+/ ¨Ð9 25 kg/h4 )� NW-:� ¨Ð9 20 kg/h4 )� NW

-:"# ¤#. � vÀf9 ©ª 0.05 kg/h8rpm+/ w�Î� �èñ

Fig. 4. Relationship between tensile strength and feed rate.

Fig. 5. Relationship between tensile strength and screw speed.

Fig. 6. Relationship between tensile strength and specific throughput.
HWAHAK KONGHAK Vol. 38, No. 5, October, 2000
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g

-

:; 300 rpm�ä� �n ¨Ð9� 15 kg/h� 2? NW-:� &��

�� ¨Ð9� ¦� {? L4	 HuXf; ?¯:@s Ò �Ú� m

ûw�Î ¨Ð�� 1��� $Õ vÀf9� 0.05 kg/h8rpmN ©ª+

/ NW-:; ;W &� Hu©ª� ¨Ð9 20 kg/h, w�Î� �èñ

: 400 rpm;� º � 3Æ#.


�� �d?�� úûw�Î ̈ Ð�� §:; �ä<�� 
���

� �ä;��[16] �Aq��� '� 2= ­®é5� �6��±�[10]

ç�V. 	#.

3-2. 
����� ��

PP��(t:: 0.9 g/cm3)� 29� ÑÔ� t:] �~{ |!+ þ

={N Ø°� ç� )*+ �J�#. Fig. 7� 8� PP��� 29+

EF ÑÔ� NW-:] t:� pq�  �> �@� PP��� �â

§:� 160-170oC� PET��� �â§:, 254-250oC"# µ� )*+

PET��+ PP�� 29� 15% �5 
��ì �â�? � �Æ#[3].

Fig. 7� 8+/ "� �] ^� PP��� 29� (;2+ Eä N

W-:] t:� ¤�@@s &� NW-:] µ� t:� ��+ �

Aå � 3� PP��� �{29� 12 wt%;� º � 3#. Fig. 9�

PET��] PP��� �A
��ì �B ß� ���C+ �V�ì #

� ¶ÐV> PP��� ¨Ðå ) D� ­Ë� Ø°@� /E	 M5

� Ö �@� ¶uÖ#.

Fig. 10� 11� PET�� 88 wt%] PP�� 12 wt%; 
�Ö �m

5Ï� (n� �n1�@� Fig. 10+/� PET��] 
�2� ��

�f2? cM@� F��� 3� PP��� M5� "�s Fig. 11+/

� PP��] PET�� '� KL4	 
�@� í<� F��� 3�

�n� "�� 3#.

� �Mq(solidified)Ö �m� ���C+ �V�ì PP��� �f

�n PP��� Fig. 9]� ãf Fig. 12] ^� cM(sphere)@� F�

��� ßMÏ+/� /E	 üR�½G PP��� �â� �m� �M

2n/ PET��]� ~nWË=�� PET��Q+/ #� cM@� G

Fig. 7. Relationship between tensile strength and polypropylene content.

Fig. 8. Relationship between density and polypropylene content.

Fig. 9. Shape of polypropylene extracted from chips blended with PP/
PET by scanning electron microscopy(magnification 2,000).

Fig. 10. Cross section of sheets blended with PP and PET by scannin
electron microscopy(magnification 1,000).

Fig. 11. Surface of sheets blended with PP and PET by scanning elec
tron microscopy(magnification 1,000).
���� �38� �5� 2000� 10�



�	
��
 ��� ���� ��� ������� ��� �� 649
H2? F��¬ 2� �@� �5Ö#.

Fig. 13� 15� �MÖ �m� 8�°� ��°@� �°Ö ÑÔ�

(n� v¼	 �B@� Fig. 13+/� PET��� �°å ) �6	

­Ë� Ø°@� /E�¬ pM2�� PP��� ­Ë� X~�� ~ñ

cM5Ï� I�3¬ 2�� � Ø°@� M!Ö H'� "�s Fig.

15+/� zÀf(~� òÈn/ cM@� I�3G PP��� �â2

? ���� PP��; =��� 3G à�� H'@� F��¬ Ö#.

� Ø°@� ÑÔ� t:� ¤��� ;ÓJ�¬ 2�� ÿ ����

� '� �A
�� K �d?´�� t:� ¤��� �~{ |!�

&��¬ Ö#[17]. Fig. 14] 16� ^� zÀf� 	 ÑÔ� �� �

� ÑÔ+/ �� �fV> PP��� M5� èL #M¬  �!#.

Fig. 14+  �! �B� ^� zÀf� �� �� ÑÔ+/ �fV>

PP��� Fig. 12� �m+/ �fV> PP��] ^� cM� ���

� 3@  zÀf� òN ÑÔ+/ �fV> PP��� Fig. 16� ^�

cM� �O PM@� F�	#. zÀf� òN ÑÔ� �n� Fig.

17� ^@s �n+  �  3� �Ý� �n+ F��G PP��;

�V2n/ M!Ö �@� ¶uÖ#.

PET��] PP��� 
��, &� NW-:] µ� t:� ��+

�A�� �V/� ¤� L4	 H'(void)� ÑÔQà+ 0� M!�

ì. 	#. �� �V/� PET��Q+ ¤� £�� F��� PP��

� �A!� °5�? � 3� 
�©ª� ÑJ�s PP��� �{2

9� 12 wt%½#.

3-3. ������ ��

������@�� `a:] �~{ |!� ��+ 	~; 3� )*

+ `a �¹� Qz!� Õ�	 �Aq���� 
��� 3#[3].

Fig. 12. Shape of polypropylene extracted from sheets blended with PP/
PET by scanning electron microscopy(magnification 1,000).

Fig. 14. Shape of polypropylene extracted from films without heat treat-
ment by scanning electron microscopy(magnification 1,000).

Fig. 13. Cross section of films without heat treatment by scanning elec-
tron microscopy(magnification 1,000).

Fig. 15. Cross section of films with heat treatment by scanning electron
microscopy(magnification 2,000).

Fig. 16. Shape of polypropylene extracted from bioriented films by scann-
ing electron microscopy(magnification 1,000).
HWAHAK KONGHAK Vol. 38, No. 5, October, 2000
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Fig. 18-20� PET�� 88 wt%] PP�� 12 wt%� 
�Ö �����+

�Aq���� 29�:+ [	 ̀ a:, t:, NW-:� pq�  �>

��#.

Fig. 18� �Aq����  ;9� ÑÔ� `a:� X~� ÿ (~

� �d?�� 3#� �� ",ç� 3#. 4 wt%Ì��  ;9+ E

ä `a:; 4u�¬ (;�� $°� "�� (~�s 4 wt% �5

+/�  ;9+ X~�� 4u	 `a:�  �Q� 3#. �-	 é

5� 4 wt%Ì�� �Aq���� �:; µ� �A5Ï+ X~��

 ;9+ QÕ2� 3@  4 wt%�5�  ;9+/� ­®é5+ �V

`a: ����; "�� �� 3#. � &� `a:� Å� �V/

� �Aq���� 4 wt% �5  ;9� &�� �� �A!� Õ�

	 (`%(optical brightener)] ^� ��!  ;%� 1��� ��

��{�#[3]. Fig. 19� t:� �Aq��� 4 wt%Ì�� �Aq��

��  ;9� (;2+ Eä R�¡ (;�#; 4 wt%�5+/ IO

¡ (;�� 3@s Fig. 20+/� �Aq����  ;9+ Eä NW

-:� ST¡ (;�� 3#. �] ^� �Aq����  ;9� �

���� '� �A! ����; 3? 4u9Ì�� `a:] �~{

|!� ��å � 3@  ÑÔ� t:� &, . Õ¯; 3@±� �

{ ©ª� �u� ÑJ�#. /� #F o!� ;� �����] �

Aq��� '� �A!� 
����  �Qs 
���� &�� �

V/� è(­Ë� &�ò  � o´ '� ~nWË� µ¶?. 	#

[16]. � Z��à� »×#HÑÔ� Jc�� `a:] �~{ |!�

&�n/ µ� t:� �� � 3:� �A!� &4 � 3� �Aq

���� �{ 29� 4 wt%;� º � 3Æ#.

3-4. ���� ���

�Aq���� 1��� $Õ+ »×#HÑÔ� o!� �Aq��

�� �A!+ �V Ø°� D�#[3]. �Aq��� '� 2= ­®�

£�'� of²³+ �V ç� �d?�±� £��n� �´�ì �

n+¦�� µ¶? ��V. �s �Aq���� £$� ¤��� �

f�  ;9� 0��� ��£� '+ ­®$°� � &��#[10].

Ò bc+/� �Aq���� �n+¦�� µ¶? 2= ­®é5�

Fig. 17. Surface of films with heat treatment by scanning electron mic-
roscopy(magnification 1,000).

Fig. 18. Relationship between whiteness and titanium dioxide content.

Fig. 19. Relationship between density and titanium dioxide content.

Fig. 20. Relationship between tensile strength and titanium dioxide con-
tent.

Fig. 21. Relationship between pressure rise(∆∆∆∆P) and orthophosphates am-
ounts adsorbed on titanium dioxide.
���� �38� �5� 2000� 10�
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.

f

Y

���� ��, ��NA� �Aq��� �n+ ²³�ð#. PET�

�] PP�� �f� �Aq��� '� �A!� Fig. 21� ^� �â

¨Ðå ) Ñ�+ �6�� ¨Ëpq9(∆P)@� ê;å � 3@s ¨

Ëpq9� ��� �A!� 5?�� �@� ê;r#.

Fig. 21� ̂ � ��NA� ²³9� 15 mgPO4
−3/gÌ�� ̈ Ëpq9�

3��#; � ��+� #� (;�� 3@s ÑÔ� t:: Fig. 22]

^� ��NA� ²³9� 15 mgPO4
−3/gÌ�� 3��#; #� (;�

� 3#.

�- NW-:� Fig. 23� �̂ ��NA� ²³9� 15 mgPO4
−3/gÌ

�� (;�#; � �5� �:+/� R�¡ 3��� 3ï� ",ç

� 3#.

Ò bc+ 1�	 d�4(rutile)M �Aq���� �nZun� ç�

t-�� (110)n� (101)n@� �d?� 3? �n5Ï; K\u��

�n+¦�; &� �Aq��� '+ «¬ ­®�¯� $°� 3@s

ï�§N ��NA� �n+ ²³�ì U@�V �Aq���� 2= ­

®� �%�� z\u!� ���� ��; 3#[18]. � Z��à� �

Aq���� �A!� ÑÔ� t:] �~{ |!+ Ø°� »Ès

�Aq��� �n+ ²³Ö ��NA� ²³9� 15 mgPO4
−3/gÌ��

�Aq��� �A!� ���� ��; 3@  � �5� �:+/�

��; �� �@�  �9#. � é5� 5�q%� {u9 �5� �

9@� 1��n W¡¯ �A!� 5?� 5�!� K9V��[7, 8] �

��¹(inorganic powder)� �n+ � È¬ 0� �A%� ²³��

n W¡¯ ­®� �6�� é5[14]� �1	 Z�� ¶uÖ#.

4. � �

Ò bc� 	�, #ï� ̂ � ZX� ÅÆ#.

(1) L/Dv; 40N úûw�Î ¨Ð�� ���, ������ �A


��� $Õ vÀf9� 0.05 kg/h8rpm+/ NW-:; ;W &Y@

s ¨Ð9 20 kg/h, w�Î� �èñ:; 400 rpm4 )� ©ª� �{

�½#.

(2) ef+ghZjklj�m��] efk�Ñh��� 
�	 »

×#HÑÔ� &� NW-:] µ� t:� ��+ �Aå � 3� �

{ 29©ª� ef+ghijklj�m�� 88 wt%, efk�Ñh�

� 12 wt%�½#.

(3) »×#HÑÔ� Jc�� &� `a:] �~{ |! �f� µ

� t:� �� � 3� �Aq���� �{29� 4 wt%�½#.

(4) �Aq���� �A!� »×#HÑÔ� t:] �~{ |!+

Ø°� »Ès �Aq��� �n+ ²³Ö ��NA ²³9� 15 mg

PO4
−3/g+/ �Aq��� �A!� ;W ¿Y#.

 �
��

B : reflectance in 450 nm of wave length [%]

G : reflectance in 550 nm of wave length [%]

N : screw speed [kg/h]

∆P : pressure difference observed on screen filter [kg/cm2]

Q : feed rate [kg/h]

�
��
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