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Abstract − To know the influence of flocculant on the resistance of filter medium, following experiments were performed for

three types of filter media. The characteristics of filter medium were investigated with the permeation of particle eliminated

water, and a new method for verifying the medium characteristics were also proposed. Then, the filtration and filtration-per-
meation for suspensions of inorganic and polymer coagulant were performed to study the influence of flocculent on the filter

medium. The inorganic coagulant passed through or blocked the filter medium according to the pore diameter of filter medium.

In the experiments with organic polymer solution, the filtration was no longer implemented due to the filter medium absolutely

being clogged. It is suggested that the kind of flocculant and filter medium should carefully take consideration to have shorter

operation time for a filtration following by coagulation.
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1. � �
 

������ ��� �	
� �
��� ����� �� ��� �

� ������,  ! ��� "#� �$ %& '(�� )*+ ,-

�.�/$ 012 345 67 ��8 �9� ���:: ;�.%.

< =>2 ?@, Ruth[1]�A Tiller[2, 3]$ ��:7 ����� �

��� ����7 B: ���C DEF7(support) GH+ H I, J

"8> ��7 ���� ��� ���K%L M#�� ����� G

H� N 'O+ P: Q2R 6%. S@, Ruth� T� �U ��JV

�� W�
7 ����� XYZ> Rm2 �� ���� XYZ> �

� [\ XYZ αav] B^ �8_ ���� L� `a W� b� c

U �Bd 
2 Z�$ W�
/$ J" ������ ef� g� h

i+ jk: Q7%L M#�� l� mn�%[2]. <o� )p�� q

r�7 �� �stu2 ����� vw �� Kx ef� �Bd y

wK%7 z+ { |L 6%.

����� XYZ> Rm2 �� Kx ��+ 3U }~�: Q7%L

�F
��� JV8�$ � �J� ��� 8� �%. Xt[4]7 ��-

�����$ *� ��+ ���� �.��, ��"$ ���� ~�

8 ��� ���� ���] ����� XYZ� �� ���� �

���7 )*+ ���.+ I��, 01�: ��� �� f� ���

� XY� }~C W�H � 67 ��� ��� ��
: ;�.%.

����� �� ��� K��: ;� � �@ � 7 �����

¡¢� �£ %¤�L ¥4� ¦`� "§�wf "¨��� vw ©

5� �£ %& ª£� 6� 4'� ���$ ,-�7 z� �£ �

�«%7R 6�%L ¬%.

^� ? �@] P �@� �­�f ®��L J" )p� JVJ�
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840 �������
�� ��� �� ¯�7 ����� ¡¢] ��"� ¡¢, <°L

��" ±f� vw ����� �² ³�: }~�7 z� �J�%.

¬ ����7 ����] ��"� ��� ��� jk7 hi+ |

� ^� ?´µ�$ %µ� ¶2 F"C %��%.

����� 5`+ �B� ���$ �·(̧ ¹)�� ^�� P �:

º$»  ¼+ "½�.%. ��7 ¾d JVJ�� ���L 67 ¿

 ¦`� ��:� �� ¿ * ����  ¼(fiber model)��, %&

��7 £°� �­* ��)*+ { �U�À H � 6À UF7 =

�ÁÂ �Ã  ¼(pore model)�%. � ��2 Grace[5]]7 y° ��

��C �5�7 ¿  � �Ä� [\ Å�, �2 ����C �5�7

�Ã� [\ 1ª+ 9ÆH � 67 p(� 6%.

Ç� r� ��" �2  � L,t ��"C �t "g�� \4

,Æ�È ��)*� ��-�� )*+ ÉÊË�$Ì �a� ��"�

��� jk7 hi+ Í�U Ë2 Î�, �Bd 
2 �t Ï ��"

] ����� *Ð'9C �·(̧ ¹)�Lt �.%. J"$ Ñ�Ò°�

< Ó� ÆÔ8> ���� �� �� �� �* Õo:C ��-Ö�

�×L Ö�� ��+ ���� ��efC ØÙÀ �7 ��� 4Ú

8�$ ��
L 6%. <o� ��� ��"� ��� jk7 hi2

��8�$ ·�d �·
� 6: Q%. ¬ ��� ��"] ����

� )*�8> '9� �	
�, < �¬ �­� ���� ��� �

� ��� �Û� )*+ �·�7R 8�Ü � 6�°w M#�%. 

2. � �

2-1. �� �� ��� �	

�(Ý) ��� �

� �ÛÞ )¦�: ��)*+ ß)�� ^�

� Darcy[6]� T��  f� %µ ÃT� �¬8�$ ��
L 6%.

(1)

 

���, V7 ��: B^ �8_ �à� Ûá(m3/m2), t7 ����

(s), ∆p7 ��âã(Pa), µ7 �à� (f(Paäs), αav7 ���� �

� [\ cXY(m/kg), W7 ��: B^ �8_ ���� `a(kg/

m2), Rm2 ����� XY(m−1)�%.

SC �� �*à �� L�,å(-), ScC �� ���� L�,å(-),

<°L ρC �à� æf(kg/m3)wL ç���, ��: B^ �8_ �

� ���� `a W7 `a�:� �U T (2)$ ß)�%.

(2)

 

è4 WéCVwL ����, �à Ûá_ Â5
7 �� ���� `

a C7 %µ� ¶� ß��%.

(3)

T (3)� WC �°�� T (1)� ���L ,t] , C êë� ì

��

� (4)

��, T (4)C 8,�� %� �°�� 0í] ¶� �%.

(5)

� T (5)7 3* parabolic equation�w ®°£�, 1917î Sperry�

JV¯�C ,-�� �]  �� Âï$ Òµ "½[7]�.%.

2-2. ��-
�(filtration-permeation)  ��
�

��-��(filtration-permeation)7 ¬ ��t� ��� º$» JV�

��$ ����� ð�� =�7 ñ�+ �p�È ��)*� ��

t�� ��C �ò�À �.%[4]. JV��2 =�7 ¤� )óà �

�C Kx�� A �t "g�C Â5� ���� ���×7 z�%.

��¨
2 ��� �ô �f Kx� A� �x�/$ �����7

*_� ¤� ���� �j Â5
� 6%. <o/$ T (1)� ����

�� XY αav WZ� ����� XY Rm� cU �Bd õö %µ

T� ¶� RmZ+ M÷H � 6%.

(6)

 

��8> ��-�� ¯�C Fig. 1� �ø��%.

Fig. 1� ùÛ,� �ú�C �K 1ûÛ,2 ��� Kx
7 ���

%. � 1û� �ú�� T (4)� µαavC/∆pC �ø�7 z�/$, µ, C,

∆pC |� �� [\ cXYZ αavC �H � 6%. � �� [\ c

XYZ2 ����� ü�K z�/$ αav, f$ ß��%.

Fig. 1� ýÛ,2 �j Â5� ���� �t"g�� ���7 ��

�/$ Î� �� ef(∆V/∆t)7 ��8�$7 Y* 4�Uþ �%. �

4�� Z� �� A W�� ��: B^�8_ ���� `a(W), �

� ¨
� âã(∆p), à�� (f(µ)C T (6)� ���� �� ���

�� [\ cXYZ(αav,p)+ �H � 6%. ����� Ö��� < Ó�

�� �ÿ� )*� �M�: Q�� αav,f] αav,p7 ¥4� Z+ �ö

þ �%.

2-3. ����� ��� ���� ��� ��
�

����� ©5+ W��7 ��2 �o �:� 6�� �L�À >

�
7 ��2 �%. ¬ ����7 �B�L ØÙÀ, <°L J�8�

$ ����� ©5+ W�H � 67 ��+ º$ "½�%. � ��

2 ����� �t"g�C ���� ��ef$ÛÞ ����� [\

�Ã ��(average pore diameter), �2 ����C �5�L 67 ¿

 � [\ 1ª(average fiber diameter)+ 9Æ�7 ���/$ à��

��� 1� �'
�, W�� [\ �Ã� ��] fiber� ��$ �

���� �¨8> ©5+ ç�H � 6%.

2-3-1. ¿ * ����  ¼(fiber model)

JVJ� )p�� ¾d ��
7 ¿ ¦`� ����� �¨7 4

Ú8�$ Fig. 2] ¶%. 

�t"g�� ����� ∆p� âã�$ ��Ü ª£ ����$ �

�à� %��7  e(Ã�ef)+ V0wL ���� ���� �Û�

Ã� ��C �Ù7 J"  e(V)2 Kozeny-CarmanT��] ¶� Ã

�å �­+ f��� V0/ε$ ß�H � 6%.

������ ¿  �� ß�8(As,f)2 ��(l), 1ª(df)> B^¿ �

��(Nf)$ ß)H � 6L, � ¿  ��� ß�8(As,f)� à� ��

q dV
dt
------- p∆

µ αavW Rm+( )
----------------------------------= =

W ρS
1 S Sc⁄–
-------------------V=

C W
V
----- ρS

1 S Sc⁄–
-------------------= =

dt
dV
------- µ

p∆
------αavCV µ

p∆
------Rm+= t∆

V∆
--------

t
V
---- µ

2 p∆
---------αavCV µ

p∆
------Rm+=

dV
dt
------- p∆

µαavW
-----------------=

Fig. 1. Theoretical result of a filtration-permeation experiment.
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� �
�� 841
� XY+ F7 1�8> =>� �%. ¿ � ��� :�� c��

�Bd N ª£� 4Ú8�/$ � ¿  ¤B� ß�8 πdf
2
/4+ r�

�� � ¿ � ß�8(Af)2 %µ� ¶� ß�H � 6%.

(7)

Ç�, ����C �5�7 ¿  ��� ß�8(As,f)2,

(8)

�%. Nf7 �� ¿ � ����, � Z2 ����� �� L�Û

,� ÛáC � ¿ � Ûá$ ��� �H � 6%. ����� �

8+ S0w ��, � ����� �� L�Ûá7 S0L(1−ε)�L � ¿

 � Ûá7 πdf
2
/4	l�/$ �� ¿ � ��7 %µ� ¶%.

(9)

<o/$ �� ¿ � ß�82 %µ� ¶%.

(10)

� ª£ �ã�8 Úª(hydraulic radius, rH)2 ���� �
�� %

µ� ¶� 9ÆÜ � 6%.

.... (11)

 

 � G�� �¬T[8]��  �� ��� �� 
�ã(drag force, FD)2

%µ� ¶%.

 

(12)

� �� ��� B�8 So� 
 �� jkÀ 
/$, ��� ���

âã ∆p7

(13)

 

�%. vw� ����C �5�7 ¿ � 1ª df� ��� �T+

�°�� %µ� ¶%.

(14)

<o/$ ∆p� âã�$ ����� �t"g�C ���È ��e

f V0C W���, ����� P�(L), Ã�å(ε), <°L Î� �f

$ÛÞ �� (f(µ)�� ����C �5�7 ¿  ��Ä� [\1

ª(df)+ �H � 6%.

���� B^ �8_ ¿ � ��7 T (9)$ÛÞ %µ� ¶� �ø

� � 6%.

(15)

 

2-3-2. =�ÁÂ �Ã ����  ¼(pore model)

¬ JV�� ��� ����7  P ¿ $ ���K z�� ¿ �

Å�� B^ �8_ ��è�$7 ��)*� 1� ¯Û�×� �U�

7R ��� ���� 6%. <o/$ =�ÁÂ �Ã�$ �5� ��

��� ��  ¼+ �«�� < �÷f7 Fig. 3� ¶%.

¿ * ����  ¼� ¥4� ���$  f��, �� �Ã� �

�(Npo)7

(16)

 

�L, ����C �5�7 [\ �Ã ��(dpo)7 %µ� ¶� ß)

H � 6%.

(17)

 

<°L B^ �8_ ����C �5�7 �Ã� ��7 %µ� ¶%. 

(18)

 

JV� �U  �� Ã�efC W��L ����� Ã�å+ |�

^� ¯�Tu+ ���� ��:C �5�7 ¿ � [\ 1ª� �

�, Ç7 ��:C �5�7 [\ �Ã ��] B^�8_ �Ã� �

�C | � 6%.

3. ���	 
 ��

3-1. ��-
� ����

¬ ����7 3*8> Büchner funnel� �� Û,� ��:7 �

A f πdf l×=

As f, A f Nf×=

Nf

SoL 1 ε–( )

πdf
2 4 l×⁄

------------------------=

As f, πdfl
SoL 1 ε–( )

πdf
2 4 l×⁄

------------------------
4 1 ε–( ) SoL( )

df

--------------------------------=×=

rH
� ��� �� L∆×
�� 	
 �� L∆×
------------------------------------------------------ � ��� 
� ��

�� 	��� ��� ���
--------------------------------------------------------------------------------= =

� ��� 
� ��

A s f,

------------------------------------------------------=
SoLε

4 1 ε–( )SoL df⁄
----------------------------------- ε

4 1 ε–( )
------------------ df×==

FD As f,

k1µV
gcrH

-------------
4 1 ε–( )SoL

dfgc

---------------------------k1µ4 1 ε–( )Vo

εdfε
-------------------------= =

     16 1 ε–( )2

ε3gc

----------------------- SoL
k1µ

df
2

--------Vo=

p∆
FD

εSo

-------- 16 1 ε–( )2

ε3gc

-----------------------
k1µ

df
2

--------LV o= =

df
2 16 1 ε–( )2

ε3gc

-----------------------
k1µ

p∆
--------LVo=

Nf

So

----- 4L 1 ε–( )
πdf

2 l×
----------------------=

Npo
filter medium� � ��

� pore� ��
--------------------------------------------------------------

SoLε

πLdpo
2 4⁄

--------------------= =

dpo
2 16k1Lµ

gc P∆
------------------- 

Vo

ε
------=

Npo

So

-------- 4ε
πdpo

2
-----------=

Fig. 2. Schematic diagram of a fiber model. Fig. 3. Schematic diagram of a filter medium composed of homoge-
neous pores.
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842 �������
� � ��� �ª� 4.1 cm$ 4�� =3Â �� �(cell)+ ���

.%. �� f� )óà�� Ö�
7 Î`� �� ��:7 Û,�

�� ��7 z+ �:�� ^��%.

�à ��(��)7 0�á��Þ] �¯
� �â��C �x��, 0

�á��Þ7 âã9] 40 L Ûá� Ã�  �] �¯�!%. �� J

V+ �
�� �� 0�á��Þ$ Ã�  ��� Ã�C ³"�È

pkC �â�L, âã9C ���� âã+ ¨#�%. =�7 âã�

���:� 0�á��ÞC $ÍL Ã�  ��� �â�$ ��C �


�� Kx��%. � ���$ JV f� 0�á��Þ� �� âã

� }¥(fluctuation)+ %L \4� âã ¨&�� ��C �xH �

6�%. ��-��� �� Ûá� }¥� 'L 400 mL�L Ã�  �

� Ûá� 40 L�/$ �� �
� JV ¡(]� ��� 'L 1%�

âã }~� 6%. � Ã�  �C ���7 ��2 ¬ ��J�� �

�� z�%.

3-2. ����� ��

3-2-1. ����

����7 ADVANTEC )*+,-./0(4¬)�� "¨� Lñf

� �1$�� ¦`� ��:$ 2Æ� ®~ ��Æ�$ 3ÆÒ°�

z�%.��� ¡¢7 ADVANTEC TOYO 5A, TOYO 5C]  °¿

 ¦`� ADVANTEC GS 25.%. �u "¨ 4��� "Ã� t(

� �� ��:� ©52 Table 1� ¶%[9].

3-2-2. �t"g�] �� �* )óà

��-�� ¨
� ��à� )óà� "¨� �t"g�(particle re-

moved water)C ���.%. 4Ú8�$ JVJ�� ���7 G5�

(Reverse Osmosis)pkC ���� ���� Î+ JV �
 �� 0.45µm

] 0.2µm� Ã�+ �K L,t ����(membrane filter)� �â �

��� ���.%. G5�� Î+ 6'�7 ���� %& �t� 7

�(89)+ 2�� mn��%.

�� �*à�$ ��" �à+ ��:+ ª£ %µ� ¶� "¨�.

%. ;X r���" FeCl3C <a�.%. ß= �Bã >Ú�$ �t

"g�C 300 rpm�$ >Ú��� <a� FeCl3C �a? �����

� 2,� ´E \4�À ,Æ�!%. < A 500 rpm�$ 30,, 2��,

4��? >Ú�� ���.%.  � L,t ��"> @=ÆÔFT4�

� SC-0502 >Ú��+ 1���$ �� "¨�.%.

3-3. ��
�

3-3-1. ����� ��JV 

JV�
 �� JVpk� �¯ Û^� Ã�� º� u��: QfA

BC� B�C$ æÑ��%. �t "g�7 JV¨
 �� èu� �

��L �D¥½ 6'�: QfA �%. 

����� XY Rm+ ��� ^�� W��Lt �7 ����C

%Ã5� DÖ�(support)̂ � ìL 3.7	102 Pa(3.8 cmH2O) Ç7 7.4

	102 Pa(7.5 cmH2O)� E2 âã�$ �t "g�C ���È ��e

fC W��%.

ù�$ JVH �t"g�� ��JV� )óà� ��-�� JV�

���� DÖ�� jk7 hi+ |06� ^�� ���� �� D

Ö�è�$ 3.7	102 Pa (3.8 cmH2O)� âã�$ �t"g�� ��J

V+ �x�.%. 

3-3-2. ��"� ��JV F ��-��JV

��"� �� 5`+ |� ^U r���"> 1 wt% FeCl3 �à

400 mLC TOYO 5A] TOYO 5CC ���� 1.0	104 Pa� âã�

$, GS 257 7.4	102 Pa� âã�$ ��C �x�� �à� Ûá]

��+ W��.%.

��-��JV+ ^U r���" 1 wt% FeCl3 �à 400 mL+ �

�� %µ �t"g� 400 mLC ���!%. TOYO 5A, TOYO 5C,

GS 25C ���� ��JV� ¥4âã�$ JV�.%.  � L,t

��" SC-050 0.01 w/w%C TOYO 5AC ���� 5.1	104 Pa â

ã�$ ^] ¥4� JV+ Kx�.%.

4. 
� 
 ��

4-1. ����� 
���

����� �¬8> 5`+ |� ^U �t "g�C ���� 3.7

	102 Pa F 7.4	102 Pa� E2 âã�� ##� ����� ���

��à 200 mLC ��JV� ¯�C Fig. 4� �ø��%. Fig. 4� J

V�� �t "g� 200 mL(V Z�$7 16.3 cm)C ���7R ´G

��� TOYO 5C� 2,223H, TOYO 5A� 417H, GS 25� 267H$

W�
�%. ����� TOYO 5AC �=�$ H m TOYO 5C7

� 5.3³ I ´J��, GS 257 � 0.6³$ ØÙÀ ��
�%. âã

+ P ³ K> ¯�$f ¥4� ªi� �øL%.

����� XY2 � JV¯�] Ruth� T> T (1)�� �H �

6%. ��
7 �*à� �t "g��/$ �à Ûá_ Â5
7 �

� ���� `a> WZ2 �%. T+ ¦�°�� �� �� t7

µRmV/∆p� �%. Ç� ^� <íC� �ú�7 t/V� 
�, < Z2

µRm/∆p� �%. ^�  ! <íC7 g� 1û�/$ <íC$ÛÞ ü

2 �ú�C ���� ����� XY> RmZ+ ��� Table 2� �

ø��%.

���� DÖ�(filter support)� XY2 9.8	107m−1$ 4Ú8> �

���� XYZ> 109-1010m−1� c�� *_d 
2 Z��, � �:

���� � �p 
2 GS 25� 14%�f$ ����� ,-� �À

hi+ jk: Q7%L MB�%. ����� �p N TOYO 5C� X

Y Z� 3.7	102Pa� âã�� 4.7	109m−1�$ �p O%. TOYO 5A

Table 1. Characteristics of filter media

Filter medium
Weight
(g/m2)

Thickness
(mm)

Retained 
diameter (µm)

Limits of 
pH (-)

ADVANTEC TOYO 5A 97 0.22 7.0 0-12
ADVANTEC TOYO 5C 1180 0.22 1.0
ADVANTEC GS 25 70 0.25 0.6

Fig. 4. The permeation results of particle eliminated water through var-
ious filter media at 3.75�102 Pa.

Table 2. The Rm values of various filter media

Rm(m−1)

Pressure 103.7�102 Pa 107.4�102 Pa
ADVANTEC TOYO 5A 1.0�109 1.3�109

ADVANTEC TOYO 5C 4.7�109 6.2�109

ADVANTEC GS 25 7.1�108 8.3�108
���� �38� �6� 2000� 12�



�	
� �
�� 843
C �=�$ TOYO 5C7 TOYO 5A� � 4.7³ N Z��, GS 257

TOYO 5A� � 0.7³ 
2 Z�%. � P�7 ����C �5�7 ¿

 � P�� P�, ����� Ã�å� P�� �>�%L M#H �

6%. Q2 P�� ¿ $ ���K ����4�A, 
2 Ã�å+ �

K z4�A, Ç� PR» z4�A I N ��XY+ �K%.

��âã� P³$ ���� vw RmZ2 TOYO 5A� 1.25³, TOYO

5C� 1.31³, GS 25� 1.17³$ ���.%. �7 âã� ���� v

w ����C �5�7 ¿ � I S� T� Ã�å� ��� ¯�w

L M#H � 6%.

��Uû�� ·�� c>C ^U Fig. 4� yV� Z+ �� t(s)��

∆t/∆V(s/cm)$ }ª�� �øW z� Fig. 5�%.

4�� �ú�C �ø�7 4Ú8> ��JV¯�]7 y°, V� v

& dt/dV� Z� g� }�: QL xV� [x�À �øL%. �7 J

V� ��� ���� ��JV� hi+ F: Q+ �f$ �t� "

g� z�$ 60f r��%7 z+ �øW%. è4 ���� �t�

X�� ª£w� <z� ����� ´� 4�� �ú�C Y7 ��

� �� Âï� <íC$ �ø�þ �� mn�%.

TOYO 5A] GS 25C ��� JV¯�7 dt/dVZ� g� Z��

�[� ��ú �f$ JVH�] A�� g� ¶2 Z�$ W�
�

��, TOYO 5C� JV¯�7 ��� Kx[� vw dt/dVZ� }~

� c>8 O�.%.

Fig. 5�� TOYO 5A] GS 25� ª£ ��  e� }~� �7 z

2 ���� �t� �L ����� �¨8> }~� �%� _��

¯�4 z�%. <o� )óà� ����7 ���
� �� �o �

: }�� �Ú
7R, \C u� ��f� �� �*à ½� �t�

Ö�[10, 11]�w!�, 
2 �t� ���� ���� �Û� Û]
7

z, <°L ��� ��� j	t� �1ð[12], <°L ����� �

�^� vw ���� ¦`� _`�$ >� Ã�å� ��$ >��

��H�� ���� *ï] ���� ��C 3� ����� *ï�

yw` � 6+ �ò5� 6%.

����� ©5+ �k~�� ^U "½� ¿ * ����  ¼

(fiber model)� =�ÁÂ �Ã ����  ¼(pore model)$ÛÞ ^�

JVZ�� 9Æ� ##� ���� �5¿ � 1ª(df)� �Ã� ��

(dpo)7 Table 3� ¶%.

=�ÁÂ �Ã ����  ¼� �� TOYO 5A, TOYO 5C, GS 25

� �Ã� 1ª� ## 3.3µm, 1.3µm, 4.4µm$ 9Æ
�%. TOYO

5A] TOYO 5C� �Ã� 1ª2 4��� "Ã� Xa �ò �t ��

(retained diameter)] c>��  �� ªi+ �ø�:è, GS 257

*_� P�C 6>%. <o� ���� "¨4��� "Ã� �tC

6¢H � 67 òã+ �ø�7 Xa �ò �t ��7 ¬ ����

� b8� �­� %Ù/$ � Z� dpo] Z�d 4kH �7 �%L

M#�%.

¿ * ����  ¼� �� �5¿  ��Ä� 1ª2 TOYO 5A

� 1.2µm, TOYO 5C� 0.49µm, GS 25� 0.27µm$ 9Æ
�%. �

1$�� ¦`> TOYO 5A7 ¥4¦`� TOYO 5C� 1ª6% �

2.4³ Å2 ¿ $ �5
� 6��, 1ª� 2.4³> z2 �5 ¿ �

B�8�$ � 5.8³� Å�C �K ¿ C �j�%.  °¿  ¦`>

GS 25� 1ª� TOYO 5A6% � 4.3³ 
2R, �7 TOYO 5A6

% 18.5³� �7 ¿ $ �5
� 6%L c � 6%.

Ç� ����� P�� 0.22 mm> TOYO 5A� B^�8_ `a2

97 g/m2, ¥4¦`> TOYO 5C� 118 g/m2�%. ����� P��

0.25 mm>  °¿ ¦`> GS 257 70 g/m2�$ �p 
À �øL%.

�z2 ¥4¦`(�1$��)� TOYO 5C� TOYO 5A� cU 22%

�f ����� ¿ � I deö ����� Ã�å� ���.%L

c � 6��,¦̀ � %&  °¿ ¦̀ � GS257 TOYO 5A] TOYO

5C� cU PR£��  °¿ ¦`� deK *ï(æfP�� �U %

� P�� �f:è)7 TOYO 5A� cU *_a 8À deö 6%L

,-�%. �$ >U �t"g�� ��JV�� GS 25 ����� 


2 1ª�  °¿ $ ���ö 6���f ��ef� �p gh%L

,-H � 6%.

�] ¶� TOYO 5C7 TOYO 5A� cU �7 ¿ $ �5
� 6

��, ���� �� ¿ � I iid deö 6� mn� �tC 6

¢H � 67 òã� �Bd £���, =�ÁÂ �Ã ����  ¼

$ÛÞ W�� �Ã� ��f 
À W�
�%.

<o� GS 257 4��� "Ã� Xa �ò �t ��(retained di-

ameter)� ��� �d� �p 
2 �t�: 6¢H � 67 z�$ �

ø� 67R, �z2 GS 25� %& ����] c>U P�� PjL

�7 ¿ $ �5
� 6� mn� �Ã� ��� �À 9Æ
�µ�f

®��L 
2 �t�: XaH � 6+ �ò5� 6+ � 6%.

4-2.  !"� ����; #$ �%

��"� �¬8> 5`+ |� ^U %µ� ¶2 JV+ �.%. �

t"g�� r���"è+ kL ß=�Bã >Ú�$ 300 rpm�� 2

, ¥½ >Ú� A, 500 rpm��� >Ú��+ 30,, 2��, 4���

$ y°�� 1.0	104 Pa� âã�$ ��JV� ¯�C Fig. 6� �ø

��%. ����� )*�7 %& ÂïC �ø�7R, �7 ����

TOYO 5A� ��" FeCl3� 3*8> ���$� 
��: Q2 z

Fig. 5. Permeation of particle eliminated water through filter media at
3.7�102 Pa.

Table 3. The pore diameter(dpo) and fiber diameter(df) of filter medium
calculated by our models

Filter medium
Retained diameter

(µm) 
dpo

(µm)
df

(µm)

ADVANTEC TOYO 5A 7.0 3.3 1.20
ADVANTEC TOYO 5C 1.0 1.3 0.49
ADVANTEC GS 25 0.6 4.4 0.27

Fig. 6. Filtration results of 1 wt% FeCl3 solution at 1.0�104 Pa with
varying agitation time(ADVANTEC TOYO 5A).
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844 �������
+ �j�%.

FeCl37 �à��� r� L,t Î`+ Â5�%. Â5� L,t Î

`2 30, �f� >Ú�$7 Z�d ,Æ
: QL �$ lm *ï$

n¦�� �ô �f� ��C �K%L ��H � 6%. � ��7 �

�:� �Ã� c�� *_d 
0 Òµ�7 ��:C <�$ 3��

%. <o� ��� 9e
� ��:� �Ã� o� p7 ��"� S

0ö ���7 TOYO 5A �f$ �Ã� �2 ������f ��

ef� q�ö dt/dV� Z� ��� 'W
L 6%.

<o� 4�� �f >Ú� �à��7  P� { ,Æ
g�, �2

N L,t �Õ� {� ����� ́ °7 z� g� �À �%. FeCl3
C ��H m ����� ´°: Q7 �f�: ,Æ�×�� 4���

� ´G%7 �J2 3*8> �­�$7 M#�� ��» (�%. �

<íC� r� ��Û,+ ���� ��[\ cXYZ+ 9Æ�%7

z2 s �j� �%.

TOYO 5CC ���� TOYO 5A] ¥4� ¨&�� ��JV+ �

¯�C Fig. 7� �ø��%. 

TOYO 5C7 TOYO 5A]7 y° ������ JV¯� ÂïC �

ø�L 6%. >Ú�� 30,� ª£ �� [\ cXYZ2 3.2	1010

m/kg��,����� XY2 1.2	109 m−1�%. Â5� r� L,t Î

`� ÒµÛÞ ����� �U Xa
� ���� Âï$ ��g�

���� �� �Ã+ (P$ %7%L M#H � 6%. �����

�U Xa
7 �t7 TOYO 5AC tÀ 3��� TOYO 5C7 g�

3�H � �7 ��wL M#H � 6%. �u ¡¢� ��"C ��

H m7 ����� û�� ���%L MB�%. >Ú��� ����

vw dt/dV� ��å� (( 
0:7 z2 >Ú� �U r� L,t

Î`� ��� (P 
0^+ �j�%. GS 25$ JV� ̄ �C Fig. 8

� �ø��%.

TOYO 5A, TOYO 5C] ¥4 ¨&�� ��JV+ Kx��L :

��, ��âã 1.0	104 Pa�� ��ef� vr gw JV R�øC

W��7 z� ®�ò�� ��âã+ 7.4	102 Pa$ âã+ EÍ�

JV�.%. �z2 ù� JV� c>U ��âã+ 1/14$ EÍ� J

V� z��, dt/dV� ��7 � 2³�f �À �ø��%. � ¯�C

�Â8> ��� �� <íC$ 6�7 ��£� �Ú8�$ TOYO

5A] cw� ªi+ 6>%.

GS 257 4��� "Ã� Xa �ò �t ��(retained diameter)�

��� �d� �p 
2 0.6µm ��� �t�: XaH � 67 z

�$ �ø� 67R £°�  ¼� ��� �Ã� :�� 4.4µm$ %

& ����� cU �p �%.)¦ ��"$ JV� ̄ �$7 TOYO5C

� ´°7 )¦� JV �* �t� GS 25�7 g�  P 3��L

6%. Ç� TOYO 5A6%f I { 3��×L 6%. <o/$ "¨4

��� "Ã� Xa �ò �t ��C �t� �Ã� ��] ¶%L

M#U�7 ½�%L ¬%.

4-3. &' !"� ��-
���

TOYO 5A] TOYO 5C� ��-��JV2 1.0	104 Pa� âã��

1 wt% FeCl3 �à+ 500 mL ��� %µ ��� �t "g�C 500

mL���!��, < ¯�C Fig. 9, 10� �ø��%. J"8�$7 �

�] ��� ��:fA ��� ¡(
� �� �t "g�C k� �


�.%.

TOYO 5A$ JV� Fig. 9�� VZ� 40 cm3/cm2 ��> dt/dV�

Z� 9e ���7 Û,� �����L, dt/dV� Z� 4�� Z�

fy�� 9e
7 Û,� �����%. ��H�� dt/dVZ2 4��

Fig. 7. Filtration results of 1 wt% FeCl3 solution at 1.0�104 Pa with
varying agitation time(ADVANTEC TOYO 5C).

Fig. 8. Filtration results of 1 wt% FeCl3 solution at 7.4�102 Pa with
varying agitation time(ADVANTEC TOYO 5A).

Table 4. The average specific filtration resistance of 1 wt% FeCl3 solu-
tion at different agitation times(ADVANTEC TOYO 5C)

Agitation time
(hr)

Average specific filtration 
resistance(m/kg)

Filter medium resistance
(m−1)

0.5 3.199�1010 1.185�109

2.0 1.777�1010 2.369�109

4.0 1.185�1010 3.554�109 Fig. 10. Filtration-permeation result of 1 wt% FeCl3 solution at 1.0�104 Pa
(ADVANTEC TOYO 5C).

Fig. 9. Filtration-permeation result of 1 wt% FeCl3 solution at 1.0�
104 Pa(ADVANTEC TOYO 5A).
���� �38� �6� 2000� 12�
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%� �� Kx� AÛÞ 1û8> ��C 6�L 6%. �z2 ��

H��7 �Û,� ��"� ����C 3���, ��� Kx[� v

w �tu� ����� �Ã �� ��d Û]�%. < A ��] 


x�:$ dt/dVZ� 1û8> ��� '�
7 m7 ��"$ >U y

0K �Ã ^� ��"u� ��� ��� 4�z z, �2 �Ã ��

*_� �f$ ��"� Û]�7 z�$ U-H � 6%.

����� {�L ê$ �t"g�� ��� ���:� dt/dV� |

}d ���%. �7 ������ ����� �Ã� ��67 *_a

� ��"� �t "g�� ~� ��L 4Û ��"è �0 ��H�

� Z6%7 %� N 4�� Z+  :�7 z�wL U-�.%.

����� �� [\ cXYZ> αav,f7 9.1	108 m/kg�L, ���

�� cXY> αav,p7 6.7	108 m/kg�$ 26% �f 
2 Z�%.

TOYO 5C$ JV� ¯�> Fig. 10��7 TOYO 5A� ª£]7 y

° H�ÛÞ 4�� �ú�C �:�� dt/dV� 9e ���%. �z2

�Â8> ��� �� JV� ¯�] ¥4�  Â�%. � ����7

ù� z6% 
2 �Ã�$ �5
� 6�/$ 3*8> ,-�$7

H�ÛÞ ��� ��� ����%L c � 6%. <o� �� ��

�f g� ¶2 �ú�$ dt/dV� 9e ���7 z�$ 60 ÒµÛ

Þ �Ã� 9e %��7 ��� £�d ��] ¥4� )*�$ W�


�+ �ò5f ³"�: ;�%. Ç� Òµ�7 ��� ��� Kx


L, �� ��� 
2 ��"� �¥�$ ����� �Ã� 9e

%��7 �
�$ ,-H �f 6%.

����� αav,f7 3.6	1010m/kg�$ TOYO 5A] c>U 40³�

f N Z��, ����� αav,p� Z2 dt/dVZ� [Â+  :�: Q

2 '9$ �H � ��%.

GS 257 7.4	102 Pa� âã�� ��-��JV+ �.�� < ¯

�7 Fig. 11� ¶%. ����� �� [\ cXYZ> αav,f7 2.0	

107 m/kg�L, ����� cXY> αav,p7 1.9	107 m/kg�� ��8

> ªi2 TOYO 5A]  ��%.

4-4. (')*+  !"� ��-
���

r���"] c>�� ^U  � L,t��"> @=ÆÔFT4�

� SC-050 0.01 wt%�à+ TOYO 5AC ���� 250 mL��� A

��� 250 mL �t"g�� ��JV+ � ¯�C Fig. 12� �ø�

�%. TOYO 5A� r� L,t��"� ��-��] ¥4� âã��

7 ��� g� 4��: Q��/$ âã+ 5.1	104 Pa$ K� JV

+ Kx�.%.

Fig. 127 �Â8> ��Uû� 0�/$ �� [\ cXYZ+ ��

7 �j� �%. <o� ù� JV6% ��-��âã� 5³ ��, dt/

dVZ2 � 20³ ���.L, ���*à� ±fC r���"� ª£

� 1/100$ JV� (u+ L��� �÷8�$ [���,  � L,t

��"7 JV� ��� FeCl3 �à� c�� � 10,000³� N 1013

m/kg� �� [\ cXYZ+ �K%L M#H � 6%. r���"�

��-�� ¯�]7 y° ����� dt/dV� 9e8> ��C 6��,

V� 20 cm3/cm2 �A ���� H��f g� ¶2 cå$ ���%.

<o� < A �t� dt/dV� |}d ���L, ��� �à� ��

��
: QÀ 
�%. �z2 ����� ���� %�)*(clogging

phenomena)� 4�z z�%. ¥4� TOYO 5AC ��� r���"

� ��-����7 �t"g�� ��� r���"� ~� ��7 ~

�)*(washing phenomena)� 4�L7R �]7 Ú�
7 )*�%.

r���"C ��� TOYO 5C� JV��7 ����� dt/dV� 9

e ����7 ::è ����� %d7 )*2 4��: Q�%.

vw�  � L,t��"C �a ���� �ô �f� ��"� �

�� ��
: QL à �� �0 6+ ª£ ����C %0 ��e

fC �" � 6L, ¯��7 %d7 ¯�C HíH �ò5� 6%. <

o/$  � L,t��"C ���� ^U�7 �p ;X ��"�

����� �ô �f� cXYZ+ Y7:C ¯��7 z� ���%

L ¬%.

5. 
 �

��"] ����� *Ð
�+ |� ^�� � ¡¢� ����C

���� ���� t�(clean medium)è+ ��� �t "g�� �

�JV, r���" FeCl3 �à�  � L,t��" SC-050 �à�

��JV F ��-��JV�$ %µ� ¶2 ¯�+ ü+ � 6�%.

?@ ¬ ���� "½� =�ÁÂ �Ã ����  ¼(pore model)�

�t"g�� ��JV�� TOYO 5A, TOYO 5C, GS 25� �Ã�

1ª� ## 3.3, 1.3, 4.4µm$ 9Æ
�L, ¿ * ����  ¼(fiber

model)� ��JV�� �� ¿  ��Ä� 1ª2 ## 1.17, 0.49,

0.27µm.%. Ï �t "g�� ��JV� ����� Ã�å$ ��

��C �5�L 67 �Ã� [\ 1ª, B^ �8_ �Ã� ��, <

°L ����C �5�L 67 ¿ � [\ 1ª+ 9ÆH � 6�%.

S@, r���" FeCl3 1 wt% �à� ��JV�� TOYO 5C7 �

ô �f� �ú�C Y7 1û Âï� <íCC �ø�� �Â8> �

�� �� )*+ 6��, TOYO 5A] GS 257 VZ� vw dt/dV�

��� 0F 
0 *_a� ��"� ����C Øö ��7 )*+

6.%. Ç� >Ú��� ���� vw αav,fZ� ���.%. �@,

r���"� FeCl3 1 w/w% �à� ��-��JV�� TOYO 5A]

GS 257 ��� {z A ��� �

�� dt/dVZ� |}d q�:

7 )*, Ï ��"� ����C Øö ��7 ~�)*(washing phe-

nomena)+ 6.��, TOYO 5C7 ������ dt/dVZ� 9e ��

�7R �z2 ���� ������� ��"� �¥(migration)�$

y2 poreC 9e I y�� �øz )* �2 ��"� �� ���

��� 4�z ¯�wL M#�%. �@,  � L,t��"� ��-�

��� αav,f� �÷ 1013m/kg �*�$ Í�
7R �7 r���"�

cU � 10,000³ �*� N Z��, JVf� �à� �� ��
:
Fig. 11. Filtration-permeation result of 1 wt% FeCl3 solution at 7.4�

102 Pa(ADVANTEC GS 25).

Fig. 12. Filtration-permeation result of SC-050 0.01 wt% solution at 5.1
�104 Pa(ADVANTEC TOYO 5A).
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of

).

an

na,

nd

ogy,
Q7 ����� %�)*(clogging phenomena)� 4�L%.  � L

,t��"C ���� ^U�7 ��"� ����� �ô �f� c

XY+ Y7:C ��Uþè H z�%.

 

� �

¬ ��7 1999îf >���> �U �½ �ª ���Þ(RRC) �

�c$ ��
���, :=� ���	�%.

����

k1 : coefficient in Eq. (12) [-]

∆p : filtration pressure [Pa]

Rm : resistance of filter medium [m−1]

S : mass fraction of solids in suspension which enters into a filter

cake [-]

Sc : mass fraction of solids in cake [-]

S0 : surface area of filter medium [m2]

t : time for filtration [s]

V : filtrate volume per unit filter area [cm3/cm2]

W : dry cake mass per unit filter area [kg/m3]

,-�. /+

αav : average specific cake resistance [m/kg]

αav,f : average specific cake resistance by filtration [m/kg]

αav,p : average specific cake resistance by permeation [m/kg]

µ : viscosity of filtrate [kg/ms]

ρ : density of filtrate [kg/m3]
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