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� �

��� ��� �� 	
�� 
�� ����(crossflow) ���� ��� ��� ���� �� 
�� �� � !


�"��. �#�, 
�$ %&'( �� � �� )*+, �� -./(back transport)� 01�� 234 5�, lateral

migration, shear-induced diffusion, 67� interaction-enhanced migration!
%8 91 ��:;<(critical permeate flux)=

>?@�. A BC���, DE #�F#= 0.4µm�� ��� GHI 
�= 0.1-2.6µm F#J %�KL(partial rejection)

MN��, �.@ #�� �� 
�OP� &QRS� 91 ��:;<� TU� VW� X� YZ>�$ [\�. pH 3.3 �

&��� #�� GHI 
�� ]^ _.�$ `\�, pH= a=�  Lb.c F#d a=�e�. f.KL(complete

rejection)J #g BC>����, 
�h 
�P� ?. ijk!
 Lb.c= a=lmn 91 ��:;<d a=�e�.

i �, A BC��h o� 
�O� #�� p% ���� %�KL���, qr pH�� 91 ��:;<s� t, ub

v�. �� 
�h #�w P� &QRS� �� x&!
, tr pH��� #� F#y� Rr 
�O� z�{ m|�,

#�!
 }
�+~, qr pH��� 
�h #�P� �� ?. ijk!
 
�O� #�!
 }
�� X�� #� 
C

� ��F�� ���!
 �&�\�. pH� �� 
� KL�� >�= � x&� 5J'( �\�, >� %�KL���


�h #�P� &QRS� 91 ��:;<� ���� ���. 

Abstract − For the crossflow filtration of colloidal suspension with porous media, the fluid permeates through the media,

while the particles move toward the media surface. The critical permeate flux is influenced by the back transport associated

with Brownian diffusion, lateral migration, shear-induced diffusion, and interaction-enhanced migration. We performed a series

of experiments on the effect of interaction between the particles and the micro-pore wall by adopting the partial rejection with

conditions of polydisperse Kaolin particles of 0.1-2.6µm and average pore size of 0.4µm. Above pH 3.3, both the particles

and the pore wall are negatively charged, and the magnitude of zeta potential increases with increasing pH value. Many pre-

vious studies show that the critical permeate flux of the complete rejection notably increases with increasing zeta potential. An

opposite behavior has been obtained in this study of the partial rejection, where the particles can favorably permeate the micro-
pores. This is because that the stronger electrostatic repulsion hardly makes the particles permeate as pH increases, resulting in

a development of the cake layer close to the pore entrance. The rejection data allow us to confirm this phenomenon, meaning

that the long-range interaction between the particles and the pore wall essentially affects the critical permeate flux for the par-

tial rejection. 

Key words: Micro-Pore, Critical Permeate Flux, Zeta Potential, Colloidal Suspension, Long-Range Interaction, Particle Rejec-

tion
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1. � �

������ �� �	
 ��� 
� ��� ��� ���� ��

��� ���� ���, � !� "# $�� 
% &'
 ()*+

, �, -.� /0123 4567(hydrodynamic interaction) 8 9

:;23 4567� 
% 1<=(back transport) *+� >?%�. (

)*+� @  &'
 1<= *+� �A, &'� ()B! CD E�

FG�� H* IJBK /!L�. �M� ��� �� NAO� &'

� P�! C� 4Q� R� � S� T. FG�U VH E�FG�

(critical permeate flux)� J
%�.

VH E�FG�, WX � ���� ��� 
� <Y3Z ���

��Z [\]Z ^_ `a'b
 `a c�b� �d ef g � S�

[1-3]. hij, VH E�FG�U � B� O% ���J�� &'


()kl� W �� /0123 4567� .%  m� no `a�

p�[4-6]. %q, Bacchin r[7]s &'
 ()*+U ����
 /0

123 tu� vw 9:;23 x�� ̀ cyz {|� }~B��. �

��, 9:;23 x�s ��� &'b�
 4567��!� 
% �

�� ��(potential barrier)� .�%�. hbs ���� ��(clay) �

���� .% ��c�U {|c�, @�B��j, B<L &'b


}�<O(zeta potential)� ����� VH E�FG�� ��B��.

���� &'b
 }�<O ��� �� VH E�FG�
 ��� &

'b�
 nk:(long-range) J< -�#(electrostatic repulsive force)

�� &' ()*+� ��B� ���� ����j, Yoon � Lee[8]


 ��c���+ /�% kl� }y�  S�. ��(pore) ���

0.2µm�D, &'��� 0.1-10µm ¡OZ hb
 c���, &'��

� ����� VH E�FG�
 �� J+� ¢o £� g � S�

. %q, ¤¥� &'
 ��, }�<O� �� VH E�FG�
 �;

kl� ¦§¨ Harmant, Aimar[9]
 c���+ }�<O ��� �

¤ VH E�FG�+ ��B��. 

h©ª �b `a��� ����� &'��«� 6s ¬<­}

(complete rejection) tu�kª, ���A� B<�  S! Cf� &

', ���
 4567s ®D &', &'�
 4567¯ S� �

���. &'��� IJB! Cs �^�(polydisperse)Z ��� I°

&'b� ����«� 6� � S� °^­}(partial rejection) tu�

�. h©A, ��� ±  ²³� ����� ^��  S� &', �

��A��� nk: 4567� SK L�. �i ��, VH E�FG

� kls ¬<­} ��,� �� ´��µ x¶� «I ·�� ¸¹

�!¯, �� .% `a� fº ¨»3�� �¼�! Cs ·�� ½

�L�. 

�¤� ¨ `a���, B<L ���� ���A� ����� ^�

�  S� B< ���� &'b�
 4567� VH E�FG�� �

¾� ¿À� �d ��3�� DÁ  «D' %�. ����� �^�

&'
 �� ¡OÂ� S  °^­}U ¯ÃB� tu� �JBD, �

���
 pH Ä� 
>�� }�<O �;� �� VH E�FG�


�;U W¹B��.

2. ���� 	
� �
� ��� �� �����

Fig. 1� M� ��� ��� 
% ���� &'
 �$²Å(crossflow)

����, � Æ "#$� 
  /0� ��� E�BD /0Ç� °

/�  S� &'� �� NA�� �lBK L�. � �J�� &'�

67�� È(É, FB, FF)b� ÊË3�� ^m «A, /0, &'


Ì+$�� 
% Ç# 8 °#, �$²Å� �� ÍÎÀ Ï#(axial drag),

E�� 
% ��ÎÀ��
 E�Ï#(permeation drag), &'
 \¤µ

µl� 
% ��, &'
 W�°4(inertial lift)� 
% lateral migration,

^�L &'b�
 ÐÑ� 
% shear-induced diffusion, h:D &',

&' Ò� &', ��NA��
 nk: 4567� 
% interaction-

enhanced migration� >?%�. �Ç��, &'U °4yÓ ��NA�

� Ô !K B� 1<=� WHB� \¤µ ��, lateral migration,

shear-induced diffusion, h:D interaction-enhanced migration� VH E

�FG�U cJBK L�[2]. 

/0� ��� ��� E�BA� I ª� E�Ï#� 
% &' (

)*+� Õ�«� &'Ö+� ×s Ö+^ØÙ(concentration polarization

layer)� 
% &'
 1�� *+, ÚY� �Û�. ��
 ÚY FG

� WHÜ� \¤µ ��� 
% Stokes-Einstein ��H�� +&L�.

ÙÝ<�²Å��
 &'� @dY W� Þ�� ß<BK �D h c

� lateral migration� I à�[10]. h �l*+� /0 Ì+, �+,

h:D <�*+
 v�� cJL�[4, 5]. /l���
 ����s \

¤µ ���á� &'b 45� ÐÑ� 
% ¿À� Dâ _ B�j,

&'Ö+� ×��� � ¿Às ãÆ�. �¤� ��NA °ä
 &'

Ö+� ×s Ö+^ØÙ�� 4.3�� &'Ö+� ås Õ� ÎÀ�

� &'U �lyæ� shear-induced diffusion� I à�[6]. Interaction-

enhanced migrations B<L ���� &'b ��� �¨3�� >?

B� J< -�#� ^� /Z#(attractive dispersion force)�� .��

� nk: 4567� �Z%�. J< -�#s &' }�<O, ��

��
 < � �çÖ+� �� Debye length�, ^� /Z#s &'�

�, Hamaker 4�� cJL�[11]. 

�> `aU ±  }y�  S� WHÜ��°� èè
 FG� ��

U @�  g � S�. Õ�, ��NA��
 &'Ö+U èè 1 Vol%

, 60 Vol%, �é<�*+(nominal shear rate)U 400 sec−1, &' }�

<OU 50 mV� BD, &'��� 0.1-10µm ¡O� .% H�c�,

\¤µ ��s 0.1-5.4×10−3 L/m2êmin, lateral migrations 4.1×10−8

-3.3×10−3 L/m2êmin, shear-induced diffusions 1.3×10−3-0.7 L/m2êmin,

h:D interaction-enhanced migrations 2-11 L/m2êmin
 ¡O� .

ë ª�à�. &'��� �����, \¤µ ��s �$ ��B!¯

lateral migration, shear-induced diffusion, h:D interaction-enhanced

migrations ��B� kl� «Z�. ��°�, 0.1-10µm ¡OZ ��

�� &'��� interaction-enhanced migration� 1<=� Çì% @

Ç� $!v� í � S�. î�� �� Â°
 ���� ���� �

���s Reynolds number� �� ås ²Å��� /0123Z Èb


 ¿Às �K ��%�. -A�, &', ���A��
 nk: 45

67� VH E�FG�
 cJ� Çì% ¿À� �ï�. %q, &'�

�� 0.1µm �B� �A \¤µ ���, 10µm �4� �A lateral

migration� shear-induced diffusion� �$ !­3�� L�.

Fig. 1. Schematic of forces acting on a charged spherical colloid sus
pended in a laminar shear flow in the proximity of porous surface.
���� �41� �1� 2003� 2�
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3. � �

3-1. ��� ���� � 	
 ��
 ��

{| &'� ��� 0.1-4µm ¡O
 �^�Z ð�� ����Z ñ

òó(Kaolin, H2Al2Si2O8êH2O)� Sigma Chemical Co.�� a&B�

�. ñòó ^�ô� IJy�l~ �º õ±W�� ()yÓ IJ ×

� �4� öB� Î÷�� ����� 	@B��. &'��^m�

(particle size analyzer, Model LS230, Beckman Coulter Inc.)� 
% ¹

J��, Úø��� 1.2µm�D ^ù� 0.1-2.6µm� ª�ú�. < �

Ö+� KCl 1.0 mM� /!B�D, ñòó &'
 ûü� Î!B� O

B� NaH2PO4êH2O 2.0 mM� E�B��. ý2¢��(SV 11, Carl

Zeiss, Göttingen)�� ñòó &'
 ^�4QU W¹B� Fig. 2, M

� &'
 ûü� ®þ� �ZB��. �Ý�� 1ÿE J��(Elgastat

Prima RO, UK)� 3$ �:L ��ç�U �7B��.

{| Ç��� I¨ Mitsubishi Chemical Co. }��� ï��� °

�% �:��� ?���, Â�� á�� èè 330µm, 530µm, Ú

ø�� º�� 0.4µm��. {�s Â�� 0.31 cm, �� 13 cmZ E�

% Tygon W� 	

 T-type ̀ cW�� }6B��. Ç��� ��B

� <� IJ% "#�� 30̂ � �Ý�U E�yÓ ��B� <�:

� ï��� ×�� ¨ ��� �7B��. %q, ñòó ����� .

% {| Ç��
 &' ­}
(particle rejection)� �ZB� O  èè


pH�� E�ô
 &'Ö+U 'ád �� ̂ ý�(UV Spectrophotometer,

8452A, Hewlett-Packard Co.)� ¹JB��. 

3-2. ���� ��

pH meter(MP 225, Mettler Toledo)� ����
 pHU 3.5, 7.0, 10.5

� èè t�BD �� .% }�<OU ¹JB� ñòó NA
 B<

�� �ZB��. ����
 <�<++� YSI conductance meter

(Model 32)�, &' ��^ù, }�<O
 ��s Zeta Sizer(Model

3000 HS, Malvern Instruments Ltd.)� ly� ¹JB��. � ��
 õ

:�, ���� 7ô� <��� � � ª�ª� <�¿l(electro-

phoresis)� 
% &' �l+(mobility)U �!B� }�<OU ��B

� ÎÜ��. É, ý��(light scattering)
 ]�oU ±B� �!L &

' �l+� +F©(Doppler) õ:� 
  a !D, &' �l+, �

 	 <���
 WH�� Smoluchowski
 J
U ±  &' �l*

+U aB� &'
 }�<OU cJ%�.

B<L õ±W ��Â°� < � 7ô� ²³A �A°ä� Y�L

<��ÇÙ
 á�� S� ��Ù(diffuse layer)�� �ç<Bb� �l

BK �D, �� �¤ electrical convection currentZ streaming current

� /0 ²ÅÎÀ�� ��%�. %q, H* Í3�� �ç<Bb� �

� 4B� ��� <B^ù� q?B�� ²Å<OZ HAl<O

(electrokinetic potential)� ��B� <��� Y�%�. � <��s /

0²Å� -.ÎÀ�� electrical conduction currentU ��yæ�j, �

� Õ�, �A�� J
�� conduction current
 Ë��. J44Q�

�� net current� zeroU ¯Ã%�. 

²Å<O$Z ∆VsU ��� ��� +&BA, ��Â°U ²³� �

ç<B�� ��B� <O$ @�U ±  ��Ù(Stern layer)�� J


�� }�<O ζ,
 WHU ª�Â� Helmholtz-Smoluchowski(H-S)

Ü� �þ� M� /+L�[12, 13].

� (1)

���, ∆Vs/∆P� "#�;� �� ²Å<O �;
 @, /<4�(dielectric

constant) εs Æ���
 /<
(vacuum permittivity: 8.854×10−12 Coul/

Vêm)� 4./<
(relative permittivity)
 ��D, λo� 7ô <�<+

+(solution conductivity), λs� ���A��
 <�<++(surface conduc-

tivity)Zj �� 7ô <++� @  ðy� � S� 	(λs/λo� .ë 10−7

J+)��. Ü (1)s "#�;� �� ²Å<O$ �;U ��3�� ¹

JBA ���A
 }�<OU ��� � Sþ� 
�%�.

3-3. �� ����� �� ���

VH E�FG� ¹J� O  Fig. 3
 y��� a�B��. `l�

�(Masterflex pump, Model 7524-50, Cole-Parmer)� /&° "#� /


BA� ñòó &'� 1,000 ppm
 Ö+� ^�L ����� IJ

/��� Ç�� Â°� ��B��. �" ��(suction pump)�� J

Ì/���(M925 solvent delivery pump, YOUNG-LIN Co., Seoul)U

�7B� ���� ��� ±  Ç�� Â°�� á°� E��� �

���
 E�FG�U IJBK /!BA� 60̂  l~ ��y �. �

�l~ H* � E�FG�U {!�"BA� JÌ /�t�#\

∆Vs

∆P
---------- εζ

η λo λs R⁄+( )
------------------------------=

εζ
ηλo

---------

Fig. 2. Optical microscopy image of 1,000 ppm Kaolin suspension at
pH 7.0 with magnification to 4,000×.

Fig. 3. Experimental setup for measurements of both critical permeate
flux and streaming potential.
1. Reservoir 16. PC
2. Feed pump 17. Digital balance
3. Suction pump 18. Digital multimeter
4. Hollow-fiber module 19. Inner electrode line
5. Valve and pressure transmitter 10. Outer electrode line
HWAHAK KONGHAK Vol. 41, No. 1, February, 2003



48 ����� �
(microcapillary valve, Gilmont Instrument Co.)� é3B� E�FG�

U IJBK /!$�. ��y�� �� `*3Z {!�"s <'o%

(Mettler Toledo, Model PG 502, UK)� {f!� E�ô ��� �&

'� PC� Â�L j���: ��h((BalanceLink Version 2.20,

Mettler Toledo AG)� ±  )� �ZB��. �� 4B�
 E�"#

$(É, transpore pressure difference, ∆P)� *!+ Ny�� �,L

−1-2 kgf /cm2 ¡O
 "# �-�(pressure transmitter, Sensys Model

PCSH0002KCAA)� /Þ.' 10−3/! ¹JB��. VH E�FG�

Ä� aB� O � E�FG�U ��yÓ �A� 60̂ 
 ��y��

.% /& °^� �" °^�
 "#$�Z ∆PU `*3�� ��B

��.

%q, ���� ���A
 }�<OU �ZB� O � �> `aU

±  �¼% ) S0 ²Å<O(streaming potential) ¹J�¾U �¨�

� B� Ç�� {�� a�B��[12]. º� 100µm
 Ag/AgCl <Ø

� Ç�� 	

 Â° 8 á°� èè �¾B��. 	

 è <Ø�

±  ¹JL ²Å<O� T� /Þ ¹J¡O� 1×10−5 mVZ 1JÌ *

!+ Ô&��(digital multimeter, HP34970A, Hewlett-Packard Co., CA)

U ±  PC� ���p�. 2 Æ 7ô tu� .  E�"#$ 0.7 atm

�B�� V

 �© "#$� .% ²Å<O$U ¹J% 3 ��°

� }�<OU ��B��. ��, èè
 "#� �� ²Å<OÄs T

� 1004 �4� ¹J�pD �� .% ÚøÄ� ²Å<O� cJB�

�. èè
 ¹J�� ��Â
 J44Q ²Å� ¯Ã�+� 5-6̂ 
 ~

J; y�� 5p�.

4. �� � ��

4-1. �����(electrokinetics) � ! "# ���� $�

 }�<O� J<�3 ��� .�B� Çì% x�¾�� }�<O

U íA WHÜ� 
  NA<BÄ� ��� � S�. ²Å<O� E�

"#$� ����� dY3�� ��B� �À� «��j, �� ��

4B
 "#$� ��BA ��Â
 ��Ù� >?B� 4.�çb�

/0
 ²Å ÎÀ�� î6 7� �lB� ����. É, �� B���


 4.�çb
 Í3� 
% �� 4��
 q?3Z <B^ù� ²

Å<OU /�yæD, �ç FG�� J44Q�� ÚY� /!%�. E

�"#$ �;� �� ²Å<O �;� dYß8(linear regression)÷�

� è pH��
 �%�(É, ∆Vs/∆P)U aBD H-S Ü�� }�<OU

H�B��. Ç�� Úø ����� @  ¨ ��tu� �� Debye

length� 49: 6��� H-S Ü
 37�� <��ÇÙ
 Ç;� �

� <$¿Às ®�D � � S�. 

Fig. 4� KCl 1.0 mM Ö+
 < � 7ô�� pH �;� �� Ç�

� ��� ñòó &'NA
 }�<OU +yB��. pH �;� ��

�A��
  :+U �;yæD, Ò% �� �ÇÙ(diffusive double

layer)Â
 4.�ç
 ^ùU �;yz�. É, pH� ����� ��L

67�
  :+� -¿�  }�<O� �K ª=D, -A� pH� �

���� ²Å<O, }�<O� ��B� .ë pH 3.3 °ä�� zero,

É r<�(isoelectric point)� ª�>�. �:���� M� �¨3��

@�ç�(non-ionic)�!¯, pH� r<�«� å�A 	<BU, -A�

×�A þ<B� B<�� ·s ï�; ¿À� < � 7ô Ç� ùv

L �çb
 �, ¿À� !­3Z ·�� �?L�. 1.0 mM KCl �7

ô�� ¹JL �:��� Ç�� ��
 }�<O� pH 3-10�� @

1- −7 mV ¡O� S � @�3 @BK B<�  Sþ� í � S�.

%q, ñòó &'� ��
 pH ¿1�� {5 þ<B� B<�  S

D, ���A� @�B� «� )BK B<�  S�.

4-2. �� ����� $�

Fig. 5� pH 3.5�� E�FG� �;� �� �� 4B�
 E�"

#$ ∆P
 �;U ��y� 60̂  ��� .  Rs c���. Ç��

á°
 {� ��Z shell-side�� ����
 Úø/*(É, Fig. 1� «

Z crossflow velocity U)s 9 cm/sec��, �U -4²Å(annular flow)

�� ä�B� �èBA Reynolds number� 126�D �é<�*+�

353 sec−1��. E�FG� 0.833 L/m2êmin �B�� ∆P
 �;� «

�! C!¯, E�FG� 1.40 L/m2êminZ tu�� ��y�� ��

BA ∆P� ��B� kl� g � S�. ∆P
 ��� ��� Æ¼A�

�¤ ñòó &'b� �� NA� P�� y6%�� 
���. V



 Ä�� ��% èè
 E�FG��� 1� ��y�(É, t=0 min)�

TÊ ��y�(É, t=60 min)� .  ¹JL ∆PU plotBA, E�FG�


 `*3Z ��� �� ∆P
 �� kl� Þ�3�� �Z� � S

�. f%© �M� plotBA 1�, TÊy� ��� ��<$� T.�

��BK L�. V

 E�FG�� .% ∆PU T� E�FG�� .

Fig. 4. The plots of zeta potential versus solution pH for Kaolin parti-
cle and micro-pore surface at 1.0 mM KCl concentration.

Fig. 5. The variation of transpore pressure difference (∆∆∆∆P) with filtra-
tion time at different permeate fluxes.
���� �41� �1� 2003� 2�



��	 
��
 ����� �� ����� 49
% ∆P� ð$õyæA, {� �0� �� 44
 q$� �B% ­}

�A� ∆P
 4.3Z enhancement (%)U g � S�.

Fig. 6� 7s, �Ms ÎÜ�� èè pH, Úø/*Z crossflow

velocity
 �;� . � E�FG�� �� ∆P enhancement (%)U ª

�C ·��. ñòó &'b� �� NA� P�� y6BA ∆P� �

�B� y6B��, 1� ��y�� .% TÊ ��y���
 ∆P �

�� .% J«Z ∆P enhancement� 100 %�� ��%�. ¨ `a�

�� ����
 {D <$U DâB�, 1� ��y�� .% dashed

curve, TÊ ��y�� .% dotted curve ��
 $�� 15 %Z !

��  9B� E�FG�U VH E�FG�� cJB��. Fig. 8�

�, pH� ����� VH E�FG�� ��B�j, Ms pH� . 

�� Úø/*� E�� VH E�FG�� �K ª�ú�. Úø/*�

E�� lateral migration�ª shear-induced diffusion� ��B� 1<=

� ã!�� VH E�FG�� ��B�j, �� �> �Fc�, I

¾%�[7, 8]. Fig. 4, M� pH� ��BA ñòó &', ���A


}�<O ��� {5 ��B� J< -�#� ��%�. �� �¤ J

< -�#� ��B� ås pH ¿1I�� VH E�FG�� .% Ú

ø/*
 ¿À� ã!� c�U Rp�. 

Fig. 8� «A, pH 3.5-10.5�� VH E�FG�� @ 0.15-1.6 L/m2ê

min ¡OZj, �� lI% �	
 &'��� .  G
 2��� }y

% è FG�b
 ¡O� @  <-3�� ås Ä�¤ � � S�. �

$�� ¨ ��� °^­} tu�� ���� «�Æ�. Ò%, pH�

����� VH E�FG�� ��B� kl+ °^­} tu� 
%

·�� ½�L�. �U O �, E�ô
 Ö+ ¹J�� R Æ &' ­

}
 kl� DÁ� Hì� S�. Ç��� /&�� ��ô� /��

� E�ô��
 &'Ö+U èè Cfeed, Cpermeate� BA, &' ­}


s �þ� M� J
L�. 

Fig. 6. The variation of pressure difference enhancement with perme-
ate flux at different pH values, where crossflow velocity was 9.0 cm/
sec. Dashed and doted curves correspond to the ∆∆∆∆P measured at
the start and at the end of each filtration, respectively.

Fig. 7. The variation of pressure difference enhancement with perme-
ate flux at different crossflow velocities, where solution pH was
3.5. Dashed and doted curves correspond to the ∆∆∆∆P measured at
the start and at the end of each filtration, respectively.

Fig. 8. Dependence of the critical fluxes of Kaolin suspension on both
solution pH and crossflow velocity.

Fig. 9. Particle rejection versus solution pH. Illustrations of Kaolin sus-
pension with variations of pH values are provided.
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� Ä� 1� �/%�� &'� ��«� ã� &'� ��� E�B

! IB� ¬<­} tu� 
�%�. Fig. 9, M� pH� �����

&' ­}
� ��B� ���°�, pH� ����� ñòó &'�

��� ±�B! Iv� í � S�. É, ås pH��� �� ��«�

6s &'b� @�3 6s J< -�#� J!¯, pH� ��BK �

A ��� &' ���� J< -�#� ��B� 6s &'b� ��

� E�B! IBD �� &a� K��Ù� Y�v� ¸4� � S�.

�� &a� &'b
 K��Ù� Y��A VH E�FG�� '`:

åfÆ�. 

5. � �

^�L ���� &'b� Ç��
 ���� �� ��«� 6s °

^­} tu��� ��� E�B� &', ���A ���� nk:

4567� SK L�. �� ��� �^� ñòó &'
 �� ¡OÂ

� S  °^­}U 
� tu� �JBD, B<L ���A� B< &

'b ��
 4567� VH E�FG�� �¾� ¿À� ��3��

DÁB��. 

pH 3.3 �4��� ��� ñòó &'� {5 þ<BU LpD, pH

� ��v� �¤ }�<O ��� ��B��. ��«� M &'b�

���� ��� E�� � ®� ¬<­}���, &', &'�
 J

< -�#� !­3�� K��Ù Y��  â��� }�<O� ��

��� VH E�FG�� ��%�. -A�, &'b� ���� ��

� E�� � S� °^­}��� &', ���A�� 4567� >

?%�. É, ås pH��� ��«� 6s &'b� @�3 �NBK

���� Æ&B!¯, ×s pH��� &', ���
 J< -�#�

) O� &'b� ���� ���� Æ&B��  âP!D .Q�

�� &a�� K��Ù� Y�A� ¸4� � S�. �¤� M }�<

OÄ� 
� ×s pH�� VH E�FG�Ä� åK ª�úD, � k

l� &' ­}

 ¹J� ±  �Z� � Sp�. 

�  �

¨ `a�� VH E�FG�, ²Å<O ¹J��� �%yR. ;

2�2�
 �4S, �JT U� èè V�B�þ� W:D, �� ��

U NË!�. 

� !"

C : concentration [Mol]

F : force [N/m2]

P : transpore pressure [atm]

R : pore radius [m]

Rj : rejection [-]

U : crossflow velocity of suspension [m/sec]

Vs : streaming potential [V] 

% &� '(

ε : dielectric constant [Coul/Vêm]

ζ : zeta potential [V]

η : viscosity of the solution [kg/mêsec]

λo : bulk solution conductivity [S/m]

λs : surface conductivity [S]

#$%&

1. Aimar, P., Baklouti, S. and Sanchez V., “Membrane-Solute Inter

tions: Influence on Pure Solvent Transfer During Ultrafiltration,” J.

Membrane Sci., 29(2), 207-224(1986).

2. Belfort, G., Davis, R. H. and Zydney, A. L., “The Behavior of Su

pensions and Macromolecular Solutions in Crossflow Microfiltr

tion,” J. Membrane Sci., 96(1), 1-58(1994).

3. Chen, V., Fane, A. G., Madaeni, S. and Wenten, I. G., “Particle D

osition During Membrane Filtration of Colloids: Transition betwee

Concentration Polarization and Cake Formation,” J. Membrane Sci.,

125(1), 109-122(1997).

4. Altena, F. W., Weigand, R. J. and Belfort, G., “Lateral Migration 

Spherical Particles in Laminar Porous Tube Flows: Application 

Membrane Filtration,” Physicochem. Hydrodynamics, 6(5), 393-413(1985).

5. Otis, J. R., Altena, F. W., Mahar, J. J. and Belfort, G., “Measurem

of Single Spherical Particle Trajectories with Lateral Migration in

Slit with One Porous Wall Under Laminar Flow Conditions,” Exper-

iments Fluids, 4(1), 1-10(1986).

6. Leighton, D. T. and Acrivos, A., “The Shear-induced Migration 

Particles in Concentrated Suspensions,”J. Fluid Mech., 181, 415-439(1987).

7. Bacchin, P., Aimar, P. and Sanchez, V., “Model for Colloidal Fou

ing of Membranes,”AIChE J., 41(2), 368-376(1995).

8. Yoon, S.-H. and Lee, C.-H., “The Critical Flux in Microfiltration

Comparison between Theoretical and Experimental Values,” Mem-

brane J., 7(3), 150-156(1997).

9. Harmant, P. and Aimar, P., “Coagulation of Colloids in a Bounda

Layer During Cross-Flow Filtration,”Colloids Surf. A, 138(2), 217-230

(1998).

10. Ho, B. P. and Leal, L. G., “Inertial Migration of Rigid Spheres in Tw

Dimensional Unidirectional Flow,” J. Fluid Mech., 65, 365-400(1974).

11. Hunter, R. J., Foundations of Colloid Science: Vols. 1 and 2, Claren-

don Press, Oxford(1989).

12. Lee, S.-Y., Chun, M.-S. and Kim, J.-J., “The Behavior of Membra

Potential Changes During Filtration of Latex Colloids,” HWAHAK

KONGHAK, 38(2), 173-178(2000).

13. Furusawa, K, Sasaki, H. and Nashima, T., in Ohshima, H. and F

sawa, K.(Ed.), Electrical Phenomena at Interfaces: Fundamen

Measurements, and Applications, 2nd Ed., Marcel Dekker, New Yo

225-244(1998).

Rj 1
Cpermeate

Cfeed

--------------------–≡
���� �41� �1� 2003� 2�


	하전된 마이크로 기공에서의 흐름에 따른 다분산 콜로이드 서스펜션의 임계 투과플럭스 거동에
	전명석†·김 효*
	한국과학기술연구원 복잡유체 및 멤브레인연구팀 136-791 서울시 성북구 하월곡동 39-

	On the Behavior of Critical Permeate Flux of Polydisperse Colloidal Suspension According to Flows...
	Myung-Suk Chun† and Hyo Kim*
	Complex Fluids and Membrane Team, Korea Institute of Science and Technology, 39-1 Hawolgok-dong, ...

	요  약
	1. 서  론
	2. 콜로이드 입자의 역전달 원리와 임계 투과플럭스
	3. 실  험
	4. 결과 및 논의
	5. 결  론
	감  사
	사용기호
	참고문헌



