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Abstract — The effect of the surface charge density(N,.: 0.45, 5.94, 9.14 and 10.25) and the stirrer speed (300, 400 and 600 rpm) on
the variation of permeate flux was investigated in a stirred cell filled with negatively charged microspheres under constant pres-
sure. It was found that the permeate flux depended on the surface charge density, the ionic strength and the stirrer speed. High
permeate flux was obtained in the condition of high surface charge density, low ionic strength and high stirrer speed due to the
force of electrostatic interaction between microspheres. The porosity of a cake layer was calculated from the steady-state flux
data. It was found that the reduction of porosity was due to a decrease in repulsive interaction between microspheres.
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2-1. XM=

A2 Sigma Chemical Co.2) bovine albumin(BSA, A-7906)8 &
o] & ZFol &A1 A ALt Table 19 2 545 Vel Sl 6)].

Styrene(S)# MAAE Junsei Chemical Co.(Japan)ZF-E ¢ 8t
Aldrichs inhibitor remover column(catalog number 306312)°.% A5}
A3t} 7HA1A2] Potassum persulfae(KPS)E () AFd<=H(Korea)©-
2HE FYsin) A2g microspherese Fol B 3FA| 9 Fol&
AFFA ) 101 FEHE E3E Dowex MR-3(Sigma Chemicd Co,, |-
9005)Z ©]-&3}>] counter ion<- Al 78} &= serum replacement method([6]
= ARE3le] homopolymerst TFE B-&8-2 A A gEgdoz
A% pH 4.5 acetic bufferi= sodium acetate®} acetic acid(Yakuri Pure
Chemicds Co, Ltd, Jgpan) & 4101 THEUTE 492 918 AF&g =
(Orange Sci. Co., Belgium)2 pore size 0.2 ume] PES 3 #7to) )T},
Ao A AFEE BE B2 Elgastaix UHQ system(UK)ollA Al=3h 2
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Microspheres?] < %72 patide Sze andyzer(Capillary Hydrodynamic
Fractionation, CHDF-1100, Matec Applied Sciences, USA)°l <J&l, 3%
HASEEE NaOHEH & o8¢ I ==24 7] (HI 8633 conductivity
meter, Portuga)E: o83t A== AP HAFAAAE o] &38| Aol 2]
TFEFAT.

Table 1. Recipe for the low carboxylated PSYSPMAA microspheres using
batch copolymerization method

) MAA(@  KPSg  D.D.. water(g)
CM-1 60 06 0.24 600
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Table 2. Recipefor the highly carboxylated PSYPMAA microspheres usng
two stage shot growth method

Two-stage shot growth method

Recipe Amount(g)
First stage S 60.0

MAA (methacrylic acid) 0.60

KPS 0.24

DDI water 600
Second stage Monomer(SIMAA)

CM-2 135/1.5

CM-3 12.0/3.0

CM-4 9.0/6.0

KPS 0.048

Table 3. Characterization results of the various microspheres

N(nm) Dy(nm)
CM-1 0.45 480
CM-2 594 480
CM-3 9.14 480
CM-4 10.25 480
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Fig. 1. Experimental apparatus.



2431E @ Microsphere] ©J8 32714 whiele] gdelsiol b elso] vAE g 2

141 | o CM-1
[ CM-2
[ M3
121 |4
(=
£
E 1.0 _
x
=2
Y
[0)
® 0.8 _
(]
£
[0]
o 0.6
9
o
@
3 0.4
©
Q
[42]
0.2
0.0

300 400 600
Stirrer speed(rpm)

Fig. 2. Steady-state permeate flux with different stirrer speeds and sur-
face charge density.
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Fig. 3. Schematic diagram illustrating effect of surface charge density
on permeate flux.
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Fig. 4. Permeate flux vs. time at various ionic strength.
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Fig. 6. Permeate flux vs. time with the concentration of BSA solution at the surface charge density: (a) CM-2, (b) CM-3, (c) CM-4.
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N¢ : the number density of carboxyl groups [nm™]
U] : surface potential [mV]
K : Debye length [m™]
z : distance [m]
J : permeate flux [ml min™]
AP : transmembrane pressure [Pa]
u : dynamic viscosity [Pa- g
R, : total resistance [m kg™
R, :membrane resistance [m kg™]
R.  : spedific resstance [m kg™
Ry : fouling resistance [m kg™]
€ : voidage [-]
y . effective particle radius [m]
p : density [kg m™]
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