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Abstract — A study on permeate flux variation in the filtration of BSA-adsorbed microspheres was performed, to investigate the
effects of the stirrer speed (300, 400 and 600 rpm) and the concentration of BSA solutions (0.1, 0.2 and 0.4 g/L). Théugermeate f
was increased with time until the break point, but decreased after that point. This is in contrast to the observatiaofreen-the
tional filtration. It could be explained that the micospheres which were adsorbed by BSA agglutinated each other, aindthesulted
increase of effective particle diameter of BSA-adsorbed microsphere. It is well known that the large-sized substances make flux
increase. When BSA's were saturated on the surface of microspheres, they permeated through membrane and some of them absorbed
inside the pore of membrane, resulting in the flux decline as observed in the general filtration. The period of flux assrase w
ened with an increase in the concentration of BSA solution and permeate flux was increased with a increase in the.stirrer speed
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2-1. Microsphere2| Mz=2} H|

Microsphere= styrene(S§ FE=#2, methacrylic acid(MAAE
FHFA Zst BN F-HEA f3 FEEs st Azsinh
MAIAZE= KPS(potassium persulfa@) AMS-3t90H FH== 70
ocolA] &)}, Table P AlxW-S Vehii).

AZHE microsphers o] DEGR 9} 2ol WEFEAVF 101
F@u|2 &3d Dowex MR-3(Sigma Chemical Co., 1-9085)0]4-
3lo] counter o AAS F serum replacement methodfB]o]&
3t homopolyme#} th2 Ew&-S AASHT. 17 AHE latexs
400 mL stirred cell(Amicon, model 8400, USH) T3 & =7
T2 AjEde] ARl gol SR AL} ol wirkA] A
2383t

2-2. Al@ury

g gzl =24 bovine serum albumin(BSA, Sigma Chemical Co.,
A-7906) o 8o =R 8IAAA ARREIsleH, stirred
celke- 50 mL & (Amicon, model 8050, USA &3ttt 954
42 pH4.3] acetic buffeB AME-aton] AR LA o] AYE
0.01°] A 35t

2-2-1. Batch&2 49

&3 22437 BSA-adsorbed microsphéfe & 944 Z71E 2

Table 1. Recipe of the PS/PMAA microsphere
Styrene(g) MAA(g) KPS(g)
60 0.6 0.24

DDI(g)
600

A3t7] 98] batch&2F 432 25°ColA] PFslAT). pH 48] acetic
buffer] BSAS FL¥E=z £a)A17] & U] E¥A 019nfimLE 2
A latex(dispersion of microspher&s)dil 3A7F FF G20
AL A=

- 53 524 AEE 94 28d F microspherg 3] A AS}
7] $J8} cellulose nitrate filter(Whatman, pore size @@ ©]-8-35l
AFAZITE Fe T =2 UV spectrophotometer(UV-160A,
Shimadzu, Japa®) &33F & o] F2d wmzo] oks B4, A
At F& F245 4=t

-f8 YA =7 24 AEE acetic bufferl] FA4A71 £ zeta
potential analyzer(Dynamic Lazer-Light Scattering Method, ZetaPlus,
Brookhaven Instruments Co., USR)¢]&sle] 8 YA 2715
A BT

2-2-2. 2 HAF 74

Acetic buffee} latexe 0.2um 443} =¥H(Orange Scientific Co.,
Belgium)s 72t stirred cell Hol A F3= 30mL, ¥ £
AL 0.19n?fmL= 9Et}. Stired ceffl 2 22 pore sizaf
0.2um= 500 nn®l microsphers: F33HA] 53512, 2717 14 nn®l
BSA= &3} 7Fsslt}. Stirred celg ¥ 9o =322, oF 1 msl9)
FoldlA 722 Y55 Eeo] B fluxt AR olE
M AEETY. Qg B3 fluxe J= FA3H.

Fds] T fluxt AR E Fol Axd dd 888 step
inputdtcl, Aj7kel wEbr £33 fluxe] WalE AR 98] stired
celts: 53l vow go& 3iuirt FAFEHA RS 232 & AAH
o] §)= A (precision plus, Ohaus Co., USA)F-AS 243}
T3 fluxs Aggt). 9, g3t F4g 47] fJsir= stired celg
E3le 1= 898 autosampled o} UV spectrophotometer(UV-
160A, Shimadzu, Japag) Z#4 =2 =43t} 99} 7o 43L&
stirrer speed(300, 400, 600 rh)BSAY F=(0.1, 0.2, 0.4 g/ZE A
SIAA et} A8 A= Fig. 1o VERAAT

3-1. PS/PMAA microspher@ SMEM

B2 oo A8E PS/PMAAS SEM ARI-S Fig. 24 Ve
PS/PMAA microspheke uniformity ratioUyl 1.0042 monodisperse
3hH, 728 ] (carboxyly]S ZH=t}. N (number density of surface
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Fig. 1. Experimental apparatus.
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Fig. 2. SEM photograph of PS/PMAA microspheres. Time (s)

Fig. 4. Permeate flux with time before protein solution input.

carboxyl groupsf 0.45 nm%ou], 487 F7 (D) 500 nne|c}.

Nt 1 B} 2 Aol T microsphered-2h2 Al 7EA] 71 2 de)e) ol=&it}. Zkz}; stirrer speed 300, 400, 600 rghy
ATALY (rd AEALY, AAVA AwAeE, a4 AedE) F Poilon o] YL wHs gr] Ao £} fluxE FAAEIE
off &5 AuAgHEe] 71 AetA 2H8-gri1-3]. TEolF7] f)ge|t). Stirrer speed ARGTE FdE T fluxe
Z7¥5191.05, 300 rpn#lA = 3.76x10°8m/s, 400 rpmilAlE 4.45<
3-2. ot =M 10°m/s, 600 rpmiAE 8.05<10°m/s2] A dde]l T3} fluxghe
Latexdt g2 o] F=} fluxt B47dele] o]2d BSA §4-& A
etk £93° BSA €942 bulk’d2] microspherd] SAE T zZ719= bulkgell )= microsphered A7 2 54 9= &
Microsphere} BSAC] Ja} 23 FAwH, BSA= H o]} F&st of TR F¢ FAVE SUts] Wil ARko]l AuvEA R
A St whe St wWA e Al "vh Fig. P4 EEo] wh fluxe= SeAA k. 9 40%°] RuvhE AdEd] =g E]“%
A gde] F=UF 01919 Aee T3 |09 FH7F 100 mLelA stirrer speett 57/1ErE AN £ flue S7HE ol 7
g3t o] FoiR|H, 0.2¢g/lz= 50mL, 0.4 g/k= 25 mwoiA 242 s AF ZHko g <l shear stregs S71ste] & 39 S l:rﬂﬂ

o} o soiz), WA wol Fle] WSl TalFAel Wy b N7 HEel,
R4 @ AT o] AFRA 019nFmLYl ¥ ERAL

=
7F 30 mLe] latexe 0.01 @] ©ME-g 3% & vke Ze @ 3-4. BSA-adsorbed microspher2| R& X 37(2} £& S2M
Ut 7 A8 25 400 rpnell A A3 Aol Batch &% 2¥43 24 BSA-adsorbed microsphelle-f-a YA
719k F& FAE FRd da A%E & v A34AdE
3-3. Latex@t P2 MeEffo] stirred celle] rpmOi| EH%F flux D& Fig. 51 Yehiden Langmuir-Freundlichs-&4 3} B]2:8t ks
Fig. 4= stirred cell] latexyt ¥z, $15897-2 Soje YA HeQlt}h Non-linear regressid#hs: ©]-8-5ld Langmuir-Freundlichs
Akl 2 T3 fluxE BoFE glom, A7kl mebs ZRAshtt 249 ArEg 48 ¢ AU
KCY"
Co=Ch— 1
S ml+ KCg/n ( )
10 .
o714, C=ma" E2E BSAY <, mg/n?
Cp= %809 2%, mg/nt
3
E 1000 5
s
S % - T — ;e }’:;
(@] / B E
4 H y £
3 3
2 / 2 %
' 3
2 —e— 0.1 g/L BSA solution 3 £
—v— 0.2 g/L BSA solution s / "3
—=— 0.4 g/L BSA solution § /
00 l T T M T M T M T © an 1 2 o 1 2 ¢
0 20 40 60 30 100 120 140 160 180 200 220 240 260 280 300 Concentration of BSA solution (g/L) Concentration of BSA solution (g/L)
Eluted volume (mL) Fig. 5. Adsorption isotherm and effective particle size with the con-
Fig. 3. Breakthrough curve at different BSA concentration. centration of BSA solution.
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C,=bulk BSA %, g/L
K=LF &3 4%
n=L-F X4 A
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Fig. 6. Normalized permeate flux with time at the stirrer speed of 300
rpm.
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Fig. 9. Schematic diagram illustrating flux variation with time.
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sphereg- 8 YA Z7|7F 20 wEps] T34 flues 28 Sl
1A At F3l 28] microspheret S wo] fE YA =27
7} ARt A2 batch &2 282 g & lazer light scattering
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olitt B & YAt 48 AT ol#d dAe shte] dAAE A
T & eH, o9} vl&gt g2 Clarkd Flora®] fluc restructur-
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stst=8 w38 15 20004 2%
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A7
a : proportional constant [-]
CIG, : eluted fraction of protein [-]
C, :the adsorbed amount of BSA per unit surface area [fg/m
C, :the adsorbed amount of BSA in equilibrium [mé&m
C, :the bulk concentration of BSA [g/L]
D, :the average particle diameter [nm]
AD, :change of effective particle diameter [nm]
D, :maximun change of effective particle diameter [nm]
J : permeate flux [m/s]
J, :permeate flux before protein solution input in steady state [m/s]
JI}, :normalized permeate flux [-]
Ky :adsorption constant [-]
K :adsorption constant in Langmuir-Freundlich isotherm [-]
ny :exponential constant [-]
n : exponential constant in Langmuir-Freundlich isotherm [-]
N. :the number density of carboxyl groups [Rm
U :uniformity ratio [-]
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