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Abstract

In this present work, to clarify the
mechanism of protein fouling, microfiltration
experiments were performed with bovine
serum albumin (BSA) and track-etched poly-
carbonate membranes. On the basis of the
SEM analysis on the fouling layers and the
in-situ measurement of the thickness of
protein deposits, it was found that the
deposition rate of BSA aggregates governed
the growth of filtration resistance in the
initial period. On the other hand, in the late
period, the dominant mechanism was the
compression of the deposited layer. To
develop a suitable model for the resistance
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growth due to compression, the time
dependence of cake porosity and the
relationship between specific cake resistance
and cake porosity were determined. The
results suggest that the time dependence of
cake porosity can be described by the Voigt
model, and the relationship between specific
cake resistance and cake porosity can be
described by the Kozeny equation. By
incorporating the compression model into the
combined model of pore-blockage and cake
filtration, the resistance growth during
microfiltration can be well described.

Keywords. microfiltration, fouling, protein,
porosity, compression model.

B TR

B pEART 0 BRS¢
FIORF AR P SR L Ridig
BRI A B (fouling) [1] ©
B % f EIRF T E N g2 L
KRS L o LI B s M ph
FEEHE R R QAR SR 2
€ Mg ATE o T Y R4
el BRI g[2] -

Frepdl- LAY THERpIFL L
R U O 28 R S
fEd-0 Fengieii o s T E DL H
W03t MF k39 3v B end faidsetsdl
%ﬁg%i%iﬂm’ﬁ?ﬁiﬁkﬁé
4] @ EL g A ATk PR S| L PR D
7o 0 PP IT R v el B ¥e s
59 F L e kB HE o Zydney £
Kelly[5,6] 74t &1 v FFRE 7 5 2835
Tk d FARE BBl 5o ¥t ETR D



}3 i v ?@/]@ﬁpﬁgw 4 B oaRiN
Jrik k30 [ AR]7] o b3 o
u.% P AP ErIn i v %ﬁ’%}\ﬁ;%ﬁmigfi
A Bred Tl DG P 0 FREMS
Sk RS ALE R b E el
SRR PIEETE R S ST
ALl b4t 2o BRARIES R
ta it ﬁ,}%f@ 4 s £ iEAR S /@ﬁ T R

1130

R e
ERERT &

Bt F R BREERRY DK
pH@’ﬁ%%ﬁﬁ%@ﬁﬁﬂouﬁﬁi
5?%*@%'” AR EFERTSR o LT

=+ X T b"i;ﬁ”ﬁgﬁ ’ E] ﬁv G%_/}f&”gé—ﬂﬁgi
B RS B R o dimen Bk
R B S G

SEM R %%

’%‘L@ﬁl? x5 q\lb m/ﬁg%—/:" 2
GIutaraIdehyde(Zwt%)v‘ 30 ~48 > TR
B o 10 E TG TR ,—Im}n fFr ﬁ be iz
e B (S g MBS 2_ {8 0 B E R T
5060~ 70~ 80~ 90 ~ 100wt%ere fig ¥ %
10 ~ 48 > B 7%-K ;B B3 04
CTT o BFTVIRRES EF s | TR
WO E s %_gﬁ—r;f@?_ %] ¢ﬁ§3’4’>ﬁ
o g 5N T 5 BB (SEM) A 5 0
Fov FRreeh g 2 s anla) o
Bk ERER 2
ok F B RE R LT AR E
BoH RIS d Bk - &H(LED)® 1iT =
ek s g bl 2 bk g i d fR Rl R
o Lod ¥ - xR T BT E SR o
Bl B Ak 0 T LA 72,2 2
kFins Ao BEd TAE T BEER
PR RE T B 4

R R BEd o B SR

1“\@ l"

i
E
23

=

LB R R
sd %

-

Rl

SRR R reeh
F’*fbmiﬁaﬁx
i

SR R s P%EIlh
Eiﬁ SEM A,\ﬂltfr Eﬂb H o3

""‘iﬁ“/ﬂé’e‘ﬁ?’"&mjé
’); We 1~2um F-v ’Fr/lj%‘,\g;%ﬁig—%‘\t[_p ,
PREBERL ) CEREIVIVERE S ot
GorEE R AL BB R 1 34
e gt oo Fen B H 88 ¢ R R
R A< T g FRE
R g 2 g B eha 5] o

B4

RS R T LA
Frn L Bp- BT BREd EEE
§iﬁ@qﬁﬁﬁ4t’m4myﬂprﬁw4 * £
DI o R MPFEE NG hiE B R
fRF Fn PR 0 R T R A
O hded TRk AL 7 T BRI
m’%uw%mw4$£{ o hen i
BA L FIRETE S o fio & BIEG D
SEM ~ 47 » v - HFEF P ERE
BirRidim 6 ) FF o R AEG A0
Tk < PRy L8 SREH:
MBS - R g2y s N BYRE RN
R R o B R IR B R PR T 4
wE (13 ) FF) m i H @ﬁﬁmﬂff;’&ya P
RIS b oenden FR IR HT % 2 LR
*- BRI 0 35 PR TR RN
RdeA55 0 4o Fig.2 #57n o
ﬁﬁ%&&im%%
WEPER L o Tl AR

—E{d v ’F’iﬁ;ﬁl}’@ ﬁFTP\?'BéEIFq* Mo
FARA SR ERZ BRI BRI
el o d FiQ3 ¥ ¥ IR L_ﬁ//%lwﬂﬁ ’
“3-\1: F3ee BFREMoF AL ET
{7 50 ATIIEAR R B R RE PR e AL
Eﬁﬁ@o%i@ﬁ@ﬂé%}é?%
MRpERERR > RER G S EOER
FAn %mi’ﬂ&ﬁfﬁﬁié . 1R
TR oM @.,:iﬁ/d:)ﬁ?;,_ 68 E R g
£ ERERFFR o

LR B
B0 HiEp® FlE L Riea 24 E

"J\F
%

3{{-‘\11



Ao Hped ARG R A e
4o %%ﬂi}k%“izé]‘ﬂ% @ RS R T
oo e e FAE S - KBk
[9] Ho £ Zydney [7] = #& 11 % & &3 4
ﬁ;féiﬁ_%mﬁx%%s_;\ oL AEPFRT 5ok
FERIIREG A RGgE Rw bW &
FraBENgEFIEE IR
+ R Az B AR LS
(A T 303 R 2 -2

Fig.3 5 i3ak chh B &2 B p5 B enf % o
ﬁF©4W§W*}n?ﬁfﬂ%@&g
%“‘%"F‘q ’L{’zﬁ\eﬁ—@sﬁ%\’ GECEE
FEHERERY THIHRDEL S B
Mg it It Fig4 P B EkT TEICHAY
WP T B AR KL G R

(B)R & s
g Voigt ficit Ky it T I9IV R S8
PR R

e-

-6 _q. exp(-—t) (1)
e - & t

RS BAFPR o R 5t ke i
WO L & F S cdp 2t e 5 8300 F) o
(C)iEjmrt frer Tiasl [ B 2 B 4

Ed BRI 2R v T o
FENERIE O BEETRY B D0

Kozeny = 425\ ¥ 5 i i g b [E &2 T 3530 4
B enfd % -

(2)

K %7+ Kozeny % #ic> C £ w3 fi— & v
PR B TAZ 2
K=1.26" 10"'m/kg £ C=4.5" 10°m/kg> s* /&
SRR T 2 A B
(D)iEip e+ = £ i3t
AR P2y FREMSLE S H
FoT B e

am, ¢, f DP (3)
at mm,R

7f A ) Pl
My _ LG,I'DP (4)
2 O 4R

A9 My s REHMFE CoiipmikR o

JZ\ ‘R\&’Eﬁ L—-/‘:v /xi’ Hr ik 2 A —3 ’
HorR Rl b5 TREMTE mp 2 kR
EiTREH 2. 5 00008 2 &(1)- (2
(458 > ety MiFRZFEA SR o AR
B * }Eﬁﬁ’]‘f—‘}\#g—/{ﬂ‘ml Z_fE 4 5 fge Hp
ba%&%’*_rﬂ@ﬁ&@
z;m Kllsb,h‘ﬂm%i«}v—e—ia‘f
£ o v B 3liE HO[?]"LI’#?& 4'“/]‘?’
e g 22 ﬁ+ﬁf7&§wﬁv Lo kg
oft i RIS BN E g
2R gl PFRE (T2 32 a0 0 H N3 4o

53

a2y

7= = e a
ol
‘D: ‘m A=

R=mR (5)
J:%m@(35§%0+éva exp(- 2 ”0](6)

nJ
Y aireE R
(E)g g3 iFing ~ 5 s 2 RGEH R
MR
® % (1)~ (2% (45" & #7148 4 #(f'=0.0008,
t=8300 #; » K=1.26" 10" m/kg - C=4.5 10"
m/kg) > myfr R'# ﬁﬁwM“EJ\%
BR%TERIE2ZEAG o Risd B F
T b R AV e d s LA~ (6)F 1R
R E I A B4 gEd (7)5 RE
Bt B eriF o e d g g opl ke d
- b fRAe FigS 1o 0 B R BT R B e
Wi 2b Y e o e WP TR R T
BICER S BREFFEY RIVFIEE S RS
A~ 2 ARA R A
(P4 ~ ik ~ v FHE4E2 3% pH
B+ K REF2 A
AR Y s BT BT ER T K
ke R i SR EELEC) Sl R
ﬁ%o%*%ﬁ£@4‘@k§ 77 A
i&‘}ﬁ?rimﬁ?@%}ﬁfiﬁ%
PR A2 e K B R AE

7 ‘e‘Lir};%éew
[ERC A S d’“%%w5%”*%
GRS S ML

WhA > BRFHREEF Ard o
g o

s
r‘r!
T R RRIE S e R W



ENC SR g L 1 B A S
BB F ek g8
BRGBOEEHEHNEE 7 L& ik
EoR B AR Y BT E R 4 A
Hod o xR FEFFFE AR P R

ﬂ
ki

A s %F2 ;f*le
[1] M. Mulder, Basic Principles of
Membrane Technol ogy, Kluwer

Academic Publishers, 447 (1996).

[2] A.D. Marshal, PA. Munro, and G.
Tragardh, Desalination, 91, 65(1993).

[3] W.R. Bowen, J.I. Calvo and A.Hernandez,
J.Member.Sci., 101,153(1995).

[4] E.Iritani, Y.Tanaka and T.Murase,
J.Member.Sci.,103,181(1995)

[5] ST.Kelly and A.L.Zydney, Biotechnol.
Bioeng.,44, 972(1994).

[6] ST.Kelly and A.L.Zydney, JMember.
Sci.,107,115(1995).

[71 C.C. Ho and A. L. Zydney, A combined
pore blockage and cake filtration model
for protein fouling during microfiltration,
J. Colloid Interface Sci., 232, 389(2000).

g A%, L8~ FMLinm~

[9] EM. Tracy and R.H. Davis, Protein
fouling and track-etched polycarbonate
microfiltration membranes, J. Colloid
Interface Sci., 167, 104(1994)

Fig.1- (b)
Fig.1 SEM micrographs of polycarbonate membrane
after BSA(2000ppm) filtration at 1latm and pH=5 for
(a)1 minutes ,(b)5 minutes

Fig2 SEM micrographs of polycarbonate
membrane after buffer filtration(13hrs) following
BSA filtration(2000ppm, pH=5, 1atm) for 6hrs.
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Fig. 3 Time dependence of cake thickness during
filtration.
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Fig. 4 Mass and porosity of the deposited layer at
different filtration time
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Fig.5 Resistance growth during filtration
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