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FROEUAES ACIFF (cake layer) A % =H2 H(membrane fouling) 7SS o|sislTAl, fully retentive
dead-end Zo{moll e} FAFYIE ofxh Ale) Do) ma} mE Ytk Y Teouze g THel LB
3% stid Eojzeeld sdag, vd WHiless HoAY B2)3e 2k B9 Aojuniele M5 T, ofE
o o] Zhe YA-MEWZie] Eusield Aaage] FasH wrEe Auds 25kt v o] qleisjo]
(transmembrane pressure difference)?] Ap7h 2%, 8- o] 2814 7|(solution iomic strength)?} W84S EHIZPAE =
A vehdvh @, Aprt Bl E SEE s did &9 olegiriel 9dke] ZrlEe 2 2 9ol Ap7} 4 psid
Wl KC1 0.01 mMelxiel FahEssol] Wigh KOl 100 mMollAe] SapZel2: zhhgo] oF [6%el] ol2k 7o wehgr). H]
Alel =LA (specific cake resistance)?} ol A32] Y28 (compressibility) AFEolA £ o) 2877} B b Fe)m
A WolA| 3 gk Srlste Zlow Bsin) o] e e )k 299] s Hr)o]FE(electric double
layer)o. = 18} 4AHETre] WA 2i(long-range) 20| =AFE 2491 2P (electrostatic repulsion)©] FFIA) F5E(void
fraction)®] 2 Fe|3Fe] BAH= ALz =)

Abstract — The permeate flux of fully retentive dead-end ultrafiltration has besn monitored with the progress of filtration time,
so as to understand a membrane fouling mechanism due to the consistent formation of cake layer. We selected the polystyrene
latex with negatively charged surfaces as well as the flat membrane having asymumeiric pores as a model colloid and a model
membrane, respectively, and their zeta potentials incorporated with a physicochemical interaction between particle and membrane
surface were characterized, As the transmembrane pressure difference(i.e., Ap) increases, the permeate flux increases, while it
shows a decreasing behavior with the increase of solution ionic strength, Note that the effect of solution ionic strength on the per-
meate flux is found to increase, as Ap decreases. When Ap is 4 psi, the permeate flux at KCI 100 mM decreased by about 16%
compared to the flux at KCI 0.1 mM. It is obvions that, as the solution fonic strength decreases, the estimated specific cake resist-
ance decreases, but the cake compressibility increases. This phenomena allow us to analyze the long-range electrostatic interac-
tion between pairs of suépended latex particles, in which the expanded double layer around particle surfaces due to a decreasing
solution ionic strength provides the development of loosely packed cake layer during the membrane filtration.
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Fig. 1. NNlustration of the dead-end filtration of colloid particles with flat
membrane.

o) FE&rl vty THHA A BBFr} FoE TEET
{concentration polarzation) 8Akel WAlslA Hch AlgsiA 82 5
57} ol Ale) =3 (cake layer)et AE(gel layer)o] HdEo] &
A= A(permeate flux)E F23] ZAA|7]5L B2 A (solution re-
jection) T EAE WEE 7IA 2t wehd, Fedsoss rE 2
o) AASE F4E AojmEe o8] FaEE e o HA A%
o] F7po] BAHER A HAE 7R, 8]

Fig. 13} 7o, A4 729 delda Fdoselr] & 5 sle
Hluw? @g A2 FAEE dead-end o3 A1e] AZF Al w)h
& 5 A A 84 gyl A6, 32 dslE 7] Ad
L2 498 Dacy?] HAE ZUE F ACHY, 101 =, BHA0] ApE
gk 2 HHE Ad) d§ FHZY 2 I g o) FojFing,

L1dV_ AP (1
TAdt M{R,+R)

A7l ve FAe] Halne Fele] HE, RS DA (membrane re-
sistance), R= #Alo]Z A3 (cake resistance)0 & B} o] A8l off
T B4E ke Aol RAZS A5 S olsisked Fasit1L, 12).
Fig. 10141, &8 o8 212} Hast AojaFdae] g2x)e] 4
Fgolgty st st sl i vhast 22 dAe] 559 =
A #AAANE FEE 4 ok

48,
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A71A, 85 AlTke] Ered Aola FHlely, (2] 22 &e
AolAZer Al AdAE=g 23}, %Y (membrane fouling)
o &g Agelle Lr)F olAe] dxle] 2 5o ga A==
W gt g pERS] ols] UEH FelA He Ale|AEeilA
9] Ao|mAgen 2EE 4 ot BF EHURNY =7}
Hr} 22 partially retentive?] 2595 923 Alol=Adke] walrt
FAlel dolvhz, Azt Z1FRoh #4 wiAl&o] 90% old?l fully
retentive?] 7A-9-olli= Aoz ale] WHET ehlA =)
AAARNE FAEELE §A87] H8) deE s YAE= Aol o
) Aol Fag AR o)d sheql EAldl Hoak! ¢
#iale vzhgel oyl dasit 8 dFe ol Edd e}, &
Relzgiabe] 2]3t gtod Hiye #EE 71242 gt GA

afarmer H3gH A4E 20004 8N

757 1= dead-end BHAell A 2] 8- 27 (solution environment)®]
ekl thal 29t Al EeE, vhen fadAg L digH e 7y
vlEsle] dojAs BaEE A FH o 2R Ao A% 42l YAZ
2§ FHlo|AAPL A&l Hehgaae] A o]2uE HHe}
EZys AE7N AP FHSINT Fully retentive Bl &3
e 2oty AYATERE, Foi7 I ofFe] GEAtole} pHA
A goe| ol2zA7|e] Wl we} Mk YAk long-range &
80|, galel AolaE ¥4 FHE tEA 31 A FAEES
o] AL Frie A 485tk
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2-1, BEOER A ZETX|

Fig. 18] dead-end $FHZH A 2540 AHEE 50 ml 92 mem-
brane cell{Amicon, Modet 8050, Beverly, MA)Y] 23 == HW2z3]
o fEHAL - (2.07 cmpoivh A 7R BEREZE S FUEES 9
& AFL7E AAsE R, o GEe) 4FRol= Aarkia e
ZAst) Al7le] Aage) wel A2l & (Meuler, Model PG 502,
Switzerland)el] EofAE F3ie] FH & WEY ITH PCE A
thelelxz] =27 (BalanceLink Version 2.20, Metfler-Toledo AG,
1996)0.2 LA e 7290t BE 4L Al FalEsdt,

222, g=yeln E20|= 23 :

Polyacrylonitrile-co-polyvinyl chloride Z1722] XM30 Z(Millipore, MA)
£ 2 EA ek molecular weight cut-offfe] 5x10%) HHE ghelosd
oo SEAT (water permeability)?l 15 psidlA 0.84 em¥em?® min
olt}. AFEAL v (asymmetric) T71FTE 22 ¢glom, Ae)H
AZ7(UV detecton= ZFE XMS0 Tl gt Zg]elold el
(Sigma Chemical Co)2l MAE-L 98% o4be] Zhe, 484 el
BSA(bovine serum albumin, A7904, Sigma Chemical Co)9] ®j=l&
2 950} & G AR 2E e lE sodium azide?t &
HESAL 4AS] $E 55psid) YHOZE 1087 FHFE U
A B3 Table 19 XM50 =l 98 S4R17F Yeht Qlot. #+
712377 TH71Z 5 (surface porosity)= field emission scanning elec-
tron microscopy(FESEM; HITACHL, 54200002 Zelslsedl, 71854
= FESEMO.E #2135} 5 A os F4 ERATE Poiseulle 2]
st 75 glolt), BACIF=E 7371 2J8M, Fg 28} 72e) FESEM
L3 XM50 5] AREHE o o] 28l 7F BEe blgt 7)
e Arg PEaL o]52 Bysle] 4SSt Table 19 ¥lalE
FaiA XM100F XM300 2ol digh 71ERH 9] dlojgix g4 AA
=], 3], XMSOE XM1000]uh XM300 Zhol| v 713373, 7
T, 28l BHIREs) A

o g2olmg AN ZE|AElell SEAE, A1E0] 0.104 pmdd
FEUAAZA EAEE 1.02 of3telct. fe ake] = 200 ppmel

Table 1. Characteristics of XM series membranes

Type of membrane XMS0 XM100  XM300
Molecular weight cut-off{Dalton} 510 X108 3=’
Mean pore diameter(nm} 55 6.1 8.6
Pore depth(nm) 16.7 329 47.6
Pore density(number of poresfem?®)  L1IX 10" 1.3x 10" 6.8x 10"
Surface porosity(%) 2.6 4.4 6.4
Solute rejection(%)

Polystyrene latex 98

BSA protein 95 20
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Fig. 2. Scanning image of FESEM for XM50 mernbrane surface used in
the present work.
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Fig. 3. The plots of zeta-potential versus pH for XM50 membrane, poly-
styrene latex, and BSA protein with solation fonic strength of
L0 mM.
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Fig. 4. The variation of permeate flux J with filtration time at different
transmembrane pressure differences. Experimental conditions
are pH 6.0, KC1 1.0 mM, and 200 ppm of polystyrene latex,
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Fig. 5. The variation of normalized permeate flux(ie., JJxcr om )
with filtration time at different solution ionic strengths as well as
transmembrane pressure differences.
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Fig. 6. The degree of fiux decline(%) as a function of solution jonic strength
at different transmembrane pressure differences.

siat=et X3sA H4z 20004 sE

Zzojs feofe] Wrgel dFFAFE FHEY 8¢ (hydrodynamic
factor)? ¥14=2184 R.3](non-hydrodynamic factor)?] gzol=iat
o] B3 (coupled 02 BABT k. mWebA, Fig 6o Rt 7
Fe 48%H a9l fEAte] aprt F71HH KO = AF o
Azve] WA A5 AR, F FRo|sAEAEe Gl A3 Sl
= AME gnlshe Helth

3.2, B1X| & (Permeate Resistance)

A (el AA EBRAge gA Al TAYLR LRl dE A
st B Ak Bajle] B2y 27 Feirg] MFe)r] WE o
7129 moout BHE (tortaosity), 715-2L7) ) 7ol A 9
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Fig. 7. The plots of (A/V)t versus V/A at different transmembrane pres-
sure differences. Plots were obtained by converting data in Fig, 4.
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Fig. 9. The variation of compressibility factor s of polystyrene latex with
the ionic strength of KCI,
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7] 98] HE B9 Agst BRel= IR AA7H FE
28 fe)s 272 o ddles A AT MRS &
s AgE L glet

ZaelzazuEY TEEACS) seloanls) ZRjsEeld e
md Tl W Aerds 2427 pHgkel wet £ F(+el
U goAste shRg dstke). Zelasel 2 2-& fully retentive
dead-end BRIZHAIZL A, B k) ol PFATSE FHAEH
2o Tk gele] ol@ahaly] FERe SvhhE Hel F3Urh Ka 001
Mol A 2] EsbgEsd e KCl 100 oMAX S FHEES 2E
o), grelato] Aprt 24 psidllAli oF 10%°17]%E 1psiollHE <F 16%7HA
Setehe Ao AEE

ale o] ExbSels dojele] A7) whe Alo)2de] el thel
feg fAale Agad uHe|aAYT Ao HZEe YHER A g
oloiTh, Lolg] o] @ahH| 71t ket Sl gl 9] Aleled
o] BaAT)e] ArpETre] HAwret FEAgo] A ZAEEITh ool u}
ol Zage] 2 Alo]ae] HEE o] FAEe) AelAF ] ot
Ao BE BErEest Z71Ele 2otk KC 100 mMelA e el
Q1= A9| hard-sphere A HItEE 545 7 HARE KCLE%
7} WolAE Fa GEAS AES Hole 2R FASgI A,
Qpalolo] oje wAlelZAR e WSl BEze] YHE AT
BSAS] 0.81 $ZRCHE As] W @4l st

A7 |E

- contacted area of membrane [cm2]

™

. streaming potential [mV]
: permeate flux [cm/min]

: initial flux [cm/min]

: pore depth [cm]

S

: number of pores per unit area []/cmz}

- o~
=

: transmembrane pressure [psi]
: cake resistance [1/cm]

o

- specific cake resistance [1/em?]

e

= o

. membrane resistance [1/cm]

k]

-
l

: pore radius [cm]

w0

: compressibility factor |-]

—_

: time [min]

<

: permeate volume [em?]

siapzst HasH HM4s 20004 8E

- A5 - 2R

aglo|A 2&¢

o + constant in Eq. 9 [-]

5. : cake layer thickness [cm]

£ - dielectric constant [C/V - cm]

C : zeta potential [mV]

n : permeate viscosity [g/cm - sec]

K : inverse Debye length [Linm]

Ao + solution conductivity [1/ohm - cm]

Py ; particle density [g/en’]

D, « volume fraction of particle in a cake layer [-]
O, - volume fraction of particle in a bulk solution {-]
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