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Abstract: Permeate flux decline in a microfiltration was analyzed by measuring the permeability of bentonite colloidal
solution through polyethylene capillary membranes. The flux decline with time was due to the growth of cake layer on the
membrane surface and to the pore blocking by particles. As the time approaches to steady state, the permeate flux is almost
controlled by the cake filtration model. Faster flux decline at high trans-membrane pressure was attributed to the formation
of denser packed cake layer and pore blocking. The ratio of permeate flux to the initial permeate flux, J/J), decreased with
increasing the trans-membrane pressure, from 45% for 0.5 kgf/cm2 to 38% for 2.0 kgf/cmz. In comparing the ratio of each
fouling component to the total fouling for the 0.5 kg,f/cm2 TMP condition, complete blocking was 23.4%, standard blocking
was about 14.6% and cake filtration was 62.0%, respectively. Permeate flux through the membrane increases with cross
flow velocity, and the effect of the variation of velocity is more significant at 1.0 kgf/cm2 rather than at 2.0 kgf/cm2 of the
operation pressure. Permeate flux for the membrane having the average pore diameter of 0.34 ym was higher than that for
the membrane of 0.24 ym pore size, with the higher flux with the low concentration of feed. On the operation using the
membrane of 0.34 ym pore, the pore blocking in the low concentration of 200 ppm is negligible relative to the pore
blocking in the 1000 ppm feed.
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1. Feed tank
4. Needle valve

2. Pre-filter
5. Pressure gauge
7. Electric balance 8. Membrane module 9. Water tank

3. Feed pump
6. Flow meter

10. Nitrogen bombe

Fig. 1. Schematic diagram of experimental apparatus.
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Fig. 2. Size distribution of bentonite colloidal particle.
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Fig. 3. Effect of trans-membrane pressure on flux decline.
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Fig. 4. dR/dt analysis with time for different trans-mem-
brane pressure.

dAEol FHPOE A HEA F4EHE AR
o] Fx7F o XEaA 7] WEITHI. 27| F

Bgdo] = AL B AP ALZ T
7h ghg Wk ohjz} 2 QAHE] A o5 =
FRE Z7] gEQ Roeg HNE 4 Yoy 281,
LAY AAFE ERfdo] Z7HlE HEES &
Agtdo] g mrth ZAth $ALYS 0.5 kg/em’ol
A 1.0 L=

e 1.0 kgr/em oA 2.0 kgr/em™2 Z7HA S 09
F77h B Aon), RARE 158 olFdE A

°l E‘;‘o}%lﬁ}

ALY P He Fo R FH|FE Loln

il
it

7 Qata] LR ?3421?2}91 A)ZrAsks dR/dest
o) A% Fig 49 Ehigl sheq Fes 2R

Tt gk Wsk&9] 718717} (- )«l HolH A
oz FeE, FHHY #&E veid Aﬂ*‘%fzﬂ el
EbiTh 34948 L 0.5~2.0 kg/eom’E 2215+
AR o e de] JeYs HAHoR
23] 3} 711°‘°%JH e ¥gE Ryt 5o
z £xo) Enxgle Hilg 74

=

to mu 4
2 L

-

ol

£
o=
S
£\ EL
o rir
s
M
e
N
o
o
e
)
=4
to
% uk
o o
ofl [ rlr
PR )

o ox Mo o B o X
to & Ho rdh a rlf Mz X Ho

e 2 & o N

o JE on

0@‘01 %‘Ml L}E}

ki
X,L
o
18
>
o
o)
T2
i
o
olX
4
UQ'I_I,
2
a2



Aol AR e ol WE 57

{m
g
U
o
in
el
8
©
1o
~{m
i3
o
I
o
B>
At
ox,

8 o A3 SEA] T2 W] oz 2 AT
e dosle Aoz wudh
6} Merrb. pore size : 0.24um [0 Porebiocking
3 : =
o o iyt Q Rrscrsicen 4.2. atedel 37|
. Fofse Boge 4P W] dee] Bo g
T Fejsh 27), WANZE Seksd o F B S A
S A/ A EE g2l & JE 498 4Hee =99
c
L 2 5% o2H B 45E AUz ¢ % Itk Fig 4= 49T
- nooo—o 8 A T 2T wet Aeadd A de] LA
B 7% A< 2718 BeAZ AR AA| Hodo] i
0 10 20 30 40 50 60 Aél_ﬂ‘;___g_ogo] 7‘(}2]0}3:- 43}:;_(;10] H)|§& xﬂ%lg]_;q 5}

Time [ min. |

t} 0|2 93}l Hermia[12]9] % 42Hg o] 3}(constant

Fig. 5. Comparision of relative permeate flux (symbols _
£ P P (sy ) pressure blocking filtration) 9 4]-8 2](3)3} Zo] ¥

on bentonite particle with fouling model in the linear

form (dot line). e dutio] old 2oy Helo & v Fig&
A& ol&ste & AR AT FHAEd FFH
g FAWEo g ggo] F1sH wE F2ol= A Brle & 4 o, ed¥e ) e EaaL ol
So] $RHOR o)F3le FHEHe 59 A7)7} & 9} o] HHEE 4= 9JuH12,14].
< PAEC] AUSE FHAF T THYUA EAE= Fig. 5& B354 9910 =lE AT,
Ao 8dte £27F war) gig Ao 4 EFATHY 2 AAZ FA40 T 7 299 714
F Utk F, ALYl Fow HxHO R WaA o] TE Qolry) $15d Fig. 39 LA 0.5 kg/em’
3 QdAkse] ol o3 AR FAld FAHE o] A8 E Table 1] Lehd AR MM oz el
AAZS AT olo] e YAFo] AYEL A4 Aolth. Ao e vl £34&, ;78 AAA7d o}
3 2 YAEY HEFE WMEA FHst HEHY g} 42 Wi AL 7 gAS9 Ny FARA 3t
AFE ol e Azt A QIS dod|= £ 22 28 <ol 4 ey Ao 2™
dhEo] $AEo] we 0.5 kglem'NME A X FHoz HAF HELHC T AN
o] A#ge) wat AdFo] FAHE T AFHAE A Table 1¢] Yehd 3|7 =) o) =23 A7
o7 F e AL YREC] AYES =gA st HoAsyor vehd ZolH, oo it AFAS

Table 1. Flux Decline Equation for Different Fouling Mechanism

Mechanism Equation Regression form
Complete Blocking (pore blocking) j=exp(—Fk b —In() =kt
Standard Blocking (pore constriction) i=(1+2k 8 2 JT=1+2k¢
Cake Filtration J=(1+2k 20 FTi=142kt

* j=JlJo

Table 2. Linear Least Squares Regression Results (rate constant and regression coefficient) of Different Fouling Models for
0.5 kgr/em™

Complete blocking (pore blocking) Standard blocking (pore constriction) Cake filtration
ko R’ ks R’ ke R’
0.018380 0.85617 0.011440 0.82393 0.04850 0.91526

* a) rate constants kv, ks, k. are in 1/min.
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: membrane area [m’]

: permeate flux [L/m’ hr]

: pure water flux [L/m’ hr]

: permeate flux at t=1 min. [L/m2 hr]
: constant in generalized model [-]
: pressure difference [kgf/cmz]

: permeate resistance [m'l]

: membrane resistance [m’']

: cake resistance [m'l]

: pore blocking resistance [m’']

: time [h]

: viscosity [pa/s]
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