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Abstract: Fouling behavior of polyethylene capillary membranes was examined by measuring the flux of bentonite col-
loidal suspensions through the cross flow microfiltration. The membrane fouling was due to the three mechanisms: the cake
formation on the membrane surface, the standard pore blocking and the complete pore blocking by particles. These mecha-
nisms were simultaneously responsible for the membrane fouling, being significantly governed by the cake filtration. In the
total fouling at 1.0 kgdem® TMP condition, the complete blocking was 3.36%, the standard blocking 3.18% and the cake
filtration 96.05%. For 1000 ppm feed solution, the complete blocking was 1.71% compared with the standard blocking of
1.90% and the cake filtration of 96.39%. And 96.14% of the total fouling was generated at the initial period of filtration.
The cake filtration effect was larger on 0.34 um pore membrane than on 0.24 um pore membrane. With the increase in
cross flow velocity, the component fouling decreased by 10.20%, and the ratio of pore blocking to total fouling increased.
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1. Feed tank 2. Pre-filter 3. Feed pump

4. Needle valve 6. Flow meter

7. Electric balance

b. Pressure gauge
8. Membrane module 9. Water tank
10. Nitrogen bombe

Fig. 1. Schematic diagram of experimental apparatus.
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Fig. 2. Variation of the permeate resistances and its deri-
vatives with time for different pressure difference.
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Table 1. Flux Decline Equation for Different Fouling Me-

chanism
Mechanism Equation Regression form
Complete Blockin .
P - & j=exp(— k) —1n(j) =kt
(pore blocking)
Standard Blocki . 0
_an ar 0(.: 1-r1g :(1+2k3t)—2 j~1/d =142kt
(pore constriction) ‘
Cake Filtration j=(1+2kt)" Y2 j2=1+2kt

*i=JlJo

4 4eeds A i
& 5& JUSA Sokds) A5 Fig 29 T

u+8] o] I} (constant pressure blocking

NG 37 FHGE A8 ol
s 7t 4R oo

ga AN ASH 278 2Y 3

B 9 5 gon, eadee] BE 37 =3

He ool go] EAY & ATH12,14] HePL B
AAZE AEE ) 71191%- 3 4011 4% 7 4o

o] apA|3hE Hl &2 Eo }
371 &4 e of&st
UEFAT. Fig. 39 E/\]L "a"ﬁiﬂr 7‘:1’1‘_% ”éﬁéx}if‘q
Al Bafrao] ek 372 A o],

Aol thalf 371 A8 A 37| (total regression
method)& VeI, A& %zﬁﬁl e d9E TE
st Tt ik 7)< & 73 37 ¥ (regio-
nal regression method)e UERATE o]d i3t HFHA
¢l 3] A F(regression coefficient) R'E Pearson mo-
ment & ©|-§3td A&, AELHY A7 I
AR A2 71278 &£E 44 (rate constant)E 4FE S
Table 20| YENHATH14]. Fig. 32 A E2E 9 Z7]9
3 AFET ALY OE SRAFE HEE RAE
o 2 FHAE AT LF0] HlFE HEXAN

=
@]

Zol.S& HoFT} Table 20 SAUE Helo W&

AEQE Ust Sx4FY FAATE vlaglS o
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Fig. 3. Comparison of relative permeate flux (symbols) on
bentonite particle with fouling model in the lincar form
(solid, dot line) for different pressure difference.
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Table 2. Linear Least Squares Regression Results (Rate
Constant and Regression Coefficient) of Different Fouling
Models for Different Operating Pressure”

P : 1.0 kgdem’

Complete Standard Cake

Regression Time  blocking blocking
range (min) (pore blocking) (pore constriction)

ks R’ ke R’ k. R

filtration

ol 9_60 00151 0753 00143 0797 04198089

(solid line)
0.980 1.5464 0.999

0.824 0.2232 0.963

0~10 0.0939 0969 0.0782
11~60 0.0049 0.937 0.0053

Regional
(dot line)

A P : 2.0 kgdem’

Complete Standard
Regression Time blocking blocking
range (min) (pore blocking) (pore constriction)

& R k R k K

Cake
filtration

(s Oiggt?;ne) 0~60 0.0126 0.689 0.0138 0.736 0.64170.838
Regional 0~10 0.0088 0.924 0.0869 0951 2.93580.993
(dot Iine) 11~60 0.0028 0962 0.0036 0957 0.23570.963

* a) rate constants kv, ks, k. are in 1/min.
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Fig. 4. Vanation of the ratio of regressed relative per-
meate flux with time for different pressure difference.
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Fig. 5. Variation of the permeate resistances and its
derivatives with time for different particle concentration.
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Fig. 6. Comparison of relative permeate flux (symbols) on
bentonite particle with fouling model in the linear form
(dot line) for different particle concentration.
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Table 3. Linear Least Squares Regression Results (Rate
Constant and Regression Coefficient) of Different Fouling
Models for Different Particle Concentration”

Total Regression Method

Complete blocking Standard blocking

Conc.  (pore blocking) (pore constriction)
(ppm)

Cake filtration

~

K, R’ ks R’ ke R’

200 0.0145 0.733 0.0141 0.784 04650 0.903
1000  0.0113 0.628 0.0126 0.665 0.6378  0.767

Regional Regression Method

Complete Standard
Conc. Time blocking blocking Cake filtration
(ppm) (min) (pore blocking) (pore constriction)

ks R’ ks R’ ke R
0~10 0.0931 0933 0.0800 0954 1.7442 0.992
11~60 0.0049 0980 00056 0984 02664 0.962
0~10 0.0930 0918 00958 0943 3.6873 0.988
11~60 0.0017 0940 00020 0945 0.1518 0.951

* a) rate constants ky, ks, k. are in 1/min.
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Fig. 7. Variation of the ratio of regressed relative permeate
flux with time for different particle concentration.
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Fig. 8. Variation of the permeate resistances and its
derivatives with time for different membrane pore size.
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Table 4. Linear Least Squares Regression Results (Rate
Constant and Regression Coefficient) of Different Fouling
Models for Different Membrane Pore Size”

Total Regression Method

~ Complete blocking Standard blocking :
Pore size (pore blocking) (pore constriction) Cake filtration

m) ; > )
(s ky R~ ks R” ke R

0.24 0.0151 0753 00143 0.797 04198 0.899
0.34 0.0145 0.733 0.0141 0.784 04650 0.903

Regional Regression Method

Pore _ Complete blocking Standard blocking Cake filtration

T"Pe (pore blocking) (pore constriction)
(min) 2 2 >
(um) ko R ks R kR

S17¢€

0~10 0.0939 0969 0.0782 0.980 1.5464 0.999
11~60 0.0049 0937 0.0053 0.824 02232 0.963
0~10 0.0931 0933 0.0800 0954 1.7442 0.992
11~60 0.0049 0980 0.0056 0984 0.2664 0.962

* a) rate constants kp, ks, k. are in 1/min.
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Fig. 9. Vanation of the ratio of regressed relative per-
meate flux with time for different membrane pore size.
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Fig. 10. Relative permeate flux (symbols) on bentonite
particle with fouling model in the linear form (dot line)
for different flow rate.
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Table 5. Linear Least Squares Regression Results (Rate
Constant and Regression Coefficient) of Different Fouling
Models for the Flow Rate of 12 L/hr

Cross flow rate : 12 L/hr
Complete Standard Cake
Regression Time blocking blocking filtration

range  (min) (pore blocking) (pore constriction)

bk R kK R  k F

Toal 60 0.0211 0816 0.63130917

(solid line) 0711

0.0176

0.991 2.0403 0.997
0.964 0.3478 0.976

Regional 0~10 0.1039 0979  0.0898
(dot line) 11~60 0.0055 0958 0.0065
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Fig. 11. Variation of the ratio of regressed relative
permeate flux with time for different flow rate.
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A membrane area [m’]

J permeate flux [L/ m° hr]

Jo pure water flux [L/m" hr]

j relative permeate flux [=J/Jo]
Jr regressed j [-In J, j'mand j'z]

k constant in generalized model [-]

AP pressure difference [kgy cm’]

R resistance [m'l]

t time [hr]

1l viscosity [pa/s]
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