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Abstract: The permeate flux decline on microfiltration capillary membrane operation was investigated with inorganic
colloidal solutions. The permeate flux of the alumina solution is two times higher in average than that of the bentonite
solution. The flux decline with increase in operation time was less in the alumina solution than in the bentonite solution.
The rate of initial flux decline until 10 min was higher on the bentonite solution over the alumina solution. The decline in
permeate flux was due to both the cake formation and the pore blocking. The latter effect was higher in the operation of
the bentonite solution. In comparing the ratio of each fouling component to the total fouling for the 1.0 kgj/cm2 TMP
condition, complete blocking was 9.35%, standard blocking was about 6.82% and cake filtration was 83.83%, respectively.
With the increase in cross flow velocity, the permeate flux increased by 6.0% for the alumina solution and by 14.0 for the
bentonite solution. With the increase in average pore size from 0.24 ym to 0.34 ym, the permeate flux increases 1.61 times
for the alumina solution and 1.76 times for the bentonite solution.
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1. Feed tank

4. Needle valve
7. Electric balance 8. Membrane module 9. Water tank
10. Nitrogen bombe

Fig. 1. Schematic diagram of experimental apparatus.

2. Pre-filter
5. Pressure gauge

3. Feed pump
6. Flow meter
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Fig. 3. Changes of permeate flux with time for different
colloidal solutions.
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Fig. 4. Effect of trans-membrane pressure on flux decline.
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Fig. 5. dR/dt analysis with time for different trans-mem-
brane pressure.
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Table 1. Flux Decline Equation for Different Fouling
Mechanism

Mechanism Equation Regression form

Complete Blocking

(pore blocking) -InG7) = kot

J = exp(~kst)

Standard Blocking

P — -2 ~1/2 _
(pore constriction) J = (142ks) J = 142k

Cake Filtration J=(142k"? =142k
* j=JJo
5
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Fig. 6. Comparison of relative permeate flux (symbols)
on inorganic particle with fouling model in the linear
form (dot line).
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Fig. 7. Variation of the ratio of regressed relative per-
meate flux with time for different inorganic particles.
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Table 2. Linear Least Squares Regression Results (Rate Constant and Regression Coefficient) of Different Fouling Models
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Complete blocking (pore blocking)

Standard blocking (pore constriction)

Cake filtration

Rate constant &

2
Regression coefficient ko R

2

k. R? ke R?

Alumina 0.00362 0.78348

0.00264 0.79914

0.03246 - 0.80643

* 9 rate constants ko, ks, ke are in 1/min.
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Fig. 9. dR/dt analysis with time for different cross flow
velocity.
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Fig. 10. Variation of the ratio of regressed relative per-
meate flux with time for different inorganic particles.
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Fig. 11. Effect of membrane pore size on permeate flux
decline.
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Fig. 12. dR/dt analysis with time for different membrane
pore size.
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Fig. 13. Variation of the ratio of regressed relative
permeate flux with time for different pore size.
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membrane area [mz]

permeate flux [L/m” Ar]

pure water flux [L/m2 hr)

permeate flux at t=1 min. [L/m’ Ar]
constant in generalized model [-]
pressure difference [kg//cmz]
permeate resistance [m'l]

membrane resistance [m‘l]

cake resistance [m’']
pore blocking resistance m™]
time [A]

viscosity [pa/s]
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