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ABSTRACT

A membrane module including grid was designed and introduced to MBR (membrane bio-reactor) for the purpose of
better control of membrane fouling. It could be anticipated that the grid enhances the shear force of fluid-air mixture
into the membrane surface by even-distributing the fluid-air to the membrane module. As MLSS concentration, packing
density which is expressed in the ratio of the housing and the cross-sectional area of membrane fibers (An/Ay) and
air-flow rate were changed, membrane foulings were checked by monitoring fouling resistances. The total fouling resistance
(Re+Ry) without grid installation (i.e., control) was 2.13x10' m™, whereas it was reduced to 1.69x10"> m™ after the
grid was installed. Regardless of the grid installation, the R+Rs increased as the packing density increased from 0.09
to 0.28, however, the increment of resistance for the grid installation was less than that of the control. Increase in
the air flow rate did not always guarantee the reduction of fouling resistance, indicating that the higher air flow rate
can partially de-flocculate the activated sludge flocs, which led to severer membrane fouling. Consequently, installation
of grids inside the housing have brought a beneficial effect on membrane fouling and optimum air flow rate is important
to keep the membrane lowering fouling.
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Table 1. Operating conditions of the SBR

Parameters Unit Values
F/M ratio kgCOD/kgMLSS 0.15 - 0.28
HRT (hydraulic Retention Time) day 2
SRT (sludge Retention Time) day 16
Working volume L 8
Air flow rate L/min 1.5
Temperature °C 20 £ 5

Table 2. Specification of the used membrane

Parameters Unit Characteristics
module type Hollow fiber
material PVDF, Polyvinylidene fluoride (hydrophilic)
pore size pm 0.1
outer diameter mm 2
filtration-mode Out-in
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Table 3. Operating condition of the submerged MBRs

Parameters Unit Characteristics
membrane area m’ 0.034 / 0.068 / 0.1
MLSS concentration mg/L 3/6/10
air flow rate inside the housing L/min 1.5/ 27/ 45
air flow rate outside the housing L/min 1.0
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(a) Square-housing without grids (control) (b) Square-housing with grids

Fig. 1. Specification of the square-housing installed in the submerged MBR
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Fig. 2. Schematic of experimental setup of the submerged MBR equipped with rectangular membrane module housing with

and without grids
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Fig. 3. TMP variation as a function of time under different MLSS concentration: (a) 3g/L (b) 6g/L (c) 10g/L

Table 4. Calculated resistances under different MLSS concentration

Resistance (10"*xm™)

MLSS control (without grids) grids
concentration R R.+R¢ RS Ry R.+R¢ Ry
3 gL 1.52 2.13 3.65 1.42 1.69 3.11
6 g/L 1.53 3.41 4.94 1.44 2.09 3.53
10 g/L 1.51 3.91 5.42 1.57 3.49 5.06
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Fig. 4. TMP variation over filtration time as a function of packing density: (a) without grid (control), (b) with grid
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Table 5. Comparison of resistance values under different packing density (An/A)

Resistance value (10'*xm™)

packing density control grid
(Aw/Ay) Ry Rc+R¢ R Rm Re+R; R
0.09 1.49 2.12 3.61 1.45 1.67 3.12
0.19 1.56 2.79 4.35 1.50 1.97 3.47
0.28 1.86 2.93 4.79 1.67 2.51 4.18

Table 6. Comparison of resistances calculated under different MLSS and air flow rate.

Total fouling resistances (R.+Rg), 10"”m™
MLSS . .
air flow rate (L/min)
(5L) 1.50 2.70 4.50
no grid 2.42 2.00 2.13
3 grid 1.91 1.85 1.69
6 no grid 4.27 2.51 3.41
grid 3.45 2.48 2.80
10 no grid 4.70 2.79 3.91
grid 3.85 2.57 3.49
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Fig. 5. Comparison of R/Rn ratio under different air flow rate: (a) without grid (control), (b) with grid
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