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Abstract: In this paper,the effects of experimental conditions including the membrane bioreactor (MBR)
equipped novel device and different operating modes on permeate flux were studied. The results show
that the MBR equipped novel device can reduce the resistance and enhance the flux, decreasing the total
resistance (R, =09. 649) to 5. 962 and increasing the permeate flux to 15~20 L/m?h. The permeate flux of
intermittent operating mode is more than that of continuous operation and the value of the permeate flux
is between 151/m*h and 201/m*h. The MBR equipped novel device which adopting intermittent operating
mode is most effective in this study and the value of permeate flux is between 201/m?*h and 251/m?h.
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1 Introduction

Membrane bioreactor (MBR) is an effective technology for wastewater treatment and recycling, in
which gravity settling of the activated sludge system is replaced by a membrane separation process such
as micro-filtration (MF) or ultra-filtration (UF)!"? The resulting high-quality and disinfected effluent
implies that MBR processes can be especially suitable for reuse and recycling of wastewater™™. A major
factor against the application of membrane micro-filtration or ultra-filtration with the activated sludge
process is the flux decline due to membrane fouling™"*.

Membrane fouling is often referred to as any form of flux decline’™. This includes reversible effects
(such as cake formation) ,as well as irreversible effects (such as adsorption). Concentration polarization,
though it does cause a decline in membrane flux,is a phenomenon which occurs in solution, and will
therefore not be considered a form of fouling. However, when speaking of reversible flux decline, or re-
versible hydraulic resistance,concentration polarization will be categorized with cake formation, since all

of their effects can be reversed by the hydraulic back-flushing of the membrane. Irreversible flux decline,
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which is always a form of fouling.is caused primarily by the adsorption of natural organic matter (NOM)

78] Though this fouling can be reversed by chemical

onto the surface or inside the pores of the membrane
treatment,it is not considered “reversible” since it cannot be reduced by standard physical processes.
During a long term operation, membranes are periodically back-washed by pumping a fraction of per-

L12)  Back-washing is used for removing the cake layer (reversible

meate back through the membranes
fouling). Concentration polarization is reduced by non-suction as well as reverse flow. Thus backwashing
can remove reversible hydraulic resistance due to cake formation and concentration polarization. Back-
washing entails reversal of the permeate flow and power consumption of backwashing pump.

In this paper,a novel device was introduced during the filtration. This device could be used to coun-
teract fouling during filtration (especially for cake formation) without reverse flow. The behavior of

MBR under the combination of this device and intermittent permeation was then observed.

2 Materials and Methods
2.1 Activated Sludge MBR Operation

The configuration of the activated sludge MBR system used in this study is schematically described
in Fig. 1. This system consisted of hollow fiber

(HF) flat-plat membrane module and bioreactor, 3 @
o ) ] ﬂ_Effluent
similar to typical MBR™"*!, The bioreactor has a 1 2 5 3
. . . 7
working volume of 30 L. The hydraulic retention 4
time of the bioreactor was set to 6 h for the majori- ol [fflpext 10
ty of experiments.

The wastewater used in the study was pumped 11

o]

from a local drain ditch. Characteristics of the
. 1—Feed tank;2—electromagnetic valve;3—1level controller;
wastewater are shown in Table 1.
4—1level probe;5—vacuum gauge;6—pump;7—fiber membrane;
Table 1 Characteristics of the Wastewater .
8—pump;9—flow meter; 10—aerator; 11—bioreactor

COD/(mg -+ L " 20~80 Fig. 1 Configuration of the Activated
NH; —=N/(mg+ L") 4~18 Sludge MBR System
TP/(mg -+ L") 0.3~2.0

2.2 Membranes and Module Configuration

The micro-filtration membranes were polypropylene hollow fibers with a pore size of 0. 1~0. 2 um.
An effective filtration area was 0. 25 m®.

In order to investigate the reversible resistance removal, the membranes has been continuously oper-
ated for two months prior to this study. Irreversible resistance (adsorption fouling) during this study
reached steady and kept constant. To ensure that the condition and performance of the membrane module
was almost the same in all experiments, backwashing was performed after every experiment to removing
the reversible resistance.

2.3 Membrane Performance Assessment

The rate and extent of membrane fouling were quantified by measuring permeate flux at constant
suction pressure,which is defined as permeate vol/unit membrane surface area and filtration time. The
variation of membrane productivity was evaluated by plotting permeate flux against filtration time.

To characterize membrane fouling,the water flux was initially measured with tap water. Also,water
flux was measured at each step of the cleaning procedure,that is,after taking out and putting the mem-
brane module in tap water and then after flushing and backwashing the membrane module. The fluxes

and filtration resistances were measured and calculated collectively.



3 Results and Discussion
3.1 Continuous Operation

The permeate flux decline with time during the membrane filtration of activated sludge was first
studied with a polluted membrane. The permeate flux decreased sharply after the start of filtration,and
reached a pseudo-steady state after 2~3 h of operation.

The initial sharp decline in permeate flux observed was mainly due to concentration polarization and
cake layer formation on the membrane surface. Further decrease in permeate flux over time was caused
by the increased thickness of the cake layer due to additional foulant transport to the membrane surface,
cake compaction and concentration polarization.

3.2 Continuous Operation with the Novel Device

In order to maintain a steady permeate flux during operation,the cake layer deposited on the mem-
brane surface needs to be removed by a shear,which can be created by various means.

A novel device was employed to control concentration polarization and cake layer formation on the
membrane surface. The fibers through this device made to-and-fro motion along the direction vertical to
two pipes,and the continuous deformation of the fibers themselves created a shear to the cake layer on
the membrane surface,and the mutual rubbing between the fibers due to the continuous deformation of
the fibers also created a shear to the cake layer on the hollow fiber membrane. In addition, the continuous
movement of the fibers in water enhanced the stirring of water on the membrane surface,and decreased
concentration polarization.

Compared with continuous operation in Fig. 2,continuous operation with the device reduced the rate
and extent of membrane fouling™***.

The resistance-in-series model was applied to

(%]
L

—+—Continuous suction

e S — evaluate the characteristics of membrane fouling.
‘w20 a . . .
RS According to this model, the permeation flux (J)
Z15 takes the following form:
=
10 4P, (D
R,
5 L 1 L | o
(4] 100 200 300 400 R1 _Rm +R/> +R,-/ JFRW‘. (2)
Time/min where Ap is the transmembrane pressure; y is the
Fig. 2 Flux Variation with Respect to Time/26 kPa dynamic viscosity of the permeate; R, is the total
Suction Pressure resistance; R,, is the intrinsic membrane resistance;

R, is the polarization layer resistance caused by the concentration gradient; R, is the reversible fouling
resistance formed by a strongly deposited cake layer;R,, is the irreversible fouling resistance due to some
irreversible adsorption. Here, the R, term experimentally defined as the portion of the total resistance
dislodged only by water dropping of the membrane module and then immerging in tap water.
These equations and the flux data at the end of continuous operation with the novel device have been
used to calculate the values of each resistance term given in Table 2.
Table 2 A Series of Resistances for the Membrane at the End of Continuous Operation and

Continuous Operation with the Novel Device

) with this device without this device
Resistance
Value/(1 012 m™1) Percentage® /% Value/(1 012 m™1) Percentage™ /%
R, +R,, 4.123 69.2 4.123 42.7
R, 1.707 28.6 3.687 38.2

R, 0.132 2.2 1.839 19.1
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R, 5. 962 100. 0 9. 649 100. 0

Fig. 2 shows that R,,( the percent of total resistance) was very small during continuous operation
with the novel device and cake layer were almost removed due to this device.
3.3 Non—Continuous Operation

In general,the membrane coupled with biore- —e— Discontinuous operation

ne
actors is continuously operated for the effective uti- _ -, ~* Continuous operation
lization of given membranes. Continuous membrane “:F_: 20 X:x‘:‘hm‘x}ﬁxﬁl:‘m‘
filtration, however, tends to increase fouling, thus i 15 t“‘“
decreasing permeate flux through the membrane o- E 10

ver time. In this study, non-continuous suction op-

100 200 300 400
Time/min

eration was introduced as a fouling alleviating alter-
native, Fig. 3 compares the continuous and non-

continuous suction operation modes. Change in per- Fig. 3 Flux Variation with Respect to Time with a

meate flux was plotted in terms of time (28 mi- Device /26 kPa Suction Pressure

nutes’ suction of 2 minutes’ suspension). The results clearly showed that membrane performance was
improved with intermittent suction. This finding can be explained by the enhanced foulant back transport
under pressure relaxation. From fig. 3,as soon as trans-membrane (suction) pressure was reduced to zero
at non-suction period,the foulants not irreversibly attached to the membrane surface,diffused away from
the membrane surface because of the concentration gradient. As a result, foulant accumulation near the
membrane surface was lessened and the rate of membrane fouling was reduced.

Flux recovery by pressure relaxation has been reported by Hong et all'™, who studied the ultra-fil-
tration of activated sludge. Like their study, the permeate flux was only partially recovered, indicating
that reversible hydraulic resistance due to cake formation and concentration polarization existed.

3.4 Non—Continuous Operation with the Device
With operation of the device, the cake layer

& K. was almost removed. After two minutes’ pressure

E 20l ..x..‘s\..‘:..:...“:.%...:...\ relaxation,concentration polarization was removed.

% As shown in fig. 4,almost 100% flux recovery was

'LT:. 15 L 1 L I observed under the intermittent suction with the
0 100 200 300 400

Time/min device. In consideration of long-term operation of

Fig. 4 Flux Variation with Respect to Time /26 kPa fibers, the fibers kept loose and cannot tension dur-

Suction Pressure; Non-Continuous Suction ing to-and-fro motion. Thus a portion of fibers

Operating Mode with the Device close to catchment pipes hardly made continuous

deformation and no movement of fibers. The cake layer on the membrane surface of this portion of fibers

was not eliminated.

4 Conclusions

(1) The MBR equipped novel device can improve the permeate flux. The value of the MBR equipped novel
device is between 15 L/m*h and 20 L/m?h. It is more than the value of MBR. (10~15 L./ m*h)

(2) The permeate flux of intermittent operating mode is more than that of continuous operation and
the value of the permeate flux is between 15 L/m*h and 20 L/m?h.

(3) The MBR equipped novel device which adopting intermittent operating mode is most effective in

this study and the value of permeate flux is between 20 L/m*h and 25 L/ m*h.
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