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ABSTRACT

Dead-end microfiltration experiments with the activated sludge suspension from submerged
membrane bioreactors were performed to determine the critical flux, which is a very signifi-
cant factor to indicate the membrane fouling in microfiltration process. In this study, the crit-
ical permeation fluxes were measured by successive variations of transmembrane pressure
(step by step technique) under different operating conditions (temperatures, stirring rate and
concentrations of the mixed liquor suspended solid [MLSS]) using polyvinylidene fluoride
membranes with a pore size of 0.1 lm. A study of the impact of various operating conditions
on the fouling rate when the critical flux is achieved was especially made. The experiments
revealed that: the increase in stirring rate leads to a decrease in the rate of fouling; the foul-
ing rate decreased with the increase in temperature when it was less than a certain values,
after that, it increased with the continuous increase in temperature, while the variation of the
concentration of the MLSS has a negative influence on the membrane fouling. The results
obtained from the experiments can provide reliable information to the optimization of
operating conditions to alleviate membrane fouling.
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1. Introduction

Over the decades, submerged membrane bioreac-
tors (MBRs), the combination of activated sludge
biological degradation process and membrane filtra-
tion, have drawn great interest from researchers and
engineers for its many advantages such as small foot-
print and reactor volume requirements, high effluent

quality, good disinfection capability, high volumetric
loading and small sludge production [1]. Despite its
increasingly popular for wastewater treatment, the
membrane fouling which causes the declining perme-
ate flux, or increasing pressure drop with time has
limited the MBRs wide application.

Many researchers have made studies into the
cause of membrane fouling and the approach to
improve flux decline, and a possible means is to carry
out the filtration operation below the critical flux. The*Corresponding author.
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critical flux is classically defined as the flux below
which there is no detectable fouling [1]. Two forms of
hypothesis for the critical flux exist: strong and weak.
The strong form is the flux at which the transmem-
brane pressure starts to deviate from the pure water
line, which is of course linear. For the weak form,
there is the assumption that there is very rapid
fouling on start-up and so the flux–transmembrane
pressure (TMP) relationship is below that of the pure
water line. The critical flux (weak form) is the point at
which this line becomes nonlinear [2]. Though the
membrane fouling is inevitable, the subcritical flux
operation may have a positive effect on the filtration
process and the research on how the operating condi-
tions influence the critical flux is of great importance.

In early research, Al-Amri and Razman compared
the influence of three various temperatures (25, 35,
and 45̊C) on the membrane performance, and the
conclusion was drawn that at low temperatures and
fluxes, the membrane fouling occurred externally
while at high temperatures and fluxes it becomes inter-
nal due to membrane bores widening [3]. Farquharson
and Zhou conducted filtration tests using sludge
samples collected from pilot-scale submerged mem-
brane bioreactor plants. They found that no correlation
between the concentration of the MLSS and the fouling
rate could be observed. As well, there was no correla-
tion between the MLVSS or MLVSS/MLSS ratio and
fouling rate [4].

The current work sets out to investigate the effect
of various operating conditions, such as stirring rate,
temperature and the concentration of mixed liquor
suspended solid (MLSS) on the critical flux using
polyvinylidene fluoride (PVDF) microfiltration mem-
branes for better understanding the membrane fouling
in dead-end microfiltration of the activated sludge.
Trends in critical flux behavior were similar to those
obtained by other researchers whist the fouling rate
represented by the changing rate of dJ/dt before and
after the critical flux point can provide a reliable
instruction for the optimization of the filtration
process.

2. Materials and methods

2.1. Experimental set-up and operating conditions

The study was carried out using an experimental
set-up previously described in detail [5]. The experi-
mental system consists of an activated sludge bioreac-
tor and a membrane device, as shown in Fig. 1. The
dead-end micro filter cup has an efficient volume of
300mL, in which MLSS of a known concentration was
poured into it after each filtration experiment. Raw

wastewater supplied from the storage tank is synthetic
domestic sewage with the composition shown in
Table 1. All the experiments were conducted at the
speed of the electromagnetic stirrer ranging from 0 to
250 rpm and T from 18 to 27̊C. The concentrated feed
solution was diluted with tap water to the desired
concentration prior to feeding it to the activated
sludge reactor. The concentration of activated sludge
suspensions changes from 4,500 to 6,300mg/L.

2.2. Membrane

PVDF flat membranes with a pore diameter of
0.1 lm (Beijing Ande Membrane Separation Technol-
ogy Engineering, China) were used as the filtration
medium. Before conducting the experiment, the PVDF
membranes were soaked in deionized water for 10–12 h
to remove glycerin, which was used as a protective
agent in membranes.

2.3. Experimental procedure

2.3.1. Determination of critical flux

Critical flux is most commonly determined by the
step by step technique. In this study, the TMP-step
technique [6] was used to determine it: the TMP was
kept low firstly, and then, the transmembrane pres-
sure was increased at fixed intervals of 0.02 MPa in
time duration of 30min. The data were noted at
intervals of 30 s. If the TMP became non-linear with
the permeate flux, it was indicative of a critical flux.
The critical flux was the average value between the
last time independent flux step and the first time
dependent flux step as employed previously [1,7].

2.3.2. Comparation of the flux changing rate before and
after the critical flux

The critical flux value obtained using the method
described previously differed, while the changing rate
of the flux at the TMP just before and after the critical
flux point may have provide more reliable informa-
tion about the fouling of the membrane. The flux
changing rate means that when the critical flux is
achieved at certain TMP, the increasing rate of flux in
the prior or next 30min during the corresponding
TMP interval. If the flux changing rate increases
with the increase of the value of certain operating
condition, it means that the operating condition has a
positive influence on the improving of the membrane
fouling; otherwise the increase in the operating
condition does not make any sense to suppressing the
membrane fouling. In the following part, the analysis
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was adopted to make an investigation on the influence
of operating conditions on the membrane fouling.

3. Results and discussion

3.1. Effect of stirring rate

The effect of stirring rate on the critical flux and the
membrane fouling during the dead-end microfiltration
of activated sludge process is reflected in Fig. 2.

Increasing the stirring rate from 0 to 250 rpm led to the
increase in the critical flux and the increases in flux
changing rate both before and after the critical flux
point. This observation could be explained in terms of
the wall shear stress, a force exerted by a fluid flowing

Fig. 2. The influence of stirring rate on critical flux and the
membrane fouling for activated sludge (MLSS concentration
of 4,500mg/L and temperature of 21̊C).

Fig. 1. Schematic diagram of the experimental system.

Table 1
Composition of synthetic wastewater

Components Concentration
(mg/L)

Components Concentration
(mg/L)

Glucose 278 CaCl2 6.0

Starch soluble 278 MgSO4·7H2O 66

Peptone 28 MnSO4·7H2O 6.0

NH4Cl 297 FeSO4 0.3

NaHCO3 111 NaH2PO4 52.8

3880 W. Dong et al. / Desalination and Water Treatment 51 (2013) 3878–3882



tangentially to the membrane on an element of its
surface area, which was caused by the rolling of the
electromagnetic stirrer. The fact is that the higher the
wall shear stress, the lower the deposited mass and
thickness, because the increasing wall shear stress may
intend to sweep away more of the membrane fouling
components in the retentate [8].

3.2. Effect of temperature

The influence of mixed liquor temperature on the
critical flux and membrane fouling has been investi-
gated in this study. Mixed liquor temperature is a
significant operating parameter as it could change the
biomass properties. It can be observed from Fig. 3 that
the critical flux increases slightly with the increasing
of temperature. While at the temperature range of
18–24̊C, the changing rate of flux increases, which
indicates that the membrane fouling decrease with the
increasing temperature, that is to say the membrane
fouling inversely proportional to the temperature. This
phenomenon can be illustrated by the fact that the
sludge viscosity becomes lower at a higher tempera-
ture, while the permeate flux is inversely proportional
to the viscosity of liquid passing through the mem-
brane [9]. On the other hand, the back transport of
deposited particles from the membrane surface into
the bulk solution depends on the shear force induced
by the agitation of the electromagnetic stir, which will
be accelerated in the liquid of a lower viscosity [10].

It is noticeable that when the temperature reaches to
27̊ C, the membrane fouling becomes severe. Therefore,
a further increase in temperature does not contribute to
substantially reduce membrane fouling for the experi-
mental conditions tested, and the similar result has
been reported in earlier research [11].

3.3. Effect of concentration of MLSS

The influence of concentration of MLSS on the
critical flux and the flux changing rate has been dem-
onstrated in Fig. 4. And it can be observed that the
critical flux does not have an evident relationship with
the concentration of MLSS as the data were floating.
Fan and Zhou observed that MLSS concentration had
little effects on critical flux when the MBRs were oper-
ated at normal scouring aeration condition. The effects
of MLSS on fouling could be observed only when no
or very low scouring aeration was applied [12].

From Fig. 4, the flux changing rate was observed
to decrease from 1.935� 10�6 to 9.498� 10�7 L/(m2 s2)
for the sub-critical TMP filtration and to decrease
from 9.643� 10�7 to 5.329� 10�7 L/(m2 s2) for the
super-critical TMP process. The conclusion can be
drawn that the increase of concentration of MLSS can
aggravate the membrane fouling not only during
super-critical flux but also the subcritical flux filtra-
tion. The results can be illustrated that the increase in
concentration will enhance the concentration polariza-
tion, and the higher the feed concentration, the higher
concentration polarization, then a concentration polar-
ization layer was formed. With more foulant depos-
ited on concentration polarization layer, a stagnant
fouling layer will form, thus a higher feed concentra-
tion led the foulant to transmit from the concentration
to the stagnant fouling layer quickly, the flux chang-
ing rate decreases with the MLSS concentration
[13,14].

4. Conclusion

The results obtained support the idea that the
membrane fouling is affected by the operating

Fig. 3. The influence of temperature on critical flux and the
membrane fouling for activated sludge (MLSS concentration
of 4,500mg/L and stirring rate of 200 rpm).

Fig. 4. The influence of the concentration of MLSS on
critical flux and the membrane fouling for activated sludge
(temperature of 21̊C and stirring rate of 200 rpm).
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conditions hydrodynamics, that is, stirring rate and
the suspension solution properties (temperature and
the concentration of mixed liquor). The results of
experiments show that when the temperature is at a
relatively low range of 18–24̊C, the increasing of the
temperature can suppress the membrane fouling,
while when the temperature is higher to be 27˚C, the
membrane fouling becomes severer. Working under
the stirring conditions was necessary for the dead-end
microfiltration of the activated sludge to optimize
the membrane filtration performance. Additional
experiments revealed the inner relationship of the
concentration of the activated sludge with the mem-
brane fouling, and the results showed that with the
increase in the concentration of the activated sludge,
the membrane fouling becomes severe, although the
influence of concentration of MLSS does not affect the
critical flux evidently.
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