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Abstract. In recent years, plate ceramic membrane has been applied in the field of water and wastewater
treatment successfully, because of its unique advantages. As an important parameter which can characterize
properties of membrane, the water flux and critical flux of plate ceramic membrane treating municipal
secondary effluent of Wastewater Treatment Plant(WWTP) were studied in this paper. And the flux change
characteristics under different membrane pressure were obtained. The experimental results laid foundation

for further exploring of mechanism of membrane fouling and related control techniques, and provided

references for expanded application of plate ceramic membrane in wastewater reuse.

1 Introduction

With the rapid development of economy and the
continuous increase of population, water pollution is
becoming more and more serious. The shortage of water
resources is becoming more and more serious. Effective
treatment of wastewater and reutilization of resources is
an important way to prevent and control water pollution
and alleviate water shortage. China's urban municipal
sewage has a large volume and has a very important
potential for recovery and application. At present, the
water quality of secondary effluent in most domestic
wastewater treatment plants can only reach the first
grade B standard. The water quality of sewage recycling
is poor, it can only meet the demand of low end reuse,
and the environmental risk is large, and the acceptance
degree of the people is very low. At present, the
upgrading and upgrading of municipal sewage plant
based on the first level A standard is in full swing, but
there are still many problems, such as the single
technology selection, complex process, large area, and
difficult process layout. Therefore, researching and
development advanced treatment technology that has
advanced technology, simple process and compact
structure of secondary effluent of municipal sewage is
imminent.

Membrane technology has been applied in
wastewater treatment and reuse widely because of its
advantages of high efficiency, convenient operation,
compact equipment, no phase change and energy saving.
At present, membrane materials used in wastewater
treatment are mainly organic films!"?. Inorganic
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membrane has been paid more and more attention
because of its high mechanical strength, narrow pore size
distribution, high temperature resistance, corrosion
resistance and so on. It has been widely used in all
aspects of food engineering, environmental engineering,
water treatment, medicine, and energy protection®~],
Membrane flux is an important parameter to characterize
the performance of the membrane. The water flux and
critical flux of plate ceramic membrane treating
municipal secondary effluent of WWTP were studied,
and the flux change characteristics under different
membrane pressure were obtained. The experimental
results laid foundation for further exploring of
mechanism of membrane fouling and related control
techniques, and also provided references for expanded
application of plate ceramic membrane in wastewater
reuse.

2 Materials and methods
2.1. Test raw water

The determination of pure water flux in the process of
experiment is to use distilled water as raw water before
membrane. The determination of critical flux is taking
municipal secondary effluent from a campus as the raw
water. The secondary biochemical treatment process is
as follows: aeration regulation-hydrolytic acidification-
anoxia-aerobic-biological contact oxidation-
sedimentation-filtration-disinfection secondary effluent.
Water quality indicators are shown in Table 2.1.
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Table 2.1 water quality of test water
oD, ammonia P
Index water temperature/°C pH turbidity /NTU chroma - nitrogen
/(mg/1) /(mg/1)
/(mg/1)
Rang 5~20 7.8~8.4 422 0.01~1 40~80 5~16 1.8-2.5
value

2.2 Test equipment and operation

The experimental apparatus for determining the flux of
water in a plate ceramic membrane is shown in Figure
2.1. A new plate ceramic membrane was used. The pore
size of the membrane was 0.1pum, the effective water
area was 0.0564 m’, and the distilled water was the raw
water before the membrane. Suction water is extracted
with peristaltic pump by negative pressure suction. The
peristaltic pump is BT300-2J that is adjustable speed
digital peristaltic pump with a speed range of 1 to
300rpm. The vacuum pressure gauge is used to detect
operating pressure on line. The volume of the filtrate is
measured by a graduated cylinder.
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Figure 2.1 Experiment device of pure water membrane
flux

The experimental device for determining critical flux
of plate ceramic membrane is shown in Figure 2.2. A
new plate ceramic membrane was used. The pore size of
the membrane was 0.1pm, the effective water area was
0.0564 m’, and secondary effluent from a water station in
a university was the raw water before the membrane.
Suction water is extracted with peristaltic pump by
negative pressure suction. The peristaltic pump is
BT300-2] that is adjustable speed digital peristaltic
pump with a speed range of 1 to 300rpm. The vacuum
pressure gauge is used to detect operating pressure on
line. The volume of the filtrate is measured by a
graduated cylinder.
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Figure 2.2 Experiment device of critical flux
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2.3 Analysis method

Membrane flux was measured by volume method. In a
certain time (5 minutes of this test), the volume of the
filter liquid through a certain membrane area (the area of
the plate ceramic membrane of this test is 0.0564m?) is
collected by using a graduate to measure. It is calculated
from (1):

J=V/(Sxt) (1)

J- membrane flux (L/ m?-h) ;

V- volume of filtrate measured in a certain time (L) ;
S- membrane area (m?) ;

t-the time required (h).

3 Study on flux of plate ceramic
membrane

3.1. Study on pure water flux of plate ceramic
membrane

The device of the test is used as shown in Figure 2-2.
Using distilled water as the raw water in front of the
membrane, by adjusting the rotational speed of the
peristaltic pump, the operating pressure is increased
gradually. The pressure gradient corresponding to each
rotation speed lasts 30min, and the average flux is used
as the stable flux of the plate ceramic membrane. The
operating pressure is controlled at 2KPa. 5 KPa. 9
KPa . 13 KPa and 22 Kpa, respectively. The
temperature of the whole test is controlled at 25°C by the
sensor heating rod. The pure water flux of different
membrane pressure is shown in Figure 3-1. As can be
seen from Fig. 3.1, in a certain range, the flux of pure
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water is directly proportional to the membrane pressure.
because the membrane is only affected by its own
intrinsic resistance under pure water conditions. When

the pressure increases to 22KPa, the average pure water

flux can reach 750 L/ m?-h.
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Fig. 3.1 Pure water flux of plate ceramic membrane
under different membrane pressures

3.2 Study on critical flux of plate ceramic
membrane

The methods of determining critical flux include flow

step method, pressure step method, hysteresis effect
method, working curve drawing method, direct

observation method and mass conservation method. The
flow step method is the most commonly used method.
That is, under certain hydraulic operating conditions, the
MBR is controlled continuously at a constant low flux,
and the changes in the operating pressure TMP within a
certain period of time are observed. If the TMP remains
stable, the flux at this time is considered to be lower than
the critical flux, and then the membrane flux is increased
by one order, and the above experiments are repeated.
By increasing the flux of membrane gradually, when
MBR is just higher than a certain flux, it begins to
change and can not operate stably. It is considered that
the flux is higher than the critical flux at this time [,

In this paper, the flux threshold method is used to

determine the critical flux of secondary effluent of

municipal sewage treated with plate ceramic membrane.
The test device is shown in Fig. 2.2, the membrane flux
is gradually increased by increasing the peristaltic pump

speed, and the change of membrane pressure under

different fluxes is measured.

The plate ceramic membrane is inserted into the
reactor to adjust the rotational speed of the peristaltic
pump, and the membrane flux is expressed by the
average flux calculated by the formula (1) by the volume
of the filtrate per Smin. In the first 30 minutes,
membrane flux increased slowly from 0 to 4.5KPa.
Increasing the speed of peristaltic pump gradually, and
adjusting to 40r, 50r, 60r, 70r, 80r, 90r and 100r,
respectively. The temperature of the whole experiment is
controlled at 25°C by the sensor heating rod. The change
of pressure and membrane flux with time is shown in
Figure 3.2.
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Figure 3.2 Membrane fluxes under different pressure
As can be seen from figure 3.2, under the condition of
this test, when the running flux is not higher than 80L/
m?'h, the operation pressure in the continuous suction
interval of the 30min can be stable as a value. When the
running flux is higher than 80 L/ m?'h, the operation
pressure increases with the change of the pumping time,
and the rising rate is very fast, accompanied by the
decrease of flux, which indicates that the membrane
fouling is aggravated. At this time, the membrane flux
decreases and the membrane pressure can not be restored
to the original level. This indicates that the cake layer
begins to form a cake layer and an un recoverable
pollution occurs. Because of the limitation of the test
conditions the increment of the flux ladder cannot be
infinitely small, so an accurate critical flux can not be
obtained, and only a critical flux region can be obtained.
Therefore, the critical flux of plate ceramic membrane
treating secondary effluent of municipal sewage by is 80
L/ m?h.

The above tests prove that the system can run at least
30min stably when the initial flux of plate ceramic
membrane treating municipal secondary effluent is 80 L/
m?-h.

4 Conclusions

1)Within a certain range, the flux of pure water is
directly proportional to the membrane pressure, because
the membrane is only affected by its intrinsic resistance
under pure water. When the pressure is increased to
22KPa, the average pure water flux can reach 750 L/
m?-h. Under the same operating pressure, the pure water
flux of the plate ceramic membrane is much larger than
that of the organic film and ceramic tube membrane,
which is an ideal membrane material.

2)The critical flux of plate ceramic membrane
treating secondary effluent of municipal sewage is 80 L/
m?*-h.
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