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90 % if cleaned by the 0.5 % sodium hypochlorite solution.

INTRODUCTION

Mustard tuber wastewater presents a challenge to conven-
tional biological treatment process owing to the high salinity
which is known to produce inhibitory or toxic effects on micro-
organism not acclimatizing to high salinity and high salt
concentrations (> 1 %) have been demonstrated to lead to the
loss of activity of cells'?. The treatment of mustard tuber waste-
water has become a significant focus in worldwide research
fields.

At present membrane bioreactors (MBRs), as a combina-
tion of the activated sludge process and membrane separation,
has been extensively researched and applied for anaerobic
biological treatment of high salinity wastewater both in China
and abroad due to its advantages including stable and high
effluent quality, being hardly affected by sludge bulking,
gathering large amounts of microbes and absolute removal of
bacteria*®. Besides above strengths, membrane bioreactors are
considered promising for high salinity mustard tuber waste-
water treatment as it can be operated at high salt concentrations.

However membrane fouling, as a major factor, limited
the widespread application of MBRs for the treatment of
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When treating mustard tuber wastewater by membrane bioreactor (MBR), the membrane may be easily contaminated,in which process |
the membrane material is one of the major factors. To make it clear how the material affects the membrane fouling, four groups of |
experimental study were designed and carried out, respectively using the PVDF and PP membranes under the same conditions to find out
which membrane was better in case of PVDF and PP membrane for the Membrane Bioreactor. And eight groups of tests were carried out |
to find out the optimal way for membrane cleaning. The results showed that, when controlling biofilm density at 30 %, water temperature |
at 8-12 °C, dissolved oxygen at 4-5 mg/L and the suction pump inhaled 10 min and stopped for 3 min, the contamination of the PP |
membrane was worse than the PVDF membrane in the treatmentof mustard tuber wastewater by membrane bioreactor. Meanwhile, it |
turned out that physical cleaning method had high efficiency to resume the membrane flux and the membrane flux can be resumed above |
|
|
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high salinity mustard tuber wastewater. Membrane fouling
deteriorates the permeability of the membrane, leads to frequent
membrane replacement and a necessity for cleaning which
consequently increases energy consumption and operating
costs and decreases membrane life-span’''. Thus the mecha-
nisms of membrane fouling and cleaning strategies have become
the focus areas in MBRs research'>. Many studies have been
carried out recently aiming to investigate the influencing factors
of membrane fouling.

Various factors have proven to affect membrane fouling
in MBRs, including membrane aeration intensity'*', mixed
liquor suspended solid (MLSS) concentration', food-to-micro-
organism ratio'®, solid retention time'”'® and permeate flux".
But previous studies only focused on operational factors. In
addition to these operational affecting factors, membrane
material has also been thought to affect membrane fouling in
MBRs. The material determines the surface characteristics of
the membrane, making it a major factor affecting the membrane
fouling. A severely fouled membrane must be cleaned and
it is always costly. The cleaning strategy includes physical
cleaning and chemical cleaning®. The paper aims to study the
effects of membrane material on membrane fouling and
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cleaning in the process of mustard tuber wastewater treatment
by membrane bioreactor.

EXPERIMENTAL

Experimental set-up: A schematic of the MBR experi-
mental equipment in this study is shown in Fig. 1. The effective
volume of the reactor was 4 L, with a size of 1.08 m x 0.75 m
x 0.6 m (Iength x breadth x height). The reactor was made of
steel plate, which is welded together. The equipment consists
of two zones,the biota zone and the membrane patch zone.
The biota zone was filled with semi-soft biofilm filler and the
biofilm density was 30 % while the membrane patch zone
was filled with hollow fiber membrane modules. At the bottom
of the reactor a pipe (DN200) was lied there to aerate.
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Fig. 1. Flow diagram of the experiment. | regulating tank, 2 pump, 3-5

flow-meter, 6 membrane module, 7 compound MBR reactor, 8
pressure gauge, 9 aeration pump

The MBR experimental equipment worked in this way:
the wastewater, inputting continuously and outputting inter-
mittently, was firstly pumped into the reactor from the regula-
ting tankby the suction pump,then flowed past thebioticzone
and the membrane patch zone, finally flow out of the reactor.
The membrane flux was measured by flow-meter.

Experimental procedure: The MBR experimental
equipment worked in this way: the wastewater, inputting conti-
nuously and outputting intermittently, was firstly pumped into
the reactor from the regulating tankby the suction pump,then
flowed past thebioticzone and the membrane patch zone, finally
flow out of the reactor. The membrane flux was measured by
flow-meter.

RESULTS AND DISCUSSION

Effect of material on the membrane fouling: The down-
ward trend of membrane flux for the PP and PVDF membrane
are shown in Fig. 2, respectively. The membrane were adopted
in two reactors and there were no cleaning. As illustrated in
Fig. 2, the reactor using PVDF membrane gradually tended to
stabilize after 50 min in which process the membrane flux
descended from initiative 31.92-11.32 L/m* h. As a contrast,
the other one tended to stabilize after 15 min in which process
the membrane flux descended from initiative 15-6 L/m’ h.
Comparing the descending ratio of the membrane flux between
the PP and PVDF membrane under the same condition, it was
discovered that the contamination ratio of PP membrane was
higher than that of PVDF membrane. When the dimension of
the membrane hole was equal, the water yielded by the reactor
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Fig. 2. Variations and contrast of the membrane flux

using PP membrane was far less than the one using PVDF
membrane. Therefore a conclusion can be made i.e., the
PP membrane is easier to be contaminated by mustard tuber
wastewater.

When the reactor kept operating for 24 h, the PP membrane
and the PVDF membrane were took out to do scanning electron
microscope and a contrast was made between the SEM photo-
graphs which were screened before and after the membrane
were contaminated. Fig. 3 depicted the comparison of PP
membrane before and after it was contaminated. The SEM
photograph of contaminated PP membrane shows that: (1) A
thick layer of stickumwas clinging to the membrane surface.
(2) From the membrane surface, pore blocking can be seen
clearly owing to the surge pressure of the membrane of MBR.
(3) A layer of suspended sludge was also clinging to the
membrane surface, but the sludge and the stickum were sepa-
rated. And the compact sludge layer was kind of compressed.
When all these phenomenon depicted above appeared, the
membrane had been seriously polluted and the effective
aperture of the membrane had decreased. Therefore, the flow
velocity increased and a number of small granular material
deviated the streamline of the suspended sludge mixture, finally
settled down on the membrane surface with dissolved organic
matter. Simultaneously, it was also discovered that sludge floc
sedimentated to the same side of membrane cylinder and
distributed in strip scattered shapes. Magnifying the interface
of floc and membrane surface, it showed that the sludge floc
clung to the membrane surface which appeared after the strickum
clung to the membrane surface. But where no suspended sludge
clung to membrane surface, the strickum layer was apparently
thicker which illustrated that the clinging process of dissolved
matter can be prevented by the clinging process of suspended
sludge floc.
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Fig. 3. SEM photographs of the new PP membrane and the fouling one

On the basis of above analysis, a conclusion can be made
under the same condition of no long-term cleaning, the memb-
rane fouling of PP membrane was worse, the membrane was
covered by the sludge layer and the membrane flux declined
seriously.
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Fig. 4 showed the comparison of PVDF membrane before
and after it was contaminated. It can be seen that the membrane
pore is blocked by the contaminant. Analyzing the reasons, it
was considered that in this way at the initial stage of filtration,
as the resistance increased sharply, membrane pore blocked
and cake layer increased rapidly, which leaded to the sharp
decline of the membrane flux. When the reactor operated in
the 50 min, membrane pore blocking and cake layer had been
basically formed and membrane flux was relatively stable.
Right this moment, membrane pore blocking and cake layer
took the dominant position during the filtering process.

Fig. 4. SEM photographs of the new PVDF membrane and the fouling one

Experiment on optimal cleaning way: When the reactor
kept operating for 24 h, the PP membrane and PVDF membrane
were took out, then cleaned in physical and chemical ways
separately and every time the membrane was cleaned and the
recovery of membrane flux was monitored. The results shown
in Table-1, after cleaned in physical way, the membrane flux
of PP membrane and PVDF membrane resumed to 61.94 and
55.74 % of their initial membrane flux, respectively. After
washing by using 2 % of NaOH solution and soaked in clean
water for 2 h, the membrane flux of PP membrane and PVDF
membrane resumed to 66.61 and 75.73 % of their initial
membrane flux, respectively. But after washing by soaking in
0.5 % of NaClO solution for 24 h and soaked in clean water
for 2 h, the membrane flux of PP membrane and PVDF
membrane resumed to 93 and 92.26 % of their initial membrane
flux, respectively. But in case of washing by soaking in 1 % of
HCI solution for 24 h and soaked in clean water for 2 h, the
membrane flux of PP membrane and PVDF membrane
resumed to 83.2 and 84.47 % of their initial membrane flux,
respectively. It can be seen from the above analysis that washing
in physical way can resume the membrane flux effectively
and washing in the way of using 0.5 % of NaClO solution can
resume the membrane flux above 90 %. However, physical
cleaning always requires manual work which is costly and
makes the operation of membrane bioreactor more complicated.

Asian J. Chem.
TABLE-1
PARAMETER OF MEMBRANEMODULES
Item PVDF membrane PP membrane

Initial flux 31.9 15

Flux before cleaning 11.32 6.02
Flux after cleaning 19.76 8.32
Physical wash + 2 % NaOH 21.25 11.36
Physical cleaning+0.5% NaClO 29.67 13.84
Physical cleaning + 1 % HCl 26.54 12.67

Conclusion

Comparing the membrane fouling during the operating
process between the PP membrane and the PVDF membrane
it was discovered: under the same running period, the PVDF
membrane,other than the PP membrane, had lower membrane
declining ratio, smoother membrane surface and higher initial
membrane flux. Analyzing the resuming condition of memb-
rane flux after cleaned in different ways, it was discovered
that: cleaning in physical way can effectively resume the
membrane flux and cleaning in the way of using 0.5 % of
NaClO solution can resume the membrane flux above 90 %.
When treating mustard tuber wastewater by an MBR, it is more
economic and more effective to use PVDF membrane.
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