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Membrane bioreactors (MBRs) have become very attractive during the past decade due
to their advantages, although optimization of MBR operation has not been achieved yet. Re-
cently, air-sparged side-stream MBRs (ASMBRs) have received much attention since they
can overcome the drawbacks of submerged MBRs such as difficulty in cleaning membrane
modules. Widespread application of MBRs has been limited by problems associated with
membrane fouling and ASMBRs are not exceptions. In this doctoral thesis, membrane foul-
ing in ASMBRs was investigated on the basis of a series of pilot-scale experiments carried
out at an existing wastewater treatment plant. This thesis is composed of the following 6
chapters.

In chapter 1, background and objectives of the study were described. In addition to recent
research papers focusing on membrane fouling in MBRs, studies dealing with two-phase flow
(mixed liquor and gas), which is supposed to be important in the operation of ASMBRs, were
thoroughly reviewed in this chapter.

In chapter 2, results of experiments carried out right after the installation of the pilot-scale
ASMBR were described. Basic operational parameters of the ASMBR were determined on
the basis of the results obtained in these experiments and were used in the following exper-
iments. In this doctoral study, a baffled bio-reactor that enabled efficient nutrient removal
was coupled with air-sparged side-stream tubular membrane modules, which was used as
an ASMBR. A high-load operation of the pilot-sale ASMBR was investigated at two dif-
ferent periods (high- and low-temperature). Although nitrogen removal efficiency slightly
decreased at the low-temperature period, the ASMBR showed excellent nitrogen and phos-
phorus removal efficiencies. The developments of both physically reversible and irreversible
fouling were assessed during operation at various gas velocities and the mixed-liquor veloc-
ity was fixed at 0.50 m/s. The membrane flux was fixed at 80 L/m2/hour with filtration cycle
of 10 min filtration and 1 min backwash throughout the experiments. Regardless of the dif-
ference in temperature, the trends in the development of the two types of membrane fouling
caused by the difference in gas velocity were found to be similar. With respect to physically
reversible fouling, an optimum gas velocity, at which the development of this type of fouling
was minimized, was found to be around 0.42 m/s (corresponding void fraction was 0.45). A
further increase in gas velocity resulted in more reversible fouling. On the other hand, the
degree of physically irreversible fouling decreased as gas velocity increased.
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In chapter 3, the characteristics of foulants in a pilot-scale ASMBR was investigated. After
long-term operations, membrane modules were disassembled and foulants were extracted by
alkaline solution for various analyses. Cylindrical membrane modules used in this study held
about 100 membrane tubes each. Differences of foulants depending on tube positions in the
horizontal cross section were investigated. There was no significant difference in the charac-
teristics of foulants regardless of the positions of tubes in the membrane module. It was also
found that humic substances were dominant in the foulant extracted from tubular membranes
used in the ASMBR. This is a very interesting finding as hydrophilic organic compounds
such as polysaccharides/proteins have been reported as major foulants in “conventional”
submgerged MBRs.

In chapter 4, influences of hydraulic conditions in the ASMBR on characteristics of foulant
were assessed. Different liquid and gas velocities were examined to create different hydraulic
conditions in the ASMBR. Ten days operations were repeatedly carried out with gas velocity
of 0.42 m/s, 0.92 m/s and liquid velocity of 0.3 m/s, 0.5 m/s and 0.7 m/s. The membrane flux
was fixed at 80 L/m2/hour with filtration cycle of 10 min filtration and 15 sec backwash. It
was shown that liquid velocity of 0.3 m/s was not sufficient to operate the tubular membrane
with a high flux such as 80 LMH. Experimental results suggested that increasing gas velocity
was more effective than increasing liquid velocity for control of reversible membrane fouling.
Humic substances were found to be dominant in the foulant regardless of hydraulic conditions
examined. Humic substance was found to be very significant foulant in high gas velocity
condition compare to lower gas velocity condition.

In chapter 5, a comparison between ASMBRs and submerged MBRs in terms of foulant
characteristics was carried out. For this purpose, tiny-scale hollow fiber and flat sheet mem-
branes made from the same polymer material (PVDF) as used for the tubular membrane were
submerged in the bio-reactor of the ASMBR. Membrane flux was set at 42 L/m2/hour for
the three types of membranes with filtration cycle of 10 min filtration and 15 sec backwash.
Foulants were extracted from the membranes after 40 and 20 days of continuous operations
in two different experiments for further analyses. In general, the flat sheet (MF) membrane
got fouled more rapidly compared to other two membranes. Tubular membrane was fouled
the least among the three types of membranes. Humic substances were found to be dominant
in tubular and flat sheet membrane whereas, protein was found to be dominant in the hollow
fiber membrane. . '

In chapter 6, important results of the present study were summarized and recommendations
- for future study are presented.
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