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The fluidized particles serve not only as support media for
microorganisms, but also as media for sorption or otherwise
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(57) Abstract: A fluidized membrane bioreactor compris-
ing a bioreactor including biochemically active organ-
isms; fluidized particles which is a support media to be at-
tached by the organisms; and membranes which permit
treated water to pass through except the organisms,
wherein the fluidized particles are in direct contact with
the membranes. The membranes are installed internally or
externally to the bioreactor. The particles may be granular
activated carbon or other suitable materials. The fluidized
particles serve not only as support media for microorgan-
isms, but also as media for sorption or otherwise retention
of matter that can cause membrane fouling and as an abra-
sive material for cleaning the membrane surtace.
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Description

Title of Invention: FLUIDIZED MEMBRANE BIOREACTOR

Technical Field

The invention relates to fluidized membrane bioreactors which combine a fluidized-
bed biofilm reactor with membrane filtration so that the bioreactor can achieve a high

efficiency of wastewater treatment together with ease in maintenance.

Background Art

Bioreactors for wastewater treatment are classified as dispersed-growth reactors and
biofilm reactors.

In the dispersed-growth reactors, such as the activated sludge process, the biomass
exists usually as suspended flocs. In order to reduce reactor volume, a high biomass
concentration must be maintained in the reactor, in order to obtain this, biomass
recycle from a settling tank is usually employed. This type of reactor is not usually
used for anaerobic treatment of low-strength wastewater because of the relatively short
solids retention time that results.

Biofilm reactors are distinctive in their ability to achieve the high solids retention
time needed for efficient anaerobic treatment because the biomass is retained in the
reactor by attaching to the media surface. Such reactors include packed bed reactors
having fixed media and fluidized bed reactors having fluidized media.

In the fluidized bed reactors, fluid flows at sufficient velocity, generally in an upflow
manner, through a bed of particulate matter such as sand or granular activated carbon
such that the particles are lifted and remain suspended in the fluid. Here, the downward
force of gravity on the particles is just balanced by the upward velocity of the fluid
flowing around the particles. Fluidized bed reactors have seen many environmental ap-
plications, particularly for removal of nitrate and perchlorate from wastewaters. Here,
microorganisms grow as dense biofilms attached to the fluidized particles, permitting
the maintenance of a large biomass concentration within the reactor as needed for high
efficiency of treatment at short detention times on the order of minutes rather than
hours that may be required in other types of reactors.

On the other hand, the dispersed-growth reactors have been equipped with
membranes for the maintenance of a high concentration of microorganisms within the
reactor, leading to high treatment efficiency at short detention times. Either micro-
filtration or ultra-filtration membranes have commonly been used for this purpose,
permitting treated water to pass through the membrane while maintaining particulate

matter of the size of microorganisms - about 1 m in size - to remain within the reactor.
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Because of the exclusion of such small particulate material from the reactor effluent,
the effluent tends to be quite clean and can be disinfected readily, reaching a quality
when treating municipal wastewaters that is adequate for safe use for irrigation of food
crops. This represents an advantage over a traditional wastewater treatment system,
which to meet similar effluent quality standards generally requires in addition to the bi-
ological reactor, a final settling tank to remove larger particulate matter and a multi-
media filtration step to remove smaller ones of bacterial size. The advantage of the
membrane bioreactor in this case is a treatment system that uses much less overall
treatment system volume and requires a much smaller space, that is, it has a smaller

footprint.
However, membrane fouling has been a serious problem affecting system per-

formance in membrane bioreactors. Membrane fouling is caused by deposition of
foulant materials on membrane surface and/or adsorption of them into membrane pore
matrix. Membrane fouling decreases membrane performance due to increasing
hydraulic resistance across the membrane, thereby increasing capital and operational
costs subsequently. There have been many different approaches to reduce membrane
fouling in membrane bioreactors. The common approach currently used in membrane
bioreactor systems is the introduction near the membranes of high turbulence and
cross-flow created by the introduction of air or recycled biogas below the membranes.
While reasonably effective, this has a high energy cost. In addition, back pulsing of
liquid or gas through the membrane and periodic cleaning are common practices,
which also require high cost.

Aerobic treatment is the most common biological treatment system for wastewaters,
but requires significant energy for air injection. Anaerobic processes, however, operate
without air or oxygen introduction, and instead produce useful energy in the form of
biogas. A specific need of anaerobic treatment is a long solids retention time (SRT) to
prevent washout from the reactor of slow-growing methane-forming anaerobic
bacteria. Membrane bioreactors can be advantageous for anaerobic treatment of dilute
wastewaters such as domestic sewage in that the membranes prevent washout of
anaerobic bacteria and thus can provide the long SRT needed, while operating at short
hydraulic detention times as required to reduce reactor size and cost. The higher
current energy requirement with membrane treatment, however, tends to offset the
advantage.

Even though much research has been conducted in an effort to reduce this energy re-

quirement, the needs to reduce the energy requirements further still exists.

Disclosure of Invention
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Technical Problem

Accordingly, an objective of the present invention is to provide wastewater treatment
systems that permit more effective biological treatment of domestic as well as in-
dustrial wastewaters, and that also reduce the associated energy use and maintenance

requirements.

Solution to Problem

The wastewater treatment system of the present invention is characterized in that it
combines a fluidized bed reactor with membrane filtration. The fluidized membrane
bioreactor (FMB) of the present invention comprises a bioreactor including bio-
chemically active organisms; fluidized particles which is a support media to be
attached by the organisms; and membranes that permit treated water to pass, but not
the organisms. The fluidized particles come into direct contact with the membranes.

The fluidized membrane bioreactor of the present invention can be used in one of
two different modes: one in which the membranes are placed within the biological
reactor itself, and the other in which membrane filtration is carried out in a separate
step following the biological treatment system.

The membranes may be of different types such as hollow fiber membranes, tubular
membranes, or flat sheet membranes. The fluidized particles may be sand, or granular
activated carbon, or other materials as commonly used in traditional fluidized bed
reactors. For example, granular activated carbon (GAC) which is larger than powder
activated carbon (PAC) generally has a size of 0.3 mm or more. Particularly, GAC in
size of 0.3 to 0.7 mm is preferable. The GAC of this size is effective in both adsorbing
or otherwise holding particulate matter, and preventing membrane clogging by
scouring against the membranes.

The fluidized membrane bioreactor can be effectively used with anaerobic as well as
aerobic treatment systems.

Advantageous Effects of Invention

The advantages of combining a fluidized bed reactor with membrane filtration are
not only that biomass retention is improved, but also the clogging of membranes
through which treated effluent passes is significantly reduced through the combined
sorption and scouring action of the fluidized particles in the reactor, which are in direct
contact with the membranes. Therefore, the normal action of a fluidized bed system
helps reduce a major problem with normal membrane bioreactors in an energy efficient
manner. Therefore, additional gas injection for vigorous agitation demanding much
energy is no longer required.

The fluidized membrane bioreactor of this invention is particularly applicable with
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anaerobic treatment in helping to achieve good wastewater treatment efficiency since it

helps maintain a long SRT.

Brief Description of Drawings

FIG. 1 is a schematic view of an embodiment of the FMB of the present invention in
which membranes are installed inside of the bioreactor.

FIG. 2 is a schematic view of a further embodiment of the FMB of this invention in
which membranes are installed outside of the bioreactor.

FIG. 3 is a schematic view of a variation of the embodiment shown in FIG. 1 which
is used with an anaerobic treatment system.

FIG. 4 is a schematic view of a variation of the embodiment shown in FIG. 2 which
is used with an anaerobic treatment system.

FIG. 5 is a schematic view of a further variation of the embodiment shown in FIG. 2.

FIG. 6 and FIG. 7 are results showing changes in suction pressure with filtration
time, which is obtained from the FMB shown in FIG. 4.

Best Mode for Carrying out the Invention

FIG. 1 is a schematic view of a preferable embodiment of the fluidized membrane
bioreactor of the present invention, in which a bioreactor 1 including fluidized particles
3 is installed beside membranes 5.

The membranes 5 may be preferably hollow fiber membranes, tubular membranes or
flat sheet membranes. For example, hollow fiber membranes would be held in a
vertical position inside of the bioreactor 1. The fluidized bed particles 3 are fluidized
by influent flow 7 in an upward direction and at the same time come into physical
contact with the membranes 5 so that the physical movement on the membrane
surfaces as well as biodegradation and sorption help to reduce membrane fouling.

The required upward velocity of fluid flow would be such as to fluidize the support
media particles 5, causing a bed expansion over that in the bed's resting state of from 5
to 300%, but generally in the range of 25 to 150%.

The support media may be any particles that when in its wet state is heavier than
water, having a specific gravity ranging from about 1.05 to 3, that is from dense plastic
beads to sand grains, and having a size between 0.1 mm and 5 mm. A particularly
effective support media would be granular activated carbon (GAC) with size range of
0.3 to 0.7 mm. Similar material has proven effective in full-scale fluidized bed
bioreactors for contaminated water treatment for growth of microorganisms and
degradation of harmful organic and inorganic trace contaminants. Typical upward fluid

velocity for achieving 50 to 100% bed expansion with this material is on the order of 1
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croorganisms, a media for sorption or otherwise retention of fine particulate matter and
soluble organic materials that tend to clog membranes, and as an abrasive material that
helps clean the membrane surface through the physical action of its movement and
through sorption from the membranes of attached particles.

After the filtration, the permeate 9 is produced from the membrane. Fluidization of
particles to the degree desired is maintained by recycling the proper amount of fluid in
the bioreactor 1 through line 11. This flow together with the influent flow 7 creates the
necessary upward fluid velocity in the bioreactor 1 for fluidization.

Although, in the example of the FIG. 1, the membranes are placed within the bi-
ological reactor itself, membrane filtration may be carried out in a separate step
following the biological treatment system, and an embodiment of this structure is
shown in FIG. 2.

In this embodiment, the influent 13, after biotreatment in a bioreactor 1, is introduced
to a separate chamber 15 in which membranes 5 are installed. The influent 13 passes
through the membranes 5 in chamber 15, and the fluidized particles 3 by the influent
13 mainly function as a media for sorption or otherwise retention of clogging matter
and as an abrasive material for reducing membrane fouling.

When used in the external mode, the bioreactor 1 itself may be any one of several
different possible designs such as a completely stirred tank reactor, a filter, an upflow
sludge blanket reactor, a baffled reactor, a sequencing batch reactor, a fluidized bed
reactor, or one of any other bioreactors that may presently be used or otherwise con-
templated. The objective here is to use the fluidized system to reduce membrane
fouling with small energy expenditure.

The embodiments of the Fig. 1 and 2 show the FMB used with an aerobic biological
treatment system with aeration means 17. However, the FMB according to this
invention can be used effectively with an anaerobic biological treatment system, the
embodiments of which are shown in FIG. 3 and FIG. 4.

In those embodiments, aeration means are eliminated, and the biogas produced is
separated by a gas separator 18. The separated gas may be either used to assist flu-
idization of the particles, through line 19, or discharged through line 20, 21.

Fluidized particles 3 allow the maintenance of a long SRT through the formation of a
biofilm on the surface. In addition, the membrane 5 prevents washout of anaerobic
bacteria and thus can provide further long SRT. Combining the fluidized bed and
membrane reactors together helps maintain the long SRT required for an anaerobic
process, enhances mass transfer of waste organics to the microorganisms, and reduces

fouling potential of membranes in an energy-efficient biofuel-producing manner. Thus,
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the process of the present invention would be useful in an aerobic membrane
bioreactor, and in addition would make anaerobic treatment a much more favorable
process for treatment of dilute wastewaters than has been the case in the past.

FIG. 5 shows a further variation of the embodiment of FIG. 2. In this embodiment,
the membrane 5 is a tubular membrane, and the abrasive particles 3 are fluidized inside
of the membrane 5 for more effective membrane cleaning. In order to prevent the loss
of particles 5, for example GAC, in this embodiment, a GAC separator 23 may be
attached additionally. The separated GAC 24 is introduced to the chamber together
with the influent 13.

FIG. 6 is the result of an experiment to investigate effect of GAC on membrane
fouling in the FMB according to the present invention. The FIG. 6 compares transient
behavior of suction pressure as an indicator of membrane fouling at constant flux
operation without GAC and with GAC as fluidizing media. The FMB used in this ex-
periment is the type of FIG. 4, that is, the membrane module is installed outside of
anaerobic bioreactor, and thus the membrane treats effluent from the bioreactor.
Hollow-fiber membranes were used in this test. As for the FMB with GAC, the GAC
was fluidized in the reactor continuously. FIG 6 shows that the suction pressure (or
membrane fouling) increases significantly as there is no GAC in the reactor. However,
the transient behavior of suction pressure was observed to be almost similar to one
obtained from using clean water as continuous fluidization of GAC was performed

FIG. 7 also shows another result of the experiment to investigate effect of GAC on
membrane fouling from the FMB according to the present invention. The FMB is same
type of the reactor for the experiment used in FIG. 6. In this test, however, the flu-
idization of GAC was stopped at time A and started fluidizing at time B in the FMB
rather than continuous fluidization of GAC in the reactor. FIG. 7 shows that the suction
pressure increases when the fluidization of GAC is stopped. However it decreases
rapidly almost close to the suction pressure level obtained from using as clean water in
the reactor as the fluidization of GAC is started.

The effectiveness of membrane cleaning with the FMB is conspicuous from the

results of these experiments.
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Claims

A fluidized membrane bioreactor comprising:

a bioreactor including biochemically active organisms;

fluidized particles which is a support media to be attached by the
organisms;

membranes which permit treated water to pass through except the
organisms;

wherein the fluidized particles are in direct contact with the
membranes.

The fluidized membrane bioreactor according to claim 1, wherein the
membranes are installed internally in the bioreactor.

The fluidized membrane bioreactor according to claim 1, wherein the
membranes are installed externally to the bioreactor.

The fluidized membrane bioreactor according to any one of claims 1 to
3, wherein the fluidized particles are heavier than water when in their
wet state, having a specific gravity ranging from about 1.05 to 3, and
having a size between 0.1 mm and 5 mm.

The fluidized membrane bioreactor according to any one of claims 4,
wherein the fluidized particles are granular activated carbon.

The fluidized membrane bioreactor according to any one of claims 1 to
3, wherein the membranes are hollow fiber membranes, tubular
membranes, or flat sheet membranes.

The fluidized membrane bioreactor according to any one of claims 1 to
3, wherein treatment in the bioreactor is aerobic treatment.

The fluidized membrane bioreactor according to any one of claims 1 to
3, wherein treatment in the bioreactor is anaerobic treatment.

The fluidized membrane bioreactor according to claim 6, wherein
biogas produced in the bioreactor is recycled to aid fluidization of the
particles.

The fluidized membrane bioreactor according to any one of claims 1 to
3, wherein the particles are fluidized by introduction of the waste

influent and/or recycled reactor fluid.
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