Descripti on MEMBRANE FI LTRATI NG APPARATUS AND
OPERATI ON METHOD THERECF Technical Field [0001] The
present invention relates to a structure of an
apparatus for separating and filtrating water by a
holl ow fiber nenbrane, and nore particularly, to a
menbrane filtrating apparatus capable of stably
perform ng nenbrane filtration at a high return rate
even when raw water hagegcrhbghohurbidity. Background
Art [0002] Since a nenbrane filtrating nmethod of
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characteristics such as energy saving, space saving,

power saving, and inprovenent of water quality, the
nmet hod has been widely used in various fields. For
Te AP £, rReBNDrane filtration using a
n1cr |Itrat|on menbrane or an ultrafiltration
h3Re ] has been applied to a water-purifying
pro C|ng process for producing industrial water or

Lfggg’gg ngesv?/a %% td%%eﬁf]hagﬁo eétr&‘é‘ ESV‘@EGan
apﬂn¥%g§%r¥§rb§g 999£nﬁdaﬁg 11%ra¥§ bo%%teEu%@ a hollow
3 &

processin such as C

fiber membrane, and more particularly, to a membrane
filtrating apparatus capable of stably performing membrane
filtration at a high return rate even when raw water has a

high turbidity.

Background Art

[0002]

Since a membrane filtrating method of filtrating
water by a separation membrane has characteristics such as
enhergy saving, space saving, power saving, and improvement
of water quality, the method has been widely used in
various fields. For example, a membrane filtration using
a microfiltration membrane or an ultrafiltration membrane
has been applied to a water-purifying producing process
for producing industrial water or tap water from river
water, groundwater, and sewage processing water.

{0003]

A hollow fiber membrane module has been applied to



refinement, sterile filtration, and clarifying, from
the point of securing a |arge nenbrane area per unit
vol une. [0004] As the hollow fiber menbrane nodul e,
there are a pressurized hollow fi ber nenbrane nodul e
and a subnmerged hollow fiber nmenbrane nodule. In the
pressuri zed hollow fiber nenbrane, a

pressure-resi stance cylindrical case having no
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hol | ow fi ber menbranes, both end portions of the
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case are adhered and fixed, one end or both ends is
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menbr anes, the” opening end is provid

filtnalhed water collecting portion to collect
[0 S

filtrated water, a raw liquid supply port for
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membrane bundle and an inner wall of the cylindrical case
are adhered and fixed, one end or both ends is cut to open
the inner portion of the hollow fiber membranes, the
opening end is provided with a filtrated water collecting
portion to collect filtrated water, a raw liquid supply
port for supplying raw liquid into the cylindrical case is
provided, and pressed raw water introduced into the module
is filtrated by a hollow fiber membrane surface.
Meanwhile, in the submerged hollow fiber membrane, both
ends of hollow fiber membrane bundle are adhered and fixed
by adhesives, one end or both ends is cut to open the
inner portion of the hollow fiber membranes, the opening
portion is provided with a filtrated water collecting
portion to collect filtrated water, the membrane module is

immersed into raw water in a submersion tank opened to the



air, and the perneated water side provided with the
filtrated water collecting portion is absorbed and
filtrated. [0005] The pressurized hol |l ow fiber
menbrane nodule is capable of increasing a treatnent
amount per nenbrane area fromthe point of setting
filtration pressure |ager than that of the subnerged
type. As a result, it is possible to reduce the
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thus to reduce the installation space. Meanwhile, the
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i mrersing the holl ow fi menbrane bundle in the
fijdfdddgation raw water w thout the pressure-resistance
cylindrical case around the hollow fiber nenbranes.
Accqbgbggly it is easy to discharge suspended
substancés cl ogged between the hol |l ow fi ber
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process and thus to reduce the installation space.
Meanwhile, the submerged hollow fiber membrane module is
used by immersing the hollow fiber membrane bundle in the
infiltration raw water without the pressure-resistance
cylindrical case around the hollow fiber membranes.
Accordingly, it is easy to discharge suspended substances
clogged between the hollow fiber membranes, that is, there
are advantages in that a suspended material discharge
performance is good, and that thus it is possible to
perform membrane filtration even in high-turbidity water.
Also, there is an advantage in reducing the cost of
equipments, since the filtration system is simple and the
number of auxiliary pipes is small.

[0006]

As described above, the submerged membrane module

has an advantage in having a good performance in



- 3 dischargi ng suspended substances cl ogged between
the nenbranes since no pressure-resistance
cylindrical case is provided, and an advantage in
enabl i ng nmenbrane filtration to be performed even in
high-turbidity water. Therefore, various studies wth
respect to a subnersion tank filled with raw water in
whi ch t he subnerged nenbrane nodule is disposed have

didesryBde S@spbRleAe8BHa08nEELt RFAbyEBJCBRtRRen the
performed even in higher-turbidity raw water. [0007]

nmﬁ3¥aﬁ%%ﬂﬁﬂﬁbe'ﬂomﬁf@QEuE@CHQBBEt&ncéh%&glh%rl@é¥ﬂd¥§%j1s
an apparatus in ich a plurality of menbrane nodul es

prdfidddl noh@ &hugl@%éﬁﬂaeé &Hb@néﬂa@ﬁq ﬁ%ﬁ@ﬁ?‘aﬁe filtration
separatlon menbr anes di sposed paral | are piled,

to Hd pdfILURLQNe PEREL hsh?QEDQ thﬁ€§e%8@%& a@ﬂe@efore,

preC|p|tat|on zone 1s orne in anarea thereunder.

va%#b&gué%&ﬁ¥@ga&f§ régﬁe nPgaQesﬂBﬂgg§§oﬁr%a@kSEQ§%%d

ori zont y SO t at a ngltudlna Irection o

w1tﬁ{or | ng Ll?zgf SERalRl &H”ﬁg‘egﬁﬁfﬁ gt cGOREABERALS gltgguﬁ.e is

direction us IS provi

dlﬁf ee&'rPAJeang%‘nzﬁé‘S toor ehyge 8@&%@'% §L¥r%ftlo% can be

er aroun rane noau suspende

e UMANE L 2. AT £ 68 él{}\% L& 5?&5%“ eda' n,LRe,
pre0|p|ta i'on” 2one? Wien"t hie susﬁen &d conmponents are
peekg Pg f froma surface of the separation nmenbranes

crubbing to be circulated in the tank.

For example, in Patent Document 1, there is
disclosed an apparatus in which a plurality of membrane
modules including a plurality of tube-shaped ceramic
separation membranes disposed parallel are piled, an air
diffusion pipe is disposed thereunder, and a precipitation
zone is formed in an area thereunder. 1In this apparatus,
the membrane modules are disposed horizontally so that a
longitudinal direction of the pipe-shaped separation
membranes corresponds to a horizontal direction. The
apparatus is provided with a precipitation zone to reduce
a turbidity of raw water arcund the membrane modules so
that suspended components are easily precipitated in the
precipitation zone when the suspended components are
peeled off from a surface of the separation membranes by
air scrubbing to be circulated in the tank.

[0008]



[0008] 4 In Patent Docunment 2, it is disclosed that
an obstacle plate is disposed between an air

di ffusion device and a bottomof a subnersion tank to
prevent suspended conponents precipitated in a
precipitation zone from floating up again by air
scrubbing. [0009] In Patent Docunent 3, there is

di scl osed an apparatus in which a flat nenbrane
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tank) for an active sludge treatnent, and an air
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| mprovi mance arglng suspended
sub§b@6§?s cl ogged between the nenbranes. [0010]
However, "particularly, in the subnerged hol | ow fi ber
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an aeration tank (treatment tank) for an active sludge
treatment, and an air diffusion device is disposed
thereunder, wherein an area of the treatment tank occupied
in the same horizontal section is set three times or more
as large as an area of a membrane module. The inner area
of the treatment tank is expanded as described above for
easy in-tank circulation flow caused by air supplied from
Lhe air diffusion device, thereby improving a performance
of discharging suspended substances clogged between the
membranes.

[0010]

However, particularly, in the submerged hollow fiber
membrane module among the submerged membrane modules,
since the plurality of hollow fiber membranes are bundled
and disposed in the module so that the membrane area per
unit volume is large. Accordingly, there is a demerit that

suspended components are easily filled between the



unit volune is large. Accordingly, there is a denerit
that suspended conponents are easily filled between
the - 5 nenbranes. Accordingly, it is difficult to
cope with high-turbidity raw water only by the
conventional technique described above. For this
reason, there has been generally enployed a constant
air scrubbing nethod of performng an air scrubbing
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raw water before concentration, or a method of combining
the both methods.

[0011]

Although the constant air scrubbing method is widely
used mainly in sewage waste water treatment, there are a
practical problem in enormous running cost, and a problem
in lacking reliability as a stable operation method for
high-turbidity raw water.

[0012]

On the other hand, in the full drain method, the
full amounts of water are discharged at the time when a
concentration of concentrated water in a tank rises and
reaches a predetermined concentration, and then the tank
is filled with raw water before concentration again.
Accordingly, this method is reliable as a stable operation
method for high-turbidity raw water. However, the

submerged membrane module is disposed in a wide submersion



Accordingly, this nmethod is reliable as a stable
operation nethod for high-turbidity raw water.
However, the subnerged nenbrane nodule is disposed in
a wi de subnersion 6 tank. Therefore, in case of

enpl oying the full drain nmethod in the conventiona
appar atus having a good perfornmance in discharging
suspended substances, nost of concentrated water in
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the substantially same size as the membrane module. 1In
this case, it is possible to solve the problem that the
operation return rate largely decreases, even in case of
employing the full drain method. However, in the case
where the inner surface of the submersion tank has the
similar shape with the membrane module and the
substantially same size as the membrane module, there is
little functional difference from the pressurized module
formed by inserting a hollow fiber membrane bundle into a
pressure-resistance cylindrical case, so that the
performance in discharging suspended substances clogged
between the membranes will be largely decreased.

[0014]

As for the membrane filtrating apparatus including
the submerged hollow fiber membrane module described above,

the improvement of the performance of discharging



[0014] As for the nmenbrane filtrating apparatus

i ncluding the subnerged holl ow fiber nmenbrane nodul e
descri bed above, the inprovenent of the perfornance
of discharging 7 suspended substances and the

I mprovenent of the operation return rate are in the
relation of trade-off, and it is considered that it
is difficult to satisfy both of them Patent Docunent
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bel oy Lhe RaLLaWA her FRIIARoqpdul e, and a raw

wat er supply port i1s disposed above the hollow fiber
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apparatu the performance in discharging suspended
subst ances cl ogged between the nmenbranes is high, an
operation return rate thereof is kept high even in
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Problem that the Invention is to solve

[0015]

The invention is to provide a membrane filtrating
apparatus in which a submerged hollow fiber membrane
module for separating solid and liquid by absorption and
filtration is disposed in a submersion tank, an air
diffusion pipe is disposed below the hollow fiber membrane
module, and a raw water supply port is disposed above the
hollow fiber membrane module. According to the membrane
filtrating apparatus, the performance in discharging
suspended substances clogged between the membranes is high,
an operation return rate thereof is kept high even in case
of employing a full drain method, and it is possible to
perform a stable membrane filtration operation at a high

return rate even with respect to high-turbidity raw water.

Means for solving the Problem



performa stable nmenbrane filtration operation at a
high return rate even with respect to high-turbidity
raw water. Means for solving the Problem- 8 [0016]
To solve the aforenenti oned problens, there is
provided a nenbrane filtrating apparatus, in which a
subrerged hol Il ow fi ber nenbrane nodul e forned by
bundling a plurality of hollow fiber nenbranes is

di spege@jin a subnersion tank having a raw water
supply port at an upper portion thereof and a drain
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an air diffusion pipe is disposed below the hollow fiber
membrane module, wherein the raw water supply port is
disposed upper than the hollow fiber membrane module, a
ratio of a sectional area of the hollow fiber membrane to
an in-tank sectional area of the submersion tank is 60% to
90% in a horizontal section with the hollow fiber membrane
module disposed, a distance between the air diffusion pipe
and the bottom of the submersion tank is 200 mm or more,
and the drain port is disposed lower than the air
diffusion pipe by 200 mm or more.

[0017]

In this case, it is preferable that a ratio of a
sectional area of the hollow fiber membrane to an in-tank
sectional area of the submersion tank is 70% toc 80% in a
horizontal section with the hollow fiber membrane module

disposed, and a distance between the air diffusion pipe



sectional area of the hollow fiber nenbrane to an
in-tank sectional area of the subnersion tank is 70%
to 80%in a horizontal section with the hollow fi ber
menbr ane nodul e disposed, and a di stance between the
air diffusion pipe 9 and the bottom of the submersion
tank is 200 nmto 700 mm [0018] In addition, it is
preferable that the hollow fiber nmenbrane nodul e has

and tHd UsE i 8mi BrWhhehsapRb¥Esabht ¥ a0k iROIIo@Wr B®Y 700 mm.
menbranes are bundl ed at | east at an upper end and a

| owgppgrd thereof, the upper end side of the hollow
fi ber menbrane bundle is bundled and fixed in a state
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is opened, a water collecting portion is disposed on the
opened end surface of the hollow fiber membranes, and the
lower end side of the hollow fiber membrane bundle is
bundled by a plurality of small bundles in a state where
an end surface of the hollow fiber membranes is closed.

[0019]

In addition, it is preferable that the drain port is
disposed at the bottom of the submersion tank.

[0020]

In an operation method of filtrating raw water using
the membrane filtrating apparatus, it is effective that a
level of water in the submersion tank is reqularly lowered
to a position lower than the air diffusion pipe by 200 mm
or more. In addition, in an operation method of
filtrating raw water using the membrane filtrating
apparatus, it is preferable that some of water in the

submersion tank is regularly discharged from the drain
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to a position lower than the air diffusion pipe by 200
mm or nore. In addition, in an operation nethod of
filtrating raw water using the nmenbrane filtrating
apparatus, it is preferable that sonme of water in the
subnmersion tank is regularly discharged fromthe drain
- 10 port. Advantage of the Invention [0021]
According to the invention, it is possible to keep a
pord00d performance in di scharging suspended substances
cl ogged between the nmenbranes high, which is an
advantage of the subnerged hol | ow fi ber nenbrane
nodule, and it is possible to keep an operation
AdVAHU L 134 e OfnvENEDoMhen  the whole or nost of
water” in the subnmersion tank is regularly discharged.
In aggbthon, a considerable ampunt of suspended
substances included in the raw water are not
fil - e r .and ar.e . [ pd 4 I
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of WS sl e PEH1S PO LG PLAY 1981160028 it is
possible to keep an operation return rate high, even when
the whole or most of water in the submersion tank is
regularly discharged. In addition, a considerable amount
of suspended substances included in the raw water are not
filtrated by the membranes and are precipitated in the
vicinity of the bottom of the submersion tank, and thus
exist in an accumulated or concentrated state. Therefore,
it is possible to perform a stable membrane filtration
operation at a high return rate even with respect to

relative high-turbidity raw water.

Brief Description of the Drawings

[0022]

[Fig. 1] Fig. 1 is a schematic sectional view
illustrating an embodiment of a membrane filtrating
apparatus according to the invention.

[Fig. 2] Fig. 2 is a schematic sectional view
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[Fig. 1] Fig. 1 is a schematic sectional view
illustrating an enbodi nent of a nenbrane filtrating
apparatus according to the invention. [Fig. 2] Fig. 2
is a schematic sectional view - 11 illustrating a
hori zontal sectional surface taken along a horizontal
line Z-Z shown in Fig. 1, as viewed fromthe upper
portion. [Fig. 3] Fig. 3 is a schematic sectional view
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nodul e used in the invention. [Fig. 4 Fig. 4is a
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enbodi rent of a nenbrane filtrating apparatus

upRaL Sipg.to the invention. [Fig. 5] Fig. 5is a
pschgﬁat?c sectional view illustrating a horizonta
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shown i’'n Fi'g. 4, as viewed fromthe upper portion.
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ra ow of water in a subnersion tank at the
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us shown Description of Reference
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I nner ~sur f'ace” oF “subiver Si on
illustrating another embodiment of a membrane filtrating
apparatus according to the invention.

[Fig. 5] Fig. 5 is a schematic sectional view
illustrating a horizontal sectional surface taken along a
horizontal line Z-Z shown in Fig. 4, as viewed from the
upper portion.

[Fig. 6] Fig. 6 is a schematic sectional view
illustrating flow of water in a submersion tank at the

time of air scrubbing, in the membrane filtrating

apparatus shown in Fig. 1.

Description of Reference Numerals and Signs

[0023]

1: Submersion tank, 1A: Inner surface of submersion
tank, 2: Hollow fiber membrane module, 2B: Outer surface
of hollow fiber membrane module, 3: Air diffusion pipe, 4:
Air diffusion hole, 5: Permeated water pipe, 6: Raw water

supply port, 7: Drain line, 8: Hollow fiber membrane, 9a,
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tank, 2: Hollow fiber nenbrane nodul e, 2B: Quter
surface of hollow fiber nenbrane nodule, 3: Ar

di ffusion pipe, 4. Ar diffusion hole, 5: Perneated
wat er pipe, 6: Raw water supply port, 7: Drain |line,
8: Hollow fiber nenbrane, 9a, 12 9b: Adhered and
fixed portion, 10: WAter collecting cap, 11: Ar

i ntroduci ng cylinder, 12: Penetration hole, 13: Drain
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| ongi tudi nal direction of the hollow fiber nenbranes

orfesponds fto a vertical . direction,  and an air
Bes'#%ﬁ%?oﬁaﬁi%%r¥§l%?s%%geEhBeFEXFPgébnholIom;fiber

nengéggg]nodule. The raw water supply port is

di s upper than the hollow fi ber menbrane nodul e,

a ratio of a secti.qnal .area of the hollow fiber
nenBPaﬁem€8br§Heiﬁ{ iR T 0%t IERAT Hh QLN to the
. subnersion tank is 60%to 90%in a horizontal section
invgt qThe hoF HRRFIB2r PALHBY anePeRollERRTaPEpBoeY L € formed

di stance between the air diffusion pipe and the,

by F3Emd 4 ieletdhkt¥i oh PahkorsisbsrnieBrrapes, 1s

disposed in a submersion tank having a raw water supply
port at an upper portion thereof and a drain port at a
lower portion thereof so that a longitudinal direction of
the hollow fiber membranes corresponds to a vertical
direction, and an air diffusion pipe is disposed below the
hollow fiber membrane module. The raw water supply port
is disposed upper than the hollow fiber membrane module, a
ratio of a sectional area of the hollow fiber membrane to
an in-tank sectional area of the submersion tank is 60% to
90% in a horizontal section with the hollow fiber membrane
module disposed, a distance between the air diffusion pipe
and the bottom of the submersion tank is 200 mm or more,
and the drain port is disposed lower than the air
diffusion pipe by 200 mm or more.

[0025]

The invention will be described with reference to
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and the drain port is disposed |ower than the air
di ffusion pipe by 200 nmor nore. [0025] The
invention will be described with reference to - 13
the drawi ngs schematically illustrating a nmenbrane
filtrating apparatus according to the best enbodi nment
of the invention. The scope of the invention is not
limted the enbodinment. [0026] Fig. 1 is a schematic
thevicmawingstsahemgt anal épbodinmehrabfing aememdrene
filtrating apparatus according to the invention, and
filRirptihg sappschennt acceedingnab vhewbeislt] estoatimegta of
subnersion tank and a holl ow fi ber nmenbrane nodul e
thesHowerthidn g. Thd akepal@hglee haivaoniah isnpoZ- Zimiaed
viewed fromthe upper portion thereof. Fig. 3 is an
theerinygeicheacthemat i ¢ sectional view illustrating an
enbodi nent of the holl ow fiber nmenbrane nodul e shown
in [f0g6]1l. Fig. 4 is a schematic sectional view
illustrating another enbodi nent of a nmenbrane
filFigtli ngigppakahesatdccaridwng tiadthetitvgrdnon. Fig.

5 is a schematic sectional viewillustrating a
embVRMRIT VY tankerd@heate hol 1 evatihherppBratare atdwdng to
shown in Fig. 4 taken along a horizontal line Z-Z, as

theVii@Weeh M tAeq URPQr POLLi ONschBREEOE. sectional view
illustrating a submersion tank and a hollow fiber membrane
module shown in Fig. 1 taken along a horizontal line Z-Z,
as viewed from the upper portion thereof. Fig. 3 is an
enlarged schematic sectional view illustrating an
embodiment of the hollow fiber membrane module shown in
Fig. 1. Fig. 4 is a schematic sectional view illustrating
another embodiment of a membrane filtrating apparatus
according to the invention. Fig. 5 is a schematic
sectional view illustrating a submersion tank and a hollow
fiber membrane module shown in Fig. 4 taken along a
horizontal line Z-Z, as viewed from the upper portion
thereof.

[0027]

In the invention, a submerged hollow fiber membrane
module 2 has a structure formed by adhering and fixing
both ends of a hollow fiber membrane bundle formed by

collecting and bundling a plurality of (e.g., several
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~[0027] In the invention, a subnerged hollow fiber
menbrane mpdule 2 has a structure formed by adhering
and fixing both ends of a hollow fiber nenbrane
bundl e formed by collecting and bundling a plurality
of (e.g., several - 14 hundreds of to several tens of
t housands of) hollow fi ber nenbranes 8. Preferably,
the hollow fi ber nenbrane nodule is a type in which a

hurdrdgdat et wal efevatd Bctémgy POrthonsandsdosporedlon diber
end side 9a of the adhered and fixed portions in a

mexibamashay e @i egRaapunf,actOfhdiewot 19ay éMi€fane module
menbranes i s opened, and the other end side 9b is

isaghengd and JHi@d d ntfa stat &d gt 8r aBoeDdcsihfagerefion is
the hollow fiber nmenbranes is closed (as exenplified

dilgpddc ch HYW - sRie ed£.0F HRUEY8hertheahal F@Wed

fiber nmenbrane nodule may a type in which both ends

pontlto'?le.s adhey ed and wiid xed; PoLhl088rEscadber eeand1ow
fixed in a state where both end surfaces of the

£ iR Qi DEle BT GNESe AT €20RCPRY. o8REr EhhtEakEdop is

wat er coIIectlng portlons are provided thereon.

acih%%%] ﬂ@léc?"% Qeétﬁé'bwﬁé‘i?ﬁ ? aéf-? ”Qﬁr!fhglet 8¢ the
i ey are porous

partlcu ber menbranes

horla_Lg) ‘i’:ees_t' n%‘ir}gdf S Jté’gcfc%&‘fr ”BE‘CSerHhEESEeEﬁbﬂ]g.

one romthe group consi sti ng

an@lﬂgﬁ B‘tmteetrd %' S %%V%%,pq!ryeaq{cylfd%tflﬂ)& membrane
ienyl ene

rmmodule may a type in which both ends of the adhered and
fixed portions is adhered and fixed in a state where both
end surfaces of the hollow fiber membranes are opened, and
filtrated water collecting portions are provided thereon.

[0028]

The hollow fiber membranes 8 are not limited
particularly if they are porous hollow fiber membranes
having desired filtration performance, but preferably,
made of one kind selected from the group consisting of
polymer materials such as polyacrylonitrile, polyphenylene
sulfone, polypheylene sulfide sulfone, polyvinylidene
fluoride, polypropylene, polyethylene, polysulfone,
polyvinyl alcohol, and acetic acid cellulous, or
consisting of inorganic materials such as ceramics, and
more preferably, made of polyvinylidene fluoride in terms

of membrane strength. A pore diameter formed on the
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sul fone, pol ypheyl ene sul fide sul fone, polyvinylidene

fluoride, polypropyl ene, polyethylene, polysulfone,

pol yvi nyl al cohol, and acetic acid cellul ous, or

consi sting of inorganic materials such as ceram cs,

and nore preferably, made of polyvinylidene fluoride

interns of nenbrane strength. A pore dianeter forned

on the - 15 surface of the hollow fiber nenbranes is
suntdcd ot telde pailowuFabky, mbubramysbe sseloectiachitte@dave

desired filtration performance in the range of 0.001
pafiicullapny, WAt odégrbdi ageteteal tbhaakel ldewifrcaer

menbranes 8 is also not limted particularly, but

fllpcrx%f@if&b'ﬁerfé‘rzﬁ@ﬁcéa_ﬂﬂetﬁé réageMir0 02000 pm theaayse

fluctuation of the hollow fiber ™ nenbranes is |arge

An &tk & Cheahe 08r P OPEREYhb318%Cel bert memb?@23s Bhas also
adhesi ve used to adhere and fix both ends of the

nothal 1rpV¢ dd rﬂEH@I@P@ybUBle k8 FBREDIKM tiedthe range of
particul arly but it 1s pre?erable to use

zsdgﬁnl[ 9%666‘ Prf]ﬂéé‘% ﬁ‘é@ f‘%ucgﬂgﬂogeé'f”tﬁ%dh‘é %'%lzag%ber

030] ered an I xed portions a an

nmﬁﬁ%gﬁg§“¥%aiar@QtQn&nQSCQEaﬁmﬁghEka@%E&bg% @%@%@T@%t

bundl e are connected to each other through
plur@bbb of hollow fiber nenbrane portions disposed
therebetmeen In the plurality of hollow fiber

nen?ﬁgngdﬁgsab%nﬁsehh%chQJH@¥e and fix both ends of the

hollow fiber membrane bundle is not limited particularly,
but it is preferable to use thermosetting resin such as
epoxXy resin and urethane resin.

[0030]

The adhered and fixed portions 9%9a and 9b formed at
both ends of the hollow fiber membrane bundle are
connected to each other through a plurality of hollow
fiber membrane portions disposed therebetween. In the
plurality of hollow fiber membrane portions, the hollow
fiber membranes are yarned in parallel and the membrane
filtrating function is exhibited. An outer periphery of
the parallel-yarned bundle in the plurality of hollow
fiber membrane portions may have a structure of
interposing no reinforcement member particularly as shown
in Fig. 3, and may have a structure of interposing a

reinforcement member (not shown). As the structure of

- 16 -



fi ber menbranes are yarned in parallel and the
menbrane filtrating function is exhibited. An outer
peri phery of the parallel-yarned bundle in the
plurality of hollow fiber nmenbrane portions may have
a structure of interposing no reinforcenent nenber
particularly as shown in Fig. 3, and may have a
structure of interposing a reinforcenment nmenber (not

intVPMY i 4 heeShEYELHRENO méBbelrt PO A e, there is
rei nforcenent nenber, for exanple, there is a

a Sthusthwe &f|QE§BQ§Eﬂ8 1 8 30 rehiRffoheing HEaKs (e.qg.,

(e.g., metal rods) on an outer periphery or inside o

met € RUS | &h- ¥AT BEHe$0pkhabnthe adhered and  ivted

portions are connected to each other by the stays, or

para Sid1 éjfﬁeﬁfsodjcﬁQQSitHg 34RRLQUS aRlAEx2RARRA t i ons are

materi dl such as a net to cover an outer peri phery o)

' dl
corgnd%%aéci""éé'Q%Eh"@?ﬁé?”ﬁg%?ﬁ@igttaﬁgﬂ ¢ Detyeen dhie of

ered and fixed porti _ stay, there is a
di é'r}gcj' ?» poLg- 5aped Naybng dt 396! A ALY Gfet3 ¢
lér‘ﬁvréz]t 758 Om’rzugygway of eéarrpf“e.e %&3 Ihn%tshe © ©
hol | aw fi ber dul £ accordin he.,inventiaqon, an
I O e
st.at Wgere an end.surface_af .the hollow fibe
bufii ST bREnsF bR oriRd (3R CEhECGBREF Send S GBS
tmher%%aigluraéit of PO||?MIfhb§g nengr nes _are
St ndiES Hhd® aWat P ¢6R1 eRP 1 RgSPBPECoR ¥ dR% & of a
seg¥¥5gal area of 3 mm? to 700 mm? by way of example.

[0031]

In the hollow fiber module according to the
invention, an adhered and fixed portion 9a integrally
adhered in a state where an end surface of the hollow
fiber membranes is opened is formed on the upper end side
where a plurality of hollow fiber membranes are bundled,
and a water collecting portion formed of a water
collecting cap 10 is disposed on the opened end surface of
the hollow fiber membranes.

[0032]

An adhered and fixed portion 9b provided on the
lower end side of the hollow fiber membrane bundle may
have a structure of forming an adhered and fixed portion
where a plurality of units of small bundles are adhered

and fixed in a state where an end surface of the membranes
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collecting cap 10 is disposed on the opened end
surface of the hollow fiber nenbranes. [0032] An
adhered and fi xed portion 9b provided on the | ower
end side of the hollow fiber nmenbrane bundle may have
a structure of form ng an adhered and fixed portion
where a plurality of units of small bundles are
adhered and fixed in a state where an end surface of

is e d@IPr @ehavilly tise aloses. o Bystiani 8gat Depunit esof it
such small bundles, it is possible to further inprove

ist sf.)ﬁf]fé)f*&@nﬁ@r@ﬁerdhﬁﬁbafrgl fgeSpepepdadnsbsirances
romthe inside of the nodule. In the adhered and

di ddneady 9 15085 hQEARGuBBt hABes| @8R %H@ $nde gef otthhe
hol | ow f1 ber nmenbrane bundle by small bundles, the

moofiﬁlrber egrand d ixat mldn duptt &3 }%ﬁtlbﬂgeﬁgﬂﬂéat oh' ek

each other in a non-adhered manner, and there are

1ovdAPS: RETVEED éf‘etﬁémﬂlblPHQdk%erTR@mBQH’H%r b%dl%”%'ﬁ

bundles forned on the | ower end side of the hol

sma 1 1P YudBrds a @Ué‘éi' @r%é Bhaf ?EQQFyﬁ?dFFL ?xnﬁﬁ °'?£re

nenbrane nmodul e, e nunber o
ofBGRIRE AT AR el B gl Melscatyy 30
en L 8 LR B0 i ek dngl o
&mﬁﬁ?%dgdfggafglme ogntﬁgnkower end side of the hollow
fiber membrane bundle is preferably 3 to 50 per one
membrane module, and the number of hollow fiber membranes
forming the small bundles is preferably 50 to 2000.

{0033]

In the membrane filtrating apparatus according to
the invention, a ratio of a sectional area of the membrane
module to an in-tank sectional area of the submersion tank
is a ratio (percentage) of a sectional area of an outer
surface 2B of the membrane module to a sectional area of
an inner surface 1A of the submersion tank, in a
horizontal sectional surface at a height from the upper
end portion to the lower end portion of the membrane
module 2 disposed in the submersion tank 1, as shown in
Fig. 2. When the sectional area of the membrane module 2
or the sectional area of the submersion tank 1 is not

constant and a ratio of the sectional area of the membrane
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is aratio (percentage) of a sectional area of an
outer surface 2B of the nenbrane nodule to a
sectional area of an inner surface 1A of the
subnersion tank, in a horizontal sectional surface at
a height fromthe upper end portion to the |ower end
portion of the nenbrane nodule 2 disposed in the
subnersion tank 1, as shown in Fig. 2. Wen the

modielsd | mraklp be@ainf thbehoemboanelnsdulté o2alomartdae of the
sectional area of the subnmersion tank 1 is not

sulgonstant wawdk achathgesobyt heightt fepal tareapplert ked
menbrane 18 nodul e occupied in the horizontal

porsEiain onal tiae ebowért Brd pubokbai off taek mehdiges Module 2
hei ght fromthe upper end portion to the |ower end

difpddeDniwf thdesupnbr anennedike1? tdiespaxachum Wal&e
subnersion tank 1, the nmaxi mum val ue thereof my be a

thqdeted yiveda Vet d@et 8rhhgefatgeuel 160%net @29Q0% of 60%
[0034] The nenbrane nodule at the tinme of defining a
toraid 0 of the sectional area of the nenbrane nodule to

the in- tank sectional area of the subnersion tank
i ndigatas a portion fromone end adhered and fixed
portion to the other adhered and fixed portion, and

therwat QEnelLheCodd1 Lt dhan @id AIOAEI NG a ratio
cylinder belonging to the vicinity thereof is not

of'ﬂﬁéngﬁklgﬁﬁisggééogﬁltﬁéeﬂeﬁﬁrahgemgﬁhgé s frace ;2B

he nenbrane nodule fromthe upper
tank sectional area of the submersion tank indicates a

portion from one end adhered and fixed portion to the
other adhered and fixed portion, and the water collecting
cap or an air introducing cylinder belonging to the
vicinity thereof is not included. The sectional area of
the outer surface 2B of the membrane module from the upper
end portion to the lower end portion of the membrane
module 2 indicates an area surrounded by the outer
peripheral portion in case of the adhered and fixed
portions %a and 9b, and indicates a circumscribed area
including the whole of the hollow fiber membranes in case
of a portion where the hollow fiber membranes between the
adhered and fixed portions are opened. In case where the
outer peripheral portion of the hollow fiber membrane
bundle between the adhered and fixed portions is covered

with a porous plate-shaped member such as a net, the
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end portion to the |ower end portion of the nmenbrane
nmodul e 2 indicates an area surrounded by the outer

peri pheral portion in case of the adhered and fi xed
portions 9a and 9b, and indicates a circunscribed area
i ncluding the whole of the hollow fiber nenbranes in
case of a portion where the hollow fiber nenbranes
bet ween the adhered and fixed portions are opened. In

seéﬁﬁﬁhéﬁmﬁﬁbéhﬁnd@é&@éspgﬁlQBééaEuEQbhh@%dOEytm%éﬂﬂdﬂéﬁ
fi ber menbrane bundl e between the adhered and fi xed

peﬂ%ﬂﬁéﬁ&@ ﬁ§r€9¥§r§gch“h5htHeDHEQUS pl at e- shaped nenber
such as a net, the 19 sectional area indicates an

areqoggrrounded by the outer peripheral portion such
as the net [ 0035] In case of dlsp03|ng a plurality

of hol Low.fiken;s & Py %]ﬂ wi Ppd Ank

as SEOMM In Flg %E t e séction area I ndicates a

men[tf}alrﬂe%%gir suﬂ?ace %HB?Q%# EghgagssgﬁBWQb ?é%g 4,

e supbnersion tan

thd s{é"é’ﬂ %aﬁ E{H?ﬁ%’cé’ S%SE&S”%E(J],%‘?L%%@% ihhg

er surt aces nenb Fan

nuner.at or as shown in [ 36%
nefieriieh, A2 208t en hroets rored P dermitg®

d_bel ow t he_menb g
thd il oS hcbe acRERGR Loakor n™Pe Rt PO O O

sectional areas of the outer surfaces 2B of the membrane
modules is a numerator as shown in Fig. 5.

[0036]

In the invention, an air diffusion pipe 3 for air
scrubbing is disposed below the membrane module 2 to
discharge suspended substances accumulated in the hollow
fiber membrane module out of the membrane module system,
but the structure or material is not limited. In the air
diffusion pipe 3, air diffusion holes 4 are formed to
diffuse compressed air supplied from a blower (not shown)
or the like to raw water in the submersion tank 1, but the
diameter or the number of the air diffusion holes is not
limited.

[0037]

In the invention, a distance between the air
diffusion pipe and the bottom of the submersion tank is a

distance when a position of the air diffusion holes 4

- 20 -~



fi ber menbrane nodul e out of the nenbrane nodul e
system but the structure or material is not limted.
In the air diffusion pipe 3, air diffusion holes 4
are formed to diffuse conpressed air supplied froma
bl ower (not shown) or the like to raw water in the
subnersion tank 1, but the dianmeter or the nunber of
the air diffusion holes is not Ilimted. [0037] 1In

fothedi D¥eaheod i raddirfaicn Rapween ideradresshtddshpna
pi pe and the bottom of the subnersion tank is a

heflypt apeemWite BoReInt ic tofe tdimd s M fishen hel end
20 fornmed in the air diffusion pipe 3 is represented

poBYt @onhgirglth el bemtihe drotthemRfbnidies sitb e sk onckank.
In the position of the bottom of the subnersion tank,

suﬁggan§99§q?nt1baalelsx kowast RO itk Aot bodtpmis a

referential position when the bottom has a conica

refDAPRL 133 SRAWRibR M@%nﬁ%@@'ﬂ%tégMacégn%rﬁ%ﬁggapfsﬂgﬁé

alr diffusion holes changes according to each of

as! Qﬁo@hrlndtﬁfeuéhc%ﬂug@ eSynhbhet leSB% t' RH GRLS 19

di stance from the bottom of the su rS|on tank to

dl%?&s?bﬁ Hb?%g O@hﬁg é%'d%53f31i§ # éﬂ“%% the air

position a nenbra Iltration
d19P§%i‘éh°Ho Isl;]gt%)xlaedl TRIRNG fdil JLatd NO AR LS rom
I'ncludi n e subnerge

the bottom of the submersion tank to the air diffusion
hole located at the lowest position.

[0038]

Next, a membrane filtration operation using the
membrane filtrating apparatus including the submerged
hollow fiber membrane module with the above-described
configuration will be described, and the advantage of the
invention will be described.

[0039]

One or hundreds of hollow fiber membrane modules 2
are disposed in the submersion tank 1 according to the
conditions such as a treatment amount of water or an area
of the submersion tank. In this case, raw water including
suspended substances 1s previously put in the submersion
tank 1. When the upper adhered and fixed portion that is
adhered and fixed in a state where an end surface of the

hollow fiber membranes is opened is pumped by a pump, the
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hol | ow fi ber nmenbrane nodule with the above-descri bed
configuration will be described, and the advantage of
the invention will be described. [0039] One or
hundreds of holl ow fi ber nmenbrane nodules 2 are

di sposed in the subnersion tank 1 according to the
conditions such as a treatnent amount of water or an
area of the subnersion tank. In this case, raw water

raw G4 e NIncsU8RARIEd spebsledn ¢ Sty i i HepdEtdd) into
t he subnersion tank 1. Wen the upper adhered and

sofixegh@o1t §ANat hat 1ksatadhensd taRd Hdixed: IMi Stdkranes
where an end surface of the "hollow fiber menbranes is

OﬁﬁﬁeéhéSfPMHPQ@eQYw@tE%”Hs het f2bm W Walelr
i ncl udi ng suspended substances is separated into

coﬁpééglﬁgdcg%qyggtﬁ%hbhatt%@) Rtrddhe ol 98 5 o

nbr anes Itrated water is sent

th&@&gf%foégff &Egn aBl%Q thﬁﬂgﬂhtﬁgerg§vﬁ§@E§d1@65% sorbed

pi pe | ecting pipe n the raw

anéiva'%ﬁé f§ g?g?%ﬁeﬁaté?d tsh%l?fk' ltnh e d thfeeIr éxﬁ»xﬁeﬁ}%efbtrhe

ubrmersion tan eve wat er

tagybngﬁél? v%?ngflﬁat%@e qém supﬁ? In%%%mﬁgeﬁohéred.

ntermt or "peri odi

“P&Fn 197 Egﬂkwééege‘fi%s§%ft%rm&%%]t1 '% ”Besr GAP&a 1 1Y

fe |n§egt i On raw wa ort d‘spo &
suppf&edtpgt ggrangbﬁg 51oh %g%kaa%a%%cessary

[0040]

In this case, in the invention, a raw water supply
port 6 is disposed above the membrane module, and a ratio
of the sectional area of the membrane module occupied in
the in-tank sectional area of the submersion tank is 60%
to 90%. For this reason, a considerable amount of
suspended substances in raw water go on a descending flow
caused by inflow of raw water, pass through gaps between
the membrane module 2 and the submersion tank 1 having
some spaces or gaps between the plurality of membrane
modules, and are precipitated into the bottom of the
submersion tank. In the invention, a distance from the
air diffusion pipe 3 disposed below the membrane module 2
to the bottom of the submersion tank is 200 mm or more.
Accordingly, the suspended substances precipitated lower

than the air diffusion pipe are accumulated at a position
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of the sectional area of the nmenbrane nodul e occupi ed
in the in-tank sectional area of the submersion tank
is 60% to 90% For this reason, a considerabl e anpunt
of suspended substances in raw water go on a
descending flow caused by inflow of raw water, pass

t hrough gaps between the nenbrane nodul e 2 and the
subnersion tank 1 having sone spaces or gaps between

lovde tHar athéyaot aembuanen pegel @S thand aifning around
precipitated into the bottom of the subnersion tank.

thd MdMeramweni i eRat@andi shafgeel r amd keusaiifc did fedQmble
pi pe 3 di sposed bel ow t he nenbrane nodule 2 to the

to DAWOM Vhe t BENELRERAEEEBA baNkhiS sA8P A M Rances
Accordingly, the suspended substances precipitated

ard@¥eTthd hap1 188 aibedi hbHBraRcRi Be atReaEcHAU] ated;at
a position 22 lower than the air diffusion plpe

pod¥ {ifiQute d U Nk pgn argyedy EQSs@E”’B&a@ﬁ 'shtsia%trfd&i

surface, and thus 1t Is possible Iomer t he
Hgﬁgﬁgggatlon of the suspended substances around the
° ow fiber nembranes B. Therefore, it is possible
ﬁb@ﬁ@ t bl ock caused by the suspended substances.
[OO onme of suspended subst ances, which are not

o il o et s af L0 TR

surtace mernbr anes are

pré% &%ﬁgs o hgchsyﬂéa§§§i8£t§h8fn%ﬂgr%e raﬂ% sd%face

e por es
of the hollow fiber membranes 8, and are attached to the

surfaces of the membranes and the insides of the pores of
the membranes. For this reason, when the filtration
process is completed at a predetermined time, a cleaning
operation (reverse flow cleaning) is performed which
allows the filtrated water or the compressed air to flow
in a direction from the water collecting cap 10 to the raw
water to peel off the suspended substances attached to the
insides of the pores of the membranes, and/or a cleaning
operation (air scrubbing) is performed which supplies
compressed air from the air diffusion holes 4 of the air
diffusion pipe 3 disposed lower than the hollow fiber
membrane module 2 through an air introducing cylinder 11
disposed below the membrane module and penetration holes
12 of the lower adhered and fixed portion to the hollow

fiber membranes 8 to shake the hollow fiber membranes,
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t he menbranes. For this reason, when the filtration
process is conpleted at a predetermned tine, a
cl eaning operation (reverse flow cleaning) is
performed which allows the filtrated water or the
conpressed air to flow in a direction fromthe water
collecting cap 10 to the raw water to peel off the
suspended substances attached to the insides of the
pedlay esf DftHdesunepdxt de@ssulandénecea ekeanphed topehati on
(air scrubbing) is perfornmed which supplies
surcfaqEessedited rhd Y bow t hebatr rmdnbitaseon habdesidcohrighe the
air diffusion pipe 3 disposed | ower than the holl ow

sudpdified NRIRY BNECADAEFEm 2t hAr BYUNoRNfabEri bhBEEIcR]
cylinder 11 disposed bel ow the nenbrane nodul e and
peneppavijon holes 12 of the |ower adhered and fi xed
portion to the hollow fiber nenbranes 8 to shake the

hol Fow. f kbehot@MBNARESE waddr ReElhoffudher suspenged at
subst ances attached to the surfaces of the holl ow

thd ithele MY ANESm AN EhSCABF 088rtFBinguUsRCREABImenbrane
substances fromthe hollow fiber nmenbranes. [0042]

filﬁqr%-ﬁi@lgs hgys, £4 10y ofn Wt eln i R fhel subrersi on; £ 38ke 8bn,

I me of performng the air scrubbing in the

an TRIVANE sdddd rgid g @9@%@%3%35% iémeF& . ndt 1N the

i nvention, an In-tank space ere t menor ane nodul e

ind 30 Al S 0o AR O 050 fpe0e
ra€¥§hgfaé%e sectional area of the membrane module 2
occupied in the in-tank sectional area of the submersion
tank 1 is 60% to 90%. Accordingly, it is possible to
provide a high property of discharging suspended
substances clogged between the hollow fiber membranes,
which is a merit of the submerged membrane module, and the
suspended substances peeled off from the hollow fiber
membranes by the reverse flow cleaning and the air
scrubbing are promptly discharged out of the membrane
module. The peeled-off suspended substances float up in
the submersion tank, pass through the gaps between the
membranes modules 2 and the inner wall of the submersion
tank 1 or the gaps between the plurality of membrane
modules, and are precipitated into the bottom of the
submersion tank. At this time, a part of the suspended

substances are precipitated into a suspended material
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occupied in the in-tank sectional area of the
subnmersion tank 1 is 60%to 90% Accordingly, it is
possible to provide a high property of discharging
suspended substances cl ogged between the holl ow fiber
menbranes, which is a nerit of the submerged nenbrane
nmodul e, and the suspended substances peeled off from
the hollow fiber nmenbranes by the reverse flow
acaimedd ipansibdbe laeéiowsthabbingdaféupriomppliye, but the
di scharged out of the nenbrane nodule. The peel ed-off
otisdis pentke o S ublsé agaesefiiedt supstanckBemsrenepsitbie t ank
pass through the gaps between the nenbranes nodul es 2

vidgind the f ntiee yaktaoé dhetBubrBLSbAN fibaRk MEm®iT ARes
gaps between the plurality of nenbrane nodules, and

alAE tHect pbw ad £dai Pt @ghhe . bott om of the subnersion
tank. At this tinme, a part of the suspended

substhanggs are precipitated into a suspended materia
24 accunul ati on space bel ow the air diffusion pipe,

but thheneotR®enRalch,0fa e tslisRendes sthstancesi MPYSion
to the vicinity of the surface of the hollow fiber

pidBHIENGS s & g1 dhechéoeRbrahe A8ahAe bO@E3kne Bdthem

invention, a distance fromthe air diffusion pipe 3

or SPIEPELI Ley PerbraRe R Esbe L Aechel o, o
wat‘%qm iaﬂl afl- &4 e\z@hi’@l’l Cbs i ﬁepg\ldo%ghgi@i Hi‘éiﬁh&%%inoﬁi’ﬂ)iep%nd
in which the suspended substances are accumulated and
concentrated is not mixed even at the time of the air
scrubbing. Therefore, the suspended substances moving
into the area which is below the air diffusion pipe and 1is
hardly affected by the air scrubbing do not float again,
and do not move to the vicinity of the hollow fiber
membranes 8.

[0044]

As describe above, in the membrane filtrating
apparatus, it is possible to easily discharge the
suspended substances clogged between the hollow fiber
membranes at the time of the air scrubbing to the outside
thereof and it is possible to precipitate at least a part
of the suspended substances below the air diffusion pipe.
In addition, the accumulated and concentrated suspended

substances that are precipitated to the vicinity of the
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in which the suspended substances are accunul ated and
concentrated is not mxed even at the tine of the air
scrubbi ng. Therefore, the suspended substances noving
into the area which is below the air diffusion pipe
and is hardly affected by the air scrubbing do not
float again, and do not nove to the vicinity of the
hol | ow fi ber nenbranes B. [0044] As descri be above,

botitront hef melndr anemérkt bat tagk apparcat Wk rdt i Slpossupl &gain.
to easily discharge the suspended substances cl ogged
bet woenstthe holl ow fi ber nenbranes at the tinme of the
air scrubbing to the outside thereof and it is

posshbl Reh®rphecifpiliat iadlg lBasde s patie ©Evéhge flow
suspended substances below the air diffusion pipe. In

clexdlidd Onand henacsuAukakg8baRg 6@BCRRbEALRd 1SUSRITAGthed,
substances that are precipitated to the vicinity of

and &2 4084 @83 0fuh HeasubEeRsLARUL BRKdl 2a8RCR R MBirated
float up again. [0045] The nenbrane filtrating

in RIRCERSetdfeo f eMek S§uEﬂnQW51She%HhE9'1 ard tReuadiariy
scrubbing are repeatedly perfornmed, and the suspended

aiuhaAnces-apcynuk al di ad goncenlsayedy1yn Lhesbottom

of the subnersion tank 1 are regu y dlscharged

poddiM A Al iiGe Ta ACCOTMI ABLK bl S1cRARILRI € o

conti nue rane filtration
operation even with respect to high-turbidity raw water.

[0046]

However, in the submerged hollow fiber membrane
module, a plurality of bundled hollow fiber membranes are
disposed in the module, and an area of the membranes per
unit volume is large. Accordingly, there is a problem
that suspended components are easily filled between the
membranes. Therefore, even in case of the membrane
filtrating apparatus, the suspended substances that are
not precipitated in the bottom of the submersion tank and
float up stay in the vicinity of the membrane surfaces of
the hollow fiber membranes 8, and the concentration of the
suspended substances in the vicinity of the hollow fiber
membranes becomes high during the operation for a long
time. As a result, it is difficult to perform a stable
operation.

[0047]
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operation even with respect to high-turbidity raw

water. [0046] However, in the submerged holl ow fi ber
menbrane nodule, a plurality of bundl ed hollow fiber
menbranes are disposed in the nodule, and an area of
the menbranes per unit volune is large. Accordingly,
there is a problem that suspended conponents are

easily filled between the nenbranes. Therefore, even

in gesesdifvd heh Ienbraweenf i L1 aki ABcappaEdt ¥, pelR€orm an
suspended substances that are not precipitated in the

op®Pit 0FhOEabh® 12UbFERSIRRE RNk RN Gordd QRtr M &t aYf | Fhe
the vicinity of the nmenbrane surfaces of the holl ow

sufpbefegEIRLARES Bs aRd dhie aeneanty i+ Od'h@fhéf'f‘ow flber
suspended substances in the vicini'ty of the hol

methtb PEhe s MBIDT ANLS.PLARTES hbgh QQrEﬂQltEﬁo%B%%anN%JSHr
along tine. As aresult, it is difficult to perform

in atﬁ'é ablfme PRELAT kQRK [10%%U1r%6 a WGPl ddi

it 1s necessary to performa operati on capa

R R S g“ﬂiafﬁ?‘f%%%d and
1n§@$§5angsf§%lF8E ?ﬁa%B%%bdﬂgg s fﬁ%}é?ﬁ%%%ﬁ%f§ clear

e su mer st on tank

ra&oncentr LLOn %Eert %v%%s %pQ% ?@%fﬂ%ﬁﬁ%l amount of

regu arly farst arge i NSt éa I'n
suspen d Of Elgancgs eh%tb%%¥%r I%@r In case of the
conventional submerged hollow fiber membrane module, since
a volume of the membrane module occupied in a volume of
the submersion tank is small, a water return rate
(operation return rate) of the filtration operation is
largely lowered at the time of performing the full drain
method. However, in the invention, since the sectional
area of the membrane module 2 occupied in the horizontal
sectional area of the submersion tank 1 is 60% to 90%, it
is possible to keep an operation return rate high even in
case of performing the full drain method.

[0048]

In case of performing the full drain method in the
membrane filtrating apparatus according to the invention,
the operation may be performed so that a level of water in
the submersicn tank 1 is lowered at a position lower than

the air diffusion pipe 3 by 200 mm or more. In the
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raw water (raw water having a relatively small anmount
of suspended substances) is perforned. In case of the
conventional subnerged hol |l ow fi ber nenbrane nodul e,
since a volunme of the nmenbrane nodul e occupied in a
vol ume of the subnersion tank is small, a water
return rate (operation return rate) of the filtration
operation is largely lowered at the tinme of
memgerdroe nf hjtrheihgl bpgraetusnmetkhoddidgwdverthd rirvention,
I nvention, since the sectional area of the nenbrane
theroslidmerded capbetanneshethyingoatak peedttiiemallvea tdfan
the subnmersion tank 1 is 60%to 90% it is possible
thd ;akeepi ifuopenapipa bet A0 mat enki gt @veodit i asievwsdr
performng the full drain nmethod. [0048] In case of
thqrerfios npagit henf abl ndeafdoaet hpdevient gy peafarranieng the
filtrating apparatus according to the invention, the

aiopEfAlib®ingay Ae-pedinggd 50 ihatod heweksakrywaber in
the subnmersion tank 1 is |owered at a position | ower

reghade the whted §EH45i08 PbREer3thYn2@BemAior Jditifsildh
the 27 nenbrane filtrating apparatus according to the

pipd VBt On, mmt 88 syspendednsubshanees petr-dyirit@ Rt the full
position lower than the air diffusion pipe by 200 nm

draif. atrcd ROSid idhdertnd haddhei Roshéi 80bABrE9bn tank
float up even by performng the air scrubbing.

is RECUHH A Y, at LLhE Ja%ens@egagwa&w BRiraee ity Waleerrull
staying Tower than the air diffusion

drain so that the level of water in the submersion tank is

lowered than the air diffusion pipe by 200 mm or more,

thereby sufficiently reducing the concentration of the

suspended substances in the vicinity of the hollow fiber

membranes 8, which meets the purpose of the full drain.

[0049]

Particularly, in case of a submersion tank having a
large space in a vertical direction below the hollow fiber
membranes, preferably, most or full amounts of the water
in the submersion tank are not discharged to reduce
excessively discharged water to improve an operation
return rate, and the level of water is lowered to a
position lower than the air diffusion pipe by 200 mm to
400 mm. When the full drain is performed by the above-
described operation method, it is possible to keep an

operation return rate high even in the membrane filtrating

- 28 -



pi pe by 200 mmor nore at the tine of performng the

full drain. For this reason, the water in the
subnersion tank is discharged at the tinme of
regularly performng the full drain so that the |evel

of water in the subnersion tank is |owered than the
air diffusion pipe by 200 mmor nore, thereby
sufficiently reducing the concentration of the

aprslispansads sndpstiaacesbhd8rshenviahiki hyvohagt e ehQlalre® space
fiber nenbranes 8, which neets the purpose of the
in fiHd vt cal [@048¢t Pant beubar kite hB1¢ase fabed membrane
subnersion tank having a large space in a vertica
modlirectj on bel ow the holl ow fi ber nenbranes,
preferably, nost or full amounts of the water in the
submensipgn tank are not discharged to reduce
excessively discharged water to inprove an operation

retyﬁBtrBE%orén?e&@%ﬂﬂ?ﬂé tofe VWalier dﬁéﬂﬂ%“%ﬁ%’%ﬁhﬁ%ity
position |lower than the air diffusion pipe by 200 mm

of LRt A0 My et heobull + LRI PrbShBeibRr FedelY nkh®rane

above- described operation nethod, it is possible to

mod{ARP AN s %Pfcﬁ@éé&’naé eéfdgéi‘lréé epBisQEb%_eBgi tﬁﬁ‘gﬁ%ting the

menbrane filtrating - 2 appar atus usin

Lo SR K, b LS OFE AR R S0 -
pos&%ﬁ%ﬁlne’e ﬁellegea%g%rlltcg/éjec‘{‘apfégr?ePSEBOEgicQghEBEe@:” ! The air
diffusion pipe 3 1is disposed at a position as close to the
lower end of the hollow fiber membrane module 2 as
possible, it is possible to more reduce a displacement at
the time of performing the full drain, and thus it is
possible to raise an operation return rate.

[0051]

As described above, according to the membrane
filtrating apparatus of the invention, it is possible to
keep a property of discharging suspended substances
clogged between the membranes high, which is a merit of
the submerged hollow fiber membrane module, and it is
possible to keep an operation return rate high, even when
the whole or most of water in the submersion tank is
regularly discharged. In addition, since a considerable
amount of suspended substances included in the raw water

are not filtrated by the membranes and are precipitated in
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of water in the tank upper than the hollow fiber
menbrane nodule 2 is reduced as small as possible by
adjusting the level of water in the subnersion tank,
and thus it is possible to keep an operation return
rate higher. The air diffusion pipe 3 is disposed at
a position as close to the |ower end of the holl ow
fi ber nmenbrane nodule 2 as possible, it is possible
thd doren reflucke asdbepratenentnai ithestipoesdble to
performng the full drain, and thus it is possible to
perfRe &ansofel atmenbrehdr filaratipBObbkerakd othesar idbed gh
above, according to the nmenbrane filtrating apparatus

ret@frd heat HIVenehoRitht résppesstbl ecllatikeepighprepdyildity
of di schargi ng suspended substances cl ogged between

rav keat@nbranes high, which is a nerit of the subnerged
hol | ow fi ber nenbrane nodule, and it is possible to
keeppanogperation return rate high, even when the
whol e or nost of water in the subnersion tank is

reggban by o@iiSchangefre lah A 0N SHEWEErR rate while
consi derabl e” amobunt of suspended substances i ncl uded

. el h
kedd) 1 &80 WBLRE a;?gédﬁePQggBt EE@ESQrBanf %F%@B@&es

and are precipit In the bottomo

SRS T ok inbLo B EERABLE, agP LTI H Bl
sec\jtgit%éra‘_’! th L £SPeCtnd OnLRbALhY enBLERat YT Bl ed @Y the
horizontal sectional area of the submersion tank 1 is set
to 70% to 80%, and it is more preferable that a distance
between the air diffusion pipe 3 and the bottom of the
submersion tank is set to 200 mm to 700 mm, in
consideration of the point of installation space and
construction costs.

[0053]

In the case where a precipitation property of
suspended substances in raw water such as a case where a
cohesion agent is added to raw water, the amount of the
suspended substances floating in the vicinity of the
hollow fiber membranes becomes small. Accordingly, it is
possible to perform a stable operation at a high return
rate by employing an operation method of regularly
discharging some of water in the submersion tank without

regularly performing the full drain. However, even in
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[0052] To largely inprove an operation return rate
while keep the excellent property of discharging
suspended substances, it is nore preferable that a
ratio of the sectional area of the nenbrane nodule 2
occupied in the horizontal sectional area of the
subnmersion. tank 1 is set to 70%to 80% and it is
nore preferable that a distance between the air

thigs fépsFahiphpweBhadd ahetbet remiof afthesecdilmmerlsiaorea of
tank is set to 200 nmto 700 mm in consideration of

the heemporate ohodndeall atcopispade abe heoornistondetl grectional
costs. [0053] In the case where a precipitation

ar¢a opertyeobubmaspendedanitbdt asces ghn rthw watogrersuchofas
a case where a cohesion agent is added to raw water,

diddiea agrontt sabpethéedsuapendeadesubstameas loweat.i ngsi fihe
the vicinity of the hollow fiber nmenbranes becones

ratsiml1s Pewprdhagiysthal 1h8iopoasiehl €otro ther fapparatus
stabl e operation at a high return rate by enpl oying

beddhmependdépnanet g ebstegukabhy hdigghelar grRgrsgoeeof
water in the submersion tank without regularly

evier{oreaog shepbukbrili agnthileweyeratev@n met hd, tild Sis
operation nethod, as the ratio of sectional area of

efﬁé&tf@@hfﬁﬁﬁ BHQU£§t20OSQUEh@dsbﬁtﬁaﬁaho%&%%nkﬁlthe
sectional area of the subnersion tank 1 is high, the
men¥ OPEE tNo@file 2 occupied in the horizontal sectional
area of the submersion tank 1 is 60% to 90%, and it is
preferable that the ratio is set to 70% to 80%. 1In
addition, it is effective that the distance between the
air diffusion pipe 3 and the bottom of the submersion tank
is 200 mm or more, and it is preferable that the distance

is set to 200 mm to 700 mm in consideration of an

installation space and construction costs.

Example

[0054]

<Example 1>

A hollow fiber membrane bundle formed of 3500 hollow
fiber membranes made of polyvinylidene fluoride having an
outer diameter of 1.5 mm, an inner diameter of 0.9 mm, and
a length of about 1000 mm was bundled and fixed by

urethane-based adhesives in a state where an end surface
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di schargi ng suspended substances becones |lower. As the
ratio is low, the installation area for the apparatus
beconmes w der and the costs beconme higher. Therefore,
even in case of performng this operation nmethod, it
is effective that the ratio of the sectional area of
the nenbrane nodul e 2 occupied in the horizontal
sectional area of the subnersion tank 1 is 60%to

0f 9880 upperi kenids o fprefeetaddl I hEitbdhenembtr onés 88 dpPened
70%to 80% In addition, it is effective that the

andi shased berieer dfe a didgwalt fdisiOh theehdl b fhiger
bottom of the submersion tank is 200 nm or nore, and

nebrbfepr @her Allbadd)atcHdrewl} Pradecing Setol Do 0PivaT
to 700 mMmin consideration of an installation space

ne@Pdafenabiudle ORVGIH & @t 40004 Ehpl aslzhBwn
hol | ow fi ber menbrane bundl e fornmed of 3500 hol | ow

infFbgr BBNMBRaResmRIAQ dwid MAd d@&eeﬂy@{weh@@as ngz

an outer diameter of 1.5 mm an inner dianeter of

at ™ 18Rdr ankenghk Qg abeute ;1000 Japwmas, bundh eds ang
fi xed by urethane-based adhesives in a 'state where an

st?@gtﬁyéf§ﬁewh1c%1ano%f¥1ﬂﬂH%Hddﬂ¥L fc§f¥h&@%'9®’{éber

menbranes was opened and an end surface of a | ower

r@@gﬁgé BQQOQOEkgleM%%renﬁPQRﬁﬁﬂﬁﬁaWQﬁdC%£§§§ pép@{gyyand

produci ng a ow fibe
a water collecting cap 10 is provided above the upper end

adhered and fixed portion. A mesh-shaped porous plate
made of polyethylene is attached between the upper end
adhered and fixed portion and the lower end adhered and
fixed portion to surround the outer periphery of the
hollow fiber membrane bundle (not shown).

[0055]

One hollow fiber membrane module was disposed in a
submersion tank shown in Fig. 1 in a vertical direction.
At that time, a ratio of a sectional area of the membrane
module occupied in a horizontal sectional area of the
submersion tank was 75%, a distance between the air
diffusion pipe and the bottom cof the submersion tank was
300 mm, and a membrane filtration test was carried out
under the following conditions.

[0056]

A filtration process was performed for 30 minutes
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menbr ane nodul e having a nenbrane area of 15 nz. As
shown in Fig. 3, this nenbrane nodul e has penetration
holes 12 at a | ower end adhered and fixed portion,
and has a structure in which an air introducing
cylinder 11 is provided bel ow the | ower end adhered
and fixed portion and a water collecting cap 10 is
provi ded above the upper end adhered and fi xed
usjpog t 1@ke WaheshhalWapgdaptuobsdiltat ©f #ade G0 as raw
pol yet hyl ene is attached between the upper end
waethes £da anembrard poitiratiand fllbe lrewer cehd .&dhetdzd,,
and fixed portion to surround the outer periphery of
théhea hetvépwef fhew oephnang buddkes(mets shavii)rmdd@E5]a
One hol l ow fi ber nmenbrane nodul e was di sposed in a

flsubretsi ©f taokmghaywntbn BgsetondsabyertheCalembrane
direction. At that tine, a ratio of a sectional area

fiofrdhed negbeaneo WhEdheseasuUR Bgpbha dtatiez @H alo mg/L
sectional area of the subnersion tank was 75% a

wadll Sddege Hedweenat hesairibbdhbf Beberspi PR sAME B med at
bottom of the submersion tank was 300 nm and a

an NBOraney frhteabeonobesymuas rear koede@dindsundehet fa11
followi ng conditions. [0056] A filtration process was

and&if O Fef-fOF 30 PhOULEBme3dioHSRAG K ake Waleh YN Dnce
a turbidity of 2 to 50 as raw water at a nenbrane

evdid thdh opndl ey FaLeih, OtReM d3%rse flow cleaning, and

the air scrubbing were repeated twelve times, and an

operation return rate was set to 98%.

[0057]

Although these operations were performed
continuously for about one week, it was not observed that
a differential pressure between the membranes rises in the
course of the test period, and it was possible to continue
a stable membrane filtration operation.

[0058]

<Comparative Example>

A hollow fiber membrane module and the like were
installed in a submersion tank having a different size so
that a ratio of a sectional area occupied in a horizontal
sectional area of the submersion tank is 95% and a
distance between an air diffusion pipe and the bottom of

the submersion tank is 100 mm, using the hollow fiber
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then a reverse flow cl eaning process was perfornmed at
a fltowrate of 1.0 mday for 30 seconds by the
menbrane filtrated water to which sodi um hypochlorite
of 10 ng/L was added, and an air scrubbing process
was performed at an air flowrate of 100 L/Mn for 60
seconds. The full anmount of water in the subnersion
tank was di scharged once every when the filtration,
mentraneverdel € | vaed| eanErgnpaadl -t hEnathe sepebbthgnwer e
repeated twelve tines, and an operation return rate
congdst isets t 009BY thO08Thbe Al o hobgheshede ddpehatricgony wéree
performed continuously for about one week, it was not
fuldbserawstk tdatwaedi fhetlkeat sabmpressor ¢abét ween chlamged,
menbranes rises in the course of the test period, and
and ta wesnlposse bf eltoatootbi ilew aastabke opefeanen return
filtration operation. [0058] <Conparative Exanple> A
rathgl laowd filberl nesbwvane sedute ahd theel chadMerien. Under
installed in a subnersion tank having a different size

thes@ ddindittidmé) otlod Samechémapabnar €alecattpoad tieBtaas
hori zontal sectional area of the subnersion tank is

tha¥5 WAk ansh St anGgs bes weeadapual r di ffusion pipe and
the bottomof the subnersion tank is 100 nmm using
therbobkbow fiber - 33 nenbrane nodul e used in Exanple
1. In the operation

As a result, a differential pressure between the
membranes was rising at a rate of 1.0 kPa/day.

[0060]

<Comparative Example 2>

A hollow fiber membrane module and the like were
installed in a submersion tank having a different size so
that a ratio of a sectional area occupied in a horizontal
sectional area of the submersion tank is 30% and a
distance between an air diffusion pipe and the bottom of
the submersion tank is 500 mm, using the hollow fiber
membrane module used in Example 1. In the operation
conditions, only the number of times of discharging the
full amount of water in the submersion tank was changed,
and a membrane filtration flow rate, an operation return
rate, and the like were set to the same condition. Under
these conditions, the same membrane filtration test as

that of Example 1 was carried out.
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conditions, only the nunber of tinmes of discharging
the full anmount of water in the subnersion tank was
changed, and a nenbrane filtration flow rate, an
operation return rate, and the |like were set to the
same condition. Under these conditions, the sane
menbrane filtration test as that of Exanple 1 was
carried out. [0059] As a result, a differentia
pred901é Ibet ween the nenbranes was rising at a rate
of 1.0 kPa/day. [0060] <Conparative Exanple 2> A
hol Rewaf irlestu Ingnar ahief frrodhrtel @notdeshr&eoseween the
installed in a subnersion tank having a different size
mesaranid@twas rat songf ad seentanalf aréakea¢dpived in a
hori zontal sectional area of the subnmersion tank is
30% and a di stance between an air diffusion pipe and
the bottom of the subnersion tank is 500 mm using
Indierhiod1 oaph1 bespimeabr ane nodul e used in Exanple 1.
In the operation conditions, only the nunber of tines
of dioseharging the full amount of water in the
subnersi on tank was changed, and a nenbrane
filtrhat heRbila@W rateraan mpepd et Lt hg rat Submdbged
the |like were set to the sane condition. Under these

holClQFW'ﬁik%‘ﬁ néhiSr SATEnJBADE AN Bbbqﬁatab@@ E8Skedige hat
of Exanple 1 was carried out.

disposal and industrial waste water disposal as well as

water supply disposal.
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[0061] As aresult, a differential pressure between
the nmenbranes was rising at a rate of 1.0 kPa/ day.
I ndustrial Applicability [0062] The nenbrane
filtrating apparatus using a subnmerged hollow fiber
menbrane nodule is applicable to sewage disposal and
i ndustrial waste water disposal as well as water
supply disposal. - 35 dainms [I] A nmenbrane
filtrating apparatus, inGi§iig$ a submerged holl ow
fi ber nmenbrane nodule formed by bundling a plurality
of hollow fiber nenbranes is disposed in a subnersion
tank having a raw water supply port at an upper
[1lpok tnembréee ebf landt andr abpapettisat ia Wovieh porstuborerged
thereof so that a longitudinal direction of the holl ow
ho¥lidyerf neebrmemisr gner esgohds fbomady byt boaldldingeet | on
and an air diffusion pipe is disposed bel ow the
plihad 10wy f o Helnol hewbf Aber modubeanwelserai klitsihe seaw inataer
supply port is disposed upper than the hollow fiber
submenty anre adkl kavangaki pawf watesesuipplgl pairea aaf arheipper
hol I ow fi ber nmenbrane to an in-tank sectional area of
porthieors ufiier & nahd@nk d8ab6Q%bet9a% kan lawehopozaiioal
section with the hollow fiber menbrane nodul e
thereof so that a longitudinal direction of the hollow

fiber membranes corresponds to a vertical direction, and
an air diffusion pipe is disposed below the hollow fiber
membrane module,

wherein the raw water supply port is disposed upper
than the hollow fiber membrane module, a ratio of a
sectional area of the hollow fiber membrane to an in-tank
sectional area of the submersion tank is 60% to 90% in a
horizontal section with the hollow fiber membrane module
disposed, a distance between the air diffusion pipe and
the bottom of the submersion tank is 200 mm or more, and
the drain port is disposed lower than the air diffusion

pipe by 200 mm or more.

[2] The membrane filtrating apparatus according to Claim 1,
wherein a ratio of a sectional area of the hollow fiber
membrane to an in-tank sectional area of the submersion

tank is 70% to 80% in a horizontal section with the hollow
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di sposed, a distance between the air diffusion pipe

and the bottom of the subnersion tank is 200 nm or

nore, and the drain port is disposed |ower than the

air diffusion pipe by 200 nmor nore. [2] The

menbrane filtrating apparatus according to Caim1,

wherein a ratio of a sectional area of the holl ow

fiber nmenbrane to an in-tank sectional area of the
fisgbneesboanet abkuile d0%posed)%and a ird tzoidalbseaddéOnthe

with the hollow 36 fiber nenbrane nodul e di sposed,
aiandiardssbanpepbebweder hieh®otajom diff fursd Gugdes g ek

bottom of the submersion tank is 200 nmto 700 mm

is[3boThe senMboanemfiltrati ng apparatus according to
Caim1l, wherein the hollow fiber nmenbrane nodul e has

a structure in which a plurality of hollow fiber
menbranes are bundled at |east at an upper end and a

[3%owgé fbflbtheresf;] the i PRI £t 8d dec b rdPegheb! eWaim 1,

ber nmenbrane bundle is bundled and fixed in a state
whdbhel £ @He9891§8&f%§%e9fmEH%ra%%'H@HJﬂéNHéénﬂﬂH€¥ﬁ%%dﬁé

opened, a water collecting portion is disposed on the
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ower end sidé of the hollow fiber ane
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a state where ace of the
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apparatus according to
bundled and fixed in a state where an end surface of the

hollow fiber membranes is opened, a water collecting
portion is disposed on the opened end surface of the
hollow fiber membranes, and the lower end side of the
hollow fiber membrane bundle is bundled by a plurality of
small bundles in a state where an end surface of the

hollow fiber membranes 1is closed.

[4] The membrane filtrating apparatus according to Claim 1,
wherein the drain port is disposed at the bottom of the

submersion tank.

[5] An operation method of filtrating raw water using the
membrane filtrating apparatus according to any one of
Claims 1 to 4, wherein a level of water in the submersion

tank is regularly lowered to a position lower than the air
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wherein the drain port is disposed at the bottom of
the subnersion tank. [5] An operation nethod of
filtrating raw water using the nmenbrane filtrating
apparatus according to any one of Cains 1 to 4,
wherein a | evel of water in the subnmersion tank is
regularly lowered to a position lower than the air -
37 diffusion pipe by 200 mmor nore. [6] An operation

difesiben opipe| brakPAgmmawrwaoae -usi ng t he menbrane
filtrating apparatus according to any one of Cains 1
to 4, wherein sonme of water in the submersion tank is
regul arly discharged fromthe drain port. - 38

[6] An operation method of filtrating raw water using the

membrane filtrating apparatus according to any one of
Claims 1 to 4, wherein some of water in the submersion

tank is regularly discharged from the drain port.

- 38 -





