10

15

20

25

30

DESCRIPTION

FLAT CERAMIC MEMBRANE

TECHNICAL FIELD

f[0001] The present invention relates to a structure of
a flat-shaped ceramic membrane (hereinafter, referred
toaseaflatceramicmembrane)appliedﬁxawatertreatment.
BACKGROUND ART

[(0002] A flat ceramic membrane is used in a process of
solid-liquid separation in the water treatment (Patent
Document 1 etc.). For instance, when performing suction
by a pump etc. from a drain side of a flat ceramic membrane
1 immersed in water-to-be-treated 11 indicated by arrows
in Fig. 15, the water-to-be-treated 11 permeates through
the flat ceramic membrane 1 from a membrane surface to
water collection channels 2 that are water collection
passages inside the membrane. Then, filtrate water 12
indicated by arrows in the same drawing, which is obtained
by the permeation, is transferred from one end sides of
the water collection channels 2 to the outside of a system
by the suction. In addition, in an operation of the fiat
ceramic membrane 1, by making the filtrate water 12 flow
back from the water collection channel 2 side toward the
membrane surface side at the appropriate times, clogging
of the membrane surface is eliminated and suppressed.
Further, as illustrated in Fig. 16A, by continuously or
intermittently supplying air 13 for cleaning the membrane
from a lower side of the flat ceramic membrane 1, shear

forces in arrow directions along a supply direction of
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the air 13 which are distributed in a parabolic shape
that becomes a maximum in the middle are generated on
the membrane surface, thereby eliminating the clogging.
CITATION LIST

PATENT DOCUMENT

[0003]

Patent Document 1: Japanese Unexamined Patent Application
Publication No. 2014-028331

Patent Document 2: Japanese Unexamined Patent Application
Publication No. 2015-112527

SUMMARY OF THE INVENTION

f0004] In the operation cof the flat ceramic membrane 1,
by the supply of the air 13 to the membrane surface, i.e.
by so-called air diffusion to the membrane surface, the
clogging of the membrane surface is eliminated and
suppressed. However, in terms of power consumption,
minimization of a supply amount of the air 13 is required.
In order to generate the shear force required for the
cleaning of the flat ceramic membrane 1, a predetermined
supply amount of the air is necessary.

[0005] If the supply amcunt of the air 13 ig reduced,
although the shear force generated at the flat ceramic
membrane 1 along the supply directionof theair 13 becomes
a maximum in the middle, the shear force generated along
the supply direction of the aixr 13 becomes a minimum at
end portion sides (see Fig. 16B), and a difference in
cleaning effect between the middle and the end portion
side is considerable. BRecause of this, stable water

treatment becomes difficult.
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[0006] Further, althougha ceramicbasematerial forming
the flat ceramic membrane 1 is physically and chemically
stable, since it is classified as a brittle material,
when stress exceeding an allowance {a permisgsible value)
of a mechanical strength of the base material occurs due
tounexpected situations such as misoperation of machines
or facilities and natural disaster, there is & risk that
the ceramic base material will be broken.

[0007] Thepresent inventionwas made inviewof the above
circumstances, and an object of the present invention
is to increase the mechanical strength of the flat ceramic
membrane and stabilize the water treatment.

[0008] As one aspect of the present invention, a flat
ceramicmembrane comprises: aplate-shapedporous support
made of ceramics; and a filtration mewmbrane formed on
an outer surface of the porous support, wherein inside
the porous support, a plurality of water collection
passages where filtrate water obtained by permeation of
water-to-be-treated through the filtration membrane
flows are formed, and a region where a distance between
the water collection passages is different is ensured.
[0009] As one aspect of the present invention, a distance
between the water collection passages, which are along
a supply direction of air for membrane cleaning, in a
region that is located in a vicinity of an end portion
1s greater than a distance between the water collection
passages inaregionthat isaregionotherthanthevicinity
of the end portion.

[0010] As one aspect of the present invention, a distance

between the water collection passages, which are along



10

15

20

25

the supply direction, at a middlie portion is greater than
the other distance between the water collection pagsages
in the region other than the vicinity of the end portion.
[0011] As one aspect of the present invention, a cross
section of the water collection passage in the region
located in the vicinity of the end portion is smaller
than a cross section of the water collection passage in
the region other than the vicinity of the end portion.
[0012] As one aspect of the present invention, a drain
portion for draining the filtrate water supplied from
one end openings of the water collection passages is fixed
to one end portion of the porous support.

[0013] Accordingtothepresent invention, it ispossgible
to increase the mechanical strength of the flat ceramic
membrane and stabilize the water treatment.

BRIEF DESCRIPTION OF THE DRAWINGS

[o014]

Fig. 1 is a sectional view of a flat ceramic membrane
according to an embodiment 1 as one aspect of the present
invention.

Fig. 2 is a sectional view showing a deposition state
(an accumulation state or an adhesion state) of deposit
on a membrane surface of the embodiment 1.

Fig. 3 is & sectional view of a flat ceramic membrane
according to an embodiment 2 as one aspect of the present
invention.

Fig. 4 is a sectional view showing a deposition state
(an accumulation state or an adhesion state) of deposit

on a membrane surface of the embodiment 2.
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Fig. 5 is a sectional view of a flat ceramic membrane
according to an embodiment 3 as one aspect of the present
invention.

Fig. 6 is a sectional view showing a deposition state
(an accumulation state or an adhesion state) of deposgit
on a membrane surface of the embodiment 3.

Fig. 7 1s a sectional view showing an osmosis state (an
infiltration state or a permeation state) of a backwash
agent ingide the membrane of the embodiment 2.

Fig. 8 is a sectional view of a flat ceramic membrane
according to an embodiment 4 as one aspect of the present
invention.

Fig. 9 is an explanatory drawing showing a relationship
between a thickness between a membrane surface and a water
collection channel and a flow velocity of filtrate water.
Fig. 10 is a sectional view of the flat ceramic membrane
for explaining working and effect of the embodiment 4.
Fig. 11A is a sectional view of the flat ceramic membrane
for explaining working and effect of the embodiment 4
when performing backwash. Fig. 11B is a sectional view
showing an osmosis state (an infiltration state or a
permeation state) of the backwash agent inside the
membrane of the embodiment 4.

Fig. 12 ig a sectional view of a flat ceramic membrane
according to an embodiment 5 as one aspect of the present
invention.

Fig. 13 is a sectional view of a flat ceramic membrane
according to an embodiment 6 as one aspect of the present

invention.
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Fig. 14 is characteristics showing variation of a membrane
pressure difference with time of the embodiments of the
present invention and a comparative example.

Fig. 15 isaperspectiveviewshowingan internal structure
of the flat ceramic membrane.

Fig. 16A is a distribution diagram of a shear force
generatedat the flat ceramicmembrane by anormal cleaning
alr amount. Fig. 16B is adistribution diagramof a shear
force generated at the flat ceramic membrane by a cleaning
air amount that is smaller than the normal cleaning air
amount .

EMBODIMENTS FOR CARRYING OUT THE INVENTION

[0015] Embodiments of the present invention will be
described below with reference to the drawings.

[0016] [Embodiment 1]

A flat ceramic membrane 1 of an embodiment 1 shown in
Fig. 1 has, as illustrated in Fig. 15, a plate-shaped
{e.g. long plate-shaped} porous support 21 made of
ceramics and a filtration membrane 22 formed on an outer
surface of the porcus support 21.

[0017] A base material of the porous support 21 is made
of metal oxide (metallic oxide). For instance, alumina,
silica, titania and zirconia or mixture of thesematerials
are applied {Patent Document 2).

[0018] Inorganic material forming the filtration
membrane 22 is a porous complex of a base material and
amodifier. As the base material, for instance, alumina
is preferable, and as the modifier, for instance, titania

ig preferable (Patent Document 2).
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[0019] Inside the porous support 21, as water collection
passages where filtrate water 12 obtained by permeation
of water-to-be~treated 1l throughthe filtrationmembrane
22 flows, a plurality of watexr collection channels 2 are
formedparallel toeachother. Further, inside the porous
gupport 21, at least two regions where a distance between
the water collection channels 2 is different from the
others are ensured.

[0020}] In particular, in a case of the flat ceramic
membrane 1 of Fig. 1, a distance D1 between the water
collection channels 2, which are along a supply direction
(Figs. 16A and 16B) of air 13 for the membrane cleaning,
in each region Al (a region where supply of the air 13
is relatively small} that is located in the vicinity of
an end portion 3 is set to be greater than a distance
D2 between the water collection channels 2 in a region
A2 (a region where supply of the air 13 is relatively
large) that is a region other than the wvicinity of the
end portion 3.

[0021] Further, as illustrated in Figs. 16A and 16B, a
header 4 as a drain portion for draining the filtrate
water 12 supplied from one end openings of the water
collection channels 2 is liquid-tightly fixed to at least
one end portion in a longitudinal direction of the flat
ceramic membrane 1. On the other hand, a footer 5 as a
sealing portion for sealing the other end openings of
the water collection channels 2 is liquid-tightly fixed
to the other end portion in the longitudinal direction
of the flat ceramic membrane 1. It is noted that the

headers 4 could be provided at both end portions in the
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longitudinal direction of the flat ceramic membrane 1,
then the filtrate water 12 is drained from both these
end portions.

[0022] Working and effect of the flat ceramic membrane
1 of the present embodiment will be described with
reference to Figs. 1, 2, 15, 16A and 16B.

[0023] When the water-to-be-treated 11 of Fig. 15 is
subjectedtosolid-liquidseparationonamembrane surface
20 of the fiat ceramic membrane 1 by suction by a pump
etc., the water-to-be-treated 11 permeates through the
filtration membrane 22, and the filtrate water 12 can
be obtained in the water collection channels 2. The
filtrate water 12 is then drained from the header 4 of
the flat ceramic membrane 1 to the outside of the system.
[0024] Ontheother hand, asolid component such as sludge
contained in the water-to-be-treated 11 of Figs. 16A and
leBisdepositedonthe surfaceof the flat ceramicmembrane
1 corresponding to the water collection channels 2 shown
in Fig. 2. Then, deposit 10 of this solid component of
the flat ceramic membrane 1 is removed by a shear force
of bubbles by the air 13 for the membrane cleaning which
is supplied from an air diffuser pipe 6 arranged below
the flat ceramic membrane 1 shown in Figs. 16A and 16B.
[0025] As described above, the shear force in the region
Al of the flat ceramic membrane 1 is weak as compared
with the shear force in the region A2 {Figs. 16A and 16B) .
On the other hand, in the case of the £lat ceramic membrane
1 of the present embodiment, since the distance D1 between
the water collection channels 2 in the region Al is set

to be greater than the distance D2 between the water
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collectionchannels 2 inthe regiona2, adepositionamount
of the solid component in the region Al is smaller than
a deposition amount of the solid component in the region
A2 (Fig. 2). Therefore, the deposit 10 in the region Al
can be removed by the shear force by the bubbles which
ig smaller than the shear force in the region A2. It is
thus possible to remove the deposit 10 uniformly
throughout the entire flat ceramic membrane 1.

[0026] Further, since the region Al where the distance
D1 is ensured is a region where there is a few deposit
10, bubbles of the air 13 tend to enter between the flat
ceramic membrane 1 and the deposit 10, and thus a cleaning
effect in the region Al is increased.

[0027] When a crack occurs due to an excessive load on
the flat ceramic membrane 1, stress concentration in the
region Al becomeg an origin (a starting pcint) of the
crack. Since the flat ceramic membrane 1 is formed so
that the distance D1 between thewater collection channels
2 in the region Al is set to be greater than the distance
D2 between the water collection channels 2 in the region
A2, an amount of the ceramic base material in the region
Al ig relatively high. This leads to an increase in the
mechanical strength of the flat ceramic membrane 1.
[(0028] [Embodiment 2]

A flat ceramic membrane 1 of an embodiment 2 shown in
Fig. 3 is the same as that of the embodiment 1 except
that a distance D1 between the water collection channels
2, which are along the suppiy direction of the air 13
for the membrane cleaning, at a middle portion C in the

region A2 is set to be greater than the other distance
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D2 between the water collection channels 2 in the region
AZ.

[0029] According to the above flat ceramic membrane 1,
since the distance D1 between the water collection
channels 2 at the middie portion C is set to be greater
than the other distance D2 bhetween the water collection
channels 2 in the region A2, as shown in Fig. 4, a point
as the originof exfoliation (separation or delamination)
of thedeposgsitis formedat themiddleportionC. Therefore,
in addition to the effect of the embodiment 1, stable
sclid-liquid separation can be performed over an extended
time period. Moreover, since a portion (the middle
portion C) of the ceramic basematerial of the flat ceramic
membrane 1 where the shear force by the air 13 becomes
a maximum is reinforced, the mechanical strength of the
entire flat ceramic membrane 1 is further increased.
[0030] [Embodiment 3]

A flat ceramic membrane 1 of an embodiment 3 shown in
Fig. 5 ig the same as that of the embodiment 1 except
that a cross section S1 of the water collection channel
2 in the region Al ig smaller than a crosg section 82
of the water collection channel 2 in the region AZ2.
[0031] According to the above flat ceramic membrane 1,
the same working and effect as thoge of the embodiment
1 can be obtained. In particular, since an amount of the
ceramic base material at a portion in the vicinity of
the end portion 3 is increased, the mechanical strength
of the flat ceramic membrane 1 is further increased (Fig.

6) .
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[0032] Here, if the cross sections S1 and S2 of the water
collection channel 2 of the present embodiment are applied
to the fiat ceramic membrane 1 of the embodiment 2, it
is possible to increase the mechanical strength of this
flat ceramic membrane 1.

[0033] [Embodiment 4]

Substances adhering to an inside of the membrane and the
surface of the flat ceramic membrane 1, which cause
membrane clogging, are chemically removed by a cleaning
method (chemical backwash) in which a chemical solution
such as sodium hypochlorite is fed from the water
collection channel 2 side to the membrane surface. At
this time, for instance, at the inside of the flat ceramic
membrane 1 of the embodiment 2 showninFig. 7, apenetrating
portion A3 of the chemical solution and a non-penetrating
porticon A4 of the chemical solution appear. The
non-penetrating portion A4 may cause biofilmgrowth which
leads to the membrane clogging, then may result in a
decrease in filtration efficiency.

[0034] Therefore, in a case of a flat ceramic membrane
1 of an embodiment 4 shown in Figs. 8 and 9, a region
where a thickness between the membrane surface 20 and
the water collection channel 2 is different is ensured
at the flat ceramic membrane 1 to which the chemical
backwash is applied, thereby achieving high flux and
increasing the mechanical strength of the flat ceramic
membrane 1.

[0035] The flat ceramic membrane 1 shown in Fig. 9 is
the same as that of the embodiment 1 except that while

the water collection channels 2 are arranged at regular
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intervals, a thickness L4 between the membrane surface
20 and the water collection channel 2 in the region Al
ig set tobegreaterthanathickness I.3 between the membrane
surface 20 and the water collection channel 2 in the region
A2. On the other hand, inside diameters L2 and L1, along
the membrane surface 20, of the water collection channels
2 in the regions Al and A2 are set £to the same size.
[0036] Althoughit isdesirablethat thewatexr collection
channels 2 be formed at regular intervals, depending on
ausageconditionetc., inthe samemanner as the embodiment
1, the distance D1 between the water collection channels
2 in the region Al could be set to be greater than the
distance D2 between the water collection channels 2 in
the region A2 that is the region other than the end portion
3 sgide.

[0037] Working and effect of the flat ceramic membrane
1 of the present embodiment will be described with
reference to Figs. 8 to 11.

[0038] Asg illustrated in Fig. 9, a pressure difference
P that is a driving force of the filtration generated
by the suction pump etc. is uniform regardless of a shape
and a size of the water collection channel 2. On the other
hand, aresistance Rof filtrationpermeation is different
depending on a distance between the membrane surface and
the water collection channel 2. Because of this, in a
case where the inside diameter of the water collection
channel 2 is small and the thickness between the membrane
gsurface 20 and the water collection channel 2 is great,
a flow velocity Q of the filtrate water becomes low. For

the water collection channels 2 in the regions Al and
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A2 in Fig. 9, when the inside diameter L2 is equal to
the inside diameter L1 (the inside diameter L2 = equal
to the ingide diameter L1) and the thickness 1.4 is greater
than the thickness 1L3 (the thickness L4 > the thickness
L3), a flow velocity Q1 is higher than a flow velocity
Q2 (a flow velocity Q1 » a flow velocity Q2). The flow
velocity Q1 indicates a flow velocity of the filtrate
water between the membrane surface 20 of the thickness
L3 and the water collection channel 2. The fiow velocity
Q2 indicatesg a £flowvelocity of the filtrate water between
the membrane surface 20 of the thickness L4 and the water
collection channel 2. That is, a degree of the clogging
(or blockage) of the flat ceramic membrane 1 is affected
by the shape of the water collection channel 2.

[0039] Accorxding to the above flat ceramic membrane 1,
since the thickness L4 between the membrane surface 20
and the water collection channel 2 in the region Al is
greater than the thickness L3 between the membrane surface
20 and the water collection channel 2 in the region A2,
there arises a difference in a treatment amount between
the region Al and the region A2. As illustrated in Fig.
10, although more clogging substances are deposited in
the region A2 of the flat ceramic membrane 1 where a large
amount of water-to-be-treated is supplied, since the

cleaning effect by the air diffusion is high, stable

filtration can be continued. In particular, since the
difference in thickness of the deposgsit 10 arises between
the region Al and the region A2, as shown in Fig. 10,
a step portion of the deposit 10 becomes an origin (a

starting point) SP of the exfoliation (the separation
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or the delamination) by the bubbles, thereby improving
filtration efficiency as compared with a conventional
flat ceramic membrane.

[0040] During the backwash, ag illustrated in Fig. 114,
since a flow velocity Q1 of backwash liquid between the
water collection channel 2 and the membrane surface 20
in the region A2 is greater than a flow velocity Q2 of
backwash liguid between the water collection channel 2
and the membrane gurface 20 in the region al, effect of
the backwash is increased. At this time, film-like
clogging substances are peeled off (delaminated or
exfoliated) then removed with the locally existing large
water collection channel 2 being the origin (the starting
point) . Further, during the chemical backwash, as
illustrated in Fig. 11B, since the backwash liquid or
the chemical golution permeates through a peripheral
region A5 of the water collection channel 2 and soaks
through the entire flat ceramic membrane 1, the cleaning
effect is increased.

[0041] In additicn, when switching between the
filtration and the backwash, due tomalfunctionof adevice
or incorrect procedure, there may occur a water hammer
phencomenon in which pressure in a pipe transiently rises
or falls by a sudden change in the flow velocity. When
this phenomenon occurs, pressure is applied to the flat
ceramicmembrane 1, andat the same time, vibrations occur,
which may cause breakage of the flat ceramic membrane
1 depending on a degree of generated load.

[0042] Incontrasttothis, inthe caseof the flat ceramic

membrane 1 of the present embodiment, since the region
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where the thickness between the membrane surface 20 and
the water collection channel 2 is different is formed,
the porous support 21 has a partial thickness inside the
porous support 21. With this, the mechanical strength
of the flat ceramic membrane 1 is increased, thereby
preventing the breakage of the flat ceramic membrane 1
caused by the water hammer phenomenon.

[0043] According to the embodiment 4, efficiency of the
alir diffusion cleaning (air cleaning) and the back
pressure cleaning {(the backwash, the chemical backwash)
of the flat ceramicmembrane 1l canbe increagsed. Therefore,
the substances causing the membrane clogging are
efficiently removed, and high flux can be achieved.
[0044] [Embodiment 5]

A flat ceramic membrane 1 of an embodiment 5 shown in
Fig. 12 is the same as that of the embodiment 4 except
that a shape of a cross section of the water collection
channel 2 in the region Al is a circle.

[0045] According to the present embodiment, since a
cross-sectional area of the water collection channel 2
in the region Al is smaller than a crogss-gectional area
of the water collection channel 2 in the region A2, it
is obvious that the same working and effect as those of
the embodiment 4 can be obtained. In particular, since
thewater collectionchannel 2 intheregiondl iscircular,
the mechanical strength of the region Al is increased,
and the flat ceramic membrane 1 that is resistant to
external load can be obtained.

[0048&] [Embodiment 61
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& flat ceramic membrane 1 shown in Fig. 13 is the same
as that of the embodiment 5 except that a cross section
of the water collection channel 2, which is along the
supply direction of the air for the membrane cleaning,
is formed sc as to be smaller from the middle portion
C of the flat ceramic membrane 1 (the porous support 21)
ags 1t approaches the end portion. For instance, as
illustrated in Fig. 13, a cross section of the water
collection channel 2 which is located close to the region
A2 in region Al has an asymmetrical shape (e.g. a D-shaped
cross section which is smaller than a substantially
rectangular cross section of the water collection channel
2 of the region A2} with respect to a thickness direction
of the flat ceramic membrane 1.

[0047] According to the present embodiment, the same
working and effect as those of the embodiments 4 and 5
can be obtained. In addition, it is possible to adjust
an amount of water collected in the water collection
channels 2 according to a diffusion air amount, thereby
performing the filtration more efficiently.

[0048] The Embodiments

Table 1 shows mechanical strengths of the flat ceramic
membranes 1 of the embodiments 1 to 3 with respect to
a mechanical strength of a conventicnal flat ceramic
membrane as a comparative example. For comparison of the
mechanical strength, a value of a local load which leads

to the breakage of the flat ceramic membrane was compared.
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[0049] [Table 1]

Sample Strength (-)
Comparative 100
Example
Embodiment 1 113
Embodiment 2 115
Embodiment 3 139

[0050] As is clear from a result of Table 1, the
embodiments 1 to 3 provide higher mechanical strengths
than that of the comparative example. In particular, it
ig found that the mechanical strength is further increased
by the embodiment 3.

[0051] Further, Fig. 14 shows variation of a membrane
pressure difference with time of the embodiments 1 to
3 and the comparative example.

[0052] In the embodiments 1 to 3 and the comparative
example, afiltrationfluxwassettol.27m/day, abackwash
flow velocity was set to twice that of the velocity at
the time of the fiitration, a diffusion alr amount was
set to ten times that of the amount at the time of the
filtration, and an operation cycle was set so that a
filtration time was 9.5 minutes and a backwash time was
0.5 minutes. Further, a net operating flux including
return of the filtrate water by the backwash was 1.08
m/day.

[0053] According to the variation of the membrane
pressure difference with time shown in Fig. 14, it is

found that the membrane pressure difference of the
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comparative example significantly increases with time
from an initial time, whereas variations of the membrane
pressure differences of the embodiments 1 to 3 are a small
increase from the initial time. From this, long-term
stabilization of the water treatment by the solid-liquid
separationusing the flat ceramicmembrane canbe realized
by the embodiments 1 to 3.

[0054] According to the flat ceramic membranes 1 of the
embodiments 1 to 3, it is possible to decrease the amount
of the deposit 10 of the solid component in the region
Al more than the region A2, then the cleaning effect of
the surface of the flat ceramic membrane 1 by the air
diffusion is increased. In particular, the membrane
clogging (the membrane blockage) around the end portion
3 of the flat ceramicmembrane 1 extending along the supply
direction of the air 13 for the membrane cleaning can
be prevented. Further, the mechanical strength of the
region Al (in the case of the embodiment 2, the region
Al and the middle portion C) of the flat ceramic membrane
1 is increased (Table 1), thereby reducing risk of the
breakage of the flat ceramic membrane 1 due to unexpected
gsituations such as migoperation of machines or facilities

and natural disaster.
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CLATMS
1. A flat ceramic membrane comprising:
a plate-shaped porous support made of ceramics; and
a filtration membrane formed on an outer surface
5 of the porous support, wherein

inside the porous support, a plurality of water

collection passages where filtrate water
obtained by permeation of water-to-be-treated
through the filtrationmembrane flows are formed,
10 and a region where a distance between the water

collection passages is different is ensured.

2. The flat ceramic membrane as claimed in c¢laim 1,
wherein

15 a distance between the water collection passages,
which are along a supply direction of air for

membrane cleaning, in a region that is located

in a vicinity of an end portion is greater than

a distance between the water collection passages

20 inaregionthat isaregionother thanthevicinity

of the end portion.

3. The flat ceramic membrane as claimed in claim 2,
wherein

25 a distance between the water collection passages,

which are along the supply direction, at a middle

portionisgreater thanthe otherdistance between

the water collection passages in the region other

than the vicinity of the end portion.
30
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4. The flat ceramic membrane as claimed in claim 2 or
3, wherein
a cross section of the water collection passage in
the region located in the vicinity of the end
5 portion is smaller than a cross section of the
water collection passage in the region other than

the vicinity of the end portiomn.

5. The flat ceramic membrane as claimed in any one of
10 the preceding claimg 1 to 4, wherein
a drain portion for draining the filtrate water
supplied from one end openings of the water
collection passages is fixed to one end portion
of the porous support.

15



