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DESCRIPTION

Title of the Invention

METHOD FOR CLEANING CERAMIC FILTER

Technical Field

[6001]

The present invention relates to a method for
cleaning a ceramic filter. More particularly, it relates
to a method for cleaning a ceramic filter which can shorten
an operation time reguired tc c¢lean the ceramic filter.
Background Art

[0002]

Heretofore, a ceramic filter has been used to
selectively separate a predetermined component from a
composition containing a plurality of components. As this
ceramic filter is used, fouling substances in the above
compeogition are gradually accumulated, which deteriorates a
separation performance. Therefore, to recover the
separation performance, a cleaning treatment is performed
at a predetermined time.

{00031

Ag a method of the cleaning treatment (the cleaning
method), a method cof scaking a ceramic filter in a cleaning
liguid (e.g., an organic solvent), a method of allowing a
c¢leaning gas or liguid (e.g., an organic solvent) to flow

in the ceramic filter, a method by so-called reverse
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Summazry
Problem to be Solved

[0005]

However, in the cleaning methods disclosed in Patent
Documentg I and 3, fouling substances present in portions
which do not come in contact with the heated gas or liguid
are not easily decomposed (or dissolved), and hence it
takeg time to remove the fouling substances. In the
cleaning method disclosed in Patent Document 2, the gas is
only allowed to flow through a primary side space, and
hence it takeg time to remove the fouling substances in an
analogoug way as in the cleaning methods disclosed in
Patent Documents 1 and 3. The cleaning method disclosed in
Patent Document 4 is a method of allowing a cleaning
solution to permeate a primary side space from a secondary
gide space {(so-called reverse cleaning). This method is
effective for cleaning a solid-liguid separation membrane
in which poreg of submicron levels are formed and an amount
of a permeating composition including a component to be
selectively separated and the other components is large.
However, in a liguid-liguid separation membrane or a gas-
gag geparation membrane in which pores of nano levels are
formed and the amount of the above permeating composition
ig small, the fouling substances eluted from the cleaning
solution are stagnant in the secondary side space, and are

not suitably discharged. Therefore, the cleaning treatment
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takes time. The cleaning method disclosed in Patent
Document 5 is a method of forming a membrane of a different
material on the surface of the geparation membrane. In
this method, a process of forming the membrane of the
different material is added, and hence the cleaning becomes
costly.

[0006]

As described above, there has been the problem that
a long operation time is required for cleaning a ceramic
filter to recover the separation performance.

[0007]

The present disclosure has been developed in view of
such problems cof the conventional technologies. An object
thereof is to provide a method for cleaning a ceramic
filter which can shorten an operation time reguired to
clean the ceramic filter.

Means for Solving the Problem

[0008]

According to the present disclosure, a method for
cleaning a ceramic filter is provided as follows.

[oo09]

{1} A method for cleaning a ceramic filter,
comprising: reducing a pressure of a space on a secondary
g2ide of the uncleaned ceramic filter, while supplying a
cleaning medium to a space on a primary side of the
uncleaned ceramic filter, thereby passing the cleaning

medium through the uncleaned ceramic filter, =o that the
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uncleaned ceramic filter is cleaned.

[0010]

f21] The method for cleaning the ceramic filter
according to the above [1], wherein a temperature of the
cleaning medium is from 25 to 450°C.

[0011]

i3] The method for cleaning the ceramic f£ilter
according to the above [1] or [2], wherein the pressure in
the secondary side space is from 0.03 to 50 kPa.

[0C11la]

In a first aspect of the present disclosure, there
is provided a method for cleaning a ceramic filter,
comprising:

reducing a pressure of a space on a secondary side
of the uncieaned ceramic filter, while supplying a cleaning
medium having a temperature of 25 to 450°C to a space on a
primary side of the uncleaned ceramic filter, thereby
passing the cleaning medium through the uncleaned ceramic
filter, so that the uncleaned ceramic filter is cleaned,

wherein the pressure in the secondary side space 1is
from 0.03 to 50 kPa.

Effect

foo1z2]

In the method for cleaning a ceramic filter of the
present disclosure, "a pressure of a space on a secondary
side of the uncleaned ceramic filter is reduced, while

supplying a c¢leaning medium to a space on a primary
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side of the uncieaned ceramic filter". In this way, the
cleaning wmedium is passed through the uncleaned ceramic
filter, sco that the uncleaned ceramic filter ig cleaned.
Therefore, in the method for cleaning the ceramic filter of
the present disclosure, fouling substances adhering to the
ceramic filter can be removed in a short time. Therefore,
the operation time required to clean the ceramic filter can
be shortened. That is, the separation performance of the

ceramic filter can be recovered in a short time.

Brief Description of the Drawings

[c0o13]
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Fig. 1 is & cross sectlional view schematically
showing a separator (& filter unit) for use Iin one
embodiment of & method for cleaning a ceramic filter of the

present invention;

[
o]

Fig. 2 1is a perspecitlve view schematically showing
the ceramic filter included in the separator shown in Filg.
1; and

Fig. 3 1s a schematic view showing a ¢ross section
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el To a cell extending direction of tThe ceramic

b ]
o
{t
+
]

r shown in Fig. 2.

Mode for Carrying cut the Invention

[ 0014)]

Hereinafter, embodiments of the present invention
will specifically be described with reference to the
drawings. It should be understcood that the present
invention is not limited to the following embodiments and
that suitable modifications, improvements and the like
added to the following embodiments on the basis of ordinary
knowledge of a person skilled in the art withcout departing
ffom the gist of the present invention also fall in the

=

gist ¢f the present invention.

l

[ 0015]

=

Method for Cleaning Ceramic Filter:

Fh

in the method for cleaning the ceramic filter of the
present invention, & pressure of 3 space on a secondary

side of this uncleaned ceramic filter is reduced, while
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suppliving a cleaning medium to a space on a primary side of

h

the uncleaned ceramlic filter. That is, the pressure (an

absolute pressure) in the secondary side space 1s smaller

than 101.3 kPa. Conseguently, in the method for cleaning
the ceramic filter of the present inventiocon, the cleaning

medium is passed through the uncleaned ceramic filter, so

that the uncleaned ceramic filter is cleaned.

[ 601lg]

According to this method for cleaning the ceramic
-

the pressure of the space on the secondary side of

the uncleaned ceramic filter is reduced, whilse supplying

-

the cleaning medium to the space on the primary side of the
uncleanad ceramic filter". In this way, the cleaning

medium is passed through the uncleaned ceramic filter, so

ot

hat the uncleaned ceramlic filter can be cleaned.
Therefore, according to the method for cleaning the ceramic
filter of the present invention, fouling substances can be
removed in a short fime. According to the present cleaning
method, the cleaning medium flows into the secondary side
apacs from the primary side space. Therefore, when the
cleaning medium flows into the secondary side space, a
rhysical force i1s applied to the fouling substances, and

d

o3

r
{

tonally, the cleaning medium can chemically decompose

the fouling substances. For example, the cileaning medium

dissolives the fouling substances. Therefore, the foullng
substances present in the ceramic filter can sultably be

removed. Consegquently, as compared with a conventional
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cleaning method, an operation time regulired to clean the

ceramic filter decreases. That is, the opesration time can

e shortened.

—

[ 0017]

L

et

I'c "supply the cleaning medium to the space on the
primary side of the ceramic filter" is to supply the

the

&
Bty

cleaning medium to the space on the primary side

ceramic filter so that the whole surface of

83}

separation

.

membrane of the ceramlc filter on the side of the primary
side space ls covered with the cleaning medium.

[ 0018]

"The primary side space" is a space to which a
composition before separaticn has been supplied at the
separation of the composition including a component (a
geparation oblject) to be selectively separated by the
separation membrane (the ceramic filter) and components

other than this separation object (hereinafter sometimes

e,

referred to as "the composition before the separation™).

"The secondary slde space™ 1s a space into which the

B
=
O
b
D
t
s
M

component separated from the compositicn b
separation by the separation membrane (l1.e., the

predetermined component selectively separalted from the
plurality of components) [lows.
§

As described above, when the cieaning medium can

flow intc the secondary side space from the primary side



Lh

-
o

p—
i

25

space, the separation performance can be recovered Dy

ilter in & short time. Moreover,

B

cleaning the ceramic
when the cleaning medium 1s allowed to flow into the
secondary side space from the primary side space, a

~

predetermined difference (a pressure difference} may be

6

made between the pressure in the primary side space and the
pressure in the secondary side space.

[ 0201

Here, to make the above pressure difference, there

is a method in which the above pressure difference is made

]

by raising the pressure of the primary side space without

N

reducing the pressure of the

w

=

0

ondary side space. However,

in this method, there might occur problems that the

03}

eparation membrane is broken, that an excessive load is
applied to a device (a liguid feed pump or the like) which

supplies the cleaning medium into the primary side space Lo
damage the device, and the like. Therefore, the above
pressure difference may be made by reducing the pressure of
the secondary side space.

[ 0021)

Fig. 1 shows & separator 100 for use in one

embodiment of the method for clsaning the ceramic f£ilter of
the present invention. The separator 100 1s constituted of

a ceramic filter 10 in which a piurality of pores are

+ : 1

formed, and a c¢asing 12 which can contain the ceramic
filrer 10. It is to ke noted that the separator 100 shows

a separator capable of selectively separating the
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predetermined component from the composition before the
I IS ©

separation including the plurality of components by

pervaporatlion. The method for cleaning the ceramic filter
of the present invention can be appliied to cleaning

treatment of any separator. For example, 1t can sultably

o

e employved in the cleaning treatment of & separator such

as the separator 100 {(a unit which performs the separation

o
~
ge

pervaporatlion) .

[ 00Z27]

-

Az shown in Fig. 3, the ceramic filter 10 incliudes a
porous support 8, and a separation membrane 14 formed on

the surface of each of cells € of the pcrous support 8.

The porous support & has partition walls 4 made of a porous
bedy, and by the partition walls 4, the plurality of cells

6 are formed which extend through the filter from ons end

~
b

surface Za to the other end surizce 2b to become through

" I

channels of a fluid. TIn both end portions of the ceramic

hy
}_‘_A.

lter 10, water collecting slits 16 (see Fig. 2) are

formed which communicate between one group of Juxtaposed

cells 6 and an exterior space of the ceramic filter 10.
Moreover, in the ceramic fllter 10, open frontal areas of

&~

both ends of sach of the cells & which communicate with the

T 1 o

water collecting siits 16 (water collecting cells 7) are

clugged with plugged portions 18.

-

L0023
The casing 12 1s constituted of a hollcw tubular

casing main body 22, an upper cap 24 attached to an upper
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formed through which the
can be

end of the casing main body, and a bottom cap 26 attached
o a Llower end of the casing main boedy. In the vicinity of
the upper end portion of the casing main body 22, a

feed-cut port 22a

o be seleciively separated)

an origlna.

{the component
the upper cap 24,

filtrate
fed out. In a top porticn of
solution discharge port Z4a is formed through which the
(the unseparated composition) can be
the bottom cap 26,

~
i~

W

1 =solution
dizcharged. In a lower end poertion
1 original solution supply port 26a 1s formed through

' solution can be supplied to
portions,

the ceramic
to

Flanges are diszsposed to these open

o
1c material are

fue]

filter 10,
tructure which can easily be connected

)]
-

-3
-l

o

obtain a
CO-rings 28 made of an e
27z and the upper

Moreover,
the

interposed between casing main body

cap 24 and casing main body 2Z and the bottom
cap 26, respectively. The casing 1Z is preferably made of
a material having water impermeability and high corrosion
resistance (stainiess steel or the like). The separator
1 may have a co i ] where the

te the

20 100 shown in Fig.
original sclution discharge port Z4a
26a

15 connected
via a pipe or the like

sciution supply port
sciution circulates.

original
(not shown}), so that the original

view schematically

[ 0024)
in the one embodiment of

r 100 for

N

Moy
H
N

showing the separato
method for cleaning the ceramlic Iilter of the present

the
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invention. Fig. 2 1s a perspective view schematically
showing the ceramic filter 10 included in the separator 100
shown in Fig. 1. Fig. 3 is a schematic view showilrg a

cross section of the ceramic fllter shown in Fig. 2 which

ot
]

parallel to a cell extending direction.
[ 0025)
When a predetermined component (a separation object

Ay is separated from an original sclutiocon by use of the

separator 100, the separation cbiect A is separated

&
€2

bl

follows. First, when the original scliution 1s supplied at

Q-]

oredeterminaed pressure from the original solution supply

port 2%6a of the hottom cap 26 to primary side spaces 32 1n

5

the cells 6 of the ceramic filter 10, the suppllied original
solution is filtered during the originel solution permeates
the partition walls 4 which define the cells 6. Afterward,
the filtered original sclution is discharged as the
filtrate from an cuter peripheral suriace 3 of the ceramic
filter 10 to a secondary side space 34 formed between the
outer peripheral surface 3 of the ceramic filter 10 and an
inner peripheral surface 23 of the casing main body 22. In
this way, the ceramic filter 10 can selectively separate a
predetermined substance from a mixture containing two or
more substances. Such a ceramic filter can selectively
separate a predetermined substance from the original
sclution. However, duse to use (by seleciively separating

the predetermined substance from the original scolutlion),

B

impurities (the fouling substances) and the like in the
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original secluticn are deposited in the ceramic filter, and
hence the separation performance detericorates. Therefore
it is necessary to remove the deposited impurities and the
like by the cleaning treatment, thereby recovering the
separation performance.
[ 00z2g]

The porous support of the ceramic filter is made of
a ceramlic matsrial, and as the porous suppori, a tubular
support or a meonclithic support can be used. A tubular
porous suppcocrt 1s a structure having a tubular wall made of

a ceramlc peorous materia’l, and including a single cell
defined by the wall which extends through a central portion.
E morolithic porous support is a honeycomb structure having

lattice-like partition walls made of ceramic porous

O

material, and including a large number of cellis defined by

the partition walls. Among thess, the monolithic porcous

o

upport is preferable since 1t has a large separation area
per unit volume and a high treatment capacity. The porous
support 8 of the ceramic filter 10 shown in Fig. 2 and Fig.
3 is an example of the monolithic porous support.

[ 00Z7]

4s the ceramlic material constituting the porous
support, for example, alumina (A1:,C4), titania (Ti0.),
muliite {(Al.0:e310:), zirconia {(Zr0.) or the like is used.
Among these materials, alumina is preferable from the
viewpelnts that a raw material having controlled particle

diameters is easily cbtained, a stable slurry can be formed
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and the corrosion resistance 1s nhigh. It is fto ke noted
that the ceramic material has a high reliability due to 1ts

excellent mechanical strength and durability, a low
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deterioration during cleaning treatment by

the likes, and an ability to precisely COﬁtﬁol the average

pore diametey which determines the separation performance.
[ 0028]

The porous support may include a base matarial in

(\

which a plurality of cells are formed, and a surface laver
which is feormed on the surfaces of the cells of this base
material {the surfaces of partiticn walls forming the

cells) and in which pores having an average pore diameter
smaller than an average pore diameter of the base material
and larger than an average pore diameter of the separation

membrane are formed. The base material has the partition

1

walls made of a porous body, and by the partition walls,
the plurality of cells are formsed which extend through the
porous support from one end surface to the other en

surface to become through channels of a flui

;_;

. It is vo be

noted that the surface layer may be constituted of

3
B

layer or may be constituted of multiple layers. The porous
support includes the surface layer, and hence when the

separation membrane 1s formed, aggregate particles in a

siurry te form the separation membrans can be trapped by
the surface layer. Therefore, it i1s mossible to prevent a

situation where the aggregate particles esnter the insides

ores of the base material.

material
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the surface layer can ke made of the same material (the

ceramic materlal) as in the porous support.

The average pore diameter of the porous support {(the
base material when the porous suppcort has a surface layer)
is determined Iin consideration of a balance between the
mechanical strength and an amocunt of permeation. Usually,
the porous support having an average pore diameter of about
1 to several hundred um is used. When the porous support
has a surface layer, the average pore diameter of the

surface layer

[

s smaller tThan the average pore diameter of

the base material and larger than the average pore diameter
of the separation membrans. Specifically, the average pore
diameter is from about 0.01 to 10 um. The average pore

diameter of the porous support is a value measured by a
mercury porosimeter. The average pors diameter of the

surface layer is a value measured by an air flow method
described in ASTM F3lg.

i 00303

iy

In the separation membrane, a plura

[m

lity of pores is
formed, and the predetermined substance can selectively be
separated from the mixiure containing two or more
substances (i.e., solid-liguid separation, liguid-ligquid

separation or gas-gas separation can be accemplished). In

whe present invention, there 1s not

jall

xny further special
restriction on such a separation, and examples of the

separation membrane include a zeclite membrane, a carbon
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memorane, a silica membrane, and an NF memprane {(a nano
£17 4 o - . 1 -} ; 1
filter). Specifically, examples of the zeolite membrane
include zeolite membranes of A-type, Y-type, DDR Lype and
MEFLI type.

[ 00321)

The average pore diameter of the separatlon membrane

can sultably b

D

determined in accordance with the reguired
separation performance. For example, in the case of a

ceramic filter for use in precision filtration or ultra

filtration, the average pore diameter 1s preferably from

1.0 o 1.0 um. The average pore diameter of this

[Io
ot

-

separation membrane is a value measured by the air flow

method described in ASTM F31l6.

e

[ 00327

The plugged portions can be made of the same

- v
H

materi s Iin the porous support, and an average pore

W
s

diameter is preferably from 1 to several hundred um.
0033
&8s the ceramic filter, there can be used a ceramic

L

filter in which both end =zurfaces of & porous support

o)

{portions other than open frontal areas of cells) are

coated with a coating membrane made ¢

th

a water—impermeable
material such as glass. This coating membrane can prevent
the unseparated composition and the component which has
permeated the separation membrane [(the component
selectively separated from the unseparated composition)

from being mixed.
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[ 0C34]

Examples of a cell shape (the shape in a cross
section perpendicular to a fluid flowing directicon) includs
a round shape, a gquadrangular shape, a hexagonal shape and
a briangular shape. Among these shapes, the round shape is
preferable from the viewpoint that a separation membrane
having a uniform membrane thickness can be formed.

00

&5}

5;

There iz not any special restriction on a shape of
the ceramic filter, as long as the separation performance
of the geramic filfter is not disturbed. Examples of the
whole shaps include a columnar shape, a guadrangulary piliar
shape, and a triangular pillar shape. Among these shapes,
the columnar shape 1s preferable from the viewpoints that
extrusion forming is easily performed, firing deformation
rarely occurs, and sealing with the casing i1s easily
accomplished. In the case cf a columnar ceramic
dimension thereof can be, for example, an outer diameter of
10 to 1000 mm and a length of 10 te 10000 mm.

[ 003¢]

The cleaning medium includes a cleaning liguid and a

[

cileaning gas. Examples of the cleaning liguid include
crganic solvents such as alcohcl, kstone, ether and ester;
water; acid; alkali; and mixed ligquids of the water and the
above organic sglvents. Moreover, examples of the cleaning
gas include atmospheric air, steam, an inert gas, an acidic

gas, and a paslic gas.
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[ 0037]

A temperature of the cleaning medium 1s preferably

from 25 to 450°C, and further preferably from 50 to 400°C.
When the temperature of the cleaning medium is in the above
range, the fouling subkstances can be heated and decomposed.
Therefore, the cleaning treatment can be performed more
effectively {(i.e., in a shorter time}. Here, "the
remperature of the c¢leaning mediuvm”™ means the Lemperature

of the c¢lesaning medium when the cleaning medium is supplied

o~

to the ceramic filter.

The temperature of the cleaning medium is preferably

from 25 to 450°C, and further preferably from 50 to 400°C

5

as described above, howevaer a more preferable temperature

[

of the cleaning medium can sultably be set in accordance
with a type of the cleaning gas. Specifically, when the
atmospheric air is used as the cleaning gas, a temperature
of the atmospheric air (the cleaning gas) is preferably
from 200 to 300°C. Moreover, when the inert gas is used as
the cleaning gas, a temperature of the inart gas (the
cleaning gas) is preferably 300°C or more.

P 06329)

Furthermore, when the atmospheric air of 200 to
300°C is used as the cleaning gas, the pressure 1in the

secondary side space 1s preferably from 0.03 to 50 kPa.
[ Co4a0]

When the inert gas of 300°C or more is used as the



cleaning gas, the pressure 1n the secondary side space 1s

preferabply from 0.03 to 50 kPa.

C
o
A

17
e

When the carbon membrane is used as the separatio

o

0

membrane, the inert gas of 300°C or more is preferably used
as the cleaning medium. By using the inert gas as the

cleaning medium, the cleaning medium can be prevented from
reacting with the carbon membrane,

[ 0042]

When the silica membrane or the A-type zeolite
membrane 15 used as the separation membrane, the organic
solvent, the atmospheric alir or the inert gas is preferably
used as the cleaning mediwm. By using the organic solvent,
the atmospheric ailr or the inert gas as the cleaning medium,
the separation membrane can be prevented from being
digsolved by the cleaning medium.

[ 0043]

The pressure {(a gauge pressure) 1n the primary side
space at the cleaning freatment is preferably from 100 to
1000 kPa, further preferably from 100 to 500 kPa, and
especlially preferably from 100 to 200 kPa. When the

pressure in the primary side space is out of the above

o
2
5
X
jas
=]
@

rangs, the separation m might be broken by the

pressure. That is, when the pressure in the primary sids
space 1s In the above range, the separation membrane can hbe
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A linear speed of the cleaning medium to be supplied
to the primary side space 1s preferably from 0.01 to 1000
cm/second, further preferably from 0.1 to 1000 cm/second,
and especially preferably from 1 to 1000 cm/second. When
the above linear speed 1s 1n the above range, the fouling
substances are easily dissolved in the cleaning medium.
Therefore, the operaticn time reguired for the cleaning can
further he shortened.

[ 0040]

In the present invention, there is not any special
restriction on a degres of the pressure reduction, as long

reatment

~f

as the cleaning medium flows into the secondary side space
by

from the primary side space at the cleaning

ot

reducing the pressure of the secondary side

]

pace of tl

D

©

uncleaned ceramic filter, and the degree can suitably be

set. The pressure in the secondary side space is

]

preferably from 0.03 to 50 kPa, further preferably from 0.1

[

to 10 kPa, and especially preferably from 0.1 to 1 kPa.
When the pressure in the secondary side space 1s in the

above range in this way, a removal speed of the fouling

o
0
6
)]
i
B
o

substances is fast. That 1is, the fouling substa

y dissolved in the cleaning medium, and hence the

o

operation time required for the cleaning can Iurther be

s}

As a method of reducing the pressure of the

iy
®
]
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-
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i
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n
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0
D

a heretofore known method can
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suitably be smployed. &n example of the method 1s a method

| Bl

using a vacuum pump or the like.

o

;

]

0047]

.
L

r of the

},wl
0]

In the method for cleaning the ceramic fi
present inventicn, the cleasning treatment may be performed

by wvsing the cleaning 1i

Q0

uid cor the cleaning gas or by
combining the cleaning liquid and the cleaning gas. That
18, the cleaning treatment may be performed by using the

cleaning liguid and then performed by using the cleaning

gas, or the cleaning treatment may be performed by using
the cleaning gas and then performed by using the cleaning

liguid. Furthermore, the cleaning treatment may be

=

performed by using a first c

—
£

iguid {(oxr a first

=

@ani

I~

o}

g
cleaning gas) and then performed by using a second cleaning
liguid {or a zecond cleaning gas). TFor example, after
performing the cleaning treatment by use of an organic
salvent such as ethancl as The first oleaning liguid {(after
dissolving the fouling substances), the cleaning treatment
may be performed by using water as the second cleaning
tiguid.

Bxamples

rocagl

oy
Ie
i

reinafter, the present invention will specifically

be described with respsct to e

b

amples, but the present
invention is not limited to these examples.
[ 0048]

{Example 1)



L porcus surface layer made of alumina particles (an
average pore diameter of 0.1 um) was formed on the surfaces
of a plurality of cells of 2 monclithic {a cell diameter of
2.5 mm) porous base material (made c¢f alumina) having a

5 columnar shape (a diameter of 2 om and a length of 16 cm),
to prepare a monolithic porous support.

[ 0050]

An A-tvpe zeollite membrane (a membrane thickness of
S um) was formed on the surfaces of a plurality of cells

10 (i.e., the surface of the surface layer) cf the prepared
monolithic porous support by hydrothermal synthesis, to
obtain a ceramic filter.

[ Ot

e
Lﬂ

[}

1]

A separation object (an unseparated compositicon) was

(n

subjected to pervaporation separation by use of the

o]

obtained ceramic filter. As the separation object, a
mixture (including 0.1% of cutting ©il as an impurity) of
water (separation object A) and ilsopropyl alcchol (IPA}
(separation obtect B) was used. As perveaporation

20 separation conditions, conditions of 70°C and 5 kPa wer

@

used, and the pervaporation separation was performed until

a permeation coefficient of the water (separaticn cbjec

ot
I

decreased to 60% of that immediately after the start of the

separation. Afterward, the ceramic filter after the

}...,

R
n

pervaporation separation (before cleaning) (i.s2., the
ceramic filter whose permeation coefficient decreased to

50% of that immediately after the start of the separation)
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was subjscted tc a cleaning treztment.

[ 0052]

4]

The cleaning treatment was perfcormed by reducing the
praessure of the segondary side space (setting the pressure

in the secondary side space to > kPa), while supplving

jad]

tmospheric alr heated at 350°C to a primary side space of
the ceramic filter at a linear speed (a primary side lineary
speed) of 20 cm/second, and allowing the atmospheric air of
the primary side space to flow into the secondary side

space. The cleaning treatment fime was one hour.

T

As a resultft of the cleaning treatment, the
permeation cecefficient of the water (separation object A)
after the cleaning treatment was 5200 nmol/Paem’es, and a

00%.

[

recovery ratic was
[ 0054]
In Table 1, "separation obkiect (A/B)" indicates that

a mixture of A and B was subjected to the separation. It

1s to be noted that in the column of "the separation object

(A/B)", for example, "water/IPA = 10/90" indicates that a

ot

mizture of wat

&)

r {(separation ckiject A) and isopropyl
alccohol (separation object B) at a mixture ratioc (parts by
mass) of 10:90 was used. It is to be noted that "the
cutting ©il"™ is "Daphne Magplus LAZ0" manufactured by

Idemitsu Kosan Co., Ltd. "Test conditions™ indicate the

¢t

conditions of the separation (pervapcration separation, gas

separation). "Befcre the test™ of the column of
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"permeation coefficient of the separation cobiect A"
indicates the permeation coefficient of the separation
object A in the ceramic filter immediately after the start

of the separation (the pervapcration separation or the gas

O

separation). M"After the test” of the column of "permsation
coefficient of the separaticn object A" indicates the
permaation coefficient of the separation obiject A in the

ceramic filter after the separation was performed until the

(o}
4

permeation coefficient decreased to 60% of that immediately
after the start of the separation (the pervaporation
separation or the gas separation). "A primary side”
indicates a cleaning medium suppliied to the primary side
space of the ceramic filter. VA primary side linegar speed"

12 bl

indicates the linear speed {(cm/second) ¢f the cleaning

medium supplied to the primary side space of the ceramic

filter. "A secondary side" indicates the pressure of the
secondary side space in the cleaning treatment. "A reduced

pressure” indicates that the pressure of the secondary side
space 1s reduced in the cleaning treatment (in parentheses,
the pressure 1in the secondary side space is indicated).

"temp." indicates the temperature of the cleaning medium

Hh

when the cleaning treatment 1 erformed. "Time" indicates

N
3

1

=g
@]
o
=
tn
-
O
84
=
g
1_;.
9!
=
)
a3
0]
)

ani

o

—

19 treatment 1s performed.
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- Preparation of defericrated membrane Washing ireatment
Permeation Permeation
ceefficient of Washin treatment condifions coefficient of
Separation Separation object (A/B) Test separation object ashing eatipent can separation Recovery
mambrang Added impurity - A (nmoliPa-m’-s) ohiect A after ratio
RN conditions e e - . — s )
cencentration in {} Before Adter Primary side Seconda Tem Time washing (%}
Primary side | linear speed ceonaary b- treatment
test test Y P side (°Cy | {hours) g
N N ] {ermisecond} ) {(nmolPg-m’s)
. . . Reduced
A-type zeolite Waler/IPA=10/80 N Afmospheric
Example 1 membrane (cutling oil 0.1%) 70°C-5kPa 5200 3120 air 20 p{rg;;:;e 350 1 5200 100
DDR type P . Reduced
Example 2 zeciite ii;}f; 05 ?ffic; 26°C-0.1MPa | 100 60 At”‘osfhe”c 200 pressure 350 1 98 95
membrans : - & {10kPa) N
Reduced
Carbon WatertPA=10/90 . .
Example 3 membrane (cutting off 0.19%) 70°C-5kPa 4000 2400 Nitrogen 200 ;zgeois;jtg? 400 1 4000 100
N Reduced
Carbon Water/ethyl acetale=3/87 .
Example 4 membrane (Acetic acid 0.196) FO°C-BkPa 8000 3606 Steamn 20 ;J(r;a:;ge 200 3 5900 96
Carbon Reduced
Example 5 membrane Methanol/Acetonee=10/90 B0°C-1kPa 1700 1000 Water 200 pressure 100 1 1700 160
(50kPa)
- Reduced
Silica Water/IPA=10/20 . -
Example § mermbrane (cutting oil 019%) 70°C-5kPa 4200 2500 Ethanol 20 p(r;es;i;r}e 130 1 4200 106
Silica ) Reduced
Example 7 membrane Water/THF=10/90 50°C-1kiPa 3600 2100 Acefone Z pressure 25 3 3500 93
(0.1kPa)
Silica Reduced
Example 8 membrane Water/THF=10/90 50°C-1kPa 3600 2100 Acetone 2 pressure 25 1 3400 87
I o AREGEY
Silica Reduced
Example & membrane Water/THF=10/90 56°C-1kPa 3600 2100 Acetone 2 pressure 23 1 3100 &7
{0, 1kPa}
. ; ' Reduced
A-type zeolite Waler/IPA=10/80 . Almospheric
Example 10 membrane (cutting il ©.196) 76°C-5kPa 5200 3120 air 20 pressure 420 1 5200 100
{FkPa)
] . Reduced
A-type zeolite Water/IPA=10/50 N Almospheric
Example 11 memmbrane (cutting ot D.1%) 70°C-5kPa 5200 3120 air 20 pressure 450 1 4600 71
{5kPa)
. ) Reduced
A-type zeolite Water/IPA=10/90 . Atmospheric
Example 12 membrane (cutting ofl 0196 70°C-5kPa 5200 3120 air 20 pressure 350 1 5200 100
- {0.07kPs)
‘ . Reduced
A-type zeolite Water/IPA=10/90 o Atmospheric
Example 13 membrane (cutting ofl 5.1%) 70°C-5kPa 5200 3120 air 20 nressure 350 1 4600 7t
: {0.03kPa)
. " - Ordinary
Comparative Silica Water/IPA=18/90 R )
Example * membrane {cutting ol 0.19%) 70°C-5kPa 4200 2500 Ethancl 20 pressure 130 10 3200 41
- (101,3kPa)
. 4 _ Ordinary
Comparative Silica Water/IPA=10/90 .
Example 2 membrane {cutting oil 0.194) 70°C-5kPa 4200 2500 Ethanol 20 ( ‘p(;e;:s;}t{;;e; : 130 100 4200 160

IPA; isopropy! alcohol
Ha. hydrogen
CH,: methane
THF: tetrahydrofuran
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[ Recovery Ratio (%))

The recovery ratic was calculated from an eguation:
the recovery ratic = {(the permeation ccoefficient after the
cleaning treatment-~the permeation coefficient after the

1

test) / {(the permeation coefficient before the test-the

Pl

permeation coefficient after the test) x 100. In the above

equation, "the permeation coefficient after the cleaning

treatment”™ is Lhe permeation coeffi

0

ient of the separation

I

object A after the cleaning treatment (in Tabkle 1,
described as "the permeaticn coefficient of the separation
ocbject A after the cleaning treatment"). "The permeation
coafficlient after the test" iz the permezation coefficient
of the separation object A in the ceramic filter, after the

separation is performed until the permeation coefficie

=
[

3

decreases to 60% of that immediately after the start of the

separation (in Table 1, described in the column ¢f "after
the test" of "the permeation coefficient of the separation
obdect AM). "The permeation coefficient before the test”

is the permeation coefficient c¢f Lhe ssparation opiect B in
the ceramic filter immediately after the start of the
separation (in Table 1, described in the column of "before
the test" of "the permeation coefficient of the sepsration
obiject AM™).

[ 0057]

{(Examples 2 to 13 and Comparative Lxamples 1 and 2)

In Examples 2 to 13 and Comparative Examples 1 and 2,



20

)
in

monelithic porous supports simillar to
support prepared in Example 1
surfaces of the cells
respective separation membranes shown
type zeolite membrane
carbon membrane (a membrane thickness

memnbrane mhrane thickness of 1

o
=3
o
=

zeolite membrane
formed, to prepare the ceramic
caramic
{separation obiects)
and then

conditions shown in Table 1,

was performed on condlfions shown in Table 1.

the above procedures,

a permeation coefficient of

were used.

of the monolithi

{a membrane thick

um)

{a membrane thickness

fllters.

mixtures shown

the cleaning tre

the monolithic porous
Then, on the

C porous

in Table 1 (a LDR-
kness of  Jum}, a
of 1 pm), a silica

or an A-type

of 5 um)) were
The prepared

in Table 1

were subjected to separation on test

a cleaning treatment
xoept for

atment waszs performed,

water after the cleaning

Lreatment {(the separation cbject A} was obltained, and a
recovery ratic (%) was calculated, in the same manner as in
Example 1. The results are shown in Table 1.

[ 0058]

Additionally,

the DDR tLype zecolite membrane of

Example 2 was prepared by hydrothermal synthesis.

[ 0059

{5

Fach of the carbon membranses of
prepared by dip-fcrming a membrane of
and then carbonlzing the
reduction atmosphere.

[ B060]

Examples 3 Lo 5 was
a polymer solution as

membrane in a
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i

Each of the silica membranes of Examples 6 to % and
Comparative Examples 1 and 2 was prepared by dip-forming &
membrane of & TEOS (tetrazethyl orthosilicate) sclution as a

1

precurscr, and then

h

iring the membrane in a reduction
atmosphere.

[ 0061)

In Examples 1 te 4, € and 10 teo 13 and Comparative
Examples 1 and 2, cleaning mediums were gases, and 1n

Examples 5 and 7 to ©

T

, the cleaning mediums were liguids.

s

As it is glear from Takle 1, it was possible to

confirm that in a method for cleaning a ceramic filter of

each of Examples 1 to 13, the operation time reguired to
clean the ceramic filter can be shortened, as compared with

a method for clsaning a ceramic filter of each of
Comparative Examples 1 and Z. Specifically, when the
cleaning treatment was performed by reducing the pressure
of the secondary side space of the ceramic filter, it was
possible to obtaln a sufflicient cleaning effect even in a
short c¢leaning treatment time. On the other hand, in sach
of Comparative Examples 1 and 2, a long time was required
for the cleaning treatment,

[ GOe3]

in Comparative Example 2, the recovery ratio was
100%, but the cleaning treatment was performed for 100

hours. Therefore, it is seen that the ¢leaning treatment

for a very long time is regquired in Comparative Example 2.



In & method for cleaning a ceramic filter of the
present inventiocn, the ceramic filter can suitably be

cleaned.

Description of Reference Numerals

[ 0065]

"

2a: one end surface, Zb: the other end surface, 3:
outer peripheral surface, 4: partition wall, ©: cell, 7:

water collecting cell, 8: porcus support, 10: ceramic

filter, 12: casing, 14: separation membrane, 16: water
collecting slit, 18: plugged portion, 22: casing main body,

22

By

fu

: filtrate feed-out port, 23: inner peripheral surface,
24: upper cap, 24a: coriginal scolution discharge port, 26:

bottom cap, 26za: original solution supply port, Z8: O-ring,
22: primary side space, 34: secondary side space, and 100:

separator.
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CLAIMS

1. L method for cleaning a ceramic filter,

comprisging:

reducing a pressure of a space on a secondary side
of the uncleaned ceramic filter, while supplying & cleaning
medium having a temperature of 25 to 450°C to a space on a
primary side of the uncleaned ceramic filter, thereby
passing the cleaning medium through the uncleaned ceramic

filter, so that the uncleaned ceramic filter is cleaned,

wherein the pressure in the secondary side space ig

from 0.03 to 50 kPa.

2. The method for cleaning the ceramic filter

according to claim 1,

wherein the cleaning medium comprises at least one liquid
selected from the group consisting of alcchol, ketone,
ether and ester, or at least one gas selected from the
group consisting of steam, an inert gas, an acidic gas and

a basic gas,

3. The method for cleaning the ceramic filter
according to claim 1 or 2, wherein the cleaning medium has

a temperature of 130 te 450°C.

4. The method for cleaning the ceramic filter
according to any one of c¢laims 1 to 3, wherein the cleaning

medium can chemically decompose fouling substances.
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5. The method for cleaning the ceramic filter
according to any one of claims 1 to 4, wherein the ceramic
filter comprises a separation membrane selected from the
group consisting of a zeolite membrane, a carbon membrane,

a gilica membrane oy an NF membranse (a nanc filter).



