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(57) Abréegée/Abstract:
Provided Is a method for washing a ceramic filter that can reduce the work time required for washing a ceramic filter. A method for
washing a ceramic filter in which the space on a secondary side of an unwashed ceramic filter Is decompressed while a washing

medium Is fed to a space on a primary side of the unwashed ceramic filter, whereby the washing medium Is passed through the
unwashed ceramic filter, and the unwashed ceramic filter is washed.
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(57) Abstract: Provided 1s a method for washing a
ceramic filter that can reduce the work time required
for washing a ceramic filter. A method for washing
a ceramic filter in which the space on a secondary
side of an unwashed ceramic filter is decompressed
while a washing medium is fed to a space on a
primary side of the unwashed ceramic filter,
whereby the washing medium 1s passed through the
unwashed ceramic filter, and the unwashed ceramic
filter 1s washed.
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DESCRIPTION

Title of the Invention

METHOD FOR CLEANING CERAMIC FILTER

Technical Field
[0001]

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 required to clean 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
composition are gradually accumulated, which deteriorates a

separation performance. Therefore, to recover the

separation performance, a cleaning treatment is performed
at a predetermined time.

[0003]

As a method of the cleaning treatment (the cleaning
method), a method of soaking a ceramic filter in a cleaning
liquid (e.g., an organic solvent), a method of allowing a
cleaning gas or liquid (e.g., an organic solvent) to flow

in the ceramic filter, a method by so-called reverse
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cleaning and the like are known. Specifically, in the
uncleaned ceramic filter, the fouling substances are
accumulated, and the separation performance is deteriorated.
To solve the problem, as the above cleaning method, there
1s known a method of allowing a cleaning medium such as an

organic solvent to flow through a space on a primary side

of the uncleaned ceramic filter, thereby removing the
fouling substances adhering to the uncleaned ceramic filter,
to clean the ceramic filter (see Patent Documents 1 and 3).
Moreover, as the above cleaning method, there are known a
cleaning method of allowing a gas in a dry state to flow
through the primary side space (see Patent Document 2) and
a cleaning method of allowing the cleaning liquid to
permeate the primary side space from a secondary side space
(see Patent Document 4). Furthermore, as the above
cleaning method, there are also known a cleaning method of
forming a membrane of a different material on the surface
of a separation membrane (see Patent Document 5), and the
like.

Prior Art Document

Patent Documents

[(0004]

Patent Document 1: JP-B-3101027
Patent Document 2: JP-B-3538513
Patent Document 3: JP-A-H05-103957
Patent Document 4: JP-B-4192205

Patent Document 5: JP-A-2003-9385%6
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Summary of the Invention
Problem to be Solved by the Invention

[0005]

However, 1in the cleaning methods disclosed in Patent
Documents 1 and 3, fouling substances present in portions
which do not come in contact with the heated gas or liquid

are not easily decomposed (or dissolved), and hence it

takes 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 1t takes time to remove the fouling substances in an
analogous way as 1n the cleaning methods disclosed in
Patent Documents 1 and 3. The cleaning method disclosed in
Patent Document 4 1s a method of allowing a cleaning
solution to permeate a primary side space from a secondary
side space (so-called reverse cleaning). This method is
effective for cleaning a solid-ligquid separation membrane
in which pores 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, 1in a liquid-liquid separation membrane or a gas-
gas separation membrane in which pores of nano levels are
formed and the amount of the above permeating composition
1s 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 1is a method of forming a membrane of a different
material on the surface of the separation 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 i1nvention has been developed in view of
such problems of the conventional technologies. An object
thereof 1s to provide a method for cleaning a ceramic
filter which can shorten an operation time required to
clean the ceramic filter.

Means for Solving the Problem

[0008]
According to the present invention, a method for

cleaning a ceramic filter is provided as follows.

[0009]

(1] A method for cleaning a ceramic filter,
comprising: reducing a pressure of a space on a secondary
side 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, so that the



10

15

20

25

CA 02834420 2013-10-25

uncleaned ceramic filter 1s cleaned.

[0010]

[2] 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]

[3] The method for cleaning the ceramic filter
according to the above [1l] or [2], wherein the pressure in
the secondary side space 1s from 0.03 to 50 kPa.

Effect of the Invention

10012]

In the method for cleaning a ceramic filter of the
present invention, "a pressure of a space on a secondary
side of the uncleaned ceramic filter is reduced, while
supplying a cleaning medium to a space on a primary side of
the uncleaned ceramic filter". 1In this way, the cleaning
medium 18 passed through the uncleaned ceramic filter, so
that the uncleaned ceramic filter 1s cleaned. Therefore,

in the method for cleaning the ceramic filter of the
present invention, fouling substances adhering to the
ceramic filter can be removed in a short time. Therefore,
the operation time required to c¢lean the ceramic filter can

be shortened. That 1i1is, the separation performance of the

ceramic filter can be recovered in a short time.

Brief Description of the Drawings

[0013]
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Fig. 1 1s a cross sectional view schematically
showing a separator (a filter unit) for use 1n one
embodiment of a method for cleaning a ceramic filter of the

present invention;

Fig. 2 1s a perspective view schematically showing
the ceramic filter included in the separator shown in Fig.
1; and

Fig. 3 i1s a schematic view showing a cross section

parallel to a cell extending direction of the ceramic

filter shown in Fig. 2.

Mode for Carryving out the Invention

[0014]

Hereinafter, embodiments of the present invention
will specifically be described with reference to the
drawings. It should be understood 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 without departing
from the gist of the present invention also fall in the

gist of the present invention.
[0015]

Method for Cleaning Ceramic Filter:
In the method for cleaning the ceramic filter of the
present invention, a pressure of a space on a secondary

side of this uncleaned ceramic filter 1s reduced, while
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supplying a cleaning medium to a space on a primary side of
the uncleaned ceramic filter. That i1s, the pressure (an
absolute pressure) 1in the secondary side space is smaller
than 101.3 kPa. Consequently, in the method for cleaning
the ceramic filter of the present invention, the cleaning
medium 1is passed through the uncleaned ceramic filter, so
that the uncleaned ceramic filter is cleaned.

[0016]

According to this method for cleaning the ceramic
filter, "the pressure of the space on the secondary side of
the uncleaned ceramic filter is reduced, while supplying
the cleaning medium to the space on the primary side of the
uncleaned ceramic filter". 1In this way, the cleaning
medium 1s passed through the uncleaned ceramic filter, so
that the uncleaned ceramic 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 time. According to the present cleaning
method, the cleaning medium flows into the secondary side
space from the primary side space. Therefore, when the
cleaning medium flows into the secondary side space, a
physical force is applied to the fouling substances, and
additionally, the cleaning medium can chemically decompose
the fouling substances. For example, the cleaning medium
dissolves the fouling substances. Therefore, the fouling

substances present 1n the ceramic filter can suitably be

removed. Consequently, as compared with a conventional



10

15

20

25

CA 02834420 2013-10-25

cleaning method, an operation time required to clean the

ceramic filter decreases. That is, the operation time can

be shortened.
[0017]
To "supply the cleaning medium to the space on the

primary side of the ceramic filter" 1s to supply the

cleaning medium to the space on the primary side of the

ceramic filter so that the whole surface of a separation

membrane of the ceramic filter on the side of the primary
side space is covered with the cleaning medium.

10018]

"The primary side space" is a space to which a
composition before separation has been supplied at the
separation of the composition including a component (a
separation object) to be selectively separated by the
separation membrane (the ceramic filter) and components
other than this separation object (hereinafter sometimes
referred to as "the composition before the separation").
"The secondary side space" 1s a space 1nto which the
component separated from the composition before the
separation by the separation membrane (1.e., the
predetermined component selectively separated from the
composition before the separation which includes the

plurality of components) flows.

[0019]

As described above, when the cleaning medium can

flow into the secondary side space from the primary side
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space, the separation performance can be recovered by
cleaning the ceramic filter in a short time. Moreover,
when the cleaning medium 1is allowed to flow into the
secondary side space from the primary side space, a
predetermined difference {(a pressure difference) may be
made between the pressure in the primary side space and the
pressure 1in the secondary side space.

{0020]

Here, to make the above pressure difference, there

1s a method i1n which the above pressure difference 1s made

by raising the pressure of the primary side space without
reducing the pressure of the secondary side space. However,
in this method, there might occur problems that the
separation membrane 1s broken, that an excessive load is
applied to a device (a liquid feed pump or the like} which
supplies the cleaning medium into the primary side space to
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 a separator 100 for use in one
embodiment of the method for cleaning the ceramic filter of
the present invention. The separator 100 1s constituted of
a ceramic filter 10 in which a plurality of pores are
formed, and a casing 12 which can contain the ceramic

filter 10. It 1s to be noted that the separator 100 shows

a separator capable of selectively separating the



10

15

20

25

CA 02834420 2013-10-25

predetermined component from the composition before the
separation including the plurality of components by
pervaporation. The method for c¢leaning the ceramic filter
of the present invention can be applied to cleaning
treatment of any separator. For example, it can suitably
be employed 1n the cleaning treatment of a separator such

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

by pervaporation).

[0022]

As shown i1n Fig. 3, the ceramic filter 10 includes a
porous support 8, and a separation membrane 14 formed on
the surface of each of cells 6 of the porous support 8.

The porous support 8 has partition walls 4 made of a porous
body, and by the partition walls 4, the plurality of cells
6 are formed which extend through the filter from one end
surface 2a to the other end surface 2b to become through
channels of a fluid. 1In both end portions of the ceramic
filter 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 filter 10, open frontal areas of
both ends of each of the cells 6 which communicate with the

water collecting slits 16 (water collecting cells 7) are

plugged with plugged portions 18.

[0023]

The casing 12 1s constituted of a hollow tubular

casing main body 22, an upper cap 24 attached to an upper
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end of the casing main body, and a bottom cap 26 attached

to a lower end of the casing main body. In the wvicinity of
the upper end portion of the casing main body 22, a

filtrate feed-out port 22a is formed through which the

filtrate (the component to be selectively separated) can be

fed out. In a top portion of the upper cap 24, an origilinal

solution discharge port 24a is formed through which the
original solution (the unseparated composition) can be
discharged. 1In a lower end portion of the bottom cap 26,
an original solution supply port 26a is formed through
which the original solution can be supplied to the ceramic
filter 10. Flanges are disposed to these open portions, to
obtain a structure which can easily be connected to pipes.
Moreover, O-rings 28 made of an elastic material are
interposed between the casing main body 22 and the upper
cap 24 and between the casing main body 22 and the bottom
cap 26, respectively. The casing 12 1s preferably made of
a material having water impermeability and high corrosion

resistance (stainless steel or the 1like). The separator
100 shown in Fig. 1 may have a constitution where the

original solutlon discharge port 24a 1s connected to the
original solution supply port 26a via a pilpe or the 1like

(not shown), so that the original solution circulates.

[0024]

Fi1g. 1 1s a cross sectional view schematically
showing the separator 100 for use in the one embodiment of

the method for cleaning the ceramic filter of the present
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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 1s a schematic view showing a
cross section of the ceramic filter shown in Fig. 2 which
1s parallel to a cell extending direction.

[0025]

When a predetermined component (a separation object
A) 1s separated from an original solution by use of the
separator 100, the separation object A 1s separated as
follows. First, when the original solution is supplied at
a predetermined pressure from the original solution supply
port 26a of the bottom cap 26 to primary side spaces 32 in
the cells 6 of the ceramic filter 10, the supplied original
solution 1s filtered during the original solution permeates
the partition walls 4 which define the cells 6. Afterward,
the filtered original solution 1s discharged as the
filtrate from an outer peripheral surface 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
solution. However, due to use (by selectively separating
the predetermined substance from the original solution),

impurities (the fouling substances) and the like in the
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original solution are deposited in the ceramic filter, and
hence the separation performance deteriorates. Therefore
1t 1s necessary to remove the deposited impurities and the
like by the cleaning treatment, thereby recovering the
separation performance.

[0026]

The porous support of the ceramic filter is made of
a ceramic material, and as the porous support, a tubular
support or a monolithic support can be used. A tubular
porous support i1s a structure having a tubular wall made of
a ceramic porous material, and including a single cell
defined by the wall which extends through a central portion.
A monolithic porous support 1s a honeycomb structure having
lattice-1like partition walls made of ceramic porous
material, and including a large number of cells defined by
the partition walls. Among these, the monolithic porous
support 1s preferable since it 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 1s an example of the monolithic porous support.

[0027]

As the ceramic material constituting the porous
support, for example, alumina (Al;0;}, titania (TiO,),
mullite (Al,0;¢510,), zirconia (Zr0O,) or the like is used.
Among these materials, alumina is preferable from the
viewpolnts that a raw material having controlled particle

diameters 1s easlly obtained, a stable slurry can be formed
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and the corrosion resistance is high. It is to be noted

that the ceramic material has a high reliability due to its

excellent mechanical strength and durability, a low

deterioration during cleaning treatment by acid, alkali or
the like, and an ability to precisely control the average
pore diameter which determines the separation performance.

[0028]

The porous support may include a base material in
which a plurality of cells are formed, and a surface layer
which is formed on the surfaces of the cells of this base
material (the surfaces of partition walls forming the
cells) and i1n 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
walls made of a porous body, and by the partition walls,
the plurality of cells are formed which extend through the

porous support from one end surface to the other end

surface to become through channels of a fluid. It is to be
noted that the surface laver may be constituted of one
layer or may be constituted of multiple layers. The porous
support includes the surface layer, and hence when the
separation membrane 1is formed, aggregate particles in a
slurry to form the separation membrane can be trapped by
the surface layer. Therefore, 1t 1s possible to prevent a
situation where the aggregate particles enter the insides

of the pores of the base material. The base material and
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the surface layer can be made of the same material (the
ceramic materilial) as in the porous support.

[0029]

The average pore dlameter of the porous support (the
base material when the porous support has a surface layer)
i1s determined in consideration of a balance between the
mechanical strength and an amount 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 1s smaller than the average pore diameter of
the base material and larger than the average pore diameter
of the separation membrane. Specifically, the average pore
diameter 1s 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 pore diameter of the
surface layer 1s a value measured by an air flow method
described 1n ASTM F316.

[0030]

In the separation membrane, a plurality of pores is
formed, and the predetermined substance can selectively be
separated from the mixture containing two or more
substances (i.e., solid-liquid separation, liquid-liquid
separation or gas-gas separation can be accomplished). 1In
the present invention, there i1s not any further special
restriction on such a separation, and examples of the

separation membrane include a zeolite membrane, a carbon
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membrane, a silica membrane, and an NF membrane {(a nano
filter). Specifically, examples of the zeolite membrane

include zeolite membranes of A-type, Y-type, DDR type and

MFI type.

[0031]

The average pore diameter of the separation membrane
can sultably be determined in accordancé with the required
separation performance. For example, in the case of a
ceramic filter for use in precision filtration or ultra
filtration, the average pore diameter is preferably from
0.01 to 1.0 uym. The average pore diameter of this
separation membrane is a value measured by the air flow
method described in ASTM F316.

[0032]

The plugged portions can be made of the same
material as in the porous support, and an average pore
diameter 1s preferably from 1 to several hundred um.

[0033]

As the ceramic filter, there can be used a ceramic

filter in which both end surfaces of a porous support

(portions other than open frontal areas of cells) are

coated with a coating membrane made of 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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[0034]

Examples of a cell shape (the shape 1n a cross
section perpendicular to a fluid flowing direction) include
a round shape, a quadrangular shape, a hexagonal shape and
a triangular shape. Among these shapes, the round shape is
preferable from the viewpolnt that a separation membrane

having a uniform membrane thickness can be formed.

[0035]

There 1s not any special restriction on a shape of

the ceramic filter, as long as the separation performance
of the ceramic filter is not disturbed. Examples of the
whole shape include a columnar shape, a quadrangular pillar
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 is easily

accomplished. In the case of a columnar ceramic filter, a
dimension thereof can be, for example, an outer diameter of
10 to 1000 mm and a length of 10 to 10000 mm.

[0036]

The cleaning medium includes a c¢leaning ligquid and a

cleaning gas. Examples of the cleaning ligquid include
organic solvents such as alcohol, ketone, ether and ester;

water; acid; alkali; and mixed ligquids of the water and the
above organic solvents. Moreover, examples of the cleaning

gas 1nclude atmospheric ailr, steam, an inert gas, an acidic

gas, and a basic gas.
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[0037]

A temperature of the cleaning medium is preferably
from 25 to 450°C, and further preferably from 50 to 400°C.
When the temperature of the c¢leaning medium is in the above
range, the fouling substances can be heated and decomposed.
Therefore, the cleaning treatment can be performed more
effectively (i.e., in a shorter time). Here, "the
temperature of the cleaning medium" means the temperature
of the cleaning medium when the cleaning medium is supplied
to the ceramic filter.

[0038]

The temperature of the cleaning medium is preferably
from 25 to 450°C, and further preferably from 50 to 400°C
as described above, however a more preferable temperature
of the cleaning medium can suitably be set in accordance
with a type of the cleaning gas. Specifically, when the
atmospheric air 1s 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 1is used as
the cleaning gas, a temperature of the inert gas (the
cleaning gas) 1s preferably 300°C or more.

(0039]

Furthermore, when the atmospheric air of 200 to
300°C is used as the cleaning gas, the pressure in the
secondary side space is preferably from 0.03 to 50 kPa.

[0040]

When the i1nert gas of 300°C or more is used as the
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cleaning gas, the pressure in the secondary side space is
preferably from 0.03 to 50 kPa.

[0041]

When the carbon membrane is used as the separation
membrane, the i1nert 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 1s used as the separation membrane, the organic
solvent, the atmospheric air or the inert gas is preferably
used as the cleaning medium. By using the organic solvent,
the atmospheric air or the inert gas as the cleaning medium,
the separation membrane can be prevented from being
dissolved by the cleaning medium.

[0043]

The pressure (a gauge pressure) 1in the primary side
space at the cleaning treatment 1s preferably from 100 to
1000 kPa, further preferably from 100 to 500 kPa, and
especilally preferably from 100 to 200 kPa. When the
pressure 1n the primary side space is out of the above
range, the separation membrane might be broken by the
pressure. That 1s, when the pressure in the primary side
space 1s 1n the above range, the separation membrane can be

prevented from being broken by the pressure.

10044]
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A linear speed of the cleaning medium to be supplied
Lo 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 easlily dissolved in the cleaning medium.
Therefore, the operation time required for the cleaning can
further be shortened.

[0045]

In the present invention, there is not any special
restriction on a degree of the pressure reduction, as long
as the cleaning medium flows into the secondary side space
from the primary side space at the cleaning treatment by
reducing the pressure of the secondary side space of the
uncleaned ceramic filter, and the degree can suitably be
set. The pressure 1in the secondary side space 1s
preferably from 0.03 to 50 kPa, further preferably from 0.1

to 10 kPa, and especilally preferably from 0.1 to 1 kPa.

- When the pressure in the secondary side space 1is in the

above range in this way, a removal speed of the fouling
substances 1s fast. That is, the fouling substances are
easlly dissolved in the cleaning medium, and hence the

operatlion time requlired for the cleaning can further be

shortened.

[0046]

As a method of reducing the pressure of the

secondary slide space, a heretofore known method can
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suitably be employed. An example of the method is a method

using a vacuum pump or the like.

10047}

In the method for cleaning the ceramic filter of the
present invention, the cleaning treatment may be performed
by using the cleaning liquid or 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 liquid 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 cleaning liquid (or a first
cleaning gas) and then performed by using a second cleaning
liquid (or a second cleaning gas). For example, after
performing the cleaning treatment by use of an organic
solvent such as ethanol as the first cleaning liquid (after
dissolving the fouling substances), the cleaning treatment
may be performed by using water as the second cleaning
ligquid.

Examples

[(0048]

Hereinafter, the present invention will specifically
be described with respect to examples, but the present
invention 1s not limited to these examples.

[0049]

(Example 1)
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A porous 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 a monolithic (a cell diameter of
2.5 mm) porous base material (made of alumina) having a
columnar shape (a diameter of 3 ¢m and a length of 16 cm),
to prepare a monolithic porous support.

10050]

An A-type zeollte membrane (a membrane thickness of
5 um) was formed on the surfaces of a plurality of cells
(1.e., the surface of the surface layer) of the prepared
monolithic porous support by hydrothermal synthesis, to
obtain a ceramic filter.

[0051]

A separation object (an unseparated composition) was
subjected to pervaporation separation by use of the
obtained ceramic filter. As the separation object, a
mixture (including 0.1% of cutting o1l as an impurity) of
water (separation object A) and isopropyl alcohol (IPA)
(separation object B) was used. As pervaporation
separation conditions, conditions of 70°C and 5 kPa were
used, and the pervaporation separation was performed until
a permeation coefficient of the water (separation object A)
decreased to 60% of that ilmmediately after the start of the

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

60% of that immediately after the start of the separation)
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was subjected to a cleaning treatment.

[0052]

The cleaning treatment was performed by reducing the
pressure of the secondary side space (setting the pressure
in the secondary side space to 5 kPa), while supplying
atmospheric air heated at 350°C to a primary side space of

the ceramic filter at a linear speed (a primary side linear

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 time was one hour.

[0053]

As a result of the cleaning treatment, the
permeation coefficient of the water (separation object A)
after the cleaning treatment was 5200 nmol/Paem’es, and a
recovery ratio was 100%.

[0054]

In Table 1, "separation object (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
mixture of water (separation object A) and isopropyl
alcohol (separation object B) at a mixture ratio (parts by
mass) of 10:90 was used. It is to be noted that "the
cutting oil" is "Daphne Magplus LA30" manufactured by
Idemitsu Kosan Co., Ltd. "Test conditions" indicate the
conditions of the separation (pervaporation separation, gas

separation). "Before the test" of the column of
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"permeation coefficient of the separation object A"
indicates the permeation coefficient of the separation
object A 1in the ceramic filter immediately after the start
of the separation (the pervaporation separation or the gas
separation). "After the test" of the column of "permeation
coefficient of the separation object A" indicates the
permeation coefficient of the separation object A in the
ceramic filter after the separation was performed until the
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 supplied to the primary side
space of the ceramic filter. "A primary side linear speed"
indicates the linear speed (cm/second}) of 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" 1ndicates that the pressure of the secondary side
space 1s reduced 1n the cleaning treatment (in parentheses,
the pressure in the secondary side space is indicated).
"temp." i1ndicates the temperature of the cleaning medium
when the cleaning treatment is performed. "Time" indicates
hours for which the c¢leaning treatment is performed.

[0055]
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[0056]

[Recovery Ratio (%)]

The recovery ratio was calculated from an equation:
the recovery ratio = (the permeation coefficient after the
cleaning treatment-the permeation coefficient after the
test) / (the permeation coefficient before the test-the
permeation coefficient after the test) x 100. In the above
equation, "the permeation coefficient after the cleaning
treatment” is the permeation coefficient of the separation
object A after the cleaning treatment (in Table 1,
described as "the permeation coefficient of the separation
object A after the cleaning treatment"). "The permeation

coefficient after the test" is the permeation coefficient

n . - 1.

of the separation object A in the ceramic filter, after the
separation is performed until the permeation coefficient

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

separation (in Table 1, described in the column of "after
the test"™ of "the permeation coefficient of the separation
object A"). "The permeation coefficient before the test"
is the permeation coefficient of the separation object A 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 separation
object A").

L0057]

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

In Examples 2 to 13 and Comparative Examples 1 and 2,
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monolithic porous supports similar to the monolithic porous
support prepared in Example 1 were used. Then, on the
surfaces of the cells of the monolithic porous supports,
respective separation membranes shown in Table 1 (a DDR-
Cype zeolite membrane (a membrane thickness of 5 um), a
carbon membrane (a membrane thickness of 1 um), a silica
membrane (a membrane thickness of 1 um) or an A-type
zeolite membrane (a membrane thickness of 5 um)) were
formed, to prepare the ceramic filters. The prepared
ceramic filters were used, mixtures shown in Table 1
(separation objects) were subjected to separation on test
conditions shown in Table 1, and then a cleaning treatment
was performed on conditions shown in Table 1. Except for
the above procedures, the cleaning treatment was performed,
a permeation coefficient of water after the cleaning
treatment (the separation object A) was obtained, and a
recovery ratio (%) was calculated, in the same manner as in
Example 1. The results are shown in Table 1.

10058}

Additionally, the DDR type zeolite membrane of
Example 2 was prepared by hydrothermal synthesis.

[0059]

kEach of the carbon membranes of Examples 3 to 5 was
prepared by dip-forming a membrane of a polymer solution as
a precursor, and then carbonizing the membrane in a
reduction atmosphere.

[0060]



10

15

20

25

CA 02834420 2013-10-25

FEach of the silica membranes of Examples 6 to 9 and
Comparative Examples 1 and 2 was prepared by dip-forming a
membrane of a TEOS (tetraethyl orthosilicate) solution as a

precursor, and then firing the membrane in a reduction

atmosphere.

(0061]

In Examples 1 to 4, 6 and 10 to 13 and Comparative
Examples 1 and 2, cleaning mediums were gases, and 1in
Examples 5 and 7 to 9, the cleaning mediums were liquilds.

[0062]

As it 1s clear from Table 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 required to
clean the ceramic filter can be shortened, as compared with
a method for cleaning a ceramic filter of each of
Comparative Examples 1 and 2. Specifically, when the
cleaning treatment was performed by reducing the pressure
of the secondary side space of the ceramic filter, 1t was

possible to obtain a sufficient cleaning effect even in a

short cleaning treatment time. On the other hand, 1n each

of Comparative Examples 1 and 2, a long time was required

for the cleaning treatment.

[0063]

In Comparative Example 2, the recovery ratio was
100%, but the cleaning treatment was performed for 100
hours. Therefore, it is seen that the cleaning treatment

for a very long time is required 1in Comparative Example 2.
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Industrial Applicability

[0064]

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

5 cleaned.

Description of Reference Numerals
[0065]
Za: one end surface, 2b: the other end surface, 3:
10 outer peripheral surface, 4: partition wall, 6: cell, 7:
water collecting cell, 8: porous support, 10: ceramic
filter, 12: casing, 14: separation membrane, 16: water
collecting slit, 18: plugged portion, 22: casing main body,
22a: filtrate feed-out port, 23: inner peripheral surface,
15 24: upper cap, 24a: original solution discharge port, 26:
bottom cap, 26a: original solution supply port, 28: O-ring,

32: primary side space, 34: secondary side space, and 100:

separator.
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CLAIMS

1. A method for cleaning a ceramic filter,
comprising:

reducing a pressure of a space on a secondary side
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 medlium through

the uncleaned ceramic filter, so that the uncleaned ceramic

filter is cleaned.

2. The method for cleaning the ceramic filter

according to claim 1,

wherein a temperature of the cleaning medium 1s from

25 to 450°C.

3. The method for cleaning the ceramic filter

according to claim 1 or 2,

wherein the pressure in the secondary side space 1s

from 0.03 to 50 kPa.
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