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(57) Abrege/Abstract:

A ceramic filter I1s provided with a porous substrate 3 "made of ceramic and having partition walls 1 separating and forming a
plurality of cells 2 extending from one end face 11 to the other end face 12", a separation membrane 21 "made of ceramic and
disposed on wall surfaces of the cells 2", and glass seals 31 disposed on the one end face 11 and on the other end face 12 "so as
not to cover openings of the cells 2". Ceramic particles having a thermal expansion coefficient of 90 to 110% of that of glass

contained in the glass seals 31 are dispersed in the glass seals 31. There Is provided a ceramic filter usable for a long period of time
IN high temperature conditions.
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ABSTRACT

A ceramic filter is provided with a porous substrate
3 "made of ceramilic and having partition walls 1 separating

and forming a plurality of cells 2 extending from one end

face 11 to the other end face 127, a separation membrane

21 “Ymade of ceramic and disposed on wall surfaces of the

cells 27, and glass seals 31 disposed on the one end face

11 and on the other end face 12 “"so as not to cover openings

of the cells 27”. Ceramic particles having a thermal
expansion coefficient of 90 to 110% of that of glass
contained in the glass seals 31 are dispersed in the glass
seals 31. There is provided a ceramic filter usable for a

long period of time in high temperature conditions.
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DESCRIPTION

CERAMIC FILTER WITH GLASS SEALS HAVING CERAMIC

PARTICLES DISPERSED THEREIN
Technical Field
(0001 ) The present invention relates to a ceramic filter

and, more specifically, to a ceramic filter usable for a

long period of time in high temperature conditions.

Background Art

(0002 ] A ceramic filter using a ceramic porous body has

high reliability since 1t 1s excellent 1n mechanical

strength and durability in comparison with a polymer

membrane. In addition, since a ceramic filter has high
corrosion resistance, it has little deterioration upon
chemical washing with acid, alkall, or the like, and further

1t 1s possible to precisely control the average pore size,

which determines filtration performance. Since the ceramic

filter has such various advantages, 1t 1s used for filtrating

and removing suspended substances, bacteria, dust, and the

like present in a fluid such as liquid and gas 1in not only

the fields of a water treatment and an exhaust gas treatment,

but also a wide range of fields i1including pharmaceutical

and food fields. In addition, 1t 1s used for pervaporation

of separating and refining a ligulid mixture of two or more

components and for gas separation of separating and refining

a gas mixture of two or more components.

10003 As a ceramic filter, there 1s used, for example,

a ceramic filter provided with a columnar porous substrate

made of ceramic and having a plurality of cells, which are
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“through-holes extending from one end face to the other end

face”; a separation membrane made of ceramic and disposed

on wall surfaces of the cells; and glass seals disposed so
as to cover the end faces of the porous substrate; or the
like (see, e.g., Patent Document 1l). This enables to
enhance fluid permeabllity inside the element whilé

maintaining the filtration performance.

Prior Art Document

Patent Document

[0004] Patent Document 1: JP~A¥2006—263498

Summary of the Invention
Problems to be Solved by the Invention

[0005] Though a ceramic filter according to Patent

Document 1 is a filter having high corrosion resistance,
which can effectively remove suspended substances, bacteria,
dust, and the like, present in a fluid such as ligquid and
gas, 1t has a problem of causing a crack when it is used
for a long period of time in high temperature conditions.

Also, in the case that 1t 1s exposed to an alkali agueous

solution having high temperature upon manufacturing, such
as a case of disposing a zeolite separation membrane on a
substrate, there i1s a case of causing a crack.

10006] The present invention has been made in view of
such problems of the prior art and provides a ceramic filter
usable for a long period of time in high temperature
condition.

[0007] According to the present invention, there is

provided a ceramic filter as described below.
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[0008] [1] A ceramic filter provided with: a porous
substrate made of ceramic and having partition walls
separating and forming cells extending from one end face

to the other end face, a separation membrane made of ceramic

and disposed on wall surfaces of the cells, and glass seals

disposed on the one end face and on the other end face so
as not to cover openings of the cells; wherein ceramic
particles having a thermal expansion coefficient of 90 to
110% of that of glass contained in the glass seals are
dispersed 1in the glass séals.

(00097 [2] The ceramic filter according to [1],
wherein a material for the ceramic particles is alumina or
titania.

[0010] [3] The ceramic filter according to [1] or [2],
wherein an area occupancy of the ceramic particles with
respect to the entire glass seals is 5 to 50%.

[0011] According to a ceramic filter of the present

invention, since ceramic particles having a thermal

expansion coefficient of 90 to 110% of that of “glass

contained in the glass seals” are dispersed in the glass
seals disposed on the end faces of the porous substrate,
1t can be used for a long period of time in a high temperature

condition.

Brief Description of the Drawings

[0012] [Fig. 1] Fig. 1 1s a schematic view showing a
state that one embodiment of a ceramic filter of the present
invention 1s attached to a housing, showing a “cross section
parallel to the cell extension direction” of the ceramic

filter.
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[Fig. 2] Fig. 2 1is a perspective view schematically

By

showing a porous substrate constituting one embodiment o:
a ceramic filter of the present invention.

[Fig. 3] Fig. 3 1s a plan view schematically showing a
ceramic filter of Example 1.

(Fig. 4] Fig. 4 is a graph showing a relation between the
“area occupancy of the ceramic particles” and the “crack
generation time (thermal resistance)” regarding the ceramic

filters of Examples and Comparative Examples.

Mode for Carrying out the Invention

[0013] Hereinbelow, an embodiment of the present

invention will be described. However, the present
invention is not limited to the following embodiment, and
it should be understood that an embodiment obtained by
suitably making changes, improvements, and the like to the
following embodiments on the basis of ordinary knowledge
of a person of ordinary skill in the art within the range
of not deviating from the gist of the present invention is
included i1n the scope of the present invention.
10014] (1) Ceramic filter:

As shown in Fig. 1, an embodiment of a ceramic filter

of the present invention has a porous substrate 3 “made of

ceramic and having partition walls 1 separating and forming

a plurality of cells 2 extending from one end face 11 to
the other end face 12 and an cuter peripheral wall 4 located

in the outermost periphery”, a separation membrane 21 “made

of ceramic and disposed on wall surfaces of the cells 27,
and glass seals 31 disposed “on the one end face 11 and on

the other end face 12 so as not to cover openings of the
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cells 2”;;§herein ceramic particles having a thermal

expansion coefficient of 90 to 110% of that of glass

contained in the glass seals 31 (glass portions in the glass
seals 31) are dispersed in the glass seals 31. Here, “wall
surfaces of the cells 2” mean the “surfaces of the partition
walls 17 exposed to the inside of the cells 2. Though it
1s preferable that the porous substrate 3 has a plurality

of cells 2, 1t may have one cell-2. Fig. 1 is a schematic

view showing a state where one embodiment of a ceramic filter
of the present invention is attached to a housing 41, showing
a “cross section parallel to the c‘ell 2 extension direction”
of the ceramic filter 100.

[0015] Thus, in the ceramic filter 100 of the present

embodiment, since ceramic particles are dispersed in the

glass seals 31 disposed on the end face of the porous

substrate 3, even 1f thermal stress is applied thereto by
the use 1n high temperature conditions, the stress is relaxed
due to the presence of the ceramic particles to enables the
use for a long period of time in high temperature conditions.

Further, since the thermal expansion coefficient of the

ceramic particles 1s 90 to 110% of that of the glass contained
in the glass seals 31, there can be inhibited “crack
generation 1n the glass seals 31 due to the difference in

thermal expansion between the glass contained in the glass

seals 31 and ceramic particles” when the ceramic filter 100

1s used 1n high temperature conditions. In the case of a

piv
-~

complex shape of a honeycomb shape as the ceramic filter

100 of the present embodiment, residual stress is easily

caused 1n the manufacturing process. In particular, it is

considered that the residual stress is easily caused in a
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ceramic filter having a large honeycomb shape of 5000cm® or
more. Therefore, in such a ceramic filter having a large
honeycomb shape, a crack 1s easlly caused in the glass seals.
Therefore, a ceramic filter of the present invention
particularly remarkably exhibits an effect of inhibiting
crack generation in the glass seals when it has a large
honeycomb shape.

(0016] Hereinbelow, the ceramic filter 100 of the

present embodiment will be described for every constituent

element.
(0017] (1-1) Porous substrate:

In the ceramic filter 100 of the present embodiment
(see Fig. 1), as shown in Fig. 2, the porous substrate 3

has partition walls 1 separating and forming a plurality

of cells 2 extending from one end face 11 to the other end
face 12 and an outer peripheral wall 4 located in the
outermost periphery. The material for the porous substrate

3 is ceramic. “The outer peripheral wall 4 1s located in

the outermost periphery of the porous substrate 3” means
that the outer peripheral wall 4 is located in the outermost
periphery “in a cross section perpendicular to the cell

extension direction of the porous substrate 3”. Fig. 2 is
a perspective view schematically showling a porous substrate
3 constituting one embodiment of a ceramic filter of the
present invention.

[0018] The average pore size of the partition walls and
the outer peripheral wall constituting the porous substrate

is determined in consideration of a balance between

mechanical strength and filtration resistance. Generally,

the average pore size 1s preferably 1 to 100 um. Inaddition,
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the porosity is preferably 25 to 50%. The average pore size

and porosity are values measured by a mercury porosimeter.
[0019] It 1s preferable that partition walls

constituting the porous substrate has a lamination

5 structure formed of a partition wall main body and a surface

layer covering the surface of the partition wall main body.

The portion obtained by removing the surface layer from the
entire partitionwall serves as the partitionwall main body,
and in this case, the “wall surface inside the cell (surface

10 of the partition wall)” of the porous substrate serves as

a surface of the surface layer. t 1s preferable to dispose

a filtration membrane on the surface of the surface layer.
In addition, 1t 1s preferable that the material for the
surface layer 1s ceramic.

15 [0020] The material for the porous substrate (partition
walls, outer peripheral wall) is ceramic, preferably
alumina (Al;03), titania (Ti0z), mullite (Al,03°Si0,),
zirconlia (Zr0jy), or the like. Of these, alumina is more
preferable because a raw material (framework particles)

20 having a controlled particle diameter can easily be obtained,
a stable kneaded material can be formed, and the corrosion
resistance 1s high. As a structure of the partition wall
maln body of the porous substrate and the surface layer.of
the porous substrate, theremay be selected a structure where

25 at least a part thereof bonds framework particles together
by a glass component (sintering auxiliary). A ceramic
filter having such a structure can be manufactured by firing

at lower temperature and can be produced at lower costs.

[0021] The shape of the porous substrate is preferably

30 columnar (“cylindrical” 1f it is construed to be hollow by
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the formation of the cells) having one end face 11, the other

end face 12, and outer peripheral face 5. The shape of the
porous substrate 1s preferably “honeycomb-like” or
“monolith-like” because the filtration area per unit volume
can be 1ncreased, and the treatment performance can be
ralsed.

[0022] There 1s no particular limitation on the entire
shape and the size of the porous substrate as long as they
do not hinder the filtration function. As the entire shape,
there can be mentioned, for example, a circular columnar
shape (or a circular cylindrical shape), a quadrangular
prismatic shape (or, a cylindrical shape having a
quadrangular cross section perpendicular to the central
axls), a triangular prismatic shape (or, a cylindrical shape
having a trilangular cross section perpendicular to the
central axis). Of these, a circular columnar shape (or a

circular cylindrical shape) is preferable. When it is used

for precise filtration or ultrafiltration, it is preferable

g~
—

to employ a circular columnar shape having a diameter of

30 to 180 mm 1in a cross section perpendicular to the central

axis and a length of 150 to 2000 mm in the central axial

direction.

[0023] As a cross sectilional shape of a cell (shape in
a Cross section perpendicular to the cell extension
direction) of a porous substrate, there can be mentioned,
for example, a circle and a polygon. As the polygon, there
can be mentioned a quadrangle, a pentagon, a hexagon, a
triangle, or the like. The cell extension direction is the
same as the central axial direction in the case that the

porous substrate has a circular columnar (circular
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cylindrical) shape.

[0024] When the cross sectional shape of a cell of the
porous substrate is a circle, the diameter of the cell is
preferably 1 to 5 mm. When it is smaller than 1 mm, a

filtration area may become small 1f the cell density is fixed.

When it is larger than 5 mm, strength of the ceramic filter
may be reduced.

[0025] When the cross sectional shape of a cell of the
porous substrate is a polygon, the partition wall thickness
is preferably 0.3 to 2 mm. When it 1is smaller than 0.3 mm,
strength of the ceramic filter may be reduced. When it is

larger than 2 mm, the pressure loss upon supplying a fluid

may ilncrease.

(0026 (1-2) Separation membrane:

In the ceramic filter of the present embodiment, it
is preferable that the separation membrane is made of a
ceramic porous body having a plurality of pores formed

therein and disposed on the wall surfaces inside the cells

(surfaces of the partition walls).
[0027] The average pore size of the separation membrane
can suitably be determined depending on the filtration

performance requlred (particle diameter of the substance

to be removed). For example, 1n the case of a ceramic filter

used for precise filtration or ultrafiltration, it is

preferably 0.01 to 1.0 um. The average pore size of the

separation membrane 1s measured by the air flow method

described in ASTM F316. In the case of a ceramic filter used

for gas separation or pervaporation, there is no particular

limitation on the kind of the “separation membrane”, and

the kind may suitably be selected from a known carbon
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monoxide separation membrane, helium separation membrane,
hydrogen separation membrane, carbon membrane, MFI-type
zeolite membrané, DDR type zeolite membrane, silica
membrane, and the like according to the kind of the gas to
be separated. As the separation membrane, there can be
mentioned, for example, a carbon monoxide separation
membrane described in Patent No. 4006107, a helium
separation membrane described in Patent No. 3953833, a
hydrogen separation membrane described in.Patent No.
3933907, a carbon membrane described in JP-A-2003~286018,
a DDR type zZeolite membrane composite body described in
JP-A-2004-66188, and a silica membrane described 1n WO No.
2008/050812 pamphlet.

[0028] As the material for the separation membrane,
there can be mentioned alumina (Al,;03), titania (Ti0,),

mullite (Al,03°S10,), zirconia (Zr0,), or the like.

10029] (1-3) Glass seal:

grta

In the ceramic filter of the present embodiment, the

glass seals are disposed on one end face and the other end

face (both the end faces) of the porous substrate so as not

to cover the openings of the cells. It is preferable that
the glass seals are disposed so0o as to cover the entire wall
surface portions (portions where walls are present with no

pore (cell) being open (no opening pore)) of both the end

faces of the porous substrate and brought into contact with
the separation membranes disposed on the wall faces inside
the cells with no gap (so as to have no gap between the glass
seal and the separation membrane). “No gap between the

glass seal and the separation membrane” means that an end

portion of the cylindrical separation membrane disposed on



10

15

20

25

30

CA 02805251 2013-01-11

- 11 -

the wall surface of the cell is brought into contact with

the glass seal to form no portion where the wall surface

o~

of the porous substrate is exposed between the glass seal

and the separation membrane. At this time, a part of the

glass seal niay enter the cell along the wall surface inside
the cell. Even if a part of the glass seal enters the cell,
when the opening of the cell is not completely sealed, it

means that %“"the glass seals are disposed on one end face

and the other end face of the porous substrate in a state

where the openings of the cells are not covered”. In the

present specification, the glass seal means an entire glass
seal where ceramic particles are dispersed. In addition,
the entire glass seal where ceramic particles are disposed
may be referred to as the “ceramic particle-dispersed glass
seal” to clearly distinguish it from the portion of “glass”
in the glass seal (glass contained in the glass seal). It
1s preferable that the glass seals are constituted of glass
and ceramic particles.

[0030] In addition, as shown in Fig. 1, it is preferable

that the glass seals 31 are disposed so as to cover a part

of the outer peripheral face 5 of the porous substrate 3
(in the vicinity of the end portions of the porous substrate
3 in the cell 2 extension direction). Upon putting the

ceramic filter 100 in the housing 41, it is preferable to

seal the gap between the “gléss seal 31 disposed on the outer

peripheral face 5 of the porous substrate 3” and the housing
41 with a sealing material 44 by arranging the sealing
material 44 such as an O-ring between the “glass seal 31
disposed on the outer peripheral face 5 of the porous

substrate 3” and the housing 41. Since the surface of the
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glass seal 31 is flatter and smoother than the outer

peripheral face 5 of the porous substrate 3, by disposing
a sealing material 44 on the glass seal 31, sealability can
pe enhanced. In addition, in order to improve sealability
when the sealing material 44 is disposed on the glass seal

31, 1t 1s preferable that the surface (in particular, the

surface of the portion disposed on the outer peripheral

p—

surface 5 of the porous substrate 3) of the glass seal 31

has high flatness and smoothness.

[0031] Disposition of the glass seals on both the end

.l

"aces of the porous substrate in the state where no openings
of the cells are covered can inhibit the fluid to be treated
(e.g., water to be treated) from entering the inside of the
porous substrate from an end face (wall surface} of the

ceramic filter. As shown in Fig. 1, this allows the fluid
F'l to be treated to flow into the cells 2, pass through the
separation membrane 21, and enter the inside of the porous
substrate 3 when the ceramic filter 100 is put in the housing
41 to supply the fluid Fl1l to the ceramic filter 100 on one
end side., Since the outer peripheral face 5 of the porous
substrate 3 is exposed to the porous substrate 3, the treated

fluid F2 having entered the porous substrate 3 (the fluid

obtained by filtering the fluid F1 to be treated by the
separation membrane 21 (e.g., treated water)) is discharged
to the outside from the outer peripheral face 5 of the porous

substrate 3 (outside the porous substrate 3).

(0032} The thermal expansion coefficient of ceramic

g—

particles dispersed in the glass seal is 90 to 110% of the

S
—

thermal expansion coefficient of glass (glass portion in

the glass seal) contalned in the glass seal. When the
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thermal expansion coefficient of ceramic particles is 90

to 110% of the thermal expansion ccocefficient of the glass
contained in the glass seal, when the ceramic filter is used
in high temperature conditions, “crack generation in the
glass seal due to the difference in thermal expansion between
the glass seal and the ceramic particles” can be inhibited
more effectively. When it 1s smaller than 90% or larger than
110%, a crack is caused after firingdue to a large difference

g

between the thermal expansion coefficient of glass

contalined 1n the glass seal and the thermal expansion

=

coefficient of the ceramic particles, which is not

preferableﬂ Here, the “thermal expansion coefficient of
glass contalned in the glass seal” means the thermal
expansion coefficient of the “glass” portion excluding the

ceramic particles in the glass seal. In addition, it is

preferable that the ceramic particles are not dissolved in

the glass. The ratio of the thermal expansion coefficient

of the ceramic particles to the thermal expansion

coefficient of the glass seal (glass portion) may be referred
to as the “thermal expansion coefficient ratio”.

[0033] The material for the ceramic particles dispersed
in the glass seal 1s preferably alumina or titania. The
thermal expansion coefficient of alumina is 6.0 % 107°® to
7.5 x 107°/K, and the thermal expansion coefficient of
titania is 6.0 x 107° to 8.0 % 10°%/K. 1In addition, by
employing alumina for the material for the porous substrate
when the material for the ceramic particles is alumina or
titania, the thermal expansion coefficients can be made
close among the porous substrate, the glasé contained in

the glass seal, and the ceramic particles contained in the



10

15

20

25

30

CA 02805251 2013-01-11

-~ 14 -

glass seal. Therefore, when a ceramic filter 1is used for

a long period of time in high temperature conditions, crack

-y

generation in the glass seal can effectively be 1inhibited.

It is preferable that the ceramic particles are uniformly
dispersed 1n the glass seal.

(0034 ] The area ratio (area occupancy) of the ceramic

particles to that of the entire glass seal (ceramic

particle—-dispersed glass seal) (hereinbelow, sometimes
referred to as the “area occupancy of ceramlc particles”)
18 pfeferably 5 to 50%, more preferably 35 to 50%,
particularly preferably 35 to 45%. When it is smaller than

O

%, 1t may become difficult to use the glass seal for a long

e

period of time in high temperature conditions. When it is

larger than 50%, the sealability (impermeability) of the
glass seal may be deteriorated. The aforementioned “area
occupancy” of ceramic particles 1s a value obtained by

cutting the glass seal (ceramic particle-dispersed glass
seal), polishing the cross section, and then observing the

reflected electron image using the scanning electron

microscope (SEM). More specifically, it is a value obtained

by reading the area (120 pum X 80 um) of a cross section of

the glass seal (ceramic particle-dlspersed glass seal) and

e

the entire area of the ceramic particles (sum of the areas
of a plurality of ceramic particles) contained in the glass

seal and then calculating the ratio of the entire area of

the ceramic particles to the entire area of the glass seal.

[0035] The average particle diameter of the ceramic

particles is preferably 0.5 to 40 um, more preferably 2 to

14 pm. When it i1s smaller than 0.5 um or larger than 40 um,

a crack may be generated in the glass seal. The average
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particle diameter of the ceramic particles 1s a wvalue

cbtained by selecting 50 ceramic particles at random from

the reflected electron image obtained by taking a photograph
of a cross section of the glass where ceramic particles are
dispersed by the use of a scanning electronmicroscope (SEM),
measuring directed diameters of the 50 ceramic particles
selected above, and averaging out the directed diameters
obtained above (average value regarding the 50 ceramic

particles). The directed diameter means a diameter of each

ceramic particle:-in one direction which 1s determined on

the “reflected electron image”.

(0036] The ceramic particles are contained in the glass

=
-

seal (ceramic particle-dispersed glass seal) at a ratio of

preferably 5 to 70 mass% (ratio of mass of the ceramic

particles to the total mass of the ceramic particles and
glass), more preferably 10 to 50 mass%. When it 1is smaller
than 5 mass$%, a crack may be generated in the glass seal
when a ceramic filter is used for a long period of time in
high temperature conditions. When 1t 1s larger than 70

mass$%, mechanical strength of the glass seal may become low.

g

[0037] The thickness of the glass seal (ceramic

particle—-dispersed glass seal) 1s preferably 30 to 500 um.
When it is smaller than 30 pm, the durability may become low.

When it 1s larger than 500 um, the glass seal may easily stick

out into a cell to hinder the inflow of the fluid. In
addition, when the glass seal 1s thick, the ceramic filter
may become heavy.

[0038] Though there is no particular limitation on the
glass contained in the glass seal as long as i1t can be used

as a sealing material which does not pass a fluid
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therethrough, alkali-free glass 1s preferable. Since

formation of the glass seal with the alkali-free glass

ey

enables to suppress the movement of alkall components from

the glass seal at an almost complete level, condensation
5 of the alkali components derived from the glass seal at the
interface between the porous substrate or the separation
membrane and the glass seal is inhibited, and the corrosion
resigstance of the ceramic filter can be enhanced

dramatically. This enables the ceramic filter of the

10 present embodiment to have excellent corrosion resistance

to be able to effectively inhibit corrosion of the porous

substrate and the separation membrane in the vicinity of

the glass seal even after many times of chemical washing.

[0039] Generally, the “alkali-free glass” means glass
15 containing no alkali metal oxide at all or very little alkali
metal oxide. In the present specification, 1t means glass
where the total content rate of the alkali metal oxide 1is
1l mole® or less. Incidentally, in the present specification,

the Y“content rate” of a metal oxide 1n the glass means a

20 wvalue obtained by analyzing a fritted powder constituted
of the glass according to an inductively coupled
high-frequency plasma emission spectrometry (ICP:
inductively coupled plasma atomic emission spectrometer)
and quantitating constituent elements contained in the

259 glass. More specifically, in the case of the aforementioned

alkall-free glass, it means the ratio of the molar number
of a specific element calculated in terms of the oxide to
the total molar number of the whole constituent elements
of the alkali-free glass calculated in terms of the oxides.

30 [0040] Though the alkali-free glass is extremely
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preferable from the viewpoint of planning to i1mprove

corrosion resistance of the ceramic filter by inhibiting
the movement of alkali components from the glass seal, the

corrosion resistance of the alkali-free glass itself may

be insufficient. In order to improve corrosion resistance

of the alkali-free glass itself, it is preferable that the

alkali—-free glass contains 55 to 65 mol% of silica, 1 to

10 mol% of zirconia, and at least one kind of alkali earth

metal oxide selected from the group consisting of calcia,

baria, and strontia and that it does not contain zinc oxide

practically.

[0041 ] In the alkali-free glass, since an alkali metal
oxide having a melting point depression function is not
contained, the firing temperature upon forming the glass
seals becomes high if it is used as 1t is, and the

processability may become low. Therefore, it 1is preferable
to use the alkali-free glass containing a component having

amelting point depression function, such as alumina (Al;03)

and boron oxide (B;03). When such a component is contained,
since the melting point of the glass becomes low, the firing
temperature upon forming the glass seals can be lowered,
and the processability can be enhanced. Further, by
allowing the aforementioned component to be contained,
since the glass seals can be formed by firing at lower
temperature, production at lower costs becomes possible.

(0042 ] (2) Purification method:

A method for purifying a fluid by the use of the ceramic

filter of the present embodiment will be described.

(0043} When a fluid (e.g., water) is purified by the use

of a ceramic filter 100 of the present embodiment, it is



10

15

20

25

30

CA 02805251 2013-01-11

-~ 18 -

preferable that the fluid to be treated is allowed to flow

into the cells 2 from one end face 11 or the other end face
12, that the fluid to be treated flowing into the cells 2
passes through the separation membranes 21 disposed on the
wall surfaces of the cells 2 to enter the porous substrate
3 (partition walls and outer peripheral wall) as a treated
fluid, and that the treated fluid having entered the porous
substrate 3 1s discharged to the outside (outside of the
porous substrate 3) from the outer peripheral face 5. At
this time, suspended substances, bacteria, dust, and the

like present in the fluid to be treated are separated by

filtering: (trapped) by a filtration membrane 21. The

ceramic filter 100 of the present embodiment can be used

I

for, ftor ex'ample, separation of a mixture by pervaporation
or vapor permeation.

[0044] As shown in Fig. 1, since the fluid is purified
by the use o0of the honeycomb-shaped ceramic filter 100 of
the present embodiment, it 1s preferable that the ceramic
filter 100 1s put in a cylindrical housing 41 having the
fluid inlet 42 and the fluid outlet 43, that the fluid F1
to be treated allowed to flow in from the fluid inlet 42

of the housing 41 is purified by the ceramic filter 100,
and that the purified fluid (treated fluid F2) is discharged
from the fluid outlet 43.

[0045] Upon putting the ceramic filter 100 in the
housing 41, as shown in Fig. 1, it is preferable to seal
the gap between the ceramic filter 100 and the housing 41
at both the end portions of the ceramic filter 100 with

sealing materials 44, 44.

[0046] Though there is no particular limitation on the
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material for the housing 41, for example, stainless steel
can be mentioned. Though there is no particular limitation
on the sealing material 44, for example, an O-ring can be
mentioned. As the material for the sealing material 44,
there can be mentioned fluorine rubber, silicone rubber,
ethylene~-propylene rubber, and the like. These materials
are suitable for the use for a long period of time at high
temperature.
[0047 ] (3) Method for manufacturing ceramic filter:
A method for manufacturing the ceramic filter of the
present embodiment 1s as follows.
[0048] +(3-1) Porous substrate:
There is no particular limitation on the method for
manufacturing a porous substrate, and a known method can
be employed as the method for manufacturing a ceramic porous

substrate. For example, there can be employed a method

known as a method for manufacturing a ceramic honeycomb

structure used for a filter or the like. Specifically,

there can be mentioned a method where a forming raw material

is prepared by mixing an additives such as a sintering

auxiliary and a surfactant together as necessary besides

framework particles and a dispersion medium; a kneaded

material is prepared by kneading the forming raw material;
the kneaded material is formed 1into a honeycomb shape to
obtain a honeycomb formed body; and the honeycomb formed

body i1is dried and fired to obtain a honeycomb structure.

In the case that the porous substrate does not have a surface

layer, the aforementioned honeycomb structure functions as

the porous substrate.

10049] In the case of manufacturing a porous substrate
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having a surface layer, it is preferable to obtain a porous

substrate having a surface layer by manufacturing a

honeycomb structure and then applying surface layer—forming

slurry to the wall surfaces inside the cells of the honeycomb

structure, followed by drying and firing. It is preferable

that the surface layer-forming slurry is prepared by, for

example, mixing additives such as a surfactant as necessary

besides framework particles and a dispersion medium.
[0050] (3-2) Separation membrane:

It is preferable to form the separation membrane by
applying membrane-forming slurry to the wall surfaces

inside the cells of the porous substrate, followed by drying

and firing. It 1s preferable that the membrane-forming
slurry is prepared by, for example, mixing additives such
as a surfactant as necessary besides the framework particles
and a dispersion medium. The average particle diameter of
the framework particles contained in the membrane—forming
slurry is preferably 0.1 to 10 um. Though there 1s no
particular limitation on the method for applying the
membrane—-forming slurry to the porous substrate, for
example, a dipping method can be mentioned.
[0051] (3-3) Glass seal:

The glass seals (ceramic particle-dispersed glass

seals) can be formed by applying the glass seal-forming

slurry to both the end faces of the ceramic filter, followed
by drying and firing. It is preferable that the glass

seal—-forming slurry 1s prepared by mixing predetermined
ceramic particles (powdered body) with predetermined frit
(glass frit) and further mixing water and an organic binder

with them. It is preferable to form the frit by mixing



10

15

20

25

30

CA 02805251 2013-01-11

-~ 21 -

predetermined glass raw materials 8o as to give a
predetermined composition, melting them for

uniformalization, cooling it, and pulverizing it so as to

have an average particle diameter of about 10 to 20 um.

Example
[0052] Hereinbelow, a ceramic filter of the present
invention will be described in more detail by Examples.
However, the present invention is by no means limited to
these Examples.
(0053} (Example 1)

By the following method, a honeycomb-shaped ceramic
filter having a diameter of an end face of 30 mm was produced.

(0054 ] (Porous substrate)

To 100 parts by mass of alumina particles (framework
particles) having an average particle diameter of 50 um, 20
parts by mass of frit (sintering auxiliary) was added, and
water, a dispersant, and a thickener were further added,
followed bymixing and kneading to prepare a kneaded material.

The kneaded material was formed into a honeycomb-shape,

dried, and fired to produce a porous substrate (porous

substrate A) before forming a surface layer. The firing

conditions were 1250°C and one hour, and each of the rates

of temperature rise and fall was 100°C/hour.

(0055] As the frit, there was used frit obtained by
melting a glass rawmaterial containing Si0Os; (80 mol%), Al,04
(10 mol%), and alkali earth metal (8 mol%) at 1600°C for

uniformalization; cooling it; and then pulverizing it so

as to have an average particle diameter of 1 um.

(00561 The porous substrate A obtained above was a
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honeycomb-shaped alumina porous body where the diameter of
a cross section “perpendicular to the cell extension

direction” of the cells was 2.6 mm. The shape (outer shape)

of the alumina porous body was a circular cylindrical shape
where the diameter of the end face (circular outer peripheral

shape) was 30 mm and the length in the “cell extension

direction” was 20 mm. The number of the cells was 55. The

average pore size of the porous substrate A was 10 um. The

average pore size is a value measured by mercury porosimetry.

The thermal expansion coefficient of the porous substrate
A was 7.0x107°/K.

[0057] Next, a surface layer of an alumina porous body
having a thickness of 150 um and an average pore size of 0.5

pm was formed on the wall surface in the cell of the porous

substrate A. The average pore size was a value measured by

the air flow method described in ASTM F316.

[0058] In the first place, to 100 parts by mass of

alumina particles (framework particles) having an average

particle diameter of 31 um, 14 parts by mass of frit

(sintering auxiliary) was added, and further water, a

dispersant, and a thickener were added to prepare slurry.

Using the slurry, a “surface layer before firing” was formed

on the inner peripheral face of the porous substrate A by
a filtration membrane-forming method described in

JP-B-063-66566. Then, firing was performed in an electric

furnace 1n an ambient atmosphere to form a surface laver.
Thus, a porous substrate was obtained. The firing

conditions were 950°C and one hour, and each of the rates

of temperature rise and fall was 100°C/hour. 1Incidentally,

as the frit, there was used frit obtained by melting a glass
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raw materlial containing Si0, (77 mol%), Zr0O, (10 mol%), Li»O
(3.5 mol%), Na0 (4 mol%), KO (4 mol%), CaO (0.7 mol%), and
MgO (0.8 mol%) at 1600°C for uniformalization; cooling it;
and then pulverizing 1t so as to have an average particle

5 diameter of 1 um.

[0059] (Formation of separation membrane)

Next, on an 1inner peripheral face (surface of the

surface layer) of the porous substrate, there was formed

a separation membrane of a titanla porous body having a

10 thickness of 10 um and an average pore size of 0.1 um. The

average pore size 1s a value measured by the air flow method

described i1in ASTM F3lo.

[0060] The method for forming the separation membrane

was the same as the aforementioned method for forming the

15 surface lavyer except that the slurry was prepared by adding

water, a dispersant, and a thickener to titania particles

(powder) having an average particle diameter of 0.5 um as

the framework particles, and mixing them.

[00061] (Formation of glass seal)

20 Next, glass seals were disposed on both the end faces

of the porous substrate 1n the state of not covering openings

of the cells to obtain a honeycomb-shaped ceramic filter

having a circular cylindrical shape (honeycomb ceramic

filter test piece) as shown in Fig. 3. Fig. 3 1s a plan view

29 schematically showing a ceramic filter 101 of Example 1.

([0062] In the first place, to the frit (glass frit) as

a raw material for the glass seals were added water and an
organic binder, and they were mixed to prepare slurry. The

mixture ratio of alumina particles (ceramic particles) to

30 the total mass of the frit and the alumina particles was
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40 mass%. In addition, the mixture ratio of the water was
65 parts by mass when the total mass of the frit and the
alumina particles was determined as 100 parts by mass, and

the mixture ratio of the organic binder was 7 parts by mass

when the total mass of the frit and the alumina particles

was determined as 100 parts by mass. As the organic binder,

methyl cellulose was used. The thermal expansion

coefficient of alumina particles was 6.8%x107°/K. By

applying the slurry obtained above to both the end faces

of the porous substrate, followed by drying and firing, a -

ceramic filter was obtained. The glass seals had a

thickness of 200 uym. The firing conditions were the same

as the aforementioned method for forming the surface laver.

The average particle diameter of the alumlina particles

(ceramic particles) in the glass seal was 14 um.

[0063] The frit used as the raw material for the glass
seals was obtained by meltinga glass rawmaterial containing
Si0O, (63 mol%), Zr0O; (3 mol%), Al,O03 (5 mol%), CaO (9 mol%),
BaO (17 mol%), and B;03 (3 mol%) at 1600°C for

uniformalization; cooling it; and then pulverizing it so
as to have an average particle diameter of 15 um. This made

the glass contained the glass seals the alkali-free glass.

The frit had a thermal expansion coefficient of 6.7x10 %/K.

(0064 ] The ceramic filter obtained as described above

was evaluated for thermal resistance and sealability by the
method shown below. 1In addition, the area oécupancy of the

ceramlc particles was measured. The results are shown in

-Table 1. In addition, the relation between the area

occupancy of the ceramic particles and the crack generation

time (thermal resistance) is shown in Fig. 4. The thermal
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expansion coefficients of the frit used as the raw material

for the glass seals, ceramic particles, and porous substrate

A are values measured by the following method. The thermal

expansion coefficient of the frit functions as the thermal
expansion coefficient of the glass portion (portion

excluding the ceramic particles) of the glass seals. In
Table 1, the “thermal expansion coefficient ratio [ceramic

particles/frit]” means the ratio of the thermal expansion

coefficient of the ceramic particles to the thermal
expansion coefficient of the glass constituting the glass
seals. In Fig. 4, Y“alumina” means a datum of a ceramic

filter using alumina as the ceramic particles contained in

the glass seals, “titania” means a datum of a ceramic filter
using titania as the ceramic particles contained in the glass
seals, and “no addition” means a datum of a ceramic filter
having the glass seals containing no ceramic particles.
[0065] (Thermal expansion coefficient)

The prismatic sample of 4 mm X 3 mm X 20 mm was obtained
for the object to be measured to measure the thermal
expansion coefficient when the temperature was raised from
50°C to 500°C. Specifically, the “expansion length” (length
when the sample is expanded in the longitudinal direction)

ﬁ

of the sample at the time of raising the temperature from

50°C to 500°C was measured, and the “expansion length” was
divided by the change in temperature (500°C - 50°C = 450°C)
and further divided by the length of the sample in the

longitudinal direction (length at 50°C) to obtain a value

as the thermal expansion coefficient.
[0066] (Area occupancy of ceramic particles)

The area occupancy of the ceramic particles (ceramic
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particle area occupancy) 1is obtained by cutting the ceramic

filter obtained above so that the glass seal (ceramic
particle-dispersed glass seal) is cut, polishing the cross
section of the glass seal, and observing the reflected
electron image of the cross section of the glass seal using
a scanning electron microscope (SEM). More specifically,
it is obtained by reading the area (120 pm X 90 pm) of the
cross section of the glass seal (ceramic particle-dispersed
glass seal) and the entire area of the ceramic particles
contained in the glass seal (sum of the areas of a plurality
of ceramic particles) andcalculating the ratio of the entire

area of the ceramic particles to the area of the glass seal.

[0067] (Thermal resistance)

The ceramic filter is put in an autoclave and ilmmersed
in water having a temperature of 180°C to measure the time
until a crack is caused in the glass seals.

[0068] (Sealability)

A ceramic filter ismanufactured in the same conditions
as the ceramic filter of each of Examples and Comparative
Examples except that the length in the cell extension
direction is 160 mm. The ceramic filter is determined as

a sample for evaluation regarding the corresponding ceramic

filter of each of Examples and Comparative Examples. The
samples obtained is put in an immersion contalner, the

immersion container containing the sample is i1mmersed in
water (water put in an airtight contalner), and pressure

is reduced in the airtight container including the immersion

container to perform deaeration in water. Then, 1in water,

compressed air 1is introduced 1n the cells to measure the

pressure upon foaming from the glass seals while raising
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the pressure of the compressed air. The compressed air is

changed from 0.15 to 0.25 MPa,.
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[0070] (Examples 2 to 7, Comparative Example 2)

Ceramic filters were manufactured in the same manner
as in Example 1 except that the conditions regarding the
frit, ceramic particles, and the porous substrate were

changed as shown in Table 1. According to the methods

described above, evaluations for the thermal resistance and

the sealability were performed. In addition, ceramic
particle area occupancy was measured. According to the
aforementioned method, thermal expansion coefficients of
the frit, ceramic particles, and porous substrate A were
measured. The results are shown in Table 1.
[0071] (Comparative Example 1)

A cefamic filter was manufactured in the same manner
as in Example 1 except that no ceramic particle was contained
in the glass seals. According to the aforementioned methods

described above, evaluations for the thermal resistance and

the sealability were performed. According to the
aforementioned method, thermal expansion coefficients of
the frit and porous substrate A were measured. The results
are shown in Table 1.

[0072] From Table 1, it is understood that crack
generation in the glass seals can be suppressed Dby
controlling the thermal expansion coefficlent ratlo
[ceramic particles / frit] to 90 to 110%. In addition, 1t
is understood that, when the ceramic particles have an
average particle diameter of 2 to 14 pum, crack generation
in the glass seal becomes less.

(0073] From Table 1 and Fig. 4, it is understood that

the crack generation time becomes shorter (thermal

resistance becomes lower) when the area occupancy of the



10

15

20

25

30

CA 02805251 2013-01-11

- 30 -

ceramic particles is lower than 35%. From Table 1, it is
understood that, when the area occupancy of the ceramic
particles is higher than 50%, sealability becomes low. It
1s considered that this is caused by the formation of pores
because the gaps among the ceramic particles cannot be filled
with the glass. From these, it is understood that it is more

preferable that the ceramic particles have an area occupancy

of 35 to 50%.

Industrial Applicability

[G074] A ceramic filter of the present invention is used

for filtrating and removing suspended substances, bacteria,
dust, and the like, present in a fluid such as ligquid and
gas in not only fields of a water treatment and an exhaust
gas treatment, but also wide range of fields including

pharmaceutical and food fields. Inparticular, inthe water

treatment field such as production of drinkable water or

industrial water or purification of sewage or industrial

drainage, 1t can suitably be used for removing suspended

substances and harmful substances such as pathogenic

organisms in liquid.

Description of Reference Numerals
[0075] 1: partition wall, 2: cell, 3: porous

substrate, 4: outer peripheral wall, 5: outer peripheral

face, 11: one end face, 12: the other end face, 21:
separation membrane, 31: glass seal, 41: housing, 42:

fluid inlet, 43: fluid outlet, 44: sealing material, 100,

101: ceramic filter, Fl: fluid to be treated, F2: treated
fluid
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The embodiments of the invention in which an exclusive

property or privilege i1is claimed are defined as follows:

1. A ceramic filter provided with:

a porous substrate made of ceramic and having partition

walls separating and forming cells extending from one end

face to the other end face,

a separation membrane disposed on wall surfaces of the

cells, and

glass seals disposed on the one end face and on the

other end face so as to seal porosities on the end faces

#

without covering openings of the cells;

wherein the glass seals are constituted of a glass

constituent and ceramic particles, the ceramic particles

A

ficient of 90 to 110% of that

have a thermal expansion coet

of the glass constituent, the average particle diameter of

R—

the ceramic particles 1s 0.5 to 40 pm, and an area occupancy

of the ceramic particles with respect to the entilire area

-

P

of the glass seals, which is a combilned area O:

dll ared

occupied by the ceramic particles and an area occupled by

the glass constituent, 1s 5 to 50%.

2 . The ceramic filter according to claim 1, wherein the

separation membrane is made of ceramic.

3. The ceramic filter according to claim 1 or 2, whereiln

a material for the ceramic particles is alumina or titania.
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FIG.4
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