
GAS PURIFICATION FILTER, METHOD FOR PRODUCING GAS PURIFICATION 

FILTER, AND GAS PURIFICATION SYSTEM 

TECHNICAL FIELD 

[0001] The present disclosure relates to a gas purification filter, a method for producing the 5 

gas purification filter, and a gas purification system. 

BACKGROUND 

[0002] A combustion system such as a coal-fired boiler, an oil-fired boiler, a general waste 

incineration plant, an industrial waste incineration plant, or the like includes an exhaust gas 10 

treatment device for treating an exhaust gas in a combustion device such as a combustion 

furnace. The exhaust gas treatment device includes, for example, a desulfurization device, a 

denitration device, a dust removal device, or the like, and includes, more specifically, for 

example, a bag filter obtained by forming a gas purification filter into a bag shape. 

[0003] The gas purification filter includes filter fabric with a catalyst capable of 15 

decomposition treatment of toxic components (such as nitrogen oxide, carbon monoxide, and 

dioxin) in the exhaust gas, in addition to a dust removal treatment of the exhaust gas. In the 

filter fabric with the catalyst, unlike a structure such as honeycomb, the filter fabric is formed 

as a fibrous or felt filter obtained by bundling fibers. Moreover, the fabric filter supports, for 

example, particles of a catalyst (catalyst particles) such as a denitration catalyst, an oxidation 20 

catalyst, or a dioxin decomposition catalyst. 

[0004] An attempt on microparticulation of the catalyst particles has been made in order to 

improve catalytic performance by increasing a contact area between the catalyst particles and a 

combustion exhaust gas. For example, Patent Document 1 describes a bag filter (gas 

purification filter) using a catalyst having a mean particle size of 0.1 μm (for example, see 25 

paragraph [0023]). Moreover, Patent Document 2 describes a bag filter (gas purification filter) 

using a catalyst having a mean particle size of 1 μm (for example, see table 1). 
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Citation List 

Patent Literature 

[0005] 

Patent Document 1: JP2014-8460A 

Patent Document 2: JP2014-166614A 5 

SUMMARY 

Technical Problem 

[0006] Meanwhile, as a result of researches by the present inventors, it is found that merely 

performing microparticulation of the catalyst particles, catalytic performance is not sufficiently 10 

improved. This is considered because when the catalyst particles are supported by the filter 

fabric (corresponding to a filter body to be described later), the catalyst particles penetrate 

inside the gas purification filter due to microparticulation of the catalyst and clog a gas flow 

passage inside the gas purification filter, resulting in an excessive increase in differential 

pressure. Consequently, a gas becomes difficult to flow inside the gas purification filter and a 15 

gas throughput is decreased, resulting in an undesired improvement in catalytic performance. 

[0007] On the other hand, if catalyst particles are merely increased in size, gaps between the 

catalyst particles are increased, decreasing the differential pressure. However, due to the 

increase in size of the catalyst, the exhaust gas may pass through the gas purification filter and 

may not sufficiently contact the catalyst. Thus, catalytic performance is not improved as 20 

desired. Therefore, a gas purification technique is required which can improve catalytic 

performance regardless of the particle size of the catalyst. 

[0008] An object of at least one embodiment of the present invention is to provide a gas 

purification filter, a method for producing the gas purification filter, and a gas purification 

system improved in catalytic performance compared to before. 25 

Solution to Problem 

[0009] (1) A gas purification filter according to at least one embodiment of the present 
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invention is a gas purification filter which includes a filter body formed by a fiber cloth and a 

gas purification catalyst supported by the filter body. The gas purification filter has a porosity 

of not less than 6% and not greater than 20%, the porosity representing a volume of voids 

occupying a space per unit volume. 

[0010] With the above configuration (1), focusing on the porosity of the gas purification filter 5 

and setting the porosity of the gas purification filter at not less than 6% and not greater than 

20%, it is possible to ensure the gas flow passage inside the gas purification filter and to 

suppress an excessive increase in differential pressure. Thus, it is possible to facilitate the flow 

of the exhaust gas inside the gas purification filter and to increase a gas throughput. 

Furthermore, setting the porosity of the gas purification filter at not less than 6% and not greater 10 

than 20%, it is possible to easily bring the exhaust gas flowing through the gas flow passage 

into appropriate contact with particles of the gas purification catalyst and to suppress passing 

through of the exhaust gas. Therefore, it is possible to increase catalytic efficiency and to 

improve catalytic performance compared to before. 

[0011] (2) In some embodiments, in the above configuration (1), the porosity is not less than 15 

7% and not greater than 17%. 

[0012] With the above configuration (2), it is possible to improve catalytic performance. 

[0013] (3) In some embodiments, in the above configuration (1) or (2), the filter body has the 

porosity of not less than 55% and not greater than 82%, and the gas purification catalyst has a 

mean particle size D50 of not less than 1 μm and not greater than 250 μm. 20 

[0014] With the above configuration (3), it is possible to set the porosity of the gas purification 

filter at not less than 6% and not greater than 20%. 

[0015] (3’) In some embodiments, in the above configuration (2), the filter body has the 

porosity of not less than 55% and not greater than 69%, and the gas purification catalyst has a 

mean particle size D50 of not less than 5 μm and not greater than 50 μm. 25 

[0016] With the above configuration (3’), it is possible to set the porosity of the gas 

purification filter at not less than 7% and not greater than 17% capable of improving catalytic 

performance, in particular. 
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[0017] (4) In some embodiments, in any one of the above configurations (1) to (3), the filter 

body has a basis weight of not less than 500 g/m2 and not greater than 1,300 g/m2. 

[0018] With the above configuration (4), it is possible to make the filter body coarse to some 

extent. Thus, it is possible to easily ensure the size of the gas flow passage inside the filter body 

forming the gas purification filter. 5 

[0019] (5) In some embodiments, in any one of the above configurations (1) to (4), a fiber 

contained in the filter body includes any one of polyester fiber, polyamide fiber, polyphenylene-

sulfide fiber, polyacrylic fiber, polypropylene fiber, polyimide fiber, glass fiber, and 

polyfluoroethylene fiber. 

[0020] With the above configuration (5), it is possible to suitably configure the gas 10 

purification filter improved in catalytic performance compared to before. 

[0021] (6) In some embodiments, in the above configuration (5), the fiber has a largest 

diameter of not greater than 15 μm in a fiber cross-section. 

[0022] With the above configuration (6), it is possible to suitably configure the gas 

purification filter improved in catalytic performance compared to before, in particular. 15 

[0023] (7) A method for producing a gas purification filter according to at least one 

embodiment of the present invention is a method for producing a gas purification filter 

including a filter body formed by a fiber cloth and a gas purification catalyst supported by the 

filter body, the method including a preparation step of preparing the filter body, a mean particle 

size decision step of deciding, based on a porosity of the prepared filter body, a mean particle 20 

size D50 of the gas purification catalyst such that the gas purification filter has the porosity of 

not less than 6% and not greater than 20%, the porosity representing a volume of voids 

occupying a space per unit volume, and a support step of supporting the gas purification catalyst 

having the decided mean particle size D50 by the filter body. 

[0024] With the above configuration (7), focusing on the porosity of the gas purification filter 25 

and setting the porosity of the gas purification filter at not less than 6% and not greater than 

20%, it is possible to ensure the gas flow passage inside the gas purification filter and to 

suppress an excessive increase in differential pressure. Thus, it is possible to facilitate the flow 
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of the exhaust gas inside the gas purification filter and to increase the gas throughput. 

Furthermore, setting the porosity of the gas purification filter at not less than 6% and not greater 

than 20%, it is possible to easily bring the gas into appropriate contact with the particles of the 

gas purification catalyst when the exhaust gas flows through the gas flow passage, and to 

suppress passing through of the exhaust gas. Therefore, it is possible to increase catalytic 5 

efficiency and to improve catalytic performance compared to before. 

[0025] (8) In some embodiments, in the above method (7), the support step is performed by a 

spray method. 

[0026] With the above method (8), regardless of the particle size of the gas purification 

catalyst, it is possible to support the gas purification catalyst by the filter body by an amount in 10 

which the porosity of the gas purification filter is not less than 6% and not greater than 20%. 

[0027] (9) A gas purification system according to at least one embodiment of the present 

invention is a gas purification system for purifying an exhaust gas from a combustion device, 

which includes a gas purification device inside which the gas purification filter according to 

any one of the above configurations (1) to (6) is disposed. 15 

[0028] With the above configuration (9), it is possible to purify the exhaust gas by using the 

gas purification device which includes the gas purification filter improved in catalytic 

performance compared to before. Thus, it is possible to increase a purification flow rate of the 

exhaust gas and to efficiently purify the exhaust gas. 

[0029] (10) In some embodiments, in the above configuration (9), the gas purification catalyst 20 

includes a denitration catalyst, and the gas purification system further comprises a supply device 

for supplying a reducing agent for nitrogen oxide to a gas flowing upstream of the gas 

purification filter. 

[0030] With the above configuration (10), in the denitration catalyst supported by the gas 

purification filter, it is possible to perform denitration of the exhaust gas by using the reducing 25 

agent. 

 

Advantageous Effects 
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[0031] According to at least one embodiment of the present invention, it is possible to provide 

a gas purification filter, a method for producing the gas purification filter, and a gas purification 

system improved in catalytic performance compared to before. 

 

BRIEF DESCRIPTION OF DRAWINGS 5 

[0032] FIG. 1 is an overall configuration view of a bag filter including a gas purification filter 

according to an embodiment of the present invention. 

 FIG. 2 is a view schematically showing a cross-section of a gas purification filter 

according to an embodiment of the present invention. 

 FIG. 3 is a view schematically showing a cross-section of the gas purification filter 10 

according to an embodiment of the present invention, and is a view schematically showing a 

cross-section of the gas purification filter which includes a gas purification catalyst having a 

smaller particle size than a gas purification catalyst shown in FIG. 2. 

 FIG. 4 is a graph indicating a relationship between a differential pressure and a porosity 

of the gas purification filter. 15 

 FIG. 5 is a graph indicating a relationship between the porosity of the gas purification 

filter and the ratio of reaction rate indicating catalytic performance. 

 FIG. 6 shows graphs indicating a relationship between the porosity of the gas 

purification filter and a mean particle size of the gas purification catalyst. 

 FIG. 7 shows graphs indicating the relationship between the porosity of the gas 20 

purification filter and the mean particle size of the gas purification catalyst, and shows graphs 

different in maximum value on the horizontal axis from FIG. 6. 

 FIG. 8 shows graphs indicating a temporal change in ratio of reaction rate between 

Example and Comparative Example. 

 FIG. 9 is a flowchart showing a method for producing the gas purification filter 25 

according to an embodiment of the present invention. 

 FIG. 10 is a system diagram of a gas purification system according to an embodiment 

of the present invention. 
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DETAILED DESCRIPTION 

[0033] Some embodiments of the present invention will be described below with reference to 

the accompanying drawings. Contents described as embodiments and contents shown in the 

drawings below are merely examples, and can be embodied with any modification within a 5 

scope that does not depart from the present invention. Further, two or more embodiments may 

optionally be combined in any manner. Further, in the following embodiments, similar elements 

will be indicated by the same reference numerals, and redundant descriptions thereof will be 

omitted for convenience. 

[0034] It is intended, however, that unless particularly identified, dimensions, materials, 10 

shapes, relative positions and the like of constituent components described as the embodiments 

or shown in the drawings shall be interpreted as illustrative only and not intended to limit the 

scope of the present invention. 

 For instance, an expression of relative or absolute arrangement such as “in a direction”, 

“along a direction”, “parallel”, “orthogonal”, “centered”, “concentric” and “coaxial” shall not 15 

be construed as indicating only the arrangement in a strict literal sense, but also includes a state 

where the arrangement is relatively displaced by a tolerance, or by an angle or a distance 

whereby it is possible to achieve the same function. 

 For instance, an expression of an equal state such as “same”, “equal”, and “uniform” 

shall not be construed as indicating only the state in which the feature is strictly equal, but also 20 

includes a state in which there is a tolerance or a difference that can still achieve the same 

function. 

 Further, for instance, an expression of a shape such as a rectangular shape or a tubular 

shape shall not be construed as only the geometrically strict shape, but also includes a shape 

with unevenness or chamfered corners within the range in which the same effect can be 25 

achieved. 

 On the other hand, the expressions “comprising”, “including”, “having”, “containing”, 

and “constituting” one constituent component are not exclusive expressions that exclude the 
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presence of other constituent components. 

[0035] FIG. 1 is an overall configuration view of a bag filter 10 including a gas purification 

filter 20 according to an embodiment of the present invention. The bag filter 10 is formed into 

a bag shape which includes a tubular portion 1 configured by forming the gas purification filter 

20 (not shown in FIG. 1, but will be described later) into a tubular shape, and a lid portion 2 5 

disposed at one end of the tubular portion 1 and formed by the gas purification filter 20. At one 

end of the bag filter 10, an annular ring (not shown) is mounted, and the annular ring forms an 

opening portion 3. The annular ring is formed by an elastically deformable spring steel. 

[0036] In the bag filter 10, an exhaust gas from a combustion device such as a combustion 

furnace is transmitted through the tubular portion 1 and the lid portion 2, thereby penetrating 10 

inside the bag filter 10. In the above-described transmission, the exhaust gas contacts a gas 

purification catalyst 12 (not shown in FIG. 1, but will be described later) supported by the gas 

purification filter 20 forming the bag filter 10. Then, after the exhaust gas is purified by 

contacting the gas purification catalyst 12, the penetrated exhaust gas is discharged from the 

opening portion 3 to the outside of the bag filter 10 as a purge gas. 15 

[0037] FIG. 2 is a view schematically showing a cross-section of the gas purification filter 20 

according to an embodiment of the present invention. The structure shown in FIG. 2 is merely 

an example of the structure of the gas purification filter 20 forming the bag filter 10, and can 

optionally be modified within a range without departing from the scope of the present invention, 

for example, the gas purification catalyst 12 penetrates inside a filter body 11. 20 

[0038] The gas purification filter 20 includes the filter body 11 formed by a fiber cloth and 

the gas purification catalyst 12 supported by the filter body 11. The exhaust gas flows from one 

side to another side through a gas flow passage 13 formed inside the filter body 11. The gas 

flow passage 13 is formed between fibers contained in the fabric cloth. When the exhaust gas 

flows through the gas flow passage 13, the exhaust gas contacts the gas purification catalyst 12 25 

supported by the filter body 11, thereby purifying the exhaust gas. 

[0039] The filter body 11 is formed by, for example, a flexible material without rigidity. More 

specifically, the filter body 11 is formed by a cloth (fabric cloth) obtained by weaving optional 
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fiber with various weaves such as twill weave, satin weave, and plain weave, as well as by a 

non-woven cloth produced by a needlepunched method or the like. 

[0040] A fiber contained in the filter body 11 includes polyester fiber, polyamide fiber, 

polyphenylene-sulfide fiber, polyacrylic fiber, polypropylene fiber, polyimide fiber, glass fiber, 

polyfluoroethylene fiber, or the like. Among the above-described fibers, glass fiber and 5 

polyfluoroethylene fiber are desirable in terms of high heat resistance thereof. Moreover, the 

diameter of fiber is preferably not less than 3μm and not greater than 15 μm as the longest 

(largest) diameter in a fiber cross-section. 

[0041] The basis weight (weft density) of the fabric cloth forming the filter body 11 is, for 

example, not less than 400 g/m2 and preferably not less than 500 g/m2, and the upper limit of 10 

the basis weight is, for example, not greater than 1,300 /m2 and preferably not greater than 

1,200 g/m2. With the basis weight of not less than 400 g/m2, it is possible to sufficiently capture 

soot and dust. Moreover, with the basis weight of not less than 500 g/m2, it is possible to make 

the filter body 11 coarse to some extent. Thus, it is possible to easily ensure the size of the gas 

flow passage inside the filter body 11 forming the gas purification filter 20. 15 

[0042] On the other hand, with the basis weight of not greater than 1,300 g/m2, it is possible 

to suppress clogging. Moreover, with the basis weight of not greater than 1,200 g/m2, it is 

possible to make the filter body 11 coarse to some extent. Thus, it is possible to easily ensure 

the size of the gas flow passage inside the filter body 11 forming the gas purification filter 20. 

[0043] Moreover, defining a volume of voids occupying a space per unit volume as the 20 

“porosity”, it is preferable that the porosity of the filter body 11 is not less than 55% and not 

greater than 82%, and a mean particle size D50 of the gas purification catalyst 12 is not less than 

1 μm and not greater than 250 μm. Thus, the gas purification filter 20 can have the porosity of 

not less than 6% and not greater than 20%. Furthermore, it is preferable that the porosity of the 

filter body 11 is not less than 55% and not greater than 69%, and the mean particle size D50 of 25 

the gas purification catalyst 12 is not less than 5 μm and not greater than 50 μm. Thus, it is 

possible to set the porosity of the gas purification filter 20 at not less than 7% and not greater 

than 17% capable of improving catalytic performance, in particular. 
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[0044] In the present specification, a porosity ε of the filter body 11 can be calculated by: 

 ε=100-100×γ/(Δt×ρfib) ...(1) 

where γ is a basis weight (g/m2) of the filter body 11, Δt is a thickness (m) of the filter body 11, 

and ρfib is a density (g/m3) of fiber contained in the filter body 11. 

[0045] Moreover, in the present specification, the mean particle size D50 of the gas purification 5 

catalyst 12 refers to a mean particle size measured by a laser diffraction particle size distribution 

measuring device. 

[0046] The thickness of the filter body 11 is, for example, not less than 0.5 mm and not greater 

than 15 mm. If the filter body 11 is formed by the fabric cloth or the non-woven cloth, the 

thickness of the filter body 11 may have a value about 30% of its average value. 10 

[0047] The gas purification catalyst 12 supported by the filter body 11 is provided to 

decompose and remove, from the exhaust gas flowing through the gas flow passage inside the 

filter body 11, toxic components in the exhaust gas by contacting the exhaust gas. The toxic 

components herein are, for example, nitrogen oxide (nitrogen monoxide and nitrogen dioxide), 

carbon monoxide, dioxin, volatile organic compound, and the like. Therefore, it is only 15 

necessary to decide a specific component of the gas purification catalyst 12 depending on the 

type of removed toxic component. 

[0048] For example, when denitration of the exhaust gas is performed, it is possible to cause 

the gas purification catalyst 12 to include a denitration catalyst having a denitration function. 

As the denitration catalyst, for example, a titanium-vanadium-based catalyst containing 20 

titanium oxide, vanadium pentoxide, molybdenum oxide, tungsten oxide, and the like can be 

given. Moreover, when carbon monoxide in the exhaust gas is decomposed and removed, it is 

possible to cause the gas purification catalyst 12 to include an oxidation catalyst having an 

oxidation function. Moreover, the gas purification catalyst 12 may include a catalyst having a 

plurality of functions in one component (for example, a catalyst having both of denitration and 25 

oxidation). As the oxidation catalyst, for example, a catalyst supporting active metals such as 

platinum, palladium, rhodium, gold, and the like by at least one type of inorganic oxide selected 

from a group composed of silica, titania, zeolite, and alumina. 

- 10 -



[0049] The gas purification catalyst 12 has the mean particle size D50 of, for example, not less 

than 1 μm and not greater than 25 μm, as described above. However, it is preferable to set, 

based on the porosity of the filter body 11 supporting the gas purification catalyst 12, the mean 

particle size D50 of the gas purification catalyst 12 to the mean particle size D50 in which the 

porosity of the gas purification filter 20 including the gas purification catalyst 12 is not less 5 

than 6% and not greater than 20%, the details of which are to be described later. More 

specifically, for example, it is preferable that the mean particle size D50 of the gas purification 

catalyst is not less than 1 μm and not greater than 250 μm, if the porosity of the filter body 11 

is not less than 55% and not greater than 82%. Moreover, for example, it is preferable that the 

mean particle size D50 of the gas purification catalyst is not less than 5 μm and not greater than 10 

50 μm, if the porosity of the filter body 11 is not less than 55% and not greater than 69%. 

[0050] The porosity (representing the volume of voids occupying a space per unit volume) of 

the gas purification filter 20 according to an embodiment of the present invention is not less 

than 6% and preferably not less than 7%, and an upper limit of the porosity is not greater than 

20% and preferably not greater than 17%. Thus, focusing on the porosity of the gas purification 15 

filter 20 and setting the porosity of the gas purification filter 20 at not less than 6% and not 

greater than 20%, it is possible to ensure the gas flow passage 13 inside the gas purification 

filter 20 and to suppress an excessive increase in differential pressure. Thus, it is possible to 

facilitate the gas flow inside the gas purification filter 20 and to increase a gas throughput. 

[0051] Furthermore, setting the porosity of the gas purification filter 20 at not less than 6% 20 

and not greater than 20%, it is possible to easily bring the gas flowing through the gas flow 

passage 13 into appropriate contact with particles of the gas purification catalyst 12 and to 

suppress passing through of the gas. Therefore, it is possible to increase catalytic efficiency and 

to improve catalytic performance compared to before. In particular, setting the porosity of the 

gas purification filter 20 at not less than 7% and not greater than 17%, it is possible to 25 

sufficiently ensure the gas flow passage 13 inside the gas purification filter 20 and to sufficiently 

suppress the excessive increase in differential pressure. Thus, it is possible to improve catalytic 

performance, in particular. 
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[0052] The porosity of the gas purification filter 20 can be decided based on, for example, a 

differential pressure ΔP when the exhaust gas of the gas purification filter 20 flows and a gas 

average flow velocity um (equal to the average superficial velocity um). More specifically, the 

porosity can be decided as follows. 

[0053] First, with respect to a first gas purification filter and a second gas purification filter 5 

(two types of gas purification filters 20) supporting the gas purification catalyst 12 having 

different mean particle sizes, actual flow velocities uo1 and uo2 in the filter fabric when the 

exhaust gas flows at the average superficial velocity um are set, respectively. Furthermore, with 

respect to the first gas purification filter and the second gas purification filter, differential 

pressures ΔP1 and ΔP2 on the inlet side and the outlet side of the first gas purification filter and 10 

the second gas purification filter when the exhaust gas flows at the average superficial velocity 

um are set, respectively. Then, a proportional relationship holds between ΔP2/ΔP1 and uo2/uo1. 

Therefore, the following equation (2) holds (A is a proportionality constant): 

ΔP2/ΔP1=A×uo2/uo1 ...(2) 

[0054] Moreover, if the porosity of the filter body 11 is the same and the mean particle size 15 

D50 of the gas purification catalyst 12 is different, the porosities of the gas purification filter 20 

which includes the gas purification catalyst 12 having the different mean particle size D50 are 

ε1 and ε2, respectively. Then, between the porosities ε1, ε2 and the actual flow velocities uo1, uo2 

in the filter fabric, the following equation (3) holds: 

uo2/uo1={um/ε2}/{um/ε1} …(3) 20 

[0055] Therefore, with the above-described equations (2) and (3), the following equation (4) 

holds: 

ΔP２/ΔP１=A×uo2/uo1=A×{um/ε2}/{um/ε1} …(4) 

[0056] Assume that the mean particle sizeD50 of the gas purification catalyst 12 supported by 

the filter body 11 is infinitely small, that is, the gas purification catalyst 12 is not supported by 25 

the filter body 11. At this time, the porosity of the gas purification filter 20 including the gas 

purification catalyst 12 whose mean particle size D50 is infinitely small matches that of the filter 

body 11 which does not support the gas purification catalyst 12. Thus, with the porosity ε１ of 
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the gas purification filter 20 at this time, it is possible to calculate the proportionality constant 

A by the differential pressure ΔP１, the known porosity ε１, and the gas average flow velocity 

um (average superficial velocity um). Then, it is possible to calculate the porosity ε2 of the gas 

purification filter 20 including the optional gas purification catalyst 12, regardless of the mean 

particle size D50, by the gas average flow velocity um (average superficial velocity um), the 5 

calculated proportionality constant A, and the actually measured ΔP２ and uo2. 

[0057] The relationship between the porosity and the gas flow passage 13 will be described 

here with new reference to FIG. 3, in addition to FIG. 2 described above. 

[0058] FIG. 3 is a view schematically showing a cross-section of the gas purification filter 20 

according to an embodiment of the present invention, and is a view schematically showing a 10 

cross-section of the gas purification filter 20 which includes the gas purification catalyst 12 

having a smaller particle size than the gas purification catalyst 12 shown in FIG. 2 described 

above. The structure shown in FIG. 3 is merely an example of the structure of the gas 

purification filter 20 forming the bag filter, and can optionally be modified within the range 

without departing from the scope of the present invention, for example, the gas purification 15 

catalyst 12 penetrates inside the filter body 11. 

[0059] First, as shown in FIG. 2 described above, sufficient gaps are generated between the 

particles of the gas purification catalyst 12 if the mean particle size of the gas purification 

catalyst 12 is large to some extent. Thus, the exhaust gas is likely to flow into the gas flow 

passage 13 formed inside the filter body 11. In particular, when the gas flows between the 20 

particles of the gas purification catalyst 12, the exhaust gas flows in contact with the gas 

purification catalyst 12. As a result, a geometrical contact area between the exhaust gas and the 

gas purification catalyst 12 increases, improving purification treatment performance of the 

exhaust gas by the catalyst. That is, catalytic performance is improved. 

[0060] Moreover, since the mean particle size of the gas purification catalyst 12 is large to 25 

some extent, the gas purification catalyst 12 is less likely to penetrate inside the gas flow 

passage 13 when the gas purification catalyst 12 is supported by the filter body 11. As a result, 

the gas purification catalyst 12 is supported in the vicinity of the surface of the filter body 11. 
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Then, since penetration of the gas purification catalyst 12 to the inside of the gas flow passage 

13 is suppressed, clogging of the gas flow passage 13 is also suppressed, the exhaust gas is 

likely to flow through the gas flow passage 13 as indicated by dashed arrows in FIG. 2. As a 

result, an increased in differential pressure of the gas purification filter 20 is suppressed. 

[0061] On the other hand, as shown in FIG. 3 if the mean particle size of the gas purification 5 

catalyst 12 is small to some extent, the gaps formed between the particles of the gas purification 

catalyst 12 are small. Thus, as a result, the geometrical contact area between the exhaust gas 

and the gas purification catalyst 12 decreases, degrading the purification treatment performance 

of the exhaust gas by the catalyst. That is, catalytic performance is less likely to be improved. 

[0062] Moreover, since the gaps formed between the particles of the gas purification catalyst 10 

12 are small, the exhaust gas is less likely to flow into the gas flow passage 13 formed inside 

the filter body 11. Furthermore, when the gas purification catalyst 12 is supported by the filter 

body 11, the gas purification catalyst 12 is likely to penetrate inside the gas flow passage 13, 

and the gas flow passage 13 is likely to be clogged as indicated by A portions surrounded by 

dashed lines, respectively, in FIG. 3. Thus, the differential pressure is likely to increase. 15 

[0063] However, even if the mean particle size of the gas purification catalyst 12 is small to 

an extent as shown in FIG. 3, when the porosity of the filter body 11 is high and the size of the 

gas flow passage 13 is sufficiently large, the gas flow passage 13 is less likely to be clogged 

despite penetration of the gas purification catalyst 12 to the inside of the gas flow passage 13. 

Therefore, in this case, the differential pressure is less likely to increase. Moreover, although 20 

the gas purification catalyst 12 is supported by a wall surface (that is, an outer surface of fiber) 

of the gas flow passage 13, the gas flow passage 13 is sufficiently ensured, resulting in large 

gaps between the particles of the gas purification catalyst 12. As a result, the geometrical contact 

area between the exhaust gas and the gas purification catalyst 12 increases, improving 

purification treatment performance of the exhaust gas by the catalyst. That is, catalytic 25 

performance is improved. 

[0064] Therefore, even if catalytic performance is to be improved with the mean particle size 

of the gas purification catalyst 12 as an indicator, expected catalytic performance cannot be 
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obtained depending on the size of the gas flow passage 13. Thus, in an embodiment of the 

present invention, ensuring the gas flow passage 13 with the sufficiently size, both of 

suppression of the increase in differential pressure, and the large contact area between the 

exhaust gas and the gas purification catalyst 12 are achieved. More specifically, both of 

suppression of the increase in differential pressure, and the large contact area between the 5 

exhaust gas and the gas purification catalyst 12 are achieved by setting the porosity of the gas 

purification filter 20 at not less than 6% and not greater than 20%. 

[0065] That is, in an embodiment of the present invention, focusing on the porosity of the gas 

purification filter 20 and setting the porosity of the gas purification filter 20 at not less than 6% 

and not greater than 20%, it is possible to ensure the gas flow passage 13 inside the gas 10 

purification filter 20 and to suppress the excessive increase in differential pressure. Thus, it is 

possible to facilitate the flow of the exhaust gas inside the gas purification filter 20 and to 

increase the gas throughput. Furthermore, setting the porosity of the gas purification filter 20 at 

not less than 6% and not greater than 20%, it is possible to easily bring the exhaust gas flowing 

through the gas flow passage 13 into appropriate contact with the particles of the gas 15 

purification catalyst 12 and to suppress passing through of the exhaust gas. Therefore, it is 

possible to increase catalytic efficiency and to improve catalytic performance compared to 

before. 

[0066] FIG. 4 is a graph indicating a relationship between the differential pressure and the 

porosity of the gas purification filter 20. The graph represented by a dashed line indicates the 20 

relationship between the differential pressure and the porosity in the gas purification filter 20 

by which particles of a titanium-vanadium-based denitration catalyst are supported with respect 

to the filter body 11 having the porosity of 62% as an example. As shown in FIG. 4, the 

differential pressure ΔP is high as the porosity of the gas purification filter 20 is low. Then, 

although not shown, the differential pressure ΔP is infinite if the porosity is not more than a 25 

certain constant value, stopping the flow of the exhaust gas. On the other hand, the differential 

pressure ΔP is low as the porosity is high. Therefore, in order to merely decrease the differential 

pressure ΔP, it is preferable that the porosity of the gas purification filter 20 is high. 
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[0067] FIG. 5 is a graph indicating a relationship between the porosity of the gas purification 

filter 20 and the ratio of reaction rate indicating catalytic performance. The graph represented 

by a dashed line indicates the same gas purification filter 20 as that in the graph shown in FIG. 

4 described above. Moreover, the vertical axis indicates the ratio of reaction rate (the ratio of 

denitration reaction rate) by the titanium-vanadium-based denitration catalyst and indicates that 5 

catalytic performance is high as the ratio of reaction rate is high, as an example. As the ratio of 

reaction rate, a relative value when a reaction rate constant of the conventional gas purification 

filter (the bag filter described above in Patent Document 1) is 1.0. 

[0068] As shown in FIG. 5, the porosity and the ratio of reaction rate do not have a simple 

correlation. That is, although the ratio of reaction rate is also low (that is, catalytic performance 10 

is low) as the porosity is low, the ratio of reaction rate does not necessarily increase (catalytic 

performance does not necessarily improve) by merely increasing the porosity. That is, although 

the ratio of reaction rate also increases along with the increase in porosity when the porosity is 

from 0% to about 10%, the ratio of reaction rate turns downward after the porosity of about 

10%, and the ratio of reaction rate decreases if the porosity exceeds about 10%. Thus, if the 15 

porosity exceeds about 10%, although the differential pressure ΔP decreases along with the 

increase in porosity (see FIG. 4), the ratio of reaction rate decreases. 

[0069] Then, in an embodiment of the present invention, it is found that setting the porosity 

of the gas purification filter 20 at not less than 6% and not greater than 20%, the ratio of reaction 

rate can be not less than 1.5 as shown in FIG. 5. Therefore, with the porosity of not less than 20 

6% and not greater than 20%, it is possible to obtain the gas purification filter 20 having the 

reaction rate constant half as large again as the reaction rate constant in the conventional gas 

purification filter. Thus, it is possible to obtain the gas purification filter 20 improved in catalytic 

performance. 

[0070] In particular, setting the porosity at not less than 7% and not greater than 17%, it is 25 

possible to increase the ratio of reaction rate about twofold (about 1.8 fold to 2.2 fold). A 

catalytic quantity can be decreased by half if the reaction rate is increased twofold, making it 

possible to accordingly reduce the differential pressure. Moreover, if the reaction rate is 
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increased twofold, it is possible to simultaneously perform a series of exhaust gas treatments 

such as desulfurization, denitration, dust removal, and demineralization with the same device 

size as the conventional one (just by replacing the bag filter). Therefore, with the porosity of 

not less than 7% and not greater than 17%, it is possible to obtain the gas purification filter 20 

having the reaction rate constant about twice as large as the reaction rate constant in the 5 

conventional gas purification filter. Thus, it is possible to obtain the gas purification filter 20 

improved in catalytic performance, in particular. 

[0071] FIG. 6 shows graphs indicating a relationship between the porosity of the gas 

purification filter 20 and the mean particle size of the gas purification catalyst 12. Moreover, 

FIG. 7 shows graphs indicating the relationship between the porosity of the gas purification 10 

filter and the mean particle size of the gas purification catalyst, and shows graphs different in 

maximum value on the horizontal axis from FIG. 6. More specifically, the maximum value on 

the horizontal axis is 30% in FIG. 6, whereas 60% in FIG. 7. 

[0072] The dashed line graphs shown in FIGs. 6 and 7 each show, in the gas purification filter 

20 where the gas purification catalyst 12 is supported by the filter body 11 having the porosity 15 

of 55%, the relationship between the porosity of the gas purification filter 20 and the mean 

particle size of the catalyst particles. Moreover, the single-dotted chain line graphs shown in 

FIGs. 6 and 7 each show, in the gas purification filter 20 where the gas purification catalyst 12 

is supported by the filter body 11 having the porosity of 62%, the relationship between the 

porosity of the gas purification filter 20 and the mean particle size of the catalyst particles. 20 

[0073] Further, the solid line graphs shown in FIGs. 6 and 7 each show, in the gas purification 

filter 20 where the gas purification catalyst 12 is supported by the filter body 11 having the 

porosity of 69%, the relationship between the porosity of the gas purification filter 20 and the 

mean particle size of the catalyst particles. Furthermore, the double-dotted chain line graphs 

shown in FIGs. 6 and 7 each show, in the gas purification filter 20 where the gas purification 25 

catalyst 12 is supported by the filter body 11 having the porosity of 75%, the relationship 

between the porosity of the gas purification filter 20 and the mean particle size of the catalyst 

particles. Then, the dotted line graphs shown in FIGs. 6 and 7 each show, in the gas purification 
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filter 20 where the gas purification catalyst 12 is supported by the filter body 11 having the 

porosity of 82%, the relationship between the porosity of the gas purification filter 20 and the 

mean particle size of the catalyst particles. 

[0074] As described above with reference to FIG. 5, the porosity (horizontal axis) of the gas 

purification filter 20 is set at not less than 6% and not greater than 20% (preferably not less than 5 

7% and not greater than 17%). Thus, for example, in a case in which the gas purification catalyst 

12 is supported by the filter body 11 having the porosity of 55% (dashed line graph), in order 

to set the porosity of the gas purification filter 20 at not less than 6% and not greater than 20%, 

the mean particle size of the gas purification catalyst 12 can be set at not less than 10 μm and 

not greater than 250 μm (see FIG. 7 for the upper limit value). 10 

[0075] Moreover, for example, in a case in which the gas purification catalyst 12 is supported 

by the filter body 11 having the porosity of 62% (single-dotted chain line graph), in order to set 

the porosity of the gas purification filter 20 at not less than 6% and not greater than 20%, the 

mean particle size of the gas purification catalyst 12 can be set at not less than 2 μm and not 

greater than 150 μm (the lower limit value is not shown, and see FIG. 6 for the upper limit 15 

value). Furthermore, for example, in a case in which the gas purification catalyst 12 is supported 

by the filter body 11 having the porosity of 69% (solid line graph), in order to set the porosity 

of the gas purification filter 20 at not less than 6% and not greater than 20%, the mean particle 

size of the gas purification catalyst 12 can be set at not less than 1.5 μm and not greater than 50 

μm (the lower limit value is not shown, and, see FIGs. 6 and 7 for the upper limit value). 20 

[0076] Moreover, for example, in a case in which the gas purification catalyst 12 is supported 

by the filter body 11 having the porosity of 75% (double-dotted chain line graph), in order to 

set the porosity of the gas purification filter 20 at not less than 6% and not greater than 20%, 

the mean particle size of the gas purification catalyst 12 can be set at not less than 1.3 μm and 

not greater than 25 μm (the lower limit value is not shown, and see FIGs. 6 and 7 for the upper 25 

limit value). Furthermore, for example, in a case in which the gas purification catalyst 12 is 

supported by the filter body 11 having the porosity of 82% (dotted line graph), in order to set 

the porosity of the gas purification filter 20 at not less than 6% and not greater than 20%, the 
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mean particle size of the gas purification catalyst 12 can be set at not less than 1.1 μm and not 

greater than 17 μm (the upper limit value and the lower limit value are not shown). As can be 

seen in FIG. 5, 6, the mean particle size of the gas purification catalyst 12 can be set at not less 

than 1.1 μm and not greater than 30 μm in order to obtain the ratio of reaction rate higher than 

that of the conventional gas purification filter. 5 

[0077] In the gas purification filter described above in Patent Document 1 (the bag filter 

described in paragraph [0023] of Patent Document 1), the porosity of the filter body calculated 

based on the above-described equation (1) is considered as 58% (assume that a glass fiber 

(density 2.5×１０６(g/m3)) is used). Moreover, the mean particle size of the gas purification 

catalyst supported by the filter body is 0.1 μm. Therefore, in the gas purification filter described 10 

in Patent Document 1, the porosity of the gas purification filter including the filter body and the 

gas purification catalyst is considered as less than 6%, according to FIGs. 6 and 7 described 

above. 

[0078] Moreover, in the gas purification filter described above in Patent Document 2 (the bag 

filter described in table 1 of Patent Document 2), the porosity of the filter body calculated based 15 

on the above-described equation (1) is considered as 79% (assume that the glass fiber is used 

as in Patent Document 1). Moreover, the mean particle size of the gas purification catalyst 

supported by the filter body is 1 μm. Therefore, in the gas purification filter described in Patent 

Document 1, the porosity of the gas purification filter including the filter body and the gas 

purification catalyst is considered as less than 6%, according to FIGs. 6 and 7 described above. 20 

[0079] FIG. 8 shows graphs indicating a temporal change in ratio of reaction rate between 

Example and Comparative Example. In FIG. 7, the solid line graph shows Example and the 

dashed line graph shows Comparative Example. The vertical axis indicates a relative value 

when the reaction rate constant at 0 minutes (initial reaction rate constant) in Comparative 

Example is 1. The graphs shown in FIG. 8 are related to denitration reaction as an example. 25 

Moreover, FIG. 8 shows the graphs obtained in the experiments by the present inventors, and 

in FIG. 8, plots (where the reaction rate constants were calculated every ten minutes) are not 

illustrated for the sake of illustrative simplicity, and curves (the solid line and the dashed line) 
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obtained by smoothly connecting the unillustrated plots are shown. 

[0080] In both of Example and Comparative Example, the glass fiber was used as the fiber 

forming the filter body 11. Moreover, the basis weight of the filter body 11 was 880 g/m2. 

Therefore, with the above-described equation (1), the porosity of the filter body 11 is 62%. 

Moreover, in both of Example and Comparative Example, the titanium-vanadium-based 5 

denitration catalyst was used as the gas purification catalyst 12. Moreover, the supported 

amount of the gas purification catalyst 12 to the filter body 11 was 250 g/m2. 

[0081] The mean particle size D50 of the supported gas purification catalyst 12 was 10 μm in 

the Example and 0.8 μm in Comparative Example. The mean particle size of Comparative 

Example is similar to the mean particle size of the gas purification catalyst described above in 10 

Patent Document 2. 

[0082] Moreover, as the conditions of the exhaust gas supplied to the gas purification filter 

20, in both of Example and Comparative Example, the temperature was 200℃, and the average 

superficial velocity um (equal to the gas average flow velocity um) was 0.8 m/minute. The 

composition of the exhaust gas was 150ppmvol. of nitrogen oxide, 10%vol. of carbon dioxide, 15 

10%vol. of oxygen, 20%vol. of water, 105ppmvol. of ammonia, 2,000ppmvol. of sulfur 

dioxide, and 80%vol. of nitrogen. 

[0083] As shown in FIG. 8, the ratio of reaction rate in Example was twice as high as that in 

Comparative Example in the initial state (time of 0 minutes). Then, even after a lapse of time 

while flowing the exhaust gas, the ratio of reaction rate in Example was decreased with the 20 

same tendency as the ratio of reaction rate in Comparative Example. Then, even after a lapse 

of 800 minutes, the ratio of reaction rate in Example did not go below the ratio of reaction rate 

in the initial state (time of 0 minutes) in Comparative Example. Therefore, as indicated by the 

solid line graph of FIG. 8, with Example according to an embodiment of the present invention, 

it is found, in particular, that catalytic performance in the initial state can be enhanced. Then, it 25 

is found that high catalytic performance (the reaction rate constant larger than that in 

Comparative Example) is maintained for a long period of time, making it possible to improve 

durability of the gas purification filter 20. 
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[0084] Moreover, for example, if catalytic performance at the same level as the conventional 

one suffices as required catalytic performance, it is possible to reduce the supported amount of 

the gas purification catalyst 12 to the filter body 11 compared to before. Thus, it is possible to 

reduce a production cost and a pressure loss, as well as to further decrease the differential 

pressure of the gas purification filter 20. Then, with the decrease in differential pressure, it is 5 

possible to reduce, for example, the frequency of backwashing and blower power, and to 

increase efficiency of a gas purification system 100 (to be described later) including the gas 

purification filter 20. 

[0085] FIG. 9 is a flowchart showing a method for producing the gas purification filter 20 

(may simply be referred to as the “producing method of the present embodiment” hereinafter) 10 

according to an embodiment of the present invention. The producing method of the present 

embodiment is related to a method for producing the above-described gas purification filter 20 

which includes the filter body 11 formed by the fiber cloth and the gas purification catalyst 12 

supported by the filter body 11. The producing method of the present embodiment includes a 

preparation step S1, a mean particle size decision step S2, and a support step S3. 15 

[0086] The preparation step S1 includes preparing the filter body 11. The filter body 11 to be 

prepared may have a known physical property, or a physical property may be grasped by 

deciding the physical property of the prepared filter body 11. The physical property here is, for 

example, the porosity. As described above, the porosity represents a volume of voids occupying 

a space per unit volume. The porosity of the filter body 11 can be decided based on, for example, 20 

the above-described equation (1). 

[0087] The mean particle size decision step S2 includes deciding, based on the porosity of the 

prepared filter body 11, the mean particle size D50 of the gas purification catalyst 12 such that 

the gas purification filter 20 has the porosity of not less than 6% and not greater than 20% 

(preferably, not less than 7% and not greater than 17%). More specifically, as described above 25 

with reference to FIGs. 6 and 7, depending on the porosity of the filter body 11, the mean 

particle size D50 of the gas purification catalyst 12 corresponding to the porosity of the gas 

purification filter 20 of not less than 6% and not greater than 20% is different. Thus, the mean 
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particle size decision step S2 includes deciding, based on the relationship between the porosity 

of the prepared filter body 11 and, for example, FIGs. 6 and 7 described above, the mean particle 

size D50 of the gas purification catalyst 12 such that the gas purification filter 20 can have the 

porosity of not less than 6% and not greater than 20%. As described above, the decided mean 

particle size D50 is the mean particle size measured by the laser diffraction particle size 5 

distribution measuring device. 

[0088] If the graph corresponding to the porosity of the filter body 11 neither exists FIG. 6 

nor FIG. 7, the graph without the porosity existing in FIGs. 6 and 7 can be predicted from the 

graphs respectively shown in FIGs. 6 and 7, and the mean particle size D50 can be decided based 

on the predicted graph. 10 

[0089] The support step S3 includes supporting the gas purification catalyst 12 having the 

decided mean particle size D50 by the filter body 11. More specifically, the support step S3 

includes preparing the gas purification catalyst 12 having the decided mean particle size D50 

and supporting the prepared gas purification catalyst 12 by the filter body 11. Although a 

support method is not particularly limited, a spray method for spraying a catalyst slurry 15 

including the particles of the gas purification catalyst 12 to the filter body 11 is preferable. That 

is, the support step S3 is preferably performed by the spray method. With the spray method, 

regardless of the particle size of the gas purification catalyst 12, it is possible to support the gas 

purification catalyst 12 by the filter body 11 by an amount in which the porosity of the gas 

purification filter 20 is not less than 6% and not greater than 20%. 20 

[0090] When the gas purification catalyst 12 is sprayed to the filter body 11 by the spray 

method, it is preferable that the gas purification catalyst 12 is sprayed in the same direction as 

a direction in which the exhaust gas flows in the gas purification filter 20. Moreover, for 

example, the gas purification catalyst 12 may be sprayed to the filter body 11 formed into the 

bag shape in advance, or the sheet-shaped filter body 11 to which the gas purification catalyst 25 

12 has been sprayed may be formed into the bag shape. Going through these steps, the bag filter 

is obtained which is formed by the gas purification filter 20 where the gas purification catalyst 

12 is supported by the filter body 11. 
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[0091] With the above-described producing method, focusing on the porosity of the gas 

purification filter 20 and setting the porosity of the gas purification filter 20 at not less than 6% 

and not greater than 20%, it is possible to ensure the gas flow passage 13 inside the gas 

purification filter 20 and to suppress the excessive increase in differential pressure. Thus, it is 

possible to facilitate the flow of the exhaust gas inside the gas purification filter 20 and to 5 

increase the gas throughput. Furthermore, setting the porosity of the gas purification filter 20 at 

not less than 6% and not greater than 20%, it is possible to easily bring the exhaust gas flowing 

through the gas flow passage 13 into appropriate contact with the particles of the gas 

purification catalyst 12 and to suppress passing through of the exhaust gas. Therefore, it is 

possible to increase catalytic efficiency and to improve catalytic performance compared to 10 

before. 

[0092] FIG. 10 is a system diagram of the gas purification system 100 according to an 

embodiment of the present invention. The gas purification system 100 is provided to purify an 

exhaust gas from a combustion device (for example, a boiler 101). The gas purification system 

100 includes a gas purification device 105 inside which the above-described gas purification 15 

filter 20 (not shown in FIG. 10) is disposed. The gas purification filter 20 disposed in the gas 

purification device 105 includes the gas purification catalyst 12 having the denitration function. 

That is, the gas purification catalyst 12 includes the denitration catalyst. 

[0093] Moreover, the gas purification system 100 further includes a supply device 106 for 

supplying a reducing agent for nitrogen oxide to a gas flowing upstream of the gas purification 20 

filter 20. The reducing agent includes, for example, ammonia water, ammonia gas, urea water, 

hydrocarbon, and carbon monoxide. 

[0094] A supply position of the reducing agent is arranged between the gas purification system 

100 and a cooling tower 104 in the illustrated example. However, any position will do as long 

as the reducing agent can be supplied upstream of the gas purification filter 20. For example, 25 

furnace denitration in a combustion furnace (not shown) attached to the boiler 101 may be 

performed by supplying the reducing agent to the inside of the combustion furnace. Thus, it is 

possible to perform denitration of the exhaust gas by using the supplied reducing agent. The 
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supply amount of the reducing agent in this case can be changed in accordance with the 

concentration of nitrogen oxide in the exhaust gas associated with fluctuations in operation 

conditions. 

[0095] In the boiler 101, steam is generated by heat exchange between water (liquid) and heat 

of a combustion gas generated by combustion in the above-described combustion furnace. The 5 

heat exchange is performed in a heat exchange device (not shown) provided for the boiler 101. 

The generated steam is used to, for example, rotate a steam turbine (not shown). Moreover, the 

combustion gas generated in the combustion furnace is supplied to an air heater 102 and a heat 

exchanger 103 as the exhaust gas. In the air heater 102 and the heat exchanger 103, air is heated 

by heat of the exhaust gas, and the heated air is used to, for example, heat combustion air and 10 

water supplied to the boiler 101. Moreover, the exhaust gas is supplied to the cooling tower 

104. In the cooling tower 104, if the temperature of the exhaust gas from the boiler 101 is, for 

example, about 220℃, the exhaust gas is cooled to, for example, about 170℃ in the cooling 

tower 104. 

[0096] The supply device 106 supplies the reducing agent to the cooled exhaust gas. Thus, a 15 

gas including the reducing agent is transmitted through the gas purification filter 20 of the gas 

purification device 105. As a result, in the denitration catalyst (gas purification catalyst 12) 

supported by the gas purification filter 20, it is possible to perform denitration of the exhaust 

gas by using the reducing agent. Denitration here refers to conversion of nitrogen monoxide 

and nitrogen dioxide into nitrogen by using the reducing agent. The reducing agent is consumed 20 

by denitration, suppressing leakage of the reducing agent downstream of the gas purification 

filter 20. 

[0097] Moreover, the gas purification catalyst 12 may include an oxidation catalyst, in 

addition to the above-described denitration catalyst. Including the oxidation catalyst, it is 

possible to perform oxidative decomposition of the reducing agent, even if the exhaust gas does 25 

not contain nitrogen oxide. Oxidation here refers to conversion of hydrocarbon, carbon 

monoxide, and ammonia (if included as the reducing agent) into steam, carbon dioxide, and 

nitrogen oxide, respectively by using oxygen. With oxidative decomposition of the reducing 

- 24 -



agent, it is possible to suppress leakage of the reducing agent downstream of the gas purification 

filter 20. If the gas purification catalyst 12 does not include the denitration catalyst, the reducing 

agent may not be used. 

[0098] An effect of suppressing leakage of the reducing agent is more advantageous in a case 

in which furnace denitration is performed by supplying the reducing agent into the combustion 5 

furnace. In particular, if the supply amount of the reducing agent is changed in association with 

the fluctuations in operation conditions as described above, the reducing agent easily leaks 

downstream of the gas purification filter 20 when the supply amount of the reducing agent is 

increased. Since oxidative decomposition of the reducing agent can be performed in the gas 

purification filter 20, it is possible to suppress leakage of the reducing agent downstream of the 10 

gas purification filter 20 by oxidative decomposition of the reducing agent even if the supply 

amount of the reducing agent is increased. 

[0099] Then, the gas after denitration is released to the atmosphere through a stack 107. 

[0100] According to the gas purification system 100, it is possible to purify the exhaust gas 

by using the gas purification device 105 which includes the gas purification filter 20 improved 15 

in catalytic performance compared to before. Thus, it is possible to increase a purification flow 

rate of the exhaust gas and to efficiently purify the exhaust gas. 

[0101] Moreover, cooled by the cooling tower 104, the temperature of the exhaust gas 

supplied to the gas purification system 100 is about, for example, 170℃. Denitration is 

normally performed at a high temperature (for example, not less than 200℃). However, since 20 

catalyst efficiency of the gas purification filter 20 in the gas purification system 100 is high, it 

is possible to sufficiently perform denitration of the exhaust gas even at a relatively low 

temperature of, for example, about 170℃. Thus, it is possible to perform respective treatments 

of denitration, desulfurization, dioxin removal, dust removal, and demineralization in the gas 

purification system 100 by causing the gas purification catalyst 12 of the gas purification system 25 

100 to have the functions of both denitration and oxidation. Thus, it is possible to 

simultaneously perform the respective treatments in the gas purification system 100 and to 

downsize the gas purification system 100. 
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[0102] Furthermore, as shown in FIG. 10, the exhaust gas from the boiler 101 is supplied to 

the gas purification system 100 without re-heating (incalescence) by, for example, a re-heater. 

In this regard, conventionally, the gas purification system 100 includes a reaction dust collecting 

device (not shown) where a denitration reaction tower (not shown) is installed in a latter stage 

thereof. In the reaction dust collecting device, the desulfurization and demineralization 5 

treatments are performed, in addition to dioxin removal. Thus, conventionally, in a cooling 

tower (not shown), the exhaust gas is cooled to have the temperature of, for example, not greater 

than 200℃ and more specifically, for example, about 150℃ to 180℃. 

[0103] The denitration reaction is performed at, for example, not less than 200℃. Thus, 

conventionally, the re-heater is installed between the reaction dust collecting device and the 10 

denitration reaction tower, and the gas cooled temporarily is re-heated to have a temperature 

suitable for the denitration reaction. However, in the gas purification system 100 according to 

an embodiment of the present invention, the exhaust gas need not be re-heated, and thus power, 

vapor, and the like for re-heating are not needed. As a result, it is possible to improve energy 

efficiency. Moreover, since re-heating is not needed, it is possible to supply vapor for re-heating 15 

to, for example, a steam turbine (not shown). As a result, it is possible to improve power 

generation efficiency. 

 

Reference Signs List 

[0104] 20 

1 Tubular portion 

2 Lid portion 

3 Opening portion 

10 Bag filter 

11 Filter body 25 

12 Gas purification catalyst 

13 Gas flow passage 

20 Gas purification filter 
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100 Gas purification system 

101 Boiler 

102 Air heater 

103 Heat exchanger 

104 Cooling tower 5 

105 Gas purification device 

106 Supply device 

107 Stack 
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CLAIMS 

 

1. A method for producing a gas purification filter comprising a filter body formed by a 

fiber cloth and a gas purification catalyst supported by the filter body, the method comprising: 

 a preparation step of preparing the filter body; 5 

 a mean particle size decision step of deciding, based on a porosity of the prepared filter 

body, a mean particle size D50 of the gas purification catalyst such that the gas purification filter 

has the porosity of not less than 6% and not greater than 20%; and 

 a support step of supporting the gas purification catalyst having the decided mean 

particle size D50 by the filter body. 10 

 

2. The method for producing the gas purification filter according to claim 1, 

 Wherein the porosity of the gas purification filter is not less than 7% and not greater 

than 17%. 

 15 

3. The method for producing the gas purification filter according to claim 1 or 2, 

 wherein the filter body has the porosity of not less than 55% and not greater than 82%, 

and 

 wherein the gas purification catalyst has a mean particle size D50 of not less than 1 μm 

and not greater than 250 μm. 20 

 

4. The method for producing the gas purification filter according to any one of claims 1 

to 3, 

 wherein the filter body has a basis weight of not less than 500 g/m2 and not greater 

than 1,200 g/m2. 25 

 

5. The method for producing the gas purification filter according to any one of claims 1 

to 4, 
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 wherein a fiber contained in the filter body includes any one of polyester fiber, 

polyamide fiber, polyphenylene-sulfide fiber, polyacrylic fiber, polypropylene fiber, polyimide 

fiber, glass fiber, and polyfluoroethylene fiber. 

 

6. The method for producing the gas purification filter according to claim 5, 5 

 wherein the fiber has a largest diameter of not greater than 15 μm in a fiber cross-

section. 

 

7. The method for producing the gas purification filter according to any one of claims 1 

to 6, wherein the support step is performed by a spray method. 10 
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