COMBUSTION SYSTEM

TECHNICAL FIELD

[0001]

The present invention relates to a combustions system.
In more detail, the present invention relates to a combustion system

which purifies exhaust gas produced by fuel combusting, using a

denitration catalyst.

BACKGROUND ART

[0002]

As one of the pollutants emitted into air by the combustion of
fuel, nitrogen oxides (NO, NO;, NOs;, N,O, N;O3, NyO4, NyOs) can be
exemplified.

The nitrogen oxides induce acid rain, ozone layer depletion,
photochemical smog, etc., and have a serious influence on the

environment and human bodies; therefore, treatment thereof is an

important problem.

[0003]

As technology for removing the above-mentioned nitrogen oxides,
the selective catalytic reduction reaction (NH3—SCR) with ammonia (NHs)
as the reductant has been known.

As disclosed in Patent Document 1, a catalyst using titanium oxide as

the carrier and supporting vanadium oxide is being widely used as the



catalyst used in the selective catalytic reduction reaction.
Titanium oxide has low activity for sulfur oxides, and has high
stability; therefore, it is best established as the carrier.
[0004]

On the other hand, although vanadium oxide plays a main role in
NH3-SCR, since it oxidizes SO, to SOz, it has not been able to support
on the order of 1 wt% or more of vanadium oxide.

In addition, with conventional NH3;-SCR, since the catalyst made by
supporting vanadium oxide on a titanium oxide carrier almost does not
react at low temperature, it must be used at high temperatures such as
350 to 400°cC.

However, in order to raise the degrees of freedom of design in devices
and facilities realizing NH3;—-SCR and make more efficient, the
development of a catalyst exhibiting high nitrogen oxide reduction
rate activity at low temperatures has been demanded.

[0005]

Subsequently, the present inventors have found a denitration
catalyst in which vanadium pentoxide is present in at least 43 wt$%,
having a BET specific surface area of at least 30 m?/g, and which can
be used in denitration at 200°C or lower (Patent Document 2).

[0006]

Patent Document 1: Japanese Unexamined Patent Application,

Publication No. 2004-275852

Patent Document 2: Japanese Patent No. 6093101

DISCLOSURE OF THE INVENTION



Problems to be Solved by the Invention
[0007]

The present inventors, as a result of thorough research trying to
achieve a further improvement of the above Patent Document 2, found a
denitration catalyst exhibiting a more superior reduction rate
activity of nitrogen oxides.

[0008]

The present invention has an object of providing a combustion
system made using a catalyst having better denitration efficiency at
low temperature compared to the conventional technology, upon the
selective catalytic reduction reaction with ammonia as the reductant.
Means for Solving the Problems
[0009]

The present invention relates to a combustion system including: a
combustion device which combusts a fuel; an exhaust channel through
which exhaust gas generated by the fuel combusting in the combustion
device flows; a dust collector which is disposed in the exhaust
channel, and collects ash dust in the exhaust gas; and a denitration
device which is disposed in the exhaust channel, and removes nitrogen
oxides from the exhaust gas by way of a denitration catalyst, in which
the denitration device is disposed on a downstream side of the dust
collector in the exhaust channel, and the denitration catalyst
contains vanadium oxide as a main component, content by oxide
conversion of a second metal is at least 1 wt% and no more than 40 wt%,

and the second metal is at least one metal element selected from the



group consisting of Co, W, Mo, Nb, Ce, Sn, Ni, Fe, Cu, Zn and Mn.
[0010]

In addition, it is preferable for the combustion system to
further include: an air preheater disposed in the exhaust channel, and
recovers heat from the exhaust gas, and the air preheater to be
disposed on an upstream side of the dust collector.

[0011]

In addition, the present invention relates to a combustion system
including: a combustion device which combusts a fuel; an exhaust
channel through which exhaust gas generated by the fuel combusting in
the combustion device flows; an air preheater which is disposed in the
exhaust channel, and recovers heat from the exhaust gas; and a
denitration device which is disposed in the exhaust channel, and
removes nitrogen oxides from the exhaust gas by way of a denitration
catalyst, in which the denitration device is disposed on a downstream
side of the air preheater in the exhaust channel, and the denitration
catalyst contains vanadium oxide as a main component, content by oxide
conversion of a second metal is at least 1 wt% and no more than 40 wt%,
and the second metal is at least one metal element selected from the
group consisting of Co, W, Mo, Nb, Ce, Sn, Ni, Fe, Cu, Zn and Mn.
[0012]

In addition, the present invention relates to a combustion system
including: an internal combustion engine which combusts a fuel; an
exhaust channel through which exhaust gas generated by the fuel
combusting in the internal combustion engine flows; an exhaust heat

recovery device which is disposed in the exhaust channel and recovers



exhaust heat from exhaust gas discharged from the internal combustion
engine; and a denitration device which is disposed in the exhaust
channel, and removes nitrogen oxides from the exhaust gas by way of a
denitration catalyst, in which the denitration device is disposed on a
downstream side of the exhaust heat recovery device in the exhaust
channel, and the denitration catalyst contains wvanadium oxide as a
main component, content by oxide conversion of a second metal is at
least 1 wt% and no more than 40 wt%, and the second metal is at least
one metal element selected from the group consisting of Co, W, Mo, Nb,
Ce, Sn, Ni, Fe, Cu, Zn and Mn.

[0013]

In addition, it is preferable for the exhaust heat recovery
device to include a turbine device and an exhaust gas economizer; the
exhaust gas economizer to generate steam with exhaust gas discharged
from the internal combustion engine and exhaust gas supplied from the
turbine device as heat sources; and the turbine device to conduct
power generation using the exhaust gas discharged from the internal
combustion engine and steam supplied from the exhaust gas economizer.
[0014]

In addition, in the denitration catalyst, it is preferable for
the second metal to be W.

[0015]

In addition, in the denitration catalyst, it is preferable for
the second metal to be W, and to further contain Cu as a third metal.
[0016]

In addition, the denitration catalyst preferably contains an



oxide of a composite metal of vanadium and a second metal.

Effects of the Invention
[0017]

A combustion system according to the present invention has better
denitration efficiency at low temperature compared to the conventional
technology, upon the selective catalytic reduction reaction with

ammonia as the reductant.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

FIG. 1 is a graph showing NO conversion rates of vanadium
catalysts containing a second metal, and a vanadium catalyst not
containing a second metal, according to each of the Examples;

FIG. 2 is a graph showing NO conversion rates of vanadium
catalysts containing cobalt and a vanadium catalyst not containing
cobalt, according to each of the Examples;

FIG. 3 is a graph showing powder XRD patterns of vanadium
catalysts containing cobalt according to each of the Examples and
Comparative Examples;

FIG. 4 is a graph showing Raman spectra of vanadium catalysts
containing cobalt according to each of the Examples;

FIG. 5A is a graph showing XPS spectra in the V2p region of
vanadium catalysts containing cobalt according to each of the Examples

and Comparative Examples;



FIG. 5B is a graph showing XPS spectra in the Co2p region of
vanadium catalysts containing cobalt according to each of the Examples
and Comparative Examples;

FIG. 6 is a graph showing NO conversion rates of vanadium
catalysts containing tungsten and a vanadium catalyst not containing
tungsten, according to each of the Examples;

FIG. 7 is a graph showing powder XRD patterns of vanadium
catalysts containing tungsten according to each of the Examples and
Comparative Examples;

FIG. 8 is a graph showing a proportion of tungsten element in
vanadium catalysts containing tungsten, according to each of the
Examples and Comparative Examples;

FIG. 9 is a graph showing NO conversion rates of vanadium
catalysts containing tungsten and a vanadium catalyst not containing
tungsten, according to each of the Examples;

FIG. 10 is a graph showing powder XRD patterns of vanadium
catalysts containing tungsten according to each of the Examples and
Comparative Examples;

FIG. 11 is a graph showing a proportion of tungsten element in
vanadium catalysts containing tungsten, according to each of the
Examples and Comparative Examples;

FIG. 12 is a graph showing NO conversion rates of vanadium
catalysts containing tungsten and a vanadium catalyst not containing
tungsten, according to each of the Examples;

FIG. 13 is a graph showing NO conversion rates of vanadium

catalysts according to Examples of the present invention;



FIG. 14 is a graph showing the specific surface area of vanadium
catalysts, according to Examples and Comparative Examples of the
present invention;

FIG. 15 is a graph showing the transition in NO conversion rates
of vanadium catalysts, according to Examples and Comparative Examples
of the present invention;

FIG. 16 is a graph showing NOx conversion rates under a dry
atmosphere and under a 10% moisture atmosphere of vanadium catalysts,
according to Examples and Comparative Examples of the present
invention;

FIG. 17 shows NO conversion rates for every reaction temperature
of vanadium catalysts, according to Examples and Comparative Examples
of the present invention;

FIG. 18 is a TEM image of a vanadium catalyst according to an
Example of the present invention;

FIG. 19 is a TEM image of a vanadium catalyst according to an
Example of the present invention;

FIG. 20 is a TEM image of a vanadium catalyst according to an
Example of the present invention;

FIG. 21 is a TEM image of a vanadium catalyst according to a
Comparative Example of the present invention;

FIG. 22 is a graph showing NO conversion rates of vanadium
catalysts containing niobium and a vanadium catalyst not containing
niobium, according to Examples of the present invention;

FIG. 23 is a graph showing NO conversion rates of vanadium

catalysts containing carbon and cobalt according to Examples of the



present invention, and a vanadium catalyst according to a Comparative
Example;

FIG. 24 is a graph showing the NO conversion rates of vanadium
catalysts according to Examples of the present invention;

FIG. 25 is a view showing the configuration of a combustion
system according to a first application example of the present
invention;

FIG. 26 is a view showing the configuration of a combustion
system according to a second application example of the present
invention;

FIG. 27 is a view showing the configuration of a combustion
system according to a third application example of the present
invention; and

FIG. 28 is a view showing the configuration of a combustion
system according to a fourth application example of the present

invention.

PREFERRED MODE FOR CARRYING OUT THE INVENTION

[0019]

Hereinafter, a denitration catalyst according to an embodiment of
the present invention will be explained.
[0020]

A denitration catalyst of the present invention is a denitration
catalyst containing vanadium oxide as a main component, and containing

a second metal, in which content by oxide conversion of the second
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metal is at least 1 wt% and no more than 40 wt%, and the second metal
is at least one selected from the group consisting of Co, W, Mo, Nb,
Ce, Sn, Ni, Fe, Cu, Zn and Mn.
Such a denitration catalyst can exhibit a high denitration effect even
under a low temperature environment, compared to a denitration
catalyst such as a vanadium/titanium catalyst which is conventionally
used.
[0021]

First, the denitration catalyst of the present invention
establishes vanadium oxide as a main component.
This vanadium oxide includes vanadium oxide (II) (VO), wvanadium
trioxide (III) (V.03), vanadium tetroxide (IV) (V,04), and vanadium
pentoxide (V) (Vx0s), and the V element of vanadium pentoxide (V,05) may
assume the pentavalent, tetravalent, trivalent and divalent form in
the denitration reaction.
It should be noted that this vanadium oxide is a main component of the
denitration catalyst of the present invention, and may contain other
substances within a range not inhibiting the effects of the present
invention; however, it is preferably present in at least 50 wt% by
vanadium pentoxide conversion, in the denitration catalyst of the
present invention.
More preferably, vanadium oxide is preferably present in at least 60
wt% by vanadium pentoxide conversion, in the denitration catalyst of
the present invention.
[0022]

Secondly, the denitration catalyst of the present invention
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contains vanadium oxide as a main component, and a second metal;
however, by containing by such a second metal, it is possible to
exhibit high denitration effect even under a low temperature
environment, compared to a denitration catalyst such as a
vanadium/titanium catalyst which is conventionally used.

If impurities get into the denitration catalyst of the present
invention, the crystal structure will not be continuous since an
amorphous portion is produced in the denitration catalyst, and a high
denitration effect is exhibited by the lines and planes in the crystal
lattice distorting; however, it is assumed that higher denitration
effect is exhibited as the oxide of the second metal exists more
abundantly as this impurity.

[0023]

In the denitration catalyst of the present invention, by this
second metal substituting the vanadium sites, this denitration
catalyst either or both contains oxides of composite metal, or this
denitration catalyst contains an oxide of the second metal.

[0024]

In an embodiment of the present invention, in the selective
catalytic reduction reaction at a reaction temperature of 200°C or
less using a denitration catalyst having a content of cobalt oxide of
1 wt% to 10 wt%, when calculating the content by oxide conversion of
second metal, it exhibited a NO conversion rate of 79% to 100% in the
case of no moisture coexistence, and exhibited a NO conversion rate of
38% to 90% in the case of moisture coexisting.

On the other hand, in the selective catalytic reduction reaction at a



12

reaction temperature of 200°C or less using a denitration catalyst
having a content of cobalt oxide of 0 wt%, when calculating the
content by oxide conversion of second metal, it only exhibited a NO
conversion rate of 76% in the case of no moisture coexistence, and
only exhibited a NO conversion rate of 32% in the case of moisture
coexisting.

[0025]

In addition, in the selective catalytic reduction reaction at a
reaction temperature of 200°C or less using a denitration catalyst
having a content of tungsten oxide of 12 wt% to 38 wt%, when
calculating the content by oxide conversion of second metal, it
exhibited a NO conversion rate of 83% to 96% in the case of no
moisture coexistence, and exhibited a NO conversion rate of 43% to 55%
in the case of moisture coexisting.

On the other hand, in the selective catalytic reduction reaction at
200°C or less using a denitration catalyst having a content of
tungsten oxide of 0 wt% as the oxide of the second metal, it only
exhibited a NO conversion rate of 90% in the case of no moisture
coexistence, and only exhibited a NO conversion rate of 50% in the
case of moisture coexisting.

In addition, in the selective catalytic reduction reaction at a
reaction temperature of 200°C or less using a denitration catalyst
having a content of tungsten oxide of 62 wt% to 100 wt%, when
calculating the content by oxide conversion of second metal, it only
exhibited a NO conversion rate of 3 to 69% in the case of no moisture

coexistence, and only exhibited a NO conversion rate of 0% to 29% in



13

the case of moisture coexisting.
[0026]

In addition, in the selective catalytic reduction reaction using
a denitration catalyst having a content of niobium oxide of 2 wt% to
16 wt%, when calculating the content by oxide conversion of second
metal, it exhibited a NO conversion rate of 90% to 97% in the case of
no moisture coexistence, and exhibited a NO conversion rate of 50% to
73% in the case of moisture coexisting.

[0027]

In addition, in the aforementioned disclosure, the denitration
catalyst of the present invention establishes the content by oxide
conversion of the second metal as at least 1 wt% and no more than 40
wt%; however, it is preferably set as at least 2 wt% and no more than
38 wt%.

In addition, the content by oxide conversion of the second metal is
preferably set as at least 2 wt% and no more than 10 wt%.

In addition, the content by oxide conversion of the second metal is
preferably set as at least 2 wt% and no more than 7 wt%.

In addition, the content by oxide conversion of the second metal is
preferably set as at least 3 wt% and no more than 7 wt%.

In addition, the content by oxide conversion of the second metal is
preferably set as at least 3 wt® and no more than 5 wts.

In addition, the content by oxide conversion of the second metal is
preferably set as at least 3 wt® and no more than 4 wts.

[0028]

Thirdly, the second metal is at least one selected from the group
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consisting of Co, W, Mo, Nb, Ce, Sn, Ni, Fe, Cu, Zn and Mn.

It is thereby possible to distort the crystal structure of vanadium
oxide, and raise the Lewis acidity.

Above all, in the case of Co, Mo, Ce, Sn, Ni and Fe, it promotes the
oxidation-reduction cycle of Vy0s.

In addition, among these elements, Co is known to have strong
oxidizability.

By W, Mo and Nb all functioning as solid acids, and providing an
absorption site for ammonia, it becomes possible for ammonia to
efficiently contact with NO and react.

[0029]

In an embodiment of the present invention, in the selective
catalytic reduction reaction at a reaction temperature of 200°C or
less using a denitration catalyst having a content of cobalt oxide of
3.1 wt%, when calculating the content by oxide conversion of second
metal, it exhibited a NO conversion rate of 89.1% in the case of no
moisture coexistence, and exhibited a NO conversion rate of 73.7% in
the case of moisture coexisting.

In addition, in an embodiment of the present invention, in the
selective catalytic reduction reaction at a reaction temperature of
200°C or less using a denitration catalyst having a content of
tungsten oxide of 8.4 wt%, when calculating the content by oxide
conversion of second metal, it exhibited a NO conversion rate of 100%
in the case of no moisture coexistence, and exhibited a NO conversion
rate of 92.2% in the case of moisture coexisting.

In addition, in an embodiment of the present invention, in the
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selective catalytic reduction reaction at a reaction temperature of
200°C or less using a denitration catalyst having a content of
molybdenum oxide of 5.4 wt%, when calculating the content by oxide
conversion of second metal, it exhibited a NO conversion rate of 91.2%
in the case of no moisture coexistence, and exhibited a NO conversion
rate of 71.3% in the case of moisture coexisting.

In addition, in an embodiment of the present invention, in the
selective catalytic reduction reaction at a reaction temperature of
200°C or less using a denitration catalyst having a content of niobium
oxide of 5.0 wt%, when calculating the content by oxide conversion of
second metal, it exhibited a NO conversion rate of 96.2% in the case
of no moisture coexistence, and exhibited a NO conversion rate of
68.8% in the case of moisture coexisting.

In addition, in an embodiment of the present invention, in the
selective catalytic reduction reaction at a reaction temperature of
200°C or less using a denitration catalyst having a content of iron
oxide of 3.1 wt%, when calculating the content by oxide conversion of
second metal, it exhibited a NO conversion rate of 80.8% in the case
of no moisture coexistence, and exhibited a NO conversion rate of
55.1% in the case of moisture coexisting.

In addition, in an embodiment of the present invention, in the
selective catalytic reduction reaction at a reaction temperature of
200°C or less using a denitration catalyst having a content of nickel
oxide of 2.9 wt%, when calculating the content by oxide conversion of
second metal, it exhibited a NO conversion rate of 80.5% in the case

of no moisture coexistence, and exhibited a NO conversion rate of
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70.1% in the case of moisture coexisting.

In addition, in an embodiment of the present invention, in the
selective catalytic reduction reaction at a reaction temperature of
200°C or less using a denitration catalyst having a content of copper
oxide of 3.0 wt%, when calculating the content by oxide conversion of
second metal, it exhibited a NO conversion rate of 98.8% in the case
of no moisture coexistence, and exhibited a NO conversion rate of
81.0% in the case of moisture coexisting.

In addition, in an embodiment of the present invention, in the
selective catalytic reduction reaction at a reaction temperature of
200°C or less using a denitration catalyst having a content of zinc
oxide of 3.1 wt%, when calculating the content by oxide conversion of
second metal, it exhibited a NO conversion rate of 85.8% in the case
of no moisture coexistence, and exhibited a NO conversion rate of
65.4% in the case of moisture coexisting.

In addition, in an embodiment of the present invention, in the
selective catalytic reduction reaction at a reaction temperature of
200°C or less using a denitration catalyst having a content of tin
oxide of 5.6 wt%, when calculating the content by oxide conversion of
second metal, it exhibited a NO conversion rate of 82.6% in the case
of no moisture coexistence, and exhibited a NO conversion rate of
62.4% in the case of moisture coexisting.

In addition, in an embodiment of the present invention, in the
selective catalytic reduction reaction at a reaction temperature of
200°C or less using a denitration catalyst having a content of cerium

oxide of 6.4 wt%, when calculating the content by oxide conversion of
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second metal, it exhibited a NO conversion rate of 82.1% in the case
of no moisture coexistence, and exhibited a NO conversion rate of
71.7% in the case of moisture coexisting.

In addition, in an embodiment of the present invention, in the
selective catalytic reduction reaction at a reaction temperature of
200°C or less using a denitration catalyst having a content of
manganese dioxide of 3.3 wt%, when calculating the content by oxide
conversion of second metal, it exhibited a NO conversion rate of 86.0%
in the case of no moisture coexistence, and exhibited a NO conversion
rate of 66.0% in the case of moisture coexisting.

On the other hand, in the selective catalytic reduction reaction at
200°C or less using a denitration catalyst not containing an oxide of
the second metal, it only exhibited a NO conversion rate of 82.3% in
the case of no moisture coexistence, and exhibited a NO conversion
rate of 47.2% in the case of moisture coexisting.

[0030]

In addition, in the denitration catalyst used in the combustion
system of the present invention, the second metal is preferably W.
[0031]

Although a repeat of the above, in the embodiment of the present
invention, in the selective catalytic reduction reaction at a reaction
temperature of 200°C or less using a denitration catalyst having a
content of tungsten oxide of 8.4 wt%, when calculating the content by
oxide conversion of second metal, it exhibited a NO conversion rate of
100% in the case of no moisture coexistence, and exhibited a NO

conversion rate of 92.2% in the case of moisture coexisting.
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On the other hand, in the selective catalytic reduction reaction at a
reaction temperature of 200°C or less using a denitration catalyst not
containing a second metal, it only exhibited a NO conversion rate of
82.3% in the case of no moisture coexistence, and exhibited a NO
conversion rate of 47.2% in the case of moisture coexisting.

[0032]

In addition, in the denitration catalyst used in the combustion
system of the present invention, it is preferable for the second metal
to be W, and to further contain Cu as a third metal.

In the embodiment of the present invention, in the selective catalytic
reduction reaction at a reaction temperature of 200°C or less using a
denitration catalyst having a content of WO;3 of 8.4 wt% and a content
of CuO of 3.0 wt%, when calculating the content by oxide conversion of
the second and third metals, it exhibited a NO conversion rate of
89.2% in the case of no moisture coexistence, and exhibited a NO
conversion rate of 79.2% in the case of moisture coexisting.

It should be noted that the upper limit for the content of CuO is 13
wts.

[0033]

In addition, the denitration catalyst used in the combustion
system of the present invention desirably contains oxides of composite
metal of vanadium and the second metal.

[0034]

In the embodiment of the present invention, in the selective

catalytic reduction reaction at a reaction temperature of 150°C using

a denitration catalyst produced using metatungstic acid as a precursor,



19

when using a denitration catalyst having a total weight ratio of WOs; of
2.5 wt% to 11.8 wt% in the case of oxide converting the content ratio
of W, it exhibited a NO conversion rate of 85% to 100%% in the case of
no moisture coexistence, and exhibited a NO conversion rate of 62% to
92% in the case of moisture coexisting.
On the other hand, although a repeat of the above, in the selective
catalytic reduction reaction at a reaction temperature of 200°C or
less using a denitration catalyst not containing a second metal, it
only exhibited a NO conversion rate of 82.3% in the case of no
moisture coexistence, and exhibited a NO conversion rate of 47.2% in
the case of moisture coexisting.
From the TEM image of this denitration catalyst produced using
metatungstic acid as a precursor, it was shown that the V site in the
crystal lattice of vanadium pentoxide is substituted by W, i.e. V is
isolated in atomic form, and this denitration catalyst contains oxides
of a composite metal of V and W.
[0035]

In addition, the denitration catalyst of the present invention is
preferably used in denitration at 300°C or lower.
This is because the firing temperature of the denitration catalyst of
the present invention is 300°C.
On the other hand, in the Examples described later, the denitration
catalyst of the present invention exhibits high denitration effect in
the selective catalytic reduction reaction at a reaction temperature
of 200°C or less; therefore, the denitration catalyst of the present

invention can be used in denitration at 200°C or less.
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Since oxidation from SO, to SOs; does not occur at 200°C or lower,
oxidation of SO, to SO; is not accompanying upon the selective
catalytic reduction reaction, as in the knowledge obtained by Patent
Document 2 described above.

[0036]

In addition, in the aforementioned description, the denitration
catalyst of the present invention is preferably used in denitration at
300°C or lower; however, it may preferably be used in denitration at
200°C or lower, or may be more preferably used in denitration at a
reaction temperature of 100 to 200°C.

More preferably, it may be used in denitration at a reaction
temperature of 160 to 200°C.

Alternatively, it may be used in denitration at a reaction temperature
of 80 to 150°C.

[0037]

In addition, the denitration catalyst of the present invention
more preferably contains carbon.

Above all, the carbon content is preferably at least 0.05 wt% and no
more than 3.21 wt%.

It should be noted that the carbon content may preferably be at least
0.07 wt% to no more than 3.21 wt%.

More preferably, the carbon content may be at least 0.11 wt% to no
more than 3.21 wt%.

More preferably, the carbon content may be at least 0.12 wt% to no
more than 3.21 wt%.

More preferably, the carbon content may be at least 0.14 wt$% to no
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more than 3.21 wt%.

More preferably, the carbon content may be at least 0.16 wt% to no
more than 3.21 wt%.

More preferably, the carbon content may be at least 0.17 wt% to no
more than 3.21 wt%.

More preferably, the carbon content may be at least 0.70 wt% to no
more than 3.21 wt%.

By containing carbon, it is possible to exhibit high denitration
effect even in a low temperature environment, compared to a
denitration catalyst such as a vanadium/titanium catalyst which is
conventionally used.

If impurities get into the denitration catalyst of the present
invention, the crystal structure will not be continuous since the
amorphous portion is produced in the denitration catalyst, a high
denitration effect is exhibited by the lines and planes in the crystal
lattice distorting; however, it is assumed that higher denitration
effect is exhibited by carbon existing as this impurity.

[0038]

Hereinafter, a method is shown for preparing a denitration
catalyst with vanadium oxide as a main component, in which the content
by oxide conversion of the second metal is at least 1 wt% and no more
than 40 wt%, and the second metal is at least one metal element
selected from the group consisting of Co, W, Mo, Nb, Ce, Sn, Ni, Fe,
Cu, Zn and Mn.

[0039]

The preparation method of the above-mentioned denitration
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catalyst includes a step of firing a mixture of vanadate, chelate
compound and a compound of the second metal.

As the vanadate, for example, ammonium vanadate, magnesium vanadate,
strontium vanadate, barium vanadate, zinc vanadate, lead vanadate,
lithium vanadate, etc. may be used.

In addition, as the chelate compound, one having a plurality of
carboxyl groups such as oxalic acid and citric acid, one having a
plurality of amino groups such as acetylacetone and ethylenediamine,
one having a plurality of hydroxyl groups such as ethylene glycol, etc.
may be used.

In addition, the compound of the second metal may be a chelate complex,
hydrate, ammonium compound, or phosphate compound.

The chelate complex may be a complex of oxalic acid, citric acid or

the like, for example.

The hydrate may be (NHg)10W12041°5H20 or HiPWi,040°nH,O, for example.

The ammonium compound may be (NHg)10Wi2041°5H0, for example.

The phosphate compound may beH;PWi,040°nH0, for example.

[0040]

In addition, it is preferable for ethylene glycol to be further
contained in the above-mentioned mixture.
[0041]

The denitration catalyst produced by these methods can exhibit
high denitration effect under a low temperature atmosphere, compared
to a denitration catalyst such as a vanadium/titanium catalyst which
is conventionally used.

If impurities get into the denitration catalyst of the present
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invention, the crystal structure will not be continuous since the
amorphous portion is produced in the denitration catalyst, a high
denitration effect is exhibited by the lines and planes in the crystal
lattice distorting; however, it is assumed that higher denitration
effect is exhibited as the carbon exists more abundantly as this
impurities.

[0042]

In the embodiment of the present invention, the denitration
catalyst produced by the method firing a mixture of ammonium vanadate,
oxalic acid and an oxalic acid complex of the second metal exhibited a
NO conversion rate of 80.5% to 100% in the case of no moisture
coexistence, and exhibited a NO conversion rate of 55.1% to 92.2% in
the case of moisture coexisting.

In addition, the denitration catalyst produced by a method in which
ethylene glycol is further included in the above-mentioned mixture
exhibited a NO conversion rate of 100% in the case of no moisture
coexistence, and exhibited a NO conversion rate of 89% in the case of
moisture coexisting.

On the other hand, as the denitration catalyst produced by a method
not including such a step, for example, the denitration catalyst
produced by a method mixing ammonium vanadate and oxalic acid, but
firing without mixing an oxide of the second metal, only exhibited a
NO conversion rate of 82.3% in the case of no moisture coexistence,
and exhibited a NO conversion rate of 47.2% in the case of moisture
coexisting.

[0043]
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In addition, the above-mentioned firing is preferably performed
at a temperature no higher than 270°C.

During production of the denitration catalyst according to the present
embodiment, by firing at a temperature no higher than 270°C, which is
a low temperature compared to the usual 300°C, the structure of the
vanadium pentoxide crystals contained in this denitration catalyst is
locally distorted, and can exhibit a high denitration effect; however,
it is assumed that, above all, high denitration effect is exhibited by
sites appearing at which an oxygen atom is deficient in the crystal
structure of vanadium pentoxide.

It should be noted that “sites at which an oxygen atom is deficient”
is also designated as “oxygen defect site”.

[0044]

The denitration catalyst prepared in this way is a denitration
catalyst establishing vanadium oxide as a main component, in which
content of oxide of the second metal is at least 1 wt% and no more
than 40 wt%, and the second metal is at least one metal element
selected from the group consisting of Co, W, Mo, Nb, Ce, Sn, Ni, Fe,
Cu, Zn and Mn.

[0045]

It should be noted that the present invention is not to be
limited to the above embodiment, and that modifications, improvements,
etc. within a scope that can achieve the object of the present

invention are also encompassed by the present invention.

EXAMPLES
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[0046]

Hereinafter, Examples of the present invention will be
specifically explained together with Comparative Examples.
It should be noted that the present invention is not to be limited by
these Examples.
[0047]

1 Vanadium Catalyst Containing Various Metals as Second Metal

1.1 Each Example and Comparative Example

[0048]
[Example 1]

A precursor complex was synthesized by dissolving 4.96 g (42.4
mmol) of ammonium vanadate (NH,VO3) and 11.5 g (127.6 mmol) of oxalic
acid ((COOH),) in pure water.
To this precursor complex, oxalic acid complex of cobalt (Co), which
is the second metal, was added, so that the cobalt (Co) becomes 3.5
mol% by metallic atom conversion, i.e. Cos04 becomes 3.1 wt% by metal
oxide conversion.
By firing the obtained vanadium-dissimilar metal complex mixture twice
for 4 hours at a temperature of 300°C by an electric furnace, a
denitration catalyst of vanadium pentoxide (V»0s) containing cobalt
(Co) was obtained.
[0049]
[Example 2]

A precursor complex was synthesized by dissolving 4.96 g (42.4

mmol) of ammonium vanadate (NH,VO3) and 11.5 g (127.6 mmol) of oxalic
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acid ((COOH),) in pure water.

To this precursor complex, oxalic acid complex of tungsten (W), which
is the second metal, was added, so that the tungsten (W) becomes 3.5
mol% by metallic atom conversion, i.e. WOs becomes 8.4 wt% by metal
oxide conversion.

By firing the obtained vanadium-dissimilar metal complex mixture twice
for 4 hours at a temperature of 300°C by an electric furnace, a
denitration catalyst of vanadium pentoxide (V:0s) containing tungsten
(W) was obtained.

[0050]

[Example 3]

A precursor complex was synthesized by dissolving 4.96 g (42.4
mmol) of ammonium vanadate (NH,VO3) and 11.5 g (127.6 mmol) of oxalic
acid ((COOH),) in pure water.
To this precursor complex, oxalic acid complex of molybdenum (Mo),
which is the second metal, was added, so that the molybdenum (Mo)
becomes 3.5 mol% by metallic atom conversion, i.e. MoO; becomes 5.4 wt$
by metal oxide conversion.
By firing the obtained vanadium-dissimilar metal complex mixture twice
for 4 hours at a temperature of 300°C by an electric furnace, a
denitration catalyst of vanadium pentoxide (V:0s) containing molybdenum
(Mo) was obtained.
[0051]
[Example 4]

A precursor complex was synthesized by dissolving 4.96 g (42.4

mmol) of ammonium vanadate (NH,VO3) and 11.5 g (127.6 mmol) of oxalic
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acid ((COOH),) in pure water.

To this precursor complex, oxalic acid complex of niocbium (Nb), which
is the second metal, was added, so that the niobium (Nb) becomes 3.5
mol% by metallic atom conversion, i.e. Nby,Os becomes 5.0 wt$ by metal
oxide conversion.

By firing the obtained vanadium-dissimilar metal complex mixture twice
for 4 hours at a temperature of 300°C by an electric furnace, a
denitration catalyst of vanadium pentoxide (V»0s) containing niobium
(Nb) was obtained.

[0052]

[Example 5]

A precursor complex was synthesized by dissolving 4.96 g (42.4
mmol) of ammonium vanadate (NH,VO3) and 11.5 g (127.6 mmol) of oxalic
acid ((COOH),) in pure water.
To this precursor complex, oxalic acid complex of iron (Fe), which is
the second metal, was added, so that the iron (Fe) becomes 3.5 mol% by
metallic atom conversion, i.e. FeyO3 becomes 3.1 wt?® by metal oxide
conversion.
By firing the obtained vanadium-dissimilar metal complex mixture twice
for 4 hours at a temperature of 300°C by an electric furnace, a
denitration catalyst of vanadium pentoxide (V,0s) containing iron (Fe)
was obtained.
[0053]
[Example 6]

A precursor complex was synthesized by dissolving 4.96 g (42.4

mmol) of ammonium vanadate (NH,VO3) and 11.5 g (127.6 mmol) of oxalic
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acid ((COOH),) in pure water.

To this precursor complex, 0.113 g of nickel (Ni), which is the second
metal, was added as nickel carbonate, so that the nickel (Ni) becomes
3.5 mol% by metallic atom conversion, i.e. NiO becomes 2.9 wt$ by
metal oxide conversion.

By firing the obtained vanadium-dissimilar metal complex mixture twice
for 4 hours at a temperature of 300°C by an electric furnace, a
denitration catalyst of wvanadium pentoxide (V»0s) containing nickel
(N1) was obtained.

[0054]

[Example 7]

A precursor complex was synthesized by dissolving 4.96 g (42.4
mmol) of ammonium vanadate (NH,VO3) and 11.5 g (127.6 mmol) of oxalic
acid ((COOH),) in pure water.
To this precursor complex, oxalic acid complex of copper (Cu), which
is the second metal, was added, so that the copper (Cu) becomes 3.5
mol% by metallic atom conversion, i.e. CuO becomes 3.0 wt% by metal
oxide conversion.
By firing the obtained vanadium-dissimilar metal complex mixture twice
for 4 hours at a temperature of 300°C by an electric furnace, a
denitration catalyst of vanadium pentoxide (V:0s) containing copper
(Cu) was obtained.
[0055]
[Example 8]

A precursor complex was synthesized by dissolving 4.96 g (42.4

mmol) of ammonium vanadate (NH,VO3) and 11.5 g (127.6 mmol) of oxalic
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acid ((COOH),) in pure water.

To this precursor complex, oxalic acid complex of zinc (Zn), which is
the second metal, was added, so that the zinc (Zn) becomes 3.5 mol% by
metallic atom conversion, i.e. ZnO becomes 3.1 wt% by metal oxide
conversion.

By firing the obtained vanadium-dissimilar metal complex mixture twice
for 4 hours at a temperature of 300°C by an electric furnace, a
denitration catalyst of vanadium pentoxide (V.0s) containing zinc (Zn)
was obtained.

[0056]

[Example 9]

A precursor complex was synthesized by dissolving 4.96 g (42.4
mmol) of ammonium vanadate (NH,VO3) and 11.5 g (127.6 mmol) of oxalic
acid ((COOH),) in pure water.
To this precursor complex, oxalic acid complex of tin (Sn), which is
the second metal, was added, so that the tin (Sn) becomes 3.5 mol% by
metallic atom conversion, i.e. SnO, becomes 5.6 wt% by metal oxide
conversion.
By firing the obtained vanadium-dissimilar metal complex mixture twice
for 4 hours at a temperature of 300°C by an electric furnace, a
denitration catalyst of vanadium pentoxide (V:0s) containing tin (Sn)
was obtained.
[0057]
[Example 10]

A precursor complex was synthesized by dissolving 4.96 g (42.4

mmol) of ammonium vanadate (NH,VO3) and 11.5 g (127.6 mmol) of oxalic
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acid ((COOH),) in pure water.

To this precursor complex, oxalic acid complex of cerium (Ce), which
is the second metal, was added, so that the cerium (Ce) becomes 3.5
mol% by metallic atom conversion, i.e. CeO, becomes 6.4 wt$ by metal
oxide conversion.

By firing the obtained vanadium-dissimilar metal complex mixture twice
for 4 hours at a temperature of 300°C by an electric furnace, a
denitration catalyst of vanadium pentoxide (V»0s) containing cerium
(Ce) was obtained.

[0058]

[Example 11]

A precursor complex was synthesized by dissolving 4.96 g (42.4
mmol) of ammonium vanadate (NH,VO3) and 11.5 g (127.6 mmol) of oxalic
acid ((COOH),) in pure water.
To this precursor complex, oxalic acid complex of manganese (Mn),
which is the second metal, was added, so that the manganese (Mn)
becomes 3.5 mol% by metallic atom conversion, i.e. MnO, becomes 3.3 wt$
by metal oxide conversion.
By firing the obtained vanadium-dissimilar metal complex mixture twice
for 4 hours at a temperature of 300°C by an electric furnace, a
denitration catalyst of vanadium pentoxide (V:0s) containing manganese
(Mn) was obtained.
[0059]
[Comparative Example 1]

A precursor complex was synthesized by dissolving 4.96 g (42.4

mmol) of ammonium vanadate (NH,VO3) and 11.5 g (127.6 mmol) of oxalic
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acid ((COCH)3) .

By firing this precursor complex twice for 4 hours at a temperature of
300°C by an electric furnace, a denitration catalyst of vanadium
pentoxide (V:0s) not containing the second metal was obtained.

[0060]

1.2 Evaluation

1.2.1 NO Conversion Rate

Under the conditions of Table 1 below, the NH3-SCR reaction was
conducted using a fixed bed flow-type reactor at a reaction
temperature of 150°C.

In the gas passing through the catalyst layer, NO was analyzed by a
Jasco FT-IR-4700.
[0061]

[Table 1]

(Table 1) NH;-SCR measurement conditions

Reaction temperature 150°C
Catalyst amount 0.375g
Gas flow rate 250mlmin~*

NO: 250ppm, NH;: 250ppm, O,: 4vol%
in Ar, 10% H,O0 (steam atmosphere)

Space velocity 40,000 mLh'g.,. "

[0062]

In addition, the NO conversion rate was calculated by Formula (1)
noted below.
It should be noted that No;, is the NO concentration at the reaction
tube inlet, and NOu,: is the NO concentration of the reaction tube

outlet.
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Formula 1

NO,, — NO
NOy,

NO conversion rate [%] = ¥t % 100 (Formula1)

[0063]
(Measurement Results)

Table 2 shows the NO conversion rates of each vanadium pentoxide
catalyst for both a case of moisture not coexisting and the case of
coexistence of moisture.

FIG. 1 is a plot graphing this Table 2.

[Table 2]

(Table 2) NOx conversion rate of vanadium pentoxide catalyst

Sample NO conversion rate/$%
dry wet (10%)

Examplel (Co) 89.1 73.7
Example2 (W) 100 92.2
Example3 (Mo) 91.2 71.3
Exampled (Nb) 96.2 68.8
Example5 (Fe) 80.8 55.1
Example6 (Ni) 80.5 70.1
Example? (Cu) 98.8 81.0
Example8 (Zn) 85.8 65.4
Example9 (Sn) 82.6 62.4
Examplel0 (Ce) 82.1 71.7
Examplell (Mn) 86.0 66.0
Comparative

Examplel (Only V,05) 82.3 47.2
[0064]

In both the case of moisture not coexisting and the case of the
10% steam atmosphere, the denitration catalyst of the Examples

generally exhibited higher NO conversion rate than the denitration
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catalyst of the Comparative Examples.

Above all, the denitration catalyst made by adding cobalt, tungsten,
molybdenum, niobium, copper, zinc or manganese to ammonium vanadate
exhibited a high NO conversion rate.

Thereamong, Example 2 (adding tungsten) exhibited the highest NO
conversion rate, in both the case of moisture not coexisting and the
case of moisture coexisting.

[0065]

In addition, under the conditions of Table 3 below, the NH3;-SCR
reaction was conducted using a fixed bed flow-type reactor at a
reaction temperature of 150°C.

In the gas passing through the catalyst layer, NO was analyzed by a
Jasco FT-IR-4700.

[Table 3]

(Table 3) NH;-SCR measurement conditions

Reaction temperature 150°C

Catalyst amount 0.375g

Gas flow rate 250mlmin~*
NO: 250ppm, NH;: 250ppm, O,: 4vol%
in Ar, 2.3% H,0 (steam atmosphere)

Space velocity 40,000 mLh'g.,. "

[0066]
(Measurement Results)

Table 4 shows the NO conversion rates of each vanadium pentoxide
catalyst for both a case of moisture not coexisting and the case of a
2.3% steam atmosphere.

[Table 4]



34

(Table 4) NOx conversion rate of vanadium pentoxide catalyst

Sample NO conversion rate/%
dry wet (2.3%)

Examplel (Co) 94.6 69.4
Example?2 (W) 92.0 64.0
Example3 (Mo) 97.0 62.0
Exampled (Nb) 96.7 61.7
Example5 (Ce) 89.8 52.9
Example6 (Sn) 88.1 45.5
Example? (Fe) 74.5 33.9
Comparative

Examplel (None) 75.5 32.0
[0067]

In both a case of moisture not coexisting and the case of a 2.3%
steam atmosphere, the denitration catalysts of the Examples generally
exhibited a higher NO conversion rate than the denitration catalysts
of the Comparative Examples.

Above all, the denitration catalyst made by adding cobalt, tungsten,
molybdenum, or niobium, to ammonium vanadate exhibited a high NO
conversion rate.

Thereamong, for the case of moisture not coexisting, Example 3 (adding
molybdenum) exhibited the highest NO conversion rate, and for the case
of moisture coexisting, Example 1 (adding cobalt) exhibited the
highest NO conversion rate.

[0068]

2 Vanadium Catalyst Containing Cobalt as Second Metal

2.1 Each Example

[0069]
As mentioned above, for the vanadium catalysts of Examples 1 to
11, in the case of moisture coexisting, since Example 1 (adding

cobalt) exhibited relative high NO conversion rate, the vanadium
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catalyst according to each of the Examples below were produced by
varying the additive amount of cobalt.
[0070]
[Example 12]

A precursor complex was synthesized by dissolving ammonium
vanadate (NH4VO3) and oxalic acid ((COCH),) in pure water.
To this precursor complex, oxalic acid complex of cobalt (Co), which
is the second metal, was added, so that Cos0, becomes 1 wt% by metal
oxide conversion.
By firing the obtained vanadium-cobalt complex mixture twice for 4
hours at a temperature of 300°C by an electric furnace, a denitration
catalyst of vanadium pentoxide (V,0s) containing cobalt (Co) was
obtained.
[0071]
[Example 13]

A precursor complex was synthesized by dissolving ammonium
vanadate (NH4VO3) and oxalic acid ((COCH),) in pure water.
To this precursor complex, oxalic acid complex of cobalt (Co), which
is the second metal, was added, so that Cos0, becomes 3 wt% by metal
oxide conversion.
By firing the obtained vanadium-cobalt complex mixture twice for 4
hours at a temperature of 300°C by an electric furnace, a denitration
catalyst of vanadium pentoxide (V,0s) containing cobalt (Co) was
obtained.
[0072]

[Example 14]
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A precursor complex was synthesized by dissolving ammonium
vanadate (NH4VO3;) and oxalic acid ((COCH),) in pure water.
To this precursor complex, oxalic acid complex of cobalt (Co), which
is the second metal, was added, so that Cos0, becomes 5 wt% by metal
oxide conversion.
By firing the obtained vanadium-cobalt complex mixture twice for 4
hours at a temperature of 300°C by an electric furnace, a denitration
catalyst of vanadium pentoxide (V,0s) containing cobalt (Co) was
obtained.
[0073]
[Example 15]

A precursor complex was synthesized by dissolving ammonium
vanadate (NH4VO3;) and oxalic acid ((COCH),) in pure water.
To this precursor complex, oxalic acid complex of cobalt (Co), which
is the second metal, was added, so that Cos0; becomes 6 wt% by metal
oxide conversion.
By firing the obtained vanadium-cobalt complex mixture twice for 4
hours at a temperature of 300°C by an electric furnace, a denitration
catalyst of vanadium pentoxide (V,0s) containing cobalt (Co) was
obtained.
[0074]
[Example 16]

A precursor complex was synthesized by dissolving ammonium
vanadate (NH4VO3;) and oxalic acid ((COCH),) in pure water.
To this precursor complex, oxalic acid complex of cobalt (Co), which

is the second metal, was added, so that Cos0; becomes 7 wt% by metal
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oxide conversion.
By firing the obtained vanadium-cobalt complex mixture twice for 4
hours at a temperature of 300°C by an electric furnace, a denitration
catalyst of vanadium pentoxide (V,0s) containing cobalt (Co) was
obtained.
[0075]
[Example 17]

A precursor complex was synthesized by dissolving ammonium
vanadate (NH4VO3) and oxalic acid ((COCH),) in pure water.
To this precursor complex, oxalic acid complex of cobalt (Co), which
is the second metal, was added, so that Cos0; becomes 8 wt% by metal
oxide conversion.
By firing the obtained vanadium-cobalt complex mixture twice for 4
hours at a temperature of 300°C by an electric furnace, a denitration
catalyst of vanadium pentoxide (V,0s) containing cobalt (Co) was
obtained.
[0076]
[Example 18]

A precursor complex was synthesized by dissolving ammonium
vanadate (NH4VO3) and oxalic acid ((COCH),) in pure water.
To this precursor complex, oxalic acid complex of cobalt (Co), which
is the second metal, was added, so that Cos0; becomes 10 wt% by metal
oxide conversion.
By firing the obtained vanadium-cobalt complex mixture twice for 4
hours at a temperature of 300°C by an electric furnace, a denitration

catalyst of vanadium pentoxide (V,0s) containing cobalt (Co) was
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obtained.
[0077]

It should be noted that Table 5 below shows the charging amount
of precursor during cobalt introduction in Examples 12 to 18.

[Table 5]
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2.2 Evaluation

2.2.1 NO Conversion Rate

(Measurement Method)

Under the conditions of the above Table 3, the NH3-SCR reaction was
conducted using a fixed bed flow-type reactor at a reaction
temperature of 150°C.

In the gas passing through the catalyst layer, NO was analyzed by a
Jasco FT-IR-4700.

In addition, the NO conversion rate was calculated by Formula (1)
above.

[0078]

(Measurement Results)

Table 6 shows the NO conversion rates for both the case of
moisture not coexisting and the case under coexistence of moisture of
each vanadium oxide catalyst.

FIG. 2 is a plot graphing this Table 6.

[Table 6]

(Table 6) NOx conversion rate of vanadium pentoxide catalyst

Sample NO conversion rate/$%
dry wet (2.3%)

Comparative

Example 1 (None) 76 32
Examplel? (lwt%) 79 38
Examplel3 (3wt%) 94 69
Examplel4 (5wt%) 95 65
Examplel5 (6wt%) 100 77
Examplel6 (7Twt%) 100 86
Examplel?’ (Bwt%) 99 90
Examplel$8 (10wt%) 96 65

[0079]
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In both the case of moisture not coexisting and the case under
coexistence of moisture, the denitration catalyst of the Examples
shows higher NO conversion rate than the denitration catalyst of the
Comparative Example.

Above all, in the case of moisture not coexisting, Example 15 (6 wt%)

and Example 16 (7 wt%) showed the highest NO conversion rates, and in

the case of moisture coexisting, Example 17 (8 wt%) showed the highest
NO conversion rate.

[0080]

2.2.2 Powder X-ray Diffraction

(Analysis Method)

As power X-ray diffraction, measurement was performed using Cu-Ko
by a Rigaku Smart Lab.
[0081]

(Analysis Results)

FIG. 3 shows the powder XRD (X-Ray Diffraction) patterns of
Example 12 (1 wt%), Example 13 (3 wt%), Example 15 (6 wt%), Example 18
(10 wt%) and Comparative Example 1 (None: 0 wt%).

It showed that, when V,0s which is the stabilized phase exists as the
main component, and raising the added amount of Co, the Cos0; phase
also appeared.

[0082]

2.2 .3 Raman Spectrum

(Measurement Method)
In order to analyze the crystal structure of each vanadium

pentoxide catalyst, the Raman spectra was measured by Raman
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spectroscopy.
In more detail, a small amount of a sample of each catalyst was placed
on a slide of glass, and the Raman spectra were measured by a Raman
sSpectrometer.
As the measurement apparatus, an NRS-4100 Raman spectrophotometer
manufactured by JASCO Corp. was used.
[0083]
(Measurement Results)

FIG. 4 shows the Raman spectra of each catalyst.
It is shown that, when raising the added amount of Co, the crystal
structure of V,0s collapses, and the pattern intensity weakens.
[0084]

2.2.4 X-ray Photoelectron Spectrum (XPS) Measurement

(Measurement Method)

For Example 12 (1 wt%), Example 13 (3 wt%), Example 15 (6 wt%),
Example 18 (10 wt%) and Comparative Example 1 (None: 0 wt%), the X-ray
photoelectron spectra (XPS: X-ray photoelectron spectrum) were
measured in order to analyze the electronic state.

In more detail, powder samples of each catalyst of the Examples and
Comparative Examples were fixed to a sample holder using carbon tape,
and the X-ray photoelectron spectrum was measured.

As the measurement device, a JPS-9010MX photoelectron spectrometer
manufactured by JEOL Ltd. was used.

[0085]

(Measurement Results)

FIG. 5A shows the XPS spectra in the V2p region.
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FIG. 5B shows the XPS spectra in the Co2p region.

When raising the added amount of Co, it is shown that V* and Co?*
components increased.

[0086]

3 Vanadium Catalyst Containing Tungsten as Second Metal

3.1 Case of Varying Added Amount of Tungsten

3.1.1 Each Example

As mentioned above, for the vanadium catalysts of Examples 1 to
11, in both the case of moisture not coexisting and the case of
moisture coexisting, since Example 2 (adding tungsten) showed the
highest NO conversion rate, the vanadium catalysts according to each
of the below Examples were produced by varying the added amount of
tungsten.
It should be noted that, not only was the added amount of tungsten
simply varied, the added amount of tungsten was varied for each of the
cases of using K,WO; and cases of using H3PWi,040°nH,O as the precursor,
as described later.
[0087]
[Example 19]

To a mixture of ammonium vanadate (NH4VO3), 43.9 mmol of K,WO, and
20 ml of pure water, 11.9 g (131.7 mmol) of oxalic acid ((COOH),) was
added, and after stirring at room temperature for 10 minutes, it was
stirred for 12 hours at 70°C.
By firing this precursor complex for 4 hours at 300°C, a denitration
catalyst of vanadium pentoxide (V,;0s) containing tungsten (W) was

obtained.



-+

It should be noted that, for W in the produced denitration catalyst,
the amount of ammonium vanadate as a raw material was adjusted so that
the total weight ratio by metal oxide (WOs3) conversion became 4.9 wt%.
[0088]
[Example 20]

To a mixture of ammonium vanadate (NH4VO3), 43.9 mmol of K,WO,; and
20 ml of pure water, 11.9 g (131.7 mmol) of oxalic acid ((COOH),) was
added, and after stirring at room temperature for 10 minutes, it was
stirred for 12 hours at 70°C.
By firing this precursor complex for 4 hours at 300°C, a denitration
catalyst of vanadium pentoxide (V;0s) containing tungsten (W) was
obtained.
It should be noted that, for W in the produced denitration catalyst,
the amount of ammonium vanadate as a raw material was adjusted so that
the total weight ratio by metal oxide (WOs3) conversion became 11.8 wt%.
[0089]
[Example 21]

To a mixture of ammonium vanadate (NH4VO3), 43.9 mmol of K,WO,; and
20 ml of pure water, 11.9 g (131.7 mmol) of oxalic acid was added, and
after stirring at room temperature for 10 minutes, it was stirred for
12 hours at 70°C.
By firing this precursor complex for 4 hours at 300°C, a denitration
catalyst of vanadium pentoxide (V;0s) containing tungsten (W) was
obtained.
It should be noted that, for W in the produced denitration catalyst,

the amount of ammonium vanadate as a raw material was adjusted so that
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the total weight ratio by metal oxide (WO3) conversion became 22.1 wt%.
[0090]
[Comparative Example 2]

To a mixture of ammonium vanadate (NH4VO3), 43.9 mmol of K,WO; and
20 ml of pure water, 11.9 g (131.7 mmol) of oxalic acid ((COOH),) was
added, and after stirring at room temperature for 10 minutes, it was
stirred for 12 hours at 70°C.
By firing this precursor complex for 4 hours at 300°C, a denitration
catalyst of vanadium pentoxide (V,0s) containing tungsten (W) was
obtained.
It should be noted that, for W in the produced denitration catalyst,
the amount of ammonium vanadate as a raw material was adjusted so that
the total weight ratio by metal oxide (WO3) conversion became about 100
wt%.
[0091]

It should be noted that Table 7 below shows the charging amount
of precursor during tungsten introduction in Examples 19 to 21, and
Comparative Example 2.

[Table 7]
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[0092]
[Example 22]

To a mixture of ammonium vanadate (NH4VO3), HsPW12040°nH,O and 20 ml
of pure water, 11.9 g (131.7 mmol) of oxalic acid ((COOH),) was added,
and after stirring at room temperature for 10 minutes, it was stirred
for 12 hours at 70°C.

By firing this precursor complex for 4 hours at 300°C, a denitration
catalyst of vanadium pentoxide (V,0s) containing tungsten (W) was
obtained.

It should be noted that, for W in the produced denitration catalyst,
the amount of ammonium vanadate and HiPWi,04°nH,O as raw materials were
adjusted so that the total weight ratio by metal oxide (WO3) conversion
became 38.4 wt%.

[0093]

[Comparative Example 3]

To a mixture of ammonium vanadate (NH4VO3), H3PW12040°nHO and 20 ml
of pure water, 11.9 g (131.7 mmol) of oxalic acid ((COOH),) was added,
and after stirring at room temperature for 10 minutes, it was stirred
for 12 hours at 70°C.

By firing this precursor complex for 4 hours at 300°C, a denitration
catalyst of vanadium pentoxide (V,0s) containing tungsten (W) was
obtained.

It should be noted that, for W in the produced denitration catalyst,
the amount of ammonium vanadate and HiPWi,04°nH,O as raw materials were
adjusted so that the total weight ratio by metal oxide (WOs3) conversion

became 61.7 wt%.
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[Comparative Example 4]

To a mixture of ammonium vanadate (NH4VO3), HsPW12040°nH,O and 20 ml
of pure water, 11.9 g (131.7 mmol) of oxalic acid ((COOH),) was added,
and after stirring at room temperature for 10 minutes, it was stirred
for 12 hours at 70°C.

By firing this precursor complex for 4 hours at 300°C, a denitration
catalyst of vanadium pentoxide (V,0s) containing tungsten (W) was
obtained.

It should be noted that, for W in the produced denitration catalyst,
the amount of ammonium vanadate and HiPWi,04°nH,O as raw materials were
adjusted so that the total weight ratio by metal oxide (WO3) conversion
became 77.3 wt%.

[0095]

[Comparative Example 5]

To a mixture of ammonium vanadate (NH4VO3), H3PW12040°nHO and 20 ml
of pure water, 11.9 g (131.7 mmol) of oxalic acid ((COOH),) was added,
and after stirring at room temperature for 10 minutes, it was stirred
for 12 hours at 70°C.

By firing this precursor complex for 4 hours at 300°C, a denitration
catalyst of vanadium pentoxide (V,0s) containing tungsten (W) was
obtained.

It should be noted that, for W in the produced denitration catalyst,
the amount of ammonium vanadate and HiPWi,04°nH,O as raw materials were
adjusted so that the total weight ratio by metal oxide (WOs3) conversion

became 84.4 wt%.
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[0096]
[Comparative Example 6]

To a mixture of ammonium vanadate (NH4VO3), HsPW12040°nH,O and 20 ml
of pure water, 11.9 g (131.7 mmol) of oxalic acid ((COOH),) was added,
and after stirring at room temperature for 10 minutes, it was stirred
for 12 hours at 70°C.

By firing this precursor complex for 4 hours at 300°C, a denitration
catalyst of vanadium pentoxide (V,0s) containing tungsten (W) was
obtained.

It should be noted that, for W in the produced denitration catalyst,
the amount of ammonium vanadate and HiPWi,04°nH,O as raw materials were
adjusted so that the total weight ratio by metal oxide (WO3) conversion
became about 100 wt%.

[0097]

It should be noted that Table 8 below shows the charging amount
of precursor during tungsten introduction in Example 22, and
Comparative Examples 3 to 6.

[Table 8]
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3.1.2 Evaluation

3.1.2.1 Outline

Under the conditions of the above Table 1, the NH3-SCR reaction was
conducted using a fixed bed flow-type reactor at a reaction
temperature of 150°C.

In the gas passing through the catalyst layer, NO was analyzed by a
Jasco FT-IR-4700.

In addition, the NO conversion rate was calculated by Formula (1)
above.

[0098]

(Measurement Results)

Table 9 shows the NO conversion rates for both the case of
moisture not coexisting and the case of coexistence of moisture of
each vanadium pentoxide catalyst.

FIG. 6 is a plot graphing this Table 9.

[Table 9]

(Table 9) NOx conversion rate of vanadium pentoxide catalyst

Sample NO conversion rate/%
dry wet (2.3%)

Comparative
Examplel (None) 76 32
Example20 (12wt%) 86 43
Example2l (22wt%) 96 55
Example2?2 (38wt%) 83 50
Comparative
Example3 (62wt%) 52 21
Comparative
Exampled (77wt%) 69 28
Comparative
Example? (100wt$%) 4 0
Comparative

(100wt$%) 3 0

Example6
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[0099]

In both the case of moisture not coexisting and the case under
coexistence of moisture, when comparing Comparative Example 1 having a
tungsten content of 0 wt% and Comparative Examples 2 to 4 and 6 having
a tungsten content of 62 wt$ to 100 wt%, it generally showed that
addition is effective between the added amounts of tungsten of 12 to
38 wts.

[0100]

Hereinafter, for each of a case of using K;WO; and a case of using
H3PW1,040°nH,O as the precursor, elemental analysis was conducted by
powder X-ray diffraction and SEM-EDS, and the NO conversion rate for
every tungsten content ratio was graphed for each case.

[0101]

3.2.2 Case using K)WO, as Precursor

3.2.2.1 Powder X-ray Diffraction and Elemental Analysis

(Measurement Method)

The powder X-ray diffraction, measurement was performed using Cu-
Ko by a Rigaku Smart Lab.

In addition, elemental analysis by SEM-EDS was conducted.
[0102]
(Measurement Results)

FIG. 7 shows the powder XRD patterns of Example 19 (4.9 wt%),
Example 20 (11.8 wt%), Example 21 (22.1 wt%), Comparative Example 1 (O
wt%) and Comparative Example 2 (100 wt%).

In addition, FIG. 8 shows the proportion (%) of tungsten element in

the case of establishing the horizontal axis as mol% of KyWO,.
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[0103]

From FIGS. 7 and 8, it was shown that, by increasing K,;WO,, the
crystalline phase became monoclinic WOs (100 wt%) through triclinic
V07 (12 wt%), and the ratio of tungsten atoms included in the catalyst
proportionally increased.

[0104]

3.1.2.2.2 NO Conversion Rate

(Measurement Results)

Table 10 shows the NO conversion rates for both the case of
moisture not coexisting and the case of coexistence of moisture of
each vanadium pentoxide catalyst.

FIG. 9 is a plot graphing this Table 10.

[Table 10]
(Table 10) NOx conversion rate of vanadium pentoxide catalyst
Sample NO conversion rate/%

dry wet (2.3%)
Comparative 76 32
Examplel (None)
Example20 (12wt$%) 86 43
Example2l (22wt$%) 96 55
Comparative 100wt 4 0
Example?2 ( wts)
[0105]

As found from Table 10 and FIG. 9, the catalytic activity reached
a maximum (96.3%) with triclinic V,0; (22.1 wt%).
In addition, the excess KWO, leads to a decline in catalytic activity,
and there was no catalytic activity with the content of tungsten of
100 wt%.

[0106]
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3.1.2.3 Case using H3PW;;040°nH,0 as Precursor

3.1.2.3.1 Powder X-ray Diffraction and Elemental Analysis

(Measurement Method)

The power X-ray diffraction, measurement was performed using Cu-
Ko by a Rigaku Smart Lab.

In addition, elemental analysis by SEM-EDS was conducted.
[0107]
(Measurement Results)

FIG. 10 shows the powder XRD patterns of Example 22 (38.4 wt%),
Comparative Example 3 (61.7 wt%), Comparative Example 4 (77.3 wt%),
Comparative Example 5 (84.4 wt%) and Comparative Example 6 (100 wt%).
In addition, FIG. 11 shows the proportion (%) of tungsten element in
the case of establishing the horizontal axis as mol% of H3PWi,040°nH20.
[0108]

From FIGS. 10 and 11, it is shown that by increasing the charging
amount of H3PW;,040°nH,O, the diffraction peak derived from H;PWi,040°nH0
became larger, and the content of tungsten became abundant with a
charging amount which was a relatively small amount.

[0109]

3.1.2.3.2 NO Conversion Rate

(Measurement Results)

Table 11 shows the NO conversion rates for both the case of
moisture not coexisting and the case of coexistence of moisture of
each vanadium pentoxide catalyst.

FIG. 12 is a plot graphing this Table 11.

[Table 11]



55

(Table 11) NOx conversion rate of vanadium pentoxide catalyst

Sample NO conversion rate/%
dry wet (2.3%)

Comparative N 76 39

Examplel (None)

Example2?2 (38wt3%) 83 50

Comparative 62 o 55 51

Example3 (62wts)

Comparative 77 . 69 8

Exampled (77wts)

Comparative 100wt 3 0

Example6 ( wts)

[0110]

As found from Table 11 and FIG. 12, for the case of establishing
H3PW1,040°nH,O0 as the precursor, although the catalytic activity reached
a maximum (82.9%) with the content of tungsten of 38.4 wt%, the
vanadium catalyst establishing K,WO; as the precursor and having a
content of tungsten of 22.1 wt% had results of higher catalytic
activity.

[0111]

3.2 Case using Metatungstic Acid as Precursor

As mentioned above, during production of the wvanadium catalysts
of Example 2 and Examples 19 to 22, paratungstic acid was used as
precursor.

However, paratungstic acid has a characteristic of the solubility in
water not being very high.

For this reason, the possibility of tungsten being mixed nonuniformly
in the catalyst was suggested.

The metatungstic acid has a high solubility in water compared to
paratungstic acid.

Therefore, vanadium catalyst containing tungsten as the second metal
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was produced by establishing metatungstic acid as the precursor in
place of paratungstic acid.

[0112]

3.2.1 Each Example and Comparative Example

[Example 23]

To a mixture of ammonium vanadate (NH4VO3), 0.037 mmol of
metatungstic acid and 20 ml of pure water, 11.9 g (131.7 mmol) of
oxalic acid ((COOH),) was added, and after stirring at room temperature
for 10 minutes, it was stirred for 12 hours at 70°C.

By firing this precursor complex for 4 hours at 300°C, a denitration
catalyst of vanadium pentoxide (V;0s) containing tungsten (W) was
obtained.

It should be noted that, for W in the produced denitration catalyst,
the amount of ammonium vanadate as a raw material was adjusted so that
the total weight ratio of WOs; by metal oxide (WOs;) conversion became
2.5 wt% (1.0 mol%).

[0113]

[Example 24]

To a mixture of ammonium vanadate (NH4VO3), 0.073 mmol of
metatungstic acid and 20 ml of pure water, 11.9 g (131.7 mmol) of
oxalic acid ((COOH),) was added, and after stirring at room temperature
for 10 minutes, it was stirred for 12 hours at 70°C.

By firing this precursor complex for 4 hours at 300°C, a denitration
catalyst of vanadium pentoxide (V;0s) containing tungsten (W) was
obtained.

It should be noted that, for W in the produced denitration catalyst,
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the amount of ammonium vanadate as a raw material was adjusted so that
the total weight ratio of WOs; by metal oxide (WOs;) conversion became
4.9 wt% (2.0 mol%).

[0114]

[Example 25]

To a mixture of ammonium vanadate (NH4VO3), 0.128 mmol of
metatungstic acid and 20 ml of pure water, 11.9 g (131.7 mmol) of
oxalic acid ((COOH),) was added, and after stirring at room temperature
for 10 minutes, it was stirred for 12 hours at 70°C.

By firing this precursor complex for 4 hours at 300°C, a denitration
catalyst of vanadium pentoxide (V;0s) containing tungsten (W) was
obtained.

It should be noted that, for W in the produced denitration catalyst,
the amount of ammonium vanadate as a raw material was adjusted so that
the total weight ratio of WOs; by metal oxide (WOs;) conversion became
8.5 wt% (3.5 mol%).

[0115]

[Example 26]

To a mixture of ammonium vanadate (NH4VO3), 0.183 mmol of
metatungstic acid and 20 ml of pure water, 11.9 g (131.7 mmol) of
oxalic acid ((COOH),) was added, and after stirring at room temperature
for 10 minutes, it was stirred for 12 hours at 70°C.

By firing this precursor complex for 4 hours at 300°C, a denitration
catalyst of vanadium pentoxide (V;0s) containing tungsten (W) was
obtained.

It should be noted that, for W in the produced denitration catalyst,
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the amount of ammonium vanadate as a raw material was adjusted so that
the total weight ratio of WOs; by metal oxide (WOs;) conversion became
11.8 wt% (5.0 mol%).

[0116]

[Example 27]

To a mixture of ammonium vanadate (NH4VO3), 0.256 mmol of
metatungstic acid and 20 ml of pure water, 11.9 g (131.7 mmol) of
oxalic acid ((COOH),) was added, and after stirring at room temperature
for 10 minutes, it was stirred for 12 hours at 70°C.

By firing this precursor complex for 4 hours at 300°C, a denitration
catalyst of vanadium pentoxide (V;0s) containing tungsten (W) was
obtained.

It should be noted that, for W in the produced denitration catalyst,
the amount of ammonium vanadate as a raw material was adjusted so that
the total weight ratio of WOs; by metal oxide (WOs;) conversion became
16.1 wt% (7.0 mol%).

[0117]

[Example 7]

To a mixture of 0.17 mmol of ammonium vanadate (NH;VO3), 0.028
mmol of metatungstic acid and 20 ml of pure water, 0.045 g (0.51 mmol)
of oxalic acid ((COCH),) and 1.4 g of titanium oxide powder were added,
and after stirring at room temperature for 10 minutes, it was stirred
for 12 hours at 70°C.

By firing this precursor complex for 4 hours at 300°C, a denitration
catalyst of vanadium pentoxide (V,0s) containing tungsten (W) loaded on

titanium oxide was obtained.
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[0118]

3.2.2 Evaluation

3.2.2.1 NO Conversion Rate

(Measurement Method)

For the tungsten-containing vanadium pentoxide catalysts of
Example 25 and Example 2, the NH3-SCR reaction was conducted using a
fixed bed flow-type reactor at a reaction temperature of 150°C under
the conditions of Table 12 below, under a dry atmosphere in the first
stage, under a 10% moisture atmosphere in the second stage, and
finally under a dry atmosphere again in the third stage.

In the gas passing through the catalyst layer, NO was analyzed by a
Jasco FT-IR-4700.
[0119]

[Table 12]

(Table 12) NH;-SCR measurement conditions

Reaction tempe 150°C

Catalyst amoun 0.375g

Gas flow rate 250mlmin *
NO: 250ppm, NH;: 250ppm, O,: 4vol%
in Ar, 10% H,O0 (steam atmosphere)

Space velocity 40,000 mLh g,

[0120]
In addition, the NO conversion rate was calculated by Formula (1)
above.
[0121]
(Measurement Results)

FIG. 13 show the NO conversion rates of the first stage to third
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stage of each vanadium pentoxide catalyst.

In all stages among the first stage to third stage, the NO conversion
rate of vanadium catalyst of Example 25 was higher than the NO
conversion rate of vanadium catalyst of Example 2.

In addition, it was shown that, for both the vanadium catalyst of
Example 25 and vanadium catalyst of Example 2, under the dry
atmosphere after the third stage after subjecting to the 10% moisture
atmosphere of the second stage, they returned to a NO conversion rate
almost equal to the NO conversion rate under the dry atmosphere of the
first stage.

[0122]

3.2.2.2 Specific Surface Area

(Measurement Method)

For the tungsten-containing vanadium pentoxide catalysts of
Example 25 and Example 2, and the vanadium pentoxide catalyst of
Comparative Example 1, the specific surface area under a dry
atmosphere in the first stage, and under the 10% moisture atmosphere
in the second stage, was measured using a fixed bed flow-type reactor
at a reaction temperature of 150°C, under the conditions of the above
Table 12, similarly to the measurement method of NO conversion rate in
3.2.2.1.

[0123]
(Measurement Results)

FIG. 14 shows the variation in specific surface area before and
after use of each vanadium pentoxide catalyst.

As is evident when comparing Example 25 and Example 2 with Comparative
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Example 1, the decline in specific surface area before and after use
was suppressed by adding tungsten.

In addition, it was shown that the vanadium pentoxide catalyst of
Example 25 made using metatungstic acid as a precursor has slightly
greater specific surface area than the vanadium pentoxide catalyst of
Example 2 made using paratungstic acid as a precursor.

[0124]

3.2.2.3 Water Concentration Dependency of Catalytic Activity

(Measurement Method)

For the tungsten-containing vanadium pentoxide catalysts of
Example 25 and Example 2, and the vanadium pentoxide catalyst of
Comparative Example 1, similarly to the measurement method of the NO
conversion rate in 3.2.2.1, the NO conversion rate was measured using
a fixed bed flow-type reactor at a reaction temperature of 150°C,
under the conditions of the above Table 10, under a dry atmosphere in
the first stage, under a 20% moisture atmosphere in the second stage,
under a 15% moisture atmosphere in the third stage, under a 10%
moisture atmosphere in the fourth stage, under a 5% moisture
atmosphere in the fifth stage, and under a dry atmosphere again in the
sixth stage.

[0125]
(Measurement Method)

FIG. 15 shows the transition in NO conversion rates in the first
to sixth stages of each vanadium pentoxide catalyst.

The tungsten-containing vanadium pentoxide catalyst differs from the

vanadium pentoxide catalyst not containing tungsten, and recovered to
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the original NO conversion rate, even after conducting NH;-SCR reaction
under the 20% moisture atmosphere.

In addition, the vanadium pentoxide catalyst of Example 25 made using
metatungstic acid as the precursor shows a higher NO conversion rate,
than the vanadium pentoxide catalyst of Example 2 made using
paratungstic acid as the precursor.

[0126]

3.2.2.4 Tungsten Amount Dependency of Catalytic Activity

(Measurement Method)

For the tungsten-containing vanadium pentoxide catalysts of
Examples 23 to 27, and vanadium pentoxide catalyst of Comparative
Example 1, similarly to the measurement method of NO conversion rate
in 3.2.2.1, the NO conversion rate was measured using a fixed bed
flow-type reactor at a reaction temperature of 150°C under the
conditions of the above Table 12, under a dry atmosphere, and under a
10% moisture atmosphere.

[0127]
(Measurement Results)

FIG. 16 shows the NO conversion rates under a dry atmosphere and
under a 10% moisture atmosphere of each vanadium pentoxide catalyst.
Under both a dry atmosphere and a 10% moisture atmosphere, Example 25,
i.e. vanadium pentoxide catalyst with 3.5 mol% tungsten addition,
showed the highest NO conversion rate, i.e. highest activity.

[0128]

3.2.2.5 Temperature Dependency of Catalytic Activity

(Measurement Method)



63

For the tungsten-containing vanadium pentoxide catalyst of
Example 25, the vanadium pentoxide catalyst of Comparative Example 1
and the titania-supported tungsten-vanadium catalyst of Comparative
Example 7, the NH3-SCR reaction was conducted under a 10% moisture
atmosphere, using a fixed bed flow-type reactor at a reaction
temperature of 25°C to 245°C under the conditions of Table 13 below.
In the gas passing through the catalyst layer, NO was analyzed by a
Jasco FT-IR-4700.

[0129]

[Table 13]

(Table 13) NH3;-SCR measurement conditions

Reaction tempe 25°C~245°C
Catalyst amoun 0.375g
Gas flow rate 250mlmin’*

NO: 250ppm, NH;: 250ppm, O,: 4vol%
in Ar, 10% H,0 (steam atmosphere)

Space velocity 40,000 mLh™'g.,, "

[0130]
(Measurement Results)

FIG. 17 shows the NO conversion rate at reaction temperatures of
25°C to 245°C of each vanadium pentoxide catalyst.
From FIG. 17, the tungsten-containing vanadium pentoxide catalyst
showed high NO conversion rate, high activity, even in a low
temperature region, compared to the catalyst loaded on titania.
[0131]

3.2.2.6 TEM Images of Each Catalyst

FIG. 18 shows the TEM image of the tungsten-containing vanadium
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pentoxide catalyst of Example 25.
It should be noted that the magnification is 4,400,000 times.
In addition, FIG. 19 is an enlarged image of the rectangular part
shown in FIG. 18.
Fach white dot shown in the image of FIG. 18 is an atom of vanadium or
tungsten, and above all, the bright points among the white points are
atoms of tungsten, as elucidated in FIG. 109.
As is known from FIGS. 18 and 19, tungsten disperses in the form of
atoms, in the tungsten-containing vanadium pentoxide catalyst of
Example 25.
In addition, in some way or other, tungsten more strongly supports the
skeleton of the vanadium pentoxide, and becomes a form in which
tungsten substitutes positions of vanadium in the crystallites.
[0132]

FIG. 20 shows a TEM image of the tungsten-containing vanadium
pentoxide catalyst of Example 27.
It should be noted that the magnification is 4,400,000 times.
In FIG. 20, the number of bright points among the white points
increases, compared to the tungsten-containing vanadium pentoxide
catalyst of Example 25 shown in FIG. 18.
This is because the tungsten sites of cluster form increased by the
loading amount of tungsten increasing.
[0133]

FIG. 21 shows the TEM image of the vanadium pentoxide catalyst
not containing tungsten of Comparative Example 1.

It should be noted that the magnification is 4,400,000 times.
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In FIG. 21, bright white points such as those found in FIGS. 18 to 20
are not found.

This is because the vanadium pentoxide catalyst of Comparative Example
1 does not contain tungsten.

[0134]

4 Vanadium Catalyst Containing Niobium as Second Metal

4.1 Each Example

[0135]

As mentioned above, among the vanadium catalysts of Examples 1 to
11, since Example 4 (adding niobium) showed the third highest NO
conversion rate in the case of moisture not coexisting, and showed a
relatively high NO conversion rate even in the case of moisture
coexisting, vanadium catalysts according to each of the following
examples were produced by varying the added amount of niobium.
[0136]
[Example 28]

A precursor complex was synthesized by dissolving ammonium
vanadate (NH4VO3) and oxalic acid ((COCH),) in pure water.
To this precursor complex, oxalic acid complex of niocbium (Nb), which
is the second metal, was added, so that the Nb0O,Os becomes 1.8 wt% by
metal oxide conversion.
By firing the obtained vanadium-niobium complex mixture twice for 4
hours at a temperature of 300°C by an electric furnace, a denitration
catalyst of vanadium pentoxide (V,0s) containing niobium (Nb) was
obtained.

[0137]
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[Example 29]

A precursor complex was synthesized by dissolving ammonium
vanadate (NH4VO3;) and oxalic acid ((COCH),) in pure water.
To this precursor complex, oxalic acid complex of niobium (Nb), which
is the second metal, was added, so that the NbO,Os becomes 5.2 wt% by
metal oxide conversion.
By firing the obtained vanadium-niobium complex mixture twice for 4
hours at a temperature of 300°C by an electric furnace, a denitration
catalyst of vanadium pentoxide (V,0s) containing niobium (Nb) was
obtained.
[0138]
[Example 30]

A precursor complex was synthesized by dissolving ammonium
vanadate (NH4VO3;) and oxalic acid ((COCH),) in pure water.
To this precursor complex, oxalic acid complex of niocbium (Nb), which
is the second metal, was added, so that the NbO,Os becomes 8.5 wt% by
metal oxide conversion.
By firing the obtained vanadium-niobium complex mixture twice for 4
hours at a temperature of 300°C by an electric furnace, a denitration
catalyst of vanadium pentoxide (V,0s) containing niobium (Nb) was
obtained.
[0139]
[Example 31]

A precursor complex was synthesized by dissolving ammonium
vanadate (NH4VO3;) and oxalic acid ((COCH),) in pure water.

To this precursor complex, oxalic acid complex of niocbium (Nb), which
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is the second metal, was added, so that the Nb0,05 becomes 11.7 wt% by
metal oxide conversion.
By firing the obtained vanadium-niobium complex mixture twice for 4
hours at a temperature of 300°C by an electric furnace, a denitration
catalyst of vanadium pentoxide (V,0s) containing niobium (Nb) was
obtained.
[0140]
[Example 32]

A precursor complex was synthesized by dissolving ammonium
vanadate (NH4VO3;) and oxalic acid ((COCH),) in pure water.
To this precursor complex, oxalic acid complex of niocbium (Nb), which
is the second metal, was added, so that the Nb0,0s5 becomes 16.2 wt% by
metal oxide conversion.
By firing the obtained vanadium-niobium complex mixture twice for 4
hours at a temperature of 300°C by an electric furnace, a denitration
catalyst of vanadium pentoxide (V,0s) containing niobium (Nb) was
obtained.
[0141]

It should be noted that Table 14 below shows the charging amount
of precursor during niobium introduction in Examples 28 to 32.

[Table 14]
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4.2 Evaluation

4.2.1 NO Conversion Rate

(Measurement Method)

Under the conditions of the above Table 3, the NH3-SCR reaction was
conducted using a fixed bed flow-type reactor at a reaction
temperature of 150°C.

In the gas passing through the catalyst layer, NO was analyzed by a
Jasco FT-IR-4700.

In addition, the NO conversion rate was calculated by Formula (1)
above.

[0142]

(Measurement Results)

Table 15 shows the NO conversion rates for both the case of
moisture not coexisting and the case under coexistence of moisture of
each vanadium oxide catalyst.

FIG. 22 is a plot graphing this Table 15.

[Table 15]

(Table 15) NOx conversion rate of vanadium pentoxide catalyst

Sample NO conversion rate/$%

dry wet (2.3%)
Comparative 76 32
Examplel (None)
Example28 (2wt %) 96 66
Example29 (5wt %) 90 73
Example30 (9wt %) 97 62
Example31l (12wt$%) 94 60
Example32 (lewt%) 91 52
[0143]

In both the case of moisture not coexisting and the case under
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coexistence of moisture, the denitration catalyst of the Examples
showed higher NO conversion rate than the denitration catalyst of the
Comparative Example.

Above all, in the case of moisture not coexisting, Example 30 (9 wt%)
showed the highest NO conversion rate, and in the case of moisture
coexisting, Example 29 (5 wt%) showed the highest NO conversion rate.
[0144]

5 Vanadium Catalyst Containing Carbon and Cobalt as Second Metal, and

Fired at Low Temperature

5.1 Fach Example and Comparative Example

[Example 33]

A precursor complex was synthesized by dissolving ammonium
vanadate (NH4VO3;) and oxalic acid in pure water.
To this precursor complex, ethylene glycol and an oxalic acid complex
which is a precursor of cobalt (Co), which is the second metal, were
added, so that Cos0, becomes 6 wt% by metal oxide conversion.
By firing the obtained catalyst complex for 2 hours at a temperature
of 270°C by an electric furnace, a denitration catalyst of vanadium
oxide containing carbon and cobalt (Co) was obtained.
It should be noted that Table 16 below shows the charging amount of
precursor during cobalt introduction in Example 33.

[Table 16]

(Table 16) Charging amount of precursor

C0-04 WS Co complex NH,VO, Oxalic acid Ethylene glycol
304 wts

mmo 1 g mmo 1 g mmo 1 g mmo L g
Example33 6 2.88 1.40 41.0 4.80| 123.07 11.08 13.8 0.86

[0145]
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5.2 Evaluation

5.2.1 Carbon Content

(Measurement Method)

Upon measurement of carbon content of each vanadium pentoxide
catalyst, the carbon content was quantified by elemental analysis of C
(carbon), H (hydrogen) and N (nitrogen).

In more detail, in the reaction tube at high temperature inside of a
CE-440F made by Exeter Analytical Inc., each denitration catalyst was
completely combusted and decomposed to convert the C, H and N which
are the main constituent elements into CO,, H,O and N,, followed by
sequentially quantifying these three components in three thermal
conductivity detectors to measure the contents of C, H and N in the
constituent elements.

[0146]

(Measurement Results)

The carbon content contained in the vanadium catalyst of Example
33 was 0.70 wt%.

[0147]

5.2.2 NO Conversion Rate

(Measurement Method)

Under the conditions of the above Table 3, the NH3-SCR reaction
was conducted using a fixed bed flow-type reactor at a reaction
temperature of 150°C.

In the gas passing through the catalyst layer, NO was analyzed by a
Jasco FT-IR-4700.

In addition, the NO conversion rate was calculated by Formula (1)
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above.
[0148]
(Measurement Results)

Table 17 shows the NO conversion rates for both the case of
moisture not coexisting and the case of coexistence of moisture of
each vanadium pentoxide catalyst of Comparative Example 1, Example 15
and Example 33.

FIG. 23 is a plot graphing this Table 17.

[Table 17]
(Table 17) NOx conversion rate of vanadium pentoxide catalyst
Sample NO conversion rate/%

dry wet (2.3%)
Comparative 300-4 76 39
Examplel (v —4)
Example28 (owts Co V300-4) 100 7
Example29 (6wt% Co EG V270-2) 100 89
[0149]

In both the case of moisture not coexisting and the case under
coexistence of moisture, the denitration catalyst of Example 33 showed
the highest NO conversion rate.

[0150]

6 Vanadium Catalyst Containing Tungsten as Second Metal and Copper as

Third Metal

6.1 Each Example

[Example 34]

A precursor complex was synthesized by dissolving ammonium
vanadate (NH4VO3;) and oxalic acid in pure water.
To this precursor complex, ammonium metatungstate, which is a

precursor of tungsten (W) that is the second metal, was added, so that
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WO3 became 8.4 wt% by metal oxide conversion.

Furthermore, a copper oxalic acid complex which is a precursor of
copper (Cu that is the third metal was added, so that CuO became 3.0
wt% by metal oxide conversion.

By firing the obtained catalyst precursor twice for 4 hours at a
temperature of 300°C by an electric furnace, a denitration catalyst of
vanadium oxide containing tungsten (W) and copper (Cu) was obtained.
[0151]

6.2 Temperature Dependency of Catalytic Activity

(Measurement Method)

For the tungsten and copper-containing vanadium pentoxide
catalyst of Example 34, the tungsten-containing vanadium catalyst of
Example 25, and the vanadium pentoxide catalyst of Comparative Example
1, the NH3;-SCR reaction was conducted under a 10% moisture atmosphere,
using a fixed bed flow-type reactor at a reaction temperature of 25°C
to 245°C under the conditions of the above Table 13.

In the gas passing through the catalyst layer, NO was analyzed by a
Jasco FT-IR-4700.

[0152]

(Measurement Results)

FIG. 24 shows the NO conversion rate at reaction temperatures of
25°C to 245°C of each vanadium pentoxide catalyst.

From FIG. 24, the tungsten and copper-containing vanadium pentoxide
catalyst showed a NO conversion rate of 89.2% in the case of no
coexistence of moisture, and a NO conversion rate of 79.2% in the case

of coexistence of moisture, in the selective catalytic reduction
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reaction with a reaction temperature no higher than 200°C, using a
denitration catalyst having a content of WO; of 8.4 wt% and content of
CuO of 3.0 wt%, when calculating content by oxide conversion of
tungsten and copper.
[0153]
<7 Application Examples>
<7.1 Combustion System>
<7.1.1 First Combustion System>

Hereinafter, a first application example of the present invention
will be explained while referencing the drawings.
FIG. 25 is a view showing the configuration of a combustion system 1
according to the first application example.
The combustion system 1 is a combustion system establishing pulverized
coal as the fuel.
As shown in FIG. 25, the combustion system 1 assumes a thermal power
generation system as an example, and includes: a boiler 10 as a
combustion device, a coal pulverizer 20, an exhaust channel L1, an air
preheater 30, a gas heater 40 as a heat recovery device, a dust
collector 50, an induced-draft fan 60, desulfurization equipment 70, a
gas heater 80 as a heater, a denitration device 90, and a smoke stack
100.
[0154]

The boiler 10 combusts the pulverized coal as fuel together with
air.
In the boiler 10, exhaust gas is produced by the pulverized coal

combusting.
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It should be noted that coal ash such as clinker ash and fly ash is
produced by pulverized coal combusting.

The clinker ash produced in the boiler 10 is discharged to the clinker
hopper 11 arranged below the boiler 10, and is then carried to a coal
ash collection silo which is not illustrated.

[0155]

The boiler 10 is formed in a substantially reversed U-shape as a
whole.

The exhaust gas produced in the boiler 10 moves in reverse U shape
along the shape of the boiler 10.

The temperature of the exhaust gas near the outlet of the exhaust gas
of the boiler 10 is 300 to 400°C, for example.

[0156]

The coal pulverizer 20 forms pulverized coal by crushing coal
supplied from the coal hopper which is not illustrated, into a fine
particle size.

The coal pulverizer 20 preheats and dries the pulverized coal, by
mixing the pulverized coal and air.

The pulverized coal formed in the coal pulverizer 20 is supplied to
the boiler 10 by air being blown.

[0157]

The exhaust channel L1 has an upstream side connected to the
boiler 10.

The exhaust channel L1 is a flow path through which the exhaust gas
produced in the boiler 10 flows.

[0158]
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The air preheater 30 is arranged in the exhaust channel IL1.
The air preheater 30 performs heat exchange between the exhaust gas
and air used for combustion fed from a pusher-type blower which is not
illustrated, and recovers heat from the exhaust gas.
The air for combustion is supplied to the boiler 10 after being heated
in the air preheater 30.
[0159]

The gas heater 40 is arranged on the downstream side of the air
preheater 30 in the exhaust channel L1.
Exhaust gas which was heat recovered in the air preheater 30 is
supplied to the gas heater 40.
The gas heater 40 further recovers heat from the exhaust gas.
[0160]

The dust collector 50 is arranged on the downstream side of the
gas heater 40 in the exhaust channel 11.
The exhaust gas which was heat recovered in the gas heater 40 is
supplied to the dust collector 50.
The dust collector 50 is a device which collects dust such as coal ash
(fly ash) in the exhaust gas by applying voltage to electrodes.
Fly ash collected in the dust collector 50 is carried to a coal ash
collection silo which is not illustrated.
The temperature of exhaust gas in the dust collector 50 is 80 to 120°C,
for example.
[0161]

The induced-draft fan 60 is arranged on the downstream side of

the dust collector 50 in the exhaust channel L1.
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The induced-draft fan 60 draws in exhaust gas from which fly ash was
removed in the dust collector 50 from a first side and sends out to a
second side.
[0162]

The desulfurization equipment 70 is arranged on the downstream
side of the induced-draft fan 60 in the exhaust channel L1.
The exhaust gas sent out from the induced-draft fan 60 is supplied to
the desulfurization equipment 70.
The desulfurization equipment 70 removes sulfur oxides from the
exhaust gas.
In detail, the desulfurization equipment 70 removes sulfur oxides from
the exhaust gas, by absorbing sulfur oxides contained in the exhaust
gas into a mixed solution, by spraying mixed solution (limestone
slurry) of limestone and water to the exhaust gas.
The temperature of exhaust gas in the desulfurization device 70 is 50
to 120°C, for example.
[0163]

The gas heater 80 is arranged on the downstream side of the
desulfurization device 70 in the exhaust channel Ll1.
The exhaust gas from which the sulfur oxides were removed in the
desulfurization equipment 70 is supplied to the gas heater 80.
The gas heater 80 heats the exhaust gas.
The gas heater 40 and gas heater 80 may be configured as gas-gas
heaters performing heat exchange between exhaust gas flowing between
the air preheater 30 and the dust collector 50 in the exhaust channel

L1, and exhaust gas flowing between the desulfurization equipment 70
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and denitration device 90 described later.
Above all, the gas heater 80 heats the exhaust gas up to a temperature
suited to the denitration reaction of the denitration device 90 at a
later stage.
[0164]

The denitration device 90 is arranged on the downstream side of
the gas heater 80 in the exhaust channel L1.
The exhaust gas heated in the gas heater 80 is supplied to the
denitration device 90.
The denitration device 90 removes nitrogen oxides from the exhaust gas
by way of the denitration catalyst.
The denitration device 90 uses a denitration catalyst containing
vanadium oxide as a main component, in which content by oxide
conversion of the second metal is at least 1 wt% and no more than 40
wt%, and the second metal is at least one metal element selected from
the group consisting of Co, W, Mo, Nb, Ce, Sn, Ni, Fe, Cu, Zn and Mn.
The temperature of exhaust gas in the denitration device 90 is 130 to
200°C, for example.
[0165]

The denitration device 90 removes nitrogen oxides from exhaust
gas by a selective catalytic reduction process.
According to the selective catalytic reduction process, it is possible
to remove nitrogen oxides efficiently from exhaust gas, by generating
nitrogen and water from the nitrogen oxides by reductant and the
above-mentioned denitration catalyst.

The reductant used in the selective catalytic reduction process
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contains at least one of ammonia and urea.

In the case of using ammonia as the reductant, ammonia in any state of
ammonia gas, liquid ammonia and ammonia aqueous solution may be used.
[0166]

More specifically, the denitration device 90 can be a
configuration which injects ammonia gas to the introduced exhaust gas,
and then contacts this mixed gas with the denitration catalyst.

[0167]

For this reason, the denitration device 90 includes one or a
plurality of denitration catalyst layers, and these denitration
catalyst layers may include a plurality of casings, a plurality of
honeycomb catalysts accommodated in this plurality of casing, and a
sealing member.

[0168]

In more detail, the casing is configured from a square tubular
metal member in which one end and the other end are open, and may be
arranged so that the opened one end and other end are opposite in the
flow path of the exhaust gas in the denitration reactor, i.e. so that
exhaust gas flows inside of the casing.

In addition, the plurality of casings may be arranged to be connected
in an abutted state so as to block the flow path of exhaust gas.
[0169]

The honeycomb catalyst may be formed in a long shape (rectangular
parallelepiped shape) in which a plurality of exhaust gas circulation
holes extending in the longitudinal direction is formed, and may be

arranged so that the extending direction of exhaust gas circulation



80

holes follows the flow path of exhaust gas.
[0170]

The smoke stack 100 has a downstream side of the exhaust channel
L1 connected.
The exhaust gas from which nitrogen oxides were removed in the
denitration device 90 is introduced to the smoke stack 100.
The exhaust gas introduced to the smoke stack 100 is effectively
discharged from the top of the smoke stack 100 by the stack effect, by
being heated by the gas heater 80.
In addition, by the exhaust gas being heated in the gas heater 80, it
is possible to prevent water vapor from condensing above the smoke
stack 100 and white smoke generating.
The temperature of exhaust gas near the outlet of the smoke stack 100
is 110°C, for example.
[0171]
<7.1.2 Second Combustion System>

FIG. 26 is a view showing the configuration of a combustion
system 1A according to a second application example.
The combustion system 1A is a combustion system establishing
pulverized coal as fuel, similarly to the combustion system 1.
In the combustion system 1A, for constituent elements identical to the
combustion system 1, the same reference numbers are used, and
explanations of the functions thereof will be omitted.
[0172]

The combustion system 1A differs from the combustion system 1 in

the point of the denitration device 90 being installed immediately
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after the dust collector 50.

Furthermore, the induced-draft fan 60, desulfurization equipment 70,
and a gas heater 80 are provided in order from upstream at the
downstream of the denitration device 90.

[0173]

The gas heater 80 in the combustion system 1 heats the exhaust
gas up to the temperature suited to the denitration reaction of the
denitration device 90 of a later stage.

On the other hand, the gas heater 80 of the combustion system 1A heats
the exhaust gas up to the suitable temperature to diffuse from the
smoke stack 100 at a later stage.

[0174]

By installing the denitration device 90 immediately after the
dust collector 50, it is possible to set the temperature of exhaust
gas in the denitration device 90 as 130 to 200°C, without requiring to
provide a gas heater before the denitration device 90.

[0175]
<7.1.3 Third Combustion System>

FIG. 27 is a view showing the configuration of a combustion
system 1B according to a third application example.

The combustion system 1B differs from the combustion systems 1 and 1A,
and is a combustion system establishing natural gas as the fuel.

In the combustion system 1B, for constituent elements identical to the
combustion system 1 and the combustion system 1A, the same reference
numbers are used, and explanations of the functions thereof will be

omitted.
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[0176]

As shown in FIG. 27, the combustion system 1B includes the boiler
10 as a combustion device, a vaporizer 15 of natural gas, the exhaust
channel L1, the air preheater 30, the denitration device 90, the
induced-draft fan 60, and the smoke stack 100.
On the other hand, the combustion system 1B does not establish the
dust collector and desulfurization equipment as essential constituent
elements.
[0177]

The vaporizer 15 vaporizes natural gas supplied from an ILNG tank
which is not illustrated and supplies to the boiler 10.
Upon vaporizing, a system using seawater (open rack system) may be
used, a system making hot water by heating with a gas burner
(submerged combustion system) may be used, or a system performing heat
exchange of a plurality of stages using a mediator may be used.
[0178]

The denitration device 90 is arranged on the downstream side of
the air preheater 30 in the exhaust channel L1.
Exhaust gas cooled in the air preheater 30 is supplied to the
denitration device 90.
The denitration device 90 removes nitrogen oxides from the exhaust gas
by the denitration catalyst.
The temperature of each gas in the denitration device 90 is 130 to
200°C, for example.
[0179]

The downstream side of the exhaust channel L1 is connected to the
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smoke stack 100.

Exhaust gas from which nitrogen oxides were removed in the denitration
device 90 is introduced to the smoke stack 100.

Due to the temperature of the exhaust gas in the denitration device 90
being 130 to 200°C, for example, the exhaust gas introduced to the
smoke stack 100 is effectively discharged from the top of the smoke
stack 100 by the stack effect.

In addition, the temperature of exhaust gas near the outlet of the
smoke stack 100 is 110°C, for example.

[0180]

By arranging the denitration device 90 on the downstream side of
the air preheater 30, the temperature of exhaust gas denitrated by the
denitration catalyst becomes lower, and it becomes possible to
decrease the deterioration of the denitration catalyst.

[0181]
<7.1.4 Fourth Combustion System>

FIG. 28 is a view showing the configuration of a combustion
system 1C according to a fourth application example.

As shown in FIG. 28, the combustion system 1C is a combustion system
used for the propulsion of ships, and includes: a fuel supply device
110, an internal combustion engine 120 as a combustion device, a dust
collector 130, an exhaust recovery device 140, a denitration device
150, a smoke stack 160, a shaft motor 170, a fuel channel R1l, exhaust
channels R2 and R3, a steam channel R4, and a power line R5.

[0182]

The fuel supply device 110 supplies fuel using the fuel channel
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Rl to the internal combustion engine 120.

As the fuel, for example, it is possible to use petroleum fuel such as
light o0il or heavy oil.

[0183]

The fuel channel R1 has an upstream side connected to the fuel
supply device 110, and a downstream side connected to the internal
combustion engine 120.

The fuel channel Rl is a flow path to which fuel is transported from
the fuel supply device 110 to the internal combustion engine 120.
[0184]

The internal combustion engine 120 combusts the petroleum fuel
together with air.

In the internal combustion engine 120, the exhaust gas is produced by
the petroleum fuel combusting.

The produced exhaust gas is discharged to the dust collector 130 via
the exhaust channel R2.

It should be noted that the internal combustion engine 120 may be a 2-
stroke low-speed diesel engine used in a large ship, may be a 4-stroke
high-speed diesel engine used in a ferry or the like, or may be a 4-
stroke high-speed diesel engine used in a high-speed boat or small
ship.

[0185]

The exhaust channel R2 has an upstream side connected to the
internal combustion engine 120.

The exhaust channel R2 is a flow path through which exhaust gas

produced by the internal combustion engine 120 flows.
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[0186]

The dust collector 130 is arranged on the downstream side of the
internal combustion engine 120 in the exhaust channel R2, and the
exhaust gas discharged from the internal combustion engine 120 is
supplied thereto.

The dust collector 130 is a device which collects ash dust in the
exhaust gas.

As the ash dust collection method, for example, a method may be used
which charges the ash dust by applying voltage to electrodes, and
collects using Coulomb force.

Alternatively, a method may be used which collects ash dust by gas-
liquid contact, by supplying a ash dust absorption liquid to a venturi
portion, and atomizing the ash dust absorption liquid by exhaust gas
which reaches high speed by this wventuri portion, as in the method
conducted by a venturi scrubber.

[0187]

The exhaust heat recovery device 140 is arranged on the
downstream side of the dust collector 130 in the exhaust channel, and
exhaust gas from which ash dust was removed by the dust collector 130
is supplied thereto.

The exhaust heat recovery device 140 recovers exhaust heat from
exhaust gas supplied from the dust collector 130.

More specifically, the exhaust heat recovery device 140 includes a
turbine device 141 and exhaust gas economizer 145.

[0188]

The turbine device 141 includes a gas turbine 142, steam turbine
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143 and generator 144.

The gas turbine 142 and generator 144, and the steam turbine 143 and
generator 144 are connected to each other.

The gas turbine 142 is driven by exhaust gas supplied from the dust
collector 130 through the exhaust channel R3.

When the gas turbine 142 is driven, the generator 144 connected to the
gas turbine 142 is also driven in connection to perform power
generation.

In addition, the steam turbine 143 is driven by steam supplied from
the exhaust gas economizer 145 described later, through the steam
channel R4.

When the steam turbine 143 is driven, the generator 144 connected to
the steam turbine 143 also operates in connection to perform power
generation.

The electric power generated by the generator 144 is supplied to the
shaft motor 170 through the power line R5.

[0189]

The exhaust gas economizer 145 generates steam from water stored
in a water supply tank (not illustrated), with the exhaust gas
supplied from the dust collector 130 through the exhaust channel R2,
and exhaust gas supplied from the gas turbine 142 through the exhaust
channel R3 as the heat source.

The steam generated by the exhaust gas economizer 145 is supplied to
the steam turbine 143 through the steam channel R4.
[0190]

The exhaust channel R3 is a different exhaust channel than the
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exhaust channel R2, with the upstream side being connected to the dust
collector 130 and the downstream side being connected to the exhaust
gas economizer 145, and midstream thereof, goes through the gas
turbine 142.

The exhaust channel R3 is a flow path which flows the exhaust gas
supplied from the dust collector 130 to the exhaust gas economizer 145
through the gas turbine 142.

[0191]

The steam channel R4 has an upstream side connected to the
exhaust gas economizer 145, and a downstream side connected to the
steam turbine 143.

The steam channel R4 is a flow path through which steam generated by
the exhaust gas economizer 145 flows.
[0192]

The power line R5 has an upstream side connected to the generator
144, and a downstream side connected to the shaft motor 170.

The power line is a flow path through which electricity generated by
the generator 144 flows.
[0193]

The denitration device 150 is arranged on the downstream side of
the exhaust heat recovery device 140 in the exhaust channel R2, and
the exhaust gas from which exhaust heat was recovered is supplied
thereto.

The denitration device 150 removes nitrogen oxides from the exhaust
gas by way of the denitration catalyst.

The denitration device 150 uses a denitration catalyst containing
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vanadium oxide as a main component, in which content by oxide
conversion of the second metal is at least 1 wt% and no more than 40
wt%, and the second metal is at least one metal element selected from
Co, W, Mo, Nb, Ce, Sn, Ni, Fe, Cu, Zn and Mn.

Since the denitration device 150 is installed on the downstream side
of the exhaust heat recovery device 140, the temperature of exhaust
gas in the denitration device 150 is 130 to 200°C, for example.

[0194]

The denitration device 150 removes nitrogen oxides from exhaust
gas by way of a selective catalytic reduction process.

According to the selective catalytic reduction process, it is possible
to remove nitrogen oxides efficiently from exhaust gas, by generating
nitrogen and water from the nitrogen oxides by way of a reductant and
denitration catalyst.

The reductant used in the selective catalytic reduction process
contains at least one of ammonia and urea.

In the case of using ammonia as the reductant, ammonia in any state of
ammonia gas, liquid ammonia and ammonia aqueous solution may be used.
[0195]

More specifically, the denitration device 150 can be a
configuration which injects ammonia gas to the introduced exhaust gas,
and then contacts this mixed gas with the denitration catalyst.

[0196]

The smoke stack 160 is connected at a downstream side of the

exhaust channel R2.

The exhaust gas from which nitrogen oxides have been removed in the
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denitration device 150 is introduced to the smoke stack 160.

The exhaust gas introduced to the smoke stack 160 is effectively
discharged from the top of the smoke stack 160 by way of the stack
effect, due to the temperature of the exhaust gas in the denitration
device 150 being 130 to 200°C, for example.

In addition, it is possible to prevent water vapor from condensing
above the smoke stack 160 and white smoke generating.

The temperature of the exhaust gas near the outlet of the smoke stack
160 is 110°C, for example.

[0197]

The shaft motor 170 is installed on the downstream side of the
generator 144 in the power line R5, and is driven so as to aid
rotation around the propeller shaft of the internal combustion engine
120.

Electric power is supplied to the shaft motor 170 from the generator
144 through the power line R5, and by using this electric power,
drives so as to aid the motive power generated by the internal
combustion engine 120.

[0198]

<7.1.5 Fifth Combustion System>

In addition, although not illustrated, a fifth application
example may be a denitration device which equips, to a combustion
system that incinerates raw garbage, etc., a denitration catalyst
containing vanadium oxide as a main component, in which content by
oxide conversion of the second metal is at least 1 wt$% and no more

than 40 wt%, and the second metal is at least one metal component
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selected from the group consisting of Co, W, Mo, Nb, Ce, Sn, Ni, Fe,
Cu, Zn and Mn.

In the denitration device installed at a later stage than the boiler
combusting raw garbage, although the temperature of exhaust gas may be
no more than 150°C, since the above-mentioned denitration catalyst can
be used in denitration having a reaction temperature of 80 to 150°C,
it is useful also for such a denitration system.

[0199]

<7.2 Denitration Catalyst Made by Coating Catalyst Component on
Substrate>

The above-mentioned denitration catalyst is basically powder
form; however, for example, a honeycomb-type catalyst made by coating
catalyst component on a honeycomb shape substrate may be used in a
flue gas denitration apparatus installed at a thermal power plant, as
disclosed in Japanese Unexamined Patent Application, Publication No.
2005-199108.

In the present invention, as a sixth application example, it is
possible to coat the above-mentioned denitration catalyst as the
catalyst component on a substrate.

[0200]

So long as deformation, etc. does not occur at temperatures of
200°C or higher, any substrate can be used as the above-mentioned
substrate.

For example, ceramics, pottery and metals such as titanium may be used
as the substrate.

Alternatively, as the substrate, a corrugated honeycomb filter made
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from a ceramic fiber paper, glass fiber paper, flame-retardant paper,
activated carbon paper, deodorizing paper, honeycomb filter nonwoven
fabric, felt, or plastic sheet may be used.

Alternatively, the catalyst component of the present invention may be
further coated on a new catalyst or a used catalyst.

In addition, the substrate can be made into any form, and can be
established as any among a plate-like shape, pellet shape, fluid form,
columnar shape, star shape, ring shape, extruded shape, spherical
shape, flake shape, pastille shape, rib extruded shape, or ribbed ring
shape, for example.

For example, the corrugated honeycomb filter can assume any form such
as block type, rotor type, diagonal type, deformed block, strip type
and mini pleats.

[0201]

Alternatively, a powder of the catalyst may be produced in
advance, and after dispersing this powder in a volatile organic
solvent or the like, may be coated by spray on a molded catalyst.
[0202]
<7.3 Denitration Catalyst Molded in Block Shape>

Furthermore, a catalyst block such as a honeycomb catalyst may be
used in the denitration device equipped to a coal-fired power
generation facility; however, in the present invention, it is possible
to produce a catalyst block with the above-mentioned denitration
catalyst as the catalyst component as a seventh application example,
as disclosed in Japanese Unexamined Patent Application, Publication No.

2017-32215, for example.
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[0203]

More specifically, it is possible to produce the catalyst block
by mixing and kneading 1 to 50 wt% of CMC (carboxymethyl cellulose) or
PVA (polyvinyl alcohol), for example, as a binder to the above-
mentioned denitration catalyst of powder form, extrusion molding by a
molder such as a pellet mill or vacuum extruder, or press molding,
then drying, followed by firing.

It should be noted that, upon firing, since the above-mentioned binder
is burned off, the weight ratio of the above-mentioned denitration
catalyst in the catalyst block after firing becomes 100 wt%.

[0204]

In addition, it is possible to produce the catalyst block by,
after further mixing titanium molybdenum, tungsten and/or other
compounds (particularly oxides), or silica, etc. to the above-
mentioned denitration catalyst of powder form, then kneading, and
extrusion molding.

[0205]

Alternatively, the catalyst block may be produced by mixing low-
temperature sintered titania and catalyst powder, and extrusion
molding.

[0206]

The catalyst block can assume any form, for example, and it is
possible to make into plate-like shape, pellet shape, fluid form,
columnar shape, star shape, ring shape, extruded shape, spherical
shape, flake shape, honeycomb shape, pastille shape, rib extruded

shape, or ribbed ring shape.
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In addition, for example, the catalyst block of honeycomb shape may
have a honeycomb surface which is a polygonal shape such as triangular,
quadrilateral, pentagonal or hexagonal, or circular form.
[0207]
<7.4 Other Applications>

As applications of the above-mentioned denitration catalyst, a
combustion system is mentioned in 6.1, a denitration catalyst made by
coating the denitration component on a substrate is mentioned in 6.2,
and a denitration catalyst molded into block form is mentioned in 6.3;
however, the applications of the denitration catalyst are not limited
thereto.
For example, a combustion system with pulverized coal as the fuel is
mentioned in 6.1.1 and 6.1.2, and a combustion system with natural gas
as the fuel is mentioned in 6.1.3; however, the above-mentioned
denitration catalyst may be used in a combustion system using oil or
biomass fuel in place of pulverized coal or natural gas.
In addition, a combustion system used for the propulsion of ships was
mentioned in 6.1.4; however, the above-mentioned denitration catalyst
may be used in a combustion system used for propelling automobiles
instead of ships.
[0208]

According to the combustion system related to the above-mentioned
application examples, the following effects are exerted.
(1) As mentioned above, the combustion system 1 according to the above
application example arranged the denitration device 90 on the

downstream side of the dust collector 50, in the exhaust channel L1
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through which exhaust gas generated in the boiler (combustion device)
10 flows.

Furthermore, in the above embodiment, the denitration device 90 uses a
denitration catalyst containing vanadium oxide as a main component, in
which content by oxide conversion of a second metal is at least 1 wt%
and no more than 40 wt%, and the second metal is at least one metal
element selected from the group consisting of Co, W, Mo, Nb, Ce, Sn,
Ni, Fe, Cu, Zn and Mn.

By using the above-mentioned denitration catalyst, the combustion
system 1 according to the above embodiment can exhibit an effect
whereby the denitration efficiency at low temperature is even higher
compared to the conventional technology, upon a selective catalytic
reduction reaction at 200°C or lower with ammonia as the reductant.
[0209]

(2) The combustion system 1A according to the above application
example further includes the air preheater 30 which recovers heat from
the exhaust gas, and the air preheater 30 is arranged on the upstream
side of the dust collector 50.

By the exhaust gas which has been heat recovered by the air preheater
30 being supplied to the dust collector 50, the load on the dust
collector 50 by the heat of exhaust gas can be suppressed.

In addition, since the denitration device 90 is not arranged upstream
of the air preheater 30 which is normally arranged near the boiler
(combustion device) 10 in the exhaust channel L1, clogging of the air
preheater 30 caused by ammonium sulfate produced by ammonia and sulfur

component in exhaust gas reacting will not occur.
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The cost of operation of the combustion system 1A is thereby low.
[0210]

(3) The combustion system 1B according to the above application
example arranges the denitration device 90 on the downstream side of
the air preheater 30, in the exhaust channel L1 through which exhaust
gas produced in the boiler (combustion device) 10 flows.

Furthermore, the above-mentioned embodiment uses a denitration
catalyst containing vanadium oxide in the denitration device 90, in
which content by oxide conversion of the second metal is at least 1
wt% and no more than 40 wt%, and the second metal is at least one
metal element selected from the group consisting of Co, W, Mo, Nb, Ce,
Sn, Ni, Fe, Cu, Zn and Mn.

By using the above-mentioned denitration catalyst, the combustion
system 1A according to the above embodiment can exhibit an effect
whereby the denitration efficiency at low temperature is even higher
compared to the conventional technology, upon selective catalytic
reduction reaction at 200°C or lower with ammonia as the reductant.
In addition, since it is thereby possible to arrange the denitration
device 90 on the downstream side of the air preheater 30, the
temperature of the exhaust gas denitrated by the denitration catalyst
is lower, and it is possible to decrease deterioration of the
denitration catalyst.

In addition, the combustion system 1 of the above embodiment does not
establish the dust collector and desulfurization device as essential
constituent elements.

Therefore, by simplifying the configuration of the combustion system
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1B, it becomes possible to lower the installation cost.
[0211]

(4) The combustion system 1C according to the above-mentioned
application example includes: the exhaust channel R2 through which
exhaust gas generated by fuel combusting in the internal combustion
engine 120 flows; the exhaust heat recovery device 140 which is
arranged in the exhaust channel R2 and recovers exhaust heat from the
exhaust gas discharged from the internal combustion engine 120; and
the denitration device 150 which is arranged in the exhaust channel R2
and removes nitrogen oxides from exhaust gas by way of the denitration
catalyst, in which the denitration device 150 is arranged on the
downstream side of the exhaust heat recovery device 140 in the exhaust
channel R2, and the denitration catalyst contains vanadium oxide as a
main component, a content by oxide conversion of a second metal is at
least 1 wt% and no more than 40 wt%, and the second metal is at least
one metal element selected from the group consisting of Co, W, Mo, Nb,
Ce, Sn, Ni, Fe, Cu, Zn and Mn.

By using the above-mentioned denitration catalyst, the combustion
system 1C according to the above embodiment can exhibit an effect
whereby the denitration efficiency at low temperature is even higher
compared to the conventional technology, upon selective catalytic
reduction reaction at 200°C or lower with ammonia as the reductant.
Furthermore, immediately before introducing exhaust gas to the
denitration device 150, it is not essential to heat the exhaust gas.
Since the denitration catalyst is thereby no longer exposed to high

temperatures, the deterioration of denitration catalyst is decreased,
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and the cost of operation of the combustion system 1C becomes lower.
In addition, the combustion system 1C of the above embodiment can be
made a more compact configuration by the amount by which heaters for
warming the exhaust gas are not essential.

It thereby becomes possible to install the combustion system with a
denitration device in a narrow space such as that of a ship.

[0212]

(5) As mentioned above, it is preferable for the exhaust heat
recovery device 140 to include the turbine device 141 and exhaust gas
economizer 145, in which the exhaust gas economizer 145 produces steam
with exhaust gas discharged from the internal combustion engine 120
and exhaust gas supplied from the turbine device 141 as heat sources,
and the turbine device 141 conducts power generation using the exhaust
gas discharged from the internal combustion engine 120 and steam
supplied from the exhaust gas economizer 145.

The exhaust heat recovery device 140 in the above embodiment can more
effectively use the heat energy generated by combustion of fuel in the
internal combustion engine 120, by including the turbine device 141
and exhaust gas economizer 145.

[0213]

(6) As mentioned above, in the denitration catalyst used in the
combustion system according to the above embodiment, the second metal
is W.

By using this denitration catalyst, it is possible to further exhibit
an effect whereby the denitration efficiency at low temperature is

even higher compared to the conventional technology.
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In addition, the absorption of NO tends to occur, and this denitration
catalyst can further exhibit an even higher NO conversion rate.
[0214]

(7) As mentioned above, in the denitration catalyst used in the
combustion system according to the above embodiment, the second metal
is W, and further contains Cu as a third metal.

By using this denitration catalyst, it is possible to further exhibit
an effect whereby the denitration efficiency at low temperature is
even higher compared to the conventional technology.

In addition, absorption of NO tends to occur even more, and NO further
oxidizes to NO,, whereby this denitration catalyst can further exhibit
a higher NO conversion rate by a catalytic reaction mechanism under NO
and NO, coexistence.

[0215]

(8) As mentioned above, the denitration catalyst used in the
combustion system according to the above embodiment contains an oxide
of a composite metal of vanadium and the second metal.

By using this denitration catalyst, it is possible to further exhibit
an effect whereby the denitration efficiency at low temperature is
even higher compared to the conventional technology.

In addition, the absorption of NO tends to occur, and this denitration

catalyst can further exhibit an even higher NO conversion rate.

EXPLANATION OF REFERENCE NUMERALS

[0216]
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CLAIMS

1. A combustion system comprising:

a combustion device which combusts a fuel;

an exhaust channel through which exhaust gas generated by the fuel
combusting in the combustion device flows;

a dust collector which is disposed in the exhaust channel, and
collects ash dust in the exhaust gas; and

a denitration device which is disposed in the exhaust channel, and
removes nitrogen oxides from the exhaust gas by way of a denitration
catalyst,

wherein the denitration device is disposed on a downstream side of the
dust collector in the exhaust channel, and

wherein the denitration catalyst contains vanadium oxide as a main
component, content by oxide conversion of a second metal is at least 1
wt% and no more than 40 wt%, and the second metal is at least one
metal element selected from the group consisting of Co, W, Mo, Nb, Ce,

Sn, Ni, Fe, Cu, Zn and Mn.

2. The combustion system according to claim 1, wherein the combustion
system further includes an air preheater disposed in the exhaust
channel, and recovers heat from the exhaust gas, and

wherein the air preheater is disposed on an upstream side of the dust

collector.

3. A combustion system comprising:
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a combustion device which combusts a fuel;

an exhaust channel through which exhaust gas generated by the fuel
combusting in the combustion device flows;

an air preheater which is disposed in the exhaust channel, and
recovers heat from the exhaust gas; and

a denitration device which is disposed in the exhaust channel, and
removes nitrogen oxides from the exhaust gas by way of a denitration
catalyst,

wherein the denitration device is disposed on a downstream side of the
air preheater in the exhaust channel, and

wherein the denitration catalyst contains vanadium oxide as a main
component, content by oxide conversion of a second metal is at least 1
wt% and no more than 40 wt%, and the second metal is at least one
metal element selected from the group consisting of Co, W, Mo, Nb, Ce,

Sn, Ni, Fe, Cu, Zn and Mn.

4. A combustion system comprising:

an internal combustion engine which combusts a fuel;

an exhaust channel through which exhaust gas generated by the fuel
combusting in the internal combustion engine flows;

an exhaust heat recovery device which is disposed in the exhaust
channel and recovers exhaust heat from exhaust gas discharged from the
internal combustion engine; and

a denitration device which is disposed in the exhaust channel, and
removes nitrogen oxides from the exhaust gas by way of a denitration

catalyst,
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wherein the denitration device is disposed on a downstream side of the
exhaust heat recovery device in the exhaust channel, and

wherein the denitration catalyst contains vanadium oxide as a main
component, content by oxide conversion of a second metal is at least 1
wt% and no more than 40 wt%, and the second metal is at least one
metal element selected from the group consisting of Co, W, Mo, Nb, Ce,

Sn, Ni, Fe, Cu, Zn and Mn.

5. The combustion system according to claim 4,

wherein the exhaust heat recovery device includes a turbine device and
an exhaust gas economizer,

wherein the exhaust gas economizer generates steam with exhaust gas
discharged from the internal combustion engine and exhaust gas
supplied from the turbine device as heat sources, and

wherein the turbine device conducts power generation using the exhaust
gas discharged from the internal combustion engine and steam supplied

from the exhaust gas economizer.

6. The combustion system according to any one of claims 1 to 5,

wherein the second metal is W.

7. The combustion system according to any one of claims 1 to 6,

wherein the second metal is W, and the denitration catalyst further

comprises Cu as a third metal.

8. The combustion system according to claim 6 or 7, wherein the
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denitration catalyst contains an oxide of a composite metal of

vanadium and a second metal.



