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DENITRATION CATALYST AND METHOD FOR PRODUCING SAME 

 

TECHNICAL FIELD 

 

[0001] 

 The present invention relates to a denitration catalyst and a 

production method thereof. 

In more detail, the present invention relates to a denitration 

catalyst used upon purifying exhaust gas produced by fuel combusting, 

and a production method thereof. 

 

BACKGROUND ART 

 

[0002] 

 As one of the pollutants emitted into air by the combustion of 

fuel, nitrogen oxides (NO, NO2, NO3, N2O, N2O3, N2O4, N2O5) 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 (NH3) 

as the reductant has been known. 

As disclosed in Patent Document 1, a catalyst using titanium oxide as 
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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 SO2 to SO3, 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°C.  

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 m2/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 
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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 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 denitration catalyst 

containing vanadium oxide, in which the vanadium oxide includes 

vanadium pentoxide, and has a defect site at which oxygen is deficient 

in the crystal structure of the vanadium pentoxide. 

[0010] 

 In addition, in the denitration catalyst, it is preferable for an 

intensity ratio (ＰV２Ｏ５／Ｐv６Ｏ１３) of peak intensity (Ｐv６Ｏ１３) of a (110) 

plane of V6O13 (JCPDS01-071-2235) relative to peak intensity (PV2O5) of a 

(001) plane of V2O5 (JCPDS00-009-0387) detected by powder X-ray 

diffraction to be at least 0.08 and no more than 2.05.  

[0011] 
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 In addition, in the denitration catalyst, it is preferable for 

reflectance at wavelength 1200 nm normalized with reflectance at 

wavelength 600 nm as 1 in the ultraviolet-visible near-infrared 

absorption spectrum to be no more than 0.90. 

[0012] 

 In addition, in the denitration catalyst, it is preferable for a 

ratio of tetravalent vanadium relative to overall vanadium from a 

catalyst surface to 2 nm which is a photoelectron escape depth 

detected by X-ray  photoelectron spectroscopy to be at least 0.20. 

[0013] 

 In addition, in the denitration catalyst, it is preferable for a 

ratio (P1/P3) of a peak intensity P1 of wavenumber 450 to 550 cm-1 

originating from crosslinked V-OB-V bending vibration, relative to a 

peak intensity P3 of wavenumber 590 to 670 cm-1 originating from edge-

shaped 3V-OC bending vibration to be no more than 1.6. 

[0014] 

 In addition, the denitration catalyst is preferably used in 

denitration at 270°C or lower. 

[0015] 

 In addition, the present invention relates to a production method 

for the denitration catalyst, including a step of mixing vanadate and 

a chelate compound, and firing at a temperature of 270°C or lower. 

Effects of the Invention 

[0016] 

 A denitration catalyst according to the present invention has 

better denitration efficiency at low temperature compared to the 
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conventional technology, upon the selective catalytic reduction 

reaction with ammonia as the reductant. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

 

[0017] 

 FIG. 1A is a graph showing the NO conversion rates of catalysts 

according to each of the Examples and Comparative Examples; 

 FIG. 1B is a graph showing the chronological change in NO 

conversion rate of the catalyst according to Example 2; 

 FIG. 2A is a TEM image of the catalyst according to Example 1; 

 FIG. 2B is a TEM image of the catalyst according to Example 1; 

 FIG. 2C is a TEM image of the catalyst according to Example 2; 

 FIG. 2D is a TEM image of the catalyst according to Example 2; 

 FIG. 2E is a TEM image of the catalyst according to Example 3; 

 FIG. 2F is a TEM image of the catalyst according to Example 3; 

 FIG. 2G is a TEM image of the catalyst according to Example 4; 

 FIG. 2H is a TEM image of the catalyst according to Example 4; 

 FIG. 2I is a TEM image of the catalyst according to Comparative 

Example 1; 

 FIG. 2J is a TEM image of the catalyst according to Comparative 

Example 1; 

 FIG. 3 is a graph showing a powder XRD pattern of each of the 

Examples; 

 FIG. 4 is a view showing an outline of the change in internal 

structure in the case of firing (NH4)2[VO(C2O4)2]  and VO(C2O4); 
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 FIG. 5 is a graph showing the relationship between intensity 

ratio and NO conversion rate of the catalyst according to each of the 

Examples and Comparative Examples; 

 FIG. 6 is a graph showing the UV-Vis-NIR spectra of the catalyst 

according to each of the Examples and Comparative Examples; 

 FIG. 7 is a graph showing the relationship between reflectance of 

wavelength 1200 nm and NO conversion rate of the catalysts according 

to each of the Examples and Comparative Examples;  

 FIG. 8 is a graph showing the Raman spectra of the catalysts 

according to each of the Examples and Comparative Examples; 

 FIG. 9 is a graph showing the spectral curves obtained by 

measuring the infrared absorption spectra of the catalysts according 

to each of the Examples and Comparative Examples; 

 FIG. 10 is a view showing the crystal structures of vanadium 

pentoxide according to each of the Examples; 

 FIG. 11 is a graph establishing the ratio of P1/P3 as the 

horizontal axis, and establishing the NO conversion rate as the 

vertical axis for each of the Examples and Comparative Examples; 

 FIG. 12 is a graph showing the XPS spectra in the V2p region of 

the catalyst according to each of the Examples and Comparative 

Examples; and  

 FIG. 13 is a graph establishing the proportion tetravalent 

vanadium in the overall vanadium of the surface of the catalysts 

according to each of the Examples and Comparative Examples  as the 

horizontal axis and the NO conversion rate as the vertical axis.  
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PREFERRED MODE FOR CARRYING OUT THE INVENTION 

 

[0018] 

 Hereinafter, embodiments of the present invention will be 

explained. 

[0019] 

 The denitration catalyst of the present invention is a 

denitration catalyst containing vanadium oxide, in which this vanadium 

oxide includes vanadium pentoxide, and has defect sites at which 

oxygen atoms are deficient in the crystal structure of this vanadium 

pentoxide.  

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. 

[0020] 

 Firstly, the denitration catalyst of the present invention 

contains vanadium oxide. 

This vanadium oxide includes vanadium oxide (II) (VO), vanadium 

trioxide (III) (V2O3), vanadium tetroxide (IV) (V2O4), and vanadium 

pentoxide (V) (V2O5), and the V element of vanadium pentoxide (V2O5) 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 no inhibiting the effects of the present 
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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, the vanadium oxide preferably exists in at least 65 

wt% by vanadium pentoxide conversion. 

More preferably, vanadium oxide is preferably present in at least 90 

wt% by vanadium pentoxide conversion, in the denitration catalyst of 

the present invention. 

[0021] 

 Secondly, the denitration catalyst of the present invention has 

defect sites at which oxygen atoms are deficient in the crystal 

structure of vanadium pentoxide included in the above-mentioned 

vanadium oxide. 

It should be noted that, herein, “defect site” indicates being a 

position (site) at which a certain type of atom is not occupied, while 

being a position (site) which be occupied by this certain atom in the 

crystal. 

In the denitration catalyst of the present invention, the structure of 

the vanadium pentoxide crystal contained in this denitration catalyst 

is locally disordered due to firing at a relatively low temperature, 

and can exhibit high denitration effect; however, above all, it is 

assumed that a high denitration effect is exhibited by sites appearing 

at which oxygen atoms are deficient in the crystal structure of 

vanadium pentoxide. 

It should be noted that “site at which oxygen atoms are deficient” is 

also abbreviated as “oxygen defect site”. 
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[0022] 

 It should be noted that, herein, “having a defect site at which 

oxygen atoms are deficient” may be the matter of the intensity ratio 

of peak intensity (P6-13) on the (110) plane of V6O13, relative to the 

peak intensity (P2-5) on the (001) plane of V2O5, detected by powder X-

ray diffraction method, being at least 0.08 and no more than 2.05, as 

disclosed in the Examples described later. 

[0023] 

 In addition, the denitration catalyst of the present invention 

has a state in which the degree of crystallinity declines due to the 

existence of vanadium pentoxide in which the crystal structure of 

vanadium pentoxide included in the above-mentioned vanadium oxide 

contains crystal water. 

In the denitration catalyst of the present invention,  the structure of 

the vanadium pentoxide crystal included in this denitration catalyst 

is locally disordered by firing at relatively low temperature, and can 

exhibit high denitration effect; however, by the crystal structure of 

vanadium pentoxide and crystal water-containing vanadium pentoxide 

coexisting, it is assumed that high denitration effect is exhibited by 

inhibiting growth of vanadium pentoxide crystals, and generating a 

local disorder in the structure of the vanadium pentoxide crystal. 

[0024] 

 In the embodiment of the present invention, in the selective 

catalytic reduction reaction using the denitration catalyst in which 

the intensity ratio (PV6O13/PV2O5) of the peak intensity (PV6O13) of the 

(110) plane of V6O13 relative to the peak intensity (PV2O5) of the (001) 
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plane of  V2O5 detected by powder X-ray diffraction method of the 

denitration catalyst being at least 0.08 and no more than 2.05, for 

example, it exhibited a NO conversion rate of 61% to 79% at the 

reaction temperature of 100°C, and a NO conversion rate of 93% to 100% 

at the reaction temperature of 150°C. 

On the other hand, in the selective catalytic reduction reaction using 

the denitration catalyst in which the intensity ratio (PV6O13/PV2O5) of 

the peak intensity (PV6O13) of the (110) plane of V6O13 relative to the 

peak intensity (PV2O5) of the (001) plane of  V2O5 detected by powder X-

ray diffraction method of the denitration catalyst being 0.00, it only 

exhibited a NO conversion rate of 47% at the reaction temperature of 

100°C, and a NO conversion rate of 76% at the reaction temperature of 

150°C. 

[0025] 

 In addition, the intensity ratio (PV6O13/PV2O5) of the peak intensity 

(PV6O13) of the (110) plane of V6O13 relative to the peak intensity (PV2O5) 

of the (001) plane of  V2O5 detected by powder X-ray diffraction method 

of the denitration catalyst is preferably at least 0.08 and no more 

than 2.05; however, more preferably, it may be at least 0.16 and no 

more than 2.05. 

More preferably, it may be at least 0.16 and no more than 0.32. 

[0026] 

 In addition, herein, “having a defect site at which oxygen atoms 

are deficient” may be the matter of reflectance at a wavelength 1200 

nm normalized with reflectance at wavelength 600 nm as 1 in 

ultraviolet-visible near-infrared absorption spectrum being no more 
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than 0.90, as disclosed in the Examples described later. 

[0027] 

 In the embodiment of the present invention, for example, in the 

selective catalytic reduction reaction using a denitration catalyst 

having a reflectance at a wavelength 1200 nm normalized with 

reflectance at a wavelength 600 nm as 1 in ultraviolet-visible near-

infrared absorption spectrum of at least 0.157 and no more than 0.901, 

it exhibited a NO conversion rate of 61% to 79% at a reaction 

temperature of 100°C, and a NO conversion rate of 93% to 100% at a 

reaction temperature of 150°C. 

[0028] 

 On the other hand, in the selective catalytic reduction reaction 

using a denitration catalyst having a reflectance at a wavelength 1200 

nm normalized with reflectance at a wavelength 600 nm as 1 in 

ultraviolet-visible near-infrared absorption spectrum of 0.943, it 

only exhibited  a NO conversion rate of 47% at a reaction temperature 

of 100°C, and a NO conversion rate of 76% at a reaction temperature of 

150°C. 

[0029] 

 In addition, the reflectance of wavelength 1200 nm normalized 

with reflectance of wavelength 600 nm as 1 in ultraviolet-visible 

near-infrared absorption spectrum is preferably no more than 0.90; 

however, more preferably, it may be at last 0.157 and no more than 

0.901. 

More preferably, it may be at least 0.157 and no more than 0.813. 

More preferably, it may be at least 0.700 and no more than 0.813. 
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[0030] 

 In addition, herein, “having a defect site at which oxygen atoms 

are deficient” may be the matter of the ratio of tetravalent   vanadium 

relative to overall vanadium of the catalyst surface detected by X-ray 

photoelectron spectroscopy being at least 0.20, as disclosed in the 

Examples described later. 

[0031] 

 In the embodiment of the present invention, in the selective 

catalytic reduction reaction using a denitration catalyst having a 

ratio of tetravalent vanadium relative to overall vanadium at the 

catalyst surface detected by X-ray photoelectron spectroscopy of at 

least 0.28 and no more than 0.40, for example, it exhibited a NO 

conversion rate of 61% to 79% at a reaction temperature of 100°C, and 

a NO conversion rate of 93% to 100% at a reaction temperature of 

150°C. 

[0032] 

 On the other hand, in the selective catalytic reduction reaction 

using a denitration catalyst having a ratio of tetravalent vanadium 

relative to overall vanadium at the catalyst surface detected by X-ray 

photoelectron spectroscopy of 0.19, it only exhibited a NO conversion 

rate of 47% at a reaction temperature of 100°C, and a NO conversion 

rate of 76% at a reaction temperature of 150°C. 

[0033] 

 In addition, the ratio of tetravalent vanadium relative to 

overall vanadium at the catalyst surface detected by X-ray 

photoelectron spectroscopy is preferably at least 0.20; however, more 
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preferably, it may be at least 0.28 and no more than 0.40. 

More preferably, it may be at least 0.35 and no more than 0.40. 

[0034] 

 In addition, herein, “having a defect site at which oxygen atoms 

are deficient” may refer to the ratio (P1/P3) of the peak intensity P1 

of wavenumber 450 to 550 cm-1 originating from crosslinked V-OB-V 

bending vibration, relative to the peak intensity P3 of wavenumber 590 

to 670 cm-1 originating from edge-sharing 3V-OC bending vibration, as 

described in the Examples later being no more than 1.6. 

The wavenumber for calculating this “P1/P3” is the wavenumber in a 

case of the beginning to the end of the peak; however, in the case of 

calculating using the wavenumber of the peak top, it may be calculated 

as the ratio (P1/P3) of the peak intensity P1 of wavenumber 474 to 542 

cm-1 originating from the crosslinked V-OB-V bending vibration, 

relative to the peak intensity P3 of wavenumber 604 to 612 cm-1 

originating from edge-sharing 3V-OC bending vibration. 

[0035] 

 In the embodiment of the present invention, for example, in the 

selective catalytic reduction reaction using a denitration catalyst 

having a ratio (P1/P3) of the peak intensity P1 of wavenumber 450 to 

550 cm-1 originating from the crosslinked V-OB-V bending vibration, 

relative to the peak intensity P3 of wavenumber 590 to 670 cm-1 

originating from edge-sharing 3V-OC bending vibration of 0.83 to 1.43, 

it exhibited a NO conversion rate of 61% to 79% at the reaction 

temperature of 100°C, and exhibited a NO conversion rate of 93% to 

100% at the reaction temperature of 150°C. 
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[0036] 

 On the other hand, in the selective catalytic reduction reaction 

using a denitration catalyst having a ratio (P1/P3) of the peak 

intensity P1 of wavenumber 450 to 550 cm-1 originating from the 

crosslinked V-OB-V bending vibration, relative to the peak intensity P3 

of wavenumber 590 to 670 cm-1 originating from edge-sharing 3V-OC 

bending vibration of 1.71, it only exhibited a NO conversion rate of 

47% at the reaction temperature of 100°C, and exhibited a NO 

conversion rate of 76% at the reaction temperature of 150°C. 

[0037] 

 In addition, the ratio (P1/P3) of the peak intensity P1 of 

wavenumber 450 to 550 cm-1 originating from the crosslinked V-OB-V 

bending vibration, relative to the peak intensity P3 of wavenumber 590 

to 670 cm-1 originating from edge-sharing 3V-OC bending vibration is 

preferably no more than 1.6; however, more preferably, it may be at 

least 0.83 and no more than 1.43. 

More preferably, it may be at least 0.83 and no more than 1.09. 

More preferably, it may be at least 0.87 and no more than 1.09. 

[0038] 

 Furthermore, the denitration catalyst of the present invention 

may have a line defect in which point defects such as the “defect site 

at which an oxygen atoms are deficient occurs” are continuously 

arranged one-dimensionally, a plane defect in which the point defects 

are continuously arranged two-dimensionally, or a lattice defect such 

as lattice strain, for example. 

[0039] 
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 In addition, the denitration catalyst of the present invention is 

preferably used in denitration at 270°C or lower. 

This is derived from the firing temperature of denitration catalyst of 

the present invention being 270°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 the reaction temperature 

of 200°C or lower, and thus the denitration catalyst of the present 

invention is capable of use in denitration at 200°C or lower. 

Since oxidation from SO2 to SO3 does not occur at 200°C or less, during 

the selective catalytic reduction reaction, oxidation of SO2 to SO3 is 

thereby not accompanied, as in the knowledge obtained by the above 

Patent Document 2. 

[0040] 

 In addition, in the aforementioned disclosure, the denitration 

catalyst of the present invention is preferably used in denitration at 

270°C or lower; however, it may be preferably used in denitration at 

200°C or lower, and even more preferably, it may be used in 

denitration with a reaction temperature of 100 to 200°C. 

More preferably, it may be used in denitration with a reaction 

temperature of 160 to 200°C. 

Alternatively, it may be used in denitration with a reaction 

temperature of 80 to 150°C. 

[0041] 

 The denitration catalyst containing vanadium oxide, and having a 

defect site at which oxygen atoms are deficient occurs in the crystal 
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structure of vanadium pentoxide included in this vanadium oxide can be 

prepared by the sol gel method for the most part. 

[0042] 

 The sol gel method includes a step of mixing vanadate and chelate 

compound, and firing after dissolving this mixture in pure water. 

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, for example, that having a 

plurality of carboxyl groups such as oxalic acid and citric acid, that 

having a plurality of amino groups such as acetylacetonate and 

ethylenediamine, that having a plurality of hydroxyl groups such as 

ethylene glycol, etc. may be used. 

It should be noted that, in the present embodiment, after dissolving 

the vanadate in chelate compound and drying, it is fired at a 

temperature of 270°C or less. 

[0043] 

 In the embodiment of the present invention, the denitration 

catalyst produced by the method including a step of dissolving 

ammonium vanadate in an oxalic acid aqueous solution, and a step of 

subsequently drying, and then firing at a temperature of 270°C, 

exhibited a NO conversion rate of 61 to 79% at a reaction temperature 

of 100°C, and exhibited a NO conversion rate of 93 to 100% at a 

reaction temperature of 150°C. 

[0044] 

 On the other hand, as a denitration catalyst produced by a method 
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differing from such a process, for example, a denitration catalyst 

produced by a method including a step of dissolving ammonium vanadate 

in an oxalic acid aqueous solution, and a step of subsequently drying, 

and then firing at a temperature of 300°C for 4 hours only exhibited a 

NO conversion rate of 47% at a reaction temperature of 100°C, and 

exhibited a NO conversion rate of 76% at a reaction temperature of 

150°C. 

[0045] 

 The denitration catalyst prepared in this way is normally a 

denitration catalyst containing vanadium oxide, in which this vanadium 

oxide includes vanadium pentoxide, and has a defect site at which an 

oxygen deficiency occurs in the crystal structure of this vanadium 

pentoxide. 

[0046] 

 According to the denitration catalyst related to the above-

mentioned embodiment, the following effects are exerted. 

[0047] 

  (1) As mentioned above, in the denitration catalyst according to 

the above embodiment, the denitration catalyst contains vanadium 

oxide, in which this vanadium oxide includes vanadium pentoxide, and 

has a defect site at which oxygen atoms are deficient in the crystal 

structure of this vanadium pentoxide. 

By using this denitration catalyst, upon the selective catalytic 

reduction reaction with ammonia as the reductant, it is possible to 

exhibit an effect whereby the denitration efficiency is even higher at 

low temperature, compared  to the conventional technology. 
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[0048] 

  (2) As mentioned above, in the denitration catalyst according to 

the above embodiment, an intensity ratio of peak intensity (Ｐv６Ｏ１３) of 

a (110) plane of V6O13 relative to peak intensity (PV2O5) of a (001) 

plane of V2O5 detected by powder X-ray diffraction is preferably at 

least 0.08 and no more than 2.05. 

For the denitration catalyst according to the above embodiment, the 

adsorption of NO tends to occur, and can thereby exhibit higher NO 

conversion rate. 

[0049] 

  (3) As mentioned above, in the denitration catalyst according to 

the above embodiment, reflectance at wavelength 1200 nm normalized 

with reflectance at wavelength 600 nm as 1 in the ultraviolet-visible 

near-infrared absorption spectrum is preferably no more than 0.90. 

For the denitration catalyst according to the above embodiment, the 

adsorption of NO tends to occur, and can thereby exhibit higher NO 

conversion rate. 

[0050] 

  (4) As mentioned above, in the denitration catalyst according to 

the above embodiment, a ratio of tetravalent vanadium relative to 

overall vanadium of a catalyst surface detected by X-ray  photoelectron 

spectroscopy is preferably at least 0.20. 

For the denitration catalyst according to the above embodiment, the 

adsorption of NO tends to occur, and can thereby exhibit higher NO 

conversion rate. 

[0051] 
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  (5) As mentioned above, in the denitration catalyst according to 

the above embodiment, a ratio (P1/P3) of a peak intensity P1 of 

wavenumber 450 to 550 cm-1 originating from crosslinked V-OB-V bending 

vibration, relative to a peak intensity P3 of wavenumber 590 to 670 cm-

1 originating from edge-shaped 3V-OC bending vibration is preferably no 

more than 1.6. 

For the denitration catalyst according to the above embodiment, the 

adsorption of NO tends to occur, and can thereby exhibit higher NO 

conversion rate. 

[0052] 

  (6) As mentioned above, the denitration catalyst according to the 

above embodiment is preferably used in denitration at 270°C or lower. 

In the selective catalytic reduction reaction using the denitration 

catalyst according to the above embodiment, high denitration effect is 

brought about without causing the SO2 to oxidize. 

[0053] 

  (7) As mentioned above, a production method for the denitration 

catalyst according to the above embodiment preferably includes a step 

of mixing vanadate and a chelate compound, and firing at a temperature 

of 270°C or lower. 

The denitration catalyst according to the above embodiment thereby has 

a defect site at which an oxygen deficiency occurs, and the 

denitration effect in the selective catalytic reduction reaction using 

the denitration catalyst according to the above embodiment improves. 

[0054] 

 It should be noted that the present invention is not to be 
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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 

 

[0055] 

 Hereinafter, Examples of the present invention will be 

specifically explained together with Comparative Examples. 

It should be noted that the present invention is not limited to these 

Examples. 

[0056] 

<1 Each Example and Comparative Example> 

[Example 1] 

 Ammonium vanadate was dissolved in an oxalic acid aqueous 

solution. 

Herein, the molar ratio of ammonium vanadate : oxalic acid is 1:3. 

After completely dissolving, the moisture in the solution was 

evaporated on a hot stirrer, and was dried overnight at 120°C in a 

dryer. 

Subsequently, the dried powder was fired for 1 hour at 270°C in air. 

The fired vanadium pentoxide was defined as the denitration catalyst 

of Example 1. 

It should be noted that the sample name of this denitration catalyst 

of Example 1 was set as “V270-1”.  

[0057] 



21 
 

 
 

[Example 2] 

 Ammonium vanadate was dissolved in a oxalic acid aqueous 

solution. 

Herein, the molar ratio of ammonium vanadate : oxalic acid is 1:3. 

After completely dissolving, the moisture in the solution was 

evaporated on a hot stirrer, and dried  overnight at 120°C in a dryer. 

Subsequently, the dried powder was fired for 2 hours at 270°C in air. 

The dried vanadium pentoxide was defined as the denitration catalyst 

of Example 2. 

It should be noted that the sample  name of this denitration catalyst 

of Example 2 was set as “V270-2”. 

[0058] 

[Example 3] 

 Ammonium vanadate was dissolved in a oxalic acid aqueous 

solution. 

Herein, the molar ratio of ammonium vanadate : oxalic acid is 1:3. 

After completely dissolving, the moisture in the solution was 

evaporated on a hot stirrer, and dried  overnight at 120°C in a dryer. 

Subsequently, the dried powder was fired for 3 hours at 270°C in air. 

The dried vanadium pentoxide was defined as the denitration catalyst 

of Example 3. 

It should be noted that the sample  name of this denitration catalyst 

of Example 3 was set as “V270-3”. 

[0059] 

[Example 4] 

 Ammonium vanadate was dissolved in a oxalic acid aqueous 
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solution. 

Herein, the molar ratio of ammonium vanadate : oxalic acid is 1:3. 

After completely dissolving, the moisture in the solution was 

evaporated on a hot stirrer, and dried  overnight at 120°C in a dryer. 

Subsequently, the dried powder was fired for 4 hours at 270°C in air. 

The dried vanadium pentoxide was defined as the denitration catalyst 

of Example 4. 

It should be noted that the sample  name of this denitration catalyst 

of Example 4 was set as “V270-4”. 

[0060] 

[Comparative Example 1] 

 Ammonium vanadate was dissolved in a oxalic acid aqueous 

solution. 

Herein, the molar ratio of ammonium vanadate : oxalic acid is 1:3. 

After completely dissolving, the moisture in the solution was 

evaporated on a hot stirrer, and dried  overnight at 120°C in a dryer. 

Subsequently, the dried powder was fired for 4 hours at 300°C in air. 

The dried vanadium pentoxide was defined as the denitration catalyst 

of Comparative Example 1. 

It should be noted that the sample  name of this denitration catalyst 

of Comparative Example 1 was set as “V300-4”. 

It should be noted that this Comparative Example 1 is a denitration 

catalyst disclosed in Patent Document 2 noted above. 

[0061] 

<2. Evaluation> 

<2.1 NO Conversion Rate> 
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(Measurement Method 1) 

 Under the conditions of Table 1 below, the NH3-SCR reaction was 

carried out using a fixed bed flow-type reactor at a reaction 

temperature of 100 to 200°C. 

In the gas passing through the catalyst layer, NO was analyzed by a 

Jasco FT-IR-4700. 

[0062] 

[Table 1] 

(Table 1) NH3-SCR measurement conditions

Reaction temperature 100℃，150℃
Catalyst amount 0.375g
Gas flow rate 250mlmin-1

NO: 250ppm，NH3: 250ppm，O2: 4vol%

in Ar, 2.3% H2O (steam atmosphere)

Space velocity 40,000 mLh-1gcat
-1

 

[0063] 

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

noted below. 

It should be noted that Noin is the NO concentration at the reaction 

tube inlet, and NOout is the NO concentration of the reaction tube 

outlet. 

 

Formula 1 

 

[0064] 

(Measurement Results 1) 
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 Table 2 shows the NO conversion rates of each vanadium pentoxide 

catalyst for both a case of a reaction temperature of 100°C and a case 

of a reaction temperature of 150°C. 

FIG. 1A is a plot graphing this Table 2. 

[Table 2] 

(Table 2) NO conversion rate of vanadium catalyst
Sample NO conversion rate/%

100℃ 150℃
Example 1 (V270-1) 69 99
Example 2 (V270-2) 79 100
Example 3 (V270-3) 77 100
Example 4 (V270-4) 61 93
Comparative
Example 1

(V300-4) 47 76
 

[0065] 

 In both a case of a reaction temperature of 100°C and a case of a 

reaction temperature of 150°C, the denitration catalyst of the 

Examples exhibited a higher NO conversion rate than the denitration 

catalyst of the Comparative Example. 

Above all, the denitration catalysts fired for 2 to 3 hours at 270°C 

exhibited a high NO conversion rate.  

Thereamong, Example 2 (V270-2) exhibited the highest NO conversion 

rate. 

[0066] 

(Measurement Method 2) 

 Under the conditions of a reaction temperature of 150°C in Table 

1 above, using the catalyst of Example 2 (V270-2),  the NH3-SCR 

reaction was carried out over 80 hours by the same method as 

measurement method 1, under conditions in which moisture is not 
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coexisting (dry) and 2.3 vol% moisture coexistence (2.3 vol% water). 

[0067] 

(Measurement Results 2) 

 FIG. 1B is a graph showing the change in NO conversion rate at 80 

hours of the catalyst of Example 2 (V270-2). 

As is evident from the graph of FIG. 1B, the NO conversion rate of the 

catalyst of Example 2 (V270-2) showed stable numerical values over at 

least 80 hours in both the condition in which moisture does not 

coexist, and under moisture coexistence. 

[0068] 

<2.2 TEM Images> 

 FIGS. 2A and 2B show TEM images of Example 1 (V270-1). 

It should be noted that FIG. 2A is a TEM image of 140,000 times 

magnification, and FIG. 2B is a TEM image of 1,400,000 times 

magnification. 

In addition, FIGS. 2C and 2D show TEM images of Example 2 (V270-2). 

It should be noted that FIG. 2C is  a TEM image of 140,000 times 

magnification, and FIG. 2D is a TEM image of 1,400,000 times 

magnification. 

In addition, FIGS. 2E and 2F show TEM images of Example 3 (V270-3). 

It should be noted that FIG. 2E is a TEM image of 140,000 times 

magnification, and FIG. 2F is a TEM image of 1,400,000 times 

magnification. 

In addition, FIGS. 2G and 2H show TEM images of Example 4 (V270-4). 

It should be noted that FIG. 2G is a TEM image of 140,000 times 

magnification, and FIG. 2H is a TEM image of 1,400,000 times 
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magnification. 

On the other hand, FIGS. 2I and 2J show TEM images of Comparative 

Example 1 (V300-4). 

It should be noted that FIG. 2I is a TEM image of 140,000 times 

magnification, and FIG. 2J is a TEM image of 1,400,000 times 

magnification. 

It should be noted that the images in the lower right included in each 

image of FIGS. 2B, 2D, 2F, 2H and 2I show electron diffraction 

patterns of vanadium oxide catalysts. 

[0069] 

 From these images, it was clarified that a crystalline portion 

and amorphous portion exist in the crystal structure of the Examples. 

[0070] 

<2.3 Powder X-ray Diffraction> 

(Measurement Method) 

 As powder X-ray diffraction, measurement was performed using Cu-

Kα by a Rigaku Smart Lab. 

(Measurement Results) 

FIG. 3 shows the powder XRD (X-Ray Diffraction) patterns of Example 1 

(V270-1), Example 2 (V270-2), Example 3 (V270-3) and Example 4 (V270-

4). 

Mainly, a peak of the (001) plane of V2O5･1.6H2O was found at 2θ=7.6°, a 

peak of the (001) plane of V2O5 was found at 2θ=20.2°, and a peak of 

the (110) plane of V6O13 was found at 2θ=25.6°. 

[0071] 

 FIG. 4 is a view showing an outline of the change in internal 
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structure in the case of firing VO2(C2O4), which is the precursor. 

At the stage of firing at 270°C for 1 to 2 hours, V2O5･1.6H2O, V6O13 and 

V2O5 are mainly generated in the denitration catalyst, and a component 

other than these is amorphous V2O5. 

Subsequently, at the stage of firing at 270°C for 3 to 4 hours, V2O5, 

V2O5･1.6H2O, and V6O13 are mainly generated in the denitration catalyst, 

and a component other than these is amorphous V2O5. 

Eventually, at the stage completely fired, V2O5 is mainly generated in 

the denitration catalyst, and a component other than these is 

amorphous V2O5. 

[0072] 

 Therefore, for each catalyst, the intensity ratio (P6-13/P2-5) of 

the peak intensity (P6-13) of the (110) plane of V6O13 relative to the 

peak intensity (P2-5) of the (001) plane of V2O5 was calculated, and 

this was set as an index of each catalyst. 

[0073] 

 Table 3 shows the intensity ratio of each vanadium catalyst, and 

the NOx conversion rates for both the case of a reaction temperature 

of 100°C and the case of a reaction temperature of 150°C. 

FIG. 5 is a plot graphing this Table 3. 

[Table 3] 
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(Table 3) NO conversion rate of vanadium catalyst
Sample Intensity Ratio NO conversion rate/%

100℃ 150℃
Example 1 (V270-1) 2.05 69 99

Example 2 (V270-2) 0.32 79 100
Example 3 (V270-3) 0.16 77 100
Example 4 (V270-4) 0.08 61 93
Comparative
Example 1

(V300-4) 0.00 47 76
 

[0074] 

 From Table 3 and FIG. 5, it was found that the catalysts 

according to the Examples having an intensity ratio of at least 0.07 

exhibited higher NO conversion rate than the Comparative Example. 

[0075] 

<2.4 UV-Vis-NIR Spectra> 

(Measurement Method) 

 The color of the vanadium catalyst itself according to the above 

Examples and Comparative Examples changes from green to yellow as 

firing progresses. 

Therefore, for each catalyst, UV-Vis-NIR spectra was calculated using 

a diffuse reflection microscope. 

In more detail, a sample of each catalyst was filled into a sample 

holder including a white sheet of barium sulfate, and UV-Vis-NIR 

spectra were measured by the diffuse reflectance method. 

As the measuring apparatus, a UV-3100PC UV-visible  spectrophotometer 

manufactured by Shimadzu was used. 

[0076] 

(Measurement Results) 

 FIG. 6 shows, as the UV-Vis-NIR spectra for each catalyst, a 
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graph establishing the wavelength as the horizontal axis, and 

establishing the reflectance normalizing the reflectance of wavelength 

600 nm as 1 as the vertical axis. 

According to the graph of FIG. 6, it was shown that the value of 

reflectance dropped within a wide range of wavelengths after 600 nm, 

as the tetravalent vanadium increased. 

It should be noted that Table 4 below shows the absorption edge 

wavelength of each catalyst and the reflectance of wavelength 1200 nm. 

[Table 4] 

Sample Absorption edge Reflectance of 1200 nm
/nm /%

Example 1 (V270-1) 537.4 15.7
Example 2 (V270-2) 547.0 70.0
Example 3 (V270-3) 547.0 81.3
Example 4 (V270-4) 554.7 90.1
Comparative
Example 1

(V300-4) 537.4 94.3

(Table 4) Absorption edge wavelength and reflectance
 of vanadium catalyst

 
[0077] 

FIG. 7 is a graph showing the relationship between the reflectance of 

wavelength 1200 nm of each catalyst and the NO conversion rate. 

For both a case of a reaction temperature of 100°C and a case of a 

reaction temperature of 150°C, the NO conversion rates of catalysts 

according to the Examples having a reflectance of no more than 0.90 

exhibited a higher value than the NO conversion rate of the catalyst 

according to the Comparative Example having a reflectance exceeding 

0.90. 

[0078] 

<2.5 Raman Spectra> 
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(Measurement Method) 

 In order to analyze the crystal structure of each catalyst, the 

Raman spectra was measured by Raman 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 

spectroscopic device.  

As the measurement apparatus, an NRS-4100 Raman spectrophotometer 

manufactured by JASCO Corp. was used. 

[0079] 

(Measurement Results) 

 FIG. 8 shows the Raman spectra of each catalyst. 

From FIG. 8, the peaks originating from the crystal structure of each 

catalyst could be confirmed. 

Above all, it showed that there is a defect portion and a site of V4+ 

in the crystal structure of each catalyst according to the Examples. 

[0080] 

<2.6 Infrared Absorption Spectra> 

(Measurement Method) 

 The infrared absorption spectra of each catalyst was measured. 

It should be noted that, upon measurement,  1 mg of sample of each 

catalyst and 10 mg of potassium bromide were mixed, and molded by 

pressurizing by a tablet molding machine. 

Furthermore, infrared absorption spectra was measured by the 

transmission method using a TGS detector. 

As the measurement apparatus, an FT/IR-6100 infrared spectrometer 

manufactured by JASCO Corp. was used. 
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[0081] 

(Measurement Results) 

 FIG. 9 shows the spectral curve of each catalyst obtained as a 

result of measuring the infrared absorption spectra of the finger-

print region: 1150 to 400 cm-1. 

In addition, FIG. 10 shows crystal structures of vanadium pentoxide 

according to each of the Examples. 

In the crystal structure of vanadium pentoxide, the terminal V=O (1 in 

FIG. 10), edge-shared 3V-OC (2 in FIG. 10) and crosslinked V-OB-V (3 in 

FIG. 10) exist. 

[0082] 

 As shown in FIG. 9, the peak (Peak 1) originating from cross-

linked V-OB-V bending vibration overlaps the peak (Peak 2) originating 

from edge-shared 3V-OC stretching vibration.  

Therefore, the ratio (P1/P3) of intensity P1 of the peak (Peak 1) of 

wavenumber 450 to 550 cm-1 originating from the crosslinked V-OB-V 

bending vibration relative to intensity P3 of the peak (Peak 3) of 

wavenumber 590 to 670 cm-1 originating from edge-shared 3V-OC 

stretching vibration was calculated. 

Table 5 below shows the wavenumber, transmittance and ratio of P1/P3 

of each peak for every catalyst. 

In addition, FIG. 11 is a graph establishing the ratio of P1/P3 in 

Table 5 as the horizontal axis, and establishing the NO conversion 

rate of each catalyst as the vertical axis. 

[Table 5] 
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[0083] 

 As found from Table 5 and FIG. 11, according to the Examples, the 

catalysts according to the Examples having a P1/P3 of 1.6 or less 

showed a higher NO conversion rate than the catalyst according to the 

Comparative Example having a P1/P3 of 1.71. 

[0084] 

<2.7 X-ray Photoelectron Spectrum (XPS)> 

(Measurement Method) 

 For the catalysts according to each of the Examples and 

Comparative Example, the X-ray photoelectron spectrum (XPS) was 

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. 12 shows the XPS spectra for the V2p region. 

From FIG. 12, it is shown that there is a defect portion and V4+ site 

in the crystal structure of each catalyst according to the Examples, 

similarly to FIG. 8. 

In addition, the ratio of tetravalent vanadium relative to overall 

vanadium from the catalyst surface until 2 nm which is the 

photoelectron escape depth becomes 0.40 in Example 1, 0.35 in Example 

2, 0.35 in Example 3, and 0.28 in Example 4. 
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On the other hand, it was merely 0.19 in the Comparative Example. 

[0086] 

 FIG. 13 is a graph establishing the proportion of tetravalent 

vanadium in the overall vanadium of the catalyst surface of each of 

the Examples and Comparative Examples as the horizontal axis, and 

establishing the NO conversion rate as the vertical axis. 

It was shown that the NO conversion rates of the catalysts according 

to the Examples in which the proportion of tetravalent vanadium of the 

overall vanadium of the catalyst surface was at least 0.20 is higher 

than the NO conversion rate of the catalyst according to the 

Comparative Example in which the proportion of tetravalent vanadium of 

the overall vanadium of the catalyst surface was 0.19. 

[0087] 

 In the above way, a denitration catalyst containing vanadium 

oxide has a high denitration efficiency at low temperatures of 270°C 

or lower, in the selective catalytic reduction reaction with ammonia 

as the reductant, using a denitration catalyst having a defect site at 

which oxygen atoms are deficient in the crystal structure of vanadium 

pentoxide. 
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CLAIMS 

 

1.  A denitration catalyst comprising vanadium oxide, wherein the 

vanadium oxide includes vanadium pentoxide, and has a defect site at 

which oxygen is deficient in the crystal structure of the vanadium 

pentoxide. 

 

2.  The denitration catalyst according to claim 1, wherein an intensity 

ratio (ＰV２Ｏ５／Ｐv６Ｏ１３) of peak intensity (Ｐv６Ｏ１３) of a (110) plane of 

V6O13 relative to peak intensity (PV2O5) of a (001) plane of V2O5 detected 

by powder X-ray diffraction, is at least 0.08 and no more than 2.05. 

 

3.  The denitration catalyst according to claim 1 or 2, wherein 

reflectance at wavelength 1200 nm normalized with reflectance at 

wavelength 600 nm as 1 in the ultraviolet-visible near-infrared 

absorption spectrum is no more than 0.90. 

 

4.  The denitration catalyst according to any one of claims 1 to 3, 

wherein a ratio of tetravalent vanadium relative to overall vanadium 

from a catalyst surface to 2 nm which is a photoelectron escape depth 

detected by X-ray  photoelectron spectroscopy is at least 0.20. 

 

5.  The denitration catalyst according to any one of claims 1 to 4, 

wherein a ratio (P1/P3) of a peak intensity P1 of wavenumber 450 to 

550 cm-1 originating from crosslinked V-OB-V bending vibration, 

relative to a peak intensity P3 of wavenumber 590 to 670 cm-1 
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originating from edge-shaped 3V-OC bending vibration is no more than 

1.6. 

 

6.  The denitration catalyst according to any one of claims 1 to 5, 

wherein the denitration catalyst is used in denitration at 270°C or 

lower. 

 

7.  A production method for the denitration catalyst according to any 

one of claims 1 to 6, the method comprising a step of mixing vanadate 

and a chelate compound, and firing at a temperature of 270°C or lower. 


