DENI TRATI ON CATALYST AND METHOD FOR PRCODUCI NG THE SAME

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a denitration catal yst
and a nmethod for producing the denitration catalyst. Mre
specifically, the present invention relates to a denitration
cat al yst used when exhaust gas generated through fue
conbustion is cleaned up and a nethod for producing the

denitration catal yst.

BACKGROUND ART
[ 0002]

One of pollutants enmitted to the air through fuel
conmbustion is nitrogen oxide (NO NGO, NG, NO NG, NOy, or
N&). N trogen oxi de causes, for exanple, acid rain, ozone
depl eti on, and photochemi cal snog and seriously affects the
envi ronnment and the human body, and therefore the treatnent
for nitrogen oxide has been an inportant issue.

[ 0003]

A known techni que of renoving the nitrogen oxide is a
sel ective catal ytic reduction reaction (N--SCR) that uses
ammoni a (NH3) as a reduci ng agent. As described in Patent
Docunent 1, a catalyst in which vanadi um oxide is supported on
titani um oxide serving as a carrier is widely used as a
catal yst for the selective catalytic reduction reaction.

Titaniumoxide is the best carrier because titanium oxide has



a low activity against sulfur oxide and has high stability.
[ 0004]
Pat ent Docunent 1: Japanese Unexam ned Patent Application,

Publ i cati on No. 2004—275852

DI SCLOSURE OF THE | NVENTI ON
Probl ens to be Solved by the Invention
[ 0005]

On the other hand, vanadi um oxi de plays a key role in the
NH;- SCR, but vanadi um oxi de cannot be supported in an anount of
about 1 w% or nore because vanadi um oxi de oxi di zes SO, i nto
SC;. Therefore, vanadium oxide is typically used in an anount
of 1 wt%or less relative to its carrier. Furthernore, in the
current NH;- SCR, a catal yst in which vanadi um oxi de (and
tungsten oxide in sone cases) is supported on a titanium oxide
carrier hardly reacts at |ow tenperature and thus needs to be
used at a high tenperature of 350°C to 400°C.

[ 0006]

In order to increase the degree of freedomin the design
of apparatuses and facilities with which the NH-SCR is
perfornmed and i ncrease the efficiency, the devel opnment of a
catal yst having a high nitrogen oxide reduction activity even
at | ow tenperature has been demanded.

[ 0007]

In view of the foregoing, it is an object of the present

invention to provide a catal yst that exhibits a high

denitration efficiency at | ow tenperature and does not cause



oxi dation of SO, in a selective catalytic reduction reaction
t hat uses anmpnia as a reduci ng agent.

Means for Sol ving the Probl ens

[ 0008]

The present invention relates to a denitration catal yst
containing 3.3 wt% or nore of vanadium oxide in terns of
vanadi um pent oxi de and having a BET specific surface area of
10 nf/ g or nore.

[ 0009]

The denitration catalyst is preferably used for
denitration at 200°C or | ower.
[ 0010]

In the denitration catal yst, an anmount of NH; desorbed by
NH;- TPD ( TPD: tenperature prograned desorption) is preferably
10.0 mmol / g or nore.

[0011]

The present invention relates to a nmethod for producing
the denitration catalyst, the nethod including a step of
thermal | y deconposing a vanadate at a tenperature of 300°C to
400°C.

[0012]

The present invention relates to a nethod for producing
the denitration catalyst, the nethod including a step of
di ssolving a vanadate in a chelate compound, perform ng drying,
and then performng firing.

Ef fects of the Invention

[ 0013]



The denitration catal yst according to the present
i nvention exhibits a high denitration efficiency particularly
at 200°C or lower, which allows detoxification of NOinto N,
The sel ective catalytic reduction reaction that uses the
denitration catal yst according to the present invention can be

performed at 200°C or |ower, and therefore oxidation of SO

does not occur.

BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0014]

[Fig. 1] Fig. 1 illustrates the powder X-ray diffraction
results of vanadi um pentoxi de catal ysts produced in Exanples 1
to 3 and Conparative Exanple 1.

[Fig. 2] Fig. 2 illustrates the powder X-ray diffraction
results of vanadi um pentoxi de catal ysts produced in Exanples 3
to 8 and Conparative Exanples 2 and 3.

[Fig. 3] Fig. 3 illustrates the NH;-SCR activity of vanadi um
pent oxi de catal ysts produced in Exanples 1 to 3 and
Conparative Exanples 1 and 4.

[Fig. 4 Fig. 4illustrates the relationship between the
reaction tenperature and the N, selectivity in a selective
catal ytic reduction reaction that uses vanadi um pent oxi de
catal ysts produced in Exanple 1 and Conparative Exanple 1.
[Fig. 5] Fig. 5illustrates the space velocity dependency in
t he case where a vanadi um pent oxi de catal yst produced in
Exanple 1 is used in a NH;- SCR reacti on.

[Fig. 6] Fig. 6 illustrates a change in the NO conversion



ratio over tine in the case where a vanadi um pent oxi de

catal yst produced in Exanple 1 is used in a selective

catal ytic reduction reaction in coexistence with water.

[Fig. 7] Fig. 7 illustrates changes in the NH;, NO and SG
concentrations over tine in the case where a vanadi um

pent oxi de catal yst produced in Exanple 1 is used in a

sel ective catalytic reduction reaction in coexistence with S.
[Fig. 8 Fig. 8 illustrates the relationship between the
amount of vanadi um pent oxi de supported and the NO conversi on
rati o of a vanadi um pentoxi de catal yst produced in each of
Exanpl es at each reaction tenperature.

[Fig. 9] Fig. 9 illustrates the relationship between the BET
specific surface area and the NO conversion ratio of a
vanadi um pent oxi de catal yst produced in each of Exanples and
Conpar ati ve Exanpl es.

[Fig. 10] Fig. 10 illustrates the powder X-ray diffraction
results of vanadi um pentoxi de catal ysts produced i n Exanpl es
10 to 14.

[Fig. 11] Fig. 11 illustrates the NH;- SCR activity of vanadi um
pent oxi de catal ysts produced in Exanples 10 to 14.

[Fig. 12] Fig. 12 illustrates the relationship between the
specific surface area and the NO conversion ratio of vanadi um
pent oxi de catal ysts in Exanples 1 and 2, Exanples 10 to 13,
and Conparati ve Exanple 1.

[Fig. 13] Fig. 13 illustrates the relationship between the BET
specific surface area and the amount of NH; desorbed of

vanadi um pent oxi de catal ysts produced in Exanples 1 and 2,



Exanpl es 11 and 12, and Conparative Exanple 1.

[Fig. 14] Fig. 14 illustrates the relationship between the
amount of NH; desorbed and the NO conversion ratio of vanadi um
pent oxi de catal ysts produced in Exanples 1 and 2, Exanples 11

and 12, and Conparative Exanple 1.

PREFERRED MODE FOR CARRYI NG OUT THE | NVENTI ON
[ 0015]

Hereafter, enbodi ments of the present invention will be
descri bed.
[0016]

A denitration catal yst of the present invention contains
3.3 wt% or nore of vanadium oxide in ternms of vanadi um
pent oxi de and has a BET specific surface area of 10 nf/g or
nore. Such a denitration catalyst can exhibit a high
denitration effect even in a | owtenperature environnent
conpared with known denitration catal ysts such as a
vanadi unf titani um cat al yst.

[0017]

Specifically, when a denitration catalyst containing 3.3
wt % or nore of vanadi um oxide in terns of vanadi um pent oxi de
is used in a selective catalytic reduction reaction (NHs;-SCR)

t hat uses ammpnia as a reducing agent, the NO conversion ratio
is approximately 35% or nore at a reaction tenperature of 120°C
and approxi mately 60% or nore at a reaction tenperature of

150°C. Even at a reaction tenperature of 100°C, the NO

conversion ratio exceeds 20% In contrast, if the denitration



catal yst contains only less than 3.3 w % of vanadi um oxide in
terns of vanadi um pent oxi de, the NO conversion ratio is |ess
than 20% at a reaction tenperature of 120°C and even at a
reaction tenperature of 150°C.

[0018]

As descri bed above, the denitration catalyst according to
the present invention contains 3.3 w% or nore of vanadi um
oxide in ternms of vanadi um pentoxide, and may al so contain
titani um oxi de as another conponent in addition to the
vanadi um oxi de. Furthernore, a noble netal, a base netal, and
a main group netal may be contained. Preferably, for exanple,
tungst en oxi de, chrom um oxi de, and nol ybdenum oxi de can al so
be cont ai ned.

[0019]

It has been described that the denitration catalyst
preferably contains 3.3 wt% or nore of vanadi um oxide in terns
of vanadi um pentoxi de. Preferably, the denitration catal yst
may contain 9 wt% or nore of vanadiumoxide in ternms of
vanadi um pent oxi de. More preferably, the denitration catal yst
may contain 20 wt% or nore of vanadi um oxide in terns of
vanadi um pent oxi de. More preferably, the denitration catal yst
may contain 33 wt% or nore of vanadium oxide in terns of
vanadi um pent oxi de. More preferably, the denitration catal yst
may contain 43 wt% or nore of vanadium oxide in terns of
vanadi um pent oxi de. More preferably, the denitration catal yst
may contain 80 wt% or nore of vanadium oxide in terns of

vanadi um pent oxi de. More preferably, the content of vanadi um



oxide in the denitration catal yst may be 100%
[ 0020]

The above-descri bed vanadi um oxi de i ncl udes vanadi un(l1)
oxi de (VO, vanadiun(lll) trioxide (V20), vanadi un(lV) dioxide
(V-Qy), and vanadi um(V) pentoxide (V.3), and the V elenent in
vanadi um pent oxi de (V.&) may have a pentaval ent, tetraval ent,
trivalent, or divalent formin the denitration reaction.

[ 0021]

Regardi ng the BET specific surface area of the denitration
catal yst, for exanple, in the NH;-SCR that is perfornmed at a
reaction tenperature of 120°C using a denitration catal yst
cont ai ni ng vanadi um pent oxi de and having a BET specific
surface area of 13.5 nfg'l, the NO conversion ratio exceeds 20%
Even in the NH3-SCR that is perforned at a reaction tenperature
of 120°C using a denitration catal yst containing vanadi um
pent oxi de and having a BET specific surface area of 16.6 nfg?,
the NO conversion ratio exceeds 20% |In contrast, in the NH-
SCR that is performed at a reaction tenperature of 120°C usi ng,
for exanple, a denitration catalyst having a BET specific
surface area of 4.68 nf/g, which is a denitration catalyst
havi ng a BET specific surface area of |ess than 10 nf/g, the NO
conversion ratio falls bel ow 20%

[ 0022]

The BET specific surface area of the denitration catal yst
is 10 nf/g or nore and may be preferably 15 nf/g or nore. MNore
preferably, the BET specific surface area of the denitration

catal yst may be 30 nf/g. Mre preferably, the BET specific



surface area of the denitration catalyst may be 40 nf/g or nore.
More preferably, the BET specific surface area of the
denitration catalyst may be 50 nf/g or nore. MNbore preferably,
the BET specific surface area of the denitration catalyst may
be 60 nf/g or nore.

[ 0023]

The BET specific surface area of the denitration catal yst
is preferably measured in conformty with the conditions
specified in JIS Z 8830:2013. Specifically, the BET specific
surface area can be nmeasured by a nmethod described in Exanpl es
bel ow.

[ 0024]

The denitration catalyst of the present invention is used

for denitration at 200°C or lower. Preferably, the denitration

catal yst is used for denitration at 160°C or hi gher and 200°C

or lower. Thus, oxidation of SO, into SO; does not occur
during the NH;- SCR reaction
[ 0025]

Regardi ng the anmount of NH; desorbed by NH;- TPD ( TPD:
tenperat ure programed desorption), when the anobunt of NH;
desor bed exceeds 10.0 mmol /g, the NO conversion ratio of the
denitration catalyst in the NH;-SCR at a reaction tenperature
of 120°C is 20% or nore. In contrast, when the anount of NH;
desorbed falls below 10.0 mol /g, the NO conversion ratio of
the denitration catalyst in the NH;-SCR at a reaction

tenperature of 120°C falls bel ow 20%
[ 0026]
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In the denitration catal yst of the present invention, the
anmount of NH; desorbed by NHs;- TPD (TPD: tenperature prograned
desorption) is 10.0 muvol/g or nore. Preferably, the anmount of
NH; desorbed by NH;-TPD may be 20.0 mmol /g or nore. Mre
preferably, the amount of NH; desorbed by NH;- TPD nay be 50.0
mmol /g or nore. More preferably, the anmount of NH; desorbed by
NH;- TPD may be 70.0 nmol /g or nore
[0027]

The denitration catalyst containing 3.3 wt % or nore of
vanadi um oxi de in ternms of vanadi um pentoxi de and having a BET
specific surface area of 10 nf/g or nore can be produced by any
of a thermal deconposition process, a sol-gel process, and an
i mpregnati on process. Hereafter, a nethod for producing the
denitration catalyst containing 3.3 wt% or nore of vanadi um
pent oxi de and having a specific surface area of 10 nf/g or nore
by a thermal deconposition process, a sol-gel process, or an
i mpregnation process will be described.

[ 0028]

The thermal deconposition process includes a step of
thermal | y deconposi ng a vanadate. Exanples of the vanadate
that may be used include amoni um vanadate, magnesi um vanadat e,
strontium vanadate, barium vanadate, zinc vanadate, tin
vanadate, and |ithium vanadate.

[ 0029]
In the thermal deconposition process, the vanadate is

preferably thermally deconposed at 300°C to 400°C.
[ 0030]
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The sol -gel process includes a step of dissolving a
vanadate in a chel ate conpound, perform ng drying, and
performng firing. Exanples of the chel ate conmpound that may
be used include conmpounds having a plurality of carboxy groups,
such as oxalic acid and citric acid; conpounds having a
plurality of am no groups, such as acetyl acetonate and
et hyl enedi am ne; and conpounds having a plurality of hydroxy
groups, such as ethylene glycol.

[ 0031]

The sol -gel process preferably includes a step of
di ssolving a vanadate in a chel ate conpound such that the
nol ar ratio of vanadi um and the chel ate conmpound is, for
exanple, 1:1 to 1:5, though this is dependent on the chel ate
conmpound. Preferably, the nolar ratio of the vanadate and the
chel ate conmpound nay be 1:2 to 1:4.

[ 0032]

The inpregnation process includes a step of dissolving a
vanadate in a chel ate conpound, adding a carrier, performng
drying, and then performng firing. Exanples of the carrier
that may be used include titanium oxide, alum num oxide, and
silica. As above, exanples of the chelate conpound that nmay be
used include conpounds having a plurality of carboxy groups,
such as oxalic acid and citric acid; conpounds having a
plurality of am no groups, such as acetyl acetonate and
et hyl enedi am ne; and conpounds having a plurality of hydroxy
groups, such as ethylene glycol.

[ 0033]
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In the inpregnation process, xw% V,G/TiQ, (x 2 9) may be
produced as a denitration catal yst according to an enbodi nent
of the present invention by, for exanple, dissolving amobni um
vanadate in an oxalic acid solution, adding titani um oxi de
(Ti®) serving as a carrier, performng drying, and then
performng firing.

[ 0034]

The thus-produced denitration catalyst normally contains
3.3 wt% or nore of vanadi um pentoxi de and has a specific
surface area of 10 nf/g or nore.

[ 0035]

The denitration catal yst according to the above enbodi nent
produces the follow ng effects.
[ 0036]

(1) As described above, the denitration catal yst according
to the above enbodi nent contains 3.3 w % or nore of vanadi um
oxide in ternms of vanadi um pentoxi de and has a specific
surface area of 10 nf/g or nore. By using this denitration
catal yst, a high denitration effect can be produced even in a
sel ective catalytic reduction reaction at 200°C or | ower.
[0037]

(2) As described above, the denitration catal yst according
to the above enbodinent is preferably used for denitration at
200°C or lower. This produces a high denitration effect in the
sel ective catal ytic reduction reaction that uses the
denitration catal yst according to the above enbodi nent w t hout

oxi di zi ng SO,.
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[ 0038]

(3) As described above, in the denitration catalyst
according to the above enbodi nent, the amount of NH; desorbed
by NHs- TPD (TPD: tenperature progranmed desorption) is
preferably 10.0 mmol /g or nore. Wen this denitration catal yst
is used in the NH;-SCR at a reaction tenperature of 120°C, the
NO conversion rati o exceeds 20%

[ 0039]

(4) As described above, the nethod for producing a
denitration catal yst according to the above enbodi nent
preferably includes a step of thermally deconposing a vanadate
at 300°C to 400°C. This increases the specific surface area of
the denitration catalyst according to the above enbodi nent,
whi ch inproves a denitration effect in the selective catalytic
reduction reaction that uses the denitration catal yst
according to the above enbodi nent.

[ 0040]

(5) As described above, the nethod for producing a
denitration catal yst according to the above enbodi nment
preferably includes a step of dissolving a vanadate in a
chel at e conmpound, perform ng drying, and then perform ng
firing. This increases the specific surface area of the
denitration catal yst according to the above enbodi ment, which
i mproves a denitration effect in the selective catalytic
reduction reaction that uses the denitration catal yst
according to the above enbodi nent.

[ 0041]
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The present invention is not limted to the above
enbodi ment, and any of nodifications, inprovenents, and the
like are included in the present invention as |long as the

obj ect of the present invention is achieved.

EXAMPLES
[ 0042]

Hereafter, Exanples of the present invention will be
specifically described together with Conparative Exanples. The
present invention is not limted by Exanples.

[0043]

1. Relationship between vanadi um oxi de content and specific

surface area in catalyst and NH;- SCR activity

1.1 Exanpl es and Conparative Exanpl es

[ Exanpl e 1]

Anmmoni um vanadate (NH;VO;) was thermal |y deconposed in the
air at 300°C for 4 hours to obtain vanadi um pentoxi de (V.%).
The obt ai ned vanadi um pent oxi de was used as a denitration
catalyst in Exanple 1. The sanple nane of the denitration
catal yst in Exanple 1 was "V,(3;_300".

[ 0044]
[ Exanmpl e 2]

Ammoni um vanadate was thernmally deconposed in the air at
400°C for 4 hours to obtain vanadi um pentoxi de. The obtained
vanadi um pent oxi de was used as a denitration catalyst in
Exanpl e 2. The sanple name of the denitration catalyst in

Exanmpl e 2 was "V,(G;_400".
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[ 0045]
[ Conparative Exanpl e 1]

Ammoni um vanadate was thermally deconposed in the air at
500°C for 4 hours to obtain vanadi um pentoxi de. The obtained
vanadi um pent oxi de was used as a denitration catalyst in
Conpar ative Exanple 1. The sanple nanme of the denitration
catal yst in Conparative Exanple 1 was "V,G;_500".

[ 0046]
[ Exanpl e 3]

Ammoni um vanadat e was di ssolved in an oxalic acid solution
(rmolar ratio of vanadiumoxalic acid = 1:3). After ammoni um
vanadate was conpl etely dissolved, water in the solution was
evaporated on a hot stirrer, and drying was perforned in a
dryer at 120°C for one night. Then, the dried powder was fired
in the air at 300°C for 4 hours. The vanadi um pentoxide after
firing was used as a denitration catalyst in Exanple 3. The
sanpl e nane of the denitration catalyst in Exanple 3 obtained
by this sol-gel process was "V,0_SG 300". Denitration
catal ysts obtained at different nolar ratios of vanadi um and
oxal i c acid when ammoni um vanadate is dissolved in an oxalic
acid solution will be described |ater.

[0047]
[ Conparative Exanpl e 2]

Ammoni um vanadat e was added to an oxalic acid solution and
stirred for 10 m nutes, and titanium oxide serving as a
carrier was gradually added. Then, water in the solution was

evaporated on a hot stirrer and drying was perforned in a
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dryer at 120°C for one night. Subsequently, the dried powder
was fired in the air at 300°C for 4 hours. As a result, the
denitration catalyst after firing that contained 0.3 w % of
vanadi um pent oxi de was used as a denitration catalyst in
Conparative Exanple 2. The sanple nane of the denitration
catal yst in Conparative Exanple 3 was "0.3wm % V.G/ Ti O,".
[ 0048]
[ Compar ati ve Exanple 3]

The denitration catalyst after firing that was obtai ned by
the same nethod as in Conparative Exanple 2 and contained 0.9
wt % of vanadi um pent oxi de was used as a denitration catal yst
in Conparative Exanple 3. The sanple nanme of the denitration
catal yst in Conparative Exanple 4 was "0. 9w % V.G/ Ti O,".
[ 0049]
[ Exanpl e 4]

The denitration catalyst after firing that was obtai ned by
the same nethod as in Conparative Exanple 2 and contained 3.3
wt % of vanadi um pent oxi de was used as a denitration catal yst
in Exanple 4. The sanple nane of the denitration catalyst in
Exampl e 4 was " 3. 3wt % V,G/ Ti O,".
[ 0050]
[ Exanpl e 5]

The denitration catalyst after firing that was obtai ned by
the sane nethod as in Conparative Exanple 2 and contained 9
wt % of vanadi um pent oxi de was used as a denitration catal yst
in Exanple 5. The sanple nanme of the denitration catalyst in

Exampl e 5 was "9wt % V,G/ Ti O".
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[ 0051]
[ Exanpl e 6]

The denitration catalyst after firing that was obtai ned by
the sane nethod as in Conparative Exanple 2 and contained 20
wt % of vanadi um pent oxi de was used as a denitration catal yst
in Exanple 6. The sanple nanme of the denitration catalyst in
Exanpl e 5 was "20wt % V.G/ Ti &".
[ 0052]
[ Exanpl e 7]

The denitration catalyst after firing that was obtai ned by
the sane nethod as in Conparative Exanple 2 and contai ned 33
wt % of vanadi um pent oxi de was used as a denitration catal yst
in Exanple 7. The sanple nane of the denitration catalyst in
Exanpl e 7 was "33wt % .0/ Ti &".
[ 0053]
[ Exanpl e 8]

The denitration catalyst after firing that was obtai ned by
the sane nethod as in Conparative Exanple 2 and contai ned 43
wt % of vanadi um pent oxi de was used as a denitration catal yst
in Exanple 8. The sanple nane of the denitration catalyst in
Exanpl e 8 was "43wt % .0/ Ti &".
[ 0054]
[ Exanpl e 9]

The denitration catalyst after firing that was obtai ned by
the same nethod as in Conparative Exanple 2 and contai ned 80
wt % of vanadi um pent oxi de was used as a denitration catal yst

in Exanple 9. The sanple nane of the denitration catalyst in
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Exanple 9 was "80wt % Vo.G/ Ti O, .
[ 0055]
[ Conparative Exanpl e 4]

An existing catal yst was used in Conparative Exanple 4.
The existing catalyst is a catalyst in which, for exanple,
tungsten oxide (WD) (content: 10.72 wt% and silica (Si Q)
(content: 6.25 wt% are supported on titaniumoxide (Ti Q)
(content: 79.67 W% and which contains about 0.5% of vanadi um
[ 0056]

1.2 Eval uation

1.2.1 Powder X-ray diffraction

(Diffraction nethod)

Powder X-ray diffraction analysis was perforned with a
Ri gaku smart |ab using Cu-Ka.

[ 0057]
(Diffraction result)

Fig. 1 illustrates powder XRD patterns of Exanple 1
(V.G_300), Exanple 2 (V.(,_400), Exanple 3 (V.(;_SG 300), and
Conparative Exanple 1 (V.G_500). Fig. 2 illustrates powder
XRD patterns of Exanple 3 (V.G_SG 300), and Exanples 4 to 9
and Conparative Exanples 2 and 3 (xw% V.G5/ TiG). In the
powder XRD patterns of Exanple 1 (V.0_300), Exanple 2
(V.G;_400), Example 3 (V2.0;_SG 300), and Conparative Exanple 1
(V.G_500), only peaks for V.35 were observed regardl ess of the
t hermal deconposition tenperature and the production nethod.
In the powder XRD patterns of Exanples 4 to 9 and Conparative

Exampl es 2 and 3 (xwt % V.G/ Ti &), peaks for V.5 were not
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observed at 9 wt% or less and thus Vo, is believed to be
highly dispersed in TiQ,. Wen the amount of V,O; supported was
increased to 20 wt % peaks for V.05 were observed at 22.2° and
27.4°, and the V.G peak intensity increased as the anmount of
V,O; supported was increased. On the other hand, the Ti O peak
intensity tended to decrease.

[ 0058]

1.2.2 Measurenent of BET specific surface area

(Measur enment net hod)

The BET specific surface area was neasured with a
M crotracBEL BELSORP-max. Pretreatnent was perforned in an Ar
at nosphere at 200°C for 2 hours, and then nmeasurenent was

perfornmed at 196°C.
[ 0059]

(Measurenment result)

[ Tabl e 1]

BET specific surface area of vanadi um pent oxi de cat al yst

Sanpl e BET specific surface area
/ nfgt

Exanpl el (V.G5_300) 16.6

Exanpl e2 (V,05_400) 13.5

Conparati ve Exanplel (V.0,_500) 4.68

Exanpl e3 (V,05_SG 300) 62.9

Conmparative Exanpl e2 (0. 3wm WG/ Ti O) 62. 8

Conparati ve Exanpl e3 (0. 9wt %W/,0/ Ti O) 59

Exanpl e4 (3. 3wt W,0y/ Ti O) 55. 4
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Exanpl e5 (WM L0/ Ti O) 54.6
Exanpl e6 (20wt WH0y/ Ti Oy) 48. 3
Exanpl e7 (33wt W0/ Ti Oy) 41.2
Exanpl e8 (43wt LG/ Ti O) 49. 4
Exanpl e9 (80wt W0y Ti O) 34
Conparati ve Exanmpl e4 (Existing 61.8
cat al yst)
[ 0060]

Tabl e 1 shows BET specific surface areas of Exanple 1
(V.G;_300), Example 2 (V.(;_400), Conparative Exanple 1
(V.G_500), Exanmple 3 (V2G_SG 300), Conparative Exanples 2 and
3 and Exanples 4 to 9 (xw % V,GQ/ Ti O, catal yst), and
Conpar ative Exanple 4 (existing catalyst). In the vanadi um
pent oxi de catal ysts obtai ned by thermally deconposi hg anmoni um
vanadate, the BET specific surface area decreased with
increasing the thermal deconposition tenperature. That is, the
vanadi um pentoxi de in Exanple 1 (V.G;_300) in which the thernal
deconposition was performed at 300°C had a maxi num BET specific
surface area of 16.6 nfg'l. The vanadi um pent oxi de obtai ned at
300°C t hrough a sol -gel process had a | arger BET specific
surface area of 62.9 nfg’l. In Exanples 4 to 9 and Conparative
Exanples 2 and 3 (xwmt % V,GQ/ Ti &), as the anpunt of vanadi um
pent oxi de supported was increased, pores in TiO, were filled
and the BET specific surface area decreased.

[ 0061]

1.2.3 Measurenent of catalytic activity

(Measur enent net hod)
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An NH;- SCR reaction was perfornmed using a fixed-bed fl ow
react or under the conditions listed in Table 2 bel ow. Anong
gases that had passed through the catalytic layer, NO NH;, NGO,
and N;O were anal yzed with a Jasco FT-1R-4700.

[ 0062]
[ Tabl e 2]

NH:- SCR neasurenment conditi ons

Amount of catalyst 0.375ng

Gas flow rate 250mLmi n'!
(NO 250ppm NH;:  250ppm Q: 4vol %
(2000 ppm NO' Ar 31.3 nL nmin?t

(2000 ppm NHy/ Ar 31.3 mL min?t

(O 14 mL mint
(Ar 177.4 L min't)
Space vel ocity 40,000 nLh'gea ™t

[ 0063]

Furt hernmore, the NO conversion ratio and the N,
selectivity were cal culated fromfornul ae below. Herein, NQj,
represents a NO concentration at an inlet of a reaction tube,
NQ,t represents a NO concentration at an outlet of the
reaction tube, Nyt represents a N, concentration at the outl et
of the reaction tube, NHs;, represents a NH; concentration at
the inlet of the reaction tube, and NHz, represents a NH;
concentration at the outlet of the reaction tube.

[ 0064]

[ Formul a. 1]
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NO;; = NOgy:
NO CONVERSION RATIO = x 100
NO,
[ Formul a. 2]
2 * Nogye

NO SELECTIVITY (% x 100

)_ (Noin * NHsén) = (Noout e NH3aut)

(2 * N2outx(N0in + NH3in) - (Noout » NH3out ‘3 NOZGut +2+ Nzoam))

[ 0065]
(Measurenent result)

Fig. 3 illustrates the NH-SCR activity of the vanadi um
pent oxi de catal ysts. 1In the case of the catal ysts obtained by
thermal | y deconposi ng ammoni um vanadate, the NO conversion
ratio increased as the thermal deconposition tenperature was
decreased. The highest activity was exhibited in Exanple 1
(V2G;_300°C) in which the catal yst was obtai ned at a thernal
deconposition tenperature of 300°C. At a reaction tenperature
of 200°C, a NO conversion ratio of 80%or nore was achi eved
when any of the catalysts in Exanple 1 (V.G_300°C), Exanple 2
(V2.G;_400°C), and Exanmple 3 (V.(3;_SG 300°C) was used.
Furthernore, the NO conversion ratio was higher in any of
Exanpl es than in Conparative Exanple 1 and Conparative Exanple
4.

[ 0066]

The specific surface area of the vanadi um pent oxi de

i ncreases as the thermal deconposition tenperature is

decreased. Therefore, it is believed that the | owtenperature
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NH;- SCR activity that uses a bul k vanadi um pent oxi de cat al yst
is attributable to the BET specific surface area. Hence, as
descri bed above, the vanadi um pent oxi de was produced through a
sol -gel process that uses oxalic acid in order to increase the
BET specific surface area in Exanple 3. The BET specific
surface area of the vanadi um pentoxi de produced through this
process is 62.9 nfg'! as shown in Table 1, which is about four
times |larger than the BET specific surface areas of the
vanadi um pent oxi des produced through a thermal deconposition
process. The NO conversion ratio in Example 3 (V.3;_SG 300°C)
was increased by 80%to 200% at 100°C to 150°C conpared with
t he vanadi um pent oxi des produced through a therma
deconposi tion process.
[0067]

The N, selectivity was al nost 100% at any tenperature. Fig.
4 illustrates, as exanples, the N, selectivities in Exanple 1
(V2G_300°C) and Conparative Exanple 1 (V.G_500°C).
[ 0068]
(Space vel ocity dependency)

In the case where the catalyst in Exanple 1 (V.G;_300°C)
was used, the space velocity (for gas treatnent) dependency
was neasured by perform ng the selective catalytic reduction
reaction under the conditions listed in Table 3 below. Fig. 5
illustrates the neasurenent results. Fig. 5(a) illustrates the
NO conversion ratio at a reaction tenperature of 120°C. Fig.
5(b) illustrates the NO conversion ratio at a reaction

tenperature of 100°C. The 80% NO detoxification was about 15
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Lh lgea ™t at 120°C and about 11 Lh'lges ™t at 100°C. In an
experiment in which the space velocity was changed, the N,
selectivity was al nost 100%

[ 0069]

[ Tabl e 3]

NHs;- SCR neasur enent condi ti ons

Reaction tenmperature 120 or 100° C
Amount of catal yst 0.375g, 0.750g, 1.5¢g
Total gas flow rate 250nLm nt
(NO 250ppm NHs: 250ppm O: 4vol %

Ar bal ance)

Space vel ocity 10- 40 Lhlgea ™t
Gas flow tine 0. 5h
[ 0070]

(Reaction in coexistence with water)

An experiment of the NH;- SCR reaction was perforned using
the catalyst in Exanple 1 (V.G;_300°C) under the conditions
listed in Table 4 below at a reaction tenperature of 150°C at a

space velocity of 20 Lh 'gear ™.

Fig. 6 illustrates a change in
the NO conversion ratio over tinme in the experinment. As a
result of addition of 2.3% HO 1.5 hours after the start of the
reaction, the NO conversion ratio decreased from64%to 50%
The addition of H,O did not change the N, selectivity. The N
selectivity was 100% As a result of stop of the addition of
water 3.5 hours after the start of the reaction, the NO

conversion ratio increased to 67%

[ 0071]
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[ Tabl e 4]

NH:- SCR neasurenment conditions

Reaction tenperature 150° C

Anmount of catal yst 0. 375¢

Total gas flow rate 250nLmi n't
(NO 250ppm NHs: 250ppm O 4vol %
Ar bal ance)

Space velocity 20 Lhlgeca!

[0072]
(Reaction in coexistence with S)

Under the same conditions as those of the experiment of
the reaction in coexistence with water, 100 ppm SO, was caused
to flow through a reaction gas. Fig. 7 illustrates the
experimental results. No change occurred to the catalytic
activity of NO After the conpletion of the tenperature
increase to 150°C, the SO, concentration did not decrease
t hough H,O and O, were constantly present. Consequently, SO
did not react. Accordingly, the denitration catalysts in
Exanpl es were found to have S resistance.

[0073]
(Rel ationshi p between anmount of vanadi um pent oxi de supported
and NO conversion ratio)

Fig. 8 illustrates the relationship between the anmount of
vanadi um pent oxi de supported and the NO conversion ratio at
each reaction tenperature. Fig. 8(a) illustrates the
rel ationship between the anmobunt of vanadi um pent oxi de

supported and the NO conversion ratio at a reaction
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tenperature of 120°C. Simlarly, Fig. 8(b) illustrates the

rel ationship between the anmobunt of vanadi um pent oxi de
supported and the NO conversion ratio at a reaction
tenperature of 150°C, and Fig. 8(c) illustrates the

rel ationship at a reaction tenperature of 100°C. In each of

t he graphs, the catalyst in which the anmount of vanadi um

pent oxi de supported is 100 wt% is the denitration catal yst
V>,G;_SG 300 produced in Exanple 3. The points plotted using a
square indicate a NO conversion ratio of the existing catalyst
in Conparative Exanple 4. Al the graphs showed that, on the
whol e, the NO conversion ratio increased as the amount of
vanadi um pent oxi de supported was increased. Herein, all the
graphs showed that the catal yst in which the anmount of
vanadi um pent oxi de supported was 3.3 wt % had a hi gher NO
conversion ratio than the catalyst in which the anount of
vanadi um pent oxi de supported was 9.0 wt% Specifically, as
illustrated in Fig. 8(a), in the NH-SCR reaction at a reaction
tenperature of 120°C, the NO conversion ratio reached 80% when
t he anobunt of vanadi um pent oxi de supported was i ncreased to 80
W% As illustrated in Fig. 8(b), in the NH-SCR reaction at a
reaction tenperature of 150°C, the NO conversion ratio

consi derably increased when the anount of vanadi um pent oxi de
supported was increased to 3.3 W% As illustrated in Fig.
8(c), in the selective catalytic reduction reaction at a
reaction tenperature of 100°C, the denitration catalyst in

whi ch the amount of vanadi um pent oxi de supported was 80 wt %

had a consi derably increased NO conversion ratio conpared with
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the denitration catalysts in which the anbunts of vanadi um
pent oxi de supported were 43 W % or | ess.

[0074]

(Rel ati onshi p between BET specific surface area and NO
conversion rati o)

Fig. 9(a) illustrates the relationship between the BET
specific surface area and the NO conversion ratio of the
denitration catal ysts in which vanadi um pent oxi de was
supported on titaniumoxide. In the denitration catalyst in
whi ch vanadi um pent oxi de was supported on titani um oxi de, as
t he anmount of vanadi um pent oxi de supported was increased, the
BET specific surface area decreased, but the activity
increased on the whole. Fig. 9(b) illustrates the relationship
bet ween the BET specific surface area and the NO conversion
ratio of both the denitration catal ysts in which vanadi um
pent oxi de was supported on titani um oxide and the denitration
catal ysts in which vanadi um pent oxi de was not supported on
titaniumoxide. In the catalysts in which vanadi um pent oxi de
was not supported on titanium oxide, the activity increased
with increasing the BET specific surface area.

[0075]

2. LG catal yst produced through sol -gel process

2.1 Exanpl es (Exanples 10 to 14)

In "Exanple 3" of the above-described "1.1 Exanpl es and
Conpar ati ve Exanpl es", ammoni um vanadate was di ssolved in an
oxalic acid solution such that the nolar ratio of vanadi um and

oxalic acid was 1:3, then water was evaporated, drying was
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performed, and the resulting dried powder was fired. Thus, a
denitration catal yst was produced. In the denitration

catal ysts of Exanples 10 to 14, the nolar ratios of vanadi um
and oxalic acid were set to 1:1, 1:2, 1:3, 1:4, and 1:5,
respectively. Specifically, as described above, amoni um
vanadate was dissolved in an oxalic acid solution (molar ratio
of vanadiumoxalic acid = 1:1 to 1:5). After anmoni um vanadat e
was conpl etely dissolved, water in the solution was evaporat ed
on a hot stirrer, and drying was perfornmed in a dryer at 120°C
for one night. Then, the dried powder was fired in the air at
300°C for 4 hours. The sanple nanes were given as "V,Q_SG 1:1"
(Exanpl e 10), "V,G_SG 1:2" (Exanple 11), "V,G;_SG 1:3" (Exanple
12), "V,G_SG 1:4" (Exanple 13), and "V,G_SG 1:5" (Exanple 14).
Herein, the "V,(3;,_SG 300" in "Exanmple 3" of "1.1 Exanples and
Conparative Exanpl es" and "V,G0_SG 1:3" in Exanple 12 were
substantially the sane, but the sanple nanme "V,(;,_SG 1:3" in
"Exanpl e 12" was used for the sake of conveni ence of
description. To increase the BET specific surface area, a
surfactant nmay be added to the oxalic acid solution. Exanples
of the surfactant include anionic surfactants such as

hexadecyl t ri net hyl ammoni um br om de (CTAB), sodium | auryl

sul fate (SDS), and hexadecyl am ne; cationic surfactants;
anphoteric surfactants; and nonionic surfactants.

[0076]

2.2 Eval uation

2.2.1 Powder X-ray diffraction

(Diffraction nethod)
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In the same manner as in 1.2.1, powder X-ray diffraction
anal ysis was perforned with a R gaku smart | ab using Cu-Ka.
[0077]

(Diffraction result)

Fig. 10 illustrates powder XRD patterns of Exanples 10 to
14 (V.G_SG . In the vanadi um pentoxi des (Exanples 10, 11, and
14) produced using the solutions having vanadi umoxalic acid
ratios of 1:1, 1:2, and 1:5, only peaks for orthorhonmbic V.G
were detected. In the vanadi um pentoxides (Exanples 12 and 13)
produced using the sol utions having vanadi umoxalic acid
ratios of 1:3 and 1:4, an unidentified peak was detected at 11°
in addition to the peaks for orthorhonbic V.(3. However, the
peak has not been identified yet.

[ 0078]

2.2.2 Measurenent of BET specific surface area

(Measur enent net hod)

In the same manner as in 1.2.3, the BET specific surface
area was neasured with a McrotracBEL BELSORP- max.
Pretreatnent was perfornmed in an Ar atnosphere at 200°C for 2

hours, and then neasurenent was performed at 196°C

[0079]
(Measurenent result)
[ Tabl e 5]

BET specific surface area of vanadi um pent oxi de catal yst

Cat al yst BET specific surface BET specific surface

area before reaction area after reaction
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/ gt / ntg?
Exanpl el0 (V,G_SG 1:1) 29.9 n. d.
Exanpl ell (V,0_SG 1:2) 33.5 n. d.
Exanpl €12 (V,0,_SG 1: 3) 62.9 43. 4
Exanpl el3 (V,G,_SG 1:4) 57.0 n. d.
Exanpl el4 (V,0,_SG 1:5) n.d. n. d.

[ 0080]

Tabl e 5 shows BET specific surface areas of Exanple 10
(V.G_SG 1:1), Exanple 11 (V,G_SG 1:2), Exanple 12
(V.G_SG 1: 3), Exanple 13 (V.G;_SG 1:4), and Exanple 14
(V2G;_SG 1:5). As the ratio of the oxalic acid was increased,
the specific surface area increased at vanadi umoxalic acid
ratios of 1:1 to 1:3. When the ratio of the oxalic acid was
further increased, the specific surface area decreased. The
specific surface area in Exanmple 12 (V.G_SG 1:3) after the
catalytic activity test described bel ow consi derably decreased
to 43.4 nfg! conpared with the specific surface area before
the catalytic activity test.
[ 0081]

2.2.3 Measurenent of catalytic activity

(Measur enent net hod)

By the same neasurenent nethod as in 1.2.4, the NH;- SCR
activity of each V,(_SG catal yst was nmeasured and the NO
conversion ratio was cal cul at ed.

[ 0082]
(Measurenent result)

Fig. 11 illustrates the NH;- SCR activity of each V,G;_SG
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catalyst. Fig. 11(a) illustrates the NO conversion ratio

pl otted agai nst reaction tenperature in the NH;- SCR reaction
that uses each catalyst. Fig. 11(b) illustrates the

rel ati onshi p between the vanadiumoxalic acid ratio and the NO
conversion ratio at a reaction tenperature of 120°C. In the
catal yst of Exanple 12 (V.G;_SG 1:3) having a vanadi um oxalic
acid ratio of 1:3, the highest NO conversion ratio was

achi eved. When the oxalic acid was further added, the NO
conversion ratio decreased. The NO conversion ratio in Exanple
13 (Vo0_SG 1:4) was | ower than that in Exanmple 11 (V.G_SG 1:2)
despite the fact that the specific surface area in Exanple 13
was | arger than that in Exanple 11.

[ 0083]

(Rel ationshi p between specific surface area and NO conversi on
ratio)

Fig. 12 illustrates the rel ationship between the BET
specific surface area and the NO conversion ratio in Exanpl es
10 to 13 (V.G_SG, Example 1 (V.G_300), Exanple 2 (V.(3,_400),
and Conparative Exanple 1 (V.0_500). The point plotted using
a square indicates the relationship between the BET specific
surface area and the NO conversion ratio after the selective
catal ytic reduction reaction in Exanple 12 (V.G_SG 1:3). As
descri bed above, it was shown that the highest NO conversion
ratio was achieved in the catal yst of Exanple 12 (V.G_SG 1:3)
havi ng a vanadiumoxalic acid ratio of 1:3.

[ 0084]

2.2.4 Characterization by NH;- TPD
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(Measurenment net hod)

The anount of acid sites on the surface of the catal yst
can be estinmated by NH;- TPD (TPD: tenperature prograned
desorption). |In a BELCAT manufactured by M crotracBEL Corp.,
0.1 g of each of the catalysts in Exanple 1 (V.G_300), Exanple
2 (V,G_400), Conparative Exanmple 1 (V.G_500), Exanple 11
(V-G_SG 1:2), and Exanple 12 (V.G;_SG 1:3) was pretreated at
300°C for 1 hour while He (50 m/mn) was caused to flow. Then,

t he tenperature was decreased to 100°C, and 5% ammoni a/ He (50
m/mn) was caused to flow for 30 minutes to adsorb anmoni a.
The flow gas was changed to He (50 mi/mn) and this state was
kept for 30 mnutes for stabilization. Then, the tenperature
was increased at 10 °C/m n and anmmoni a, which has a mass nunber
of 16, was nonitored with a mass spectroneter.

[ 0085]

(Measurenent result)

[ Tabl e 6]
Measur ed anmount of NH; desorbed by NH- TPD
Cat al yst Anount of NH; desorbed/ mmol g?
Exanpl el (V.Gs_300) 22.9
Exanpl e2 (V>05_400) 14.0
Conparati ve (V.Gs_500) 5.21
Exanpl el
Exanpl ell (Vo.G_SG 1: 2) 51.4
Exanpl el2 (V.G_SG 1: 3) 77.5
[ 0086]

Tabl e 6 shows the neasurenent

results of the ampbunt of NH;
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desor bed when the catalysts in Exanple 1 (V.G_300), Exanple 2
(V2.G;_400), Conparative Exanple 1 (V.G;_500), Exanple 11
(V.G_SG 1:2), and Exanple 12 (V.G;_SG 1:3) were used. Fig. 13
is a graph obtained by plotting the anobunt of NH; desorbed as a
function of the BET specific surface area of each catal yst.
The graph in Fig. 13 showed that the anmount of NH; desorbed

i ncreased substantially in proportion to the BET specific
surface area of V.. Fig. 14 is a graph obtained by plotting
the NO conversion ratio as a function of the anbunt of NH;
desorbed in each catalyst. The graph showed that the NO
conversion ratio increased as the catalyst had a | arger anmpunt
of NH; desorbed, that is, a |larger amobunt of acid sites on the
surface of the catal yst.

[ 0087]

As descri bed above, the denitration catalyst of the
present invention that contains 3.3 wt% or nore of vanadi um
oxide in ternms of vanadi um pentoxi de and has a specific
surface area of 10 nf/g or nore exhibits a high denitration
efficiency at a | ow tenperature of 200°C or |lower in the
sel ective catal ytic reduction reaction that uses ammobnia as a
reduci ng agent. On the other hand, oxidation of SO is not

f ound.
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CLAI M5

1. A denitration catalyst conprising 3.3 wm% or nore of
vanadi um oxi de in ternms of vanadi um pentoxi de, wherein the
denitration catal yst has a BET specific surface area of 10 nf/g

or nore.

2. The denitration catalyst according to Claim1, wherein the

denitration catalyst is used for denitration at 200°C or | ower.

3. The denitration catalyst according to Claim1l or 2,
wherei n an anount of NH; desorbed by NH;- TPD (TPD: tenperature

programed desorption) is 10.0 mvl /g or nore.

4. A nethod for producing the denitration catal yst according
to any one of Clains 1 to 3, the nmethod conprising a step of
thermal | y deconposing a vanadate at a tenperature of 300°C to

400°C.

5. A nethod for producing the denitration catal yst according
to any one of Clains 1 to 3, the nmethod conprising a step of
di ssolving a vanadate in a chelate compound, perform ng drying,

and then performng firing.



