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MIXED METAL OXIDE CATALYST FOR DECOMPOSITION OF NITROGEN
OXIDES
DESCRIPTION

Technical Field

The present invertion relates to a mixed meta oxide catalyst in which a hydrotacite
precursor containing an akali metal is impregneted or intercalated with a nonprecious metd, a
method of manufacturing the same, and amethod of decomposing nitrogen oxide using the mixed
metal oxide catalyst.

Background Art

As the damage caused by climate change increases dl over the world, ar pollution
problem has recently dtracted consderable atention. Among materials related to globd
warming, nitrous oxide (N,O) contributes to the greenhouse effect, 310 times as much as carbon
dioxide (CO,), is a compound gable in air, and is presumed to day in the air for 20 ~ 100 years
Further, nitrous oxide (N2O) desiroys the ozone layer of the sratogphere. Therefore, it is known
that, when the amount of nitrous oxide (N2O) increases two fold, the amount of 0zone decreases
by 2%.

Nitrogen oxides are necessary by-products of the procedure of burning fossl fuels or
incinerating various wagtes, and generate photochemical smog and various secondary pollutants
(Os, PAN, etc.) through a photochemical reection that takes place in the air.  Thet is, nitrogen
oxides are very important in terms of air pollution. In order to cope with such crises caused by
climate change, it is required to effectively remove nitrous oxide (N.O) as a greenhouse gas
together with nitrogen oxides (NOx).

Referring to conventional technologies related to the decompostion of N,O and NOy,

there are proposed a method of controlling the temperature of a combudtion furnace, amethod of
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recirculating exhaust gas, a method of mounting a specia burner, and the like. However, these
methods are poor in terms of performance. Theredfter, selettive catalytic reduction (SCR) has
been put to practical use, but has the problems of high equipment cost and its performance
worsening with aging of the catalyst.

Patent document 1, filed by Alini et a, discloses amethod of decomposng N2O gas at a
temperaiureof 400  or more using a rhodium (Rh)-cortaining hydrotalcite catalyst. However,
this method is problemétic in that N,O at a very low concentration of 200 ppm or less mugt resct
a ahigh temperature of 400 or more and the rhodium (Rh)-containing hydrotalcite catalyst is
expendve.

Patent document 2 discloses a method of catalytically reducing nitrogen oxides included
in exhaust gas containing light hydrocarbons using the exhaust gas as a reductant and using -
Zeolite exchanged with a cobat st asacadyst. However, thismethod is problematic in thet the
conversion ratio of N2O is low athough N-O isreacted & high temperature using alarge amount
of areductant which istwo or moretimes larger than that used with NOx.

According to the paper [Reduction of N,O with CO Over FeMFI zedlites, Catal.
223(2004)] written by Javier P.R. et a., when N>O was decomposed usng a zeolite catayst
coaed with iron (Fe) in the presence of carbon monoxide (CO) as areductant, the decompostion
rate of NoO was improved compared to those of conventiona technologies However, thereisa
problem inthat N,O must be decomposed at a high temperatureof 400  or more.

Patent document 3 discloses a method of directly reducing nitrogen oxide by cataytic
reduction using a catalyst in which asolid powdered carrier is supported with ametal. However,
this method is problematic in that the conversion ratio of NO is 50% or less even & a high
temperatureof 400  or more.

Patent document 4, filed by Schwefer e al., discloses amethod of decomposing N2O and
NOx & atemperatureof 450  and apressure of 6.5 bar usng an iron-containing ZSM-5 catalyst
and areductant (ammonia). However, this method is problematic in thet the conversion ratio of

N,O is 64% and the conversion ratio of NOy is 78%, each of which is somewhat low, and in that
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the decomposition temperature and pressure are high.

In Patent document 5 filed by Nagata, Hihera et d., B-Zeolite exchanged with iron ion
was impregnated with ferric nitrate and then calcinated at 500  for 5 hours to prepare an ion-
exchanged catalyst containing about 4% of iron oxide, and then this catalyst was mixed with a
binder and then applied onto a honeycomb support, and then the performance of the catalyst was
tesed. Inthiscase, when NOx included in the exhaugt gas of adiesd engine was decomposed at
the low temperature of 200  using urea as areductant, there is a problem in that the conversion
ratio of NOy isabout 43%, whichislow.

Patent document 1: European Patent Publication No. 1262224

Patent document 2: Korea Patent No. 0359675

Patent document 3: Korea Patent No. 0408880

Patent document 4: US Patent No. 7462340

Patent document 5: US Patent No. 7501105

Disclosure
Technical Problem

Thus, in order to solve the aove-mentioned problems, the present inventors have done
broad research. Asareault, they found thet the catalytic activity of a mixed metal oxide catay<,
in which a hydrotalcite precursor containing an akali metd isimpregnated or intercalated with a
nonprecious meta, is equal to thet of a precious meta catdyst such as Rh, Pd or the like in the
decompostion of nitrogen oxides. Based on thisfinding, the present invention was compl eted.

Accordingly, an object of the present invention is to provide a catdyst for the
decompostion of nitrogen oxides, in which a hydrotalcite precursor containing an alkali metal is
impregnated or intercalaed with a nonprecious metal.

Another object of the present invention is to provide a method of manufacturing the
catalyst for the decomposition of nitrogen oxides.

Still another object of the present invertion is to provide a method of decomposing NO
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N2O or a mixture thereof even & low temperaure using the catalyst for the decomposition of

nitrogen oxides.

Technical Solution

In order to accomplish the above objects, an agpect of the present invention provides a
mixed metal oxide catalyst for the decompostion of nitrogen oxides, in which a hydrotacite
precursor containing an alkali metd isimpregnated or intercalated with a nonprecious metal.

Here, the hydrotacite precursor containing an akai metal is represented by Formula 1
below:

[Formulal]

L* 2 [MZ LN (OH) 2 TA™ gy bH20]

wherein L" isa least one selected from the group consiting of Na', K™, Li*, Rb*, Cs" and
Fr'; M?"is a least one sdlected from the group consisting of M, C&*, Ni%*, zn?*, &', B&,
Fe*, Cu®, Co*, Pd** and Mr?*; N**is at least one sdlected from the group consisting of AI*,
M, Fe¥, Co™, Ni¥", Cr*", G&**, B¥, La*, Ce’" and Ri*"; A™ is a least one selected from the
group corsisting of COs%, NOy, SO, CI, OH, SiOs*, MnO/, HPOs?, MnQ,%, HGaO5?,
HVO4*, ClO4 and BO#; x is0.01 ~ 0.5; ais0.01 ~ 1; and b isan integer of 0~ 20.

Further, the nonprecious metal may be at least one selected from the group consiging of
Ni, Co, Fe, Mn, Al, Ce, Cu, Zn, Ba, Mg, Caand S, and an amourt of the nonprecious metal may
be 0.01 ~ 20 wi%.

Another agpect of the present invention provides a method of manufacturing a mixed
metal oxide catalyst for decompostion of nitrogen oxides including the steps of: providing a
hydrotalcite precursor containing an akali metal; impregnating or intercalating the hydrotalcite
precursor with a nonprecious metal; and calcinating the hydrotalcite precursor impregnated or
intercalated with the nonprecious metd at atemperaiure of 100~ 1000  to form amixed metd
oxidecaalys.

Still another aspect of the present invention provides a method of decomposing nitrogen
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oxide usng amixed metal oxide catalyst, comprising the step of reacting nitrogen oxide including
nitrogen oxides including N2O, NOx and a mixture thereof with a gas mixture including a
reductant in the presence of a mixed metal oxide catalyst in which a hydrotalcite precursor
containing an akali meta isimpregnated or intercalated with a nonprecious metal.

Here, the reductant may be a leas one selected from the group consding of a
hydrocarbon of 1 to 6 carbon atoms, an alcohol of 1 to 6 carbon aoms, SO,, NHz and CO.

Further, gas may pass through the catalyst a a gas hour space velocity of 1,000h" ~
200,000, and the pressure of the gasmay be 1 am or more.

Further, the reaction temperature may be 150 ~ 500

Further, the amount of the nitrogen oxide may be 0.001 ~ 31 wt%, and the amount of the
reductant may be 0.001 ~ 21 wt%.

Advantageous Effects

According to the present invention, when the mixed metal oxide catalyst manufactured
using a hydrotal cite precursor containing an alkali metal isused to decompose nitrogen oxides, the
mixed metal oxide catalyst can exhibit catalytic activity equal to that of a precious metal catalyst
without usng a precious metal such as Pd, Rhor the like, thusreducing production codt. Further,
the mixed metd oxide catalyst can effectivdly decompose nitrogen oxides even & a low
temperature of 300 or less 0 that operdion cost can be reduced, with the result that this
catalyst can be used for along period of time.

Best Mode

Hereinafter, the present invention will be described in detail.

As described above, the present invention provides a mixed metal oxide catalyst for the
decompostion of nitrogen oxide, in which a hydrotalcite precursor isimpregnated or intercalated
with an akali metal such as potassium (K) or the like, and thus which can decompose indudtrially-
produced nitrogen oxides including N>O, NO, and a mixture thereof by a smple and economical
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The present invention relates to a mixed metal oxide catalyst in which a hydrotalcite precursor containing
an alkali metal is impregnated or intercalated with a nonprecious metal, a method of manufacturing the
same, and a method of decomposing nitrogen oxide using the mixed

process.

Further, the present invention provides a method of manufacturing a mixed metal oxide
catalyst for decomposition of nitrogen oxides, including the steps of: providing a hydrotacite
precursor containing an alkali metal; impregneting or intercalating the hydrotacite precursor with

5 anonprecious metal; and calcinating the hydrotalcite precursor impregnated or intercalated with
the nonprecious metal at atemperatureof 100~1000  to form amixed metal oxide catalyst.

A hydrotalcite compound isan anionic clay compound whose upper and lower layers are
charged with cations and whose intermediate layer is can be exchanged with anions. A
hydrotalcite compound is composed of a magnesum hydrate, an duminum hydrate or the like,

10 which resourcefully exists in the Earth, and is atificially synthesized by forming anions of a
chelaing agent and a complex compound and then co-precipiteting the anions to introduce metal
cations into adoubly-layered hydrate.

A hydrotalcite compound has a large surface area, a high memory effect and a basic
compodtion, and is formed by hegting into a homogeneous oxide having a very smdl particle

15 Sze aydalinity and gability to heat trestment. In the hydrotal cite compound, bivalent metalsare
partidly subgtituted with trivaent metals whose sizesare similar to those of the bivalent metals, so
thet the negative charge of the layers thereof is rdatively insufficient to alow the hydrotacite
compound to be positively charged to form positive charges, and anions such as COs*, OH  or the
like intercalated between the layers in order to offset the formed pogtive charges, and water

20  coordinates with the anions, thereby forming alayered Sructure.

In the present invention, a hydrotalcite compound containing an akai meta such as
potassium (K) or the likeis used asaprecursor of amixed metal oxide catalyst.

The hydrotalcite precursor containing an alkali metal is a porous material represented by
Formulal bedow, and is varioudy used asacatalyst.

25 [Formulal]

L* 2 [MZ* 1N (OH)o] “TA™ xseynbH20]

In the hydrotalcite precursor, L*, M?" and N*" are metal cations, respectively. Here, L'is
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amonovalent alkali metal cation selected from the group consigting of Na', K*, Li*, Rb*, Cs" and
Fr'; M*isa bivaert akali metal cation selected from the group consisting of Mof, C&2*, NiZ",
zr**, %, B, Fe”, CU™*, Co™, P and M™; N* is a trivalent alkali metal cation sdected
from the group condigting of A", Mn**, Fe**, Co™, Ni**, Cr**, Ga**, B¥', L&, Ce*" and Ri™".
The molar ratio of M?* and N* may be 1:1 ~ 100:1, preferably 1:1 ~ 5:1.

Further, in the hydrotalcite precursor, A™ is at least one anionic compound selected from
the group congisting of CO5%, NO3,, SO, CI', OH', SO5%, MnO#, HPO;?, MnO/#, HGaO#,
HVO,*, CIOy, BOs” and combinations thereof.

Meanwhile, in Formula 1 aove, ais0.01 ~ 1, x is0.01 ~ 0.5, and b is an integer of 0 ~
20.

Since the mixed metal oxide catalyst produced from the hydrotalcite precursor containing
an dkali meta is impregnated or intercalated with a nonprecious metd, an expensive precious
metal, asis normally used to improve catalytic activity, may be replaced by a nonprecious metal.

In the manufacture of the mixed metal oxide catayst, the hydrotalcite precursor
containing an alkali metd can be impregnated or intercalated with a nonprecious metal by
preparing anonprecious nitrate solution and then mixing the solution with a hydrotalcite precursor
to cause an ion exchange reaction therebetween.

Here, the nonprecious metal may be at least one selected from the group consigting of Ni,
Co, Fe, Mn, Al, Ce, Cu, Zn, Ba, Mg, Caand S, preferably, Ni, Co, Fe Mg, Al, Ca, and mogst
preferably, Ni. The amount of the nonprecious meta is 0.01 ~ 20 wt%, preferably, 0.01 ~ 15
wt%. When the amount thereof is lessthan 0.01 wt%, the effect of increasing catalytic activity is
bardly realized depending on the use of the nonprecious metal. Further, when the amount thereof
is more than 20 wt%, pores formed in the mixed metal oxide catalyst are blocked, so thet the
Specific surface areaof the catalyst isreduced, thereby decreasing the decomposition ratio.

In the present invention, when the hydrota cite precursor impregnated or intercalated with
anonprecious metd is calcinated a atemperature of 100 ~ 1000 preferably, 400 ~800 itis
reliably formed into amixed metal oxide.
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The mixed metdl oxide catdyst of the present invention may be further impregnated or
intercalated with a new precious meta after the calcinaion in consideraion of the purpose ad
efficiency of the catalyst. For example, the mixed metal oxide produced from the hydrotacite
precursor impregnated or intercalated with aluminum (Al) asanonprecious metd ismixed with a
magnesium (Mg) nitrate solution and then dried to manufacture the mixed metal oxide catalyst of
the present invention.

The process of manufacturing the mixed metal oxide catalyst including an akai metal
may be varioudy modified without departing from the scope and Spirit of the invention.

According to a modified embodiment of the present invention, a mixed metal oxide
produced from a hydrotalcite precursor containing only an alkali metal is cacinated, and is then
impregnated with a nonprecious metal to manufacture a mixed metal oxide containing a
nonprecious metal and an alkali metal. According to another modified embodiment of the present
invention, a mixed metal oxide produced from a hydrotacite precursor containing only a
nonprecious metal is cacinated, and is then impregnated with an alkali metal to manufacture a
mixed metal oxide containing a nonprecious metal and an akali metal.

The cadytic activity of the akai meta-containing mixed metal oxide catayst
impregnated or intercalated with a nonprecious metal according to the present invention is equa
to thet of a conventional catalyst impregnated or intercalated with a precious metd in the
decompostion of nitrogen oxide. According to the present invention, in the reaction thet
decomposes NOy, N;O and amixture thereof using the mixed meta oxide catalyst produced from
the hydrotalcite precursor, the gas mixture passing through the catalyst layer includes 0.001 ~ 31
wt% of nitrogen oxide and 0.001 ~ 21 wt% of areductart.

The reductant usad in the present invention may be selected from the group consigting of
hydrocarbons of 1 to 6 carbon atoms such as methane, ethane, propane, butane, pentane, hexane,
isopropane, isobutene, 2-butane, isopentane, 2-pentane, tertiary pentane, isohexane, 2-hexane and
the like; alcohols of 1 to 6 carbon aoms such as methanol, ethanol, propanol, butanol, hexanol
and the like SO,; NH3; CO; and combinations thereof. Inthiscase, it ispreferred that the amount
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As the damage caused by climate change increases all over the world, air pollution problem has recently
attracted considerable attention Among materials related to global

of the reductant in the gas mixture be 0.001 ~ 21 wt%. When the amount of the reductant is less
than 0.001 wt%, NO and N,O cannot be sufficiently reduced into N, and O, because of
insufficient reduction ability. Further, when the amount thereof is more than 21 wt%, a large
amount of untreated reductant and a large amount of side product are produced, and thus a
5 processisadditionally required to remove the untreated reductant and side products
Moreover, the reductant may be used together with oxygen (O). It is preferred thet the
amount of oxygen in the gas mixture be 0.001 ~ 21 wt%. When the amourt thereof is less than
0.001 wt%, NO and N,O cannot be reduced into N, and O, because the reductant cannot be
oxidized. Further, when the amount thereof is more than 21 wt%, oxygen (O,) occupies the
10 active Sites of the catdyst, so that NO and N,O cannot react, thereby remarkably decreasing the
decompostion retio thereof.
In the decomposition reaction of the present invention, the gas hour space velocity
(GHSV) of the gas passing through the catalyst layer may be 1,000h™ ~ 200,000H", preferably
30,000 ~ 100,000h™. When the GHSV thereof is lessthan 1,000h™, the amourt of the trested gas
15 isgmdll, and thus the catalyst is economicaly inefficient. Further, when the GHSV thereof is
more than 200,000h?, the contact time between the gas ad the caidyst is short, thus decreasing
the decomposition efficiency of NOy or N2O.
Meanwhile, it is preferred that the pressure of the gas passing through the catalyst layer be
1 am or more. As the pressure thereof increases the decomposition ratio of nitrogen oxide
20 incresses
According to the present invention, in the reaction of decomposing NO,, N.O and a
mixture thereof using the mixed metal oxide catalyst produced from the hydrotacite precursor,
the temperature of the gas passing through the catdyst layer may be 100 ~500  preferably 100
~300 and more preferably 150 ~ 250  When the temperature thereof is lower than 100
25 sufficient activation energy cannot be obtai ned, and thus NOy and N2O cannot be decomposed. In
the case of the catdyst of the present invention, the decompostion efficiency of gasishigh even a
500 or lower. Therefore, when the temperature thereof is higher than 500  energy
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15 warming, nitrous oxide (N20) contributes to the greenhouse effect, 310 times as much as carbon
dioxide (CO2), is a compound stable in air, and is presumed to stay in the air for 20 - EX/ years. Further,
nitrous oxide (N20) destroys the ozone layer of the stratosphere. Therefore, it is known that, when the
amount of nitrous oxide (N20) increases two fold, the amount of ozone decreases by 2%.

consumptionisexcessve S0 thet it takesalot of money to decompose NO and N2O.

The nitrogen oxide decomposition rate of the mixed metd oxide catalyst of the present
invention is equa to that of a mixed metal oxide catalyst in which a hydrotalcite precursor is
impregnated or intercalated with a precious metal. Meanwhile, the above-mentioned effects can

5 a0 be achieved by a mixed metal oxide catalyst produced from a brucite precursor, not a
hydrotalcite precursor. The brucite precursor isrepresented by Formula 1 above wherein &=0 and
x=0. As described in the following Example, it can be seen that, when nitrogen oxide is
decomposed using the mixed metal oxide catdyst in which a brucite precursor isimpregnated or
intercalated with a nonprecious metal, the decomposition efficiency of nitrogen oxideis high even

10 & low temperaure (refer to Comparative Example 6).

Mode for Invention
Hereinafter, the present invention will be described in more detail with reference to the
following Examples However, the scope of the present invention is not limited to these

15 Examples

Examples

Manufacture of a mixed metal oxide catalyst

NaOH and Na,CO; were dissolved indidtilled water at amolar raio of 3.5: 1 to preparea

20 solution. The solution was put into areactor, and was then girred & a predetermined speed while
dowly adding a solution prepared by dissolving meta (I1) nitrate (Co nitrate, Fe nitrate or the
like), metd (I11) nitrate (Al nitrate, Mn nitrete or the like) and dkdine nitrate (K nitrate or the like)
indidilled weter a apredetermined molar ratio for 4 hoursto obtain precipitates The precipitates
were girred for 30 minutes to uniformly mix them. The mixed precipitadewasaged e 65  for

25 16 hours to obtain a reection product. The reaction product was washed with an excessive
amount of didilled water three times to obtain a hydrotalcite compound. The obtained

hydrotalcite compound was mixed with a nonprecious metal nitrate (nickd nitrate or the like)
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solution to impregnate or intercalate it with a nonprecious metal as a result of an ion exchange
reaction. Theregfter, the hydrotal cite compound impregnated or intercaaed with a nonprecious
metal was washed with didtilled water, and was then dried a 110°C  for 12 hours to obtain a
hydrotalcite precursor. The hydrotalcite precursor was heated from 25°C t0 500  and was then
cacinated at 500°C for 4 hoursto manufacture a mixed metal oxide catdyst. The manufactured
mixed metal oxide catdyst was put into a desiccator and then pretresied (completely reduced)

under anitrogen or CO atmosphere before it was used in the N,O decomposition test.

Measurement of decomposition rate of nitrogen oxide

[Comparative Example 1]

The decomposgtion rate of N2O in a gas mixture including 12,500 ppm of N.O, 12,500
ppm of CO and nitrogen (N, remainder) and having a flow rate of 200ml/min(SV 42,000hr™)
was measured using 0.2 g of amixed metal oxide catalyst produced from a hydrotalcite precursor
and having amolar ratio of Co-Pd-Ce-Al of 2/0.01/0.01/1. The decompostion rate thereof under
these conditionswas 96%at 200  and 100% a 250°C or more.

[Comparative Example 2]

The decomposition rates of N.O and NO in a gas mixture including 12,500 ppm of N»O,
12,500 ppm of CO, 100 ppm of NO and nitrogen (N, remainder) and having a flow reate of
200ml/min (SV 30,000hr™) were measured using 0.4 g of amixed metal oxide catalyst produced
from a hydrotalcite precursor and having a molar ratio of Co-Rh-Ce-Al of 1/0.2/0.0Y/1. The
decomposition rate of N,O under these conditionswas 99% a 200°C  and the composition rate of
NOwas99% at 200  and the decomposition rate of NoO was 100% a 250°C  or more and the

composition rate of NO was 100% a 250°C  or more.

[Comparative Example 3]
The decompostion rate of N,O in a gas mixture including 12,500 ppm of N,O, 17,500
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incinerating various wastes, and generate photochemical smog and various secondary pollutants (03,
PAN, etc.) through a photochemical reaction that takes place in the air. That is, nitrogen oxides are very
important in terms of air pollution In order to cope with such crises caused by climate change, it is
required to effectively remove nitrous oxide (N20) as a greenhouse gas

ppm of CO and nitrogen (N2, remainder) and having a flow rate of 200ml/min(SV 30,000hr™)
was measured using 0.3 g of amixed metal oxide catalyst produced from a hydrotalcite precursor
and having a molar ratio of Co-Rh-Al of 1/0.2/1. The decomposition rate thereof under these
conditionswas98%at 200  and was 100% at 250°C or more.

[Comparative Example 4]

The decompostion rate of N,O in a gas mixture including 12,500 ppm of N,O, 12,500
ppm of CO and nitrogen (N, remainder) and having a flow rate of 200mi/min (SV 30,000hr™)
was measured usng 0.285 g of a mixed metal oxide catalyst produced from a hydrotacite

10 precursor and having amolar ratio of Co-Pd-Al of 1/0.1/1. The decomposition rate thereof under

these conditions was 100% at 200°C or more.

[Comparative Example 5]
The decomposition rate of NO in a gas mixture including 344 ppm of NO, 3,900 ppm of
15 CO and nitrogen (N, remainder) and having a flow rate of 200mil/min (SV 30,000hr™) was
measured using 3.397 g of a mixed metal oxide catalyst produced from a hydrotalcite precursor
and having a molar ratio of Ni-Pd-Co of 1/0.05/1. The decomposition rate thereof under these

conditionswas 100% at 250°C or more.

20 [Comparative Example 6]
The decomposition rate of NO in a gas mixture including 446 ppm of NO, 3,866 ppm of
CO and nitrogen (N, remainder) and having a flow rate of 500mil/min (SV 41,000hr™) was
measured using 3.397 g of a nickel (Ni) oxide catalyst produced from a brucite precursor. The
decomposition rate thereof under these conditions was 100% a 200°C or more.
25
[Example ]

The decompostion rate of N,O in a gas mixture including 12,500 ppm of N,O, 17,500
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ppm of CO and nitrogen (N2, remainder) and having a flow rate of 400ml/min(SV 55,000hr™)
was measured usng 0.20 g of a mixed metal oxide caalyst produced from a hydrotacite
precursor and having a molar ratio of Ni-K of 1/1. The decompostion rate thereof under these
conditionswas92%at 175 andwas100%at 200 or more.

[Example 2]

The decompostion rate of N,O in a gas mixture including 12,500 ppm of N,O, 17,500
ppm of CO and nitrogen (N, remainder) and having a flow rate of 400mi/min (SV 55,000hr™)
was measured usng 0.20 g of a mixed meta oxide catdyst produced from a hydrotacite
precursor and having amolar rétio of Ni-K of 1/0.5. The decomposition rate thereof under these
conditionswas68%at 175 andwas100%at 200 or more.

[Example 3]

The decompostion rate of N,O in a gas mixture including 12,500 ppm of N,O, 17,500
ppm of CO and nitrogen (N, remainder) and having a flow rate of 400mi/min (SV 55,000hr™)
was measured usng 0.20 g of a mixed metal oxide catalyst produced from a hydrotacite
precursor and having a molar ratio of Ni-K of 1/0.2. The decomposition rate thereof under these
conditionswas51%at 175  and was 100% at 200°C or more.

[Example4]

The decompostion rate of N,O in a gas mixture including 12,500 ppm of N,O, 12,500
ppm of NO, 30,000 ppm of CO and nitrogen (N,, remainder) and having a flow rae of
400ml/min (SV 55,000hr™) was measured using 0.20 g of amixed metal oxide catalyst produced
from a hydrotalcite precursor and having a molar ratio of Ni-K of 1/1. The decomposition rate
thereof under these conditionswas55%at 175 and was100%a 200  or more.

[Example5]
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Referring to conventional technologies related to the decomposition of N20 and NOx, there are proposed
a method of controlling the temperature of a combustion furnace, a method of

The decompostion rate of N,O in a gas mixture including 12,500 ppm of N,O, 12,500
ppm of NO, 30,000 ppm of CO and nitrogen (N2, remainder) and having a flow rate of
400ml/min (SV 55,000hr™) was measured using 0.20 g of amixed metal oxide catalyst produced
from a hydrotalcite precursor and having a molar ratio of Ni-K of 1/0.5. Under these conditions,

5 thedecomposition ratethereof was 78%at 200  and was 100% at 250°C or more.

[Example 6]
The decompostion rate of N,O in a gas mixture including 12,500 ppm of N,O, 12,500
ppm of NO, 30,000 ppm of CO and nitrogen (N,, remainder) and having a flow rate of
10 400mli/min (SV 55,000hr™) was measured using 0.20 g of amixed metal oxide catalyst produced
from a hydrota cite precursor and having a molar ratio of Ni-K of 1/0.2. Under these conditions,
the decompostion rate thereof was65%at 200 andwas100% & 250  or more

[Example7]

15 The decomposition rate of NO in a gas mixture including 2,000 ppm of NO, 4,000 ppm
of CO and nitrogen (N,, remainder) and having a flow rate of 500ml/min (SV 75,000hr™Y) was
measured using 1.355 g of a mixed metal oxide catalyst produced from a hydrotalcite precursor
and having amolar ratio of Ni-K of 1/1. Under these conditions, the decomposition rete thereof
was 100% at 200°C.

[Example 8]

The decomposition rate of NO in a gas mixture including 2,000 ppm of NO, 4,000 ppm
of CO and nitrogen (N, remainder) and having a flow rate of 500ml/min (SV 75,000h™Y) was
measured using 1.898 g of a mixed metal oxide catalyst produced from a hydrotalcite precursor

25 and having a molar ratio of Ni-K-Pd of 1/1/0.1. Under these conditions, the decomposition rate
thereof was85%at 200 and was100%at 220 or more.
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[Example 9]

The decompostion rates of N,O and NO in a gas mixture including 900 ppm of N0, 520
ppm of NO, 5,000 ppm of CO, and nitrogen (N, remainder) and having a flow rate of 500ml/min
(SV 33,000hr™) were messured using 3.72 g of amixed metal oxide catalyst produced from a
hydrotalcite precursor and having a molar ratio of Ni-K-Pd of 1/0.2/0.1. Under these conditions,
the decompostion rates of NO and N,O were 100% and 80% a 200 respectively, and the
compostionratesof NO and N,Owereadl 100%a 250  or more.

[Example 10]

The decomposition rate of NO in agas mixture induding 785 ppm of NO, 30,000 ppm
of CO and nitrogen (N2, remainder) and having a flow rate of 500ml/min (SV 39,000hr™) was
measured using 3.582 g of a mixed metal oxide catalyst produced from a hydrotalcite precursor
and having amolar ratio of Ni-K-Rh of 1/0.2/0.02. Under these conditions, the decomposition rete
thereof was98%at 200 andwas100%at 220  or more.

[Example 11]

The decompostion rate of NO in agas mixture including 435 ppm of NO, 20,000 ppm of
CO and nitrogen (N, remainder) and having a flow rate of 500ml/min (SV 39,000hr™) was
measured using 3.582 g of a mixed metal oxide catalyst produced from a hydrotalcite precursor
and having amolar ratio of Ni-K-Rh of 1/0.2/0.02. Under these conditions, the decomposition rete

thereof was100%a 200  or more.

[Example 12]

The decomposition rate of N2O in a gas mixture including 12,500ppm ppm of N»O,
12,500 ppm of NO, 17,500 ppm of CO, 125 ppm of SO, and nitrogen (N2, remainder) and having
a flow rate of 400ml/min (SV 55,000hr™) was measured using 0.20 g of a mixed metal oxide
catalyst produced from a hydrotalcite precursor and having a molar ratio of Ni-K of /1. Under
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these conditions, the decomposition rate thereof was100% & 200  or more.

[Example 13]

The decomposition rate of N,O in a gas mixture including 12,500ppm ppm of N»O,
12,500 ppm of NO, 17,500 ppm of CO, 150 ppm of NHs and nitrogen (N2, remander) ad
having a flow rate of 400mi/min (SV 55,000hr™) was measured using 0.20 g of a mixed metal
oxide catalyst produced from a hydrotacite precursor and having a molar ratio of Ni-K of 1/1.

Under these conditions, the decomposition rate thereof was100% & 200  or more.

The compositions, reaction conditions and nitrogen oxide decompostion rates of

Comparative Examples 1 to 6 and Examples 1 to 13 are givenin Table 1 below.

[Tablel]
Composition Totd ges | Howrae | Results of decompostion
compostion of nitrogen oxide
Componert | Ratio Taget | Decomposition
(mass) rae
Comp. | Co-Pd-Ce- | 2/0.01/0.0/1 | N,O 200ml/min | N;O 200 96%
Ex.1 | Al (029 125000ppm/ | (SV 250 > | 100%
(00 42000hr™)
125000ppmv/
nitrogen gas
Comp. | Co-Rh-Ce- | 2/0.2/0.01/1 N,O 200ml/min | N,O 200 99%
Ex.2 | Al (049 125000ppm/ | (SV 250 > | 100%
co 300000) NG 200 | 9%
125000pprY 250 = | 100%
NO 100ppm/
nitrogen gas
Comp. | Co-Rh-Al 1/0.2/1 N,O 200ml/min | N,O 200 98%
Ex.3 (039 125000ppm/ | (SV 250 > | 100%
co 30000hr™Y)
175000ppmy/
nitrogen gas
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Comp. | Co-Pd-Al 1/0.1/1 N,O 200ml/min | N,O 200 = | 100%
Ex.4 (0.2850) 125000ppm/ | (SV
CcO 30000hr™Y)
125000ppmv/
nitrogen gas
Comp. | Ni-Pd-Co | 1/0.05/1 NO 344ppm/ | 400ml/min | NO 250 = | 100%
Ex.5 (3:3979) CO (sv
3900ppny | 39000hr™Y)
nitrogen gas
Comp. | Ni (3.3%9g) NO 446ppm/ | 500ml/min | NO 200 = | 100%
Ex.6 CO (sv
3866ppnY | 41000hr™Y)
nitrogen gas
Ex.1 | Ni-K 11 N-O 400ml/min | NoO 175 92%
(0-20g) 125000ppy | (SV 200 = | 100%
(00 55000hr ™)
175000ppmv/
nitrogen gas
Ex.2 | Ni-K 1/05 NO 400ml/min | N,O 175 68%
(0-20g) 125000ppy | (SV 200 = | 100%
CcO 55000hr™)
175000ppmv/
nitrogen gas
Ex.3 | Ni-K 1/0.2 N-O 400ml/min | NoO 175 51%
(0-20g) 125000ppy | (SV 200 = | 100%
(00 55000hr ™)
175000ppmv/
nitrogen gas
Ex.4 | Ni-K 171 NO 400ml/min | N,O 175 55%
(0-20g) 125000ppy | (SV 200 = | 100%
CcO 55000hr™)
30000ppm/
NO
12500ppnv

nitrogen gas
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Ex.5 | Ni-K 1/05 NO 400ml/min | N,O 200 78%
(0-20g) 125000ppy | (SV 250 > | 100%
CcO 55000hr™)
30000ppm/
NO
12500ppnV
nitrogen gas
Ex.6 | Ni-K 1/0.2 N2O 400mi/min | N2O | 200 65%
(0-20g) 125000ppy | (SV 250 > | 100%
(00 55000hr ™)
30000ppm/
NO
12500ppnV
nitrogen gas
Ex.7 | Ni-K 171 NO 700ml/min | NO 200 = | 100%
(1.3559) 2000ppnV (sv
CcO 75000hr ™)
4000ppm/
nitrogen gas
Ex.8 | Ni-K-Pd 1/1/0.1 NO 500ml/min | NO 200 85%
(1.898g) 2000ppnv | (SV 220 > | 100%
(00 75000hr ™)
4000ppm/
nitrogen gas
Ex.9 | Ni-K-Pd 1/0.2/0.1 N,O 500ml/min | NO | 200 80%
(3.729) 900ppmV CO | (SV 250 = | 100%
5000pprv | 330000™) NG 500 | 100%
I\.IO >20prmy 250 > 100%
nitrogen gas
Ex. 10 | Ni-K-Rh 1/0.2/0.02 N-O 500ml/min | N;O | 200 98%
(35829) 785ppm/ CO | (SV 220 > | 100%
3000ppny | 39000hrY)
nitrogen gas
Ex. 11 | Ni-K-Rh | 1/0.2/0.02 NO 435ppnV | 500mi/min [NO | 200 > | 100%
(35829) CO (sv

18




10

2000ppm/ | 39000hr™)
nitrogen gas

Ex. 12 | Ni-K 1/1 N,O 400ml/min | N.O 200 > | 100%
(0.20g) 125000ppm/ | (SV
CcO 55000hr™)
17500ppnV
NO
12500ppnv
SO, 125ppmV
nitrogen gas

Ex. 13 | Ni-K 171 NO 400ml/min | N,O 200 = | 100%
(0.20g) 125000ppm/ | (SV
CcO 55000hr™)
17500ppnv
NO
12500ppnv
NH3
150ppnv
nitrogen gas

From Table 1 above it can be ascartained that the effect of the mixed metd oxide
catalyst of the present invertion, in which a hydrotalcite precursor containing an akali metal is
impregnated or intercalated with a nonprecious metal, is equal to that of a conventional meta
oxide catalyst containing a precious metal such as Rh, Pd or the like in the point that the nitrogen
oxide decomposition of the mixed metd oxide catdyst of the present invention reaches 100% at
250  orlower.

Further, it can be ascertained that, in the present invention, the increase in the
decompostion rate of nitrogen oxide depends on the increased amount of an alkali metal (refer to
Example 1to 3) or theincreased amount of areductart (refer to 4, 13 and 14).

Although the embodiments of the present invention have been disclosed for illugrative
purposes, it will be appreciated thet the present invention is not limited thereto, and those skilled in

the art will gppreciate thet various modifications, additions and subgtitutions are possible, without
19




departing from the scope and spirit of the invention.
Accordingly, any and al modifications, variations or equivalent arrangements should be
considered to be within the scope of the invention, and the detailed scope of the invention will be

disclosed by the accompanying claims.
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CLAIMS

1. A mixed metad oxide catalyst for decompostion of nitrogen oxides in which a
hydrotal cite precursor containing an alkali metal isimpregnated or intercal ated with anonprecious
metal.

2. The mixed metal oxide catayst according to dam 1, wherein the hydrotacite
precursor containing an alkali metd is represented by Formulal below:

[Formulal]

L* 2 [MZ 1N (OH) 2 TA™ gy bH20]

wherein L" isa least one selected from the group consiting of Na', K™, Li*, Rb*, Cs" and
Fr'; M?"is a least one sdlected from the group consisting of M, C&*, Ni%*, zn?*, S, B&,
Fe&*, Cu?*, Co®, P and Mrf*; N*"is at least one selected from the group consisting of A,
M, Fe¥, Co™, Ni¥", Cr*", G&*, B¥, La™, Ce’" and Ri*"; A™ is a least one selected from the
group corsisting of COs%, NOy, SO, CI, OH, SiOs*, MnO/, HPOs?, MnQO,%, HGaO5?,
HVO,?, ClO; and BOs*; x is0.01 ~0.5; ais0.01 ~ 1; and b isan integer of 0 ~ 20.

3. The mixed metal oxide catdyst according to claim 1, wherein the nonprecious metal is
a least one selected from the group consigting of Ni, Co, Fe, Mn, Al, Ce, Cu, Zn, Ba Mg, Caad
Sr, and an amount of the nonprecious metal is0.01 ~ 20 wt%.

4. A method of manufacturing amixed metal oxide catdyst for decompostion of nitrogen
oxides, comprising the Sepsof:

providing a hydrotacite precursor containing an akali metd;

impregnating or intercalating the hydrotalcite precursor with anonprecious metd; and

calcinating the hydrotalcite precursor impregnated or intercalated with the nonprecious
metal a atemperatureof 100~1000  to form amixed metal oxide catalyst.
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5. A method of decomposing nitrogen oxide using a mixed metal oxide catays,
comprising the step of reacting nitrogen oxide including nitrogen oxides including N,O, NG, ad
amixture thereof with a gas mixture including areductart in the presence of amixed metal oxide
catalyst in which a hydrotalcite precursor containing an dkali metal isimpregnated or intercalated

with anonprecious metal.

6. The method of decomposing nitrogen oxide using a mixed metal oxide catayst
according to dlam 5, wherein the reductant is a least one selected from the group consisting of a
hydrocarbon of 1 to 6 carbon atoms, an alcohol of 1 to 6 carbon aoms, SO,, NHz and CO.

7. The method of decomposing nitrogen oxide using a mixed metal oxide catayst
according to daim 5, wherein gas passes through the catalyst a a gas hour gpace velocity of
1,000h™ ~ 200,000n*, and a pressure of the gasis 1 a&m or more.

8. The method of decomposing nitrogen oxide using a mixed metal oxide catalyst

according to claim 5, wherein the reaction temperature is 150 ~ 500
9. The method of decomposing nitrogen oxide using a mixed metal oxide catalyst

according to cdlaim 5, wherein an amourt of the nitrogen oxide is 0.001 ~ 31 wt%, and an amount
of thereductant is0.001 ~ 21 wt%.
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