DESCRIPTION MIXED METAL OXIDE CATALYST FOR DECOMPOSITION OF NITROGEN OXIDE 5
Technical Field 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 10 metal oxide
catalyst. Background Art 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 15
warming, nitrous oxide (N20) contributes to the gleESGRIBEIEMect, 310 times as much as carbon dioxide
(C0O2), is a compound stable in air, and is presumed to stay in the air for 20 - 100 years. Further, nitrous
oxide (N20) destroys the ozone layer of the stratosphere. Therefore, it is known that, when the amount of
nitrous oxide (N20) ingreepesiva fooxiDg eneunia rroRepIRCcOMPES I GXOENYTIROEERXIdes are
necessary by-products of the procedure of burning fossil fuels or incinerating various wastes, and
generate photochemical smog and various secondarf¥dM¥tants (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 greenlitesheiga &igld together with nitrogen oxides (NOXx). Referring to conventional
technologies related to the decomposition of N20 and NOx, there are proposed et Oéj of controlling
the temporature of a cori RSTBF AL FHEHS  OP b P Ta O SH b BHBSH mourting 2
special burner, angldhgsbkeohigwigyer, ihesensnehodsaiepoor indeimedhpedaumansss heieafter,
selective catalytic reduction (SCR) has been put to practical use, but has the problems of high equipment
cost and its perforRfaMETRFEERMNG G stRag st tnesRataldscopnonins HERsHRIe USRS thpgrAdthi et al,
discloses a meghadpf degompRsing N20 gas at a temperature of 400 r or more using a rhodium
(Rh)-containing hydrotthcite catalyst. However, this method is problematic in that N20 at a very low
concentration of 200 ppm or less must react at a high temperature of 400 r or more and the rhodium
(Rh)-containing h)ﬁiarc%algliltgdc:ﬂjtglyst is expensive. 10Patent document 2 discloses a method of
catalytically reducing rﬁ’frogen oxides included in exhaust gas containing light hydrocarbons using the
exhaust gas as a reductanttandausifig cadsed e axchangadaitbraeshillbsaltiss woddialyJiolldowever, this
method is problematic in that the conversion ratio of N20 is low although N20.is reacted at hig@h

ed with

temperature usind®PXrGe ASERT S A RS EARTIRRRA RSN Dr OB NTRETRRy &rldran gl
NOR. 15According gt Rape! d8edueinR RO withCRMNBEFEME B #aaliteSs Riphs 24864004)]

written by Javier P.R. et al., when N20 was decomposed using a zeolite catalyst coated with iron (Fe) in
the presence of c&ofe tEhhidecrDD)as blsdn athatdte s posiion et dpNOo- WdsYRfiproved
compared o thosg, g, comRAURGEL REBIBIOAISSIBNAY e T RIS ARISRIETHR AL NA IR e
decomposed at a high temperature of'400 r or more. 20 Patent document 3 discloses a method of directly
reducing nitrogen tbxtidehby thatahytio: i dinctio nxidki ily.0 Catalyss invovfoldhtiz solidnp ofvaene decaraier is
supported with a rEeé . However, this method is problematic in that the conversion ratio of N20 is 50% or
less even at a high*t&ffiperature of 400 r or more. Patent document 4, filed by Schwefer et al., discloses a

method of deggmposingNiZanekriosNfnakadsnperatuce of Aelranmia pressune kil Juerrddsing an
iron-containing ZSM-5 catalyst and a reductant (ammonia). However, this method is problematic in that

the conversion ratiFFIRDE KBRS EHEs tRISATRIS IRt Palrenie NORE SrPegBiqva ser TdamiEpl éeBB mewhat
low, and in that the,desmRRSIRBISMIARANEE AP RIESSHIRARAIBHC. in 4} BRteALARCHARRAR S filed by
Nagata, Hihara et al3., I3-Zeolite exchanged with iron ion was impregnated with ferric nitrate and then
calcinated at 5000fade5 douery tanpespdre rioptexglelviged batalystocontaimihgual odted %evsfdrin oxide,
and then this catalyst was mixed with a 5 binder and then applied onto aéqp comb support, and then
tho periormance oh Tt aG: e e R e G R O Y R R S
diesel engine wasugiegrmposechatitbeideyyNerpperature of 200 t using urea as a reductant, there is a
problem in that the conversion ratio of NOx is about 43%, which is low. Patent document 1: European

Patent Publication No. 1885558 Poarericgddsrhetesesdpiiy Batntacynenstion 75 MQant ddument 3:
Korea Patent No. §4Q8880 Batent dogumenbdrHineRRtentiNon 4G a3dRRatentdecumeningds Patent

No. 7501105 15 Disclosure Technical Problem Thus, in order to solve the above-mentioned problems,
the present inventors have done broad research. As a rgsult, they found that the catalytic activity of a
mixed metal oxide catalyst, in which a hydrotalcite precursor containing an alkali metal is impregnated or
intercalated with a 20 nonprecious metal, is equal to that of a precious metal catalyst such as Rh, Pd or
the like in the decomposition of nitrogen oxides. Based on this finding, the present invention was
completed. Accordingly, an object of the present invention is to provide a catalyst for the
decomposition of nitrogen oxides, in which a hydrotalcite precursor containing an alkali metal is
impregnated or intercalated with a nonprecious metal. 25Another object of the present invention is to



Technical Solution 5In order to accomplish the above objects, an aspect of the present invention provides
a mixed metal oxide catalyst for the decomposition of nitrogen oxides, in which a hydrotalcite precursor
containing an alkali metal is impregnated or intercalated with a nonprecious metal. Here, the hydrotalcite
precursor containing an alkali metal is represented by Formula 1 below: 10[Formula 1]
lia.[M2+1,,N3+JOH)211An1",Fayn.bH201 wherein L+ is at least one selected from the group
consisting of Nat K+, Li+, Rb+, Cs+ and Fri; M2+ is at least one selected from the group consisting of
Mg2+, Ca2+, Ni2ecdin@atinSrékhaBags, FethoCofdmoGaiRtg Hdd4 andeMartthdBe.iHatleastte selected
from the group consisting of A13+, 15 Mn3+, Fe3+, Co3+, Ni3+, Cr3+, Ga3+, B3+, La3+, Ce3+ and Rh3+;
An - is at least on&"SBRESHE PRGN BEEHL YR DIeeedish Seigey e aevis_redrctsn, (&35 Mnoaz-,
1-113032-, MN04 2k GiR03 ZroddMOAR: Hld- RN G BRIRs o isigh. OduipMéit 2ds: Adilics bebichinis an integer
of 0- 20. Further, the nonprecious metal may be at least one selected from the group consisting of Ni,
Co, Fe, Mn, Al, C&acgnizhwpraaung otthe a#aSk, and an amount of the nonprecious metal may 20 be 0.01
20woh.  Another aspeeloblgRIGS kB aRipd Rradss.a methad olmamaeiog. fixed meta
oxide catalyst for decomposition of nitrogen oxides, including the steps of: providing a7hy rotalcite
precursor containingmealkali 4etal; impregnatinglodinteialatingiting hydlootalcitetdysciisoewith a
nonprecious metal;.and calcinating the h gro Icite precursor impregnat r 25 intercalated with the
nonprecious metaﬁlh’astnéeé?nbs rré)@%@%u’rcfg a fl\%éGlttd?gef&trff)nwé:%(fx%t{:?%rﬂ%fggggi%oemc?artgefﬁsl{fugﬁ Phother
aspect of the presgnthixestisRieWides T method afddrcaimpasiohitagangoxida-usinealpeixed metal
oxide catalyst, comprising the step of reacting nitrogen oxide including N20, NO and a mixture thereof
with a gas mixture’tReldfing a reductant in the presence of a mixed metal oxide catalyst in which a
hydrotalcite prgcursor cqiiaining.ar Akalimeiah sdmrregnaisdaiyarcaliad with aRonergeipus metal.
5Here, the reductant may be at least one selected from the group consisting of a hydrocarbon of 1 to 6
carbon atoms, anialeghostafas conBismeblighichpiresadms uNiM3lerdl@e. Fsrthearcdmtmnhaydpaiss through the

catalyst at a gas hﬁ?-,u .space velocity of 1,000E1 - 2 003'81 and the pressure of the.ga be 1 atm
o more. Furtver, G e ac e i e R A A R e R e

oxide may be 0.0@dmaision Yati@oithNiteialmo diticop e Ced veiant aidyhben(pflire Kinpvi%argd divdntageous
Effects According to the present invention, when the mixed metal oxide catalyst manufactured 15 using a

hydrotthcite precu?5BreeTtaiATRS RN RTMAE PR Beg bandba b adh Nifogen oxides, the mixed metal
oxide catalystigan exhibif cafalyticRatlvityReyrtde-tHat 4f R, pregigusinetal qaistwitkouiusing a

precious metal such as Pd, Rh or the like, thus reducing production cost. Further, the mixed metal oxide
catalyst can effectivéBOadorfRiseynltrarjenfoxtiels aden M@ vow despipereaditsiog 300dlitsr Jaialysiso that
operation cost ca  WItE t I f jod of time
Best Mode Hereir?é%%‘ri,%ﬁ]%qﬁ%%é%é??ﬁ/%%%%%%ﬁ?ﬁ%lﬂgﬁéé%ﬁ)@%% etailg%é{%%%té%gé? a gge}l,rlt e present
invention providesaeniie matahpxicd catalyst fortive @ aseatimpd sitiowlogieitrbigeavexidereis which a
hydrotalcite precursqr is impregnated qr intercalated wjth an alkali meﬁag) J(J:Ch as potassium (K) or the
ke, and thus whick B L8 NH Se HER AT L R R BT SIORAL n iRy N20, NO and
mixture thereop by a simpi@an@ERRERERIRKOLARSod ofUHERBI rdiRiREaREAINVEABRN PraMEes a
method of manufacturing a mixed metal oxide catalyst for decomposition of nitrogen oxides, including the
steps of: providingedusierdeilgite Frbetirsshicbatlilng wiisicargidtarPRefse Y HA R oF iRYeXating the
hydrotalcite precuggorith 52 nasrasionsimatal . aRd:Salcinalinghe shatalcite RiggUESPhigaPregnated
or intercalated with the nonprecious metal at a temperature of 100 - 1000 t to form a mixed metal oxide
catalyst. A hydeoizioiteccdiduUNnd iscam anionic clay compound whose upper and lower layers are
charged with cations and whose intermetqé layer is can b changed with anions.. A E}:Ot Icite
compound is composedqz) eé“n‘?%élﬁleegmml %ﬁ?/a%éei?waert? 5?%%”%?%6 eﬁ&rﬁleetgg\év%geﬁﬁren,p 20 Whic aPe%ourcefully
exists in the EarthNendia asitifisiallye syntbEsizeshby fgeming @rionsofanghelating agenhamsM-somplex
compound and then co-precipitating the anions to introduce metal cations into a doubly-layered hydrate.
A hydrotalcite conTFBNHdMHATEISHRIE COMRReEhrEgVE i hiRshoy el gl 4 HRSIECHIMEE%ton, and is
formed by heating.jptQ.aJomedensaus Qide-Raving ar¥eny small aiigle kensiZentysiatinith@nd stability
to heat treatment. In the hydrotalcite compound, bivalent metals are partially substituted with trivalent
metals whose sizes are similar to those of the bivalent metals, so that the negative charge of the layers
thereof is relatively insufficient to allow the hydrotalcite compound to be positively charged to form
positive charges, and anions such as CO32-, OH- or the like intercalated between the layers in order to
offset the formed positive charges, and water 20 coordinates with the anions, thereby forming a layered
structure. In the present invention, a hydrotalcite compound containing an alkali metal such as
potassium (K) or the like is used as a precursor of a mixed metal oxide catalyst. The hydrotalcite
precursor containing an alkali metal is a porous material represented by Formula 1 below, and is variously



Ca. IM2+1,N3+"(OH)211An(,3)/3.bH201 In the hydrotthcite precursor, C, M2+ and \13+ are metal
cations, respectively. Here, C is a monovalent alkali metal cation selected from the group consisting of
Nat Kt Lit Rbt Cs 1 and Fri; M21 is a bivalent alkali metal cation selected from the group consisting of
Mg2+, Ca2+, Zn21, Sr, Ba2+, Felt Cult Co21, Pd21 and Mn2+; N31 is a trivalent alkali metal cation
selected from the group consisting of A131, Mn3+, Fe3+, Co31, Ni3+, Cr3+, Ga3+, B31, 12+, Ce3+ and 5
The molar ratio of M2+ and N3+ may be 1:1 - 100:1, preferably 1:1 - 5:1. Further, in the hydrotalcite
precursor, An- is aii teasicateecapisiticncanypotineadigetadefiarhighe group consisting of CO32-, NO3-,
S042-, cr, OH-, Si032- M 2- um 2- aif rl 2- nr. n 2- , nkJ4 , Tian ,, 1 1li M7042-, C104-, B032- and
combinations thereof. MEPAITRHECSATESHR A5 RDBeR Hilg0e iy R0 N dlinteger of O

-1020.  Sincegheimed.metalivride satalystrratusas.éom thedydsptalsiie I epEROLGeRtaining an

alkali metal is impregnated or intercalated with a nonprecious metal, an expensive precious metal, as is
normally used to iffiphtieedceralyticantiving, by b6 b pricetdsyadibeipiazistidyshat Nixehaianufacture
of the mixed metal gxide, Gataly IR R RLAISHERY GG PR ANIR G- ARAKH I ElalcAR Qe
impregnated or intercalated with a nonprecious metal by preparing a nonprecious nitrate solution and
then mixing the satstidnlwitts aakey dvizta ide iprldedso thtoessegaroioniexdiragige weadttompbersetween.
Here, the nonprecioys metal may b least.one selected from the group consisting, of Ni, Co, Fe, Mn, Al,
Cor G 2 B, VAR B AT Bty NS R MRS [T ABIoREe
amount of the nonpiie elaveRekRLISHIA Whidlisng%e, preferably, 0.01 - 15 wt%. When the amount thereof is
less than 0.01 wt%, the effect of increasing catalytic activity is barely realized depending on the use of the
nonprecious metal. Furth@Enhiosime Erﬁ?fﬁ?ﬂaﬂ%‘éﬁfﬁ%bhﬁ@i%“tﬁaﬂ%%& pores formed in the mixed
metal oxide cgfalyst are plpakedusRdakibe sReciie.sytagesarea of the catalyst is reduced, thereby
decreasing the decomposition ratio. 25 In the present invention, when the hydrotalcite precursor
impregnated or intercalafednadtisanaFp Ferio Reteneii (8e38%¥nated at a temperature of 100 - 1000 t
preferably, 400 - 800 t it1§,§l rreltli(?)kgl fe(%lrt@qﬁisipetl% a 0|x7e4% &tal oxide. The mixed metal oxide catalyst of
the present invention mayt%e urther impregnated or intercalated with a new nonprecious metal after the
calcination in consideratiareaidiennuposs BacheficiEocyost the catalyst. For example, the mixed metal
oxide produced from the hydrotalcite precursor impregnated or intercalated with aluminum (Al) as a
nonprecious metal is mixed with a 5 magnesium (Mg) nitrate solution and then dried to manufacture the
mixed metal oxidegaigdust of the present invention. The process of manufacturing the mixed metal
oxide catalyst including an alkali metal may be variously modified without departing from the scope and
spirit of the inventibt¢hniedddPehlgb a modified embodiment of the present invention, a mixed metal oxide
10 produced from a hydiialciie AIEGH ISR SRNARDMGRM L AR ERLIS SRIGIRIGE rad s hen
impregnated with a nonprecious metal to manufacture a mixed metal oxide containing a nonprecious
metal and an alkatiroaétaieddcotdingddtahotiemtibelifleda@miiodimemtod b tinexqar esen bilearatidyst,a mixed
metal oxide produced from a rotalcite precursor contajning only a nonprecious metal is calcinated, and
o then impragnatdi WIER ARHRAICHE S vk SITOVALIEAE A0 TARLA FRER B CATRANRAG X hbnorecious
metal and an ajkafionpiabus melhacajalyidoraciriypetihe alalcmeialseaniaiRiNgdoxed metaliexide
catalyst impregnated or intercalated with a nonprecious metal according to the present invention is equal
to that of a conveGeHEREHINER|HNSFR gMatedRIPA Ry bl Afdingyitls BrpraEiRGEtioRTAS PR §ecomposition
of_nltrogen oxide. Accorqlg(gnt&intgﬁ PREESERLINYeMIO é&ﬁh‘?n’i%ﬁ&éip'?s”ﬂ@tﬁgvﬁl@cﬁ’f@B&l?f&St{}lo&'leN20 and a
mixture thereof using the mixed metal oxide catalyst produced from the hydrotalcite precursor, the gas
mixture passing thiwaghaieocafaipsetayerdecioddscd OydoRicivtiolinitogemiogideakat 0601 - 21 wt%
of a reductant. Thle rerzd%{ &%%%ailgté e rg%ggt ifg}g%g‘ﬂl%” may be selected from the group consisting of
hydrocarbons of 11865Carbon ‘atoms such as met ane, ettﬂlane, propane, butane, pentane, hexane, 25
isopropane, isgbutene, 2xhotiznebjsopentanssenpertate tettigiynentanehisbbexaneiddiaxame and the
like; alcohols of 1 to 6 carbon atoms such as methanol, ethanol, propanol, butanol, hexanol and the like;
S02; NH3; CO: aftbshitifstisrRpRsiiar ol HtIREER48ESt is preferred that the amount of the reductant in

the gas mixture be 0.00%q12h Moo iR RRAUN QTN B IMIRPhiMIERR Hrar0:0R4:Wwiko, NO and
N20 cannot be sufficiently reduced into N2 and 02 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 process is additionally required to remove the untreated
reductant and side products. Moreover, the reductant may be used together with oxygen (02). It is
preferred that the amount of oxygen in the gas mixture be 0.001 - 21 wt%. When the amount thereof is
less than 0.001 wt%, NO and N20 cannot be reduced into N2 and 02 because the reductant cannot be
oxidized. Further, when the amount thereof is more than 21 wt%, oxygen (02) occupies the 10 active sites
of the catalyst, so that NO and N20 cannot react, thereby remarkably decreasing the decomposition ratio



the case of the catalyst of the present invention, the decomposition efficiency of gas is high even at 500 r
or lower. Therefore, when the temperature thereof is higher than 500 r energy consumption is excessive
so that it takes a lot of money to decompose NO and N20. The nitrogen oxide decomposition rate of
the mixed metal oxide catalyst of the present invention is equal 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 also be achieved by a mixed metal oxide catalyst produced from a brucite
precursor, not a hyaootaleitepuecticsalt. hvhe drisciteppeauisarsisgr épresapefbhbiiddumupasitiabote wherein
a=0 and x411. As described in the following Example, it can be seen that, when nitrogen oxide is
decomposed usin§ fRERTIXEE metal oxide catalyst in which a brucite precursor is impregnated or
intercalated with a nonprecious metal, the decomposition efficiency of nitrogen oxide is high even 10 at
low temperature (refer to Comparative Example 6). Mode for Invention Hereinafter, the present
invention will be d&edHtiASAlHiBRe detail with reference to the following Examples. However, the scope of
the present invention is REtlimited 10, 1Sk 4 Fxamples, EXAmRIES ManhagIyre:ata Mixrslmetal oxide
catalyst NaOH and Na2CO3 were dissolved In distilled water at a molar ratio of 3.5: 1 to prepare a 20
solution. The solutioxedvastguikidtocataigsiclor flrenttcvapdiiem stirmecgheaopriesaterhicied bypkeadarhile slowly

adding a solution %rfe ared bt\gjdissolv .mettal L (Il nitratte Co pitrﬁt?, dFe EEitrate or.the Iikgl), metal (11)
nitrate (Al nitrate, il rrl?f)r%(i%nornfﬁéalli]l(a(llag and QIRAE RIS eofl}{l Aitfate of %Ifﬁ?é)ﬁ%oalss?llﬁed water at a
predetermined molar ratigefort#e hgtiAcie piaiiriecipUMas af AR aciRItRtRpwelR SHireafana0 minutes
to uniformly mix them. The mixed precipitate was aged at 650 for 25 16 hours to obtain a reaction
product. The reacﬁ@ﬂ"b’roduct was washed with an excessive amount of distilled water three times to
obtain a hydrqtalcite comppipd.1The obtained hydrotalcite compound was mixed with a nonprecious
metal nitrate (nickel nitrate or the like) solution to impregnate or intercalate it with a nonprecious metal as
a result of an ion excharlgeMactbn(@HereEtenidTrotalcite compound impregnated or intercalated
with a nonprecious metal was washed with distilled water, and was then dried at 110 t for 1.2 hours to
Gbtain  hydrotalote preciri L RSl ShSe Co s A S e GEe then s
calcinated at 500G foné hoatredo snantifactUiien theixedretalsoxice MafAlyaL TR raanufattBed mixed

metal oxide catalyst,was,put into a desiccator and then pretreated (completely reduced) undey, a nitrogen
or CO atmospher&befbPe ’itQ?&asPlﬁiseﬂ“ﬁqu;%O‘Sd@éﬁq‘?{)&}%if%‘?‘ftf’gsfﬁomg%fs%ff’é‘ﬁ]‘é???‘étf%?,fo%position rate

of nitrogen oxide \pf€araparativeExample,d] g*, e decqmnasitian rate10kNAL n_@psdmiyisre
including 12,500 ppm of N20, 12,500 pPM of CO 2:;md»nitro»ge'n (g\_lz, ren}ainderland h%ving a flzpw rate of
200m1/min(SV 422000Henysies thessurdPusiiey 0.21g BHa fibked Miklal J3EE cdiyst. gldleed from a
hydrotalcite precu 6?“818%%@) gzqqg%rdgpg Q5 Go-BarCe-Ales g/gj%%p(yajz'ge decomposition rate
thereof under 15 these ¢onditions was 96% at 200t and 100% at 250r or more. [Comparative Example 2]
The decomposition rated afi&i2 hanehpiionsangabmaixbare ewstwdingld2cd GO g dud 20n12B0H ppm of

CO, 100 ppm of itrog gg r in eg nd having.a flow rate of 20 200m1/min (§V
50,000m1) were MG TR0 55 2F S A EtL AR A BRI RER, Bt
precursor anchhaweg.@ madartvatio of Co-Rh-Ce-Al of 1/0.2/0.01/1. The decomposition rate of N20 under
these conditions was 99% at 200C and the composition rate of NO was 99% at 200 r and the
decomposition rate of N2OUWSE o PhiPI0E MERIANBIIIMEd BRI PARCBFING WS4 00% at
250 1 or more. 25 I(campgiatia XA Bleoh i AepampesiIaniaRalhizdib apas gl ingluding
12,500 ppm of N20, 17,500 pprm of CO and nitrogen (NZ, remainder) and having a flow rate of
200m1/min(SV 3010¢0%kicy mwemmoeasuinadhgsingliolB meot; ampixeting il iokiddatagalyshptotled from a
hydrotalcite precursor raslgrd“t} vir}%a molasr Irlal}gg_oafn 5:0- ha@' oéééf)).grl(])&]‘&?ee dec%@%%sirtionat%tgrthereof
under these condRIGNS Was 98% at 200 t and was 100% at 2 or more.%ef&mpapa%ﬁ}le xample 4]
The decompositiomteaig.edN2A i acgp@ddistbieaineliuding 2i:5001ppmM1000200l2:hA0pp é O and
nitrogen (N2, remainder) and having a flow rate of 200m21/min (SV 30,000M-1) was measured using
0.285gofa mixe@HifealBde catalyst produced from a hydrotalcite 10 precursor and having a molar
ratio of Co-Pd-Al of 1/0. X dhgdesmrpaitioniaietisrealades thesedonditions v 1a8%emat 200r 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 (N2, remainder) and having a flow rate of 400m1/min (SV 39,000M-1)
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 conditions was
100% at 250r 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 (N2, remainder) and having a flow rate of
500m1/min (SV 41,000hr-1) was measured using 3.394 g of a nickel (Ni) oxide catalyst produced from a
brucite precursor. The decomposition rate thereof under these conditions was 100% at 200r or more. 25



The decomposition rate of N20 in a gas mixture including 12,500 ppm of N20, 17,500 ppm of CO and
nitrogen (N2, remainder) and haying a flow rate of 400m1/min(SV 55,000hr-1) 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 1/1. The decomposition rate thereof under these conditions was 92% at 175 r and was 100% at 200C
or more. 5 [Example 2] The decomposition rate of N20 in a gas mixture including 12,500 ppm of N20,
17,500 ppm of CO and nitrogen (N2, remainder) and haying a flow rate of 400m1/min (SV 55,000M-1)
was measured usinilORDghofigednixed sxidtalaakislecomialyiap prodeioedetrainy aitiygiodalditacdljppecursor
and having a molar ratio of Ni-K of 1/0.5. The decomposition rate thereof under these conditigns was 68%

at 175C and was 109905t 380 BrME ATk 3biesa] U FREHISsHSA FLRY 8 ROBFTFEY 5 nixture
including 12,500 pRRL@HNAD oA 0RahE PRMVRHCO R EIIRISR(NG: eRaindes andihaving @ flow rate

of 400m1/min (SV 55,000M-1) was measured using 0.20 g of a mixed metal oxide catalyst produced from
a hydrotalcite predtirsesnane B ayeHashvIdr Y ARPEEIRISKIER!/0.2. The decomposition rate thereof under
these concﬂfuorgs was 51%%)1%:[ %SQCQ%W%}%QW& qu%p%geoge&?g@f%%ﬁﬁg Il%)4<10nsist}|1-1%eof a
decomposition rate of N20 in a gas mixture including 12,500 ppm of N20, 12,500 ppm of NO, 30,000 ppm
of CO and nitrogemy@idarhemelihter rahch hwyingraaftoraté ofcd4@®amldomis, (8, BB 000IKFOL) was measured
using 0.20 g of a mixed ?u%al oxide catal sLpro ut%ed ftgi)rq a hydro alciteéorec rsor ag/gd@ ving a molar
ratio of Ni-K of 1/1. The deccffnﬁ%ssﬁ%% e DB hersot L ider theds cORdRIGRs WAS58% at 175C and was
100% at 200C or nuoeoiE xatmpiepalssure of the e a@RoBiiaraigof N20 in a gas mixture including 12,500
ppm of N20, 12,500 ppm of NO, 30,000 ppm of CO and nitrogen (N2, remainder) and haying a flow rate
of 400m1/min (SV 55,0004%%} RaEeficadtreartidingay. Yolgbt 2 Mixed metal oxide catalyst produced from
a hydrotthcite grecursor gpgdayingaumiand AHR &Nt A 1/0:2.ddndei these.crnditions: srihe
decomposition rate thereof was 78% at 200r and was 100% at 250r or more. [Example 6] The
decomposition ratesdyRR@RY be@4 miRiureZncluding 12,500 ppm of N20, 12,500 ppm of NO, 30,000 ppm
of CO and nitrogen (N2, remainder) and haying a flow rate of 10 400m1/min (SV 55,000hr-1) was
measured using 0.20 g of a mixed metal oxide catalyst produced from a hydrotalcite precursor and haying
a molar ratio of NiAdwinid@edud Biffdess these conditions, the decomposition rate thereof was 65% at 200r
and was 100% at 250r or more. [Example 7] 15The decomposition rate of NO in a&as mixture including

2,000 ppm of NO, 4,000°S5HIeEO IR A (RR Whsth hin BB hmah Qg A48 PR B 48 mM 1/min
(SV 75,000hr-%) %ﬁ@%%@@%%&%&é&ﬂiﬁB?ﬂM metakaxide catasisPraaier dfiRmi

hydrotalcite precursor and haying a molar ratio of Ni-K of 1/1. Under these conditions, the decomposition

rate thereof was 10094 &eRbotideGIEXarimexd]bit caiybcaetym pauitiorhea i dPRTYIA BehsHiviure
including 2,000 pRm RN, 4 WA BRTHAN SR ANGRPEEMNR: dRTARCRDARRhAY NG Ay rate of
500m1/min (SV 75,000 r-ﬂgw s measured using 1.898 g of a mixed metal oxide catalyst produced from
a hydrotalcite prechirsoix2d macl haydageatatyslanmatiteaivily- Kideehpbd! i deeh) ndelethese aondidens, the
decomposition rate thereof w 5% at zoor and was 100% at 220C or mqre.. [Example . The
decompostion raBIBPYI S 11 4 Gac HHAIE THER G BB TBBINIE: GcrunBr 1, 5 000
ppm of CO, ang nitiagert{iN2, ugirainder) paddeing. a flow rate of 500m1/min (SV 33,000hr-1) were
measured using 3.72 g of a mixed metal oxide catalyst produced from a 5 hydrotalcite precursor and
having a molar ratio of Ni-K-Pd of 1/0.2/0.1. Under these conditions, the decomposition rates of NO and
N20 were 100% apd 83%aat 200 t respectively, and the composition rates of NO and N20 were all 100%
at 250C or more. [Example 10] 10The decomposition rate of N20 in a gas mixture including 785 ppm of
N20, 3,000 ppm of CO adeanititsgehe (3cranvaiticerihbaddasieg @ fdeil.rate of 500m1/min (SV
39,000hr-1) was measured usi .582 g.of a mixed metal oxide catalyst produced fr hydrotalcite
precursor and having a rg%%érscr%%c? ??f%??lgl 10 }BYE?Bf’Bé?r }?1 ef esé I(Egtﬁg?logﬁsfa%%{gsgfeo{%g%position
rate thereof was 98%rapa0dasichivegn 0686, at WROCa oF draikitd prébixamiplienpit nated i eh@eaRmPOSItion
rate of NO in a gas mixture including 435 ppm of NO, 20 000@%@? of CO and nitrogen (N2, remainder)

and having a flow YAbf SHoRERT VoSS B0 2} elkmasdhrsd tichransissmepeiadhitdlimetal oxide
catalyst produced from-a R¥FRIARIR ArEREISONZS) ROd having a0 elaLsaliLa QKR BhddRe4/0.02.
Under these conditions, the decomposition rate thereof was 100% at 200C or more. [Example 12] The
decomposition rate of N20 in a gas mixture including 12,500ppm ppm of N20, 25 12,500 ppm of NO,
17,500 ppm of CO, 125 ppm of SO2 and nitrogen (N2, remainder) and having a flow rate of 400m1/min
(SV 55,000M-1) was measured using 0.20 g of a mixed metal oxide catalyst produced from a hydrotthcite
precursor and having a molar ratio of Ni-K of 1/1. Under these conditions, the decomposition rate thereof
was 100% at 200or more. [Example 13]



The decomposition rate of N20 in a gas mixture including 12,500ppm ppm of N20, 5 12,500 ppm of NO,
17,500 ppm of CO, 150 ppm of NH3 and nitrogen (N2, remainder) and having a flow rate of 400m1/min
(SV 55,000M-1) 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 1/1. Under these conditions, the decomposition rate thereof
was 100% at 200r or more. 10The compaositions, reaction conditions and nitrogen oxide decomposition
rates of Comparative Examples 1 to 6 and Examples 1 to 13 are given in Table 1 below. [Table 1]
Composition Totalgassomposition How rate Results of decomposition of nitrogen oxide Component
Ratio (mass) Target Decomposition rate Comp. Co-Pd-Ce- 2/0.01/0.01/1 N20 200m1/min N20 200C
96% Ex. 1 Al (0.2g) 12,50BBF{ ST 5B UBIYRvIdesd B rrpypuiacturing a mixed metal oxide

catalyst for decomposition of nitrogen oxides, including the steps of: providing a hydrotalcite
precursor containing an alkali metal; impregnating or intercalating the hydrotalcite precursor with
5 anonprecious metal; and calcinating the hydrotalcite precursor impregnated or intercalated with
the nonprecious metal at a temperature of 100 ~ 1000C  to form a mixed metal oxide catalyst.
A hydrotalcite compound is an 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 magnesium hydrate, an aluminum hydrate or the like,
10 which resourcefully exists in the Earth, and is artificially synthesized by forming anions of a
chelating agent and a complex compound and then co-precipitating the anions to introduce metal
cations into a doubly-layered hydrate.
A hydrotalcite compound has a large surface area, a high memory effect and a basic
composition, and is formed by heating into a homogeneous oxide having a very small particle
15 size, crystallinity and stability to heat treatment. In the hydrotalcite compound, bivalent metals are
partially substituted with trivalent metals whose sizes are similar to those of the bivalent metals, so
that the negative charge of the layers thereof is relatively insufficient to allow the hydrotalcite
compound to be positively charged to form positive charges, and anions such as CO5”, OH or the
like intercalated between the layers in order to offset the formed positive charges, and water
20 coordinates with the anions, thereby forming a layered structure.
In the present invention, a hydrotalcite compound containing an alkali metal such as
potassium (K) or the like is used as a precursor of a mixed metal oxide catalyst.
The hydrotalcite precursor containing an alkali metal is a porous material represented by
Formula 1 below, and is variously used as a catalyst.
25 [Formula 1]
L' [M* 1N ((OH)2[“[A" esayrbH20]

In the hydrotalcite precursor, L*, M** and N** are metal cations, respectively. Here, L*is



12,500ppm/ nitrogen gas  Comp. Co-Rh-Ce- 1/0.2/0.01/1 N20 200m1/min N20 200C 99% Ex. 2 Al
(0.49) 12,500ppm/ (SV 250r> 100% CO 30,000hr-1) NO 200C 99% 12,500ppm/

a monovalent alkali metal cation selected from the group consisting of Na*, K*, Li*, Rb*, Cs* and

Fr'; M?*is a bivalent alkali metal cation selected from the group consisting of Mg**, Ca®*, Ni*¥,

Zn*, Sr**, Ba®*, Fe**, Cu*', Co’*, Pd*" and Mn?"; N*"is a trivalent alkali metal cation selected

from the group consisting of AI**, Mn’*, Fe**, Co™, Ni**, Cr’*, Ga®, B*, La™, Ce® and Rh™".
5 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 consisting of COs>, NO5, SO,%, CI, OH, SiOs”, MnO,*, HPO:*, MnO,*, HGaO;~,
HVO,”, ClOy4, BOs™ and combinations thereof.

Meanwhile, in Formula 1 above, a is 0.01 ~ 1, x is 0.01 ~ 0.5, and b is an integer of 0 ~

10 20.

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

In the manufacture of the mixed metal oxide catalyst, the hydrotalcite precursor

15 containing an alkali metal can be impregnated or intercalated with a nonprecious metal by
preparing a nonprecious 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 consisting of Ni,
Co, Fe, Mn, Al, Ce, Cu, Zn, Ba, Mg, Ca and Sr, preferably, Ni, Co, Fe, Mg, Al, Ca, and most

20 preferably, Ni. The amount of the nonprecious metal is 0.01 ~ 20 wt%, preferably, 0.01 ~ 15
wt%. When the amount thereof is less than 0.01 wt%, the effect of increasing catalytic activity is
barely 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 that the
specific surface area of the catalyst is reduced, thereby decreasing the decomposition ratio.

25 In the present invention, when the hydrotalcite precursor impregnated or intercalated with
a nonprecious metal is calcinated at a temperature of 100 ~ 1000°C preferably, 400 ~ 800C it is

reliably formed into a mixed metal oxide.



250r> 100% NO 100ppm/ nitrogen gas  Comp. Co-Rh-Al 1/0.2/1 N20 200m1/min N20 200C 98%
Ex. 3 (0.3g) 12,500ppm/ (SV 250C? 100% CO

The mixed metal oxide catalyst of the present invention may be further impregnated or
intercalated with a new nonprecious metal after the calcination in consideration of the purpose and
efficiency of the catalyst. For example, the mixed metal oxide produced from the hydrotalcite
precursor impregnated or intercalated with aluminum (Al) as a nonprecious metal is mixed with a

5 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 alkali metal
may be variously modified without departing from the scope and spirit of the invention.

According to a modified embodiment of the present invention, a mixed metal oxide

10  produced from a hydrotalcite precursor containing only an alkali metal is calcinated, 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 hydrotalcite precursor containing only a
nonprecious metal is calcinated, and is then impregnated with an alkali metal to manufacture a

15 mixed metal oxide containing a nonprecious metal and an alkali metal.

The catalytic activity of the alkali metal-containing mixed metal oxide catalyst
impregnated or intercalated with a nonprecious metal according to the present invention is equal
to that of a conventional catalyst impregnated or intercalated with a precious metal in the
decomposition of nitrogen oxide. According to the present invention, in the reaction that

20  decomposes NOx, N,O and a mixture thereof using the mixed metal 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 a reductant.

The reductant used in the present invention may be selected from the group consisting of
hydrocarbons of 1 to 6 carbon atoms such as methane, ethane, propane, butane, pentane, hexane,

25  isopropane, isobutene, 2-butane, isopentane, 2-pentane, tertiary pentane, isohexane, 2-hexane and
the like; alcohols of 1 to 6 carbon atoms such as methanol, ethanol, propanol, butanol, hexanol

and the like; SO,; NH3; CO; and combinations thereof. In this case, it is preferred that the amount



30,000hr-1) 17,500ppm/ nitrogen gas  Comp. Ex. 4 Co-Pd-Al 1/0.1/1 (0.285g) N20 12,500ppm/ CO
12,500ppm/ nitrogen gas 200m21/min (SV 30,000hr-1) N20 200C? 100% Comp. Ni-Pd-Co 1/0.05/1 NO
344ppml 400m1/min NO 250C? 100% Ex. 5 (3.397g) CO (SV 3,900ppm/ nitrogen gas 39,000hr-1)

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 process is additionally required to remove the untreated reductant and side products.

Moreover, the reductant may be used together with oxygen (O,). It is preferred that the
amount of oxygen in the gas mixture be 0.001 ~ 21 wt%. When the amount 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 catalyst, so that NO and N,O cannot react, thereby remarkably decreasing the
decomposition ratio 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 ~ IO0,000h'l. When the GHSV thereof is less than 1,000h'1, the amount of the treated gas

15 is small, and thus the catalyst is economically inefficient. Further, when the GHSV thereof is
more than 200,000h™, the contact time between the gas and the catalyst is short, thus decreasing
the decomposition efficiency of NOx or N,O.

Meanwhile, it is preferred that the pressure of the gas passing through the catalyst layer be

1 atm or more. As the pressure thereof increases, the decomposition ratio of nitrogen oxide
20  increases.

According to the present invention, in the reaction of decomposing NOy, N,O and a
mixture thereof using the mixed metal oxide catalyst produced from the hydrotalcite precursor,
the temperature of the gas passing through the catalyst layer may be 100 ~ 500 C preferably 100
~300C and more preferably 150 ~ 250°C When the temperature thereof is lower than 100C

25 sufficient activation energy cannot be obtained, and thus NOy and N,O cannot be decomposed. In
the case of the catalyst of the present invention, the decomposition efficiency of gas is high even at

500C or lower. Therefore, when the temperature thereof is higher than 500°C energy



Comp. Ni (3.394g) NO 446ppm/ 500m1/min NO 200r> 100% Ex. 6 CO (SV 3,866ppm/ nitrogen gas
41,000hr-1) Ex. 1 Ni-K 1/1 N20 400m1/min N20 175C 92% (0.20g) 12,500ppm/ (SV 200C? 100%

consumption is excessive so that it takes a lot of money to decompose NOyx and N,O.

The nitrogen oxide decomposition rate of the mixed metal oxide catalyst of the present
invention is equal 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 also be achieved by a mixed metal oxide catalyst produced from a brucite precursor, not a
hydrotalcite precursor. The brucite precursor is represented by Formula 1 above wherein a=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 catalyst in which a brucite precursor is impregnated or
intercalated with a nonprecious metal, the decomposition efficiency of nitrogen oxide is high even

10  at low temperature (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,COs were dissolved in distilled water at a molar ratio of 3.5: 1 to prepare a

20 solution. The solution was put into a reactor, and was then stirred at a predetermined speed while
slowly adding a solution prepared by dissolving metal (II) nitrate (Co nitrate, Fe nitrate or the
like), metal (IIT) nitrate (Al nitrate, Mn nitrate or the like) and alkaline nitrate (K nitrate or the like)

in distilled water at a predetermined molar ratio for 4 hours to obtain precipitates. The precipitates
were stirred for 30 minutes to uniformly mix them. The mixed precipitate was aged at 651 for

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

hydrotalcite compound was mixed with a nonprecious metal nitrate (nickel nitrate or the like)

10



CO 55,000hr-1) 17,500ppm/ nitrogen gas  Ex. 2 Ni-K 1/0.5 N20 400m1/min N20 175C 68% (0.209)
12,500ppm/ (SV 200C> 100% CO 55,000hr-1) 17,500ppm/ nitrogen gas

solution to impregnate or intercalate it with a nonprecious metal as a result of an ion exchange
reaction. Thereafter, the hydrotalcite compound impregnated or intercalated with a nonprecious
metal was washed with distilled water, and was then dried at 110°C  for 12 hours to obtain a
hydrotalcite precursor. The hydrotalcite precursor was heated from 25°C  to 500C and was then
5 calcinated at 500°C  for 4 hours to manufacture a mixed metal oxide catalyst. The manufactured
mixed metal oxide catalyst was put into a desiccator and then pretreated (completely reduced)

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

Measurement of decompaosition rate of nitrogen oxide

10 [Comparative Example 1]

The decomposition 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 200ml/min(SV 42,000hr™)
was measured using 0.2 g of a mixed metal oxide catalyst produced from a hydrotalcite precursor
and having a molar ratio of Co-Pd-Ce-Al of 2/0.01/0.01/1. The decomposition rate thereof under

15 these conditions was 96% at 200 °C and 100% at 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 rate of
20 200ml/min (SV 30,000hr™) were measured using 0.4 g of a mixed metal oxide catalyst produced
from a hydrotalcite precursor and having a molar ratio of Co-Rh-Ce-Al of 1/0.2/0.01/1. The
decomposition rate of N,O under these conditions was 99% at 200C  and the composition rate
of NO was 99% at 200°C and the decomposition rate of N,O was 100% at 250C  or more and
the decomposition rate of NO was 100% at 250°C  or more.
25
[Comparative Example 3]

The decomposition rate of N>O in a gas mixture including 12,500 ppm of N,O, 17,500

11



Ex. 3 Ni-K 1/0.2 N20 400m1/min N20 175C 51% (0.20g) 12,500ppm/ (SV 200C> 100% CO

55,000hr-1)

10

15

20

25

17,500ppm/ nitrogen gas  EX. 4 Ni-K 1/1 N20 400m1/min N20 175C 55%

ppm of CO and nitrogen (N,, remainder) and having a flow rate of 200ml/min(SV 30,000hr™)
was measured using 0.3 g of a mixed 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

conditions was 98% at 200 C and was 100% at 250°C or more.

[Comparative Example 4]

The decomposition 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 200ml/min (SV 30,000hr™)
was measured using 0.285 g of a mixed metal oxide catalyst produced from a hydrotalcite
precursor and having a molar 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
CO and nitrogen (N, remainder) and having a flow rate of 400ml/min (SV 39,000hr'1) 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

conditions was 100% at 250C  or more.

[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 500ml/min (SV 41,000hr’1) was
measured using 3.394 g of a nickel (Ni) oxide catalyst produced from a brucite precursor. The

decomposition rate thereof under these conditions was 100% at 200°C  or more.

[Example 1]
The decomposition rate of N>O in a gas mixture including 12,500 ppm of N,O, 17,500

12



(0.20g) 12,500ppm/ (SV 200C? 100% CO 55,000hr-1) 30,000ppm/ NO 12,500ppm/
nitrogen gas  Ex. 5 Ni-K 1/0.5 (0.20g) N20 12,500ppm/ CO

ppm of CO and nitrogen (N,, 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 1/1. The decomposition rate thereof under these

conditions was 92% at 175 C and was 100% at 200C  or more.

[Example 2]

The decomposition 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 400ml/min (SV 55,000hr™)
was measured using 0.20 g of a mixed metal oxide catalyst produced from a hydrotalcite

10  precursor and having a molar ratio of Ni-K of 1/0.5. The decomposition rate thereof under these

conditions was 68% at 175 C and was 100% at 200°C  or more.

[Example 3]
The decomposition rate of N,O in a gas mixture including 12,500 ppm of N,O, 17,500
15 ppm of CO and nitrogen (N,, 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 1/0.2. The decomposition rate thereof under these

conditions was 51% at 175 C and was 100% at 200°C  or more.

20 [Example 4]

The decomposition rate of NO 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
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 1/1. The decomposition rate

25  thereof under these conditions was 55% at 175°C and was 100% at 200°C  or more.

[Example 5]

13



30,000ppm/ NO 12,500ppm/ nitrogen gas 400m1/min (SV 55,000hr-1) N20 200C 78% 250C> 100%
Ex. 6 Ni-K 1/0.2 N20 400m1/min N20 200C 65% (0.20g) 12,500ppm/ (SV 250C> 100% CO
55,000hr-1) 30,000ppm/

The decomposition rate of NO 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
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 1/0.5. Under these conditions,

5 the decomposition rate thereof was 78% at 200°C and was 100% at 250°C  or more.

[Example 6]
The decomposition 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 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 1/0.2. Under these conditions,

the decomposition rate thereof was 65% at 200 C and was 100% at 250°C  or more.

[Example 7]

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™) was
measured using 1.355 g of a mixed metal oxide catalyst produced from a hydrotalcite precursor
and having a molar ratio of Ni-K of 1/1. Under these conditions, the decomposition rate thereof
was 100% at 200C.

20

[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 75,000hr'1) 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 was 85% at 200°C and was 100% at 220°C  or more.

14



NO 12,500ppm/ nitrogen gas  Ex. 7 Ni-K 1/1 NO 500m21/min NO 200C 100% (1.355g) 2,000ppm/
(sv CO 7500011)

[Example 9]

The decomposition rates of N,O and NO in a gas mixture including 900 ppm of N,O, 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 measured using 3.72 g of a mixed metal oxide catalyst produced from a

5 hydrotalcite precursor and having a molar ratio of Ni-K-Pd of 1/0.2/0.1. Under these conditions,
the decomposition rates of NO and N,O were 100% and 80% at 200C respectively, and the

composition rates of NO and N,O were all 100% at 250°C  or more.

[Example 10]

10 The decomposition rate of N,O in a gas mixture including 785 ppm of N,O, 3,000 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 a molar ratio of Ni-K-Rh of 1/0.2/0.02. Under these conditions, the decomposition rate
thereof was 98% at 200C and was 100% at 220C  or more.

15

[Example 11]

The decomposition rate of NO in a gas 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'1) was
measured using 3.582 g of a mixed metal oxide catalyst produced from a hydrotalcite precursor

20 and having a molar ratio of Ni-K-Rh of 1/0.2/0.02. Under these conditions, the decomposition rate

thereof was 100% at 200°C  or more.

[Example 12]
The decomposition rate of N>O in a gas mixture including 12,500ppm ppm of N,O,
25 12,500 ppm of NO, 17,500 ppm of CO, 125 ppm of SO, and nitrogen (N,, 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 1/1. Under

15



4,000ppm/ nitrogen gas  Ex. 8 Ni-K-Pd 1/1/0.1 NO 500m1/min NO 200C 85% (1.898g) 2,000ppm/ (SV
220C? 100% CO 75,000hr-1) 4,000ppm/ nitrogen gas  Ex. 9 Ni-K-Pd 1/0.2/0.1 N20 500m1/min
N20 200C

these conditions, the decomposition rate thereof was 100% at 200°C  or more.

[Example 13]
The decomposition rate of N>O in a gas mixture including 12,500ppm ppm of N,O,
5 12,500 ppm of NO, 17,500 ppm of CO, 150 ppm of NHs and nitrogen (N,, 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 1/1.

Under these conditions, the decomposition rate thereof was 100% at 200C  or more.

10 The compositions, reaction conditions and nitrogen oxide decomposition rates of

Comparative Examples 1 to 6 and Examples 1 to 13 are given in Table 1 below.

[Table 1]
Composition Total gas | Flowrate | Results of decomposition
composition of nitrogen oxide
Component | Ratio Target | Decomposition
(mass) rate
Comp. | Co-Pd-Ce- | 2/0.01/0.01/1 N,O 200ml/min | NO 200C | 96%
Ex. 1 | Al (0.29) 12,500ppm/ | (SV 250°C> | 100%
co 42,000 ") B
12,500ppm/
nitrogen gas
Comp. | Co-Rh-Ce- | 1/0.2/0.01/1 N,O 200ml/min | NO 200C | 9%
Ex.2 | Al (04g) 12,500ppm/ | (SV 250C> | 100%
co 30.0000) o T200C | 99%
12,500ppm/ -
250C> | 100%
NO 100ppm/
nitrogen gas
Comp. | Co-Rh-Al | 1/0.2/1 N,O 200ml/min | NO 200C | 98%
Ex.3 (0.3g) 12,500ppm/ | (SV 250C> | 100%
co 30.000hr™)
17,500ppm/
nitrogen gas

16



80% (3.72g) 900ppm/ CO (SV 250C? 100%
250C? 100%

520ppm/

nitrogen gas

5,000ppm/ 33,000hr-1)

NO 200C 100%

NO

Comp. | Co-Pd-Al | 1/0.1/1 N,O 200ml/min | NO | 200°C> | 100%
Ex. 4 (0.285g) 12,500ppm/ | (SV
CO 30,000hr™)
12,500ppm/
nitrogen gas
Comp. | Ni-Pd-Co | 1/0.05/1 NO 344ppny/ | 400ml/min | NO 250°C> | 100%
Ex. 5 (3.397g) CO (SV
3,900ppm/ | 39,000hr™)
nitrogen gas
Comp. | Ni (3.3%4g) NO 446ppny/ | 500ml/min | NO 200°C> | 100%
Ex. 6 CO (SV
3,866ppm/ | 41,000hr™)
nitrogen gas
Ex.1 |Ni-K 1/1 N,O 400ml/min | NO | 175C | 92%
(0.20g) 12,500ppm/ | (SV 200C> | 100%
CO 55,000hr ")
17,500ppmy/
nitrogen gas
Ex.2 |Ni-K 1/0.5 N,O 400ml/min | NJO | 175C | 68%
(0.20g) 12,500ppm/ | (SV 200C> | 100%
CO 55,000hr ")
17,500ppm/
nitrogen gas
Ex.3 |Ni-K 1/0.2 N,O 400ml/min | NO | 175C | 51%
(0.20g) 12,500ppm/ | (SV 200C> | 100%
CO 55,000hr™)
17,500ppm/
nitrogen gas
Ex.4 |NiK 1/1 N,O 400ml/min | NJO | 175C | 55%
(0.20g) 12,500ppm/ | (SV 200C> | 100%
CO 55,000hr™)
30,000ppm/
NO
12,500ppm/
nitrogen gas
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Ex. 10 Ni-K-Rh 1/0.2/0.02 N20 500m1/min N20 200C 98% (3.582g) 785ppm/ CO (SV 220C? 100%

3,000ppm/ nitrogen gas 39,000hr-1) Ex. 11 Ni-K-Rh 1/0.2/0.02 NO 435ppm/ 500m1/min NO 200C>

100% (3.582g) CO (SV

Ex.5 |Ni-K 1/0.5 N,O 400ml/min | NJO | 200°C | 78%
(0.20g) 12,500ppm/ | (SV 250°C> | 100%
CO 55,000hr™)
30,000ppm/
NO
12,500ppm/
nitrogen gas
Ex.6 | Ni-K 1/0.2 N,O 400ml/min | NJO | 200°C | 65%
(0.20g) 12,500ppm/ | (SV 250C> | 100%
CO 55,000hr ")
30,000ppm/
NO
12,500ppm/
nitrogen gas
Ex.7 | Ni-K 1/1 NO 500ml/min | NO | 200C | 100%
(1.355g) 2,000ppm/ | (SV
CO 75000hr™)
4,000ppm/
nitrogen gas
Ex.8 |Ni-K-Pd | 1/1/0.1 NO 500ml/min | NO | 200C | 85%
(1.898g) 2,000ppm/ | (SV 20C> | 100%
CO 75,000hr™)
4,000ppm/
nitrogen gas
Ex.9 |Ni-K-Pd | 1/0.2/0.1 N,O 500ml/min | NO | 200°C | 80%
(3.729) 900ppm/ CO | (SV 250C> | 100%
5,000ppm/ | 33,000hr") 5 500C [ 100%
NO 520ppny/ _
. 250°C> | 100%
nmtrogen gas
Ex. 10 | Ni-K-Rh | 1/0.2/0.02 N,O 500ml/min | NO | 200°C | 98%
(3.582¢) 785ppm/ CO | (SV 20T | 100%
3,000ppm/ | 39,000hr™)
nitrogen gas
Ex. 11 | Ni-K-Rh | 1/0.2/0.02 NO 435ppn/ | 500ml/min | NO | 200> | 100%
(3.582g) CO (SV
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2,000ppm/ nitrogen gas 39,000hr-")
CO 55,000hr-1)

12,500ppm/ (SV

Ex. 12 Ni-K 1/1 N20 400m21/min N20 2001> 100% (0.209)
17,500ppm/ NO

2,000ppm/

nitrogen gas

39,000hr™)

Ex. 12

Ni-K

/1
(0.20g)

N,O
12,500ppm/
CO
17,500ppm/
NO
12,500ppm/
SO,
125ppm/

nitrogen gas

400ml/min
(SV
55,000hr")

N>O

200C>

100%

Ex. 13

Ni-K

/1
(0.20g)

N0
12,500ppm/
co

400ml/min
(SV
55,000hr™")

N>O

200C>

100%

17,500ppm/
NO
12,500ppm/
NH;3;
150ppm/

nitrogen gas

From Table 1 above, it can be ascertained that the effect of the mixed metal oxide
catalyst of the present invention, in which a hydrotalcite precursor containing an alkali metal is
impregnated or intercalated with a nonprecious metal, is equal to that of a conventional metal

5 oxide catalyst containing a precious metal such as Rh, Pd or the like in the point that the nitrogen
oxide decomposition of the mixed metal oxide catalyst of the present invention reaches 100% at
250C or lower.

Further, it can be ascertained that, in the present invention, the increase in the
decomposition rate of nitrogen oxide depends on the increased amount of an alkali metal (refer to

10 Example 1 to 3) or the increased amount of a reductant (refer to 4, 13 and 14).
Although the embodiments of the present invention have been disclosed for illustrative

purposes, it will be appreciated that the present invention is not limited thereto, and those skilled in
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12,500ppm/ S0O2 125ppm/ nitrogen gas  Ex. 13 Ni-K 1/1 N20 400m1/min N20 2001> 100%
(0.20g) 12,500ppm/ (SV

the art will appreciate that various modifications, additions and substitutions are possible, without
departing from the scope and spirit of the invention.

Accordingly, any and all 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

5 disclosed by the accompanying claims.

20



CO 55,000hr-1)

10

15

20

25

17,500ppm/ NO 12,500ppm/ NH3 150ppm/ nitrogen gas

CLAIMS

1. A mixed metal oxide catalyst for decomposition of nitrogen oxides, in which a
hydrotalcite precursor containing an alkali metal is impregnated or intercalated with a nonprecious

metal.

2. The mixed metal oxide catalyst according to claim 1, wherein the hydrotalcite
precursor containing an alkali metal is represented by Formula 1 below:

[Formula 1]

L' [M™ 1N (OH A" i bH:0]

wherein L"is at least one selected from the group consisting of Na*, K*, Li*, Rb*, Cs" and
Fr*; M**is at least one selected from the group consisting of Mg, Ca**, Ni**, Zn**, Sr**, Ba™,
Fe**, Cu®, Co™, Pd** and Mn**; N**is at least one selected from the group consisting of AI**,
Mn*, Fe**, Co™", Nit*, Cr*¥, Ga®*, B*, La*, Ce®" and Rh>"; A™ is at least one selected from the
group consisting of COs”, NO3, SO, CI, OH, SiOs>, MnO,*, HPO;*, MnO,*, HGaO;",
HVO,*, ClO; and BOs”; x is 0.01 ~ 0.5; ais 0.01 ~ 1; and b is an integer of 0 ~ 20.

3. The mixed metal oxide catalyst according to claim 1, wherein the nonprecious metal is
at least one selected from the group consisting of Ni, Co, Fe, Mn, Al, Ce, Cu, Zn, Ba, Mg, Ca and

Sr, and an amount of the nonprecious metal is 0.01 ~ 20 wt%.

4. A method of manufacturing a mixed metal oxide catalyst for decomposition of nitrogen
oxides, comprising the steps of:

providing a hydrotalcite precursor containing an alkali metal;

impregnating or intercalating the hydrotalcite precursor with a nonprecious metal; and

calcinating the hydrotalcite precursor impregnated or intercalated with the nonprecious

metal at a temperature of 100 ~ 100077 to form a mixed metal oxide catalyst.
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From Table 1 above, it can be ascertained that the effect of the mixed metal oxide catalyst of the present
invention, in which a hydrotalcite precursor containing an alkali metal is impregnated or intercalated with a
nonprecious metal, is equal to that of a conventional metal 5 oxide catalyst containing a precious metal
such as Rh, Pd or the like in the point that the nitrogen oxide decomposition of the mixed metal oxide
catalyst of the present invention reaches 100% at 250C or lower. Further, it can be ascertained that,
in the present invention, the increase in the decomposition rate of nitrogen oxide depends on the
increased amount of an alkali metal (refer to 10 Example 1 to 3) or the increased amount of a reductant
(refer to 4, 13 and 14). Although the embodiments of the present invention have been disclosed for

g R
illustrative purposes, it will Be BPRIL GLAEIRROME BPEEA RGN IS BT SE 081 24he those

skilled in the art wilhappreciRtadhat variapsingdificaianguadditions padsylstiuionsarmasaible,
without departing from the scope and spirit of the invention. Accordingly, any and all modifications,
variations or equiveldHtEheREMEMSEHBIID Bduhiderdaciybe Ratpistants scbpecest tseimiition, and
the detailed scope. ofithe,inyerfion WilRg S AissosesaxRe.AGkAMRARYRA Hlaims: ChrttMGea 1A
mixed metal oxide cafalyst for decomposition of nitrogen oxides, in which a%y rotalcite precursor
containing an alkalimet@hiserimpsegatated or intercalated with a nonprecious 5 metal. 2. The mixed
metal oxide catalyst according to claim 1, wherein the hydrotalcite precursor containing an alkali metal is
represented by Formula 1 below: [Formula 1] 10Ca.[M2+1,,N3VOH)2r[AnR"Fay,MH201 wherein L+ is
at least one selected frog the giatiCeMaistingoinNalutdenbriddrsin@ st naivell FredM 2xide akhdepst one
selected from the group consisting of Mg2+, Ca2+, Ni2+, Zn2+, Sr, Ba2+, Fe2+, Cu2+, Co2+, Pd2+ and
Mn2+; N3+ is at I€5<6HE € WhsERLRHEe SRt dh &I iPeT KiFeed fpmsthe s consisinangisy | Cra+,
Ga3+, B3+, 12+, GeRdanthBNBibcRuibalisastanteiester Fomihsdn KeyReRasing of c032-, NO3-,
sot, cr, Off, Si0323, Mn0423, HP0323, Mn0423, HGa0323, HV0423, C104- and B0323; x is 0.01 - 0.5; a
is 0.01 - 1; and b is an integer of 0- 20. 3. The mixed metal oxide catalyst according to claim 1,
wherein the nonprecious7 tal istg(txle(gfsaé)c&ens(%lecte Jrgrrlnotxkllge rou §0n§iﬁti96% qlf(l)\li Cg Fes,tMn, Al,
Ce, Cu, Zn, Ba, Mg, Ca an Ongr, and an amountor nonprecio metal is 8 Xéqfw%%y 4. A
method of manufactisritigp adnixed netataxige paialysirdostdeeampesition gfsnitiegprroxidesyadmprising
the steps of: providing g hydrotalcite precursor containing an alkali metal; 25impregnating or intercalating
the hydrotalcite prla%%'%oréﬂ%%ohoﬁwé‘c%ﬁ%“ﬁfgt@ﬁ #R¢ 1 A 9iM9%ting the hydrotthcite precursor
impregnated qk intercalated with the nonprecious metal at a temperature of 100- 10000 to form a mixed

metal oxide catalyst. 5. A method of decomposing nitrogen oxide using a mixed metal oxide catalyst,
comprising the step of réacklisgithed et asqoranPRngANEPEitroyich 8xites mbledlimga 2BIdN cEle a mixture
thereof with a gasa@g%&ﬁgtm&%giggwge@gH{%t%%dgntggquﬁﬁﬁag%%f%med metal oxide 5 catalyst in which
a hydrotalcite precursor containing an alkall metal is iImpregnated or intercalated with a nonprecious
metal. 6. The method of decomposing nitrogen oxide using a mixed metal oxide catalyst according to
claim 5, wherein the redyctant is at least one selected from the group consistin oLa)%é) hydrocarbon of 1
t0.6 carbon atorns, an altoht] SRS 6 TP e, RIS S GO T STHBHASY
decomposing Nitregepdmddeclising anxbiednmatahoide ratahsbagerling 1a claitn lavhargiongas passes
through the catalyst at a gas hour space velocity of - 1,000h-1- - 200,000h and a pressure of the gas is 1
atm or more. 15 ©°f the PRCHIEBbddddifiposing nitrogen oxide using a mixed metal oxide catalyst
according to claim 5, wherein the reaction temperature is 150 - 5000. 9. The method of
decomposing nitrogen oxide using a mixed metal oxide catalyst 20 according to claim 5, wherein an
amount of the nitrogen oxide is 0.001 - 31 wt%, and an amount of the reductant is 0.001 - 21 wt%.
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