DESCRI PTI ON M XED METAL OXI DE CATALYST FOR DECOWVPOSI TI ON OF NI TROGEN OXI DE
5 Technical Field The present invention relates to a m xed netal

oxi de catalyst in which a hydrotal cite precursor containing an al kali netal
is inpregnated or intercalated with a nonprecious netal, a method of

manuf acturing the sane, and a nmethod of deconposing nitrogen oxide using
the m xed 10 netal oxide catal yst. Background Art As the damage
caused by climate change increases all over the world, air pollution
probl em has recently attracted consiDESCRIPTION ention. Anong material s
related to global 15 warm ng, nitrous oxide (N20) contributes to the
greenhouse effect, 310 tinmes as nuch as carbon dioxide (CQ2), is a conpound
stable in air, and is presuned to stay in the air for 20 - 100 years.
Further, nitr¥dXESy %WMTMJ&T}@BMOWﬂTJONQEP& GENhere.
Therefore, it is known that, when the nt of nitrous oxide (N20)

i ncreases two fold, the anobunt of ozon eases by 2% 20N trogen oxi des
are nece?sary by- products of the procedure of burning fossil fuels or

i ncinerating various wastes, and generate photochem cal snbg and vari ous
secondary pﬂ&hﬂﬁaﬁﬁad(03’ PAN, etc.) through a photochem cal reaction that
takes place 1n the alr. That is, nitrogen oxides are very inportant in
terms of air polTue predent iRe@io @ElatbOtCOHRExM hbaSHEde EdtdlFe s GRS ebhfrotglkitarat e
change, it is required to effectively renove nitrous oxide (N20) as a

gr eenhouse wasis3b chmagatifan alkali et isriopepnazd cdestefdldied. with a nonpRefoam et
conventional technologies related to the deconposition of N20 and NOX,

t here are pnehobefdnamufretutiogithe fanan mdohithertofidaeompuoripe nitogeneoxske uaing theixed on
furnace, a nethod of  recircul ating exhaust gas, a nmethod of nounting a
speci al BurRghl oxidsgatelyd. | i ke. However, these nethods are poor in terns of
performance. Thereafter, selective catalytic reduction (SCR) has been put
to practical use, but has the problens of high equipnent cost and its
perfornaanB¥§y§ hqgimjth aging of the catalyst. 5Patent docunent 1, filed
by Mni et a ,gdfscloses a nmet hod of deconposing N20 gas at a tenperature
of 400C or nore As 'tH?:gde@nargBQQﬂlééﬂnb?_ h1afOHafbMEbadtY A Avad Blet WorkBlad poBllition
However, this nmethod is problemafic in that N20 at a very | ow concentration
of 200 ppm mbbléaSkas Mesdntly eagdctedt corsitiérgble taM@HAL Ahenef mARMs adlatedre ghuddl t he
rhodi um (Rh)-containing hydrotal cite catal yst is expensive. toPatent
docunentls 2 wirsulg srsusondt (W) ointrdatea oy thie gesehhyusediect, BY) mhesras gmrch ax catem

i ncluded in_exhaust gas containing |ight hydrocarbons using the exhaust gas

as a reduct@ertidal§dhss heprpmung stable inetiie siechis iepsemed toitay e e air dorgd) + 1Q0syeqrs.
catal yst. ver, this hod is problematic in that the_conyersiopn ratio
of N20 is |iWhe fnﬁeusg?fﬂ%%“tz% 9?8533& %O@Pgﬁﬁy‘afrPth‘@rPHéﬁoﬁihﬁffee Iieﬁ)g%g 1 Khoyer

anount of reductant whi.ch s two re tines rger _than.that used with
R0 15 Acc Pt A BC bt s Sy N TR o B, B bl oaE
zeolites., ol . 223(2004)] written by Javier P.R et al., when N20 was
deconposed using a zeolite catalyst coated with iron (Fe) in the presence
of carbep nONOXiKRoLE YxidE Re heduahBlprolne SEBOPRRENIE ONbirahng il Mk was

i nproved conpared to those of conventional technol ogies. However, there is
a probl em iincihdraingN2Bousugdstdseand @cape pedoditmiacalhingly dnévpssatsesoadat pdll@Gitor
nore. 20 Patent docunment 3 discloses a nethod of directly reducing nitrogen
oxi de by cdal §ANcete.gthuetshonphegichgmigal getciiby 8iat fakeswhacehn gheswl. | 'Bhab ewelgogen
carrier is supported with a netal. However, this nethod is problematic in
that the c YO oy afin s pLaispeliien. | Bgdes (R repgtvith WERYFHISCE AYEFEUr e

et hod of - RBBIUENHG INSOSRHEY 25 RISk S Sk peraane Brofsbi s & °
pressurgion Eﬂ%xgaﬁn#%%gg%égﬁ@geqicontaining ZSM 5 catal yst and a reduct ant

(amoni &) . wever, s problematic in that the conversion ratio

of N20 is 64% a”}gefi'ézlﬁﬁ @@Bééﬁ%%igﬂ(ﬁ} tE&hblB%i.@i reifl o She/ 88mBAGEbNOS T &l NB)y,

somewhat | ow, an n %hat econposition tenperatufe and pressure are
hi gh. therk BreRPRdRBEd HasHaRHt cobtrdliihele RMPNRAERE & a ddntbastRn Sirnale; a method of
fl-Zeolite exchanged with iron ion was inpregnated with ferric nitrate and
then cal cinated at 500C for 5 hours to prepare an ion-exchanged catal yst
cont ai ni ng about 4% of iron oxide, and thlen this catal yst was mxed with a
5 binder and then applied onto a honeyconb support, and then the
performance of the catalyst was tested. In this case, when NOx included in
t he exhaust gas of a diesel engine was deconposed at the |ow tenperature of
200C using urea as a reductant, there is a problemin that the conversion
ratio of NOx is about 43% which is |low. Patent document 1: European Patent
Publication No. 1262224 10Patent docunent 2: Korea Patent No. 0359675



N20 or a m xture thereof even at |ow tenperature using the catalyst for the
deconposition of nitrogen oxides. Technical Solution 5In order to
acconplish the above objects, an aspect of the present invention provides a
m xed metal oxide catalyst for the decomposition of nitrogen oxides, in

whi ch a hydrotal cite precursor containing an alkali metal is inpregnated or
intercalated with a nonprecious netal. Here, the hydrotalcite precursor
containing an alkali netal is represented by Forrmula 1 below to[Formula 1]
lia. [ M+1_xdEroslfnd Sftiniseds, & ayothod 2 @Jounting avgreigl Yurlet, dnd tigd lidee d8dwed@ethese
selected fromthe group consisting of Nat Kt Lit Rb+, Cs+ and +2+Ca ,N +

, 2+zn , 2+ ihethodMar@pocs imaterhe af perfonearsel dbtreattd, rsolavttveesaglyoa pedoctongdBER) hap of
My, Sr2+, Ba2+, 2+ Cu, 2+ Co , 2+ Pd and Mi; 2+ 3+ Fe,N is at |east one

sel ect ed f riwmm phetogpredisalceasby thap glerprablens ofihighSuigassat o 3ad itopgHormand
Cr3+, Ga3+, B3+, La3+, Ce3+ and R3; An- is at |east one selected fromthe
group consi¥¥Eagegnthaeme of thaeptalystson2- | cr, orr, Si82-, M042-, 1-11)032-,
Mh042-, HGa032-

vy HVOA 2 - 04.- d .B032":.x-is O. = 0, 5; i 01 - 1;
and b is’an int e%?%?eu@egllzgled%g Al etlf’&lrdfsl)‘(ilé’!?ess at'ﬂ%%%?{oﬁggﬁpg’ﬁ‘ég F?g?ﬁas #y be

at least o t 0 a1 : ' : Ce,
Qu, 2o g, CRpEnEE EA0D EPOP NG B IR ey cfaing Mot Bl Hoevap ) o
0.01 - 20 Whi¥amethod is proBiR@hitEh 1188 NGO tat Hlery Py RinBSRBton STVOO bR dr REOMLA 8SicR
met hod of manufacturing a m xed netal oxlde catalyst for deconposition of

ni trogen oxdtdésgh tempdratticnd 400€ Gtregs and the Picdiind {Rig-canthiyigie G @bl dite cpilee i sor
containing an alkali netal; inpregnating or intercalating the hydrotalcite
precur sor vixpenseenonpr eci ous netal ; and cal cinating the hydrotalcite
precursor inpregnated or 25 intercalated with the nonprecious netal at a

t enper atitire of 1 daqyownt 2 disclessy aingtheil wéeptatetically wdndg wiegenyxides gelufled
anot her aspect. of the present,invention provjdes a nethod qf deconpasing

i trogen  GRICTRAISHH SO Jgh BRI B SgAPS FYelst Bat it TSNS ARGOSRER of
reacting nifreogen ,oxi Lhel uding nitr X] 1N i.n 20 a
i xt ur 6t ner ORGP G ) HRRT HELE Byt B Mo s AT

a m xed Met@hy@byRaoat RIO Mok it N0 (NSS! AWGh EnRERGULIAL o LA RIRNY

an alkali netal 1s Inpregnated or Intércalated wth a nonprecious netal .
SHere, the gradehRiRRtwiIgs B @lmdreasts 1aner thel Baued Wiauni he group consisting
of a hydrocarbon of 1 to 6 carbon atons, an alcohol of 1 to 6 carbon atons,
S, N1-43 and C&cording to Eher pdper |[Rgmetionnyl Pas switthGiughvet feMEatzadlitast, Gatala
gas hour space velocity of 1,000111 - 200,000111, and the pressure of the
gas may be 2230t rwriter &y Jeviet R&r ef dlhevheadd) vas desopwesed iiseigraazeoble calyst
500C . 1O0Further, the anmpunt of the_ nitrogen oxide may be 0.001 - 31 w%
and t he arm%ieg rithiner (rad g ke arssenpa gl gEvop nispexide GO\ wedﬂata%rnfgaé%a@%%ct s

According to t resent inyention, en the n.xe tal . oxide catal yst
manut act or ogrer X8 byl SRS e MR i Sl e o S Pt
is used to al i ] t @l i tal yst can
S pioed Lo ARANRARE M FRRBD 5%y U ILXRGIRIBLAP cRat ol et

Wi thout H§isi Ng a Pi&EE AUIITES iscRYSEh AShE of BRcY rddd8ing i@ gert HUSe HEEMALRY
production cost. Further, the m xed netal oxide catalyst can effectively
deconpose Nicilicige tsifpxd cdyseinerhiei a solil powti@epeitdr i @ppdried ¥dth a0ficthle sBwese,
that operation cost can be reduced, with the result that this 20 catal yst
can be usedhisonethod sngohpenitiodn dfat thenmwnv@een rdibdd NHEY Bi 398§ peless elve aprdsgnt
invention will be described in detail. As described above, the present

i nventi on pEOYErALE A48 ke meEt al oxi de catal yst for the 25 deconposition of
Mt er cal at ed i ¢ dosirant < Beidy SeuorteRi GREEES a et R DRSO st
s uneh i CERREERg IOeLh LG PUAEEED Lt pRen g el e i
Furt her, t%d%rrg@%{;d%ﬂ dfi%l}ﬁﬁ%ﬁe;igoﬁogé%\ﬂ tﬁ@%eﬁmﬁﬁé %ﬁe&&tﬁé‘ﬁ ﬁfe.tc‘dﬁ?ég%?rﬁra% ﬁgd

nmet al oxi de cat onposition of nitrogen oxides, inc ng t
steps of ! PGRYIsGUNard Y DhOLabEiatis oPREGU B, S AIMUhNsoRARndatidt/ arkiiBh Blai

i npregnating or intercalating the hydrotalcite precursor with 5 a
nonpreci ous netal; and calcinating the hydrotal cite precursor inpregnated
or intercalated with the nonprecious netal at a tenperature of 100 - 1000 t
to forma m xed netal oxide catalyst.




A hydrotal cite conpound is an anionic clay conpound whose upper and | ower

| ayers are charged with cations and whose internediate |layer is can be
exchanged with anions. A hydrotalcite conpound is conposed of a magnesi um
hydrate, an al um num hydrate or the like, to which resourcefully exists in
the Earth, and is artificially synthesized by form ng anions of a chelating
agent and a conpl ex conpound and then co-precipitating the anions to

i ntroduce netal cations into a doubly-I|ayered hydrate. A hydrotalcite
conmpound hake @&chi@p@Riod tntReRura iR presBurb b@hidienory ef fect and a basic
conposition, and 1s forned by heating into a honbgeneous oxi de having a
very snal | part ilolPatefibdeiment Sclilgd balNagatht ifihanat glit, fbldoliteyextlonpelawith reatoment .
In the hydrotal cite conpound, bivalent netals are partially substituted
with trivalvesstimpeegadte! wilo Sariciifrels and thes icaltinaied 8io500Ko §@ Sofourshe pisipires] aaripn-
metal s, so that the negative charge of the |ayers thereof is relatively

i nsuf fici erfhapesd &St st @hoatq #1ord I@Br?ﬁgiﬁnfaldttb%@sga@%ﬁﬁ W pixgh¥ited to
form posjtive, charges ni ons such as COB32- F aor the li.ke

ot or oot at ASEOTLBRT RB Btk B PRart Tt i P PRSPl ey e
char ges, ang Rt fni s WRESNPRLRRN hltnd B aaRbANT dBATARN. §0r WeBlo@ed a

| ayered structure. n the present inventlon, a hydrotalcite Iéorrpound
cont ai ni g R{AoH KRhératRIALOGTVGRIBrd0k A& udEht HikreQE a bldBlch ik that edsBrsith 2
precursor of a m xed netal oxide catalyst. The hydrotal cite precursor
cont ai ni ng raib NG ik aioat 48%,ivehiéh iplous material represented by Fornula 1
below, and is variously used as a catalyst. 25[Formula 1 ]

LI -a. [ M2+1. . ) ( NiPhteof dOR e | FEvinpdar PateciiidBidatibmNo.HE62R32dr ot al ci t e precursor,
Lt, M2+ and N3+ are netal cations, respectively. Here, L+ is a nonoval ent
al kali netal catHagnt despmentdgKoicaRptedNogPBIp7Tonsi sting of Na+, K+, Li+,

Ro+, Cs+ and Fr;_ M bi val_ept al kal i | _cation selected fromthe group
consi sting of Mf#ent ent; Qfea%ﬁ%,Nogg%O%éﬁét Fe2+, Cu2+, Co2+,dp 2+ and
m2+; 3 N+ is rivalent a i t 3l ion selected fromthe group
consi sting of Ai%a‘fn%ﬂ%ﬁ?ﬁtéég'g?a{é%ﬁ?‘%ﬁé% Cr3+, Ga3+, B3+, La3+, Ce3+ and
Rh3+. 5 The nol @atén?xﬁdcﬁm%ﬁ“@%%ﬂt%%mﬁsbe 1:1 - 100:1, preferably 1:1 -
5:1. Further, in the hydrotalcite precursor, All- is at |east one

ani oni ¢ conpound sel ected fromthe group consisting of CO82-, NO3-, SM2-,
cr, 011-, Si G32-, WM042-, HP032-, M042-, HGa032-, HVO42-, Cl04-, B032- and
conbi natis orBisdlésareof . Meanwhile, in Fornula 1 above, ais 0.01 - 1, x is
0.01 - 0.5, and b is an integer of 0 - 1020. Since the m xed netal
oxi de cat al Teshnigaldrableoh f rom t he hydrotal cite precursor containing an

al kali metal is inpregnated or jntercalated with a nonprecious netal, an
expensi ve preci oSy Prer togsohjedhe ghaygmeptioned drablemsyhiegiesent dpvgntprs have done
activity, be repl aced a npr.eci.ous tal..ln.the nuf act.ure .of the
i wed ot aloRig TRy AF § it TR Gt lRh Pty B6h MesTRe Rk FijS

al kali et el ' . [ C | ; ec] | by
prepari ng ylnonprae id%)g&s?&%g)?e? g{é‘gr %%Tﬂluﬁgg% @%\agtn?%é# lﬁbﬁ%ﬁé{&?ﬁ%ﬁ%%?%ﬁgﬁﬁ% th
a hydrob@l GiohSreRbRCHESIONs byl Q@Hﬁ?o%&&&hs%&ﬁ]%ﬁ@rsﬂ Kachd RR Hhgebalom e
Here, the nonprecious netal may be at |east one selected fromthe group
consi st i ng detoasiticn of fr@egelaxidd. Bab&l on@his fidding, Be,prd¥bnt iv@ntéondvaSicompleted.
preferably, N, Co, Fe, Mj, Al, Ca, and nost 20 preferably, N . The anount
of the nonpreci odxzoniight, dnsobje@lof tIROpuwsdd ipveafier ablty ,prévidEl a- cakBysitfos thahen
t he amount thereof is less than 0 01 wt% the effect of increasin ‘
catal ytic ateeompasifion ¢f ppganyxidsa|in »Eighddyydiothlalg Pesuspreopigmngfantafiall metal is
nonpreci ous netal. Further, when the anmount thereof is nore than 20 W%

pores f or metPregndterboriteeiatpdyvih a BoarEReive st st are bl ocked, so that the
specifi¢_surface, area of t catal yst is reduced,.therebh creasjng the
doconpod &1 on r ARG sBiept NEE Byl dhyenor B0 Fod AR R ABER LR 1
precursor i eonad LAt er {.Lh a nonprecious netal is

cal ci nat en éggfa ten%g?cg%lglr)ge?ﬁgg]f&%%%%%f%' C, preferably, 400 - 800C, it is
reliably formed duntQoReiibiRboMBE Alesc@iint&ition is to providERendhatest JeRInfHosi) Ndg
catal yst of the present ihvention nmay be further inpregnated or
intercalated with a new precious netal after the calcination in

consi deration of the purpose and efficiency of the catalyst. For exanple,
the m xed netal oxide produced fromthe hydrotal cite precursor inpregnated
or intercalated with alumnum (Al) as a nonprecious netal is mxed with a 5
magnesi um (My) nitrate solution and then dried to manufacture the m xed

nmet al oxi de catal yst of the present invention. The process of

manuf acturing the m xed netal oxide catalyst including an alkali netal may
be variously nodified without departing fromthe scope and spirit of the



According to the present invention, in the reaction of deconposing NO', N20
and a m xture thereof using the m xed netal oxide catalyst produced from
the hydrotalcite precursor, the tenperature of the gas passing through the
catal yst layer may be 100 - 500C , preferably 100 - 300C, and nore
preferably 150 - 250 . 'Wen the tenperature thereof is |lower than 100C, 25
sufficient activation energy cannot be obtained, and thus NQ and N20 cannot
be deconposed. In the case of the catalyst of the present invention, the
deconposi t iNpm &f { hiteeaker@ff cgasati 1swhbgheraienising 1RO fdraMedecohbediteinaste,
when the tenperature thereof is higher than 500C , energy consunption is
excessi ve sitrdghabxidds. t akes a | ot of noney to deconpose NO and N20.

The nitrogen oxi de deconposition rate of the m xed nmetal oxide catalyst of
the present invention is equal to that of a m xed netal oxide catalyst in
which a hydrotalcite precursor is inpregnated or intercalated with a

preci ous nekeghnicpSalilen| e, the above-nentioned effects can 5 al so be

ot o it ot al o1 G B dieapt e Mt e g asirsw tf Blevp puGun i o
not a hydrotal ci'f' &t PGPSR P&t rof & _ a
Formula 1 %9(\—,((? Ph‘@gfro%:%lg g%tgl staf&dttfé:rﬂco sﬁjigﬁ o 'nR[% erl Qxig&eh{ &Hc?\# lﬂgro%ﬁf le,

it can be seéen i trogen oxide 1s decoffposed usi ng e "m xe

metal oxi dgx&afsaé otairdinly Ml{éﬂn?e@fs%? BnaRIIRR W& Oatd SwlTPIAGRELEINQEL
intercalated wth a nonprecious netal, the deconposition efficiency of

ni trogen oxide igerditghhRiQHlciteOpraturiod doritaiAg bR bikble met iseepre@nte B Foahily @
Exanpl e 6). Mdde for Invention Hereinafter, the present invention
will be dedelowbed in nore detail with reference to the foll ow ng Exanpl es.
However, the scope of the present invention is not limted to these 15
Exanpl e3¢ Exanpll€etmidif acture of a mixed netal oxide catal yst NaOH and
Na2CO3 were dissalved in.distilled water. at a nmolar ratio.-of 3.5: 1 to
prepare a 20 soﬂﬂfpénkﬁ%hgjgb]Jﬁi@ﬁxggéiput into a reactor, and was then
stirred at a predetermned speed i sl,owl vy _addi.ng a.sol yti.on red by
i S50l vi ng et al VIR Lo A RES Ees i P debn0ie BE K 17 kB B8R
WO ni trate (Al MAi , i i | kat inpe pizt rtep(K
nitrate or }'frHeMI :liéet?éalstno i g’t@él:%cfg{)fﬁmtg{%r%&gtcddg%%) e%{el}q r’n(lij%e’ nb?ﬂér’ S?atelBé) f or
4 hours to @bt gyt precP@i tif REZ, Nas B 108k Bid flRfed WRHES lkdupeandidtihg 30 AL,
mnutes to uniformy mx them The m xed precipitate was aged at 65C for 25
16 hour 85t Vb B Ca*'t BHEIGENGPY asitidta™, T aneéRat'i AR ipatdebsiodne welsctadbidie thewi t h

an excessive anount of distilled wajer three times tg oth%n a hydrotalcite
conpound. Tenpobmaistmgdoth§ Ay o DG 3 cOhpOtndivias MiQuedHRO:h Mu@on pies€lsous
metal nitrate (nickel nitrate or the like solution to iP$re nate or

i nt er cal at YR WA anddapi 28i0ls htaa 0-%%”“ b and by an igfeess At 9 vACexchange

s Lon. herost gt TS 5 SRR LR i
dried at 1 f 2 i | ci .

v ot aki £ b e YBrAREY G 78 SN Radu e b &5 RREHES Bhious Sl may

calcinagfdﬁyadyxaé&ﬁ% 4 hours to manufacture a m xed netal oxide catalyst.
The manufactured m xed netal oxide catalyst was put into a desiccator and
then pretreated Agmmplagicel ¥ the e inveiger pravidést 4 0@H0d F nERIRALIISPH afiged
before it was used in the N20 deconposition test. Measurenent of

deconposi t imeaalraide @falysi forelgempm@xitide of 8ftCoenpaxiddsj neluling it epk]of: providinghae
deconposition rate of N20 in a gas m xture including 12,500 ppm of N20,
12,500 ppmlvfirogBitgmacchisor eqpéanigig, alkalivaicial ampregrding QU inigycaating dw praalgte
200mL/ m n(SV 42, 000hn was neasured using 0,2 gf a m xed netal oxide

catal yst prigeryEser Mith SroaPRyighoalal iapd Cib‘Plé%tlﬂgstg‘? ﬁéﬁ'ﬂtﬂ{?ﬁw’ﬁ&“&’f HOPEENTS 90 of

Co- Pd- Ce: Al of 2/0.01/0.01/1.. Th it t der 15 th
condi t | ghe WECIBEIAL HSEP Sy ot glranorropt [ e 0PE Fpapir e etapl o

2] TQ&¥%§%8 osition rates of N20 and NO in a gas m xture including
12,500 ppmo ;12,500 ppm of CO 100 ppm of NO and nitrogen (N2,

remai nder) and hai A8 dshQVof BE Greddnt 2RetRATVECS o (RYicdDrA0RHHBUE hrogen
measured using 0.4 g of a m xed netal oxide catalyst produced from a
hydrotal cite precursor and having a nolar ratio of Co-Rh-Ce-Al of
1/0.2/0.01/1. The deconposition rate of N20 under these conditions was 99%
at 200C and the conposition rate of NO was 99% at 200C, and the
deconposition rate of N20 was 100% at 250C or nore and the conposition rate
of NO was 100% at 250C or nore. 25 [Conparative Exanple 3] The
deconposition rate of N20 in a gas m xture including 12,500 ppm of N20,
17,500 ppmof CO and nitrogen (N2, remainder) and having a flow rate of
200m/ m n( SV 30, 000hf | ) was neasured using 0.3 g of a m xed netal oxide



20[ Conpar ati ve Exanpl e 6] The deconposition rate of NOin a gas

m xture including 446 ppmof NO 3,866 ppm of CO and nitrogen (N2,

remai nder) and having a flow rate of 500nil/mn (SV 41,000hf |I) was neasured
using 3.397 g of a nickel (Ni) oxide catalyst produced froma brucite
precursor. The deconposition rate thereof under these conditions was 100%
at 200C or nore. 25 [Exanple 1] The deconposition rate of N20 in a gas

m xture including 12,500 ppm of N20, 17,500 ppm of CO and nitrogen (N2,
remai nder) il ubiay b Agxed rhdtD WxidatRalpd, ARPIHADTS (&0 EBaciOPfitrodeh owids itkaiigr ed
using 0.20 g of a m xed nmetal oxide catal yst produced froma hydrotalcite
precur sor anebgemyixitlgs anchadingr Nt NO, ahd N miktwoé ikl Withea dee onposi incloding at e

t hereof under these conditions was 92% at 175 , and was 100% at 200C or
nore. 5 [ Exadystagt 2] the presencyhd alededpoeipl ¢ade eaialest o wigd a hydiolgleiie pfegermere

i ncluding 12,500 ppm of N20, 17,500 ppm of and nitraogen éNZ, remai nder)
and havi ng aripingy ap gikall getalis gpgreghated cspteseslarg GHLANeNESEOWEE&4r ed usi ng 0. 20

5012, heed Tl OSSR PRSI O BB L Bl B2
inder e R 1S, R P L S P RS A0 B

[ Exanpl e 3] econposition ra e uding 12, 500
ppm of N20, 17, 3QQndS oMb badshrdish Metda@BNat (Néss HoBFHaBE Qaldcignd ihsvovhg. a
flowrate of 400m i m’% (S\fES, 000h§1- 1) waggrreag%rsedgﬂg% ng O. Ztg g of a m xed
met al oxi depogbelyaid the mreuseedf the @as rajhyedr mhak giotee precur sor and having a
nolar ratio of Ni-K of 1/0.2. The deconposition rate thereof under these
condi ti ons was Slfthat the BBGjonderdpanatsre i@@Ye 450 2600 or nore. 20[ Exanpl e 4]

The deconposition rate of N20 in a gas m xture including 12,500 ppm of N0,
12, 500 \Wn of NO Fusberptho ampritef theoitigen onide Bgehe Q-Wﬁ%w%@r?aéﬂ)e aggtAtieng a
flowrate of ,400ml/ m V 55, 000hr-1) was neasured using 0.20 g of a m xed
met al  oXi dé@&f%?@%ﬁ%r@ﬁcﬁd“??‘om a hydrotalcite precursor and having a
nolar ratio of Ni-K of 1/1. The deconposition rate 25 thereof under these
conditions was 55% at 175C , and was 100% at 200C or nore. [Exanple 5]

The deconpogjy t fs N20 in a gas m xture including 12,500 ppm of N20,
12,500 ppm 031! %gkeé‘%%g Sppm of CO and nitrogen (N2, rermai nder) and havi ng

a flow rate of 400 B hSMeSht POELbH henake fidaduhasl ctidengtalstdDaryfioral

m xed metal oxide catal yst produced froma hydrotal cite precursor and

havi ng as nmoisig athathioaluié picurkorebntdihilg an alkkidaetat ihesd taodedinpise nitrpgdn dxhles, the
deconposition rate thereof was 78% at 200t, and was 100% at 250C or nore.
[ Exanpl e 6]mixed metaifpradeientabyspensi exhibit cptalyée afivipequiahiohay aba piesipusrractilvetalysi ng
12,500 ppm of N20, 12,500 ppm of NO_ .30, 000 ppm of .and ni trogen_( N2,
remai nder ) EPUHENEAPTERIqUS Y6t 81k 28 PAABDRRERS kS @Wegtgzlw cWﬁteéE&BE%

g 2o e e Ml R Bl P PR BERRSha fr g o 4 i ©
condi tions ’tm%&%ﬂ%f% é}k %s,&s@%ﬁ%tt%gaﬁ% C(Y@%arpgeo/ (}&tucc%oglitkl’ct}ll {:Eguﬁ’vﬁ’ﬁt 111950%

at 250 t or re. econposition rate o n a gas

m Xt ur e ) NClakhflisnGn Be HQQ (RRATRY pehll oftin®00 ppm of CO and ni trogen (N2,

remai nder) and having a flowrate of 500nl/mn (SV 75,000hfl) was neasured
using 1.355 g of a m xed netal oxide catalyst produced froma hydrotalcite
precursor and having a nolar ratio of Ni-K of 1/1. Under these conditions,
t he deconpdBest Mmder at e t hereof was 100% at 200t. 20 [ Exanple 8] The
deconposition rate of NOin a gas m xture including 2,000 ppmof NO 4,000
ppm of CO and ni Heregelerthepreseatayontier yillbsdessabedig defail | ow rate of 500nEm n

SV 75, 000h d i 1.898 f 1, xed I i I
(V75,000 vas, reasir o usl 19,4.295 0,01 2 et el pulde. et v
N KP 01 B0k DD LIS SN RS CERRIRATEL S Pl "
decompost Lo, SRR N 2pH 05 b ARSIV 68k LI 00, Ba. A

having a fl.gualcad ﬁh‘@éen@@@-{n@fuﬂiné RV03R00 QUL AR urve R MBAS MBI aHE baBlodicdR 9

of a m xed netal oxide catalyst produced froma 5 hydrotalcite precursor
and having a nolar ratio of NN-K-Pd of 1/0.2/0.1. Under these conditions,
the deconposition rates of NO and N20 wer® 100% and 80% at 200 t |,
respectively, and the conmposition rates of NO and N20 were all 100% at 250t
or nore. [Exanple 10] 10The deconposition rate of N20 in a gas m xture

i ncludi ng 785 ppm of N20, 30,000 PPm of CO and nitrogen (N2, remnainder) and
having a flow rate of 500mJmin (SV 39, 000hf I ) was nmeasured using 3.582 g
of a m xed netal oxide catalyst produced froma hydrotalcite precursor and
having a nolar ratio of Ni-K-Rh of 1/0.2/0.02. Under these conditions, the



catal yst produced froma hydrotalcite precursor and having a nolar ratio of
Ni -K of 1/1. Under these conditions, the deconposition rate thereof was
100% at 200C or nore. [Exanple 13] The deconposition rate of N20 in a gas
m xture including 12, 500ppm ppm of N20, 5 12,500 ppm of NO 17,500 ppm of
CO, 150 ppmof N -13 and nitrogen (N2, remainder) and having a flow rate of
400mL/ m n (SV 55, 000hr-1) was neasured using 0.20 g of a m xed netal oxide
catal yst produced froma hydrotal cite precursor and having a nolar ratio of
Ni - K of 1/ lproddeder these conditions, the deconposition rate thereof was
100% at 200C or nore. 10The conpositions, reaction conditions and nitrogen
oxi de deconposi thuther egscsoft iGenar povide Exethpl esmanufastuging a dniksdampthlesside t o
13 are given in Table 1 below_ [Table 1] . Conposition Total _aas conmposition
Fl ow rate Ra@ist Hr decomnositipn of aiegeropxidss: elyding ok deps orrpuidivgt siqtycite
(mass) Target Deconposi tion rate Conp..Co-Pd-Ce-. 2/0.01/0.01/1 N20 .
200mL i ' PG BEDROGRIER AFAD oGRS BB B DHET BTsR T e
42000hr - ;— ) a nonprecious 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 1s a porous material represented by
Formula 1 below, and 1s variously used as a catalyst.
25 [Formula 1]
L' M LN (OH) T TA sy D0

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



125000ppm nitrogen gas Conmp. Co-Rh-Ce- 2/0.2/0.01/1 N20 200rnl/m n N20
200C 99% Ex. 2 Al (0.4g) 125000ppm (SV 250t> 100% CO 3000011(1)
NO 200C 99% 125000ppi n/

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¥",

7o't 8¢, Ba¥, Fe?”, Cu™", Co™, Pd*" and Mn’"; N’'is a trivalent alkali metal cation selected

from the group consisting of AP, Mn*, Fe**, Co™, Ni¥', ¢, Ga*', B*, La*, Ce* and R0
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~, NOy, SO, CI, OH, $i0s%, MnO4", HPO;”, MnO,>, HGaOy7,
HVO,”, Cl0, 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 wi%, 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.



250C 100% NO 100ppi n/ nitrogen gas Conp. Co-Rh-Al 1/0.2/1
N20 200ml/ min N20 200C 98% Ex. 3 (0.3g) 125000ppm (SV 250C> 100%

The mixed metal oxide catalyst of the present invention may be further impregnated or
intercalated with a new precious 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) nifrate 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 NOy, NyO 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
wit% of mitrogen 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, isbpentane, 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»; NHj; CO; and combinations thereof. In this case, it is preferred that the amount



CO 30000hr-1) 175000pprril nitrogen gas Conmp. Ex. 4 Co-Pd-Al
1/0.1/1 (0.285g) N20 125000ppnil CO 125000ppm nitrogen gas 200nl/ mn (SV
300001r-1) N20 200C> 100% Comp. Ni-Pd-Co 1/0.05/1 NO 344ppni 400nml/ m n NO
250 t > 100% Ex. 5 (3.397g) CO (SV

of the reductant in the gas mixture be 0.001 ~ 21 wt%. When the amount of the reductant is less

than 0.001 wi%, 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 (O2). 1t 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" ~ 200,000k, preferably |
30,000 ~ 100,000h™". When the GHSV thereof is less than 1,000h™, 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 NO, 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 NOx, NoO 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 ~250T. 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



3900ppm nitrogen gas 3900011{1) Ex. 6 N (3.394g) NO 446pprr1 500nl/ m n
NO 200C 100% CO (sV 3866ppniL nitrogen gas 41000hr4) Ex. 1 Ni-K
1/1 N20 400ml/ m n N20 175C 92% (0.20g) 125000ppm (SV 200C 100%

consumption is excessive so that it takes a lot of money to decompose NO, 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=(. 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 2 mixed metal oxide catalyst

NaOH and Na,CO; 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) mitrate (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 65C 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 550001r-1) 175000ppm nitrogen gas Ex. 2 N-K 1/0.5 N20
400ml/ min N20 175t 68% (0.20g) 125000ppm (SV 200C 100% CO

55000hr - 1)

10
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175000ppm nitrogen gas

solution to impregnate or intercalate it with a nonprecious metal as a result of an ion exchange
reaction. Thereafier, 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
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 decomposition rate of nitrogen oxide

[Comparative Example 1]

The decomposition rate of N;O in a gas mixture including 12,500 ppm of NoO, 12,500
ppm of CO and nitrogen (N,, remainder) and having a flow rate of 200mbmin(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

these conditions was 96% at 200C, and 100% at 250C 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 (N3, remainder) and having a flow rate of
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 200°C and the composition rate of
NO was 99% at 200°C, and the decomposition rate of N;O was 100% at 250°C or more and the

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

[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 N-K 1/0.2 N20 400nJm n N20 175C 51% (0. 20g) 125000ppm (SV 200C
100% CO 550001r-1) 175000ppm nitrogen gas Ex. 4 NN-K 1/1 N20
400nl/ m n 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

10 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
15 CO and nitrogen (N;, remainder) and having a flow rate of 200mlimin (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

conditions was 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 500ml/min (SV 41,000hr"y 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% at 200°C or more.
25
[Example 1]

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

12



(0.20g) 125000ppm (SV 200 t > 100%  CO 55000hr - 1) 30000ppm
NO

12500ppm nitrogen gas Ex. 5 N-K 1/0.5 (0.20g) N20

125000ppm CO 30000ppm NO 12500ppm nitrogen gas

10
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ppm of CO and nitrogen (Np, 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 200 °C or more.

[Example 2}

The decomposition rate of N,O in a gas mixture including 12,500 ppm of N0, 17,500
ppm of CO and nitrogen (N5, 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. The decomposition rate thereof under these

conditions was 68% at 175C, 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
ppm of CO and nitrogen (N, remainder) and having a flow rate of 400ml/min (SV 55,000ht™)
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.

[Example 4]

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
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 55% at 175C, and was 100% at 200°C or more.

[Example 5]

13



400/ min (SV 55000hr-1) N20 200C 78% 250 t > 100% Ex. 6 N -K 1/0.2
N20 400m hnin N20 200C 65% (0.20g) 125000ppml (SV 250C> 100%  CO
55000hr - 1) 30000ppnt

The decomposition rate of N,O in a gas mixture including 12,500 ppm of NoO, 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 200C, and was 100% at 250C or more.

[Example 6]
The decomposition rate of N,O in a gas mixfure including 12,500 ppm of NO, 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 .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 250C 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 (Na, 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 200°C.

20

[Example §]

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 1.898 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 200C, and was 100% at 220 C or more.

14



NO 12500ppm nitrogen gas Ex. 7 N-K 1/1 NO 700nil/ m n NO 200C
100% (1.355g) 2000ppm (SV CO 75000hr-1) 4000ppm ni trogen
gas

[Example 9]

The decomposition rates of N2O and NO in a gas mixture including 900 ppm of N,O, 520
ppm of NO, 5,000 ppm of CO, and nitrogen (N3, 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 NoO were 100% and 80% at 200 C, 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, 30,000 ppm
of CO and nitrogen (Na, 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 220°C 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™") 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 0f 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 NoO 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



Ex. 8 N-K-Pd 1/1/0.1 NO 500ni/ m n NO 200t 85% (1.898g) 2000ppm (SV
220C? 100% CO 75000hr-1) 4000ppm ni trogen gas Ex. 9 N -K-Pd
1/0.2/0.1 N20 500mi/ m n N20 200C 80%

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

[Examptle 13]
The decomposition rate of NoO in a gas mixture including 12,500ppm ppm of NyO,
s 12,500 ppm of NO, 17,500 ppm of CO, 150 ppm of NH; and nitrogen (N3, 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 200°C 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 200mbmin | N,O 200C | 96%
Ex.1 | Al (0.2g) 125000ppy | (SV 250°C> | 100%
CcO 42000hr™")
125000ppny/
nitrogen gas
Comp. | Co-Rh-Ce- | 2/0.2/0.01/1 N,O 200mb/min | NoO 200 | 99%
Ex.2 | Al (0.4g) 125000ppny | (SV 250°C> | 100%
CO 30000y G 200C T 99%
125000ppmy/ ~
250T= | 100%
NO 100ppy/
nitrogen gas
Comp. | Co-Rh-Al | 1/0.2/1 N,O 200ml/min | N,O 200TC | 98%
Ex. 3 (0.3g) 125000ppny/ | (SV 250C> | 100%
CO 30000hr™)
175000ppny/
nitrogen gas

16



(3.72g) 900ppmf CO (SV 250 C > 100%  5000ppm 33000hr - 1) NO 200C

100% NO 520ppm 250C 100% nitrogen gas
Comp. | Co-Pd-Al | 1/0.1/1 N;O 200ml/min | NpO 200C= | 100%
Ex. 4 (0.285g) 125000ppry | (SV
CcO 30000hr™)
125000ppm/
nifrogen gas
Comp. | Ni-Pd-Co | 1/0.05/1 NO 344pprv/ | 400ml/min | NO 250°C> | 100%
Ex. 5 (3.397g) CO (SV
3900ppny | 39000hr™)
nitrogen gas
Ex.6¢ | Ni (3.3%4g) NO 446ppny | S00ml/min | NO 200T> | 100%
CO SV
3866ppny | 41000hr™)
nitrogen gas
Ex.1 | Ni-K 1/1 N,O 400ml/min | N,O 175C | 92%
(0.20g) 125000ppm/ | (SV 200C> | 100%
CO 55000hr")
175000ppm/
nitrogen gas
Ex.2 | Ni-K 1/0.5 N;O 400ml/min | N.©O 175°C | 68%
(0.20g) 125000ppm/ | (SV 2007C> | 100%
co 55000hr™)
175600ppm/
nitrogen gas
Ex.3 | Ni-K 1/0.2 N;O 400m/min | N,O 175C | 51%
(0.20g) 125000ppm/ | (SV 200°C> | 100%
co 55000hr™)
175000ppm/
nitrogen gas
Ex.4 | Ni-K 171 N;O 400ml/min | N,O 175TC | 55%
(0.20g) 125000ppmy/ | (SV 200C=> | 100%
CO 55000hr™)
30000ppmy/
NO
12500ppm/
nitrogen gas
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Ex. 10 Ni-K-Rh 1/0.2/0.02 N20 500nil/ m n N20 200C 98%
3000ppm nitrogen gas 39000hr-1)

(SV 220C 100%

1/ 0.2/ 0.02 NO 435ppm 500mhnin NO 200 t > 100%

(3.582g) 785ppm CO

Ex.

11 Ni - K- Rh
(3.582g) CO (SV

Ex.5 |[Ni-K 1/0.5 N,O 400mlmin | N;O [ 200TC | 78%
(0.20g) 125000ppny | (SV 250C=> | 100%
CcO 55000hr™)
30000ppm/
NO
12500ppm/
nitrogen gas
Ex.6 |Ni-K 1/0.2 N;O 400mVmin | N;O [ 200C | 65%
(0.20g) 125000ppm/ | (SV 250°C> | 100%
CO 55000hr™)
30000ppny/
NO
12500ppm/
nifrogen gas
Ex.7 | Ni-K 1 NO 700ml/min | NO | 200T> | 100%
(1.355g) 2000ppny | (SV
CO 75000ht™)
4000ppmy
nitrogen gas
Ex.8 | Ni-K-Pd | 1/1/0.1 NO 500mb/min | NO | 200C | 85%
(1.898g) 2000ppm/ | (SV 220°C> | 100%
CO 750000y
4000ppm/
nitrogen gas
Ex.9 | Ni-K-Pd [ 1/0.2/0.1 NO 500mimin | N;O | 200C | 80%
(3.72g) 900ppmy/ CO | (SV 250C> | 100%
5000ppm/ | 33000h”) Mg Soc T T00%
NO >20ppm/ 250C= | 100%
mirogen gas
Ex. 10 | Ni-K-Rh | 1/0.2/0.02 NoO 500mlmin | NO | 200C | 98%
(3.582g) 785ppm/ CO | (SV 220> | 100%
3000ppm/ | 39000hr™)
nitrogen gas
Ex.11 | N:-K-Rh | 1/0.2/0.02 NO 435ppny/ | 500ml/min | NO 200> | 100%
(3.582g) CO (SV

18




2000ppm nitrogen gas 390001Y1)
(0.20g) 125000ppnm (SV

> 100%
NO

Ex. 12 Ni-K 1/1 N20 400nil/ m n N20 200 C

CO 55000hr 4)

17500ppm

2000ppm/

nitrogen gas

39000hr™)

Ex. 12

Ni-K

11
(0.20g)

N,O
125000ppm/
CO
17500ppm/
NO
12500ppm/
SO, 125ppmy/
nifrogen gas

400ml/min
(SV
55000hr™)

N>O

200C=

100%

Ex. 13

Ni-K

11
(0.20g)

N0
125000ppmy/
CO

400ml/min
(SV
55000hr™)

N,O

200>

100%

17500ppm/
NO
12500ppmy/
NH;
150ppmy/
nifrogen 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 catatyst of the present invention reaches 100% at
250°C 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 imited thereto, and those skilled in

the art will appreciate that various modifications, additions and substitutions are possible, without
1%



12500ppm SO2 125PPrn/ nitrogen gas Ex. 13 N-K 1/1 N20 400nmUJm n
N20 200 t > 100% (0.20g) 125000ppm (SV CO 55000hr-5
17500ppm

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

disclosed by the accompanying claims.
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NO 12500ppm NH3 150ppm nitrogen gas From
Tabl e 1 above, it can be ascertained that the effect of the m xed netal

oxi de catal yst of the present invention, in which a hydrotalcite precursor
containing an alkali netal is inpregnated or intercalated with a
nonprecious netal, is equal to that of a conventional netal 5 oxide

catal yst containing a precious netal such as Rh, Pd or the like in the
poi nt that the nitrogen oxi de deconposition of the m xed netal oxide

catal yst of the present invention reacObEaAIM30% at 250C or | ower.

Further, it can be ascertained that, in the present invention, the increase
in the deconposition rate of nitrogen oxi de depends on the increased anpunt
of an alkali metal (refer to 10 Exanple 1 to 3) or the increased anopunt of

a reductant (referAtmixgd metal gygleropfalyst for decopperdigghol WEogsrbodaseint whish & he
present inventiqn have been discloged for.illustrative rposes, it wll be
appr eci at eo}lﬁﬁ%ﬁ&“ﬁeﬁéecﬁlfs%"scé’ﬁ@rﬁl%ﬁﬁﬁag H‘eFaLIS HBPreE é@t?%‘git‘ﬂ,ﬁl HWYPEHELe

skilled in ?& art will appreciate that various nodifications, additions
and substitutions are possible, wthout departing fromthe scope and
spirit of the invention. Accordingly, any and all nodifications,

variations or equivalent arrangenents should be considered to be within the
scope of the i nvEnthomixedntetahoxidetdialyeda®e@ne @f clhine 1l RMRRd @ WidrbtalbiR:

di scl osed by the acconpanyi ng cl ai ns.
precursor containing an alkali metal is represented by Formula 1 below:
[Formula 1}
10 Lt M2 N OH) T AT ey BHZO]
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 Mg2+, Ca2+, Ni”, Zn”, Sr2+, Ba2+,
Fe*', Cu®*, Co*", P&* and Mn®"; N*"is at least one selected from the group consisting of AP,
Mn™, Fe™*, Co™*, Ni**, Cr'", Ga™*, B, La®", Ce®* and Ri®"; A™ is at least one selected from the
15 group consisting of CO,>, NOy, SO, CI, OH, Si0%, MnO,>, HPOs>, MnO,*, HGaO+,
HVO42', ClO4 and BOs™; xis 0.01 ~ 0.5; a1s 0.01 ~ 1; and bis 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

20 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;
25 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 ~ 1000 C to form a mixed metal oxide catalyst.
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CLAI M5 1. A mxed netal oxide catalyst for deconposition of
nitrogen oxides, in which a hydrotalcite precursor containing an al kali
nmetal is inpregnated or intercalated with a nonprecious 5 netal. 2.
The m xed netal oxide catalyst according to claim1l, wherein the

hydrotal cite precursor containing an alkali netal is represented by Formul a
1 below. [Formula 1] 10L+a.[M2+1 XN3 c(OH)2r[ An-0,,ay".13H20] wherein G's
at | east one selected fromthe group consisting of Na+, K+, Lit Rb+, Cs+
and consisting of ng2-], Ca2+ ,Ni, zn2+, Sr , Ba +; Mis at |east one
selected ed fromthe group2+2+ Fr, Fe2+, cv2+, c02+, pd2+ and mMm2+;

N3+ is at | east bné meth@d:toédiewwnsmgemgmupommgsm |an1gu>f@ﬂ gta-+oxiden Batalyste 3+,
Co3+, N 3, Cr 3+, &3+, B3+, La3+, Ce3+ and Rh3+; An- is at I.east one

sel ected f rwmmwegﬂsS@p@ﬁf?a@waﬂt@gﬁrhw%lné@@zg nitrRggy.oxidgpypoludingNoO, MPFand

5i B2, M042-, FIP032:,.M042- HVOA2- 104 and. B032-; X i

- 0.5, ais Iaiwe crpof Wiy B ik lelﬁflé@%?w@fw%ﬂ in g resence ofa iged s ke

nmet al oxide [ is
ot 1 east onains A HREIAE rhuSh e abing RS 'S ABRBLES QuRlRhel,
Cu, Zn, Ba,wmgan&@&ggs,%@taﬁr and an anount of the nonprecious netal is
0.01 - 20 W% . A nmethod of manufacturing a m xed netal oxide
catal yst for deconposi t| on of nitrogen oxides, conprising the steps of:
provi ding a hydrotalcite precursor containing an alkali netal;

25i npregnati ng of. Thet methad aff i decpridusingytragen | axidecusprgee unized nwial foxile catalyst
nonpreci ous netal ; and cal cinating the hydr otalcite precursor

i mpr egnat edrceerdingieelainl & mderei th rqdn‘émﬁm&e@@m@use geteddforgthe grosle epsisingiela of
100 - 1000t to amxdrreta oxi d a A et hod of
decorpodf ngigracs % 1&96§ 8§Ptﬁ'§‘sa'm Cﬁ’lé(g ﬁéfoaﬁca&gpé@“l?ﬁ% 9@& a¢G@pr i si ng
the step of reacting nitrogen oxide including nitrogen oxides including
N20, NO and a mi xture thereof with a gas m xture including a reductant in

the presence of ﬁﬂ&ﬁ@mﬁﬁ?to?'de%hﬁ ! I%y&‘ide' 15&11'%"5%@1 el %dda{fys a

precursor containing an a regnate Intercalate
nonpr eci ous;ca®HMk to claim 5, whérein 58 paBbhatRh ke o A atﬂh&fr@ﬁ&@ VRIOLHE of
using a m xed rret al oxide catal yst according to claim wherein the
reduct ant i 50Gh” a8 00 caselpestiedof thogstidleat@rod tipre onsi St ng of a 10
hydrocarbon of 1 to 6 carbon atons, an alcohol of 1 to 6 carbon atons, SQO2,
NH3 and 1€0. 7. The nethod of deconposing nitrogen oxide using a m xed
nmet al oxi de cat al yst accordl to claimb5, wherein gas passes_ through the
catalyst at a ga% Hbu C%@I@zqsmg rogen gpie psing @ anigeh metl oxig Gatalyst
pressure of th tm met hod of deconposi ng
ni t rogen oﬂca‘ggﬂg?%ﬁmﬁl Slwﬁgﬁm?qéetrﬁ"l‘m@% eH‘é’e@E[‘fea‘P)]/gqNg Grding to claim5,
wherein the reaction tenperature is 150 - 500C. 9. The et hod of
deconposi ng nitrogen oxide using a mixed metal oxide catalyst 20 according
to claims, wher@lmea&e@@%@tdeafl%d%ﬁgn%@%g;}i&xas@l% h SniQed Hhkta1 oRie Wabhtysnd
- 0

an anount of the reductant is
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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