1 METHOD FOR ADSORBI NG AND DECOMPOSI NG LEAN NI TROGEN OXI DE USI NG A M XED
METAL OXI DE CATALYST Technical Field 5The present invention relates to a
met hod of adsorbing and reduci ng nitrogen oxides using a m xed netal oxide
catal yst, and nore particularly, to a nmethod of inproving the efficiency of
adsorption and desorption of nitrogen oxides using a m xed netal oxide
catal yst 10 prepared froma hydrotal cite precursor. Background Art

Ni trogen oxides (NOx) are typical air pollutants which cause snbg, acid
rain, photochem cal snog by 15 atnospheric photochem cal reactions and
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conmbustion of nost fossil fuels. As nethods for deconposing and renovi ng
nitrogen oxjdes..s f] catal ytic reduction (SCR) technol ogy is used,
whi ch utiI?t%éh?%ﬁg%?g%éygatalysts for gasoline engines, and NH2 and
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ef fi ci ency gk degOPOSIAd 0Realichinhr Ager Gy deydenseangsnbanh dis ke the
ni trogen oxides coexist with other conponents such as oxygen. |n_addition,
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been cong i nypeshyeconduat edhiirotakrite Bbesaksert hese probl ens.

Background Art

Nitrogen oxides (NOx) are typical air pollutants

which cause smog, acid rain, photochemical suog by

15 atmospheric photochemical reactions and various
secondary pollutants (O, PAN, etc.) harmful to the human
body and contribute to the eutrophication of aguatic
ecogystems.

Also, nitrogen oxides are currently regulated

20 emissions produced unavoidably £rom the combustion of
most fossil fuels. As methods for decomposing and
removing nitrogen oxides, selective catalytic reduction
(SCR) technology ig wused, which wutilizes three-way
catalysts for gasoline engines, and NH; and hydrocarbons,

25 etc., as reduclng agents.

In such methods, the efficiency of decomposition
of nitrogen oxides decreases rapidly when the nitrogen
oxides coexist with other components such as oxygen. 1In
addition, the selective catalytic reduction method that

30 has been put into practical use has problems in that the
range of reaction temperature is narrow, the performance
of the catalyst is deteriorated due to aging, and set-up
and operating costs are high. Thus, research and
development have been continuously conducted in order to

35 solve these problems.



2 Oxygen (02) is present in exhaust gases in case that a sufficient
anmount of oxygen is supplied for conplete conbustion of fossil fuels. In
this case, the renmining oxygen greatly increases the consunption of 5 NOX
reduci ng agents or greatly reduces the reduction ability thereof. Thus,
there is required a nethod that adsorbs NOx and then desorbs NOx, thereby
preventing the NOx reduction ability of the reducing agent from being
deteriorated due to the presence of oxygen and 10 effectively achieving the
deconposition of NOx. According to this requirenent, the research and

devel opnent of NQkagsor hong het esredeanthaie bedmecondgesesd. NOx cagegor bi ng

material s are based on_al kaline_15 rth.netal i %H%E a The
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desor pti on paocessuitsibawargd itdyatof heke adsorbirng aeewri dksmcdsdoy act as
effective adsorbing materi.al s. Pate doc di (]S r tive 30
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the reduct i efeechvibsi tiarhdfving r ogere oxideerurPdseon hatofo &%ygen is
present in £§Q§P§£n§a3q§n 'Egié dlggééagémé@tgpp%ﬁato +be=£a8€ | mnwhi ch

oxygen i s presen 5Pat ent docunent” 2d] scl oses a nethod of deconposing
nitrogen oxfeeeloBramt cacfon MohoxPEECLEEPY HAlRveriathe BaVENt nent

has a shortgophhgrtf that, when oxygen is present, CO corresponding to the
equi val ent of oxxgen is add%tionallg required. Skn q%?iggon,lzglJH@
docunent 3 adopt sN& neRFEA BT s %ﬁlré‘f%:o%%uﬁﬁ frSm gartia
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for NO,. For this reason, a catalyst for oxidizing and
adsorbing NO needs to be used. BAs this catalyst, Pt that
ig an expensive transition metal is wmainly used.
20 However, the maximum adgorption capacity of these
adsorbing materials is generally only 10~20 mg-NOox/g-cat
at 350 T, and significantly deteriorates as temperature
ingreases or decreases. In addition, because these
adsorbing materials are based on NO;-adsorbing components
2% rather than NO-adsorbing components, their ability to
decompose NOx in the desorption process is low, SO that
these adsorbing materials cannot act as effective
adsorbing materials.
Patent document 1 discloses the reductive
30 deccmposition of nitrogen oxides. However, the patent
document relates to the reductive decomposition of
nitrogen oxides in case that no oxygen is present in
exhaust gases. It ig difficult to apply to the case in
which oxygen is present,
35 Patent document 2 discloses a method of



10 required. | f oxygen is present in excess, it can be present in an
anount nuch larger than that of NOx, which is at npbst several thousand ppm
or less, and thus the consunption of CO for renoving this oxygen will be
very 15 high. In this case, NOx treatnent costs will be increased due to

t he consunption of the reducing agent, it wll be difficult to find a

sui tabl e nethod for supplying CO and the anobunt of CO2 di scharged can al so
be probl ematic. 20Patent Docunent 1. K@ ean Patent Registration No. 563903
Pat ent Docunent 2: Korean Patent Registration No. 654885 Patent Docunent 3:
Kor ean Pat edéc&egosinat n@nrmenzm UBENSU AREPPRATEHCHSE t CBne
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the follow n
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preci ous ”Ebabpﬂ§lh?pceg®@suimﬂmgIﬂnﬁmu@&ﬁﬁxhlnbm1ﬁ991nnxeﬂ L adndxi de
catal yst, or at al yst 0- ca al yst i Q& PL,gCi ous
metal is inf F@Sﬁﬁ?%ﬁ 5?E¥hﬁg%%a?gt s%%z §(?d£ﬁ§ OXI cé%glyst
ii) paSS|ngmaowa$&auyﬂ;(xnﬂQW$wmg,oxyg@mdmni¢mtd@g@mp@ﬁﬁde§aﬂuﬁ%@V|ng an

oxygen concgnr gl bon 070, 0186 A= gne:: {EEOHOD e CAGBbNRLnL ¥R 15 1O

sel ectively il ‘“the nrtrogen oxides on t atal yst | ayer i)
passi ngi@ redguiingdagent through the catal yst |ayer having the nitrogen

oxi des adsorbed thergQie8nd« present in excess, it can be present
.in an amount much larger than that of NOx, which is at
most several thousand ppm or less, and thus the
consumption of €O for removing this oxygen will be wvery
15 high. In this case, NOx treatment costs will be
increased due to the consumption of the reducing agent,
it will be difficult teo find a suitable method for
supplying CC, and the amount of CO; discharged can also
be problematic.

20 Patent Document 1: Korean Patent Registration No.

563203
Patent Document 2: Korean Patent Registration No.

654885

Patent Document 3: Korean Patent Registration No.

25 638835



i v) deconposing and desorbing the adsorbed nitrogen oxides by the reducing
agent: [Fornmula 1] (OH)2bc.JA"x/ri.bH20] wherein NI2+ is selected fromthe
group consisting of Mg2+, Ca2+, N 2+, Zn2', Sr2+, Ba2+, Fe2+, Cu2+, Co2+,
Pa2+ and Wh2+; 1\ 72+ is selected frog&phe group consisting of Al 2+, M2+,
Fe2+, Co34, N2+, C 2+, Ga2+, B2+, LaZ+, Ce2 and Rh2+; A is selected from
the greyp.consisting of CO82-, NO3 Si B2-, M042-, HPO32-, M042-, HGa032-,
HVO42-, C104 "and 13032-; x ranges fromO0.0 to 0.5; and b is an integer

r angi ng.damnd Ong o £20. obet & $wec Des gt ofSofpTdelfadent i 68 Cheshnfeal

Probl em The present inventors have nade extensive effgrtgxgaesolve
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educe and deconpose. Techni.cal. Solutio LN
or der t%r%%h?%‘?/em?[ﬁé abdve oh] et n@ e “pr é&gnetr‘%anzv?e%n#o%ng‘? oviged & Fet hod
for decoaposi Agifeasatsliistrogen BxiCGESIYESIMSIG t Re COrEp§adyst 1s i)
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froma hydsotal oiiesd wpa conpouad precurspr, a catalyst wherein a precious
metal is inpregnated or intercalated into the mxed netal .
1T} passing a waste gas containing oxygen and nitrogen

oxides and having an oxygen concentration of 0.01% or more,
through the catalyst layer, to selectively adsorb the nitrogen
oxides on the catalyst laver;

iii) passing a reducing agent through the catalyst layer
having the nitrogen oxides adsorbed thereon; and

iv) decompesing and desorbing the adsorbed nitrogen
oxides by the reducing agent:

[Formula 1]

[M2+l«xN3+x (OH} 2] Ko [A _x/n ) bH2O]
wherein M®** ig selected from the group consisting of Mg®*, ca*',
Ni%**, zn?**, gr?®", Ba®*, Fe®’, Cu**, Co**, Pa’* and Mn*; N is
selected from the group consisting of a1, Mn®*, Fe’, Co’f,
Ni%*t, oz, @a’t, B*Y, 12, ce’ and Rh*Y; A™ is selected from the
group consisting of C0,*°, NO; ~, 80,7, Cl°, OH , §i0s*", MnO,*",
HPO,%, MnO.%", HGa0;* , HVO,? , Cl0,” and BO;®"; x ranges from 0.0
to 0.5; and b ig an integer ranging from ¢ to 20.

Detalled Description of the Invention
Technical Problem

The present inventcors have made extensive efforts
to solve the above-described problems occurring in the
pricr art, and as a result, have found <that the
efficiency of decomposition of NOx and N,O can be greatl
improved even 1n the presence of oxygen (C;) by
selectively adsorbing and separating nitrogen oxides

inciuding NOx and N.C0 f£rom the coexisting oxygen using a



20 oxide catalyst, or a catalyst wherein a co-catalyst is added and a
non-precious netal is inpregnated or intercalated into the m xed netal
oxi de catal yst; ii) passing a waste gas, containing oxygen and

ni trogen oxi des and having an oxygen concentration of 25 0.01.% or nore,
t hrough the catal yst |ayer, to selectively adsorb the nitrogen oxides on
the catal yst |ayer; I11) passing a reducing agent through the
catal yst |ayer having the nitrogen oxidgs adsorbed thereon; and 30iv)
deconposi ng and desorbi ng the adsorbed nitrogen oxides by the reducing
agent. |n opexesbpdiaBNbxebet ke tpngsentpriopsarid dxont e hpdrdvdled 2~ xN3+

Xx(0S) 2]+ x [An-xin.bH201 wh NQ+ el ect
of My2s  CABTPeNPERCUBRST. | Sapches e Stuil il AdiRanif GRtEgann S N0
Mh2'© N3 i sosélest edaésaﬁndazhetlgxmu‘@lmﬁmgfstth@ P eSTE, LIS GEdES 003+

Ni 4" Cr 3+ La3', Ce3'" and Rh3+; A" is selected fromthe grou
consi sti ng 8?%05§m%§%&§d, 5042- , Si 022-, Mh042-, HP022-, Irotp

Mh042-, $HGa032-, FEweneforei0litandi®B0o3an hiffes PEom™ED tBHFPSEE and b
: f\vgzt : gtneg%v%ﬁ'ﬂ%ﬂg dd a-Sride 20, mblhdcongmestbodisent oliddie peesent
oxide catalyst, prepared from a hydrotalcite-type
precursor, to efficiently perform the decompesition of
NOx and N,O, which coexist with oxygen (0;) known to be

10 very difficult to reduce and decompose.

Technical Solution ’

In order to achieve the above object, the present

invention provides a method for decomposing lean
15 nitrcgen oxides, comprising the steps of:

i) providing a catalyst layer comprising a mixed
metal oxide catalyst preparved from a hydrotalcite-type
compound precurser, a catalyst wherein a precious metal
is impregnated or intercalated intc the mixed metal

20 oxide catalyst, or a catalyst wherein a co-catalyst is
added and a non-precious metal is impregnated or
intercalated into the mixed metal oxide catalyst;

ii) passing a waste gas, containing oxygen and
nitrogen oxides and having an oxygen concentration of

25 0.01% or more, through the catalyst layer, to
selectively adsorb the nitrogen oxides on the catalyst
laver;

iii) passing a reducing agent through the catalyst
layer having the nitrogen oxides adsorbed thereon; and

30 iv) decomposing and desorbing the adsorbed
nitrcgen oxides by the reducing agent.

in one embodiment of the present invention, the
hydrotaleite-type precursor 1is represented Dby the
following formula 1:

35 [Formula 1]



order of adsorption strength of adsorbants on the hydrotalcite-type or
brucite-type precursor is (NO N20, NO2, S02) >C0>02. In one enbodi nent of
the present invention, 502 is 15 desorbed fromthe catal yst by any one or
nore of CO NO NO2, 02 and Ny in case that SO2 is adsorbed onto the

catal yst such that a decrease in the activity of the catalyst by the
accunul ati on of 502 does not occur. |In one enbodi nent of the present
invention, the 20 precious netal is selegected fromthe group consisting of
Mo, Ti, Pt, Au, Ag, Rh, Pa, La, Ir, V, Kr, Nd, Nb, Be, Sc, Ru, In, Y, Z
and m xtures theregft, _and, bﬁezm&ﬁtx/gfbﬁzm pr eci ous netal in the

i ntercal at ed %%'tgﬁ%l?/@ha hg g%%ﬁ?g% Ojchteo Ff %Lilsrg_lgl +rrent of

the present“] E sél Fom
netal s, andcshie err?*prEn? ‘ousSutit aBa s §é?| écted’ ffré?m‘fzheP@r O@@-dC(M’T]SIStI ng of

Ni, Co, Fe, M, A g(g PF! %r WM, cERsiStingneam xiur esiher eof .
I n addition; the content 0o the no reci ous neta |n t e+|ntnercal at ed
cat al yst5i sFe 01 @ 99Ng> Wt 98", Ga onE’aenb&ﬁ meft o e 4pr ebent

i nvention, gggebe@gqugmqu@ ggﬁﬁﬁ‘le@oﬁ@jﬁ)&iﬁﬁsoﬂ CoffpoNEDE S,elmsg; ed

I n one enbodl ment_of the.present |nven51 o tELe 2vel ty of
gas during passagé 1 Hridugh tR®:cat 1R/ q%jaé%om 07%300, %

one enbodi mapk @;‘osthe xprmﬁs |fnvcafntcoo, tbhe 5 ;1 eact konlg eampeilatag%rl s

preferably 20 ta %0 I n one enbodi-nent of the present

i nvention, RAESHESt &°G%s OpF8f&Pably conprises 0.001-30 wt % of N20, 0.001-10
w % of NO 0.001- Zh vi8é oemdRdi0e681-20 \ml@/olefeﬁiﬁletreﬁt@ﬁ’ﬁg-%ent: €and a
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hydrotalcite-type or brucite-type precursor is (NO, N0,
NQ;, 80;) >C0>0;.
In one embodiment of the present invention, 80, is

15 desorbed from the catalyst by any one or more of CO, NO,
NO,, O, and N, in case that 80; is adsorbed onto the
catalyst such that & decrease in the activity of the
catalyst by the accumulation of S0, does not occur.

In one embodiment of the present invention, the

20 precicus metal is selected from the group consisting of
Mo, Ti, Pt, Au, Ay, Rh, Pa, La, Ix, V, Kr, Nd, Wb, 8e,
Sc, Ru, In, ¥, Z, and mixtures thereof, and the amount
of the precious metal in the intercalated catalyst is
preferably 0.01 to 50 wt%,

25 In one embodiment of the present invention, the
co-~catalyst is selected from among alkali metals, and
the non-precious metal 1s selected <£from the group
congisting of Ni, Co, Fe, Mn, AL, Ce, Zr, Cu, Zn, Ba, Mg,
Ca, Sr, and mixtureg thereof. In addition, the content

30 of the non-precious metal in the intercalated catalyst
is 0.01 to 99.9 wt%.

in ocne embodiment of the present invention, the
reducing agent further comprises & component selected
from the group comsisting of CO, H;, Ci-C¢ hydrocarbons,

35  ,-Ce alcohols, and mixtures thereof.



According to the nethod of the present invention, NOx and N20 in a waste
gas, which have an oxygen 15 concentration of 0.01% or nore and contain NOx
and oxygen; or NOx, N20 and oxygen, known to be very difficult to reduce
and deconpose, can be efficiently deconposed by adsorbing and separating
NOx and N20 from oxygen and then deconposi ng the adsorbed NOx and N20 20
usi ng a reduci ng agent. In addition, adsorbing materials mainly
adsorb NO2, and thus an expensive catalgst such as Pt should be used to
oxi dize NO and an increased anmount of a reducing agent should al so be used
for desorption OfoOoda1éﬁboaﬁm@hhekﬁhaﬁﬂe whessdite fhwedtaenal the de
(MMO) catal s described in.the pre n ws a
hi gher adso%BPFgﬁ ERFSEI 1Y qu Oé) %%kgégaggggaggeous |ﬁh%g%%§ of
cost. 30 Beehthmgetfmayézrmylhgoﬁﬂhlth@ Bifwe H08N" Her ei nafter, t he pr esent

invention will bedeser] begRifukt nesz debal |prdieidesribed jabovornd he
S Char acC

present invention™i erize | ean N20 or th and N20 are 35
adsor beds antesepapat EETPEERFBXG g Pﬁeﬁﬁéaﬁﬂ¥s§HcE°o? 8007 G xed met al

oxi de catal yst prepargd f caRbaik¥AE Ot Cihet y@_@e@énmr Weiveetype arige ar e
deconposed and desorbed in_an oxygen-free stat iﬁ} otaIQ|te cogggunds are
general |y b¥368S0nI8SanPBRF TP LY s P E L orh R afds

nagnesi um op . @buﬂﬁﬂumtAMbﬂﬁN@UeDabundamtw@a KﬁECﬁarKhOGNn&&aW@kﬂ@ialC|te
conpounds capn be synt.hesi zed at m.t i ssure.

Until now, r uSed e 1 y s precursors o
10 and inert carrier gasges.

Advantageous Effects

According to the method of the present invention,

Nox and N,0 in a waste gas, which have an oxygen
15 concentration of 0.01% or more and contain NOx and

oxygen; or NOx, N0 and oxygen, known to be very

difficult to reduce and decompose, can be efficiently

decomposed by adsorbing and separating NOx and N0 from

oxygen and then decomposing the adsorbed NOX and KN,0
20 using a reducing agent.

In addition, adsorbing materials mainly adsorb NOg,
and thus an expensive catalyst such as Pt should be used
to oxidize NO and an increased amount of a reducing
agent should also be used for desorption of NO. On the

95 other hand, when the mixed metal oxide (MMO) catalyst as
described in the present invention is used, it shows a
higher adsorption capacity for NO, and thus is

advantageous in texrms of cost.

30 Best Mode for Carrying Out the Invention
Hereinafter, the present invention will be
degcribed in further detail.
As deséribed above, the present invention is
characterized in that lean N0 or NOx and N;O are

35 adsorbed and separated from oxygen in the presence of a



10 oxi de catal ysts, and supported or inpregnated or intercal ated
hydr ot al ci te conpounds have not yet been put into practical use.

The hydrotalcite precursor that is used in the present invention can be
represented by the following 15 formula 1: [Fornmula 1] (142+2.-xN3+x (OH)
2] x+ [An-./. DbH20] Inthehydrotalcite-typeorbrucite-type precursor, M+
and N2+ are netal cations, respectively. 20 Specifically, M+ is a divalent
metal cation selected fromthe group cosmsisting of My2+, Ca2, N 2*, Zn2+,
Sr2+, Ba2+, Fe2+, Cu2+, Co2+, Pd2+ and Mh2+, and 172+ is a trivalent netal
cation sel egtodaf RPN N@XARURAGRNSisH Ipﬂ@pz{reﬂ QoA BayddSdaldedes Cos%
Ni 3+, Cr3+, Ga3+, B3+, La 2+ and 5 he nol ar 5?5#0 of 1?12+; le+ is
1:1 to 100: EYP&N@Tprofust dit FYRe 3% 5339 FﬁCPWE R&Gr c‘?eiseo‘i%iﬁp‘i i

precursor, Af- okygen- &meenECacenpound having a charge of -1, -2 or -3 and
is one or a conbipatio [ el ed t sting
of 0032- NOB - SOAY éf gﬁ% |02§°mg%ﬁf3%o4%?e H 1@3’0 n%jé
HVO42- BloanantO&za,yw arhgese f composedt @0 mfdwsb o% I‘aﬁﬁﬁlwﬁg‘ér
ranging from, %‘6‘%’“ he BMEOt &1 L8 RS Pr BRUMSRY bareal cinphegt a

tenperature of t to prepare a mxed netal 35 oxide. In order
to mcreasehﬁ/ﬁé‘o@&tl&‘IW?l c C&E‘tﬁq}-}f\# ofca the nmisyeFhweidrdoxidfe cBPAMyst, at

| east one p&:%ﬁ@%&!itm%teal éﬁiecéﬁﬁoé$%ﬁﬁﬁn@rwsuﬁz Pt, U%LtllAg,mRka Pd,
La, Ir, V, Kr, Nd, may optlona

Ng,
i npr egnat edhafixioﬁlaétc&&legt eﬁ‘”’“i’ﬁt 636[% Hig%gd %a?’r’éilﬁl ki & Eecum%rs of

10 oxide catalysts, and supported or impregnated or

intercalated hydrotalcite compounds have not yet been
put into practical use.
The hydrotalcite precursor that is used in the
present invention can be represented by the following
15 formula 1:
[Formula 1}
(12", 00"y (OH) 31 [A™ /m » bH20] ‘
In the hydrotalcite-type or brucite-type
precursor, M and N** are metal cations, respectively.
20 Specifically, M** is a divalent metal cation selected
from the group consisting of Mg®*, c&**, Ni**, zZn®, sr™,
Ba®*, Fe?*, cu**, Co®*, Pd* and Mn®*, and N’ is a trivalent
metal cation selected from the group consisting of Rh*,
1%, Mn®Y, Fe*t, o, wi*t, cr™, @a’, B, L&’ and ce®
25 The molar ratioc of M*":N°T is 1:1 to 100:1, and preferably
1:1 to 5:1. In the hydrotalcite-type precursor, A" is an
anicnic compound having a charge of -1, -2 or -3 and is
one or a combination of two or more selected from the
group comsisting of CO°° NO; -~ 80,57, Cl°, OH, 8i0,*,
30  Mno,%, HPO,%", MnO,?", HGa0,>, HVO®, Cl0, and BO:*, X
ranges from 0.0 to 0.5, and b is an integer ranging from
0 to 20.
The hydrotalcite-type precursor is calcined at a
temperature of 100 to 1,000 C to prepare a mixed metal

35 oxide. In order to increase the catalytic activity of



The ampbunt of the precious netal in the intercalated catalyst is preferably
0.01 to 50 wt 96. I n one enbodi nent of the present invention, the
m xed nmetal oxide (MMD) catalyst that is used in the 10 nmethod of the
present invention nay be inpregnated or intercalated with a non-precious
metal. In general, a precious netal is expensive, but the use of a
co-catalyst allows a non-precious netal such as N to substitute for a
precious netal. 15The co-catalyst that ¢s used in the present invention may
be an alkali nmetal. Preferably, it is selected fromthe group consisting of
Nai K, ?b% and @&xé‘a@hﬁ@ﬂ&l d;dl@@omwgesimmagetmamggbﬁl cmee@ioumra
sel ecte rom:t onsistin
Zn, Ba, Ng,mﬁﬁ? §ﬁ% {ﬁ%s @geyk %ﬁ% %Suwﬁﬁl Phe’ n%ﬁ d%%0|ous
netal in theajntmr, ca‘lratm,camcaj yHb, i sSqur eﬂeratmy, 0IBl tYo ®ed 92wt Way
The present ven e pt.L.0 { st, and
the order of? gﬁg%%%g?o%gzgmggggﬁgﬁ%ao % r anﬁ%xgﬁitggﬁkk%gag?%%%Zt IS
general |y (WNecah20xifier, 502)> CO > 02. Nanely, t he adsorption strength of
NG N20, NC2 and SR i ibgher igman that ofr&land Oetitl tha ordes of

b

adsorption strengt et ween NO N20, can varé dependlng on, for
exanpl e, théngérééﬁﬁ5§ﬁtPéﬁaéVSFhéscﬁFgﬁ?gﬁbly %.58 B8 des¥Fifbed above, NO

and N20 are nore easidne ad&%a@_ﬁehharb@xyg@n pAdsER T V\hﬁwmmxzhausm gas
cont ai ni ng an excessi ve ann yge es._throu cat al | ayer
for adsor pt PORSINGSHRY: NOGL ﬁ&v@o gaggﬁ gor%}éa th%n %%(e%eglh I%ﬁ%th

wor ds, ihe nz&jchblit yoif the Wntpass*esnth@nug‘myt hiee c dmgirsmatg®gercmhi | e NO
and 120 aresadsoriod.on tgpal abst adsblus separ at odnl ramapingens The
separ at ed are en easily re uce reduci n gent 'such as

CO, and thepme&cpuﬁn wethls @ﬁyg@ﬁp%%ﬁﬂYﬁeeﬂbwﬁnéﬁéﬁ UPRus Ot hé c®Rsunpti on

of COi's |opoandyLhe gaieye gesanpliamRiudOmck NG aromskhexgat abyst

| ayer is fast MMO cat al y genﬁrally shows a hi gher adsorption
capacity foﬁuhéﬁlSEEekﬁéﬁhaa§I§C68P§I?
15 The c¢o-catalyst that is used in the present
inventicn may be an alkali metal. Preferably, it is

gelected from the group consisting of Na, K, Rb, and Cs.
Moreover, the non-precious metal may be one or more
selected from the group consisting of Ni, Co, Pe, Mn,
20 Al, Ce, %Zr, Cu, Zn, Ba, Mg, Ca, 8r, and mixtures
thereof. The amount of the non-precious metal in the
intercalated catalyst is preferably 0.01 to 22.9 wt%.

The present invention uses the adsorption capacity
of the MMO catalyst, and the order of adsorption

25 strength of adsorbants on the MMO catalyst is generally
(NO, N;0, NOz, B80z)> CO':> 0. Namely, the adsorption
strength of NC, N0, NO; and SO; is higher than that of CO
and 0., but the order of adsorption strength between NO,
N,0, NO, and 80, can vary depending on, for example, the

30 composition of the catalyst.

As described above, NO and N0 are more easily
adsorbed tThan oxygen. Thus, when an exhaust gas
containing an excessive amount of oxygen pagses through
the catalyst layer for adsorption, NO and N0 can be more

35 adsorbed than oxygen. In other words, the majority of



10 poison is strongly adsorbed conpared to CO, 02 and the like, but shows
adsorption strength simlar to NO NO2 and the |ike. However, according to
the present invention, 502 adsorbed on the catalyst |ayer is desorbed by
CO NO N2, 02 and N2, a decrease in the NOx 15 adsorption efficiency or
activity of the catal yst, caused by the accumul ati on of 502, does not
substantially Cccur. In the inventive nmethod of adsorbing and
deconposi ng | ean NOx, or NOx and N20 usgng the mixed 20 netal oxide

catal yst prepared fromthe hydrotal cite-type precursor, a waste gas that

passes throughothe ﬁ@%@b)@hrb@%ﬁr £6eNBRLERFs0 18v3e wh¥uef N28nd0ng®1 to 10
W % of NO, 0-001 to 20w % o

a reduci ng agent,. 0.001 to 21 wt% of 02,
and the bal 8%8e THSEERS @%t’ﬁﬁ?néfﬁ@tﬁi iﬁg‘(ﬁt B 2 $EF A, dasf/mr.n
| f the anoupikyeknt heTheduepagaageniioi anthy,@asrei xhemeeasilpssefhand0. 001
wl, it will not sufficiently reduce a N2Q_in N2...and. { if it
is nore thaf¥2g* mf@qu?ﬁ?%eag)réﬁl&nt%&%? I\%ﬁreraa%dt (Zaagn#e%iﬁgi n%g agel(r%:t%1 aﬁg%o
r eact i onsby-omygeuc tanwbkel ebemprnededed, Thwnd, t hos appsneptppocessCPors

removing tNgRMddg bent eQuldeetor aesorpllohN®Prigseahal Muentioh the
reduci ng agent may be one or nore selected fromthe group consisting of CO
H2, Cl -Cs hy@tedarbordyetl1iesfalséohol s, and NH3, 35In the catal ytic

deconposi ti on reaghion @fiot he:a tH) yytesegbnkR¥@nti onshddie das hpughyrspace
velocity (GHS\Q of the gas duri ngﬁ%asis\I ge through the catalyst I;ﬁe is
bet ween 1, 0GGSPEPLLCN,nRRBBL BYO , grefe ) 8“85?%%% 30, BBB*a%a" 200, 000

W. If the QdS¥adns iowetrdhaby 1 @80rbekic' gongared | tootCChe @c o tht,
200000 ¢ he TR G o LRl Wi e h ary et FBEtEtore 38 fhis the.
adsor pti on emdNOther N2dewi | | deoressse. Meoswdizg the pEbssuptesfifhe gas

during passagfention, 80, adsorbed on the catalyst layer is desorbed

by €0, NO, N0, 0, and N;, a decrease in the NOx

15 adsorption efficiency or activity of the catalyst,

" caused by the accumulation of S0, does not substantially

ocour.

In the inventive method o©f adsorbing and
decomposing lean NOx, or NOx and N0 using the mixed

20 metal oxide catalyst prepared from the hydrotalcite-type
precursor, a waste gas that passes through the catalyst
layer comprises 0 to 30 wt% of N;O, 0.001 to 10 wt% of
NO, €.001 to 20 wt% of a reducing agent, 0.001 to 21 wt%
of 0,, and the balance of other contaminants and inert

25 gases such as N..

If the amount of the reducing agent in the gas
mixture is less than 0.001 wt%, it will mot sufficiently
reduce NO. and N0 into N; and 0., and if it is more than
20 wt%, large amcunts of unreacted reducing agent and

30 reaction by-products will be produced, and thus another
process for removing them will be required.

In the present invention, the reducing agent may
be one or more selected from the group consisting of CO,
Hz, ¢i-Cs hydrocarbons, C;-Cs alcohols, and NHs.

35 In the catalytic decomposition reaction of the



10 through the catalyst |ayer is preferably atnospheric pressure (1 atn) or
hi gher, and an increase in the pressure |leads to an increase in the
adsorption rate of nitrogen oxi des. Accordi ngtothepresentinvention,the 15

tenperature of the gas during passage through the catal yst

| ayer is 20 to

1,000 t, and preferably 200 to 500 t. If the tenperature of the gas during
passage through the catalyst layer is |lower than 20 t, the adsorption,

reducti on and desorption rates of nitrogen 20 oxides will

decrease, and if

it is higher than 1000 t, it will thermally damage the catal yst and the
support. Mgeclkent! mwmanamﬁrﬁt@agaer bblaelgr mﬁe ivwwention WESVbe 25

described wth reference to the foll ow S Jor .clearly
descri be th@@ﬁ§3§n%9%ﬁ§@¥%p%r%§5ﬁ? |n&§% m%g% A%L(%?Eﬁ i%% co%pr|5|ng
747 ppm of N@twebn69196000ﬂ162 @mﬁieﬁqauﬂﬁﬁ ahce o@rﬁﬁﬁﬁéééﬁ mh@twgg%ed over
1285 0 of 3,elal G AR EHA Hpt, PrePRRed diiamid MYkl akad &g prgeur sor

and having a ﬁnlar t

and a flowrate

of 500 nb/ min” (swtsvsalbbmcm -hg %@n@slfﬁ%ut%%ca%@eati'r‘-%s@ﬂﬂPm% 8EngR®f NO
per g of the 353 teRt aly HnaiNy- NAP-LAatshe V@SS‘ﬁdﬁ@flbﬂgh@ﬁ thencaval ysb 11

11. 1ng- NQO( 8. 6ny- hKYg cat sor bedas descri be osed

and desor bed® Usi FRF nF ot %fff%?t%ot%?nﬁ? %ftggﬁfi %% ﬁﬁ Wwrate

of 500 m / mgmd 3%1&9%0al6ﬁrsokbt15ﬁxmfplm><2 or N0 will decrease.
Meanwhile, the pregsure of the gas during passage

10 <through the catalyst layer is preferably atmospheric

pressure (1 atm) or higher, and an increase in the

pressure leads to an increase in the adsorption rate of

nitrogen oxides.

Eccording to the present invention, the

15 temperature of the gas during passage through the
catalyst layer is 20 to 1,000 C, and preferably 200 to

soo T, If the temperature of the gas during passage

through the catalyst layer is lower than 20 T, the

adsorption, reduction and desorption rates of nitrogen

20 oxides will decrease, and if it is higher than 1000 T,

it will thermally damage the catalyst and the support.

Mode for Invention

Hereinafter, the present invention

will be

25 described with reference to the following examples in

order to more c¢learly dJdescribe the effects of the

pregent invention.

Example 1
L gas comprising 747 ppm of NOx, 1.65 %

of O, and &

30 balance of nitrogen was passed over 1.285 g of a metal

oxide catalyst, prepared from a hydrotalcite precurscr

and having a wolar ratio of AlL:Pd:Co = 1.:0.02:1, at
200 C and a flow rate of 500 ml/min (8V 39,000 hr') for
55 minutes. As a result, 8.6 myg of NO per g of the

35  catalyst (mg-NO/g-cat.) was adsorbed on the catalyst.



A gas conprising 1,300 ppmof N20, 1.48 % of 02 and a bal ance of nitrogen
was passed over 1.285 g of a netal oxide catalyst, prepared froma

hydrotal cite precursor and having a nolar ratio of Al:Pd:Co = 1:0.02:1, at
10 300t and a flow.rate of 500 m/mn (SV 39,000 hr-1) for 50 mnutes. As
aresult, 16.7 ng of N20 per g of the catalyst (ng-N20/g-cat.) was adsorbed
on the catal yst. 21. 44 nmg-N20 (16. 7 ng-N20/g-cat.) adsorbed as
descri bed was conpl etely deconposed and,desorbed using 15 4,850 ppm of CO
for 17 minutes at 300t at a flowrate of 500 mM/mn (SV 39,000 hr-1).

Exanpge 3 1A g?s mgnpo:simg & gemgﬁNOZgaadta)baladeerbédnitaagen was
passed over a neta catalys ,

hydr ot al ci t eﬁrcg&?% w%%dcﬁwp'ﬁé g ecor?%?s%l%& o?gﬁl p%dge Oéﬂer&rl%gbgql at
300 lt and a4f,Isow redre of @DOfur/Brﬁnm(iSVtEG @G0 0 1% fedr al5ihdwurase As a
result, er oC iyst (mg-02/g-cat.) was adsorbed on
t he cat al ysgéf”%g‘:&g@é’gﬁ {%EOEZ? ? ga/g cat.)adsorbed as described was
conpl et eby deconpéﬁéﬂ%éﬁﬂgdesorbed using 4,000 ppmof CO for 4 hours and 46

mnutes at flow f@l%a%f c’éﬁ@:x@s/ﬁign 1, S%@@f;@pq;ﬁwza;) 1643l @4 Oz3aﬂdgas
conpri sing 484 ppm of 02 bal ance of nitro en gas%ed over.1.294 g
500 t at a &f RFPlagite é’%fmd:%%ﬂ wae passed ove

oxide catalyst, prepared from a hydrotalcite precursor
and having a wmolar ratio of AL:Pd:Co = 1:0.02:1, at

16 300 T and a flow rate of 500 ml/min (SV 39,000 hr™*) for
50 minutes. &As a result, 16.7 wg of N0 per g of the
catalyst (mg-N;O/g-cat.) was adsorbed on the catalyst.

21.44 mg-N,0 (16.7 mg-N.0/g-cat.) adsorbed as
described was completely decomposed and desorbed using

15 4,850 ppm of CO for 17 minutes at 200 T at a flow rate
of 500 ml/min (8V 33,000 hx™*).

Example 3
A gas comprising 1 % of O, and a balance of
nitrogen was passed over 2.729 g of a metal oxide

20 catalyst, prepared from a hydrotalcite precursor and
having a wmolar ratio of AL:Pd:Co = 1:0.05:1, at 300 T
and a flow rate of 500 ml/min (8V 20,000 hr*) for 45
minutes. Ag a result, 54.4 mg of 0. per g cof the
cataiyst (mg-0,/g-cat.} was adsorbed on the catalyst.

25 148.55 mg-0; (54.4 mg-0z/g-cat.) adsorbed as
described was completely decomposed and desorbed using
4,000 ppm of CO for 4 hours and 46 minutes at 500 T at a
flow rate of 500 ml/min (SV 20,000 hr™*).

Example 4

30 A gas comprising 484 ppm of NOx, 1.02 % of O: and a
balance of nitrogen was passed over 1.2%% g of a metal
oxide catalyst, prepared from a hydrotalcite precursor
and having a mclar ratic of AlL:Pd:Co = 1:0.05:1, at
300 C and a flow rate of 500 ml/min (8V 37,500 hr't) for

35 1 hour. As a result, 7.7 mg of NO per g of the catalyst



oxi de catal yst, prepared froma hydrotalcite precursor and having a nol ar
ratio of Al:Pd:Co = 1:0.05:1, at 300t and a flowrate of 500 mM/mn (SV
37,500 hr-1) for 35 1 hour. As a result, 7.7 ng of NO per g of the catalyst
12 (ng-NOQ g-cat.) was adsorbed on the catal yst. 9.9 ng-NO (7.7

ng- NO g-cat.) adsorbed as descri bed was conpl etely deconposed and desor bed
using 4,667 ppmof COat 300t for 16 mnutes at a flowrate of 500 5m /mn
(SVv 37,500 hr-1). Exanple 5 A gas conprising 600 ppmof NO 1.65 9s
of 02 and a bal ance of nitrogen was passed over 3.684 g of a netal oxide

catal yst, pr(@@amgf-rc@m a hydr atiabebka pme&ﬂmresaatmyarad havi ng a nol ar
ratio of Ni:K = 1: and | ow .r n. /[ m.n

e of , 500
hr-1) for 5 hour59 Eshg &qgs {I)] X g's $t“No pea%&gor ha‘esc% a{: ?ga
(ng- NO/ gcat w)asv\asomrsse}rdfied daccﬂngosaﬁala}si desorbed using 4, 667 ppm

31. 3mg- N0(83 g g,%to )%dsa‘? PE%S rondeserbbed wessgonpket &ly gggonposed
usi ng

and desorbe pmo COat 500t for 60 mnutes at a flowrate
of 500 nb/ nirv/eSw IBVEE0 /B001 hr Bxanpl e 6

Example 5
A gas compriging 600 ppm of NO, 1.65 % of O and a

balance of nitrogen was passed over 3.684 g of a metal
oxide catalyst, prepared from a hydrotalcite Precursor

1¢ and having a molar ratic of Ni:K = 1:0.5, at 300 C and a
flow rate of 500 ml/min (8V 37,500 hr™*} for 5 hours. As
a result, 8.5 mg of NO per g of the catalyst (mg-NO/g-
cat.) was adsorbed on the catalyst.

31.3 mwmg-NO (8.5 mg-NO/g-cat.) adsorbed  as

15 described was completely decomposed and desorbed using
4,500 ppm of CO at 500 C for 60 minutes at a flow rate
of 500 ml/min (SV 37,500 hr'*}.

Example 6

A gas comprising 440 ppm of NO, 1.14 % of O; and a

20 balance of-nitrog@n was passed over 3.72 g of a metal
oxide catalyst, prepared from a hydrotalcite precursor
and having a molar ratio of Ni:K:Pd = 1:0.2:0.1, at
300 C and a flow rate of 500 ml/min {(SV 33,000 hr™*) for
2 hours. as a result, 1.16 mg of ﬁé per g of the

25 catalyst (mg-NC/g-cat.) was adsorbed on the catalyst.

4.3 mg-NO (1.16 mg-NO/g-cat.) adsorbed as
described was desorbed with nitrogen at 500 C and then
completely decomposed using 3,000 ppm of CO Zfor S0
minutes at a flow rate of 500 ml/min {8V 33,000 hr™*).

30 Example 7

A gas comprising 284 ppm of NOx, 1.37 % of O and a
balance of nitrogen was passed over 3.5801 g of a metal
oxide catalyst, prepared from a hydrotalcite precursor
and having & molar ratic of Ni:Pd:Co = 1:0.1:1, at 300 T

25  and & flow rate of 700 ml/min (8V 42,000 hr™*) for 45



A gas conprising 440 ppmof NO 1.14 95- of 02 and a 20 bal ance of nitrogen
was passed over 3.72 g of a netal oxide catalyst, prepared froma

hydrotal cite precursor and having a nolar ratio of NN:K:Pd = 1:0.2:0.1, at
300t and a flowrate of 500 mM/mn (SV 33,000 hr-1) for 2 hours. As a
result, 1.16 ng of NO per g of the 25 catalyst (ng-NO g-cat.) was adsor bed
on the catal yst. 4.3 nmg-NO (1.16 ng-NO g-cat.) adsorbed as descri bed
was desorbed with nitrogen at 500 t andast hen conpl etely deconposed using
3,000 ppmof CO for 90 minutes at a flowrate of 500 m/mn (SV 33, 000
hr-1). 30Exatpleeg. A gas gomareiditng 28247ppng ofoNOKL 1p&7 5. o6f QReand a

bal f
ot cpar od {1 BRALRGAr QST C(S BFotir a7 ANACRaT ng a a5l o FaVro of N | Pd: o

= 1:0.1:1, at 3000t985 ang-BOf | olf 12t e 00 mdgmc:/amd (Svdaerbed hrad) for

45 13 mnu r t of o h t
(my- NI g- cath%)%‘?&*%?@gdsor | coRo?2 18Ty 0ladOralsdh Ohnih et BS using

0. 98ng- N&{ 042%f§- N@“gpéaﬁo) %sépﬁed%lsf%s%r]il%‘é’asV\%}%dc%‘%rﬂ%‘?‘éif?sd%Eo?Tposed
and desorbediusl Rte of 700 ml/min (8V 42,000 hr™).

Example 8
A gas comprising 1,376 ppm of N0, 1.48 % of O; and
a balance of nitrogen was passed over 3.601 g of a metal

10 oxide catalyst, prepared from a hydrotalcite precursor
and having a wolar ratio of Ni:Pd:Co = 1:0.1:1, at 300 T
and a flow rate of 500 ml/min (SV 30,000 hr'') for 55
minutes. As a result, 3.25 mg of N0 per g of the
catalyst (mg-N.O/g-cat.) was adsorbed on the catalyst.

15 11.7 mg-N.0 {3.25 mg-N.,0/g-cat.} adsorbed as
described was completely decomposed and descorbed using
4,728 ppm of CO at 300 T for 1 hour and 5 minutes at a
flow rate of 500 ml/min (SV 30,000 hr'').

As can be seen 1in the above examples, the

20 catalysts according to the present invention showed high
adsorption capacity and had the property of rapidly
decomposing nitrogen oxides.

It was reported that Pt-impregnated catalysts
based on Ba® generally have an adsorption capacity of 10

25 to 20 mg-Nox/g-cat (at 300~350 T). In comparison with -
such catalysts, it can be seen that the catalysts
according to the present invention have significantly
high adsorption capacity and the property of rapidly
decomposing nitrogen oxides using CO.

30 Although the preferred embodiments of the present
invention have been described for illustrative purposes,
those skilled in the art will appreciate that wvaricus
modificaticons, additions and substitutions are possible,
without departing f£rom the scope and spirit of the

35 invention as discleosed in the accompanying claims.



5 4,695 ppmof COat 300t for 2 hours and 44 mnutes at a flowrate of 700
m/mn (SV 42,000 hr-1). Exanple 8 A gas conprising 1,376 ppm of

N20, 1.48 94 of 02 and a bal ance of ¥ trogen was passed over 3.601 g of a
nmetal 10 oxide catal yst, prepared froma hydrotal cite precursor and havi ng
a nol a€ladieo of Ni:Pd:Co = 1:0.1:1, at 300t and a flowrate of 500 mM/nin
(SV 30,000 hr-1) for 55 mnutes. As a result, 3.25 ng of N20 per g of the

catal it (s 10010 ) v Adagt b RGNS el it ok 7o .2
cat al ysiseBadisdadn Baoigefetavy thave an "8dd6ipt FORPTRPERT t V16f 965 to 20

ng- NOxtg-cat (at 300-350 t). In conparison with such catalysts, it can be
seen that the, Cg&%kfxa&%ga%c%gtagyge the T esefb i t EOmihawe metal
significantly high adsorption Cﬁ aci tay %Qfg tge En?g% oforr |lgclz.te_
deconpB¥if§ rﬁattlagﬁ&rr O TR T3 80&'). AT REGYR T hRe %%%f &Fr &t €nbodi nent s
of t hetppeseammrbowsht Porclaver bseRTrdesatebed Y oEDE| Ifgsthoatinge fRiFposes,
those gkil{ggrd it heaar brgiek! appretiats: idwmt srafdroiush modi fadstilonsts

addi ti nd substityti agR, po |8y t hoyt departdng,fLomyihe, scope
and sp??ﬂgffgﬁﬂ t#% 3 |'nvg%}?’| on as 3. 2(ki,}fose}g!zi’n the a cgin'%ang/qi ng claims. 14
d ai ngprecious metal is impregnated or intercalatec into th

e” mixe
metal oxide catalyst, or a catalyst wherein a co-catalyst is
added and a non-precicus metal is impregnated or intercalated
into the mixed metal oxide catalyst;

ii) passing a waste gas containing oxygen and nitrogen
oxides and having an oxygen concentration of 0.01% or more,
through the catalyst layer, to selectively adsorb the nitrogen
oxides on the catalyst layer;

iii) pasgsing a reducing agent through the catalyst layer
having the nitrogen oxides adsorbed thereon; and

iv} decomposing and desorbing the adsorbed nitrogen
oxides by the reducing agent:

[Formula 1]

[M* 1 NP*5 (OH) 2] xo [A™ 3/n - BHZ0)
wherein M®* is selected from the group consisting of Mg®*, Ca**,
Ni?*, 2zn®", sSr®*, Ba®", Fe®*, cCu**, Co**, Pa® and Mn**; N is
selected from the group consisting of Al1%", wMn®*, Fe’*, Co’',
Ni*t, cr’t, @&, B*Y, La’*, ce’ and Rh'; AY is selected from the
group comsisting of €07, NOs ~, S0,°7, Cl7, OH, £i0;*", MnO,™,
HPOf“, Mnoéz', HGaO;»,z“, HVO42', Ci0s and B032'; ¥ ranges from 0.0
to 0.5; and b ig an integer ranging from 0 to 20.



1. A nethod for deconposing nitrogen oxides using a m xed netal oxide

catal yst, the nethod conprising the steps of: i) providing a

catal yst layer conprising a m xed net@al oxide catal yst prepared froma
hydrotal cite-type or brucitetype conpound precursor represented by the
followng formula 1, wherein the order of adsorption strength of adsorbants
thereon is (NO N20, NO2, S02)>C0>02, a catalyst wherein a precious netal
is inmpregnated or intercalated into the m xed nmetal oxide catalyst, or a
catal yst wherein a co-catalyst is added and a non preci ous netal IS
| mpregnated or | pheralAbAdJenta e 1 xak ankal QX de calal s

ii) passing a waste gas containing oxygen ni trogen oxi des an aV|ng an
oxygenteen€aftrasitoyofamy 020e- Oromawst e0f t RPoudR .t HcatCl wrd 1Myl to

sel ectbygbyradeokb,the aa&wg@a exi des @athh?s%atsadc\zﬁttﬂaacy%r decrease 111)
passi ng a reduci ng, agent rougt t he cat al havi ng the nitrogen

p
OX|desl%d§B?b§8tfﬁéF¥oﬁf Eﬁﬁ catalyst gy § oﬁﬁSgpﬁ&a§nﬁnd8§oﬁﬁhﬂfﬁ%e
adsor bedt nbteagen oxi des by the reducing agent: [Forrmula 1] [ M2+2, N3+"
(OH) 2] x+[A"i bH20] wherein 1\42+ is selected fromthe group consisting of
My, Caz2+, Zn2+, Sr2+, 3a2, Fe24-, Cu24, Co2+, Pa?'" and M2+; N34 is
sel ect ed fro®nt hehgrvephednsiEstilagmofl , AnBeren3£heFg8'gciCos; metal 1sCr 3+,

Gas, 1 fr grRoup n ting of
Con. - SitpeEl, OB AR UG, Mgt S8 L ol T BRI ST SR P R 0°
0101 aRd. 3082- Irx Mandds ¥dmIRO $© 056; BHd BN s Yan 4/ntyermyaiiiany from
0 to 20nerd8f, and 2helheumidhod of Cti@ém reWhgn8i NneSEd | Siflesaided

fromthe cataiést bg ani one._or _nore ) NO2, 02 and N2 in case that
s i s1BEELFBLAtE tREAEHEEI y&t O sﬂ&ﬁSPhﬁF a decrease in the activity of the
catal yst by the accunul ation of SC2 does not occur. 3. The met hod
of claim1l, n th reci ous -net al elected rom.t he grou

consisting o ﬁh' %§ﬂ342 of C1a§ﬁ1 %a 2 Epe Fo” ﬁ&t &BS 19 C,

Ru, |n$EY¢CZ$daﬁdOmIEEUHEB alk&kxﬁmee@HSIhendnm@niJmﬁnignaqﬂqnacmstmktal in
t he 'nasrgéllék%@dcg§@&5§hésg? % g% ‘Ml%h WS I\E dge et hog of, 'a' m 1,

wherein the co-cat ronla al ka nmetal's, and t
non- pr €&y 0d4% » métal Zns F edied ‘F?onﬁ?heaﬁﬁol‘]‘ﬁ}{@b‘ﬁﬁsstqwe(ﬁferan@otheFe Mh,

A, CeamélintCof £he Bion MireGousd medd MhXtuees Ahareofarandddier paount  of
t he non-precious netal in the intercalated catalyst is 0.01-99.9 wt %

5. The*frePh8d-8f- ¢l YFrr1, wherein the reduci ng agent further conprises a

conmponent selected fromthe group consisting of CO H2, Cl-C6 hydrocarbons,

Cl-C6 al cohols, apd mxtures thereal, 1, wherein the reducing agent
further comprises a component selected from the group
consisting of CO, H;, C;-C¢ hydrocarbons, C;-C; alcchols, and

mixtures thereof.

6. The method of c¢laim 1, wherein the hourly space
velocity of the gas during passage through the catalyst layer
is 1,000 h™* to 300,000 h't.



6. The nethod of claim1l, wherein the hourly space velocity of the gas

duri ng passage through the catalyst layer is 1,000 11-1 to 300,000 h-1. 16

7. The method of claim1, wherein th€ reaction tenperature is 20 to 1,000

t. 8. The method of claim1l1l, wherein the waste gas conprises 0.001

to 30 wt % of 7N20Th®. 06k thedll o % efaN® Q. ,00lwhereinwt ¥hef QZadri@l to 20
wt % of _t he reQUC|ngSa§8n£é fn908 Q@Iance of other contam nants and inert

carrief® B

8. The method of claim 1, wherein the waste gas
comprises 0.001 to 30 wt% of N;O, 0.001 te 106 wt¥% of NO, 0.001
to 21 wt% of O,, 0.001 to 20 wt% of the reducing agent, and a

balance of other contaminants and inert carrier gases.



