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6 | FUNCTI ON OF TEMPERATURE Run

Cat al yst Tenp [err] Metal Loading (w9% 400 450
500 1 Cu- ZSM 5 94 NA NA éﬁﬁ&&-{&ﬁ'%z 4.0 10 2

19 69 29 4.0 4 Cu-L N A 7 NA

N A N A 15 TABLE Z, Co- ZSM 5 51 NA NA

32 EFFECT OF OXYGEN'ADDITION ON ACTIVITY OF METALYEXCHANGED | 16

11.8 7. Co-L 16 37 Nz8m-5CATALYSTSV A _ 3.5 8¢ [err]
7 - 12 31 5 L0179 Fe—2S5 7 20 66
27 N 117 1o Kt 2 Tompl"C) g Aty 19

4.3 11 Mh- ZSM 5 - - |5 Without O, With O, 3.0 25

12 Na- ZSM 5 13 Co-ZSM-s 410 57 63 2. % NVA: Data not
avall able - : No ac'&i Zgﬁtfct pd Eg; I vatg,on -ener% (a]paraneter
reflecting the degree of tenperal ure gepepdency 30 on
reacti on rate) Cpnpar at iGPZSMBanp] e 3410 (Ru25) proviéed dnexpectedly

superior convers onsat [carzsh.fpo aredmto :o-YeéRun 6), e€0-L|(Run 7) and
[erg] Runs 8 thr puglt) % tr é& [eacton ¢onveLsion is highly
dependent upon t he partl chapged™onto|the Crystial l i ne zeolite.
Run 11 confirns {hdf ﬂh&us'@ﬂi'ﬁjm xchéﬂﬁ’ged ZSM9% cafal y$8, in the absence of
nmet al exchange pEssiess ausents al | y ngpocat al yt iogg aclivitgg fol the subject
reaction. Table 2 o] i%&sﬁ_‘,’co ari ggn o ggerm ons gchi ¢ved by reacting
N2G_over cobalt-|and ¢opper-exchpnged ZSM t he presgnce. of 2.5%
oxygen in the NZ{b fRedst Mrand] i n #09e aDsen@é of Joxyd8n in the [err]
f eedstream The ¢atza dr avesvarl | Talgoe 2| dengpstr at e tggat fhe process for.
converting N20 t¢ sgoys Z%Nt{ n apd oxygen bs S bst tialfly unaffected
by the presence ¢f "Ox\ ge fee stream ns t hfough 17 denonstrate
thef average conyer24i dn @fZSNE®D oler ¢¥bal |- ex®Bang d ZfﬁmS t 410C using a
f eedst r eam cont ali nizgg 2@%5wa/ge vvaso062 P% vegzsus 59. &y I n |t he absence of
oxygen in the feédstreamRars—+8—tht ngn 25—dererstrate—that average
conversion of [err] over copper- 45 exchanged ZSM5 at [err] using a
f eegst ream cont ai ni ng 2. 5% oxygen was 83.4% versus 91.0%in the absence of
50 55 7 Table BiiubraRd batiRBadbhtied Yoy B8 ddcbmiobifion 0@ Gistal-Saiikngeli ARG cataliin FheTostas
OXY GENyrapthifallyldepitled N Figrd £.\Badn\Runtderhdndifttes InCHAdIGEWerSions were achieved overall when reaction
ZSM 5 ténipbrbluréwhSelbvated from 350€Gb 4007S. tComparativd éxtrfigles 30 and 31 demonstéstd that kdoljtesAfHivhdd 02
Wt h [netpogsesha structure @oludirigtivdsmembered rings prdvli@ poor conversion. Viille each of the catalysfS 8f tHe(present

" 8 invention provided a substantial degree of conversion, copper-exchanged ZSM-5 (Run 34) provided 94% coriversion at
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14 Co-ZSM5

410 . 62

62 17 Co- ZSM 5
400 a00°c. 94

87 20 Cu- ZSM 5
400 95

85 23 Cu- ZSM 5
24 s Cu- ZSM 5
400 92

f or W20 deconposition

gr.aphi cal | y depicted

caonver sions were achi
from®err]. Conparati

~do not possess a struk?uré

conversion. Wile eac
provi ded a substantia
34) pgovi ded 94% conv
CATALYST ACTIVITIES F
METAL- EXCHANGED MORDE

(Wt % Conversion [e
5.6 _ 16
#20- ZSM 5
11. -
4.5 -
16 32 Cu-M
3.6 24
35 #o-Ferrierite
3.7 14

Conpar ati ve Exanpl e 30 Tabl e

~deconposition over various nobI e netal -

30

exchanged zeolites.

410 58 63 15 Co- ZSM 5
- 61 16 sgﬁy 410 62
410 e¢d 5%1 62 18 Cu- ZSM 5
83 19 Cu- ZSM 5 400 94
400 94 82 21 Cu-ZSM 5
82 22 GABLESM 5 400 82
~ CATALYSTUACTIVITIES FOR NO'DECOMPOSITION OVER 45
- METADEXCHANGED MORDENITE AND ZEOLITBBERS Cu- ZSM 5
O30Tty iy ot st activities
R‘lﬂu %yﬁp c a'nu’g#fh@‘ n) o UONFS ystls. The data is
n Figure 2. Each Run denonjs830% ¢G4t hi gher
pyed |[ocymr al T YWhen reggti on [ efgoelaligir § was el evat ed
BEHS 3¢ and denonstrat ¢ hat| zeolites which
e "I ncludi pgfi ve-nenbered 11 ngs prqvi de poor
h2®f | CoréSN-Ait al ysts oF6 t he pLe‘S‘em E i nvention
sglegcer of cinversimm, copper-exchanged ZSM 5 (Run
P Si t 40 46 50 5 ER 0 541 8Bl [err] TABLE 3
N o Brlptes 11 oFvEr o | © err]
NBTE| 8D ZEQLLI TE BER® Run Cat al y&t Met al Loadi ng
6.5 gp- NI ’3 -
O 5124§9§ o-lv
3.7 Teri] 4 Ca-Erionite
o | "srfsY jowsera
| k &7 et 17 94
- No activify dgtected 11 35 36 Co-|ZSM 11
O « Bomparative Example - No actrvity detected *
4 denonstrates catalyst activities for N20

The

Table 4 demonstrates catalyst activities for NoO decomposition over various noble metal-exchanged zeolites. The
data are graphically depicted in Figure 3. Runs 37, 39 and 41 demonstrate that exceptionally high conversion was
achieved using rhodium-, palladium-, and ruthenium-exchanged ZSM-5 when the process was run at 350°C. In contrast,

_platinum-exchanged ZSM-5 (Run 41) demonstrated no catalytic activity under the cited conditions. Comparative Runs

35

.38, 40 and 42 demonstrate that the subject metals provide very poor conversion when deposited onto araorphous alu-

mina. The expected results obtained by the present invention are evident when a direct comparison is made between
the conversions obtained by using Applicants’ zeolite based catalysts which contain the enumerated five-membered

v
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data are graphically depicted in Figure 3. Runs 37, 39 and 41 denonstrate
t hat exceptionally high conversion was achi eved using rhodium, palladium,
and rutheni um exchanged ZSM5 when the process was run at [err] In
contrast, platinumexchanged ZSM5 (Run 41) denonstrated no catal ytic
activity under the cited conditions. Conparative Runs 35 38, 40 and 42
denonstrate that the subject net aFBOSAb00&B1 very poor conversion when
deposited onto anor phous al u- mna. The expected results obtained by the
pr es e P9 VAFS FRialSs based ueon WA when a direct conparison is nade between the
conversi ons obtained by using Applicapiss zeolite based catal ysts which
contain the enu ' 08 Bl rings

versus catal ysts b&‘gﬁwﬁﬁé‘ﬁng ifQ Nm NOYER NRBEE~/ ITI ES FOR N20

DECOVPCSI TI ON OVE LE- NETA Run______Catalyst Metal
Loadi ng (wt % Ry cGatdlysh [|dMetal Laating (wi%) | Z S\ Gonversion 0.6

72 98 38 Rj-ATZ03 . =71 300°C 3508 N A 39

211 2.4 0. A0 [ orx

AT g7 7| RezsMg, 4 08 T 4) BRu-psws

0.6 4438 | Rh-ALO37 42 [B2r] 89 N/ N A
29 43 Pt-ZSM % ag | pPg-zsms 2.6 3.4 -0444 @y- Z9W 5

tivity

3.7 NA . 7 NJA: Data not available] -
det ect ed Conpar ati 0 Ebfé’r‘%q%é Tgble 5 ‘g?ovi de! a conpagri sgkr)l
achfeved by reacti Ay [|eiwdSMxyer] nobl e0.fret al @xchédngefl ZSRA5 |In t he presence
of 2.5% oxygen i rL ugre |NRPnjogeddt ream agd in theyabsepce z9f

N20 feedstream Th at serited in_Table 3 denbnsjrate that the process
for converting N 0%?0 53@ s ni troge%6 and gdseous okygen is| substantially
o unaffected by |t W& pr@s@ivee df 2. 59%.Bxygen |i nNfhe N20 teedstream The

data al so il | ust [RIE DB At ataEBBeT 51 0N 01 NZU_over 1 hnodi unt excjhanged ZSM 5
(Run 43) and pal ljadé sdimiguabsaged ZSM5 (Run 44) at 4000C was} not af fected
by the pres- encé—e - ' ABLE 5 5
EFFECT OF OXYGEN ADSPTReEHe {CTI VI TY OF NOBLE- METAL EXCHANGED ZSM 5. Run
Cat al yst [err] Activity Wthout 02 Wth 02 10

45 Rh- ZSM 5 350 98 90 46 Pd- ZSM 5

374 Table 5 progdes a comparison of cOriversigns achievRi by Z&iEng§ N2O over noblg-Hgtal exchanged ZSM-§ i the

37 15 PrERRRCeai2 Ak eapeninthei Qlfepdatreanyind infhe abrenaset ydenio top NiQfepdpreami The datanyesenied

| mpr oVeTREn b demengiraiq hat die pracess oy eRruarling 4129 iy aapqoppyitogen and gaseous axygen is substantially
o  unaffected by the presence of 2.5% oxygen in the N,O feedstream. The data also illustrate that conversion of N>O over

rhodium-exchanged ZSM-5 (Run 43) and palfadium-exchanged ZSM-§ (Run 44) at 400°C was not affected by the pres-
ence of 2.5% oxygen in the process feedstream.

TABLE 5
5 EFFECT OF OXYGEN ADDITION ON ACTIVITY OF NOBLE-METAL
EXCHANGED ZSM-5

Run Catalyst Temp(°C) Activity
Without O, With O,
© 45 | Rh-ZSM5 350 98 90

46 | Pd-zsMm-5 374 91 91

47 | Ru-ZSM5 350 a7 . 7

The enumerated catalysts of the present invention provide several improvements over prior art processes for remov-
ing N,O from combustion processes. First, the claimed catalysts are unexpectedly more active than prior art catalysts
in converting N,O to nitrogen gas and oxygen gas. Second, the catalysts are not significantly deactivated in the presence

50  of oxygen in the process feedstream.

Claims
1. A process for removing nitrous oxide (N2O) from a gaseous mixture comprising: contacting the gaseous mixture
35 containing the nitrous oxide with a catalyst comprising a crystalline zeolite having a structure type selected from the

group consisting of BETA, MOR, MFI, MEL and FER which has been at least partially ion exchanged with a metal
selected from the group consisting of copper, cobalf, rhodium, iridium, ruthenium and pafladium.
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ing [err] from conbustion processes. First, the clained catalysts are
unexpectedly nmore active than priggg g{to(ﬁeg.'al ysts in converting [err] to
nitrogen gas and oxygen gas. Second, the catalysts are not significantly
deact hyg'gtvgg,slcaﬂpgmaggdmnﬁo of oxygen in the process feedstream O ains
1...A process for renoving nitrous oxide (N20) from a gaseous m xture
conprising: contacting the gaseous MREAe 35 containing the nitrous

oxi de with a cat il CATALSSTRCTIATIES FOR RL/ DECOMPOSPIIGNOVER NOBLEY | ' a structure
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pal | adi um EP|0 541 008 Bl lings versus ¢ t Gt 4 LIS ipon al uni na.
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98 10 38 [err] 2° 384 68V Al 39 Pd- ZSM 5
3.4 P440° - -
<5 .15 . 64
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2.6 44 Cu- ZSMj 542 NWA 29 1ﬁ NI A: Data not
avai l able. - No acag v e Exanpl{e 25. Table 5 provides a
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absence of oxyge MAanmr@t{ngulapl]a feedstream The data presentgd in Table 5
denonstrate that |tNeachitpdeissledf or converting N20 to gaseous hitrogen and
gaseous oxygen is SigewhaRdtxanpey 30 unaffected by the presence of 2.5%

oxy en in the [err] feedstream The data also illustrate that conversion of
[er¥] over rhodi umexchanged ZSM5 (Run 43) and pal | adi um exchanged ZSM 5
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2) aedsitas 0 entw
ADDI T %%}', Ve LAtho iall
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[ erdb] unaffectedbythe pres ot ¥ 5 Yoy hrlit ey -' lllustr é:on of N200v 50

rhodium-exchétdedHBM-5 (Ruir4S) na |M&lfédium-ex<:hange%7Z§M-5 (Hun 44) at 400°(%as not atfected by thépkes?
Ru ZShkhde of 2.5% oxygeamhepmess feedstrearfl.” 45 The enuner ated cat al yst S
of the present invention provide several. |nprovenents over prior art
processes for renov- TABLE 5
36 EFFECT OF OXYGEN ADDITION ON ACTIVITY OF NOBLE-METAL '
R EXCHANGED ZSM-5 '
_ Run Catalyst Temp{°C) | Activity
e . Without O, With O,
Padd :
45 Rh-ZSM-5 350 98 90
46 | Pd-ZSM-5 374 o1 91
47 Ru-ZSM-5 350 97 37

45

The enumerated catalysts of the present invention provide several improvements over prior art processes for remov-
ing No.O from combustion processes. First, the claimed catalysts are unexpectedly more active than prior art catalysts
. inconverting N2O to nitrogen gas and oxygen gas. Second, the catalysts are not significantly deactivated in the presence
. 50 of oxygen in the process feedstream.

Claims

1. A process for removing nitrous oxide (N2O) from a gaseous mixture comprising: contacting the gaseous mixture

55 containing the nitrous oxide with a catalyst comprising a crystalline zeolite having a structure type selected from the

: group consisting of BETA, MOR, MFI, MEL and FER which has been at least partially ion exchanged with a metal
selected from the group consisting of copper, cobalt, rhodium, iridium, ruthenium and palladium.
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ing [err] from conmbustion processes. First, the clainmed catal ysts are
unexpectedly nore active than prion Pad%“%gﬁyst s in converting N20 to

ni trogen gas and oxygen gas. SecondE e catalysts are not significantly
deacti vat efle procebd\Rchifte BgIM 1SMerei the@iyEIR zbdktenBEndeh BGRMGed iR f6rh 0.0 Rdlabdet 5 NS
1. A proceaan of thy métf Baved iion the klaDisighPof tid@atgipd?0) from a gaseous m xture
conprising: contacting the gaseous m xture 55 containing the nitrous
oxi de Wt ITh@précabslcdbiding S0y 1 & & Wikréin thd riisetindlid comtidctacbleimperatinéb rrigitig PontdodUeS001ce

t ype ssel eaheptedsuresmaiiding frgm 00ptododtek.st i ng of BETA, MOR MFI, MEL and FER

whi ch has been at |least partially ion exchanged with a rret al selected from
t he \gt ofp Thepretess acomdingio anyopesf claime b id 2 wherelndie reaviingiis doukiudted in r éited] bed reartoamith a
pal | adi umgas houglifspace yefacity@duirg from 1,000hs ™!l W0 rAccording to claim 1 wherein
the crystalline zeolite has been exchanged with from0.01 to about 15 wt %
of tHe fet’se P’B%?ﬁ%@f"g]f?%° ameone efclaims, {dp fwherely the M@R strchr crysfalling zeolitg igsielected
accor di ng o the aspup ¢ 'F‘gg"\ﬁ)‘f@}e@i'}’f’"feﬁ'? 7 payql '69'?“%‘\{? getiolts: at t enperatures

rangi ng.f m 200 to [ess fr 1o, 300 bar.
4. The S . ?ﬁ:%&ﬁ@%b&@ ilh L{heq\i?Fl Tru gﬁésag]nezeolﬁels ek-;g‘tsé)iI ng
i's cq ducte d reac or WI a gas hou y space velocity

rangi ng?‘c 18 OLbcr@ifg th akyons B0 th 8 Whireid e MEL stildEreRfpe Q@sﬁﬁhn@‘i@dﬂt@@ dafdctbd”

any one Ofjomlidighiep donbidlinglo ZBAI1€ M diibifeOR structure type crystalline zeolite
is selected fromthe group consisting of a synthetic nordenite, a natural

nor deni 8.2, Thi\prodessdtchrdirig td alyioheof cl@ims Tioet wheeia e FER e1n0lucitypg criysallita yeolita 8 faderite.
claipe 1 to 4 wherein the MFI structure type crystalline zeolite is

sel ect eBatentanspalicke gr oup consi sting of ZSM5, silicalite-1, silicalite,
Zeta-1, Zeta-3, NU-4, NU-5 and AZ-1. 15 7 The process according to any one

of clai s Vf"%h@nau'\ﬁn@"wnmm n@nqmwsqm selwy&#a@ hé‘oat% fingen 4eggas-
sel e%éed 6‘%’@ KtaT& P@,tp?lg jnen Igi FEE stallinep Zeoljth {gp
procéss a ﬂ

type cryst |"Y‘1“§3:2 1K T‘@'“P’M“ YU 3 powalp) ot A 'éﬁ“szur
E%Itofernﬁng E’/'%h 3 ﬁb g'tlg?“f us e neeren %ﬂ‘) chung, das das

| n- Kont K tye /it $adh /ﬁ#@,&ruoﬂqs r&%&%&ﬁﬁhe%&ﬁ%&w 1 Be%&t' o tbi?sfeiv&&'sd.?e@'lk gl t.
Mt ghNemMpriisl bazogdn QUf de'd: os Rhth) ristallinen Zeolith unfal3t, 25
der einen Strukturtyp auf\/\/el st, der gewahkt i st aus der aus BETA, MOR, MFI,

MEL und s.FEBdhra hadh @Rghaudh Codeps GlonrdﬁrRm&t @RdngeRthrt Wikdbel RirertUre®iM Bereich von 200 °C
| onenaust aissodrauint Deickee i Bépdichlvon atbissamigen wur de, das gewahit ist aus der
aus Kupfer, Cobalt, Rhodium Iridium Rutheniumund Palladi um bestehenden
G uppe. 42 Vettgiareh akghesinem derringguiche 11bib 3, worimdje Reaklibndurichgeigbriwvitd im eindieitasoetineaktor mit
ausget aus ciner Rumgeschyindigkpitges Gases rie Slunde gashourly spagRalogity; GHSV), Kistim Bpreich e i8efken
auf . das Gé’s’a‘?ﬁ%?@ﬁﬁ’%f"eﬁbs Kat al ysators 3. Verfahren nach Anspruch 1 oder

2, vvorln d Reak |on urchge W|rd b atu Ber ei cg von 200
C bis, 880 %ﬁ%ﬁ "(?g %g%@ urtyps gayabI ISt aps,
nach ‘@i ne aaé'? Rﬁ'?ﬁ PN, 58 e@ﬂed'e @Rt wird in

el nem Fgst

(gas Mokt sy s sl péi"‘"**ﬁ%%%a‘“””ﬁmﬂﬁ*ﬂ&&&*mﬁ%gﬁﬁ“'%g%‘*ﬁoo
h-1 liegt. 5. Verfahren nach ei nemder Ansproche 1 bis 4, worin der

Kri stel lrJ n@righffnkdh BinélR Ger Whdprutiier ublstal Wickily i mﬁ&mMebnmawausme&ﬁQgeuﬁmlstamer
synt het i sciersnvor he Silidalit-2baitédehden DRpPpdVOr denit, Na-D und Ptilolit bestehenden
G uppe. 6. Verfahren nach einemder AnsprCche 1 bts 4, worin der

kri st al Bi rMerfaheaninadhieingia der iFsprigher 1kis 4. weripder kejetalling Eeolith des FiRR<Stdidyrypa Forma@igt. 5,
Silicalit-1, Silicalit, Zeta-1, Zeta-3, NU-4, NU-5 und AZ-1 bestehenden

G upge. Revendicationger f ahr en nach ei nem der Ansproche 1 bis 4, worin der

kri st al I [ Q{-fe"iP[ZO%m ith des I\/EL Strukt evvdhl t ist aus cler au %
und Sili'c :'§| °?I$Eﬁ % 1
n e
R e
55 lomquement avec un métal choisi dans le groupe constitué du cuivre, du cobalt, du rhodium, de l'iridium, du
" ruthénium et du palladium.

2. Le procédé selon la revendication 1, dans lequel la zéolite cristalline a été échangée avec de 0,01 & environ 15%
en poids du métal, en se basant sur le poids total du catalyseur. '
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50 Revendlcatlons 1. Un proc6d6 pour elimner |'oxyde nitreux (N20) d'un
nelange gazeux, conportant: |a mggodh sgdgact du nel ange gazeux renfermant
| " oxyde nitreux avec un catalyseur conportant une zeolite cristalline ayant

un type Cprecbdeeibrlh Rvénbiodtion 1 6l dans BqualidRbor i 1hdd dhdeLvidAlded tBifpariulé so Mukht

MVFI,  MVELdené lalghriine diE00 8 800°C6tBoud ded Fhéssions|2a sifubrt bare REMNG 66 BONALEH0 bebs.

i oni quenent avec un mAtal choisi dans |e groupe constitu6 du cuivre, du
cobal ta, KhprécedEtelmTunéuelcbriglisidies Maverididationtf £, Uiins Rlquéllla rédaitich astinisdlen dsuvie @argiup C ~d6
selon | aréactauciid fikaldcane vitesse sasald loeiiietu daa sesitadnt dads ja amdrhedel 1000ch~8a 800 oeEiitangee
aveg de 0,01 a environ 115%en poids du netal, en se basant sur |e poids

t ot ad-5d qumM@@bu fune ggelconque des revendications 1 a 4, dans leque! 1 p4olite cristalling de t9pl strdturel  C

L - M MORestEiwmisp dgupile groupe pnstiiué duse merdéndelemibétiauns d'une mopdgeiteanturglle, duNaiD ejde 2
dans | oq@étloltes reaction est nmise en oeuvre A des ternp6ratures se S|tuant
dan¥ Ia anrne de %g%wa 800C et sous es pre55|ons se situant dans Ia

de O, |ons
A ?}@ ERT Ll G OV Sl P SV e 08 4 LR B A
lit fixa P12 8L spatial. horaire du gaz se situant dans |a game
de 10 Qaﬁu Brafiis

re vé n g’? c%&%gjé@i& 529 %,%: mﬂﬁgﬁ%ﬁfﬁ éﬁfyﬁﬂﬁ‘;@%ﬁg %égm%l{'} ne d gb 9%%“@%’9 8%!( urel

MOR est choi sie dans | e groupe constitue d' une nordenite synthetique, d une
nor dery, t g phstbdé's8ibr 1ane iblcoueldeibvetitiications P& 4, bisHs Isiéel la 1&iitb cristalinede Gpe-ShctaIFER

| " une questiadnigie. des. revendi cations 1 a 4, dans |lequel la zeolite

crilstal line de type structurel M est choIS|e dans | e groupe constltu6 de
la ZSM5, de la silicalite-1, de la silicalite, de la Z6ta-1, de |la Zeta-3,
de la NU-4, de la NU5 et de la AZ-1. is 7. Le proced6 solon |une

guel conque des revendications 1 a 4, dans lequel la zeolite cristalline de
type structurel MEL est choisi dans |le groupe constltu6 de la ZSM1 1 et de
la Zilicalite-2. 8. Le proc6de solon |'une quel conque des revendications 1
a 4, dans lequel la z6olite cristalline de type structurel FER est |a
ferrierite. 25 30 35 45 50 55 1C2
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