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W2004/ 110924 PCT/ FR2004/ 001447 PURI FI CATION OF A

M XTURE OF H2/ CO BY CATALYSIS OF THE NOx 5 The
invention relates to a method for purifying gas

m cularly gas mxtures main b

h gégggﬁ ]éﬁ@ﬁcéar bon nonoxi de, conmmonly i:é (@3%@%@%”
m xtures or "syngas", and, optionally, met hane

(CH4), which are poIIuted by inmpurities of the 10 NOx

t ypl-erRﬂ“fcﬁFf&@ e 'ﬂ#_{m‘{ﬁ? 0%3%25380 S a&ﬁ?ﬂLi{§‘¥s OF THE

or C02, by partl al 15 oxi d&f®®n, - by mi xed net hods,
such as the ATR (Auto Thermal . Reform ng) nethod,

which is a conbi nation of steam reform ng and partlal
oxi dat i O GEVRBL§aBed HRbFasto nét h‘é‘ﬁ'éh%‘g d(Franeur bfying
2Qyas by wioadugasi fi @&txitqreeuo.carwcovgagd agiwestesgasesinly
downst ream of ac ene duction plants 41 1
SR BETThesBoRD) Ga RPEL B {s  commonly
accak Edg H 6CO heminpien o & ng:mon‘chyhlgaﬁs t yphdal | gptionally,
b 5 ut

Z(Fsll ges %he&?qwr@bg}ga%pde/c%g#g%g%g%g/g%g&ﬁéﬁfs of the
COHLX diPeH20 are often conprised in the mixture, and

in variable proportions. 30 At pr esent, several
alternatives are avail able for r adi ng H2/ CO

mi xt ur 64 tHd ) gagart¥lenres | 9a%y epPhFadnRg: 10 plpitous

hyehage hamiicell shas :many appl i cations, pure CO ‘Wwhi ch
[ articul ar for.the 35 synthe s of ., acetic

e
aci d and pHoSGERET™WAPcH g STEHEY in [Hber nBYl v =1al
i rpxiatpraoduct i on of

- by mixed methods, such as the ATR (Auto Thermal

.Reforming) method, which is a combination of steam

reforming and partial oxidation, using gases such as
methane or ethane, or
- by coal gasification or recovered as waste gases

downstream of acetylene production plants.

The proportion of CO in these H,/CO mixtures varies

according to the operating conditions typically between

about 5 and 30% by volume. Morecver, Dbesides the
hydrogen and CO, the compounds CH,, CO0,, and H;O are
often comprised in the mixture, and in variable
proportions.

At present, several alternatives are available for
upgrading H,/CO mixtures, that is, particularly by
producing: |

- pure hydrogen, which has many applications,

- pure CO, which 1is used in particular for the
synthesis of acetic acid and phosgene, which is a
reaction intermediate in the production of

polycarbonates, or
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pol ycarbonates, or - 2 - an oxo-gas, which is a
purified H2/CO m xture enriched wiwth CO (> 450 by
vol une) useable for the synthesis of butanol. 5 For
this purpose, it is necessary, first to purify the
H2/ CO m xtures. However, it nay al so be necessary to

purify thgn %&éjaég)“%%f@th% Qhe ﬁ$§g§e8ffﬂbgbrﬂuxture

downst ream use L%O means Or SpeciTiC reactions that
0

cBpechad r magh Usi mP%p&yi fYelwhehl yaepbicd 6pr  the

adsaiireddis fofr rucapayit.i cul ar inpurity or by any other
suitable chemcal treatnent. 15 Mreover, the renpval

of certain inpurities present in the gas streans is
di ffi cHdr athideputmpskist rial ikevekeskarfactirstheo purify

C‘%}?el)i{l/% r%’i\ct:l on serving to remove 20 the

I npur €S nus "cause the H2/CO gas mi xture to be
purified to react, or as little as possible. The

react i ik, H2{QO t4rLs bé ‘P{%lclesiéla(ﬂw t@5 Q%ﬂ%y the

t he Fi scher-Tropsch sznt hesi s been used
sédf8) m9§5P§eFof©§t ) lh%%c%# H&%ﬂb;ﬂqwt%ﬁw Otihg Y

I RPN FE Y i | Yeabfldn®) thidtt #akObe * caQiHed, out
+ n H20 30 (I fQld:varl ant_ concerns_the format

metiaite, SREFIEF netRehalFioh, 3LMescr F‘ﬂ@iﬁfrbﬁnég Afor 2
Mdars ietulal, ingaimitnsi srReyi ey vothe8, sdtadlelFtzmical

0,210, reflected by the follow ng reaction
(|t|’51§%9°§‘§60+ 3 H -> CH4 + H20 (11)

Moreover, the removal of certain impurities
present in the gas streams i1s difficult at the

industrial level.

In fact, the catalytic reactions serving to remove
the impurities must not cause the H,/CO gas mixture to

be purified to react, or asg little as possible.
The reactivity of H,/CO mixtureg is well known.

Thus, the Fischer-Tropsch synthesis has been used
for several vyears to obtain hydrocarbons by the

following reaction mechanism (I):
(m/2+n) Hy + n CO -~ CpH, + n HO (1)

A wvariant concerng the formation of methane,
called methanation, as described by G. A. Mills et al,
Catalysis Review, vol. 8, No. 2, 1973, p. 1598 to 210,
reflected by the following reaction (II}:

CO + 3 H; — CHp + H0 (11)

Furthermore, carbon monoxide can also decompose by

the following Boudouard reaction (III):
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“I'n other words,

Furt hernore, carbon nonoxi de can al so deconpose by

the foll owi ng Boudouard reaction (I1l): - 3 2 CO-* C

+ C2 (I1l11) In general, numerous netals can be used to

5 catalyze the formation of hydrocarbons from CO and

H2. Exanples include the foll'owng netals: Ru, Ir, Rh,
Ni, Co, Cs, Pt, Fe, Mo, Pd, or Ag as explained by F

Fi scher, H Tropsch and P. Dilthey, Brennst-Chem vol.

6, 1925, P. 268 —20CTheChet hanol formatiohlf&action is
also carried out on nunerous netals, including

copper:_ CO + 2 - CH3OH (1V) 15 Tﬂus, t he gthylen% c
hydr ogdiat | SRR ol ySTETTAHS ~ APFRER0Tmofity b&Sed Y6F ©
plattialymadenosi £fetmori @b ust naydireadrbona from CO and H;.
Fi_scher.- Tr ops eactio eactio abgve) - Wit ;
thEé(afm rlr'reasti%hccg %ygjr%cg?é%%@l,ﬁ%a@?%% ar%l’Z&r’ Rtﬂl' N
etdwyl efs, whtch Hes fBand Bd, bemoke cohcemplatiagdatby F.

the s digaction eutlety thag at the dhahet pldiplsd Shedd) vol.

the gas 'before reaction. Simlarly, certain oxidation
cdtaliypt>s Pausét-he 25 formation of methanol that
nmust then be renmoved downstream of the catal yst bed.

t hese suppl enentary reactions have
the oS QURIGHE bf L GebRir it g Sl O ondl e (g 156 O
proadutingeroiet neredent innlttiéngncbpakrgas to be
purified, which nust be renpoved by adsorption
downstream in addition to the virtually unavoidabl e
pol l utants pllesert Hon—t K&L:0Hi tial gas. 35 The (IV)
undesirable inpurities include nitrogen oxides

Thus, the ethylene hydrogenation catalysts that
are commonly based on platinum deposited on alumina
lead to a Fischer-Tropsch reaction (reaction (I) above)
with the formation of hydrocarbons, particularly
ethylene, which is found to be more concentrated at the
reaction outlet than at the inlet, that is, in the gas

before reaction.

Similarly, certain oxidation catalysts cause the
formation of methanol that must then be removed

downstream of the catalyst bed.

In other words, these supplementary reactions have
the consequence of generating additional reaction
products, not present 1in the initial gas to Dbe
purified, which must  be removed by adsorption
downstream, in addition to the wvirtually unavoidable

pollutantg present in the initial gas.

The undesirable impurities include nitrogen oxides

commonly called NOX.

The NOx comprise the following compounds: N0, NO,
N30z, NO;, NOs. The latter three compounds are highly
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commonly called NOx. The NOx conprise the foll ow ng

conpounds: N20, NO, N203r NO2, N205. The latter three

conmpounds are highly - 4 reactive and react

spont aneously wi th reduci ng agents such as H2 and CO,

to form N2, CO2, and H20 . and N20 species, which

are e t b t 1. X1 U
(EeRRE v o iy bl SRRt LVEen s il bents

(c%y@lgeﬁscHﬂlmdlq@,t iton fermdd), dtei AndpHe@enclO and N0

sgéél@sp%ﬁﬂéhagr@a%% diugdact  pd4p Eeepr@%%%%ncl@l the

races of and unsaturated hydrocarbons

fofrlzﬁ%? oTEErE hat 14 o1 BbIEXEETHc Y di% FAeathe in a
Cra@g@m qacgl-i st itbk-abbeni gni t&lsﬁlﬂdlldaajm:@ﬁ th@saoam their

units. |stherefore|nd|s ensabl e t bﬁq ? to, th
reﬂjﬁ?/%e?‘ﬁ%ﬁﬁguﬁfﬂ iR p %%%?e I Rep: o the
V\opﬂssexodi)é abfii ngaaesefofﬁ cﬂzerand ewmyai urdtedhi hydgerarbons,
OXEGESaf 0TI Yo GaLEED DXy bLam! @%ﬁasclol%cfémﬁ@ce in

in parlcu reans, wh Fmti
t heher o@xmvg@m@f iwm@s?;]r@bllcm bwrpiruﬂjucﬁrsi i damage al §

i npor¢ant byt ngt *&@éﬂ&eﬂchh&(@péﬂ%ﬁié'@d Yoe Th®1le to
problemthat arises is accordingly to produce 20 and

r SEIVRYE o s aft reddhcisatlive @SaPoOFSaP AR/ CO, stri pped

of nost and preferably all of the NOx inpurities it

cont ai ot her rds, . the e.inyention i

Co " 25 TP BVEF { HEF et noHER0R o 2By 10 e fort croval of
punﬁmg@n gammhemt ur espmpatyi cuhbfeéd of0x he fH@ﬂrCOthe gas

?% br 90 eﬂgcf c@{lha%f kg%bﬁmtﬂ@t RO OF sthic WYl NGhile

IITpUFItIGSIt cont al ns, .
i nlmﬂd'emq ot]?ﬁ— epeaduct heiir ofonesiesidaibde by taroducts, is

cryogen £ dididdat ke 3R WS toThensakdt iaauetrihely.
Inventlon is accordingly a
The problem that arises is accordingly to produce
and recover a gas stream, particularly of H,/CO,
stripped of most and preferably all of the NOx

impurities it contains.

In other words, the goal of the invention is to
improve the methods of the prior art for purifying gas
- mixtures, particularly of the H;/CO type, by proposing
an efficient method for purifying an H;/CO mixture of
the NOx impurities it contains, in order to prevent
their «concentration in the cryogenic distillation

units.

The solution of the invention is accordingly a
method for purifying a gas stream containing at least
one nitrogen oxide (NOx)} as impurities, in which the
gas stream ig contacted with at least one catalyst
containing copper or palladium, at a temperature of
between 100°C and 200°C, in order to catalyze at least

part of the nitrogen oxide.
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method for purifying a gas stream containing at |east

one nitrogen oxide (NOx) as inpurities, in which the

35 gas streamis contacted with at | east one catal yst
contai ni ng copper or palladium at a tenperature of

bet ween 100C and 200C, in otder-to catal yze at |east

part of_the pjtrogen oxi de. Dependi ng on eac ase,

the metHoFHdhe ©F nvEAE on GFEF conp?$ seMBh Oér re the
of inwent 0k owkpg cdmghiniecabnehasmcetestdf£Sthe thellowing
te rature i.s between, 120C and 180C and/or 5 the
préegé)cgtﬂr?lec?lg %heatrvi‘}e;etr?ri‘ﬁ’talﬁg%o bar, preferably about

40 t o SHhdarsmperdmi@asisobetye8pac WEl eeid y18&°C and/or

betyeen 1000, aad 5 10 00Q, 308/ hoof ,gas/gg8 ghrcat@lysl,yap1
pr ef er abl between 2000 and 6800aSrT8/h o? Eés/% %‘%m 7
cat#st 40 tShP5=PRB 10 considered at 0C and 1

at m{ - 'tH&GSzQ@SHcS&fEa{@ﬂ)écé ovb?gt:@elywiib:l ae%e@alg alyst and
cont ai pi hg_cppper, - g gas stream contains ragen
(HAC aheP cF Owﬁﬂ%e%(%c@%t@ryﬁpﬁ T3P et Priteeen
(CHQ0 Enmd ddoo rE’yager oxisded afecaeavestedit smhater m’
( : Rd/ njt n, - the water (H20) and
Nt%ornesslu etztleﬁg%% @mgt‘%éd %a%tgr%’si s of the NOx are
renovedliyy geanssofeane i aurtecddsor pikbn sheps;atzilyst
- _@Or{t%ggi@n%oﬁ?%gr ption step is carried out using

one or nore adsorbents sel ected fromthe group formed
by zeoliftfesIaexEhafgEd CONETFGNS Aeydveded aFehi Aad, carbon

Si Inickxgeies, (CON) , MaxHUBPE i BhatObiBahEARS (ther eof , -

the gas,streamto be separated contains . 10%b 25

vol ue 5 GORIRPIbI U] B> COWEY Sl itk Yo S0l BsP) -
vologneNHf @ and roptricgread,| y, net hane,

- the water (H;0) and ©NH3 resulting from the
catalysis of the NOx are removed by means of one or
more adsorption steps,

- at least one adsorption étep is carried out using
one or more adsorbents selected from the group formed
by =zeolites, exchanged or not, activated aluminas,
gilica gels, or mixtures or combinations thereof,

- the gas stream to be separated contains 10% by

" volume to 90% by volume of Hy, 10% by volume to 90% by
volume of CO and optionally, methane,

- the catalyst may be protected by at least one
protective bed located upstream of said catalyst. The
protective bed serves to protect the catalyst from
chemical species liable to be present in the gas, in
addition to the nitrogen oxides, and liable to degrade
or decrease the activity of the catalyst, for example
mercury (Hg}, arsenic (AsH;), sulfur compounds (H,S,
thiols, thiocethers), halogenated compounds (HBr, HC1,
organic halides), HCN, iron carbonyl Fe(CO); and nickel
carbonyl Ni(CO),. The protective bed may comprisge one
or more adsorbents, for example the product PICATOX
Cu/Ag from PICA,
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- the catal yst may be protected by at |east one
protective bed | ocated upstream of said catal yst. The
protective bed serves to protect the catalyst from. 30
chem cal species liable to be present in the gas, in
addition to the nitrogen oxides; and liable to degrade

or decrease t activity, of the cat al or. exa

mer cur Y Het2 %terh‘%e AdHhe shF ?Tﬁw%gﬁp%{mtb}ée(w it ion
t hin@y sbet hhoehbefsym bl pgenatadscarmpoinds fiidBr 0 H(Ol to 1
35_organic_halides), HCN, iron carbonyl Fe(CO5 and

ni ¢ke car%onyl Ni (CO 4. The protective bed may
conpri se one nore adsorbents, for exanple the

d A
productr, %Cﬁg Cuk %a&%@%é%lg% e -ukbe Qéb@hﬂétﬁn the

used int F anewor k invention may be in
foewwntpraafﬂcm e’f r BRGI AGPLEdMiEs20-2 0Pa TEeRPVRdsiagel the

Pspaval e of 1Rt alpesti ftie Becdsedsdepends on the
concentratlon of the inpurities to he removed and the

properties of the specific products. The vol unes of
adsor bertiss antumad abystdsarbegi ¥eandl @stteld ygiisdance, given

b?ﬁ§H5§u£H§% gepﬁggaSQetbﬁe g%%%ﬁﬁaEQPQ: é&ﬁbe?traflon

MPUF i 0 be renoved an € properties
speti the pmoduétses| mogdreeradmoved candben ddiwsipkerrerties

t hag féHé b%g@lﬁas ro&@@tguantﬁﬁy %%ne%giorb§ﬂt E8n  be

be used proxi mately proporti onal
qLFéﬁﬂE‘rﬂtCiereﬁd p&lhlal‘}t ahPrt o bealr%véfase\m. lteet heuantlty of

quaddddneraf €at akysisd® a@pappmambyemyomrdpomaloﬂaa to
the contact .tine or t%\% inverse of the &g the

spate WRGEEY ( e s PhePS ol T gas t6 be
t repadredi tper ofoumtalglsat eids t apphexvohbaky oprogaltyjsnal to

ZQPE?ec¥8£QSP %f ga%néﬂgvbﬁﬁéelgkﬁgx%Q &PetE@aQiﬂg Hourly
pressure epends on t
mﬁ@ﬁﬂﬁ1§éloQ#ty {GHSV) which is the volume of gas to be
treated per hour, related to the wvolume of catalyst.
The volume of gas can be related to the reactor inlet
pressure (the GHSV then depends on the pressure), or
can be expressed in defined conditions, at 1 bar and 0°C
for example (the GHSV then does not depend on the
pressure); sgome leeway exists in the choice of the
reference conditiong appropriate to each application.
The contact time and GHSV'' are only approximately
proportional because the contact time, in addition to
the pressure, depends on the temperature along the
column, the variation of the number of moles during the
reaction, and the pressure drop. However, for a given
gset of reaction conditions, the two parameters can be

‘selected at will.

Another parameter to be taken into account is the
content of impurities to be removed at the outlet of
the gaseous effluents. On the whole, the lower the

desired content, the higher the quantity of catalyst.
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can be expressed in defined conditions, at 1 bar and
OOC for exanple (the GHSV then does not depend on the
pressure) sonme | eeway exists in the choice of the 25
reference conditions appropriate to each application.
The contact tine and GHSV—I'é}é'onIy approxi mately

proport]j n%hnp caus %Eglcontact time, in addition to
t he préggﬂierj§€p§%§§L6ﬁL§%e tenperature along the
columm, the variation of the nunber of noles during

the 30 geaghion and tgﬁp%féé%edﬁoghemmsyﬁad FOF ane
Iti1o

giyen Set 0 reacti on con . S, the two paraneters
calnrnt isul.ecttad He/GR | 1I925AnSHRENTEar HABt efORBAGEed  with

tb mm% Wiﬂgﬁf@%%@%{%ﬂt@@n,ﬁt%ﬁ?Q@ : ieScdpper
e renove a e ou e or1_ . e eous uents. on
t hEWhdlad2 e 15Wed PR Laddany éggioﬁf‘léﬁ&”s‘fhe hi gher

the quantity of catalyst. Illustrative Exanple To

check the effjciency_of .the thod, of th [ nt i

an H2/ C0%as THPREIr 82588 coﬁn§3?ggtmﬁtﬁa§caf% %stéﬁg&dUCt
acoraeliarya @ 49T ifmpenEingelheldt is, a copper (Cu)

catal yst and a palladium (Pd) catal yst. The

copper - based catal yst was the product reference 0860T

from EAdE hapalladiundanad adrahibased vafal y&e warroduct

t he QA 4 90.f enencendadBat-nom Engel hard. In each
test, the NOx were catalyzed at a pressure 15 of 47

bar and a tenperature of about 120 to 180C. The
i niti alirgasdpdsmedabaitix 8@%d ard lyvedfatHza mneksure

CQ, h%ﬁ remai nder .consistin r%’ a % 1 Bpéhane

i NG Hamart e SiRBoar ub: B phEUsTiaY) Bhot BB e

renmoved. During these tests, the space velocity

adopt e A nitial gas contained about 80% by volume of H,
and CO, the remainder consisting particularly of

methane and NOx impurities (about 0.15% by volume) to

be removed.

During these tests, the gpace velocity adopted was
5000 to 2500 Sms/h/m; of catalyst (for example, 6 to 12
m® of catalyst to treat 30 000 Sm’/h of gas).

Table
Test No. NOx contents of gas (in mole ppb)

At reactor At outlet At outlet

inlet with Pd with Cu

catalyst catalyst
1 398 21 <10
2 1222 178 <10
3 1175 184 <10
4 3410 245 <10
5 1049 170 <10
6 1170 138 <10
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5000 to 2500 SnB/h/nB of catalyst (for exanple,
12 nB of catalyst to treat 30 000 SnB/ h of gas)

6 to
25

Tabl e Test No. NOx contents of gas (in nole ppb) At

reactor At outl

et At outl et

infetwth Pd with Cu

catal ystcatal yst 139821<10 218£22178<10 31175184<10

43410245310 5104917010 6117013810 =8 71B17100<1I0
8148991<A0 952142<101838788960k10 1188¥P20<10! 1296274210
18232647<10 142[73659€18915167R48<1001681962K10  1¢
1712251710 The above tabie shows that the use of_a
Cc | Hadi-um al yct Ls ef ctive or <10
clatal yzing the [NOx tespeactipn products such as ANH3,
N2, 02 ?Td H20, speC|§§5 20 <10
12 962 71 <10
13 2326 47 <10
14 2736 59 <10
15 1672 48 <10
16 819 62 <10
17 1225 171 <10

The above table shows that the use of a copper or
palladium catalyst is effective for catalyzing the NOx
0o and H-0,

or which raise

to reaction producits such as NHz, Nj, species

that are easier to remove subsequently,
no problem for the downstream unit.

The copper catalyst allows a more efficient
of the NOx

purification <10 ppb on each test)

removal (regidual guantity after
than the palladium
catalyst, as the catalytic activity of the latter may

be slightly reduced if the CO content is high.

CO but

it may be more

this, in

containing species of the diene type,

Despite on gas streams poor

advantageous to use a palladium catalyst than a copper

catalyst, because palladium serves to convert the diene

species, whereas copper does not achieve this as

effectively.
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5 that are easier to renove subsequently, or which
raise no problemfor the downstreamunit. The copper
catalyst allows a nore efficient renoval of the NOx

(resi u ity after 10 purification <1
ed@ié#ﬁgzgfhé%ﬂ1the pal | adiumM Tcatal yst, %Ejﬁéﬁb°4}b°1234
catalytic activity of the latter may be slightly
reduced if the CO content is high. Despite this, on

gas streans poor in CO but 15 contalnlng speci es of

the diene type, it my be #B&%&dvantageous to use a

pal | adi um cat al yst than a copper catalyst because

pal | adiumsseiuamd e GOUSLL eb g dLense SRIBLES containing

wher eas’ ‘copper- does ot Ve t ctive
9EIP348:1 @nd PQHT—'DEQOOWIDT@QJZ@ (CF:QI)WB iﬂdA further

”Pécﬁ%lfrﬁrn'iurdtf yi I@a& gagnstr ﬁ@%@%oﬁa' Bk'ﬂ@e (NOx) as
hydr ogen ( car bon_nonoxi d further

cdﬁ%%%tﬁ@%t J}Iéa‘glfll%lhethﬁt ﬂ?@erﬁ%ﬁ% {-ﬁlOf?P“éélCt@d with
| rawrl teast 1 ool caataﬁyg@s ddiidihiccontepped Wddd/or

one atal t ai ni ng copper and/o o
SR e 1§ B O ablista ShR %, png pzo0°c,
1@11mnmhdemotmemenevetaﬂehsaspaparbfothehninf@g@@e@xide.
oxide. 2. The method as clained in claim1,

characterized in that the tenperature is between 120C
and 18GC TamdiethpHe agr edadimed drbethpdan 11,0 Arragg-erized

bam thacpreher akinpaheut-20 10 éthb@én 3ioofe gREhodgpoc

as clained . in eithér of clains 2, characterlz%)
i FHEE tﬁé“eGaspjf—%%ﬁ“i‘%ﬁ Spét“i'e \]?@Ité)’@lef‘y ar,

betrwFerabl90a86dt100008 SoBhbharof gas/ nB8 of 20
catal yst, preferably between 2000 and 6000 Sn8/h of

gas/ n8 of catalyst. 4. The nethod as clained in one of
cl ai n8 31 Tbe3method as claimed in either of claims 1 and

2, characterized in that the Gas Hourly Space Velocity
(GHSV) 1is between 1000 and 10 000 Sm’/h of gas/m’ of
catalyst, preferably between 2000 and 6000 Sm’/h of
gas/m® of catalyst.

4. The method as claimed in one of claimsg 1 to 3,
characterized in that the gas stream is contacted with

the catalyst containing copper.

5. The method as claimed in one of claims 1 to 4,
characterized in that the gas stream contains hydrogen

(Hy) , carbon monoxide (C0Q)}, and methane (CH,).

6. The method as claimed in one of claims 1 to 5,
characterized in that the nitrogen oxides are converted
to water (H,0), 0O,, NH,, and/or Ns.

7. The method as claimed in claim 6, characterized
in that the water (H,0) and NH; resulting from the
catalysis of the NOx are removed by means of one or

more adsorption steps.




characterized in that the gas streamis contacted with

25 the catal yst containing copper. 5. The nethod as

clainmed in one of clainms 1 to 4, characterized in

that the gas stream contains.hydrogen (H2) , carbon

nonoxi de (CO , and net hane & ) . 30 6. The nethod

as clainmed in one of clains 1 to 5, characterized in

that the nitrogen oxides are converted to water .

(H20), 92, TheEneded o Nplaged imhelaEt hod aldakral webzed

I Nigl a6, athacasterdedadkBrpbabnt Repat 8 CHZO) e@Nout

NH3 resulting fromthe _ catal ysis af the h%k are

r Vel 6Y° s™GF e o RESGF PERGFe %Fgasecﬁtpﬁq ohrSRepdte group
5 10foBnedhebyet hetblased, ai netdchangddi no¥, char,actest rested

| N tlREa AL | aast ane adsorprion sten.bs CALMi gt cions

usi ng one ‘or nore adsor bént § sel'ected From t he group N

f oflmexedly. zeol i tes, exchanged or not, activated
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