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W02004/110924 PCT/FR2004/OOi447 PURIFICATION OF A MIXTURE
OF H2/CO BY CATALYSIS OF THE NOx 5 The invention relates to a
method for purifying gas mixtures, particularly gas mixtures mainly

siaipnaLhydregen and carbon monoxide, commonlygceatted Iy CDo1447
mixtures or "syngas", and, optionally, methane (CH4), which are polluted

by impurities of the 10 NOx type. The H2/CO gas mixtures can be

obtained in various ways, particularly: by reforming with steam or CO2, by
‘.'ni ] E HedYadthBs O Bh CATRIEX SIS T RE nTHE
Reforming) method, which is a combagation of steam reforming and

partial oxidation, using gases such as methane or ethane, or 20 - by coal
gasification or recovered as waste gases downstream of acetylene - -

productioh? pldRtéethi PropbRIGHTSITT O tiRsdRSRSE mittire®VaRdy ing

- gecordingitetthe eperatingpetnidiivhstypicallygeatweeni R5@best 5 anglinly

30%:hy: valume. Moseevainbesides the-hydragen apg £Q.dhe comppunds +

CH4, C02, H20 ft ised in the mixture, and in variabl
| 6;3_0']p]oﬁ'i%n§ %Rt p?gégtn‘%sge%g :)élnrglrtle rf?é’%?v%gsaréxa?/%ﬂg?jle fEBP\é Tonal ly,

wpgrading HEGO miwtuied) tieatss, padituleld bpyprotoeingtigeeof the
Rydrogeneawhich has many applications, - pure CO, which is used in
particular for the 35 synthesis of aqetic acid and phosgene, which.is a

The H;/CO gas mixtures can be obtained in various
ways, particularly:

- by reforming with steam or C0;, by partial
oxidation, ' '

- by mixed methods, such as the ATR (Auto Thermal
Reforming) method, which is a combination of steam
:efotmiﬁg and partial oxidation, using gases such as
methane or ethane, or ' '

- by coal gasification dr 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. Moreover, besides the
hydrogen and CO, the cczm}_::ounds CHy, CO3, and H0O are
often comprised in the’ ‘mixture, and in variable

proportions.

At present, several alternatives are available for

" upgrading HZ/CO mixtures, that 1is, particularly by

producing:
- pure hydrogen, which has many applications,
- pure CO, which ig used in particuiar for the
synthesis of acetic acid and phosgene, which 1s a
reaction intermediate in the production of

polycarbonates, or
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reaction intermediate in the production of polycarbonates, or 2 an

oxo-gas, which is a purified H2/CO mixture enriched with CO (> 45% by
volume) useable for the synthesis of butanol, 5 For this purpose, it is
necessary first to purify the H2/CQ naxtures. However, it may also be
necessary to purify the H2/CO mixtures for the needs of their downstream
use, by 16Mneats vEspecificireabtions that canieldardedlodtOsinmi xture
spesifis satakysisrandfor agsorhents feya PaTticuar IMRWHEYDEDYRW the
é)th rhSéJSitialsgleocéw ngligalmt)rfatment. 15 Moreover, the removal of certain
n}%untles presentin the gas streams is difficult at the industrial level. In
fact, the catalytic reactions serving to remove 20 the impurities must not
cause i HYES gasrmixtdre td theipurified e seact, o asdittlecas purify
tprgésigzlgc'ghgnrigggwgégf H2/CO mixtures is well known. 25 Thus, the -
Fischer-Tropsch synthesis has been used for several years to obtain
hydrocarbons by the following reaction mechanism (I): (m/2+n) H2 + n

CO ->1nvien H20:(1) B A gdant bencerrsathedosmation piméthanehe

1£alted methapation ms-descdbed by G A Millssat ahoGatalysisReview, by

I%ngO|'I§é N2 1213,5R-1199 10,219 ; [eflected by the following reaction (I, ¢

using specific catalysts and/or -adsorbents for. a
particuiar_impurity_or by any cther suitable chemical

treatment.

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

iﬁdustrial’level.

In fact, the catalytic reactions serving to remove
the impurities must not cause thefHé/CO gas mixture to
be purified to react, or as little as possible. |

The reactivity of H;/CO mixtures is well known.

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

foliowing reaction mechanism (I):

(m/2+n) Hy + n CO — CuH, + n Hy0 (1)

‘ A variant concerns the formation of methane,
called methanation, as described by G. A. Mills et al,
Catalysis Review, wvol. 8, No. 2, 1973, p. 159 to 210,
reflected b'y the following reaction (II):

CO + 3 Hy — CHy + Hy0 : ' (II)

Furthermore, carbon monoxide can also decompose by

the following Boudouard reaction (III):
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CO + 3 H2 -> CH4 + H20 (ll) Furthermore, carbon monoxide can also
decompose by the following Boudouard reaction (lll): 3 2 CO -> C + C02
( 11I) In general, numerous metals can be used to 5 catalyze the
formation of hydrocarbons from CQ amd.H2. Examples include the
following metals: Ru, Ir, Rh, Ni, Co, Os, Pt, Fe, Mo, Pd; or Ag as -
explained by F. Fischer, H. Tropsch and P. Dilthey, Brennst-Chem, vol.

6, 1925, p. 265. 348 The methapgl formation reaction is aisprgarried out on
numerous metals, including copper: CO + 2 H2 -* CH30H (IV) 15 Thus,

the ethylene hydrogenation catalysts that are commonly based on
platinuril deSEERBEDh aluMHRET APt dNEiSeHer-Tropsth reactionsed  to
¢eeastion {l) aheve]owith the-formationefdiyekesasbensr pariceiary 28 w, .
{ ich.is feund .o b entrated at the _reaction qutlet __,
o BT HE e, o ohe o e THe L R Seerta - -
Xidatiir catifysts Eauselfe  28Form&ion ¥ méRanBrphE Aieithdy bef ..
Femohed ,ddunstreapeaitthecdtalyst lted. thether wiogds; shesthem, vol.
§pppme,nt§ry reagtions have the consequence of generating additional
“reaction 30 products, not present in the initial gas to be purified, which
must-be removed by adsorption downstream,.in addition, to the virtually
unaVBriapfethanol formation reaction is also carried out

on numerous metals, including copper:
CO + 2 Hy — CH;OH (IV)

Thus,_ the ethylene hydrogenation catalysts that
are commonly based on platinum deposited on alumina
iead to a Pischer-Tropsch réactioﬁ (reaction (I) above)
with the formation of Thydrocarbons, particularly
ethylene, which ig 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 thé catalyst bed.

In other words, these supplementary reactions have
the. Cénsequence of geherating additional reaction
products, not present in the initial gas to be
purified, | which must be removed by adsorption
downstream, in addition. to the wvirtually unavoidable

pollutants present in thé initial gas.

The undesirable impurities include nitrogen oxides

commonly called NOx.

_ The NOx comprise_the following compounds: N0, NO,
N;03, NO@ N3Os . The latter three compounds are highly



pollutants present in the initial gas. 35 The undesirable impurities include
nitrogen oxides commonly called NOx. The NOx comprise the following
compounds: N20, NO, N203, NO02, N205. The latter three compounds are
highly - 4 reactive and react spontaneously with reducing agents such as
H2 and CO, to form N2, C02, and-H20-NO and N20 species, which are
more stable, may be present in the H2/CO mixture. If this mixture must be

r geatedVifl a286ld B8R ry iRt 8RERDA MRS, thefUsresen&IRBMHS
sadiotentialidanger. tofact;in therprasence®f tragasi o0 andc and N0

spasauated fydiocarpang, JNOx candeorm pradycisdhal ate lighle 16, ¢

accumulate in the cryogenic distillation units and damage these units. It
Hzd Hher@tore iR pensablé 10 Be 388 1R mBVE themtas ety as™ 2
cpassiblech other wordssobtaining an efficient ksmovakdhnitrbgen dkides;
pEeImly called NOX froim the,9as, stregms<p partigularfrom the,  the

H2/CO strea%s while Ilmltingotheapr%ducrtllson of ungeéyrqhﬁtl)l%b&gﬁro%ucﬁs
pllfse%ﬁ%ﬁ:)?imcp rtgﬁtabcl?tsno?éasfto Athieve ﬁ&l}ls]fﬁa ff/ The' p’Fo & ﬁat§ !
N@rse=is akesrdimiipiplotlucasdndareeoverdgss difeant Partidiaty of
£ H2/C&s yattepetof @@%ttairmlml@@blyﬁmgwe ANQX IMPYEERS itthese

tains.-Ip other words, t al of the.i ion 4s.to  improve the

uﬁnget%gdds %?th?%ri\(lﬁr%a%? f%r?%f?rﬂgfylrjiéfl g%ss gr%%{tgu%si% ar%é%la%ﬁ/ o%%jée ko
TEPRYE tyeS By propesihg Carreffidigntiietitd forphfifying an H2/CO

mixture of the NOx impurities it contains, in order to prevent

In other words, cobtaining an efficient remcval of
nitrogen oxides, commonly called NOx, from the gas
streams, 1in particular from the H,/C0O streams, while
limiting the production of undesirable by-products, is
vitally important but not easy to achieve industrially.

The problem that arises 1s accordingly to produce
and recover a gas stream, particularly of B,/CO,
stripped of most and preferably all of the NOx
impurities it contains.

In other words, the goal of the inventicn is to
improve the methods of the prior art for purifying gas
mixtures, particularly of the Hy,/CO type, by proposing
an efficient method for purifying an H,/CO mixture of
the NOx impurities it contains, 1in order to prevent
their c¢oncentration 1in the cryogenic distillation
units. '

The obiject ¢f the present invention is to provide
a method for purifying a gas stream containing at
least one nitrogen oxide (NOx) as impurities, in which
the gas stream 1s contacted with at least cne 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.



their concentration in the cryogenic distillation units. The object of the
present invention is to provide a method for purifying a gas stream
containing at least one nitrogen oxide (NOXx) as impurities, in which the
gas stream is contacted with at leasfore catalyst containing copper or
palladium, at a temperature of between 100C and 200C, in order to

catalyZeRit asP PartBt th&fittdgeTo%iBe. - 5 Hepehdingdn edth cakBe
ithreenethonl of thet invemntion o providéradnetiodeofimpifiticatioroof 2f a
mﬁ%ﬁr&?e‘)fé'@/@i%/%c ystQF the NOX gxay €amPKiSs: ORE O Mok of se
the following technical ¢ ar%cterisg%s: - the %erI\Eerature is b%we%n 120Ci
©4fd 180C and/or the presgure is between 10°and 80 Bgr, pre era f/l tea
CHisolR 4043 55 bars s the Gas Hourly Space Velocity is between 1000 and
10 O(}r?u%m%;n@f@&a;sim@?of catalystpreferabhp bezwgﬁg 2@@@%@@9&;:
m3/h of gas/m3 of cat t (1 Sm3=.1 m3 considered at 0C and 1 atm),
e b e e o htaratd copiar Sty
agSireath EéhtaiRs Rydiogen (H2) and carbon monoxide (CO), and
optionally methade(CH4), Sptheaitiogbnakides Bse tenvestad td 0Eterand

101280 O N3 %@@a@?ﬂg%f the water(H20), and INH3 resulting, from

the catalysis of the NOx are_removed;by means of one or_mare, ;
2&&)&@&% SQQBQ’ Sm”/h of gas/m’ ©f catalyst (1 Sm = 1 m
considered at 0°C and 1 atm),

- the gas stream is contacted with the catalyst
containing copper,

- the gas stream contains hydrogen (H;) and carbon
monoxide (CO), and opticnally methane (CHy),

- the nitrogen oxides are converted to water (H;0},
0,, NH3 and/or nitrogen,

- the water (H:0) and NH3 resulting from the
catalysis of the NOx are removed by means of cne or
meore adscorption steps,

- at least one adsorpticon step i1s carried out using
one or more adsorbents selected from the group formed
by zeolites, exchanged or not, activated aluminas,
silica gels, or mixtures or combinations thereof,

- the gas stream to be separated contains 10% by
volume to 90% by volume of H,, 10% by volume to 90% by
volume of CO and optiocnally, 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 iiable to degrade
or decrease the activity of the catalyst, for example
mercury (Hg), arsenic (AsH;), sulfur compounds (H;S,
thicls, thicethers), halogenated compounds (HBr, HCI,
organic halides), HCN, iron carbonyl Fe(CO); and nickel
carbonyl Ni(CO),. The protective bed may comprise cne
or more adsorbents, for example the product PICATOX
Cu/Ag from PICA,
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- at least one adsorption step is carried out using one or more adsorbents
selected from the group formed by zeolites, exchanged or not, activated
aluminas, silica gels, or mixtures.or combinations thereof, - the gas
stream to be separated contains 10% py -volume to 90% by volume of
H21 10% by volume to 90% by volume of CO and optionally, methane, - _
the catdhfst PRd beprotesrd by atidsst bremprotedtive hetHecdtedent ion
upsirepe dirsattheatalysh The priacivededseavesy Proget g0 to 1
c&ﬁalyﬁt frgmchemical 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 (AsH3), sulfur compounds
(H2S, thicds, toibethers) fhatageriated caropoinds £HBr, fplbnarganis the

@@@ém@l&aﬁn garbenyl F%QE%&%Q'C%% C}S‘éb gcxln'\'égé’)“ % he

or examp e

OEEPICATOX EUFAGHOMHBICA R 6 EStalyst used in the

framework of the invention may be in the form of particles ranging from

0.20 tofhemyip sizee S Be hupent catlyshie heysed depends ondhe )
%%nfcentrat n.of the |mgur|t|es tok?be re oved nd the properties of the

specif proaucts The Valimes o aﬁsor%%ﬁ% ndtatdiysts SREGUER 24 on
foF giiaEndeDecatide they Yependremehesconeastration tdfeh@inpeitieses

tofbe-temovegd entifdrthesprepedies. of therspecificpraghicts. lp gepgral, pe

it 6aa be. papsidered that for a givenucase, the guantityof - oo ¢

adsorbént to _be used is approximately proportional to
the quantity of pollutant to be removed, while the
quantity of catalyst is approximately proportional to
tha contact time or to ‘the inverse of the Gas Hourly
Space Velocity (GHSV) which is the.vo'lume of gas to be
treated per hour, related to the volume of cataiyst

The wvolume 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); some | leeway_' existé in the choice of the
reference conditions appropriate to each application.
The contact  time and” cHSV!  are only approximately
proportlonal vecause the contact time, in addition to
the pressure, depends on the temperature along the
column, the variation of the number of moles during the
react':.i'on, and the‘pressure drdp. However, for a given
set of reaction conditions, the two parameters can. be

selected at will,

 Bnother 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 'ti"le
desired content, | the higher the guantity of catalyst.
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adsorbent to be used is approximately proportional to 15 the quantity of
pollutant to be removed, while the quantity of catalyst is approximately
proportional to the contact time or to the inverse of the Gas Hourly Space
Velocity (GHSV) which is the volume ef gas to be treated per hour,
related to the volume of catalyst. 20 The volume of gas can be related to -
the reagtol indetr prassares{the SV then depends on the pressure) , or
can be expressed in defined conditions, at 1 bar and OC for example (the
GHSV then does not depend on the pressure); some leeway exists in the

choice 8Pthé 38 tferéh& ciditenERBrophte P&k spIR@tioRE THe e

dontactttime ande@HSVY-1CAre grlg approximately wreportionakheeafisev: th-
thecontactdime, dg addition o the pressyre, depends nodhe temperatyre -
aé ﬂ? tré%t%gurgg, g]r?dvaélatlog ffé%? numb(%r of molef during the 30
reaction and the pressure drop. BowBTer! f5t'a GveR 36t of reaction
conditions, the two parameters can be selected at will. Another parameter
to be takiea inta-aggaunt isstbea35 centent ghimpurities to b@{gmowﬁuct
the-qutlet of tB%%e%%%gﬁ@Sntsl Oap tge whole, the lower the desired.

content, the higher the quantity of ca aﬁ/sf. 7 lllustrative Example To
check the efficiency of the method of the invention, an H2/CO gas mixture
was cobtaetecdbwith s tatalystssactording td thetnversion, thatds, aroduct

CRRREr (W) q@glgs%%a%gqyg}:@d) catalyst. The copper-based - :
catalyst was the product reference 0860T from Engelhard: R

In each test, the NOX'were catalyzed at a pressure
of 47 bar and a temperature of about 120 to 180°C.

The initial gas contained about 80% by volume of Hz.
and CO, the remainder consisting particularly of
methane and NOx impurities {about 0.15% by volume) to

be removed.

During these tests, the space velocity adopted was

5000 to 2500 Smy/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 S <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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10 The palladium-based catalyst was the product reference 4586 from
Engelhard. In each test, the NOx were catalyzed at a pressure 15 of 47
bar and a temperature of about 120 to 180C. The initial gas contained

about 80% by volume of H2 and CO, ghe remainder consisting particularly
of methane-and-NOx-impurities (about 0.15% by volume) to_20 be

removed! During these testd lthe spacg velocity @opted was 500010

2500 Sm3/h/m3 of|catalyst tfeg example, 6 to 1§1m3 of catalyst to 45%’1’[ 30

000 Sm3/hof gas)[25 Table TestNo NOxtontentsof gas-(inr-moteppb)

At'reactar AL ol ItleE Atoutlétihlet with Pd with (4% catalyst catalyst 49308
21 <10 101222 178 <10 34495 184 410 4 34%@ 245 <10 51049170

<10 6 3470138 <10 8 7 13L/ 100 <10 8 1489091 <10 9521 42<<_i1(9 10

T889 6010 118822010 12962711t <10
12 962

71 <10
13 2326 47 <10
14 2736 B9 <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
:to'reaction products such as NHj, Nz, 0, and H,0, specieg
that are easier to remove subsequently, or which raise
no problem for the downstream unit.

‘The copper catalyst allows a more efficient
removal .of the 'NOx | (resxdual quantity after
purlflcatlon <10 ppb on each test) than the pallédium
catalyst, as the catalytic activity of the.latter may
be'slightly reduced if the CO content is high.

_Déspitel this, on gas streams poor _in CO - but
containing species of the diene type, it may be more
advantageous to use a palladiwn catalyst than a cépper
catalyst, because palladium serves to convert the diene

species,  whereas copper does not achieve this as

' effect_i'v_ely. :




132326 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 to reaction products
such as NH3, N2, 02 and H20, species 5 that are easier to remove
subsequently, or which raise no praplem for the downstream unit. The
copper catalyst allows a more efficient removal of the NOx (residual

uantity after 10 purification <10 ppb on each test) than the palladium

lyst, as the catalytic activity of the latter may be slightly reduced if the

CO content is high. Despite this, on gas streams poor in CO but 15

Cor‘fa'”'”%%%ﬁ{ 58 ‘Hﬁz@iﬁ@% ‘%&’sesﬁl %S’r%a'ﬂ% ﬁ§3 aﬁéo 31BN

a palladium cat yst than r cata yst, becau e erves (0]
mor\?éﬁk?eﬁ@@?e@eﬁ@*@%‘aa@mmeﬁéﬁs&aﬁﬁ&t@s% RYEadNYeamrRgities, in
whickffibetigety sOeioh Ad MShthciddneithed feaqwilkyingtalygassitsiamycesipsniagd/or

pa|iéwgﬁ?%%(%é@p%%&@@%‘etm)f&%%% durther contaioing At leasts

one nitrogen oxide (NOx) as impurities, in which the gas stream Is

part b the REEPaRtha98ast one catalyst containing copper and/or palladium,
at a temperature of between 100C and 200C, in order to remove at least

parg of themgrmab%@ecs;m%mgm aﬁtﬁ@%efﬂuéne%ﬁellgfgéhﬂ%%tact

the ex aust as In contact Wlt a catal stis at a temperature (0] etween
Wit LAt 1 BT e B RS IoP o B Ao FEARHy tha sressure o

between 10 and 80 bars.

3. The method as claimed in claim 1 or claim 2, wherein the exhaust gas in
contact with a catalyst has a Hourly Space Velocity of between 1000 and 10000 Nm*/h/m?®
of catalyst.

4, The method as claimed in one of claims 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 (H;), carbon monoxide (CO)}, and methane (CH,).

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

7. The method as claimed in claim 6, characterized in that H.O and NH;
resulting from catalysis of the NO, are removed by means of one or more adsorption

steps.



3. The method as claimed in claim 1 or claim 2, wherein the exhaust gas
in contact with a catalyst has a Hourly Space Velocity of between 1000
and 10000 Nm3/h/m3 of catalyst. 4. The method as claimed in one of
claims 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 stré8m contains hydrogen (H2), carbon
monoxide (CO), and methane (CH4). 6. The method as claimed in one of

C|a'§‘s 119/ ‘fhé‘trl%‘éeébs%%;'rﬂéﬂ%t@%trﬂ'tfogﬁgr%tgﬁzc‘e@rﬁt%gt’%'tt?&g? one

(H20), 02, NH3, and/or N2 7. The method as claimed in claim 6
ads{iEkn. B o S PSR S RSIRATSREIRS SRRSEH AR (e imwp
formetnby et tijam eaxshahgat ar mbredidstagptmumsieps silita §eheometkiot or
confahalmesdngiaim 7, characterized in that at least one adsorption step is

carried out using one or more adsorbents selected from the group formed
by zeolites, exchanged or not, activated aluminas, silica gels, or mixture or
corfibinatidhs thelfent 28, Ciimeriathatkay claimed o dnehafatmrized itotdat the

gas HRRSRS 'E@@éﬁéﬂﬁ‘é&%nﬂﬁ%ﬁ@@'ﬂf@&%@@@@d AR L%, DYoo by
volu 3%9{’% 0% voI e of H2, 10% d{i] volume to 90% by volume of CO

Ol ﬁ?d'l%g%%lh‘r &l88&imed in one of claims 1 to

9, characterized in that the catalyst is protected by at least one protective

beddpcata%@ﬁ%tﬁamatefﬁrﬁ&ﬁtatw c;f]cé]g N T?ﬁ*@g%ﬁéﬁ%ﬁ#ﬂ}%@ lﬂtﬁlame

‘ ust.gas in contact wi acaa st is at a temperature

catalo S S SoLRae DOR T SIRTNF e [t BT eHEL e 29 L0
bars. 12. The method as claimed in claim 1 or claim 2, wherein the

exhaust gpRdmeRiRekVIneaatabiainas andpsiAMeaRaY& 9alYiPtontact
w;th%emte? st :so gto aatggnggrg u;"grg h{vrpe%no{ f@ L?J,yStd 180 °C and/or at a pressure of

between 20 and 50 bars.

12. The method as claimed in claim 1 or claim 2, wherein the exhaust gas in
contact with a catalyst has a Hourly Space Velocity of between 2000 and 6000 Nm/h/m?®
of catalyst.



