;e3e\}\l{\Ao<dRN@TTa .0 4 JUN 20Q * - 0 99/37580 PC1l'/EP99/00324 - 1
CATALYST SU TABLE FOR THE PREPA m@@\ “ N AND CARBON MONOXI DE HACHN?
A HYDROCARBONACEQUS FEEDSTOCK T I'nvention relates to a catal yst

sui table for th_s?j;)r gpar ati on of car 06%®%pnoxi de and/ or hydr.ogen ;‘r)om

a
gaseous or |i48r®MPdr ocar bonaceous feedstock, a process fdiCTHHE00324

preparation of such a catalyst, and a 5 catalytic partial oxidation process
using such a catalyst. The partial oxidatd an-of hydrocarbons, for exanple
nmet hane or natural gas, in the presence of a catalyst is an attractive
route for the preparation of synthesis gas. 10 The partial oxidation of a
hydr ocarbon is an exothermc reaction and, in the case in which nethane is

the hydrocarbon, praggedst by imARLEOFS®WHR] PREBRAATN 3F Y orR&BEN ARDZC0 +
4H2 The opti num Catal%%tB:ﬁC artial oxidation grocess for 15 application on a

comerci al scal e wolfaRERN HONPEHPE) iFECHsA oY RONBHEI U EEERGTRYEr ogen at

el evated pressures, for exanple about 30 bar, and hi gh space velocities,

for exanple of the oper, ol 000,000 NI kglhor. mor g, Eor.d ermodynam c
reasons, in order to ODta nehlg yrel'ds o 2b°tarhén “AviokS de and ydr ogen
under these procdss tbhadbrémaratipn ¢ qeabessmeyorisieopadior hyvrquent i al

oxi dation process ah Bi ghsdfPerai teef nlB8obhiisslddbtsCoM @@ quber of
docunents disclosing defails of expérinents conducted into the 25 cat al ytic

oxi dation of hydPSCERBBINECT ithepRFEPRIAGCTEENIME B8y YRty #78 de range of
cat al ysts. 5Ref er eacalysicasertfial bR5daION pootkss\usihg9sdéK,a WO 92/ 11199,
and WD 93/01130. c‘gtgg pgi:ori ty of these experinents, however, have been
conduct ed under rel afl' vely mld conditions or 0 4 .JUN 2002 WO 99/ 37S80
PC fi/ EP99/ 0032~ - 2 Theadearidgddperidasiamodi hedracpnbeasepéenteampde a | ar ge,

comrerci al catal yldc®aRaréi alat@thdagho&n R RAESSresdite bleChati £1ydorGOVer,
contains a nunber of docunents discl 03|t3’% detail s of e>§per| nent's conduct ed

5 into the catal Y% @EpEREFLYS FeMdat Fon RY 8P & 158n 8 £ LUAYR & HiTdi%RBons
requi red flor commecpaktbperatidanion ¢f adhgarotathoned sohncaxddie nimikoXxi de

and/or hydrogen. |1 EPoA- 88058} kRedtSE 93CUnt SR tnddiantal 8! Yid ©
hydrocarbon, proceeds by the following reaction:
2CHg4 + O2 —_— 2CO + 4Ho

The optimum catalytic partial oxidation process for
15 application on a commercial scale would give high yields
of carbon monoxide and hydrogen at elevated pressures,
for example about 30 bar, and high space velocities, for
example of the order of 1,000,000 Nl/kg/h or more. For
thermodynamic reasons, in order to obtain high yields of
( 20 carbon monoxide and hydrogen under these process
conditions, it is necessary to operate the partial
oxidation process at high temperatures.
The literature contains a number of documents
disclosing details of experiments conducted into the
25 catalytic oxidation of hydrocarbons, in particular
methane, employing a wide range of catalysts. Reference
is made for instance to US-A-5,149,464, WO 92/11199, and
WO 93/01130. The majority of these experiments, however,
have been conducted under relatively mild conditions or
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partial oxidation process may be operated under 10 conditions demanded ?
commerci al processes, in high yield and with | ow deactivation by errpl nlgN 2007
a catalyst conprising a Goup VIIl catalytically active netal supported on
a refractory é/%g”?ﬂw ng at least two cations selected from G oups |A,

1A |1IA and the 15 Periodic Table or the transiti ofCGEF4Ws24
Moreover, in EP-A-737169 is disclosed that, when operated under the
conditions of elevated pressure and at hi-gh tenperature as demanded by a
commerci al process, the catalytic partial oxidation of hydrocarbons can, in
the 20 presence @hdakte@wtloyxlsehds@lﬁe;mttbeshé cg:aas:amliedusf £AHrRYeNi Ng a
nunber of by- products c n]Cpartt |lc L ar aa r]1_| gx£%l and h drogen cyani de
(HCN), in |ow but® SI iﬁ* - earmsunt 2" t h3& et ?‘Tﬁat such

by- products can adveFbel )i ragore dovmsoveam tpwrmmsges nm@t the 25
carbon monoxi de %%aanbydal%%s@ﬁed&@@aqlgyo%h&g@éﬁwwcam&e@d oxi dati on

process, g. in the case of fischerTropsch synthesis or of the synthesis
of net hanoi5 The lﬁrtés'éh%ecﬁalkwlﬁrﬁmaé °?‘hd?3%1’r‘ﬂ o Bydé‘i’ﬁ‘ﬁ)‘?ﬁ%‘sor hydr ogen
cyanide, in the MnﬂdthESnd)jftﬁdﬂn@ eagad ydd eoaocwéﬂoalaloaspdﬁéum pooCess i s

t hus undesi rabl e. ]B A- 737164 ks ad]_1 socl osed t dl)grgﬁ:n rroatl on of such
byproducts is si é}ﬁl PE%nIP’r’&t"\r&feP i ab Sr oraest eerrp oyl ng ag[a{’l

conprising rhodium Inij E.ll?-thédt%pllais rdirscdgsedt tHapt itbal Fytalytiive rret al. At
such levels it | papessi bhesdit b BETRR Ay Hedsslaedabiaggoduct s, using
known sol vent, 20- 03-2000Cry QUU; 1 2 ~.~ "~ 2002absorption
processeslﬁnd t h&€opPfeiong ﬁ?&‘a&fiﬁ%% q%‘ﬁﬁFb?JecP%eﬁﬁésca’t’hIWﬁh support.In
w0 96/ 04200 is dly&@llﬂseﬁld aw i abytdi@adlafvfaltabﬂm;déﬂrdp(lﬂypﬁ@wﬁfaﬂ&hly@h enpl oys
a Gfoup VIlI5catal vti ca i u

zi r coni a- basedcar’ P?{‘Bf ‘3/ %trouf’oun ca%ﬁgg lca%‘ﬂ'y ﬁcglve metal

t her mal - shockr eS|ssllpancee<ﬂ orER 848r &7 nys OaneIMQaacaladtw itwo

partial oxi dati on QkYERSSs mt%unfeoﬁaé@ st gorml NitRga " s heriugkOepd/ or

rhodi um as_an active i ngredient and cobul)'st and/ or ranganese as a pronoter is
used. Accotdi ngl y Pertodt £ | TaRd cappaF et RRSL CE PR Me R & - anunber of conditi ons
and circumst ances whiMéheafdsCltint heperfimGance difscdosatiatlydt,c whaht i al

oxi dation reactiqn t hat il possihl e i r ms
of i ndi vi dual per {67 %ggcg 'ga%arre é&n#)ﬁ:logs §§séol%e%5%§fﬁgp %{)ﬂx{e anﬁ o€

i ndi vi dual opt i nihdghi eﬁxspe@et@txedppe@qwdgsebv 3 jqagmeycial cm@C@fsstvhéhabove

per f ormance par ar&kﬁi?t!@%a&@ia‘lt ok Sd4¥QlonP B8 Shd R da@bBRE! &E, anPiAeesSS
Wi t h20si mJI taneous optim zation of all, conditions. Specifi caI |y, nitrogen is

present i Amany r?éteﬁPﬁFeg%%fr\éédfgﬁﬁﬁksyle&Hdat R thesiar 987 oF BHGSur e,
ni trogen-fr eeoxygﬁmtemnm@wmmaeal o GBl-prb8udd h inepyrexP e \etmonia

o Poval St laf 'hba AGIBERT &G ADTAERPS 3, PhOE WAEARISEERE D Y

| ow | evel s of N-con ai ni-ng reover’, e chor ce cata yt| cally
active netal, ref raouoty. oxi dasabelen héounidkehat 4uwh bgtpkydict=o damef f ecti ve

on 3 comrerclal Seakes sl S ARMG.RAAIATRL BB (UL 86! Sbydicldi ng K h

t enperature and pressure OI’eSI stance an er mal - shock resi stance under the

ext r emecoRdi t i onSaEHONpRORRHIdey BRI P thyidFeIBR RIRSUCEE: BY stha Siatsdrsie
menti oned. Finallgartihe &Eﬂﬁﬁt&%n S6cqysQdeCcgopin rand yheb dst andchelectivity

to desired products ando t nder such extre ndi ti ons,
andEPOI - DGpl 2u roggch gﬁ&%ﬁﬁ&b%ﬂ%ﬁ% gynt he“zh“oﬁz%@%? °o:3‘&)‘|900324 0 4
JUPa 2002 - 3a |pt(éeedcunderbw@u:ysdmgts:,oriw beonscuwiltarc Bmmayiprevai |l in the
event of fl uct uaty ;ﬁr}?’?;ag foolcl %tel oR, Ag %rrghgg‘.{ Yrod RekE. %@afyﬂq:ed for a

process for the c tic 14l “oxi dation o hydrocarbons 1 n which 5
nitrogen A8y be preeddad qmd%fgtorlher%?%ﬁ dis ERPﬂdﬂ%ﬁl%@? TSO543PCT AMENDED
SHEET EP-A-737164 is disclosed that the generation of such by-

products is significantly lower in a process employing a
catalyst comprising rhodium, iridium or platinum as
catalytically active metal. At such levels it is possible

35 to remove any undesired by-products, using known solvent,



29'03‘299\92002 - 4 reactions, which may be applied on a comerci al EEDRPIYP 324
pr.oduce a product of carbon nonoxi de anddos hydrogen in high yield ahéJul 2002
sel ectivity, containing a mnimum of conponents such as anmoni a and

hydrogen cyanide, and at 5 |ow or negligible catal yst deactivation rates.

Sur pri si ngl whsdrgtaohesroduws tawd, tihy BOREOYADShhRallRigat alsytic parti al
oxi dation process a catalyst conprising the catalytically active netal
associ at ed ﬁ%ﬂ%%%r?%r%c@‘ﬁﬁ???i%@?%ﬁon sel ected fromAl, My, Zr, 10

Ti, La, H, and 1S wd hes ARosso obi el sc18¥elea acht 866 Enpadriipabl e manner,
for a wide range of operating conditions. Mreover, selection of ration

enpl oyed mapidatd®n fRECERRS nivhbeh opmpic¥pedi FreupeVEddnance factors,

i nclgding f .ok conver sion,and. pr pd leLld, o45.cat . Shahidity,
cokeyf or mat %%%ﬁ%fgmp’er%m (I}gn?rgl gg%%ig%ﬁégl ?fée.a %\%glg'%%l&r?gFﬁ etdhe
present i nvertdmirempr otildeds Bs chowhgstochapei 8i hjjgh theamhptli-sablok acti ve
netal , sel ectqsi_ff{o é?u Rh, Os and Ir, associated with a netal 20 ration
sel ected from AL, %ég Zr, Ti, La, H, Si and Ba supported on a carrier

obt ai nabl e by a Jnr EResS4& 069 | 53 ndipebuseding theabptat paticamland t he
catalytically active netal in solutions ad ed _for_inpregnati or,

co- | Mt egnalT oA G ToF T orVaRF ST Rga 98 CRMISbpEPBRARFY 8aratREAg Srhe

i noggani ¢ nefral/Rtioddiwm Seb esh edet i 08 Pdgrdiest, ahtd, cbdalldf andi/cand Ba,

of which zZr isrégpreferred. The ration,is grgferably inthe formof its
oxi de. The CRMHINRIST LIPHPROFYBACSh A°cUPPPer, for exanple 30 conprising a

refractory oxi dedwyidith@ly) estwODE bat bpPar@htCOHREI EhageaamRt al or ot her
attrition resistant, high tenperature-resistant substrate. 2Gl- 03- 2000 E
P ~~ J~~~~~ oumpr F‘Pfef‘é?%q-’sr%o?ﬁeaﬁgt GLYSEmEEAPFRSeWhdShi 8 fRGtTEd® in an

atom ¢ rati Qd e SxkSsSe 0b£ 08 EaAal yEOc1pAratalt 5xsUakacs r¥Re iRef erably
in excess of or equal to 2.0, even nore greferably in excess of or equal to

3.018p to a Bdebtiaurwibhl§t| ik iedregsiheecbasPPERALgofint Remst Iedd for
constructl ”%ﬁ&%f&iﬁiy érf@rﬂanb@%ﬁggﬁ&%s,' thb$ed 1RALOMEY YL Advant age
of the catalyst of the present invention that the nature of association of
t he cat al yt izstivsemcirgevidral aptimhzagdras,caecbndigegicded speci-

fically to one of the above performance parameters,
whereby it is not possible to operate a process with
20 simultaneous optimization of all conditions.
Specifically, nitrogen is present in many natural gas
feedstocks, and the preparation of pure, nitrogen-free
oxygen on a commercial scale is both very expensive and
( technically difficult. Therefore the process must produce
25 acceptably low levels of N-containing by-product.
Moreover, the choice of catalytically active metal,
refractory oxide and the like in the catalyst to be
effective on a commercial scale must be made bearing in
mind factors including high temperature and pressure
30 resistance and thermal-shock resistance under the extreme
conditions to.be employed in terms of the factors
hereinbefore mentioned. Finally, the process must produce
optimum yields and selectivity to desired products and

optimum lifetime under such extreme conditions, and
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20032000 to be at |east partially self-regulating or directing. W tH3@02900324
being*limted to this theory it would seemthat a form of feedstogg 0
.conditioning by the netal t ~, r ,, AVENDED SHEET 20e03-200 EP 388&%%4
0 4 JUu-~ 2007 - 6 ration serves to optidm ze catalytic activity and thereby
generat e enhRCAIPInddl: [ier PERS OESRALE: B AR S Sl gLeldsi1seheekivity,
deactivation resistance and 1 ow by product formation”sinultaneously. 5 The
catal yti cal lewendt iofe frtctudsiers ekbn edpérapiont heni um rhodi um osni um and

iridium preferagb] odi nd_iridi diescu d
her ei nbefore, t ecs%ogrraeﬁg%%pb?#%ér]}%hgs s% gﬁ%%&cgﬁ? %3@5%?%38 Fagt ehe
subst ant i al loatadweri @npant sa bf oxbdeabi on anfl hydrogenbéfiscyanwtiécar e produced
duripg the catalytic partial_ oxidation reaction, _conpared.with the other
netags from™G Wﬂl$£¥ﬁbfrﬁf?%$?bd$ **%%Iéh%fp?ﬁgggieﬁénﬁé&l?ﬁe cat al yst
may conprise the catalytically active netal in any suitable amount to
achieve the required 15 level of activity. Typically, the catalyst
conprises the active netal in an anount in the range of fromO0.01 to 20% by
wei ght, preferably fromO0.02 to 10% by wei ght, nore preferably fromO0.1 to
7.5% by weight, The catal yst nmay conprise the nmetal ration in any 20
'sui tabl e amount to achieve the required | evel of selectivity and conversion
and deactivation resistance. Typically the catalyst conprises the netal
ration in an anount of at least 0.5 weight% The ration is preferably
-present in the catalyst in a range of from25 1.5 15.0 wei ght% nost
preferably 5.0 to 15.0 weight% The catalytically active nmetal is supported
na carrier. Suitable carrier materials are well known in the art and
Include the refractory oxides, such as silica, AMENDED SHEET  20=03-2000
EP 009900324 0 4 Juhl 2002 alumna, titania, zirconia and m xtures thereof.
M xed refractory oxides, that is refractory oxides conprising at |east two
cations may al so be enployed as carrier materials for the catal yst. Most
suitable refractory 5 oxide carriers are binary oxides of zirconia and
alumna, in particular in (partially) stabilised formsuch as ZTA (zirconia
t oughened al um na) ox PSZ (partially stabilised zircoonia), mullite or
alumna. Also netals or netal alloys, for exanple fecralloy-type alloys,
preferably in

MJC2/TS0543PCT
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10 the form of gauzes, can be suitably applied as carrier material. ( A
suitabl e technique for associating the netal and netal cation is 04 JUN 2007
i npregnation, in the case that the nmetal and cation are supported on a
carrier as hereinbefore 15 defined. Preferably, the carrier is inpregnated
with a solution of a conpound of the catalytically active netal and a

sol uti on ofreackiensi vhechewmal bat eppliedl Powedcbymdryiad asaleosoi onal |y,
cal cining the I 1i rial S i eferahly c ined in
e e I s e
sequenti al ,high hyidkdfandt selageivipyggsehtainifgyangiangdumoptti onal |y,
calcining with the catal Zti cally active get al, sol ution, _gnd second stage

i npr egnat i GFPTRABERGS ' SECBn@S 8PTPBAAI AHY REFEPEPRAGCKRPAYENe@RE B cati on
sol gtion 25 g @rr&eﬁ%yi ibhereataWth dbeceavatybhcabtysactive netal

sol uti on. AMENDED SHEE 0 4 .1UN 2002 Preferred techniques for -

i npregnati on arBIREEFERIRY: bhi hRFneerpfayndgthakmeb¥i ABPLAYBNG A8 by
measur ed dr @é‘%, Lkes i ol ut.i t he nodi fyi ng
cation, w tﬁ%ﬁ%a}seq e%?édé;%#%%i naﬁ%?§g?§ﬁo$9%8%ﬁ§é %i égegﬁgggal cining, in
manner thatcommumri$iongn thereghalybhcetlucactied. meraleaabpglatagr wgnhti on
and/ or drying J J -kDs L he C L gt ingygrayitation,

meni scus or- g‘baép%%%ﬁé/ﬁg?frggééfgﬁégnagg'?%?ng?f\%\ncﬁ?%:ﬁ %gﬂﬁt H’]ﬁfogl&deﬂgh

undesi red dgriadilent W, tandl 3Dcohhenébovet bejeops cgaptled sahiemedFin

exanpl e, the, oxi upport my rotated_or suspended in_nanner thatcontact
w th any otéffgﬁ‘lrb%f Tt axa%%g, n ?geﬁc‘&') %%gﬁa?‘r%%'%gu%p%ﬁtﬁﬁgl | ary

ef f gct s. Acasriingions | IMaréovéher saspecionfof heathyenémpbdpelicnayi be

provi ded a process for _the eparati on of .acatal yst adapted to_catalyze a
Dartial oxMERS Bt T UM 2o bR ap ] JRELENDPEr HOrmARah af SEFOLFTy
activenet alinslaldiigdféedst bk EonvéBsBo diid pos@stat gdetif h anetal cation
selected fromAl, My, Zr,.Ti, La, H, Si and Ba20supported on a carrier,

t hé&dpr ocesscac@ﬁp\ﬁ%i%%azlﬁﬂﬁﬁi ngoke FRYBFCEeR oRCRNESRRRTREYERyti cal | y
active nmet dodt¥ssll Wndnshadepked for inpregnation or co-inpregnation onthe
carrier, dryi ng)‘, and ,rg;tﬂi_onal ly calcining.(, In a further aspect of the

i nvention t her eGOHRAT HedtBe RERERRE f R VEREL OR PRI df car bon

nonoxi dean®4a 1yl agsip £ 1 9Th @ @y@ié@sagg@_@@appp@céfeéisfh@@éu, whi chprocess

conprises contactipng_a mxture of the feedstockand an oxggﬁn-cont ai ni ng gas
with a cat AARCHSFHPFTI P acRtal 9 2% | X actFiRChteE Wikl e (BA R+ 0m Ru,
RhpoCs and3Qdiornsidied méh AL vevg| zalion, seheched &ioghdleaMy, Zr, Ti,
La, Hf, Si and Ba supported on a carrier, obtainableby a process conprising
provi di ng tSRPRAKERD 2R | DnCARBLPEr cARBR YRR | DY R1PTRCFBEal in sol utions
adapt ed f oxddmediad %‘r@ﬁi&@n&%@%ép%%iéﬁeaﬁrfhér1 dryi ng, 35and
optionally calcining. 04 2002. g _ The process of the present

i nvention ARFPYtERLEY PFEPER nebR bol nEPb%t HeR A RE¥PLRY dE®Fen from any

~hydr ocar bonagaaiin {eesist O KedbahptSgRac Lo Son NElies  dher CoRdi i pnsgprevailing
durtng the partial oxidation 5, reac%l on. The feedstock may contain
coRPounds t3 WREIRALY GREFERIRSnpounds that are gaseous under standard

condi tions of @6 rLn PAUnPELESEE LI dh - B3 1 Octednrdm UAB, bag, absol ute.
The process is particularly suitable for the conversion of nethane, natural

gas, associZiedigadiadr HD, 0BheandoBr cedf oWhiFhh&rhidr peafpsnsd .| Fhehi s
respect, t iny'd ;‘?’Eéfgy%? af bopse. i $58n ' SF e[ £5CEx L Qe hydrocarbons ('
havi ng fro%&% 51c on atorfi. 1'?’he %r o?:ess rray@%e ©
The catalyst is supported on a carrier, for example
30 comprising a refractory oxide having at least one cation,
or comprising a metal or other attrition resistant, high

temperature.resistant substrate.



' L {n the conversion of naturally occurring reserves of netha
%%@?é?%x% substanti al anmount of carbon 15 di oxide. The feed preferggﬁw@ﬁ§Qﬁ@4
conprises nethane in an anount of at |east 50% by volune, nore preferably
at |east ?5% by volune, especially at |_east 80% by volune. The process is
al so particularly suitable for the conversion of |iquid hydrocarbon

f eedst ocks such BseZerabplt h&hkecadsadyits lbompirigelserasdon3soCratd 50 C,

ker osene feedst .hoi_Li t 5 n ynt het i, as oi

f eedst ocks bgﬁlggéaﬁgt%532328§ g§§%5%5%508% %ﬁ%%gr?Fcérgrg%ef%ﬁgn 200 C and
300 C. It isspefackl, embaehavre fleydbldyarimorxceasss ofaber eauadSta @€sdént in the
feedstocks to be used in %he grocess according to the pres%nt i nvention

whi ch are ga8¥60s™IRGePTSEERARMY EOnGHEESHs Ot Ofe iRt §Pe Jafd Y & it e,

t ogetder w t hakatnem ahlwhichized biyqthd woder ratiandabd eordiddtem dfor

tenperature and pressure. g%dro%arbons 30 whi.ch are ngHid under standard
condi ti ons oF°PENPEFLLnfe LR SHFEdySte £y Fi-cdMPFegBata R -up to 25 carbon

atonms in their mpkegyl @SpaFhecpnacessivastagdi bE taet BatRI§EENLH RNt i on
can al so be carried out when the feedstock contains 35 oxygenates (being
gaseous and/ BEeBeRkginVEntdonndeat theanpunreo9f avg0ogdasiogoof the

PCT/ EP99/ 0384 rarils 302903EE | GRNHeliaN 20l +RRPRERRY! BaRAGAPRRRAY €) -
Oxygenates to be seg as”(part of) the feedstock in the process according
to the preseﬁeemnﬂ@nbﬁontageaééfPﬁ@&iailWDB@d@k@ggudﬁtéhgi@g apart from
carbon and h&_du.%gg:%@n?;t.omt?oﬁtt B%ﬁ?;g; 3 sgpivaan At (Emt\éhl&ﬁ@o' ;: jlenked o

ei ther one or two Carbon atons or a“tarbon “at ormiand 2 R drogen atom
Exanpl es of seemalthatorydenat o femgisitockmerhnditionénabyl thei mettall et her
andf{al kanols, ether, acids and esters having up to 25 carbon atons. ' 10

Al so m xtures of hydrocarbons and oxygenates as defined herei nbefore can be
used as feedstock in the 1 process according to the present invention. The
hydr ocar bonaceous feedstock is contacted with an oxygen-contai ni ng gas
during the partial oxidation 15 process. Air may be used as the
oxygen-contai ning gas, in which case nitrogen will be present in the feed
and reaction mxture in large quantities. Alternatively, substantially-pure
oxygen or oxygen-enriched air may be used. 20 Preferably, the feed

conpri ses the hydrocarbonaceous feedstock and oxygen in anounts giving an
oxygen-tocarbon ratio in the range of from0.3 to 0.8, preferably fromO0. 45
to 0.75. References to the oxygen-to-carbon ratio refer to the ratio of
oxygen in the formof 25 nolecules (02) to carbon atons present in the

hydr ocar bon feedst ock. Oxygen-to-carbon ratios of the stoichionetric ratio,
0.5, that is in the range of fromO0.45 to 0.65, are particularly suitable.

I f oxygenate feedstocks are used, e.g. nethanol,

v

o
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30 _oxygen-to-carbon ratios below 0.3 can suitably be used. The fe

2@’@3‘3&&% y conprise steam If steamis present in the feed, the %885900324
steamto-carbon ratio (that is the ratio of nolecules of steam (H20) (Xx{oJuN 200
carbon atons in 0 4 J~JN 2002 W99/37580 PC If'/1EP99/00324 - 11 the
hydrocarbon) is preferably in the range 6f-from above 0.0 to 3.0, nore

preferably fromaboyerfod L9 ginrﬁiTQé, 859§f§§i@faé@fvfff.sgﬁa ’FH&!EEB&O” I's
operated at el evated pressures, that is preSsures signiticantly above 5
at nospheri c garessake. enlangenert sinsthyppeafdymapes qppavemetpressfires in the

range of up to 150 tiara.. Preferably..the. operatin ressure.is in the
range of frometdn X %Ja‘f]atfy'rm %a%T’éY%Eh%rFyr??Jo T 480 1P%9rBY " The
process may gdpet af exxnat iemys il tdheoddlyenperature. Under the preferred

conditions of high pressure prevailing in the process, th eed gases are
(o an Aty al IR o o LT e v e et L S R T e chidhat iy o8 |
order to achhsteerdinen) emeddDim £Oob$RSh Ofnd ettt d g f OGS r&f EPAWEY CEBbmScal e

operation. Accordi ngl 15 the process is typically operated at _a
t enper ature*‘%?c’daltm‘i‘e%%‘i‘ um pp i3 e?%%l’i’/?e’%/ﬁil SRT e ¥ehpRebPERe is in

the range ofifd Q019 JBAOr Gndvs £gR! #f 810! Yaddhtdge rapge of from 900
to 1200 C. Tenperatures in the range of from 1000 to 1200 C are

parti cul ar | ypuhatawtialdy hLores Beerts o0 f yapwnlogagrhydrogent he range of

from800 Ct a],%(}gg | t i e rgé'% i LE eis to the
terrpmgr ature 534 the ;éaiéé I%a@c?é\%e?h‘ﬁe@%g?ile?g% efﬁele% m x‘?iuérjjé is typically
provi ded durdxiglaticoratedsttion pagonpdrediwith dtheradess metagbs Spase 25
vel ocities g% j i i tr.es nd 1 atm) of
gas{per Kkil ((g’gfr%g‘{rﬁeof cataqjﬁ ﬁ{%?é%%%?? #énbf%e&r agnhgee %j;er?erlgzrr?QO, 000 to

200, 000, 000 N1/ Kthienh,cgrafvatabiay | eongel sange ofatfalgm isfs 0P dotH0e 000, 000

N1/ kg/ h. Space \mel.Qcitl.es. | rgﬁ]%§ f_from3Q 5 000 to. 30,000, 000

N1/ kg/ h are l'l'ﬁ)e?l:rz"tll cu agrr}‘)g ss%ﬁ%#ee engatséeo%épunelq’;(ei Bc%lee o]fe%"hlered

hydeecar bondeaais df edstiocik yandr yinecaklye neloo st 2l yet gasmpsi peef eiabl v

contacted with the catalyst under adiapati,c conditi o€s Forqt&f ur poses of
vTe

this specifi i%n,M% 't rﬁ%Sam%‘ﬂ?‘ébla?iEhe iPIS Serehidl 2tion
conditions i20% Hy 4velidtk 2F¥-éferably from 0.02 to 10% by weight,

more preferably from 0.1 to 7.5% by weight.
The catalyst may comprise the metal cation in any
20 suitable amount to achieve the required level of
selectivity and conversion and deactivation resistance.
Typically the catalyst comprises the metal cation in an
amount of at least 0.5 weight%. The cation is preferably
| present in the catalyst in a range of from
25 1.5~-15.0 weight%, most preferably 5.0 to 15.0 weight#%.
The catalytically active metal is supported on a
carrier. Suitable carrier materials are well known in the

art and include the refractory oxides, such as silica,

AMENDED SHEET



N9 80 ~C f/EP99/00324 - 12 which substantially all heat |o0s
éx§$%§55 n fromthe reaction zone is prevented, with the exceptionﬁ%?Qﬁ@§90324
| eaving in the gaseous effluent streamof the reactor. Any suitable 04 JUN 2002
reaction reginme may be applied in the 5 grocess of the present invention in
order to contact the reactants with the ¢atalyst. One suitable regine is a
fluidized bedudihayhiehcddea cat abysiid SakaPhoxedrts therbeem ffixparticles
fluidized by a streamof gas. A preferred reaction regine for use in the
process is XeMrFFHAY H#IEBct FRAL riyi FRITAALQRY cxidescapBPyising

retained wt i [ ' r tosl - L¢l es of
catal yst may g'%ns;)fg'ye%oﬁ]@t es frlﬂa;(gdgjbgé‘g%gg(%xﬁéfgg?%?a?ﬁeagggyﬁg fi xed bed
reacti on tectatieqpiesl sveffdr kilevncdpal het arMosi seibableetgfrabtotiyxed

arrapgenent 15 pmay conprise catalyst.in the formof_a nolithic
struBture. ﬁxﬁb{%a %arrg"fléer‘?‘s:aa%%ﬁ% rl?‘%%( coé%?%%t?lfez’cﬁ?r%?fgegn BeP B8 oam
Sui t abl e cerigimpa fmiaaEl f0rinspantidEl py osesisi b eedvidtmbsechoaserTpal | y.
Further, alter.native for for.t catal yst inglude refractory, 20.oxide
honeycomb notfaiiin& r‘i&‘?qr}?eerée%ra e a?ﬁeﬁggr E%Tﬁ?%%if)& F‘H:é?b?ésﬁfi

car bon nonoxjidecatich )hy diweit §repad Beniya | el $6 oaecsl 9f ot hmetabvention is
particularly suitable for use in_the synthesis of_ hydrocarbons, for exanple
by 25 neans dfla¥e HYh&EaRbs et iR%T PR rat iRy sy pResesably in

oxyggnat es, drHy i £ JRIAA0l carRCesesad Df A1 LONVEE SEQPrOErt he
m xture of carbon nonoxide and hydrogen into such products are well known
in the art. MG or a mixture with other gases, prepared by 30 the

process of thi sz NGO NERCHIP QA Ly 44 180! €nd Qﬁe@? ﬁ?g

conmbusti bl e fuel either directly or indirect cy The” process o
i nvention cadtdly aratian tishlimpregraiion, pibvike care kRbgere fRetalox a

fuel cell. | the fuel
Ouz Jﬁﬁ 2002{}\%%49%%3117;%%4 SsugPSE e AN QYOEl: S RASSARHO¥EL t he Tue

15 defined. Preferably, the carrier is impregnated with a
solution of a compound of the catalytically active metal
and a solution of a salt of the metal cation, followed by
drying and, optionally, calcining the resulting material.
The solutions are preferably combined in suitable amount

20 and co-impregnated. Alternatively impregnation may be
sequential, with the first stage impregnation, drying
and, optionally, calcining with the catalytically active

metal solution, and second stage impregnation, drying

A ( and, optionally, calcining with the metal cation solution
25 or a mixture thereof with the catalytically active metal
solution.

AMENDED SHEET



PC f/1EP99/00324 - 13 <cell in order to produce electricity and water. Fuel
cell technology is well known in the art.The present invention is fugtheg 2007
descri bed by way ofthe following illustrative exanpl es. 5Exanpl e 1Cat al yst
first Preparation - not according to the i_nventionl600 pp cm 2 (pores per
cnR) ceramc foamwas cut tosize to fit into the reactor or was crushed and
si eved t 030/ 80 hresfiepxed seebnbanese fpkradmpy eionagd cov e eatbyl 20 pRLGwer

ight. F el i th [ iridi
Chi'ori de sopttnbhbEscsbatianyy, dREE 3100, ReBTOIRE kol BGHER, 10 e
cal cul at ed. dfbpsetutndnthas laddedft @ shepeashoppart istllet) dno ofmutegnat et hem
inth t .and the f icl i ed15i, t 140 C
bet ween eaciothEr SBHACRGAORTh Mok SFEEAREN tUAEHR 4: 17 B tmédds Sy anount

of sol uti onmgs Bdredanéf k8l clihiifigl Nenf RaRnERathiagl &shnWeoerdri ed
andcal cined in air as follows: 4 hours at 120 _C tenperature-raised to 700 C

with 80 C howprednpsiry 4F207bdetedndPE6SrPradMy /t dmpredoation aadiqmg
catal ysts QLA e§55c9rmahb%t0&hr-'tﬂbuab%negoelfu@iggo@%%ng

(partially-stabilisedzirconia), ZTA (zirconia-toughened al um™na), al um na

ornmul lite foemvitabipasulesigcesgprenapiliabye of f28Lsadvird nRCsiraliyed,

Preparation . accokding : Lpv I e .of le 1 was

Fol | owed w T FheBanS P8 vt BE, o B L e e o i ol 1 ed

bydddi ti on odntestl afi theoinmpreghttefl aatinorg&pirc exampde30dchlecwxdided t o

give a 5 weight %] oadi n i,norganicrat, ans. SO|Uti°%§P re selected
r

fron1zircon@ RPtrafey eﬁ%?&ggg, Rt HFFPSFSF and PREFE T es. The

resul ting cedmtystswiehpahgedtheVobyentisghbiesi dbottmedeoutadieum and 5% by
wei ght of ratiopns of Zr, Ng 1 ZO-gg-egOO EP 009900324 0 4 JUN 200?. - 14
A, or M- AenE3CPRpPEGHAPLYLBAY1866°558m 2 PSz, ZTA, alumina, or mullite
foam The resulAsceraiggy¥en in FabhetRerEssppke 3£5tGat ahyshtRPeaparation -
acc%rding to the lnventiog he rocedurg of anngle 1 was followed with the
2ddPti onal SHSES bF BEGELORE AnBFEGRATI OREUSPRPASBAEAFAOR OF 2 salt of an
inorgani ¢ nededlysati edapakaukat edthdygeva paztiailgbkinbeadnng of the
inorganic 10 netal ratjon. Thf second i npr.egnati on was ,carried oyt using
the same prot2ottelof “BRafpFELYSEoFOPRELPLRS: & FBFBNALCEALIYTRE YS! ti ng

i mpr egnat ednd a1) (paLkbebaSErvRr RugaRai ned HadNrl hasgbesadue wafthbsanpl e
1. The resultugﬁ catal ysts_conprised 5.0% by weight Ir_15 or Rh and 5% by
wei ght of rMRYdhsCRFIOR setgtbrei ArFPR Fﬁpr@éma?§d 3h -al@ni BE oSivamsy Bpam

Thegresul t ss@8c Bt ¥&NohNaTakkeidr, Tehkepiotakal rohbeagthaupr¥ibiMet al Met al
Cationl aY-PSZIr-I bAl um nalr-|cY-PSZRh- 1 dCe- ZTA- I r-1eZTAlr-1fZr-mullitelr-
AVENDED SHEEYe mepafh3caeppneapdosd80635alyticallyoaesive metad) dm

Cat al yst Foagdl @dponk| habptaliMebal ifptegRdRYoRSEkr Lb-GApirbdBaed Ry JisSZI r My
co-inpreg2cY-PSZ, 1Al cq-inpreg2dY- PSZI r MgAl co-lnpre%ZeY-PSZRth
co-inpreng?@%nFﬁﬁFFEF'c8¥yg89eg?§ OPFAPRRL LYo CRAGHBERAZTAI 1 Zr

«€o-{npreg2l mul 11 e4r £ar€RekMEBEct of the invention there is

- 25 provided a process for the preparation of carbon monoxide
and/or hydrogen from a hydrocarbonaceous feedstock, which
process comprises contacting a mixture of the feedstock
and an oxygen-containing gas with a catalyst comprising a
catalytically active metal, selected from Ru, Rh, Os and

30 Ir, associated with a metal cation selected from Al, Mg,

Zr, Ti, La, Hf, Si and Ba supported on a carrier, obtainable
by a process comprising providing the metal cation and
the catalytically active metal in solutions adapted for
impregnation or co-impregnation on the carrier, drying,

35 and optionally calcining.



Tabl'e 3 Catal yst FoanGroup VIII Metal Metal Cation3aAl um naTrZr seq.

tmpreg3bY- PSZIrZr seq. inpreg Exanple 4 Catalytic Partial Oxidation ,ﬁ4 JUN 200
reactor was constructed conprising a transparent sapphire or nmetal tub

The nodified catal yst prepared as 5 herei nbefore described was | oaded |nto
the tube and retained in the formof a fixed bed of catal yst. Methane and
air or oxygen-enriched air (02:N2 is 1.8 v/v), in sufficient anmounts to

gi ve an oxygen-to-carbon ratio in the range of fromO0.49 to 0.64, were

t horoughly m xed 10 just before being introduced into the reactor to

contact the fixed beghdlp cRkabyst - cnt® rBEXAUN $hv¥h B NRE NG sRLM 8T
oxygen-enriched air was fed to the reactor at a pressure of 11 tiara and at

a gas hourly spaBECRIDGANPORMERERES dSHERT/ OF Z‘WCUI?QZB HPPERE09900324 0 4
JUN 2002 - 16 (@i&@cdfbdnheebﬁﬂgﬁeeﬂfstfol’cﬁﬁtﬁa@&&, @aeea@s Chrﬁm @de N1/ kg/ h.

The conposition of é c&gs rp'e%ggy Y u\{__lg t.he reac gro determ ned by
gas chromat ogr aph{y"% §reng v%ter ntfdh % e glaé1 stream
| eavi ng the react-’@@ctllcm Talee§edds ok abaez gPweaLnt hempesm-‘-’e shas »CeM net hane

conver si on), SCq_J.%Pfjd %/ﬁel:@ﬁﬁé%lésy t‘i‘thQQ'@r‘!ﬂs@%uL unJé@lsQ:aﬂdard

Enriched-air er f ormance of Z with metal cation (GHSV i
3,300, 000 N1/ kg/ Ren@btionss of, 535\9%&%1%@9@%2% Pralds F?prﬁl%\“d

. 8895880. 52291959061 $332353é Du B2 C W25 B1dcd 241920 2A2L 1 OTH 19D $U3 98082 3fbm the
Perf or mance at t her nodynam ¢ equj | i brium
conversion of methane, natural gas, associated gas or

10 other sources of light hydrocarbons. In this respect, the
term "light hydrocarbons®™ is a reference to hydrocarbons
having from 1 to 5 carbon atoms. The process may be
applied in the conversion of naturally occurring reserves
of methane which contain a substantial amount of carbon

15 dioxide. The feed preferably comprises methane in an
amount of at least 50% by volume, more preferably at
least 75% by volume, especially at least 80% by volume.
The process is also particularly suitable for the
conversion of liquid hydrocarbon feedstocks such as

20 naphtha feedstocks boiling between 35 °C and 150 °C,
kerosene feedstocks boiling between 150 °C and 200 °cC,
synthetic gas oil feedstocks boiling between 200 °C and
500 °C, in particular between 200 °C and 300 °C.

( It is possible to have hydrocarbonaceous material

25 present in the feedstocks to be used in the process
according to the present invention which are gaseous
under standard conditions of temperature and pressure,
together with material which are liquid under standard
conditions of temperature and pressure. Hydrocarbons

30 which are liquid under standard conditions of temperature
and pressure typically contain up to 25 carbon atoms in
their molecules. '

The process according to the present invention can
also be carried out when the feedstock contains

35 oxygenates (being gaseous and/or being liquid under



Table 5 Enriched-air-CPO Effect of nodifier on Ir/Y-PSZ (GHSV is 3,400, 000
N1/ kgfh; 02:Cis 0.63) CatalystxCH4sCOsH2 aNH3 make ppmvDeact.b s/ 244 JUN 2002
hour 1a9895881. 632a9995882. 10. 5Ther np99. 79589. 113 Decline in xCH4 per 24h
AMENDED SHEET  20-03-200 EP 009900324 0 4 JUV 2002 - m The results
presented in YOME"™80and 5 indicate that the nodifiers havePEI/ERN9@I24 al

I nfl uence on the CH4 conversion. The inportant paraneters of the catal yst
performance are: a high CH4 conversion, a {®w NHg naeke 5 and a high
stability. The stability is expressed as the decrease in CH4 conversion as

function of tine.gERQazh EQU @ 13RALET &dmpaRReaLEetadP 2@ s8RsL) beneficial @ the
CH4 conversion of this catal yst was the highest while at the same tine the

NH3 neke was not HHYIRNPHES e%&é%f “‘Fﬂiﬂsa?LO(R?éﬂ:aP%tthﬁasfeﬁééF%ﬂkchﬂ’ thes

stability and it p&m@a&eﬂc&bm&rg '&:baﬂhé h;ﬁ:e&'éabl imtemtqfont Bee Cad filrjest awi t hout
nodi fier. The Zr ca o catafésts i not H?benefl ial for

the Y-PSZ suppor & e@ﬁbﬁfy@?'ﬁ alﬁr’fngv‘%%aﬁ% PRoRGET £° %e&@r &d with
an al um na3supporat l®aet| t/etygennatomt el iaht lwaélrnlcﬁd é;@t eyehén ardwe or

enr i ched- ai r CPO exReILEBEE , o UM %rt 98 aZrcarm@hf b8k 1dra@ LU AL 88 SR/ NVENDED
SHEET 20- 03- 2000 EP 009900324
Examples of sultable oxygenates comprise methanol,

ethanol, dimethyl ether and alkanols, ether, acids and
esters having up to 25 carbon atoms.
10 Also mixtures of hydrocarbons and oxygenates as

defined hereinbefore can be used as feedstock in the

—

process according to the present invention.
The hydrocarbonaceous feedstock is contacted with an
oxygen~containing gas during the partial oxidation

15 process. Air may be used as the oxygen-containing gas, in
which case nitrogen will be present in the feed and
reaction mixture in large quantities. Alternatively,
substantially pure oxygen or oxygen-enriched air may be
used.

20 Preferably, the feed comprises the hydrocarbonaceous
feedstock and oxygen in amounts giving an oxygen-to-
carbon ratio in the range of from 0.3 to 0.8, preferably
from 0.45 to 0.75. References to the oxygen-to-carbon

( ratio refer to the ratio of oxygen in the form of

25 molecules (Oy) to carbon atoms present in the hydrocarbon

feedstock. Oxygen-to-carbon ratios of the stoichiometric
ratio, 0.5, that is in the range of from 0.45 to 0.65,
are particularly suitable.
If oxygenate feedstocks are used, e.g. methanol,
30 oxygen-to-carbon ratios below 0.3 can suitably be used.
The feed may optionally comprise steam. If steam is
present in the feed, the steam-to-carbon }atio (that is

the ratio of molecules of steam (H70) to carbon atoms in



- 18 an excellent performance. A high and stable CH4 conversion was
measured (see Table 6). Table 6 Enriched-air-CPQ Performance of |r/aladUhai?
(al um na: Dytech Poral 20; GHSV is 4,900,000 N1/kg/h; 02:Cis 0.63)

Cat al yst XCHASCO ¥6H2 $Deact. % 24 hour | bNo

react i on2f 999%83%368h9995891. 8Ther np99. 49590 OF interest ar BCI/ER9PI24 CPO
experinents. It appeared that al so under these conditions the Zr

nodi fication 5 shows its benefits. Catalystis -have been prepared with
differing active phases and different supports and the results show an

i mproved per f or "RRgen Phrd@ibody St &Pradaedbl hei e HDdahye abf Ofk-dnS aBBRLI €d
(see Table 7). Zr-nodifjed catal éSt shﬁw $ hi grgafr CH40converS| on, whil st
the NH3 10 make Ps%nb? hMeRer BERERFAPLY FRBT 2PPVe18 0ok € it

represent catal ysts Tioé¢ froxeser df nthd @riekent nirerdntdon §s vepe fadredcampar ati ve

purpose with corr ' | yst cgQrdi t | | he
process using cat g?gggg{lig% e%%é%ﬁ%édab% }g ?ir:r%%ség%gt ?Eghgygg%ﬂu%@oﬁbgy b
zirconi a ob |r/Yapsgsphewl ppaesaere of The pEeness iiptovesat he qramegedance of

the catalyst, w Ropgtesiandd N9 the tdnddl SRELST €. 15900BEYE! , AR GBI VSt
prepared in this way is not as good as the catal yst i ich the Ir and Zr

| yst i
are mxed in thet58 PRPFEGTS PERSEXFLhiSon ARE eSﬂ%Eggmz?O-rﬁ’s- 2000 - 19
Tabl e 7 Air-CPO 1Bbf Bata Ofmotte phefle f{drvefronuppor t190( BRISY. i s 3, 400, 000

N1/ kg/h; 02:Cis 0'4%ge process may be operated at any suitable
10 temperature. Under the preferred conditions of high
pressure prevailing in the process, the feed gases are
typically allowed to contact the catalyst at elevated
temperatures in order to achieve the level of conversion
required for a commercial scale operation. Accordingly,
15 the process is typically operated at a temperature of at
least 750 °C. Preferably, the operating temperature is in
the range of from 800 to 1300 °C, more preferably in the
range of from 900 to 1200 °C. Temperatures in the range
of from 1000 to 1200 °C are particularly suitable with
20 substantially pure oxygen, or in the range of from 800 °C
to 1000 °C with air. Reference herein to temperature is
to the temperature of the gas leaving the catalyst.
The feed mixture is typically provided during the
( catalytic partial oxidation process at gas space
25 velocities (expressed as normal litres (i.e. litres at
0 °C and 1 atm.) of gas per kilogram of catalyst per
hour) in the range of from 20,000 to 100,000,000 Nl/kg/h,
preferably in the range of from 50,000 to
50,000,000 N1/kg/h. Space velocities in the range of from
30 500,000 to 30,000,000 Nl/kg/h are particularly suitable.
The gaseous mixture of the hydrocarbonaceous
feedstock and the oxygen-containing gas is preferably
contacted with the catalyst under adiabatic conditions.
For the purposes of this specification, the term

35 "adiabatic" is a reference to reaction conditions in



Cat al yst xCH4 9%6C0 ~, sH2 sl c (conp) 6488792e759088l a

(conp) 6588802a7490883b688880I d (conp) 6387792g7590881e 04 JUN 2[](]’
(conp) 6085752h7490861f (conp) 70898521 728985Ther nn749090 MJIC2/ TSO0543PCT E
009900324 0 4 JUN 20~~ AMENDED SHEET 0 4 JUN 2002 - 20 CL AIl MS 1. A
process for tWOPBRBBhration of a catal yst conprising a cat abgu/Ersiodyps acti ve
netal, selected fromRu, Rh, Os and Ix, associated with a netal ration
selected fromAl, My, Zr, Ti, La, Hf, Si- and-Ba supported on a carrier, the
process 5 conprising providing the nmetal ration and the catalytically

active nmetal in galedifusstadaptey faqu haﬁeegml la@8 B&dLd i egBat ted on the
carrier, drying, and 0 tlonall% cal ci process accor.di to claim

1, wherein the mBEATCYHR iZSR<ah ?’fﬁe"e@éf er*téhltlhﬁ SECTRE Al 5?5 provi ded
in solutions 10 adapirgd frortheogasemuegrifioent HtrAanadfll gisd reaapprrsi ng a

catalytically activ tal: e 4 S I at ed
with a netal ratlon%ge%tlgaﬁgr}o%%mbg%% ?ng ﬁg Qﬁjl er§ 18 SR%
supported dn a cREPFe¥s ShttarnmbeEendy 1avﬁ¥ib¥$é!s§-nae€6?€h‘?@ %tEStCFfa‘Fm 1 or
2. 4. A catal yst ra5604kkGika @h@léat%,ly\é/eer@w duheapeé a:}ecjlatel @8 hS a

zirconiumration C St aco [ aim 3 or egre t he
carrier is an at F}Ff?’oﬁecfésel gt aht¥ ﬁp‘ge C]a‘(ts‘ﬁr ésr%tg?]sqy lBaH}? 2G
the carrier pref épamqu(par[trllc$amgfla4m1zati lmy a atekpacebrgaoxirde. 6. A
catal yst accordi pgek ALY ALcElgh BeginkOrgr WHEHG e?ah&@é&@ Gsrgtio of

ration to catalytically active metal 1S ip excess o ual to 1.0, nore
pref erabl y%of 2. @lxﬁ%sktedzgeﬁlcéf-%ﬁ‘altﬁ%m@fr gn gwhirh AhEa?‘?atF%/]s\ts"-aééordl ng to

any of claims 3 tetfinadafi@hdnt Herdiitabonr a&m@md % @iﬁé@mrﬁamg@&eaapunt of
at | east 0. 250 b t based o t he cat %I \ést nor e

t he t
preferably of at 55\%‘? ) cﬁﬁ%?y?)tr E“Fé(?gﬁl % dZSnt'bhe.LS%

regime, retained using fixed bed reaction techniques well
known in the art. Alternatively, the fixed arrangement
15 may comprise the catalyst in the form of a monolithic
structure. A most preferred monolithic structure
comprises a ceramic foam. Suitable ceramic foams for use
in the process are available commercially. Further,
alternative forms for the catalyst include refractory
20 oxide honeycomb monolith structures or metal gauze
structures.
A mixture of carbon monoxide and hydrogen prepared by
the process of this invention is particularly suitable
( for use in the synthesis of hydrocarbons, for example by
25 means of the Fisher-Tropsch synthesis, or the synthesis
of oxygenates, for example methanol. Processes for the
conversion of the mixture of carbon monoxide and hydrogen
into such products are well known in the art.
Hydrogen or a mixture with other gases, prepared by
30 the process of this invention may be particularly
suitable for use as a combustible fuel either directly or
indirectly.
The process of this invention could very suitably be
used to provide the hydrogen feed for a fuel cell. In

35 fuel cells, hydrogen and oxygen are passed over the fuel



D 4 JUN 2002 ., . 21 8. A process for the preparation of carbon
nonoxi de and/ or hydrogen from a hydrocar bonaceous feedstock, which quqsmz
conprises contacting a mxture of the feedstock and an oxygencontai ni ng gas
with a catal yst according to any of clainms 3 to 5 7. 9. A process according
to claims8, WRPWE0 he nmixture is . _ contacted with the ccRCIVERS00324 a
tenperature of at least .. 750 C, preferably in the range of from800 to
1300 C, nore preferably of “from900 to 1209 €, at a pressure of up to 150
10 tiara, preferably in the range of from2 to 125 tiara, nore preferably
of from5 to 10CGellada, oedel ato prgeschcrirdcrripice argl eekky. i Fudlheelange of
from 20,000 to JtQQthg 000; N1/ ka/ Ry, px ef erafl ¥, £ r om 50, 000 to 50, 000, 000
N1/ kg/ h, nmore prefera F from 500, 000 to 30, 000 000 N1/kg/h. 15 10. A
process accor di ng té“nelamﬁea!rormgenw disn THREL ST dascaihad By way of

oxygen-t o- car boncHealfo®1bWind & NaRYeaOf vd rexamPirest o 0.8, preferably of from
0.,45 to Q. 75. . 1i. A process according to any of clains 8 to 10,
wherein the fee acted with the catal yst under substantially 20

adi abati ¢ condi tGaiad yst AP réisa Y5 0A3 - Ano AR cAlr8idn % A@ha, iAventsarA” @ ALh

. AH. An. Al . AF. AY. AYF? iz

sM\~yt oj e [V] ca] ca] ¢ Peaﬁ’%aﬁx‘c? %ﬁﬁ?c%ﬁrcﬂ“ca] CRUAS EAPRRAF: S &fca] ca] cn

a] ca] ca] ca] ca] cajiza] ca] €at cajtzatheakeadtoad lor was crushed and sieved to

"1 gH KT e hend ol al ¢ ﬁj]agﬂ cakel sabeshoal pae pea) cal ) ol cl cal

ca] cal ca] ca] cal] ca] ca aj cal ca

"C' D' L0s# g AP VRS BT -AP Frh cRoaTt | (PAF E AT ke )c #péayeialiach pad] Ehe amount
a] ca] ca] ca] ca] cajrahealcr] 6a] alcdakcahradicr] ealeedsralneakiea] ea]galeal cal cal $
53996 M1 (()) () 8) \ia, rnoatum or irigium Loads .
YD E)N)O))) 9*: * « Fhediun on, 1§ 191 40 Lo dap Uit S EAF Y cRi%a] ca] ca] ca]
ca] ca] ca] ca] ca] cajlcaxlica] vaj caldea] ca] thd cirama](pat tixdles)) c &pc dhped griadte+<+=+f +p

+++++
them in th t ticles) we

0,P, ., B-G---- )nA Bree ° fsﬁln Zl] ﬁ (p Jf:a cal capcg caq ca] cajcalca

/

] ca] ca] cdfca] ca] kAPl cal c]a’] afcépchs "da—']e@afé CHIREEPRAF £l c alteid
c//700i O] OHoUG| 6 GepedBd @itil alll]l the necessary amount of solution

d Z
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The results are given in Table 3.

Table 1
Catalyst Foam Group VIII Metal | Metal Cation
la Y-PS2 Ir -
1b Alumina Ir -
lc Y-PSZ Rh -
: 1d Ce-ZTA ' Ir -
le ZTA Ir -
1f Zr-mullite Ir -
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Example 4
Catalytic Partial Oxidation

F10% ( & ()- (mL0%

A reactor was constructed comprising a transparent
sapphire or metal tube. The modified catalyst prepared as
hereinbefore described was loaded into the tube and
retained in the form of a fixed bed of catalyst. Methane

and air or oxygen-enriched air (05:No is 1.8 v/v), in
sufficient amounts to give an oxygen-to-carbon ratio in
the range of from 0.49 to 0.64, were thoroughly mixed
just before being introduced into the reactor to contact
the fixed bed of catalyst. The mixture of methane and air
or oxygen-—-enriched air was fed to the reactor at a

pressure of 11 bara and at a gas hourly space velocity
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In Tables 4 to 7 are given the results as xCHy
(¥ methane conversion), sCO, and sHp (selectivity to CO
and Hp) .
Table 4

Enriched-air CPO: Performance of Ir/Y-PSZ with metal
cation (GHSV is 3,300,000 Nl/kg/h; 02:C is 0.55)

( Catalyst xCHyg sCO | sHp NH3 make

% % % ppmv
la : 88 95 88 0.5
2a 91 85 80 0.5
2b 92 95 91 0.8
2c 92 95 91 1.1
2d 92 95 93 1.0
Thermo?@ 33 85 93 230

a Performance at thermodynamic equilibrium

Table 5
Enriched-air-CP0O: Effect of modifier on Ir/Y-PSZ (GHSV is
3,400,000 N1/kg/h; O5:C is 0.63)

Catalyst xCHy sCO sHyp NH3 make Deact.b
5 Y 5 ppmv $/24 hour

la 98 95 88 1.6 3

2a 59 | 95 | @8 2.1 0.5

Thermo 89.7 95 89 . 113

b pecline in xCH4 per 24h
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th$m9F gggglglpenef1c1al influence on the CHy

conversion. The important parameters of the catalyst

O O © O

performance are: a high CH4 conversion, a low NH3 make

and a high stability. The stability is expressed as the

decrease in CH4 conversion as function of time. The
zirconia modifier appeared to be most beneficial: the CHy4

conversion of this catalyst was the highest while at the

same time the NH3 make was not much increased. This

catalyst was tested for its stability and it appeared
higher than the stability of the catalyst without
modifier.

The Zr modification of CPO catalysts is not only
beneficial for the Y-PSZ supported catalysts. An even
stronger effect is observed with an alumina support. The
Ir/alumina catalyst was not active in the enriched-air-

CPO experiment, while the Zr-modified Ir/alumina showed
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Table 6
Enriched-air-CPO: Performance of Ir/alumina (alumina:
Dytech Poral 20; GHSV is 4,900,000 N1/kg/h; 0p:C is 0.63)

Catalyst XCHy SCO SHp Deact.
3 % % %/24 hour
1b No reaction
2f 29 95 88 0.6
_ 3a 99 95 89 1.8
( Thermo 99.4 95 90

Of interest are the air-CPO experiments. It appeared
that also under these conditions the Zr modification
5 shows its benefits. Catalysts have been prepared with
differing active phases and different supports and the
results show an improved performance of most systems when
the Zr modification is applied (see Table 7). Zr-modified
catalysts show a higher CH4 conversion, whilst the NH3
10 make is not much increased.
In Table 7, la, and lc - 1lf represent catalysts not
A according to the invention, given for comparative purpose
with corresponding catalysts acéording to the invention.
In the process using catalyst 3b, prepared by
15 impregnating a solution of zirconia on Ir/Y-PSZ, the
presence of zirconia improves the performance of the
catalyst, without changing the Ir dispersion. However,
the catalyst prepared in this way is not as good as the
catalyst in which the Ir and Zr are mixed in the

20 impregnation solution.
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20 adiabatic conditions.




