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"CATALYST SU TABLE FOR THE PREPARATI ON OF HYDROGEN AND CARBON MONOXI DE JERQN]
« A HYDROCARBONACEQUS FEEDSTOCK The present invention relates to a catal yst

suitable for the reparatlon of carbon nonoxi de and/ or hydrag en from

gaseous or |iYOP¥MPdr ocar bonaceous feedstock, a process fdl 00324

preparation of such a catalyst, and a 5 catalytlc parti al OX|dat|on process

usi ng such a catalyst) The partial oxidati on-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

tT Ee hyflrocar bo? lp{cmﬁﬁglﬂ moﬁmgLEObéwwmngmFm@N aﬁiﬂyx?kdé%%v aRp0 + 4H2
eoplrrumcaayl rti i on_pr S pplLication on a
commerci al scale wo 8H?%#®%§PHSA04YOD§‘§FBBH8%W% EEER%T%r ogen at
el evated pressures, for exanple about 30 bar, and high space vel oci ti es,

for example of the o pzogse}:]{l,toggvgpt?)l&ly Fgé%hé)rtongrgatf gggg%g% am' C

reasons, in order to o tain carbon non X|de and 'hydr ogen
under these procd®s ébﬁdnem lpv ¢5 qescbenseeneRideopad e hydeopeant i al

oxi dation processran Bi ghsdiEpral e h}aeoéaﬁtﬁfnab%es Ceddditdgxp aumber of
docunent s di scl osi nngetgol s.,of experiments_co uct ed into the 25 catal ytic

oxi dation of hydPFEEPBBNECT iHepRFEPRTA td‘r°nrr8fh%1 3PP STy fe range of
cat al ysts. SRef er era¢elysicamertiel oxnsdatica pood:ﬁsAuEméQg\tkﬁx 4 V\D 92/ 11199,
and WO 93/01130. cLhe, 1._or| ty of these experiments, however, have been
conduct ed under re atl vely mild conditions or 0 4 JUN 2002 WO 991 37580
PCT/ EP99/ 00324 - 2 Ghﬁleﬁ‘a%i’él préfatinns aft bypgcsarhengpeior ieamaie a | ar ge,

commer ci al cat al ylet@aparés a{at@fada@w,n ipr eﬁeS;sresUi\eel bf ef addtla@ystDigover,
contai ns a nunber oftgocunnnts h %os%§g detallg d%%ggpnts conduct ed
5 into the catal ¥} &°pAPTTHI® SRPEGEL TUNn Ry r‘88n8 €86Rd?33 ons
requi red flr comfirec paktbperatideniomw qff @dbydrogaatboness odn cardtbrrmbooxi de
and/ or_hydr ogen. JgacERo-4RPOGh the A aRCHniliAtnetREng 2 aloflel ¢ partial

oxi dati on process nay be oper at ed under
hydrocarbon, proceeds by the following reaction:

2CH4 + O ———>  2CO + 4Hy

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 N1l/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 US5-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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10 conditions demanded of conmercial processes, in high yield and mﬁt@ lf
deactivation by enploying a catalyst conprising a Goup VIII catal yti 4l QNYMZ
‘active metal supported on a refractory oxide having at |east two cations
selected from gﬁﬂ I[1TA I1I1Aand I VA of the 15 Periodic Table or the
transition net %Breover in EP-A-737164 is disclosed t hBETERMOM24

oper ated under the condltlons of elevated pressure and at high tenperature

as denmanded by a commercial process, the-catalytic partial oxidation of

hydr ocarbons can, in the 20 presence of nitrogen, yield a synthesis gas

pr oduct containimgdarnu@t&ﬂtumhsbyniuxxiucts the gperbictoh aof amrapgae, (NH3) and

hydr ogen cyani de (OF’%N):C:L&PJ%\QIJ.QH{. a%q_l c L ATRUNE Socdds . has been found

t hat such by- prO(fu can adver ownst ream processes to convert
the 25 carbon nonoxi @ee ahid/enathyelr amoypadmabysmen%rm pEi c parti al

oxi dation pr Oces%ocﬁmgnté mﬂé&qosgﬁg &a‘taFuscaferewe&iﬁenﬁyr&dmﬁbseer of the
synt hesi s 3f nmet hanol resence of g@ ucts, lQ)écg‘:artl ul ar ammoni a
or hydrogen cyani‘®&P f’]ﬁe al¥E5d6 R U tﬁ attan Pfc %"Emﬁls oxi dati on
process is thus tmndlem ca:lnd!:etmlnn EE’qx&r?e@l?fGﬁ comnirsd hd sepetdtdont he
generation of sucpt} o'nCﬁQ{;JnYJ.JeO%E/bP KBRS S enpl oyi ng

a catal yst conprising rho |um | mor at1 num as cata ytlcally active

metal . At such |evel énlﬁPTPS'%@éﬁbil-% %Cﬂesﬁérﬁhﬁé &h9 caftrdsitied
by- products, usi GrkRgWosat@Bh, prodess bl be ?ﬁﬁéam&%dﬁ%o

e g M N g R NI O TS
partial oxidati OWlpﬂ.dC&BS wittihc hoengéanyrsi vat Gon gy émplopimatalcptatasty active
metal supported Qi ?&HE&“A %z%g?e@{ﬁaréalzg\iﬂﬁ;‘r’@b%'} hétix?é“?r%t‘ﬁ(l have a high

t her mal - shock resi stance.” Accor e “appar ent at there are a
nunber of condltls@lﬂﬁ’Oahﬂdcqu@u#ﬁﬁam%MP‘eﬁedﬁVé@E ?ﬁé%tpérﬂpormance of a

catal ytic partl a|caQ>ibEl§t wredt%acn&ﬁl crangst fRf M, | $E1A tards TNRSSEDRIR O
optim ze er ormance, par arreﬁers there i s sone

er i.ndi Vi
conflict Bgt en |er’fdf°9f‘8u'léﬁb nFl}%ttir(?ﬂ§lt'b M<¥?r8¢ted speci fically to
one of the above per Moreeswemn param-éir3§;1615m\/rdarse:bpsed tratnowhpossi ble to

operate a processbles! Pild:ARR0USCRAI1EhE A Ul Shc8d Tp ULl 98 ac

Speci fically, nltro en I's present I n many natu ral gas feedstocks, and the
preparation of pUF@P REPPeRATIEr 88 PBATERAORY 2 COMREFET 2t @@&Fésrst’tﬁ)th

very expensive amitaﬁyte@muz&alahyoﬁlidafﬁiwl bf Hit&roefaebené heanpr @6 egBe MUSt
produce a §ept abIF?/ | ow_| ev Is of N-cont n| n%}b%le(%ro uct. Moreover, the

choi ce of “Cat al yti"EAPPH® a0t iFE T REE N Y"r fréc $PASRRFIME i ke in the
catal yst to be efdoenttanneng)ra axumbamﬁltarl-psoath@tsmsh bartixid ayeamnomgia n 25

mnd factors incl gy ngana%&r%ggﬁeé&wl%eawﬁcw eSUR B SR iR A0k

t her mal - shock resi sttance under extrene
amounts. It has been found that such by-products can

adversely affect downstream processes to convert the

25 carbon monoxide and/or hydrogen produced by the catalytic
partial oxidation process, e.g. in the case of Fischer-
Tropsch synthesis or of the synthesis of methanol. The
presence of by-products, in particular ammonia or
hydrogen cyanide, in the products of the catalytic

30 partial oxidation process is thus undesirable. In
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,



conditions to be enployed in terns of the factors herei nbefore nentioned.
Finally, the process nust produce optinumyields and selectivity toJdeditr B
. products and 30 optinmum lifetinme under such extreme conditions, and indeed
under varying conditions which nmay prevail in the event of fluctuations in
operation. Acwopus7ssyl y, there is a need for a process for PREEEIEI2¢ti c
partial oxidation of hydrocarbons in which 35 nitrogen nay be present
during the partial oxidation 0 4 JUn'" 2802 - 4 reactions, which nay be
applied on a comercial scale to produce a product of carbon nonoxi de

and/ or hydrogen i Highoyi gldbeaRdsSeh@iteviLl Ye . GUBHABLOGI®a Msni UM Of
conponents such as ammoni a and hydrogen cyanide, and at 5 | ow or negligible
catal yst deacti v%ﬂH](?ﬁ(eF‘aﬁés‘?heSlﬁ%Fﬁ%?ﬁgﬁ POrt-has been found that, by

enpl oyi ng i n the catmal ybi 86 pag200ak sodistdtdsed prommwedytaccpaeiadt conpri si ng
the catal ytically agti.ve |_a j It nce nodi fying
cation sel ected %/’Flo at,&f,n %%gezsrs, %Tlggtf?é@ao%l—?@%ﬁ? fé’?,&??he above abjects
may be actii eved ¢ataddmricably artriver meta) sypRPgEed Alyé SEIEPRrAIATg

condi tions. NOregyeFie SekRcth Ok Fouhial ®MmavEPhONEsh My rhel st of

optim zation of specific performance factors, including feedstock

conversi on and pFetit®™fel d, 15 catal yst stability, coke formation, top

t enperat ure control medrihegly ket Adtbris rppprethethatesbare iantemt i on

provi des a catal yst conpri.si atalyii Yafcdd ViRt akreselget ed from
Ru, Rh, OGs and I¥?’R%%rsgg(:%i g?lé%&\,fotx% tgmrinet al 28 (a:ati on éel ect e%l fromAl, M,

Zr, Ti, L¥W Hf, Spriownapsgesopporaaddlyhia REFTARL OXHAORAPPREHAP™M process
colrmr! si ng grovi gﬁ?gt}{AFWBEiélf DAtiisOpoadiblideocapeinizecahl yered iofe netal in
sol utions adapte or. i npregnati on or _co-inpregnation .qn i.eL,
drying, 25 and oﬂ)’t‘‘i"‘’o‘ﬁ‘aﬁ’l“lrggL E’gfgﬁ’ﬂi‘aﬁﬁe ?ﬂﬁar?enr?é?rrﬁgn?%é%etlgl séﬁ icgﬁ{fllsl%gel ect ed
fromAl, My, Zr, bdtyedm, indfiyiGiakargptBaizations,chagh diresteflesPeii- The
cation is prefergbly ieynf henb oL Qe absv@ddlGorhbfcs Baalandtets, supported on
a carrier, for exarerr conprising a_refract or¥ oxi de havi ng at |east one
cation, oiSconprWbenePw itedsl NOF RAIFEPLAL §F (WSEATE i RTOGTES H?th
}Derr}:)eramjre-rﬁsi §§.§:@%taﬁ+&ﬁﬁsr 8peimizatlof302G \éoEzl:lPt_:ronsQ( ~~~4 - 5
referably, the catalyst .conprises cation to . i atioin
excess of or equgpefbg‘f‘a(} é({’mf‘i‘%r%q.lernf ége?r%%ﬁngeége?‘éé&a%{}fﬁ%%@e acgess of or
equal to 2.0, evérmedsteciorehedabhy nnepexsesen off purequHitieges -6 ¢H to a 5
maxi mum onl y 1 MekGlleBYod e opRstEAlNadl 100oTht bogy idipengnss and i ng 1 he
catal yst, e.g. inprégnation. I's. a particul ar advant age of _the ateal yst

t
of the pré8ent ieshpiemllhadffheutat JRETSFOLR SBEi BEPTH oM fhieProduc
catal ytically acticveptEbn) 1awdlbhel sreifal-cattaimingubyg-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
25 mind factors including high temperature and pressure
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
30 optimum lifetime under such extreme conditions, and
indeed under varying conditions which may prevail in the
event of fluctuations in operation.
Accordingly, there is a need for a process for the
catalytic partial oxidation of hydrocarbons in which

35 nitrogen may be present during the partial oxidation



10 seemto be at least partially self-regulating or directing. Wthout

being limted to this theory it would seemthat a formof feedstock g, L2007
‘condi tioning by the netal AVENDED SHEET  20-09- 2000 EP 009900324 0 4 ij~
20D? - 6 <cation serves to optimze catalytic activity and thereby generate
enhancenment in the performance paraneters of yield, selectivity,

deact i vat i oeacdsionisaned iaid Magwdey gredded foor aacommegichallt wedwsity. 5 The

catal ytically active tal s ted f Lut heni,um .r. i .Qsm um and
ridium pP é‘r"‘g 7 P;%’r%%r%’;gjﬁflsj%ag’%é’ Wé%gﬁde@%ﬁ§§rbgé}r¢(}g§i?usl ed

er ei nbef ohéght ded drairal s arivit®,Siconichiadny adwintiagm ifat
substantiallgplomer anount s of ammni a ng B¥drogen 10 .cyani de, are produced
during t he CCHPRRGRES FHH A5 SRt AP RELr oA . G¥BRIM-ER With! e ot her

netgl s frome@ ewd néglli d@blheRenivedi dekaklivatliohheakleenents. The catal yst
may conprise the catalytically active netal in an¥ sui tabl e anount to
b

y Y
achi eve the re§UrPESsinglaveitohagcbrent fousgpthaky ybyt BEPLYAREsin

conpri ses E?@ %SEhE?tm@3 artl 28N oXTRHRYE ohNpkBeesandecakafifam 0. 01 to 20% by
wei ght, preferably fromO0.02 to 10% by wei ght, nore preferably from0.1 to
7.5% by wecghprishadcdhg watadericespyi sctine metal aasiogiatgdamytho

sui tabl e agouRlLoracee i1 inglWakedn! SuehcpbaSelehl Y| ! hgang conversi on
and deactivation resistance. Typiccally the catalyst conprises the netal
catOon in %n,amaunticf azmd |Sdastthe. abaweghbdecthemeyt benachipvefleinbl y
.present in a [ range . 291, 5- i ght % nost
preferablyag&ggﬁgﬁ%S%%E%gfgh?&fa%hglggt%Fggkchl953%?F388ﬁetal IS supported
on a carri eond$Stibalsl.e Moaeover , nsedecalionaré wetioknemplpyetdhmagr beand

i nclude the_refractaory.oxi_des, such_as silica, AVENDED SHEET __7?0-03-2000
EP 0099003339€ %% SBELIGFATH0 m°%aFPFF%£ﬁFaPéEFPE{5‘ﬁPSEa BRP%Bar es

t hereof . Mixedudéhgacieedystaxckdesnvelrat onsandf pactiaey gxedlds conpri sing at

| east two ragignstna% gLio be e Ioged ag.carr%er terials for the

catal yst. RBERLYGF: 3HREL EFYacEE 5% GEBar FPBr §SBPETBIHAPY oxi des of

zi rconi a asgnakyli aad ithepadtkiecul ar in (parti.ally) stabilised formsuch as
ZTA (zirconi a oughgned aIunhna% or PSZ,ggar lall¥ staailised zirconia),
millite or al ufFRETIAPSS YireRes PEESRBEALNEPPEYSD PEPVERSADRe fecral | oy-type
al l oys, prehenabky comp@ilshagf er vatblganzeslycastboesmietably applied as
carrier material. A suitgﬁle echniQUﬁ for associating the netal fnd net al
ration i s FRPPEGRT: F6A™ RYrt KRB cQSe2PHat Tt hBSARELAESAdWLEERI Bn™&F_Lsupport ed
om@ carrieat@snhgegenbebioteckdadef MgedzrPr efier all, yHEt hgicanti @& i S

i npregnated with a solution of a conpound of the catalytically active netal
and a sol uFBROgteg oy @ GPrFﬁérwePgEaFQPPBﬁ,bYoPIBﬁ@ﬂeﬁﬁ drying and,
optional | ycofplesingg prioeridasy thegmeBher tatiodhangotyki ons are preferably
conmbined in suitable gnount,ZO and o:ingregnated. Al ternatively

i npr egnat i GRtARY -BEdeJudntide MRten LReSPLRELCRFagE2PRBFeSRELi Oon, drying
and, opti oAgbk¥gnedliennioly cu-likptlagnadtahybhcehkycaetike, mtahingpl ution,

and second stage i npregnatiqn, drying and, optionally, calcining with the
net 2l ratiéﬁdSBPGﬁggﬁl ¥ &215iRi%8ure thereof with the catalytically active

netal solutionphe inorganic metal cation is selected from A1, Mg,
Zr, Ti, La, Hf, Si and Ba, of which Zr is preferred. The
cation is preferably in the form of its oxide.
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.



HEET D 4 JUtJ 2002 Preferred techniques for inpregnati F
%g%;ospai nting, spraying, inmersing, applying by neasured dr oplée?é)g%gﬂ%/ﬁ
‘the |li ke of a suspension or solution of the nodifying cation, with
subsequent drying in hot air or 5 the like and calcining, in nmanner that a
uni forminpregnation is achieved. Preferdbly, inpregnation and/or drying is
carried out in tReefibsabty, othdi stbalyay gompriaesonatieni scumebelcapillary
effects during drying, Lch.m royi.de_an _undesired.gradient or total
10 content o?gtﬁggwﬁpr5§gé?eﬁncgp%8§§ égroéxﬁﬁﬁ?g,é?hg'gx?gelgﬁpport may be
rotated or sgap€aded morevppefetrhblyciont artepst bfacy eghel o©bj 2c0s does not
encour age neni scus or cag%lla ¥ ef.fects. Accgrdinglg, iQ a fgrtheg aspect
of the invenBVBR B8TEhBF Fgab YvirBe8*5ePrF oREsSTF BAYRhe Br 2plr HPi R Bf a
catalyst adapheimb@ 6AL@l YZRidefablyi 8heoxbfatraintsagti Ohe mBehedt &byst
conprising a catalytically active netal, selected from-Ru, Rh, Os and Ir,
associ at ed mFPﬁsﬁrﬁﬁFéchgpﬁoﬁa§éﬂ¥éFedefQoniﬁﬁFeﬂ@?tZ??'Ti, La, Hf, Si and
Ba 20 supported o8 fsCarphetichh8rPha¢AtagONBE| EREUCPELYSENEET BReNEL al
cation and the catalytically active metal in solutions adapted for
i mpr egnat i onPEESEBL| FPVeRRaPRoRhak the rakvrerofde§sagiabhanopfi Bhal |y
calcining. 1p.gaiytibei1gspeeivel mkba1l EM&”EhQnméBEIec%Eigﬁ woeyyded a
process for tﬁe pr eparation of carbon nonoxi de and/or hydrogen from a
hydridtar bonasesnsteecbesabckeaghi phrpiaddyssebhipregetatingaeri ng a ni xture
of the feeds an -fantai nik Sy WM L. S+ C LSing a
catalyticalIégggf?ggghevgﬁ¥g§glg§?ég F?Q%Fgg,t§$?ﬁi€-gﬁ%g%% %F,Qggégciated
with a netal seami bhatehefornd bfofepdstihpk ZonditiohidngHby Sheamet8h
supported on a carrier, obtainable by a process conprising providing the
nmetal cation and the catalytically active netal in solutions adapted for
i npregnation or co-inpregnation on the carrier, drying, 35 and optionally
cal ci ni ng. 0 4 JUP~ 2002 _ g _ The process of the present invention my
be used to prepare carbon nmonoxi de and/ or hydrogen from any
hydr ocar bonaceous feedstock that is gaseous under the conditions prevailing
during the partial oxidation 5 reaction. The feedstock may contain
conpounds that are liquid and/ or conpounds that are gaseous under standard
conditions of tenperature and pressure (i.e. at 0 C and 1.013 bar absol ute.
The process is particularly suitable for the conversion of nethane, natural
gas, associated gas or

AMENDED SHEET



10_ot her sources of |ight hydrocarbons. In this respect, the termgli
Zﬁ?@r rbons"” is a reference to hydrocarbons having from1l to 5 g%?b9ﬂ860324
atons. The process may be applied in the conversion of naturally ocdu dUkenn?
reserves of methane which contain a substantial anmount of carbon 15

di oxi de. The feed preferably conprises fethane in an anount of at |east 50%
by volune, pRE¢oRr akewall Yoabpkeaste72XrhY y¥oLULBLi @8R9ChALI ¥hakebgast 80%
by volunme. The process is also particularly suitable for the conversion of

| i qui d hydr geaebalief esbansersnsuén §5e20eRApFMARCE cRA5EBEKSIBOPEI ng bet ween
35 C and 150Q.¢C, ske ; st Qs 0;6q204,280-C,
synthetic g %g%FV %8232?%§E§96o?%?%&gbg%%ggnpgﬁ%gg?gég ggg %?wi%9particular
bet ween 200p€odng¢t3fordatieni sipydsmpeousdyhave hydrocarbonaceous materi al
25 present in theof 26dshoeksaloybectsed harLie; orogesarageerding to the
present invention I'c re gaseous under standard conditions of

t enper at ur erattiepiessurbpdioget hemiuwm Bndaizidatmywhpraferebliqficdmunder

i i @ undeP eEAARaP RSB ARE PBns Agr NPSnBERR: d ECHRHCRr SREAPDEEREAl [y

contain up thedt ferhos afder thet Beighifutentl advanbagpr ehass according to
t he present invention&ian al so be carried out when t ehggedstock cont ai ns

35 oxygenat 8¥PEhARLIeIIYedQWeInAMORLS R AFRARY2LARE, RYAEO9€3Un 2002 WO

991 87580 PGELER98608%24prodlcedt andang enadchtalyeict gapeiature and
pressure). Cky%enates to be used as &gart,of the feedstock_in_the process
6%g

. )
according t atadrBsERACEAPBNt FORPRLEd WL FReBhesORBRECTPERLE0AFEM NI ng

apart from gaphgnvand Bydeaaepeations cSTableeast the OBYERBNAEOM Which is
| inked to either one or _two carbon atonms or to a carbon_atom and a hydrogen

atom Exanpl es Bhes@rrabretoRpYcRareIiEBnpPrsEahlibherl1¥t AGREVE di et hyl
ether and alkanel $n ghhekuidabis anduft! €6SabAYLDE HRe! PedRicafbon atons.
10 Al so mi xtures of hydrocarbons and_oxygenates as defined hereinbefore can
be Used as fe¥adt ofkarkivheypr Sypisaddvor ShagcabalystpreneAispAVERLi on. The
hydrocarbongeedys keeds! 6K ahafiBUhRCHAN ! Paﬁge 0%¥9EReRORL B NERY gas
during the partial oxidation 15 process. Alr may be used as the
oxygen- cont 20fi by yasghtn piefrrakdy AiromofeA2wEP| 186 brewehghtn the feed
and reactio X i r ugngi ti.es. r ively, substantially pure
oxygen or o%ﬁg%nbgﬁgfgﬁgg9a??°%as'EeEESZd§eg%9P?g§g¥gbly, the feed

conpri ses the hfdeocatbdnatemay fFomprisekthadmekgyepathonnbunasygi vi ng an
oxygen-t ocar, i Q. he r . 0 regterably from0.95
to g&?S. Refgggﬁégg ?gbp % ggygggifggcgggg%ggg%%gdr% X?Etggthe rati o of
oxygen in tlselkotivity2Bndokeowkessipd2pntdodearbbmationsrpsistancen t he

hydr ocar bonf t =car : i o] L chi ic ratio,
0’5, “that | SYRRCAALY Shos CAFLIY FolRsEy Bhe heldl ShEAEH BHVRE 7 L0
| f oxygenat ambaadsdclas deests@ds wegghtdt. h@hel caBonxigeprebferabbygn rati os
bel ow 0.3 can suitahly be e.leed opti Qpal ly conprise steam |If
steamis pr@?@ﬁfq nlg'tnhéclPl ee%?g% éqs%éaﬁ}fgg§5r§%n F§Fio (that is the ratio
of ppl ecul eq .G 15t.Qamelidhd) ,t mosar pae fatrabdyi 6.0 60413UN KeDZht%.

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



WO 991 37580 PCT/ EP99/00324 - 11 the hydrocarbon) is preferably i
%Oa%@OQP fromabove 0.0 to 3.0, nore preferably from above 0.0 togg@fggpﬁgzd,
‘process of the present invention is operated at el evated pressures, 8hatiNilg?
pressures significantly above 5 atnospheric pressure. The process is
typically operated at pressures in the rame of up to 150 tiara.

Preferably, dheniaRes aditih i £ShilfconSa idhd (el foees afhd ¥euf 2 Mikdd®5 tiara,
nore preferably from5 to 100 tiara. The process nmay be operated at any

suitable 10 % GATN CXiGRfr AL prefeaFEar e iSRS FomRAS it ®ssur e
prevailing igy tl%é‘i AGFS Scati6nd Gty WASSS KU CeripiRive] ok ald to contact

the catal yst at evated tenperatures 1n order 'to achi eve the |evel of

conver si on mapgrials dfom YwmatdlystcMestomrindde yefraatiaryty, 15 the
process i s typical ' t . . r . . 5 .

Pr ef gr ably, C%/’{1%"ec&agpéea}rlra Pe?gétae(;%'pggrla- u%i%%\ytﬁeq‘{la%oé l?%r}%rﬁ%qad 1300
C, nore prefisr gasticulde iranfmrofidllon HeHid i) formlesyper &sUrZ®A i n t he

range of from.100Q t.o e ficul arl uitahle with 20...
substanti al | lp{ﬁoenloay%bﬁpréheg}ea# naJtR'ﬁ{e“jfa;ngoelr oﬁflsiréﬁﬁ]aﬂt?lghf o“fgb‘o“é?& th

ai r. Referengierdvariad)n, tnulleinperat wilsming .0 Als tnetedratay enetfall he gas

| eavi ng t he talyst., The feed nixture is typicall rovi ded ring the
catal ytic pétali%{*fgl'oﬁ%ﬁw %%s?@t%%}'ist}é%él%’{;elﬁﬁﬁd‘%téiyeig} essed
as nornmal | igHeFdim &f |dduzss atcdh Ganshilt 1Y )apPliGRP 43 cdddieyr am of

catal yst per hour) in the range of from 20,000 to 100, 000, 000 N1/kg/ h,
preferably imaY ar]a'nge of from 50,000 to 50,000,000 N1/kg/h. Space

velocities in the f1irGHIE Hdcdhiidhe b0 Jor i3H 130 130 rdb=k0/dhar e

particularly suitable. The gaseous m xture of the hydrocarbonaceous

f eedst ock amfiie FPEARh-OMMRIRIMPp RN dpridrecasiy thak ddeedehialh t he

catal yst undg{q asiahal | rE WP diPla I AWP AL heHeilfHeFore
specification, the term 35 "adiabatic" is a reference to reaction

condtions dpfinpd. (Epsferabply Wi cFmEePdy Empyegueted with which
subst ant i al 'é’o]ﬁldié}?aéf Iansc_%@m%rr@ca@tﬂlw ddt TR ne: talé{’lv@?ﬁt!ai

prevented, wth the exception of heat |eaving I'n the gaseous e uent

stream of t g eacorutiny afiia #fld _fadthieoometadi matimn bfoddevesd bivh the 5
process of t ; S'%[H icgy@_i | j n [ ctq’%t e SW th the
catal yst. méﬁslﬁ%ea € regi %eﬂaﬁg};a' fﬁll |nzle% be ,qi%tﬁu&ﬁé{ge?rﬁtg%cggt%é'yst IS
enpl oyed i n Thee SPuhisinpand @rafdtaild abined sur sarhteblgasmotnt ef er r ed
reacti on re 5 S : r n regime,
in \%rtQi ch thgeaﬁtéac?yl’st I séx{r]ae%%'ng{c} W ’; Elﬂrf%aeq'ryégéﬁ%%%z%ﬁ%q E&y h%xed
arrangenent .seuential, ofithatthie siinsly diagenpimpregnatidng fdoydaigoed regi ne,
retai ned usi fi gﬁ? Qﬁgl reactJd : l.qye I j .

Al ternati veli}gi’t h I Xe laf’r a%aglgér}e%%ﬁgh?r&ahys%l\é&enp%al%g t eC!acrla araf's J'rvien t he
formof a nomstal elstiart ared seqmst shasfeerdmgd-egmadliiarhi drgtimget ur e
conprises a gceram f%q_] ui t abl.e . .G f for, use.int r.ocess are
avai |l abl e co%‘ée’r Crro:%l[ y. u?’t h%aa?jjélgf]t%g ﬂﬁ%vgq}%gﬁn&t%ﬁor % leor}’cas[&g'lu&sﬁogll ncl ude
ref 2éct ory 28r oxintiexthore ytdoere b nal it kst raadtalngsi aal yeteadtiyeuretal
structures. %g&gtége of carbon nonoxi de and hydrogen prepared by the

process of t THVEntion is particularly suitable for use in the synthesis
of hydrocarbons, for exanple by

AMENDED SHEET



25 neans of the Fisher-Tropsch synthesis, or the synthesis of oxygenates,
for exanple nethanol. Processes for the conversion of the mxture Oh40ﬁﬁpmﬂ
‘monoxi de and hydrogen into such products are well known in the art.
Hydrogen or a mxture with other gases, prepared by 30 the process of this

i nvention may be particularly suitable For use as a conbustible fuel either
directly or indPrefétyed Thecihmbgess Hértimsregrnabnionnareubd depyisgjtably
be usedixﬁégov'de the_h drogen.feed for a foI.ceI%. In_35_fyel cells,

hydr ogen arRPtRUR aP B pbe8 HUBFITHES s (BPPIYHIG BINRS88300 ool 37580
PCT/ EP99/ 003@dptetl 3an€ethe i Diké d6f & Ospspenstor! 6£t sbTLt YoRNEE Waher . Fuel
cell technology is well known {n the art. The present invention is further

descri bed FPHRLYHRItFREFORI ot hRy FRPISELERT VRT¥iBGEpIBRshoE & EnpFe 1

Cat al yst ProparpfkONand "Oi1ELRORE) NintRakir | ENSOTL Ofn160PmPP CcM 2 (pores
per cn) ceramic foamwas cut to size to fit into the reactor or was
crushed andimpreaeRtion0iBadetevedr t Preterdel vr cimpregngtionaandl/en at 120

C 10 over 1ighty s Fpam{parLh cbes)  Wasn 0eLighercande  Besagpuny ol rhodi um or

iridiumchlo I on needed to give a o r hodr um or ?ridiun1|oading
was cal cul afeaivi dnei g} unémihsors eddeapiblate é¢bbectpadurihgsirybng,

i npregnate themin.three ste d e ticles e, dried 15 in an

oven at 19(}"1'8‘% %?%e%r‘g%%‘ﬂéi%r%%ﬂ%#%%w é‘ﬁ?@l%\%é ?)épggf%ﬁ until all the

negessary amnténpfoSothe i impregnatdelddcatiiorr Fdir sexdmepleantieaskidées)
tenperature

were dried and c Icinegbin a%rtag fol | ows: ; hours_at 120 C-t

rai sed to 7ORPROTF tFRBOPL/ FRLRTEY PhuFESRRRIR 740 BERRGE cBBfE down to 120 C
The resul tidgntadel ybtls soppstiserl dbPests odbds ofot rétfesirage r hodi um on PSZ
(partially-stapilised zircggi%%, Z A‘%zirconia-toughened al um na), alum na
or mullite MPMTCHHOT ST ¥ ﬁgﬁ% *Fn Table 1. 25 Exanple 2 Catal yst
Preparation - axesediggly, tiHrw 4 nFerthéen Jéeedf OSEKE Divé@ighe 1 was

foll owed wth the,excegtj n.that the inpregnating solution was nodi fied by
adadPtion oftBEER| 1% iRFOBIIed <3 RTRFesH %r@éﬁil&r%ﬂ%\'—ﬂ% ®&1%ul ated to

give a 5 weigtdPodvasiingced tHecit@lgpdi & Satt DAB. oophatiONS Were sel ected
fromzirconyl nitrate, Mg nitrate, Al njtrate, and their ni xtures. The
re

resul ting CHRIFFRR: ChPride BSHBIPTET T 2 reafFahybicahbyi 3FEEF” 5% by

vei ght of Gad¢oNs 91&Esedlirom 2 ORKOMs Bard 0PO9093<4c Dadled UN 2004 - 14
A, or Mg-Al, co-inpregnated on_1600 ppcm 2 PSZ, ZTA, alumina, or nullite

foam The m@ﬁﬁkspgﬁ%pgﬂq@;p¢¢ﬁd from Al, Mg, Zr, Ti, La, Hf, Si and Ba
20 supported on a carrier, the process comprising providing

the metal cation and the catalytically active metal in
solutions adapted for impregnation or co-impregnation on
the carrier, drying, and optionally calcining.
In a further aspect gf 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.



Table 2. Exanple 3 5 Catal yst Preparation - according to the invention The
procedure of Exanple 1 was followed with the additional stage of a §dcamdy
i npregnation using a solution of a salt of an inorganic nmetal cation
calculated to give a 5 weight% | oading of the inorganic 10 netal cation.
The second inpregnation was carried out using the sane procedure of Exanple
1 for the first inpregnation. The resulting inpregnated foam (particles)
were cal cined using the procedure of Exanple 1. The resulting catal ysts
conprised 5.0% by weight Ir 15 or Rh and 5% by wei ght of cations of Zr,

sequenti al Iy inpregnat eghesal WA fife Yre¥eRSZifaMiokhRay asdildseaats given in
Table 3. Table 1 Catal yst FoanG oup, VI Inaiggt %%t al

Cati onl ay- PSzI r BEBRRER FAAGON SQRREYS, A0GCEE AIOERER E59M A £ 2r - mul [ tel r-
AVENDED SHEET h20r03a2bhiadecRs000&dX3R%k Bhdt JidNg2Bedus urgierTabke 2

Cat al yst FoanGr o L t . alk | a r.,C0: | eg2bY- PSZI r My
Co-i npreg2cY- PS%?’ n?‘é' %&o%@;_@% té%&%?‘%wgﬁ%oﬁ%ﬁér g’éjfg%’r RhZr

co- i nmpr eg2f Al uniti§aFten c&h%ﬁﬁéé?@%" ZBX| FPRLIEN icPpPeyRRY THhIatZR re

co-i npreg2l mul | i1tigi &r af@/dMoRgolidd endtCatel yidedoda e stlanbabgt al Met al
Cation3aAl um nalrZr  seq. | nlpre 3bY-PSZIr Zr. seq. inpreg Exanple 4 Catalytic
Partial Oxidati GFPRLFEERT G REEPEEAEIT LA EdPEDH I Ssilng® a 1T dhshattht
sapphire or netal, obabear Exsorudef i mik @abekyst ippapal edlaslys sherebhdefar ¢he

descri bed was | caded_into the gr_gbeeand tret ?i ned in tohe tf;%;m of a fixed bed
of catalyst. MetARETERE" ai’t "6 "BRY oA cBRY &% °F62 TR 938 £78 v/v), in
sufficiedd anoumtherosguvees@iolygen-hywirogrboons.atinothis ttespeangetind from

0.49 to 0.64, re.th ! v ;WS el i into
LT ?E?ﬁgm;ﬁer dégg%&sg i4sh Fgfsge%%getgngh dHdRdueRd

the reactor to contac Il Xxe f cata . Xture of nethane
and air or oxygdRVénpri ERTH Litc PaSaTRAP B5oPRe TheadroFeat B Essure of 11
bara and at a gapphaedl yn Sfirceoviekp€idry oAVEADERR 1ISHEBEcur 2ihd Ie2@00es

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 °C,
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



E P 009900324 0 4 JUN Z002 16 (GHSV) in the range of from 2,500,000 to
3,6D0, 000 N1/kg/ h. The conposition of the gas mxture |eaving the "(&edgKtam
-was determ ned by gas chromatography and wei ghing 5 water condensed from
the gas stream | eaving the reactor. In Tables 4 to 7 are given the results
as xCH4 (% meVRAME58bnversi on), sCO, and sH2 (sel ectivity tRETEDOUNRIHD) .
Table 4 Enriched-air CPO Performance of Ir/Y-PSZ with netal cation (GHSV
is 3,300,000 N1/kg/h; 02:Cis 0.55) CatalwystxCHIsCOsH2ZNH3 mnake
ppmvl a8895880. 52a9195900. 52b9295910. 82¢9295911. 12d9295931. 0Ther nns939593230

Performance at tReaABSYdadEnai@duh | dDHeuBelabl e anknpiedntleaai.r - CPO Eff ect
of nodifier on Ir/Y-PSZ (GHSV, is 3,400,000 N1/kg/ R; 1?Z:dC I S 0.,632

Cat al yst xCH4 % CF*YIRD2BRGHTF ONnBR VDI IASe 4PRTH Qf)24Ne feedstock in the

hour | a9895881. 63228885882 ckidifhetarnde. p268ént lih¥eht Deldmee defiin&itdasper 24h

AVENDED SHEET = 3 -03- ' 2 - h |t
presented in Tablﬁglgggg%pé ﬁé?gg%%zatp%gtg fﬁ%m %&?yre%ggh}}f’vdtlar%geﬁe%%#r?%?al °
i nfl uence 8n t he atHA4e@8heraiygan Ftem whdeht bhtlinkednee ofither oRe ert al yst

perL ormance_ar e; t@gh}:gbbmt@ﬁevef Sti.cgra, carb&WdN?ﬁ BR4ea %}g'ﬁag@nhiag&n._
stability. e stabiljty is expressed as the decrease i conversion as
function of ti neFExTﬁ‘Biﬁ%/r%%r?iué ﬂBfﬁ f‘?"éfrge&ﬁg% rceoﬂ'lptrbsﬁem%‘sﬁn%énef icial: the
CH4 conversi on ofethhnel caliaerdyl wasshdrhanbi ghiestolwhi fehext, tdvddsaamrdti me t he
NH3 make was not i ; : ' t t was tested far its

JTHEls ﬁﬂaﬁlﬂgﬁg td M LObER %{). .

stability and it appeared r than the st Ity of the catalyst w thout
nmodi fier. 10 Also mixtures of hydrocarbons and oxygenates as

defined hereinbefore can be used as feedstock in the
process according tc 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 (Op) 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 oxXygen-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 (H»0) to carbon atoms in



The Zr nodifi cat
supported cataly

ion of CPO catalysts is not only beneficial for the Y-PSZ
sts. An even 15 stronger effect is observed with an 8ufiNgg0?

-support. The Ir/alum na catal yst was not active in the enriched-airCPO

experinment, whil

20- 03-2000 - YO 94m8&xcel | ent performance. A high and st abl RETERY3Hver si on

was neasured (se

Enriched-air-CPQO Performance of Ir/alumng ¢alum na: Dytech Poral 20; GHSV

Is 4,900, 000 N1/

hour | bNo react i oRREIRPEEI L B389 995 e rRIRBI 90 48588 dd diicebRSibsveL t he

ai r- CPO experine
nodi fication 5 s

o L . o
(see Table 7). Zr- %mg)a?%? g&%gtﬁgﬁé's@aﬁggv giﬁﬁfgrgn%i—élﬁ%tﬁ\?g?%%’oﬁ%

t he NH3 10%nake

represent catal ysktSppeés@az0lidi Bge tarigeCoENeid QB0 PayLN HrefeedPPAr ati ve
n the

pur pose with cor

process using cat
zirconia on |r/Y-1RSZbathe mmrespneferdblyi fromia tonpPOviesra.he performance of

e the Zr-nodified Ir/alum na showed AVENDED SHEET

e Table 6). EP 009900324 0 4 JU;; 2002 Table 6

kg/h; 02:Cis 0.63) Catal yst XCH4 %SCO %BH2 %eact. % 24

ts. It peared that also_under these conditions the Zr
ﬁ()&/st?t%?[geﬂ‘gfftgFe%ftagllysf’émﬁaw@VBe n p:roeg'abed with
differing active phathes mnudedssf d&rtehe p3e timvantioheis epelrated how an
g p peot
i nproved perfornaR

BSmasPhexich pirgeparRedhel REeR % 17, tyRicaldy rperated

o the_inven

di I di ion. |
By SPe LG, BRayRtre 35157, WY G8R4P1 X6 S TbruEPon of

"R, QPSTAING: BRS

i ed
il st

the catalyst, w thougyghangielg ﬁ‘%%dger o%E?Q@ééiannan YEM&Ih1 et he catal yst

prepared in this

15

20

25

30

35

way I's not as ¢ as the cata

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,
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
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
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
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

"adiabatic" is a reference to reaction conditions in

yst 1n which the Ir and Zr
are m xedPn the "2OPPEPF SEfratlNfr sthaFir8A e PedENORe Siesr ©of 2dob3- 2000 - 19



Table 7 Air-CPO Effect of Zr on different supports (GHSV is 3, 400, 000

N1/ kg/ h; 02:Cis 0.49) Catal ystxCH4 %C0 % sH2 % c (conp) 6488792e759D830m 0
*(conp) 6588802a7490883b6888801 d (conp) 6387792g7590881e

(conp) 6085752h7490861f (conp) 70898521 728985Ther nn749090 MIC2/ TS0543PCT EP
009900324 ~ AWPIRBTs80.  AVENDED SHEET 0 4 JUN 2002 - 20 RCHERSOAH0IM S 1. A
process for the preparation of a catalyst conprising a catalytically active
nmetal, selected fromRu, Rh, Os and Ir, -adgoeiated with a netal ration
selected fromAl1l, My, Zr, Ti, La, H, Si and Ba supported on a carrier, the
process 5 conpri shdh mubsitdhagalm amt akat aidsen anddrddia tdahakysh cald y

active netal in §QL§EI onszo%gaﬁge ntegprvsa akin%p%%ée ctq_lor;(p[jggpggé on on the

carrier, drying, it i“Snal AN ng s according to claim
1, wherein the rrétlavlmqatmorthanmaﬁmlscatfél%ﬂfcailtlryalac‘?ﬂ wdengeartefe provi ded

in solutions 10 adapigd squEaSQe'm&gBﬁti‘ imeS madh G@-té’ﬁpﬁiﬁadci)ﬁmiﬂé' ng a
catalytically active netal, selected from Rh, Os and Ir, associ ated

with a metal rat PEACS &t Shef PESASRE, 1REePAOn #0) °E‘<§er CSP tagy e
supported on a caeateantsobiiahnaie a:attyalgspromﬁs?.uacsmdlmme i5 £laim1 or

2. 4. A catalyst f?@f&%ﬁéd’%e Q ﬁx WDk t)ﬁ\@e%a?ac'llytslge geénﬁchfry%h' 2R i @

zirconiumration accord 3 wherein the
carrier is an at ﬁPF!\lQ)ﬁlHaef§|l§@aﬁtfl%dgHe ePber atgeanreig¥sand carrier, 20

the carrier pref QEébéb’rédJ'Hé'ébﬁi&g ﬁg&ﬂbafoprus% ngf Eﬁ&tﬂ’o)ée@él de.a 6. A

cat al yst cord| of cl ai ns whe e| the mc¢ ratio of
ratlo% to at al y?géﬁgl %ﬁﬁ\?&i%t%glfng”w&tﬁg éﬁﬁél *$0 1.0, nore

preferably of 2. @etabséd 26 thief @rsddotioh ok iA. aAftmdaIa)t&‘hngemmﬂl ng to

any of claims 3 tPQr@icjf{gE '@awﬁﬁh@& %Qtérﬁ.@;}oﬁyp ! ¢iQegNp@yrount of

at | east 0.25% by wel e catalyst, nore
preferably of at rpea@@ C}f%nﬁésﬁsm%ffér‘awlgﬁ%freﬁwsmt J-ephmiques well

known in the art. Alternatively, the fixed arrangement

15 may comprise the catalyst in the form of a monolithic
structure. B 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



0 4 JUN 2002 - 21 8. A process for the preparation of carbon nonoxi de
and/ or hydrogen from a hydrocarbonaceous feedstock, which process dbhgbN 8583
.contacting a m xture of the feedstock and an oxygencontaining gas with a
catal yst according to any of clainms 3 to 5 7. 9. A process according to
claim8, wher¥P®%M¥ nixture is _ contacted with the catal PSI/ERP/0q324
tenperature of at least 750 C, preferably in the range of from 800 to 1300
C, nore preferably of from900 to 1200 T, l&at- a pressure of up to 150 10
tiara, preferably in the range of from2 to 125 bars, nore preferably of
from5 to 100 ticeld, iandrder £qasoduce |electaseititlang riten. thwelr gage of
from 20, 000 to 10HYA0800; Nijdia/ Rnowr efreall ¥r£ f om 50, 000 to 50, 000, 000
N1/ kg/ h, nore prefer%blé from 500, 000 tq 3(%, 000, 000 N1/ kg/ .15 10._ A
process accordi ng t d €l BFAF o "genhHd &isn TERERGA ARFFETREY B way of
oxygen-t o- car bontheatficdlonibdnei Flasgeavivd rexampl8st o 0.8, preferably of from
0.45 to 0../5. . rocess according to any of clains 8 tv 10, wherein
the feed iss cont_gq%-at%?déw@t h the catal yst under substantially 20 adi abatic
condi tions. .Ar.29tadyskf Prepaxptiony- Apgt RACCAEIIRALC ARre invention
. AL A AF. AY. AY. AF. A@ | . .2h* +456 | .gb C ] ] ca] callc
aU] ca] cal] ca] ca] c’\a]l'c%z%] 8§ljfntl:aw%?gg%%ﬁi{gﬁcg{)%}aﬁlgaa}ggdﬁgﬁﬁg ca]cal] c
aJcalcajcal g 8%¥Fe to fit into the reactor or was crushed and sieved to
, $* 7| wr nhe”Yea] | s@leralfedhcpd falQakeBblerd gakedhs alrc ahcalen] £&0]i10a] ca] ca calc
a] ca] ca] cadnca] ca%ca’% cal ga] C %ca] ca%cg%ga! MY4vw .
st dwsLR x5hi d_ZcRY99 CHPeLT cE T PAFEAT e c Apdayeahes AR cEI e A7P%PEa] ca] ca] ¢
a] ca] ca] ca] ca] ca¢t ajhealica] oa] aldianc ah bayickz! soKutidn me€ded to give a
| wr hcn Yeal ] cal cal ﬂam?%ﬁ%iggfggwﬂ&@ﬁal 78l caheabsalaalsal cal cal cal ca

] ca] ca] ca] ca] ca] cal ca]caca . '
JIKHitzirrrrpye <oPx Y§ 54 Q8kpe {foam (paxwifle@sycip] Hepxeg@aPcal] ca] ¢

a} ca:]I ca} ca] c?]( f?]:ﬁe(ﬂ Ei&:] rea%:ga] 9@;@6%&%@9& cz%]a?a% ﬁé’d&%}lf@l Cﬁt}ﬁ@]z&ﬁb@?] ci':l] ci':l] c
a] ca] cal W v).W XU** x| 41 xsnj .]1]ca] ca] ca
] ca] ca] caltal ca] é’g] %‘hﬁ:‘)i%‘cﬁ% (l:%ig%a%cc}ﬁ‘ c%‘%tc')ii%‘a%i‘,%\l} clg]Pés}?BaF’c%Tcgf?‘]&%] ca] ca] ca
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Example 3

Catalyst Preparation - according to the invention

The procedure of Example 1 was followed with the

additional stage of a second impregnation using a

solution of a salt of an inorganic metal cation

calculated to give a 5 weight% loading of the inorganic

metal cation. The second impregnation was carried out

using the same procedure of Example 1 for the first

impregnation. The resulting impregnated foam (particles)

were calcined using the procedure of Example 1.

The resulting catalysts comprised 5.0% by weight Ir

or Rh and 5% by weight of cations of Zr, sequentially

impregnated on alumina or Y-PSZ foam.

The results are given in Table 3.

Table 1
Catalyst Foam Group VIII Metal | Metal Cation
la Y-PS2Z Ir -
1b Alumina Ir -
lc Y-PSZ Rh -
1d Ce~-ZTA Ir -
le ZTA Ir -
1f Zr-mullite Ir -

AMENDED SHEET
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)-fb&& ' X'y’ 2'db " { (J"?7y1858 APAX’ () - * 1Pp& () - 10| 10Mg co-impreg
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10! ! US10% () -4 U$1( O/&Y(’%SZI 7E 1094a08! ()fJZ@OO/@& O} s$AbYEPRAMPIESS100E ()
S i ~ FO96& )= (10C T .y
10G>10%G& ()-y, \21%;& (1-§$§83/@E&' (L-Z-Q-J/'L .0 o° MgAl co-impreg

T"

Y-PSZ Rh 2r co-impreg

2% Alumina Ir Zr co-impreg

29 Ce-ZTA Ir Zr co-impreg

2h ZTA Ir Zr co-impreg

21 mullite Ir Zr co-impreg

Table 3

Catalyst Foam Group VIII Metal Metal Cation
3a Alumina Ir Zr seqg. impreg

3b Y-PSZ Ir Zr seq. impreg

Example 4

Catalytic Partial Oxidation

A reactor was constructed comprising a transparent

sapphire or metal tube. The modified catalyst prepared as

5 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 (Op:N» 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

10 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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reactor was determined by gas chromatography and weighing

5 water condensed from the gas stream leaving the reactor.

In Tables 4 to 7 are given the results as xCHy

(% methane conversion), sCO, and sH; (selectivity to CO

and Hp) .
Table 4

Enriched-air CPQO: Performance of Ir/Y-PSZ with metal
cation (GHSV is 3,300,000 Nl1/kg/h; 02:C is 0.55)

Catalyst xXCHy sCO sHop NH3 make
% 5 % ppmv

la 88 95 88 0.5

2a 91 95 90 0.5

2b 92 95 91 0.

2c 92 95 91 1.1

2d 92 95 93 1.0

Thermo?2 93 95 93 230

8@ Performance at thermodynamic equilibrium

Table 5
Enriched-air-CPO: Effect of modifier on Ir/Y-PSZ (GHSV is
3,400,000 N1l/kg/h; 0o0:C is 0.63)

Catalyst xCH4 sCO sHo NH3 make Deact.b
% 2 % ppmv %/24 hour

la 88 95 88 1.6 3

2a 99 95 88 2.1 0.5

Thermo 99.7 85 89 . 113

b Decline

in xCH4 per 24h
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10, M M 10, M MYCDoDDEFGMU3XY7 1!'! L' 110% <

<& ()-/! L theomedifiers haveogbepeficial 1onglysore on thegfiy- /1 L' 1 10%x<
& ()-/G HH JWXJYIJZIWXNMBYZ 111 10 10

1o§ ?_ | 1098 E§RYER O 10086 FRPPF EARY PATAMBELRS (9, Fhe  FARRALRE (). /1 L 1 10%
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TL1& 10%& () A 311 L 1O () 2n s 0
100 3M 1ocy( e%g%%@%&%ﬁﬁ%ﬁémlﬁ%% Bime. The
"3M 10% O Cg4 £eorXEXIEERETEY appeared to be most beneficial: the CHy

conversion of this catalyst was the highest while at the

same time the NH3 make was not much increased. This

10 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

15 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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EP 009900324
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AN~

y; #10 k & ()-vk 10% & ()-v

1b

2f

99

95

88

3a

99

95

89

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 - 1f represent catalysts not
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 2Zr are mixed in the

20 impregnation solution.
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1. A process for the preparation of a catalyst comprising a
catalytically active metal, selected from Ru, Rh, Os and Ir,
associated with a metal cation selected from Al, Mg, Zr, Ti,
La, Hf, Si and Ba supported on a carrier, the process
5 comprising providing the metal cation and the catalytically
active metal in solutions adapted for impregnation or co-
impregnation on the carrier, drying, and optionally calcining.
2. A process according to claim 1, wherein the metal cation
and the catalytically active metal are provided in solutions
10 adapted for co-impregnation.
3. A catalyst comprising a catalytically active metal,
selected from Ru, Rh, Os and 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 according to
15 claim 1 or 2.
4. A catalyst according to claim 3, wherein the metal cation
is a zirconium cation.
5. A catalyst according to claim 3 or 4, wherein the carrier
is an attrition resistant, high temperature resistant carrier,
20 the carrier preferably comprising a metal or a refractory
oxide.
6. A catalyst according to any of claims 3 to 5, wherein the
atomic ratio of cation to catalytically active metal is in
excess of or equal to 1.0, more preferably of 2.0, most
25 preferably of 3.0.
7. A catalyst according to any of claims 3 to 6, wherein the
metal cation is present in an amount of at least 0.25% by
weight based on the total weight of the catalyst, more
preferably of at least 0.5%, most preferably of 1.25 to 15%.
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feed is contacted with the catalyst under substantially

20 adiabatic conditions.



