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;The present”Invention relates to a process for the catalytic

partlal oxi dation of hydrocarbons, in particular to a process for

the preparation of a m xture of carbon nonoxi de and hydrogen from

met hane, natural gas, associated gas or ot Qer sources of light 5

hydr ocar bons. The partial oxi'dation of hydrocarbons, for
exanpl e net hane or _ natural gas, in the presence of a cat aI yst is
an attractive process for the preparation of m xtures of carbon
nonoxi de and hydro known in the art _as synthesis gas. The
partial oxidation gf@%FsEOmR THE GATAGCEr OIS %IWT&HKyOEéﬂ'SPWé:%ﬁPQNSr eaction
‘and, in the case in whi ch net hane is the hydr ocar bon, proceeds by
t he reaction: . . r] .

2 CO + 4 H[errfhe present inventlon ,&eﬁﬁ?wgnsert gg%‘g%essgoﬁ éta? rf:qug%%‘l\}é: been

proposed in thpagsialf gridation of hysgpearbagsoun rmxe@za&l e iac ppeseasisafor
oxi dation reacgjpo rlﬁ:ep%x&?%f”ﬁ mixture of td¥donimon@REde aHd (H3RLSnOErom

application on a commercial scale is to 15 contact the feed gases
with the cat al ethang; natugal gag- fasgagiated gas or aﬂ"?‘ﬁﬁgﬁ?ﬁﬁﬁﬁ’ °fhet9PFterat ure
containg a nunhgar&farskﬁﬁunent S di scl osi ng details of experinents

conducted into the_catal oxi_dag i o ydr, ns, in
particul ar met hane g g gxa.dation ofpgyéroaarklgons agorf Q:éaa lF !%tggﬁl%g f1 xed

- bed arrangemenhattml gas, in the premenberofoé catalivsti és eopewmnt*ge RIeeesiseen
reported int h%or the preparation of mixtures of carbon monoxide and hydrogen,

known in the art as synthesis gas. ‘The partial oxidation of a
10 hydrocarboh.is a highly exothermic reaction and, in the case in

which methane is the hydrocarbon, proceeds by the reaction:

2 CHy + 02 - 2co + 4 H2

.A number of process regimes have been proposed in the art for
carrying out the catalytic partial oxidation reactions. One regime
that is most suitable for application on a commercial scale is to
15° contact the feed gases with the catalyst retained in a fixed
arrangement. The literature contains a number of documents
disclosing details of experiments conducted into the catalytic
partial oxidation of hydrocarbons, in particular methaﬁe, employing
‘a wide range of catalysts in a fixed bed arrangement.
20 A number of academic experiments have been reported in the
- literature in which catalysts have been employed in the'form of
fixed beds of catalyst particles.
Thus, A.T. Ashcroft et al. ("Selective oxidation of methane to
synthesis gas using transition metal catalysts", Nature, vol. 344,
25 | No. 6264, pages 319 to 321, 22nd March, 1990) disclose the partial
. oxidation of methane to synthesis.gas in the presénce of a range of
ruthenium-containing catalysts. The objective of the experiments

was to establish that the partial oxidation process could be carried



literature in which catalysts have been enployed in the form of

fixed bedw(p;ﬁ,,ﬁgdoal yst particles. Thus, A T. p&sEposdsboet al .
("Sel ective oxidation of nethane to synt hesi s gas using "
transition nmetal catalysts", Nature, vol. 344, 25 “No. 6264, pages 319
to 321, 22nd March; 1990) d| scl ose the pastial oxi‘dation of

nmet hane to synt heS| s gas in the presence of a range of

rut heni um confudi gl RalAkYRi%iodN@n@te e URmEd ralcife £XPEY itHBDéha, the

was to establish that the partial oxidation process_could be_carried
WO 96/ 04200 experiments were conducted with a low gas hourly space vemtlgpgg/ 03090

- 2- 400000 Uhdera pressurencl i st®sphekeatnd autempyretatelbesaboli® t hi s

end, the 775 *c. X 'cgg%ﬁ%t"‘gﬂpeiog%‘%ﬁ%&‘le ifﬂ.li‘ A&Wﬁgé”‘soth d!og.Xd,Space

vel ocity of ress at nosphere an
t enpefat ure PPWARKRG: °atalYSt 775 [err]C. The catal yst enpl oyed conpri sed

f/n’BJ | aﬁ?unf s of FEQDtSF)' Wg(&det al. P?"ﬂ@%@ﬂ oxdiai¥flof methane %% (F;aD F.
ernon et a "Parti | da me nt hesi s s",
Catal ysi s Let Fhesds 39990)“1"‘3 Yi%a;eﬁtf%‘é‘l 9%1& dfde 106) aisd clos¢ya range

experinents iaf a#pecrhmezaisairysuschmapal;satngcmkeing aidKeani umhemum,
rhodi um pal lz%gli bal ghm Og.rPcli%;nl a@i'.nme reiﬁ:ggp Oskgggrt%g aII‘umPna _

or present in n1xed OoXl de precursors, re ap
experiPnent s r&ppresent dremixed puide arep@aea#:ywee pRplied- Adadat |tthn

process enpl %@ﬂn@ﬂ_&y z@ﬁb&e@pgfé\tlﬁﬂﬂtéaoﬂéhat Qe yRDEl gastid %H?&Auon
orm-of. pellets retained in a fixed

anmount s of cat al |
o Muthor s BenEtes CREYARE BXBORTREESHPS BTt aP P at448n TRLl5 (
Met hane to Symbivetssi of Gesalpatd ifarheofiofd ofimkdlass antiddedi &i _gfHgeNbed.

for Methane %Qvﬂt?xbggrep% Qh%osaﬁe-rm:.m%éﬁ/e&ﬁg‘g;ré;z é&&g‘atlon gf

R H Jones et al tic nversion-o t hesi s
Gas dver Eur dMstbane £p gt eEGZF?-?O?nd Casben Pipxideceas eﬁnsoﬁidlsmg Aqent( 1991)

169-174) _repq_rot:_ﬁé_taaselces{«éz\saope,r lcad1yaXk dﬁdwn 10f (mtzham-zes usi ng
the europiumiri react

hi
studi ed under th I'#dn}%\éég(r:\e&l O{onsgb'falgtg‘f é:§§‘6?‘€‘8? gf?ﬂfgﬁh‘é"r e and

Synthesis Gas over Europium Iridate, Eu2Ir207", Catalysis Letters §

{1991} 169- 174) report the selective partial oxidation of methane
20 using the europxum iridium pyrochlore Eu21r207 The reaction was

studied under the mild conditions of a pressure of 1 atmosphere and

a temperature of 873 K (600 °c) .. The catalyst was prepared by

grlndlng and subsequent pressing to form pellets The pelletised

catalyst was packed into a porous s;llca frit and used directly in
25 the experzments.

United States Patent No. 5,149,464 (US-A-5,149,464) is directed
to a method for selectively oxygenating methane.to catbon monoxide
and hydrogen by bringing the reactant gas mikture at a temperature
of about 650 °C to 800 °C into contact with a solid catalyst which

30 _xs generally described as being either:
a) a catalyst of the formula MxM'yOz, where:
M is at least one element selected from Mg, B, Al, Ln, Ga, Si, Ti,
Zr and Hf; Ln is at least one member of lanthanum and the lanthanide_

series of elements,



b terrperature of 873 K (600 [err]C)."- The' cat al yst was prepared by

grindi ng a iﬁ guent pressing to formpellets. The pel | ei¢cH@®s03090
Latal yst vvas packed into a porous silica frit and used directly in 25

the experinents. United States Patent No. 5,149, 464
(US-A-5,149,464) is directed to a3rret hod for selectively

oxygenati ng met hane to carbon nonoxide = %7 and hydrogen by bringing
the reactant gas Mgliyg alpidck WHAREANRSmetal, and ofth 8BOMe BRAchekA C [0
900 [err]Cinto contact wth a solid catal whi ¢ is generally
descri bed as b@PAgY/& eRdixty)/z is lndependea¥lya c&t a?l §ls"t° 8f The formul a

MKM yQz, where: b) an oxblié DAk d-BESIk epsnsikborembtslsl ect ed from I\/g B, A,
Ln, Ga, Si, Ti, nd, Hf.. I ant hanum
and the | ant hani de c) a d- b%ock tl;anessl’t% §a]‘.”1 {1 ?%&r?&&rﬁ%& 200

PCT/ EP9%/ 03090 d) a catalyst formed by heat:.ng a) or b) under the3cond1tions

M is a d-bl oclget gRnslehbtdn"8E dhde P RdnERGR1 Piingt Q&:d’l&iérﬁs x/'y and
y/z and (x+y)/z is independently fromO0.1 to 8; go%e_

oxi de of a d-bl ock Thefdlerk Fraptifion setals are 'sald in UEyA 4458k
transition net alelocred ELdnt BROLE yiaﬁiiﬂpé)ﬁdmicaﬁtmﬁer 21 to 29, 40Q)toadt andl ISt

formed by heatl ) nder C n &on or
under non- oxi di%2 Flél g‘ﬁcﬁ%tafs S 1& Qﬁquw %*lnad&u%‘l Q'Eurans gﬁégnét al s
are saild in US-iAoﬁq TobBall64 nickdle copper, zirgenimm éé*#mn tﬂhbig@eh%l ng atomic

nunber 21 to 29q g0 tiQnA 7cuRRhilM, rhodium, phPlaédum! BE1VEY,2hseniaandi um
titani um vanadi um chrom um manganese, 10 I ron, .cobalt, nickel,

copper, zirconi%@fFalimebFiRes Rt FRERYEM osmium, lndjt“@ch?llé‘ttf‘ﬂ‘f‘ﬁ apd190At urkt
rhodi um pall achsuatatfeul %eIUs-45,148/M64 that the prafizledmetalisgaeethosehimi um

osmum iridi urgrrgg 3&12“”% %ge r:LodicI Il‘.‘:v.ble of the emgz?{; Txétpfxy {.% >, 149, 464

that the prefer B3 aret ose e Perlodlc
Tabl e of5 t he Elcsmbw,s cobaidt, Feenipon 1:151um, pallegmnia@m* tnickede @pdm

i ridium palladiy :P.i' tinum nickel and r ut heni um
The process descri In US-A-5,149, 464 is osDerat ed a
‘I‘he process described in US-A-5,149,464 is operated at a

temperature in the range of from 650 °C to 900 .°C, with a range of
from 700 °C to 800 °C beiﬁg preferred. A range of experiments are

20 described in US-A-5,149,464 in which a variety of catalysts
comprising Group VIII metals were tested, including ruthenium oxide,
praesidium/ruthenium oxides, pyrochlores, ruthenium on alumina,
rhodium on alumina, palladium on alumina, platinum on alumina,
nickel/aluminium oxide, perovskites and nickel oxide.

25 A similar general disclosure of a catalyst for use in the
catalytic partial oxidation process is made in International Patent
Application publication No. WO 92/11199. WO 92/11199 specifically
discloses experiments in which catalysts comprising iridium,
palladium,-ruthehium, rhodium, nickel and platinum supported on

30 - alumina were applied. All the experiments were conducted under mild
process conditions, with typical conditions being a pressure of 1
atmosphere, a temperature of 1050 K (777 °C) and a gas hourly space
velocity of about 20,000/hr.

The experiments described in both US-A-5,149,464 and
35 ~ WO 92/11199 employed catalysts in the form of solid powdered



tenperature in the range of from650 [err]C to 900 [err]C, with a range of
from 700‘5, Mﬁb bo 800 [err]C being preferred. A range of woumerdsioB@bs are
20 escribed in US-A-5,149,464 in which a variety of catalysts-
conpri si ng Goup VIII netals were tested, including rutheni um oxide,

praesi di und rut heni-um oxi des, pyrochlores,, rutheniumon alum na,

rhodi um on al um na, - pal |l adi um on al um na, platinum on al um na,

ni ckel / al un piadeadés dfstapRed Uik tfeSed bdd Nd sfber@nt A% pabking in a A
simlar gener aacgoch&suLetw%Ln cat f\u‘%/stgfsq_rl gas-%oiaf t he catalytic
partial oxi datT on process 1s na *nferfratTonar- Pat ent

Application publ |Eempe@n Menmqug@ pupDiGation MBQ Q3 43&al |y

di scl oses expepiAmNbes id3s)Mish SRk Yrbse s FBE Iékngaealyéwshmal
pal | adi um rut henium rhodi um nickel and plati num supported on 30

al uni na wer e °¥pfitien. of A pydrpsaheparearEnfeedrersk 48 et IR ni | d
process condnﬁxﬁme oflithe hyyroestbonacstiulsi peisbeN)JoLydehess heoxiged-

atrospher e, AAEITRSLATHCD], 3080y TEel Gl 1koBlhReg 50U Y, SPECE

vel ocity of a experi ment’'s Qetcribed in
bot h US- A-5, F.agamcmtssl oxidatigpm @Zt/eliﬂ%nemﬂ eymaémmlrysaisedn the form

(I;fCT/S(I%:DIQg/ ggé‘goé%n. The catalyype%gi%()@n the process may compn.s4e a wide

partifl es reFaAPHR@L; FALALYFIGIALY AFEEYS SAERIRERES i)foF AARFRLE PALLpdium,
reaction tubelbeineee netioatumy| hlg:Ediﬁlfn Sosnii G, \#QChenium, nickel, :chronitukpopean

Pat ent  Appl | Caf)al%n rql | Cafan%n l.llmy?I 0“83 4%§ tl'sereof E‘&:I:':tlzl)aggt ?i&ﬁ93 438) (

di scl oses a proceés PP Hétca Dar T OXI
hydr ocar bonastatsst iee@sﬂo@; IB0BN13fh ch4t alagarsi@égsnot normally monsmeeeoaftot he

hydr ocar bonaggois af gerlsh 0 kect Q0 989 AlsodBe UYL as catalyst§0Mb@l Ni NG gas
and, optionally, steam is introduced into catal ytic parti al

oxi ddfi on zoR&MRIecERREacEoLY oXidas, such ap a‘f"ﬁ’ét‘:lente' mulligeropllite The
cat al yst enplaoifithii titaniye)Cesicolby spAEs aRd alvinilta.10rhe catalyat Gaayof

catal yii cal | y.a6} V6o GAUDOUIC R Sue,  OF. QUMD R A Wik rugated meegf] 211 NUM

rhodium iri |um osm u enium ni obal t,
cerium | ant RaskRd Spcfarmxelpngate ichprnsils tfﬁ{letlllmushlqr wire mesh.

However, preference is given in EP-A-0 303 438 to the use of

20 catalysts in the form of extruded honeycomb monoliths. These
monoliths comprise a large number of parallel channels extending
through the structure @h the direction of flow of the feed and
product gases. .

European Patent No. 0 262 947 (EP-B—O 262 947) discloses a

25 process for generating hydrogen by the partlal oxidation of a
hydrocarbon in which a mixture of the hydrocarbon and oxygen is
injected into a mass of a catalyst. The catalyst disclosed iﬁ EP-B~
0 262 947 comprises platinum and chromium oxide supported on a
refractory solid. The support structures described in '

30 _EP-B-0 262 947 are monolithic hqneycomb'supﬁérts, of the type used
in purifying the exhausts from motor vehicles or from chemical
plants, and particulate supports, preferably comprising particles
having a maximum dimension of from 1 to 4 mm, for example 1.5 mm.

D.A. Hickman and L.D. Schmidt,("Synthesis Gas Formation by
35 Direct Oxidatibn of Methane over Pt Monoliths", Journal of Catalysis



YKtated in EP-A-0 303 438 that materials not normally considered to
be cat al ytl‘gﬁlgl)éﬂﬁtlve may al so be enpl oyed as catal ysts fm-r/ﬁfgs/osogo
gxanpl e ref ractory oxi des such as cordierite, nullit =

alum niumtitanate, zirconia spinels and alumina. T TUlﬁS}H&E]t ABBEEN
be of a variety of forns, for exanple sheefs of cornugat eﬂEn'eAeED
packed to formelongate channel s therethrodgh or wire

However, pref eigdCceehs2ed), VEIY2H.N IEBeAc&\d;SQ@eddrgﬁpé&m&hﬁ USE @he HArtial
cat al ysts in the form of extruded hone

monol i ths conpPFEBTEer figReTIRDe” GFe ;5%?3?’1"& €ﬁ§%ﬁ£‘1’§’ex‘f"@ﬁﬂ’|iﬁ’§ elther
t hrough t he st platinme o rhdértiueii ra'hmmtd;il fdxddatgont teactbed wexk conducted

B OduCt 9ases ue substantiaity oFHAHIE i @;mtreh%d Qgﬁt@gpa&uggfla 8,262 947)

di scl oses a 25 ocess ting h t he ggrtlal
oxi datidn of arange of fr°nyéﬂ°oéar A $rf3\%l7n’~'c°n1 iuré' BfcatALYsh#dr ocar bon

and oxygen is loyed wér@Jﬁ-CTtﬁd ﬁdlhooﬁmﬁﬁﬂs gaﬁzea: ca&allya‘&ateahﬁoaﬁat al yst
di scl osed i n EP-B- 262 947 co ses %\tl nzgn gﬁfhrom um oxi de
supported on gmeneliths anf’e‘?"rt&&t%?‘s‘fe o?’ﬁta ‘ﬂ‘gﬁ Ft SPY JFEERT S&VFRscri bed

in 30 EPcBedly262 cdbprized Ixoold tﬂayerm@ﬁegamnb fuppthreirs 40 afesh R0t ype
used L:Pr&uFEIyian)t ee@mﬂust%ergr;hrmsn%&m@wyee%fogl pom
chem cal , articul ate supports, preferab conpri si ng
particl@s aluminnamqgew%m! ASrhaNiRgnan GRe®fcetihprs ’ER?“He'hlrﬁkef or

exanpl e 1.5 MMgerycture. The sampled eﬂbﬁ&@&rhﬁnd ﬂmﬂxaﬁ@b%iﬂty( §)BlotﬂE$iOS Gas
Formati on by 35 Direct Oxidation of |\ée rﬁ ver I\/ggol i ths"

Jour nal of CataPﬁﬁﬂ per xnch (ppxbv) 5% de monoliths were cordierite

PCT/ EP95/ 03090extruded monoliths, having 400 square cells/in“ and copsisted of

138, 267282, 1998k *garghfangugén%sﬂseag,ftz,%%m%p&éae 28 B8 flel! AHzough the

oxi dation of né e presence ts conprising et
pl ati ndfn or r hebannels Tunsepathe aondikiona Pérﬂ%ﬁb‘!‘i‘éﬁ% sediedonduct ed

at substantially atwrrﬁ)smem&hpr-%awman@maai me;ﬁburegsmahsdeeov& a
range of from 600 to 1500 K (327 to 1227 L %ta {1 a%g' SLS al. 1
enpl oyed were mAnglith f%-}PRPB‘FedrrE?%ﬁIYQEUZéE Ligck Gatalyats§: ¢ r# ’
nonol i t hs and neesd) es<ioaq fﬁpblttlde:demt@h.ytshspaﬂﬁialrmtldhtwné methane
catal ysts conpy !s:s.t?gd alcgfpallgt c J.Sslgé aq%gmagioﬂa'okkﬁ tg.ﬁign THa malladium

20 supported on a cordierite monolith body.

' Europeaﬁ-?atent Application publication No. 0 576 096
(EP-A-0 576 096) disclogés a process for the catalytic partial
oxidation of a hydrocarbon feedstock in which a feed comprising a
-hydrocarbon . feedstock, an dxygen-containing gas and, optionally,

25 steam at an oxygen-to-carbon molar ratio in the range of from 0.45
to 0.75 is contacted with a catalyst in a reaction zone under
adiabatic conditions. The catalyst comprises a metal from Group
VIII of the Periodic Table of the Elements supported on a carrier
apd'is retained in the reaction zone in a fixed arrangement having a

30 high tortuosity (defined as the ratio of the length of the path
followed by a gas flowing through the structure to the length of the
shortest possible straight line path through the structure). A wide
range of carrier materials and structures are disclosed in
EP-A0 576 096, including particles of carrier material, metal gauzes

35 and refractory foams. Suitable materials for use as carrier
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or 80 nesh. The foam nonoliths were of al pha- 10 al um na and

descri bedw?f%;b lkng an open cel lular, sponge-Ilike ' pET/EDPSEioaéos- The
sanpl es enployed had a nom nal porosity of (30 to 50 . pores per
inch (ppi)). The extruded nonoliths were cordierite ext ruded

monol i ths, having (400 square cells/in[err])and consisted of
straight parallel channels giving | am nar fl ows of gases through the 15

channel s undpiedhgisqidi sa'ifaneo ancl@die fth@We&E@cb%trylcuzﬁ.des such as silica, J. K
Hockmuth (" Ca ali:t'c Partial dati on of Methane over nmonol i th

Supported CafhfSF8f~ *ikaptd ealf%l"t“éfyﬁdsmﬁf‘t“ﬁﬁ?n SRRt aﬁu“’“i“a is St‘a‘te""( 1992)
89-100) repors seiihe waespedintlyp prefaired szt enmabériadt hane using a
catal yst conpri sg p@af PLREAA WP 9{;@& Pub P25 utaalé%%uewo

supported on a cordierite nono th Eur opean Pat ent

Appl iTation é%ﬁ'&aﬂ%ﬁ"ﬂo dia'—'lfﬂ'eso%@mcess for theprepgrarign (o Fathafc| oses a

process for hbexaak Edn)it hf‘dd&@éi b the catalyue@adaupra»xMauaohy&k feeaen
f eedstock in ar bon feedstock, an

onpr
by gen. cont abt 18 Ekeeifg oFoR qasRLTHY, Bropered by agderiBE8E P20 A SERLR
oxygen- t 0- cartwonent arhodivmoandy orhsuthanijen of & cerrikriSomprising zit@n@a75 i s

contact ed i L Aa5pl QledSL Jelins | OB 'cgeaﬁ;;@eiywémsd in 22-RY BPRIHE

condi ti ons. e cat st conpri ses fromG

Peri &i c TabF% hefing tﬂgﬂ‘!érﬁ?ﬁ?%b%uﬁ‘pmﬂ g¢rhoas ofipgly jddvided powder, Jbgadss

;et ?i nedt i n(géﬂeteacguaeﬁ{z%a?ﬂamea Jﬂt ir?e@bla&nfngeﬂematawﬁtiﬁgpﬁt@l hi gh
ortuosity (de as the ra e len e '

ol | owed by SipeEEr Fhehirs i slrdrctand B¢ ARotul 610 S Snad enne iFoptuctne (

shortest posstid cesperacgis Olfl frompa3h tohi200ghc,t peesdnabily firen. 454 vb de

range of car bherecnBiGl! 2 < bEUR! Vb 0ok dREC 338 auf Lowex thanEP A0

576 096, including %zjrtlc es carrier material, neta 1YJZ 35 and

refradttory foarkg/omy, t'&:miéahmpermng g% spaee e(slw#erare described in 12 to

20 pores peresM-o 548 679 as YELMPAR%HOrange of from 1000 to 40000 h~1,
PCﬂVIEPQS/()BOggLferably from 2000 to 20000 h~l, The specific examples of
EP-A-0 548 679 describe experiments conducted at atmospheric
pressure at temperatures of from 300 to 750 °C and space veiocities
20 of 16,000 and 43,000 h~l. 1In all the éxperiments described in
EP-A-0 548 679, the catalyst was retained in the form of a fixed bed
of particles. o .
The specification of European Patent application publiéation
No. 0 656 317 (EP-A-0 656 317) contains a description of a process
25 for the catalytic partial oxidation of a hydrocarbon feedstock in
which the hydrocarbon is mixed with an oxygen-containing gas and
contacted with a catalyst. The catalyst is retained in a fixed
arrangement having a high tortucsity (defined as the ratio of the
length of the path followed by a gas flowing through the structure
30 to the length of the shortest possible straight line path thréhgh
the structure) of at least 1.1 and having at least 750 pores per
square centimetre. The catalyst preferably comprises a
catalytically active metal supported on a carrier. Suitable carrier
materials are described as including the iefractory oxides, such as

35 silica, alumina, titania, zirconia and mixtures thereof. A catalyst



Y6- materials are said to include'the refractory oxi des such as

silica, wossmﬁh“m na, titania, .zirconia and m xtures thepegEpsHbassi na
is stated as being an especially preferred carrier material.

uropean Patent Application publication No. 0 548 679 5 (EP- A-0 548
679) discloses a process for the preparatiqgn of carbon nonoxi de
and hydrogen by the catalytic partial oxiddtion of nethane in the

presence of a eghddi¥shg R eppéoegabaefd%ytfm afTadPiACLE Vdpecifically
conmponent, rhodi um and? rutheniumon a carrier conprising zirconia

or stabilised f?‘?’tp&ﬁfjaled The catal yst is described in EP-A-0 548 679 10
as being of any suhnhaditeaétive) catatitias phrtiall yoxidut e ppowader fobeads,
pellets, plate

oxi dation pr ocglg% d&ggglﬁeﬁgﬁg %Seﬁlg}% E@‘Eﬁ’%& ﬁ.“‘ggéltc"a’% ?ﬁ:t ed

at a tefperat uPeeﬁﬂ“rﬁiiorﬁYBS@ltlﬁ irp @Bcess PF A0 prof EPRIAXMMPIY RE4THPURY

900 [err] C undgph Kar)' B UEChidh gds meuéiQOsM&o@mdilﬁs,pe?sﬁaab}y:fl emer than
15 50 kg/ cgre[ err] G _Typical operating &as Space tgﬁ ties are

described in order of 349,009t %, ¢9Pe00Q byyei py 9 ke A4 m 1000 to
40000 h[err], behaviour qf ehepaktialf bﬁ&aﬁ@&ﬂ rEaEctﬁ%OOirh[oedé:] toTdétraspeci fic

e?(a”p' €s pf high yieEE o'% cari%s 67 xgc? dgé#) %; Lgeﬁ%gﬁ%qug%%%?egt ]1& and

at nospheric T SssUre at 1 era rom er'r
space V@locitiés messary tefopl?sam@harmanglmet Iflerated temperptunese

experi ments de&@:ﬁ;&é&%éuf& in of the oEE’erQ 56’0% 62%: highezahAd Y:SI:e%QQy refrai ned

in the form of fixed
speci fication BPtﬁE'FB%é'é'ﬁ ﬁ‘eﬁlé‘ﬁtdeéﬁﬁ‘li?‘{:&fl %ﬁ°ﬁﬂﬁ"lj’85t3‘8ﬁ°ss No. 0 656
317 (EP-A-0 656 312); K3Nbéér Todndl @RaY iapind<t s0itablpr fiedSartangement foar t he

catal ytic parti ge c%)t(:la astl n C\)zfsea:.nh)‘:ggocca%ra r}.cf ﬁae:q:igi)cgstiidgt'on of whi ch
the hydrocar boli % o mx’éc}: T *®8n oxygen-cC ai ni'ng gas and
~ cont actléd wi t hhadeesagbonst unddre condiglignt which epulchbdd ¢ormgrejaléy attractive

ar r angenent ha!bn&@lﬂ'ﬁﬂcﬁqﬂeueﬂ4l¥s£ cief £0Gdnad ihhend FbhR o¥f atddRolithic
| ength of the path followe S“gqas flowi ng_through the structure 30

to the length GF“H?é“‘éhoFPE%]tysﬁB Thpee §'Pr%ﬁ°§h? REORESH EPTPHIIF oPfh OF more

the structure) caf:alaﬁtihﬂﬂ.“yt a&tﬁleafbilpbﬁdhﬁ%gs@polre%ton75&e|ﬂﬁicﬂ'$rpefxide
square centinetre, ref er a%g £9mpr ése

catal ytical |y &Y e rre}feafa§ule|cr)or?in3 i e Lot ot lentaseh. Reference
mat eri @Ps are desein bech dwoneidithliiary "mdrelitiicastmicpue] desto saxsiagleas

silica, alum n@ordid ARidriall fiRD uiRRELy e 4P Sidd1e S¥ous ArzabdrySt

material unit, in which_fhe pores constitute straight or tortuous,
parallel or random elongate channels extending through the unit
structure, i.e. having interconnected open-porosity.

25 As mentioned hereinbefore, the partial oxidation reactions are
very exothermic, with typical reaction conditions in excess of
1000 °C being required for successful commercial scale operation.
However, it has now been found that major problems can arise in the
operation of the partial oxidation process when using a catalyst in

30 the form of a monolith. 1In particular, it has been found that the
refractory monolithic catalyst structures are very susceptible to
thermal shock under the conditions of very high temperature
prevailing in the catalytic partial oxidation process. Thermal
shocks arise when the catalyst is subjected to a rapid change in

35 temperature, giving rise to substantial temperature gradientS'ec:oss
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-7- o60ffgPrising a zirconia refractory foam as CarmegB)§3ogo

speci fi ca\”f) exenplified. : An attractive catalytic
partial oxi dat i on process for application on a comrercial scale
woul d operate at elevated 5 pressutes, typically in excess of 10 bar,
for exanple at around 30 bar, and at high gas hourly space

vel ociti es, El?{é)icﬁﬁiiﬁétoitxtubeu_re Th.ermal HdRks HaySLfl.s@08hrigg la 0QRuERRR[ err].
Due'totheth r nrodynam, ¢ avi our of the artiglEs xi dation
0

. b
reaction, in°brdEP™F Bt FeASHPE in el casg; gh &7 P¥a 1BnReede and
hydr ogen at &t edldl deb peessare 3o kdpililly cool thes :a:m:essatcy it9 cepeemise t he
reaction at ﬁﬁg e & e PR ¢ t rder of
1000[err] C 'gé S(jhéei’r<> Egre %Zécie%sg? ye “For ountered b %SU{%EH &’%&gy%% g
demartied of WP PSRAEIUCEAl i R gase of °°nta°"in‘1 the tcopd scarabysts wikhl t hat a

most  sui t abl Redtiedetbedr sar}gasamd ﬁﬁf-ignition gast BRd GRk8hy/ Shobill pactesd the

catal ytic parti aI OXI atl ca bon§ under, condi ti ons which -

"
Soutd be_contR¥RENTH yhs ilePiasine 1n end"HePEREORA HIBELIGER eranRrs T
retained in the m meduxas noredkd tio prevent the catarlwst Uredng Gabdéstedstd or use
In such a progesg) IRk SR RE dMREErion of a pr&ctsd! o 'aCaldmé ﬁf“ve
conponents supported on a refractory oxI de carrier, the carrier
bei n in thes‘v?’drerrlecal%ﬁaFJr%ng I%FE‘F%@ Iyymeans of helowi heatoexchangeol i t h”

or "nonol i t higr Skimlleyl fre Wéry @xPéhsite NECcunbersome. PAIRYSEIAAYL thake UNI T,
suitably to any si %Ie porous refract mat eri al un|t I n which

the pores cohsty PEEE E8F rhicgRRivsie tp(fffgﬂu?‘idatim pr"CT)%l’r Hhich cgpdings fom

el ongat e chamighl $eesdt eficiedgetivibyigie téxbonnndnoxide and hirbget,uschigh. €.
having i nt erfmge& ecqtgfm é}.iiiié Y and% resistance to’Endfhll '39.@293.

her ei nbef ore e partial oxidation reactions are exot herni c,
wi t h1% ypi cal rea®44PshseAd; titohds pAvBaeRsEoupA that z’-‘““imsf'ér r] C bei ng

required formmsas&fcuhcmmf%ala sge:lienemrl@t éﬁ%ter resistancEOpgver, it
has now been founf &P% P robI e . can a in t]l operation
of the parti 3BT FXPFEH YBPEE § ‘Wﬁé i AT tt‘:‘é‘f L PEStRe Fatadytic t he
form of a nopeoitiiah.oxitiatipar piacekarthan tmdngaditheeprérauead fcrhatoﬁhlee

refractory n;g;g;l Lfy.c catalyst structures are very susceptible to

t hermal shock éer the conditions of verg/ gh tenperature
20 Accordingly, the present inven ion provides a process for the

i,

catalyt;c partial oxidation of a hydrocarbon feedstock, which
process comprises contqéting a feed comprising a hydrocarbon
feedstock and an oxygen-containing gas with a catalyst at elevated
temperature under conditions such that the catalyst will be
25 susceptible to a thermal shock, the catalyst being in the form of a
porous monolithic structure and compriéing a.catalyticélly'active
metal supported on. a zirconia-based carrier.
The process provided by the present invention is particularly
advantageous in that the specific catalyst employed has been found
30 ‘o be particularly robust under the extreme conditions prevailing in
. the presence of the catalytic partial oxidation reactions. In
particular, the process has been found to be robust in circumstances
in which the catalyst is subjected to thermal shocks. It has been
found that the zirconia-based monolithic catalysts exhibit a

35 markedly superior resistance to thermal shock under partial

¥

é



brevailing in the catalytic partial oxidation process. Thernal

shocks ari S%’W&Z&Pe catalyst is subjected to a rapid changecr/Epss03090

- denperature, giving rise to substantial tenperature gradients across
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the catal yst structure. Thermal shocks may arise during a shut-down

of a commercial reactor in the case of an'egrrérgency, I n which case

il b necSSIBN s Rk e 0Bl bk EARNOLagald.S s6aD a8 NErbose

Thermal shocks may al so be encountered the catal yst during start- 5
up procedures, bafed [R2 aligwEnaf contacting the cold catalyst with

heated feed or a hagkechedperiddes tdfOBhJASpaciEidationy the Beim PERERAS
operation when flucjyations in the feed rate and conpositi on _occur. .
The neasures né®EY £ %r?%gﬁetanh? 53?%*%}3"{" b“enlg T wg{i%' Z‘%‘f e%ﬂtagy“

t her mal 5shocks ekperimpceé crappdrchianges dh tenmperatags oieraa cudnetegParatige

scal e typicall y,,,ggglagdg% gg];&mm BY dlBAR SOl ¥t hRdka s Ebaa8

for exanple, are very I've and cunbersone. Accordingly, there
is a need for &hemegopples SAreS SPtiseldRYioBAtB-oWEWS Tkt O ThAPERNES a

high level of sgbegidntel YanyOméadube beTeRékiatlestitietl 18/ depgiant onhtig
| evel of catalyst_stabili

ty and a resistance to.therml. shocks. 15
Sur prisingly, iat“aﬁ%’sisnﬁﬁ\?tﬁ‘égﬁe R h;kf""f?'?rc'o(r%lh%-r%ég‘gw ng Way' Be usednth th
struct ules of f eyuidarsiegni ¥n pamﬂgalgt.e&bertems‘rmem Speck" is a refqmpfrado
shocks under ”L%nQPﬁ{o L'&ﬁe?%cﬁ'%t%&gﬁﬁakﬁﬁéﬁced by the cdX@ijial

[
oxi dati on process than nono s prepared frgmo materials. 20
Accordi ngly, tHelprehasgae athdecFateoft Htolhsasssl a CpPefc 88O HPVEHH@ temperature

catalytic part iﬁthMﬁaEir_aaseflo? ﬂ)é.dr ﬂ?@-bb@ﬁbsfseeﬂﬁ:hgﬁlﬁ.nvﬂﬁﬁi@h may be
process conprises_contagtin eed coypri Si ogar bon

f eedst ock and aﬂ?p&%é‘ﬁg%ﬁgﬁ‘%ﬁiﬂ@s @35%"?% %gcg?%%ﬁéts zftcge S5 kgt

t enper aiSur e under °cqrdi sécpng ovexhatiaage tdfeatakeabyst00uld.l @md2Eions may be
susceptible to a%8&D§J ggl,i@%& bhereal Al ek tmCbRGErs) £d1€ ebfipilOft deast

porous monolithrc strdcture andtcorrprl sing_a gatal Xt Ically active
netal support edt%nC Pezi $9ORA RUSAsE F2RE® (Tp00 "C. The process may be

operated with conditions of still greater thermal shock, for example
at least 50 °C per second over a range of 500 °c, being experienced
20 by the catalyst. As hereinbefore stated, such shocks may arise in
the start-up operation or shutdown of a commercial catalytic
partical oxidation reactbr. In a preferred aspect of the invention,
the process comprises contacting an amount of an optionally
preheated pre-ignition gas. or vapour, selected from any suitable gas
25 or vapour which ignites cleanly at moderate temperature, for example
methancl, hydrogen, synthesis gas or other gas forming in-situ or
comprising carbon monoxide and/or hydrogen, with the catalyst prior
to or simultaneously with contacting of feed with- the catalyst. By
this means the catalyst is raised from the pre-ignition temperature
30 to a higher pre-combustion temperature at which the catalyst is able
to sustain catalytic combustion of the feed gas. Such start-up may
incur a thermal shock of 60 to 100 °C per second over a range of 800
to 1200 °C. _
The process of the present invention may be used to prepare a

35 mixture of carbon monoxide and hydrogen from any hydrocarbon or



The process provided by the present invention is particularly
advant agggy3eA 0+hat the specific catalyst enployed has begRiratsespstesO
to be partrcularly robust under the extrene conditions prevailing In
the presence of the catalytic partial oxidation reactions. In
particul ar, the process has been found to be robust in circunstances
I n which the catalyst is subjected to Tht? el shocks. It has been

found that tRgs kol 2aat8ek MHL! Hylddb&a 58h alsy $h ScrRXBhdUoks Fondze when
mar kedl y superior resistance to thermal shock under parti al

96/ 04200 contacting the catalyst. The process is particularly sPEﬁ?héngﬁ{X3090

-9- thepadeidloaxidatibd iontethans, aaRYAEll gas\alassadiakydigas stich as

t hose a Q Lna ' _ t urposes_of this
- specificati oﬂ?h thg or ?n‘?ét gg%hnr]:apydmcubqns's ot I%ﬁi){ sregS?%Ferglgengénf'o

condi¥i ons ultfghtyhydricazhongftisl gsrefeBence to hydpeeirbare havipd Frohdnges in

tenperature @V&irben \dtdiRs ! CHFREFALUESs may be advantBgénrddy Hpp1DEs ARt &feM ned by
nmeans of cat al:ﬁJSt surface-| gcat ed ' ther-m)cougees or of optical

pyronmetry, wFONerai® gf et ffRe paturally occurring reseryes Qfymethang whigh
t hermal shockontaidepdadaitiiabnanicifts of carbonadidixyde s B fHeeduregefdrayed,

however, the l oW NI S r 10 |d ~..lN_particular,
the term"t hg%“%ﬁ'ggghgﬁ il SPIS a?'e e'r‘Ien(r%c%tlt St Least0s ggﬁ‘&l%'ng‘gﬁ%der whi ch
t he 1@nper at brefesablar ptnieadt H10% he wedungy sgpecially at igdst Bffabye at a rate
of at |east Joliel] C per second over a tenperature range of- at

| east 100 [err] C.. The process of this invention ma¥ be appl i ed
under condi ti onsT¥UEKITIFAFEIH EepIRRCTEI L5 ABRGACFET AT et catplyst as 30 [err] .
per second oOmEttuae rwditfecarioxgger~eantaihffly [gass | Bir {somditdbaasfdarnysdas '

applied givi ri t her oc r lL.e_at .l east
TEPC per e St SoRERLAL bR Bleolioolil b KRR B L
oper & ed wi t pxyasndés itbasoxyFentdontaipingtgas mie beaprefieored. fIn thianplye

at least 50 [fd bRk SAREDSL QVei-qo venme Of 1308 [(RE] 16, Deixpge experi enced
20 - by the catalyst. As hereinbefore stated ,such shocks may arise in
nitrogen when using air as the oxygen-containing gas, is avoided.
The feed may qptioﬁally.comprise steam.
. The hydrocarbon feedstock and the oxygen-containing gas are _

20 preferably present in the feed in_such amounts as to give an oxygen-
to-carbon ratio in the ranée_of from 0.3 to 0.8, more preferably, in
the range of from 0.45_£o 0.75. References herein to the oxygen-to-
carbon ratio refer to the ratio of oxygen in the from of molecules
{02) to carbon atoms present in the hydrocarbon feedstock.

25 Preferably, the:oxygenrpd—carbon_ratio is in the range of from 0.45
to 0.65} with oxygen-to-carbon ratiocs in the réqion of the
stoichiometric ratio of 0.5, that is ratios in the range of from
0.45 to. 0.65, being especially preferred. If steam is,presént in
the feed, the steam-to-carbon ratio is preferably in the range of

30 from above 0.0 to 3.0, more preferably from 0.0 to 2.0. The
hydrocarbon feédstock, the oxygen-containing gas and steam, if
present, are preferably well mixed prior to being contacted with the
catalyst. _

The process of the present invention may be operated af-any

35 suitable pressure. For applications on a commerciél séale, elevated



the start- up operation or shutdown of a conmercial catalytic

parti cal 0@8 &h&g reactor. In a preferred aspect of the i nrOTVERIS)3090
{he process conprises contacting an anmount of an optionally

preheated pre-ignition gas or vapour, selected fromany suitable gas 25
~or vapour which ignites cleanly at rmderatel tenperature, for exanple
nmet hanol , hydrogen, synthesis gas or ot hert gas formng in-situ or

conpri si ng Carpmsﬂpésoxm& agdﬁ&rssayéire muijytmveaaadomeﬁu or
to or simultaneousl contactin th-the cata

this neans thep%?a’fﬁgilﬁel@srtai’%jé’& t &?P%’rfé’ prg‘le ﬁﬁ‘f‘i”ﬁnm"tyeh% °rp§fﬁreéi lclo
to a higher preressnbesstinothe eapgyr af wipetatlSghbaxa.t refatalilyst thes padriess

to sustain catfg 36% &gnpg%yeg%g {yghfggqgga& £53E B 84 ARE-pHLalBY

i ncur a ther err r second over a range of 800
to 1200 [err] CesPeCialJ-Y from 5 tqoHOOPaydess of the present invention may be

Esgd to Er epare a e process’hay l!béeozﬂg.gaﬁﬂ’ Qe naniDp@datite Hethpbiabiuege N vhaexm any
P>C/:T; (I;(F:’SrS / ggogrothe preferred congitions of high pressure prevailing :ind:rocesses
hydr ocar bon f eml&‘aesdt onTbecdmdfamarmleb sthienfedik igauedesakllyasmbabest

contacting the ca];a r%‘?:hQE %‘i‘énzﬁém?a?&ruﬁcégm #hlo/ 13U JQQLQ:J QF high

the parti al OXI ane associ at ed gas “or
ot her durces b¢vellﬁg¢ﬂ cRypveRsdan (RFesto benaghieved aspthe Prefarred qlesated

"light hydrocaphfisred.S RcédthCAfS e tB¥d m@EAINRONS Preyeripll! suicdctea
5 carbon atons., The process nmay be advanta eouslég%%g)g%id in the

conversi on of Hb FFﬁrﬁﬁ’ia‘Hﬂ‘aFF)F GERFPEVRS FBSEET t fard®5%hi ch
contai n subst aptéfelrapipunt s tefipemchon idi the dengeThé faddf) ¢bck4ol S,

conpri ses met h? ec{iQﬁAfggR%Po cgo i‘Sod ‘*E‘St 'r?go/fe@é ﬁ(ﬂ!’cﬂg? isngfgfelgbly

preferably at especlially at |east 80%
vol umels -~ preheated méowermsmgr thrisabRYYSts contacted with the

catalyst as a The febd Ylay Ke Wrbhifaa QeideNeHeOBietalisiy ofdthe phbdeskSat
suitable for use as
any suitable space velocity. It is an advantage of the process of
the present invention that very high gas space velocities can be
achieved. Thus, gas space velocities for the process (expressed in

20 normal litres of gas per kilogram of catalyst per hour) are in the
range of from 20,000 to 100,000,600 Nl/kg/hr, more preferably in the
range of from 50,000 to;S0,000,000 Nl/kg/hr. Space velocities in
the range of from 500,000 to 30,000,000 Nl/kg/hr are particularly
suitable for use in the process.

25 The catalyst employed in the process of the present invention
comprises a catalytically active metal supported on a monolithic
zirconia-based structure. Catalytically active metals for inclusion
in the catalyst are selected from Group VIII of the Periodic Table
of the Elements. References herein to the Periodic Table are to the

30 CAS version, as published in the CRC Handbook of Chemistry and
Physics, 68th Edition. Preferred catalysts for use in the process
of the present invention comprise a metal selected from ruthenium,
‘rhodium, palladium, osmium, iridium and platinum. Catalysts

comprising ruthenium, rhodium or iridium as _the catalytically active



t he oxygen-contai ni ng gas. However, the use of substantially pure 15
oxygen aswligegpyden-containing gas may be preferred. | n poi/EPIsRZe90
the need for handling a |large volune of inert gas, for exanple
nitrogen when using air as the oxygen-containing gas, is avoi ded.

The feed may optionally conprise steam The hydrocar bon

f eedst ock and t he oxygen-contai ni ng gas ¢ 20 preferably present in
the feed in gech am.o Es;aaam, Pr¥ferdBd OX PEMum is a most lsQi€Anon ratio in
t he range of fa(_)} nore preferably, in t he range of
from 0.45 toS¥aFEEicaRl Ve?"é:ﬁlfﬁé"el’fé}el n to the oxygen-to- -~ car bon

ratio refer to tfie catalysof campyfiess ithe tdagalytderdly amotia@uhetsal supported

(Oerr]) to Esﬁrabqpréanqgsba@ S,gamtonmchsaﬁxgﬁocgp%ﬂc% Pé%mg%ﬁea

Preferably, Xxygen-to-carbon ratio Is in range of
to 0.%5, wi ma%;sygémawobemweﬂat | 4 takle AErqopgp JprtSFiglifeare available

st oi chi omet re&mrea&ialqt Grhi, cddidbr ipretdtdly tdimpeides ADIRa0E 0308y

0.45 to 0.65, | | [.f_st t

Che f ed. "+ nESSPELRLERRES, BB PAPFIS Feseenri PR EHES Bhoe of 30
from above OIﬁhrttdlaBl.yO stﬂi&iﬁéfzéreﬂmﬁy ér enbstaftially. Pure Zheconia.
hydrocarbon { ?Lﬁ% sEJL‘iI:L?&%’QQEr&o%Laé%QQ% %Soa?i'lflss&?%gg dd more of

present, are prefe m xed cont act
catalst.  the rare eﬂrtth [eEopr FIER s°roFrQ‘We IR eéemnﬁsmé rFPPo?P%&?iCbe

operated at fdhle3@re pamc%uhmbbeeﬂz@saLHchonlliosa@aao}nse&tihpas MBEt &
commerci al scale, eley (1 VP 96/ Ozs

PCﬂVIEPQS/()SO@E?ferre ircon a-based materials c se zirconia staﬁi&ised or
pressures, tpattiailyprsesisilised siygond mamdeyoatn»eoam'ascpmehlc Y, La or

pressure areg m%aesggai,@ggédappgaggﬁ%g CibOEEAY FRe ohfa g of fly

pressures in t'hé ran t he”process
i s. oprated eamsre%%l&wavaxhakm fprmgsuet aFr@)rﬁ"z'P?b‘-tfzba%?dran Particles,

especially fEHPes &40 whPKd2BL A. The process may be operated at
any suitable tenperatur referred conditions of hi gh

pressure prevail z?’ﬁ°°§‘r"8L{é’s’§e‘§°n°l"th"° cafﬁfﬁga‘?@’dcﬂ?’&’ﬁoﬁﬁ?ﬁ%l scal e,

~the feed is ﬁﬂsyﬁem&ﬂﬂryab(ﬂ%tahﬁv&ddescribed coated with a further material
having a desirable propefty rendering enhanced thermal shock

20 resistance (for example SiC, SiOz, Alp03 or a mixture thereof),
enhanced catalyst stability or enhanced thermal stability.

The carrier is in ;he form of a porous monolithic structure.
The monolithic structure which may be of the order of 1.cm to 1 m or
more in largest dimension, may comprise one or a plurality of:

25 individual monolithic portions of carrier. Whilst a plurality of
carrier portions provides greater thermal shock resistaﬁce than a
similar single portion carrier, supporting and obtaining a good
interface of the portions can be problematic with the high space
velocities employed in the present invention. Nevertheless the

30 carrier may comprise a segmented monolithic carrier according to
known techniques. The porous menolithic structure may have any
suitable form. One form of monolithic structure is that of an
extruded honeycomb, suitable materials of which are known in the art
and available commercially. The extruded honeycomb material are

35 characterised by having a plurality of straight, elongate, parallel



With the catalyst at high tenperatures. This is necessary if high 10

| evel s of c‘ﬁa\é%. " are to be achieved at the preferred el encaEs/03090
Ppressures. Accordingly, the feed m xture is preferably contacted

with the catalyst at a tenperature in excess of 950 [err]C, nore

preferably at a tenperature in the range_osf_rom 950 to 1400 [err]C,
especially from 1000 to 1300 [err]C. The feed m xture is preferably 15

pr eh_eg-t depr! OEhixﬁerQrﬁx%ﬁﬁd:lﬂﬁ El?ﬁuﬁﬁ-ttﬁiey&iructure. However, Btaefé@:edblrmy be
provi ded during t operation of the process at L any. sui.t abl e space
velocity. It i g‘”é‘?ﬁ&ﬂ&aﬁ?é‘b‘?“é?s tA78 °58e'§%"$18’!’ a high t““ﬁfgxﬁf egéﬁttem

i nvention that “vertpobitght e spaen vetrodntthesactawhbeh, as used hewhnevied. -
Thus. 032 SPaCEeledrd] 168 fulio 1ol AGRIE CIXLPE6H tbitlla by o o0 D
litres of gas per Kilogram ot cat al yst pér hour) are in the __range
of fron? 20, 000 eringotipeg CheNsyaugrre tagthe bendgthrah|the|shorkest possible
range’ of from 3PxiQHtt 13 nelpLtR0tVENAgh] YHeJs Eifuct PRAC eTME, 0Lt tioRSows) that the

the range of from 500,000 to,30, 000, 000 N /kg/hr_ ar artj cul gr.l
suitabl e for uSECTUTed iengycambsgtruciyres have a”tor %&'ng’gl %/(sbt gifﬁﬁyoyed in
t he process of mbixdiphixs etructurendmpdoyed in the pranepsicfethe rossdedtytical ly

active metal sYpQiieH 0 rdrdiRPOldst Bidh eortuosity,”thFOT2s NBSELL ALY L UT €.

Catal ytically active [ ncFu5| oh catal yst are
sel ect 48 from ereaksr\Fhan bfl.i hEhepapnekdithiq gfructure preferahly has @l enent s.

Ref erences her eb&doeiﬁg&nP@e{é eehde $2DERMAL A 0 d0at3D.0, more(Fraséeimiyon, as
publ i shed in the CRC Handbgook of_ Chem str CS, 68éh

and Physi
Edition. PrefetPddecind®y 8t P8 -dskOi °FF\;e5'§r odbuest susfadbie B"9hR" present
i nventi on conprosmoaivgtfak thel saicddtivcontrudtibeaiisnmErom 1.3 to 4rhodi um

pal | adium osm um zhd bl R00 RBEH hng(13b8d Y5l Ehe process of YHRE! ST N
ruthenium rhodiumor 1ridiumas the catalytically active WO
96/ 042®% invention is porous, as hereinbefore defined. Thepeppiitidie03090
- 12 - stribtugd i frédrhbGH barkiyhPp&ioBl £ 2.0 Thedd Bbré® afe &oBE!
suitable disti%%&fslt};tdl raizlml ,Zhea %ilc}/oepor;gg ailh'ich may be present in the
- carrier material. The-moyolithic structure preferably contains at
least 500 pores per square cehtimetre, more prefgrably at least 750
20 pores per séuare centimetre. Preferred monolithic structures are
| those having from 1000 to-15000 pores per square centimetre, more
preferably from 1250 to_ioooo pores per square centimetre.
) The monolithie structure'prefeiably has a void fraction in the
range of from 0.4 to 0.9, more preferably for the avoidance of
25 excessive pressure-drop from 0.6 to 0.9.

A most suitable and especially preferred monolithic structure
for the catalyst carrier eﬁployed in the process of the present
invention is a foam. Suitable z;rconia-based -foams for use in the
process of this invention are available commercially. -

30 : . . The catalyst employed in the process of Ehg present invention
may be prepared by procesées known in thg.art. A most suitable
process 15 the impregnation of the zirconia-based material with a
compound of the catalytically active metal.

The feea is preferably contacted with the catalyst under

- 35 . adiabatic conditions. For the purposes of this specification, the



The catal yst conprises the catalytically active netal supported on
a zirconigash nmonolithic carrier. Any suitable zirconi gdgasasoine
material nmay be enployed. Suitable zirconia materials are avail able
commercially. The carrier preferably conprises at |east 70% by

wei ght zirconia, for exanple selected fromknown forns of

(partially) stabilised zirconia or subst¥nti al | y pure zirconia.

(Partially) @;ﬁbua;&ssln?d"r €ond aefémaee saongewew@scoaalﬁr&as Ofnde®lhief, 10
the rare earth, Gou emant; of the Periodic

or

Tabl e are pa?“lbls’éfﬂ%a% ;ﬂléflé?ﬁ’e%sﬁp F%rﬁagiﬁrd’:‘?gd IR8; B fractigpstone is
preferred zuimamzed;asm nbé elxlceﬂ;ts.onommlese lzaviognia theabaddoned or
partially st 0 xi des of My, Ca, A, Y, La or

Ce. The stabi gﬁp%aénrtg?a {CQBQT i sed zirconia may be in any 15
comércially avaﬁnl abfurther rﬂ’PSEbh the rresenfpdaventipmswedates farcdrbbes,

fibres or WhdhéRide or hydrogen whenevh2€prepheilibg-D338cedd 1k i HdHetnedbtd €F NMBY
conprise zirconi based material as above described coated with a
further mat &19%5F% ed. “having a desirable property rendering enhanced

t hermal shock 2(rhe carbonemimdixidie @ndflpriregenpkeduSed, bySithk aurokessiberr] J err]

or a mxtur etqgge{rﬁgt\):ion may be uaﬂ?_qgn&gﬁ Q@éegL &bl§%ﬁ§ %ltglyero %Qanced

t her mal st abi Fier s In % por ous :
monol% t hi ¢ sltqtbc?%rtéese compounds T|hepinfure [ffc carhopcrenoxidhiant drogen of t he

order of 1 FQréd Olfhe process idTBALriclliAYIeSitaBl Byl @4k 1HBYheCONPri SE
one or a plura I ndi_vi dual nonolithic ﬁort i ons, of carrier.

Wi | st a pl JHRE ’?%}/" off hydmcarb%%fr tff’ére"ﬁﬁ?lﬁ B¥ PPV TIERS FHESReE thermal
shock resi Stmpsech pabcess, or for tie Eydthesss RE| exygenitedn £or eka&tplesupporti ng
and obt ai ni od t rf h o b robl ematic
with the hi 3% gpxg% Processes fBFotgll tlgééngtegil i gf %%%J’r?%ng’?ieseﬁ?yl nventi on.
Nevelst hel eshwdfegespinto suck prefestsnaye c'sh?prlqnsen d-nsE@?mlﬁFed monol ithic

car ri er aCCQ(lQlegﬂatt:.Qely, the carkapmnsﬁ@bnawawa;@e PILQLS HAPNSY Lbbi C
structure

n e form of mopolithic
structure i s’}/"t ﬁgf W“éﬁf":ue of hyg‘@)?f??f’ h?]ﬁ'ﬁ‘é%(?ﬁ’ﬁ q’@‘?ﬁ?ﬂl"é 9t erial s of
whi ch are kromheriappllibeatibhs for the pradhibtavixiclode dydonfivemylaxliby .andhe
extruded hongy ngamr?grrgées%rf 35 characterised by having a

plurality of strdi ongate, parallel WD 96/ 04200
PCT/39P95/ 03090 The process of the present invention is further described by

way of the following illustrative examples, of which Examples 1, 2
and 3 are examples of eﬁbodiments of the present invention, and
Example 4 is for comparison purposes only.
Example 1
25 A commercially available aluminium-stabilised zirconia-based
- foam (Al-esz, 990 pores per square centimetre) was impregnated with
.rhodium using conventional foam impregnation techniques to give a
final rhodium loading of 5% by weight. )
The impregnated zirconia foam was loaded into.a steel reactor.
30 The catalyst structure had a tortuosity of.betﬁeen 1.5 and 2.5.
Natural gas and oxygen were thoroughly mixed and the resulting
mixture used as feed and introduced into the reactor to contact the
catalyst. The feed had an oxygen-to-carbon ratio of 0.54. The feed
was supplied at a gas hourly space velocity (GHSV) of 750,000



= 13- channel s extendi ng through the structure. However,
preferred WO.SG/0420 nmonolithic structures are those havi ng a p¢EBPs/03090
tortuosity. OPRR4308 - oy "tortuosity" is a commobn termin the art
whi ch, as used herein, is defined as the ratio of the |length of
the path followed by a gas 5 flow ng,. through the structure to the
| ength of the shortest possible “sttaight line path through the

structure. Thugi/dgl/nt OlrcoMs) hletes B gas per kil&yramUsiedab i@y CRansEMmUCt Ures
have a tortuosi 0. The: nmonol ithic structure enployed in the

ty of 1.0. e:
process of theab¥é§eﬁtpressure of IMRPon preferably has high tortuosity,
that is a tortuosi rye @betdting tempgraairerof the chtilystThas measibedhby
structure pref ' ' f .1to
Sbout 0.0 moEryerBfdpfoey. The cobflshlRH bY (i3 b aelblly Ole SOk 110
A nost 5uit abl was megeursed by gas chromagqaraphy.y ThR compeernsdep|anghtelestiic¥ur e
is from1. 3 toof.the process to carbohBorBXA@e ianBli Kydrbieit (dh ecHRNPasigess i n t he
process of this 15 i nvention i erei nbef The

h b def i
nonol i t hic methane conyerfdl pas GFIE‘FS gg‘%s8Fg%|p§ﬁ“d'8?o‘§?"t%&°ﬁe?e|§’2deS’B? es

are to be resultdi of ithglexpleeimentonred hemmirdsepdneshelakcle hayeipbelmwasent
in the - Chd FoollTlaS! hilteatdd Eo"P WhbedNelro We£30I €. PRl ELARYY
contains at I"east 500 pores per square centinmetre, nore preferably

t
at | ead® 750 2bowever, nmreactiep wasushservedt | Acthadl rewisp % she FIRBIYECHi ¢
structures areyas ignited LBORE nBaY igedefated tho @fle tdamddiidn Ps¥ aSmidiré @ear €

centinetre, nore preferably from 1250 to 000, por es r square

centimetre.  Propane and oxyggn.. HHs| f?ﬁ“gt'é% ct Lﬁag’%%rléf‘é%a%’l ot Etgf %f'q'\?ﬁd

fraction in theatalyst strucenge ciseirvabhelas & gléw Sxtemstiagprapiidinialcyod=or t he

avoi dance of 2%he c ta]é)gs)ﬁcgéﬂc\{:ﬁrg rf?&ﬁ Ucrhg' g%nqp.'&{ %@19’: Q.nt Sdt915 seconds. '
§ especra ol 1t

A nost suitabl e an y preferre I c structure for
the cafl8l yst carrthds timsl otal enbineheatalye s@soFaniddy deafedfrom the

invention is azhpanm sfigedbidteZbf 2801 & R8SBE EOMIS opéYatiii§ tefipddature of
process of this_ inyention are _available c The

A omercially. 30
catal yst enpl oy880 i -t nepFRfadyet dﬁ"t?fﬁ”p?g‘éﬁf"‘fﬁﬁeﬁt%wl shock of by be
prepared by prgeeseestkan0sn dcnpéhaeasrd orermastemperstirecrange of 990picocess i s

the inpregnatiqQn,of the zirgqnia- tgard Wel B experiment -go?rggudnd of
the catal yti ca?‘l ?/esé:éf‘ﬁ/i@nrr%f%h? c&%ﬁ?ﬂ: ae il glﬁl1e feed efgerpgng?erlab y
cont ac2ed wi t hinhthec Jakiley bereingelow3s adi abatic conditions. For the

purposes of thiggag@chfi cat i. on, the
A commercially available aluminium-stabilised zirconia-based
foam (Al-PSZ, 990 pores per square cent;metre) was impregnated with
. iridium using conventional impregnation techniques to give a final
25 iridium loading of 5% by weight.
The general experimental procedure described in Example 1 above
was followed to test the iridium/zirconia catalyst. The operating
conditions and results of the experiment are set out in the Table

hereinbelow.

30 Exggie 3 _
A commercially available magnesium-stabilised zirconia-based

foam (Mg-PSZ, 990 pores per square centimetre) was impregnated with
rhodium using conventional impregnation techniques to give a final

rhodium loading of 5% by weight.
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- 14 - erm "adi abatic" is a reference to reacti PO ns
under whi (%096,042 substantially all heat |oss and radi a’??gn frgﬁr%ot?he
reaction zone is prevented, with the exception of heat |leaving in
t he gaseous - effluent stream of the reactor. 5 : In a
further aspect, the present invention rel 18tes to carbon nonoxi de
or hydrogen \Ahen%ergarefiaﬁr&gemeatpf QeESuude deRkpivtdet P ample 1 apove
descri bed. car bon nonoxi de and hydrogen produced by the

process of Was follopgd Lo; ﬁ?FénPP%ﬁhﬁﬁjy“%éiiﬁéaal‘?‘?té}KFtpr SPYRASERYi ng
ei ther one oOrcohBitions arMDk&sulltstdE the Gxpprineds. arkheetrioxt Uit thé TadLOON

nonoxi de and Jiydf rﬁ:‘l‘i? ~ prepared by the process is particularly
suitable for use 1n ﬁe “synt hesi s of hydrocarbons, for exanple by
means Sof t he Examplend. : -~ Tropsch process, or for the synthesis of
oxygenat es, f@ﬁgggg@gm@xmh . met hanol .- Processes for the conversion of
carbon nonoxide and 15 hydrogen into such products are well known in
the art. BYAFR% P aF9PAFLEOTy (b SOIPERST 2 Hbh AXRHRPLR RIPRDH $8F0 pr oduct
may be used (A1203) was rimbbégnaged wieh UthedDdm hydmg)gaeﬁvémibxka Wb gngeions hi  t
reaction. er i t|o u e

hydr of or ny| atl on m%’% m" g?}&o Eﬁ‘ ﬁJi?L I on °Q§i'p%§gsée%s%y gHg The

procd@s of the pr’réseq&neirﬂx/e#m@wehsalf ar?mpraedyeptm by Example 1 abgyg of
the foll ow NGkl £#di3biéd it¥Crptatid @Rodiin/¥hin@Ha FoaREDYAS 1The20perating and 3

are exanpl es of enbodi nents. of the present, invention, Exanpl e
4 is for conpaPtigems Aiottanlin of the experinent ars geh ovt in the Table A
comer ci al | y heveidbelbwe. al um ni um st abili sed zirconi a- based : f oam

(Al -PSZ, 990 pores per square centinetre) was inpregnated with
rhodi um usi ng conventional foaminpregnation techniques to give a

final rhodi umloadi ng of 5% by weight. Table : The i npregnat ed
zirconia foamwas | oaded into a steel reactor. 30. The cat al yst
structure hqd a Torruosity ot DE[WEen .5 and Z.p. Natural- gas and
oxygen were {EPF FPy i xefl and 1t he rlesul t?"ng" 3 nmifturelused|as
feed and i ntiredimedietall 0 t he rmeaiwi tlo ceidiadt | heRhodium Rhodium

Carrier " Al-PSZ Al-PSZ - Mg-PS2 Al,03

foam foam - foam foam

Operating

Conditions .

Feed Temperature 250 250 180 180

(°c) ' : '

Operating : - 1240 1265 . . 1290 1070

Temperature (°C) ' '

"Pressure (bara) 1.0 1.0 1.0 1.0

GHSV 750 750 750 900

.{(1000 N1/kg/hr)

oxygen/carbon - 0.54 0.55 0.55 0.55

ratio

&
&



tat al yst. The feed had an oxygen-to-car bon ratio of 0.54. The feed
was suppli %gogwas hourly space velocity (GHISV) of 750, 0QitT/EP9S/03090 WO

96/ 04200 PCT/ EP95/ 03090

* 15 - N1/ kg/ hr (normal litres of gas per kilogram of catalyst
per hour) and at a pressure of 1.Q_bara. The
operating tenperature of the catal yst was feasur ed by opti cal
pyrometry. The conposition of the éaglﬁ-ééﬁi‘-‘bﬁlt he reactor 5 was
nmeasured by gas chronat ography. The conversion and selectivity of
the process to carbon nonoxi de and hydrogen (on the basis of :

nmet hane conver } er-attrg—cpnd-tTons—and—tire

results of thg G@pesnveesionar e|sunf®sl sed i n %ke Tabl e ¥kr’ei nijel ovd?
The feed was Qrgheated to a te¢nperature of 250 [ery]C. Initilally, .10
however, no rdgaction was obsefved. A snmll regionjof the catlal yst

was ignited udifgstestividi¥er ajed B2 he ontﬂfsgi on|of ¥ xtyre ofd

pr opane and oxygﬁm. This resyilted in a apid ignifion of thg entire
catal yst strudture,. observabl ¢ as | oW extgandi ng|rapidly adross

t he catal yst ~b'}r’j"ug lu‘?cg?ﬁtgmt e iaﬁi i on poigﬁt'gi n @bou :ng sdcond® 15
In this tine, |t " entire catallyst was rapidly heate¢d fromt he
dnitial tenper{ahutgndfnond)leqr] C 30 thel finaj opefating tengeratyre of
1240 [err]C. The Tatatyst was thus Supjected to a tnernal sSnock ot
greater than Q- flerr] C per second over a tenperatire range of

A description Qfathtftcaﬁéﬂnﬁit ateot heyseBd| séo tkpsex Pobb MBTket § >§0VRIY @O

D,

in the Tabl e Herei nbel ow. anpl e 2 : Alco balily
avai |l abl e al unisﬁ’PﬁPn St abi | i sed 2TFcHM 5- pasedeF %¥Gam (&”%?g 0 -
pores per squdgre centinetre) s i npr egnjat etbs’ € h 1110°C i (i di um usi ng
conventional ijmpr gﬂgﬁ echnjaues [ 4N yfimaged | sHaedbidd |

| oadi ng of 5% EB)%S\?\BI g %"?rl’ft b géé) e%gg%ea;eal expexrnla?ﬁant a? gr ocedyre
descri bed in Bastplyst) apmnde foll owed|{to test tHhelnto many
iridium zirconig eatddmgsSt. The operating ¢ondi ti ons |agkhghessd §s of

the experinment—are set _out 1n the Taple

selectivity to CO based on CH4 conversion
2 selectivity to H2 based on CH4 conversion
** Thermal shock as experienced by catalyst during start up-

influenced in part by nature of catalyst metal and of'support.



her ei nbel ow. 30 Exanpl e 3 A commercially avail able

magnesi u | sed zirconia-based foam (M- PSgcorRessiidgsecsS Per
square c%ﬁ%ﬁ@% e) was i npregnated with r hodi um;u5| ng
conventional inpregnation techniques to give a final r hodi um

| oadi ng_of—5%by wei ght " WO 96/ 04200

PCT/ EP95/ 030 - 16 -
The ggm “‘ \“\al procedur e descrl bed in Exanpl e 1 above
ntest ®he rhodiunfzirconia catal yst. The operating

condltlons and resul ts of the expericanh amesset out in the Table
her ei nbel ow. 5 Exanpl e 4 Conpar ati ve Exanpl e

By way of conparison, a conmercially avail able al um na foam

(Allerr] er¥]) wa@sorens gndhedcatialntichaattimt uetidgtiameénta dudtocarbon

| mpr egnat i ONgeedstock, wﬁf&hpw&es ddmpdisea aoxtﬂaaaingr Rogdddmcbigadis gy @f 5% by
wei ght. 10 eneral experi nent al ‘Frocedure descrl bed in

Exanpl e .1 abR¥fFocarben 1% & BRI BRI TP HY FRD AT B caRR A"
catal yst. Thet apeelxivated temperature mmdel tconditiang sueButHas tHe ichealgsper i nent

'?';.gl Set out wﬂlt Qg sTx@pépecible to a theq'ﬁ;f isﬂpgll O\é’he'catalyst having the form

of a porous monolithzc structure and comprising a catalytically
active metal supported on a zirconia-based carrier.
2. A process according to claim 1, characterxsed in that the
catalyst'will be susceptible to a.thermal shock of at least 1°C per
10 second over a temperature range of at least 100°C, in particular a
thermal shock of at least 10°C per second over a temperature range_
of at least 100°C, more spocifically a thermal shock of at least
10 °C per second over a temperature range of at least 500°C.
3. A process according'to either of claims 1 or 2 which comprises
15 contacting an optionaily preheated pre-ignition gas or vapour prior
to or simultaneously'with coﬁfacting of feed with the catalyst,
preferably any suitable pre-ignition gas which ignites cleanly at
moderate temperature.
4, A process according to any preceding claim, characterlzed in
20 ~ that the catalyst will be susceptible to a thermal shock of 60 to
100 °C per second over a range of 800 to 1200 °C.
S. A process according to any preceding claim, characterised in
that the hydrocarbon feedstock comprises methane, natural gas,
associated gac or a cource of light hydrocarbons.
25 6. A process according to any preceding claim, characterised in
that the oxygen-containing gas is substantially pure oxygen. -
7. A process cccording to any preceding claim, characterised in
that the feed comprises the hydrocarbon feedstock and the oxygen-
containing gas in amounts giving an oxygen-to-carbon ratio of from
30 0.3 to 0.8, preferably from 0.45 te 0.75, more preferably from 0.45
'to 0.65. |



e e L o
Active Metal Rh ﬂﬂ!m mﬂmﬁ Rhodi um RhPOT/EPOS/03090

. 0 96/04200
Carrier AIT* c| L TwAls My- PSZ Allerr]Jerr]
f oam f oam f oam f oam Oper ati ng
Condi ti ons - Feed Tenperature - 1890 250 180
180 (O[err]C) Oper ati ng 1240 1265
1290 10MQ A process d&iopaimy tbeany] prededing claim, chirazserised( bar a)
750 7ggat the feed J3 Contacted wig the catalyst ¥ Ngegpasze, in fhe
oxygen/ carbon range of @p5w 150 bara, (pr8ferably frop 3o 125 bargy ggre
ratio WO L38E0ARIY from 5 to 100 bara.

PCT/ EP95/ 03090 - 17 - .
Tabl e (ébrﬂ' d) 9. A process according to any preceding claim, characterised in

that the feed is contacted with the catalyst at a temperature in the
raﬁge of from 590 to 1400 °C, preferably from 1000 to 1300 °C.

10. A process according to any preceding claim, characterised in
that the feed contacted with the catalyst at a gas hourly space

10 velocity in the range of from 20,000 to 100,000,000 Nl/kg/hr,
preferably from 50,000 to 50,000,000 Nl/kg/hr, more preferably from
500,000 to 30,000,000 N1/kg/hr. '

11. A process according to any preceding claim, characterised in
that the catalyst comprises, as catalytically active metal, a metal

15 from Group VIII of the Periodic Table of the Elements, preferably a
metal selected from ihodium,-iridium, or ruthenium, more preferably
iridium.

12. A process according to any preceding claim, characterised in
that the monolithic catalyst carrier comprises at least 70% by

20 weighf zirconia for example selected from known forms of (partially)
stabilised zirconia or substantially pure zirconia, preferably
comprises (partially) gﬁabilised zirconia comprising oxides of one
of more of the rare earth, Group IIIB or Group IIA elements of the
Periodic Table.

25 ' 13. A process according to any preceding claim, characterised in
that the catalyst is in the form of a monolithic structure having a
high tortuosity, preferably a tortuosity in the rangé of from 1.1 to

~ 10.0, more preferably from 1.3 to 4.0.
14. A process according to any preceding claim, characteriéed in

30 _that thg catalyst is a monolithic structure having a high porosity,
preferably at least 750 poreé per square centimetre, more preferably
from 1000 to 15000 pores per square centimetre.

15. A process according to any preceding claim, characterised in

that the catalyst is in the form of a foam.



CH4 conver sion 99. 2 97.7 87

CO sel ect 94. 2 95.2  peT/EP9SHOI6D0

CO sel ectulasbom llIIlIiEll@ Il IIIII [l o2 95. 2 5
runtlrre (hours) = i) 1

Catal yst thermal ->60 [err]C sec >60 [grr] C HetHISSHIEETHHAS BEENC|| >60

[err] C/ sec shock ** oVer 59@[e [r]C REPLMZED {| over

over 890[errh6. a process according to any preceding claim, Char £

1110[err] C cr| t| on .of Undanage Undarragg ndarraged

Shat t er ed thaE % Xpt éﬁd a void fraction in the range about 0

I nt o many aboutf OrantpMerably about 0.6 to 0.9.

fragnents t 0 g o 2

selectivity to H gséeéc?"wié g?r a%%%\?gr s%gé& H'] © Q{L‘é@%ﬁi&% Tn shock as

exper Penced Waéaﬁhal aarqugaeﬁealr Vit the catalys*-l Hedefepehatanpkiaddwt by

nat ure of catsakdisdtibtéctaiibhsQf Support. WO 96/ 04200

CP:C-II__/ EP?S/ 030%9 Carbon monoxide and hydrogen wh]égéver prepared by a process

according to any one of claims 1 to 14.

[
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w



Y 96/04200 PCT/EP95/03090
1. A process ? ??1 gat alytic partial oxidation of a hydrocarbon
feedst ock, which proceSs co" j‘é'ég""cont acting a feed conprising

hydr ocar bon feedstock and an oxygen- cont ai nlgg gas with a catal yft”’ wires par cm
at an el evated tenperature under conditions 3uch that the catalyst 5

wi |l be susceptiBke i¢y-283,habsH, sbw%on&meaaé@eﬁ&eﬁaum EH@ da@k a1

~of a porous monolithic structure and rrgrlsmg a catal yticall
B

active nmetal suFFdftEPRont é“eff‘?‘lfohf‘at*ﬁa RPeRSF r9foFatalysts compslising githersg
according to cl aﬂatﬂnuncbarmaem sethé paktidl blkidation reacticmisawyrd cuhddctbe

susceptible to a th r ck of l.east rr er, secgnd over
a ten_per ature rangel?.bosfrzgg%li gs?tmf glten.c ess[.u? a]n & eratures in eh

err] I'n-par i TSt er mal
shock of Sat | easiand@[odr £3@ 5P tred e KoVag7 &ot agiel et ur@hq &agelysts of
at | east 100[er gy d,ma se&%méa&e&ba/oa ﬁé{%&"&éuzaboqlfetgi @J«L&%&T
10 [err] C per second over nperature range” of | east 500[err]|C.

3. A process a®eBpHithsg T‘Eﬁ’ é‘FH\‘eF%‘fed Si"éﬁ‘*ﬁisdlwlét%| cFhe SRRt gavze s
contacting an oplatenaltsycqupeiesd edccprm- Lgpursi eﬂggaswrofvamu& @Eh) 4t
to or sinultaneoysly with ﬁ‘a ,I, e%wltht?e gatal hao :
preferably any i *gas RehiteR® mgRPTE cVee’anf’ ‘afpha
noder at d0t enper allumina and descn.hfkd aA havie s quuorcdlhvlarp spougetldgedi ng
claim character 2 I I

t hermal shock ofslté\ggurg e same )ﬁ}{%g%ﬁf@cgg{? %Z‘%oncﬂlogbé%szui &ngb% §B
to 1200 [err] C. pores per imch (ppijjockhes enbrisedimpolsthmyert cosdtaritel ai m

characterised | Rxtruded mondi@hs,t Rev 06 ARk fc%Qﬂ§hQ r@EBﬁé:.SsQS_d@E hane,
nat ural gas, associ at ed a source of ?’7 gédrocar bons. 25
e

S
6. A process adtbifhtgPRTRrlaRy ?Fgﬁ%‘ﬂl b"’dﬁga?'?ﬁ“‘“éﬁa?’e? 8es Fhrough the
t hat t hasoxygen-chamidisnutidergabe icdnditdishards ghk yflpuraeoxygﬂtd 7. A

process according t g R RLecst! NS ILIL LEPAACHEILRE b mechane ove:"E!

t he feed conprises the' hydrocar And-The oxy

-.cont ai ni ng gas mnalmanStep@rwmgtaammygewptleetteﬂabew-ﬁiat$=o E'ofn#qmmw. 1

0.3 t0 0.8, prefigsahl sl iG] Degbach dl EealREE fucelef RUaibAS S wdBhane

using a catalyst comprising a combination of platinum and palladium
20 supported on a cordierite monolith body.
European Patent Application publication No. 0 576 096
(EP-A-0 576 096) discloses a process for the catalytic partial
oxidation of a hydrocquon feedstock in which a feéd comprising a
hydrocarbon feedstock, an oxygen-containing gas and, optionally,

25 steam at an oxygen-to-carbon molar ratio in the range of from 0.45
to 0.75 is contacted with a catalyst in a reaction zone under
adiabatic conditions. The catalyst comprises a metal from Group
VIII of the Periodic Table of the Elements supported on a carrier
and is retained in the reaction zone in a fixed azrangément having a

30 high tortuosity (defined as the ratio of the length of the path

. followed by a gas flowing through the structure to the length of the
shortest possible straight line path through the structure). A wide
range of carrier materials and structures are disclosed in
EP-A0 576 096, including particles of carrier material, metal gauzes

35 and refractory foams. Suitable materials for use as carrier

AL 2 Lo 20 poves porom d( €i sreiare catls /4;'3
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- 19 - 8. A proce cor d| n precedi ng claim
characterised in t ha ﬂ \“ﬁ acted with the catalyst at a
piessure in the WO96/04200r ang%“ bara, preferably from DcErsfbsose

bara, nore preferabl rom % t0 100 bara. 5 9. A process
.according to any preceding claim characterised in that the feed
'is contacted with the catalyst at a tenperature_ijy the range of
from590 to 1400 [err]C, preferably from 1000 to 1300 [err] C 10.

A process accordi ng txs.ary ppsessadaddpraing o ShabREEAIingedlaif, characteriséilin

Vel ocity inthe rangelSF Pl b By 2 0 SO GU 00N K 57 HEnae of about 0.4 to
preferably from 50, 0G®Poud G@,Oﬁ@f@ww ﬁktg-lthﬂ 6 ror 8. pr ef erabl y from

1500, 000 to 30, 000, 00G 4N bk%béess according 1:l axPy BEQE&&% a&ﬁ%d'éiﬂr&&e%m’ed in

precedi ng claim characterised in he cafal yst conprises, as
catal ytical | y>active ThaFafhe feerhis) copsacted "iF‘F cFﬁ'FG‘ﬁ}ﬂ)YVF updgy suhgtantially

Peri odi ¢ Tabl e of thadEhwt Sonditeéiy.abl y a nmetal selected from
rhodlum iridium or .4

ing-te ' Py , sl t 70% by 20
wei ght zirconia for exarrpl e sel ect ed from knovvn forms of (partially)
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{57) Abstract

a zirconia-based carrier.

(54) Title: PROCESS FOR THE CATALYTIC PARTIAL OXIDATION OF HYDROCARBONS

A process for the catalytic partial oxidation of a hydrocarbon feedstock comprises contacting a feed comprising a hydrocarbon
feedstock and an oxygen-containing gas with a catalyst at an elevated temperature under conditions such that the catalyst will be susceptible
to a thermal shock, the catalyst having the form of a porous monolithic structure and comprising a catalytically active metal supported on
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