; e3enj $°$>6t TI XO Subst | et - 22 June 1996 - 1 T 9039 SI N PROCESS
FOR THE CATALYTIC Pmmmmwlwl ON OF HYDROCARBONS The present invention
relates to a proces alytic partial oxidation of hydrocarbons,
in particular a process*ibai*t he preparati on pbsttutiexdHeet -2 danborea®noxi de
and hydrogen frommng i M““EI gas, associ ated gas or other sources of
| i ght hydrocarbons. ﬂmmwm xi datli fc,gn_of hydr ocar bons, for exanple

met hane or natural g, ingdhg-presence of a catalyst is an attractive route
for the preparation of mxtures of carbon nmonoxi de and hydrhdgd82 vhiN¥h

m xtures are known in the art as synthesis gas. The synthesis gas

so- produced may he converted jnto valu ro S Xxa e

hydr ocar bon f uel sPFtﬁﬁl'ﬁ% S #}Hpe %“'@g‘rgp‘t‘fs ngﬁé @éﬁ@é'r?m’gﬁhr ed by neans
of the Fischer-Tropsch synthesis, HYyDROCERBOWMS waxes, |ubricating base oils
or nethanol. The optinum catalytic partial oxidation process would give

hi gh yi el ds of carbon nonoxi de and hydrogen at el evated pressures, for
exanpl e about 30heapreapntvépyentdghn: padates 6 € erodess doanpihe of t he

order of 1, 09020001 N34 aFObxt BALTBHY BEMG/IRR3MBHNd,N i¢f der to obtain
hi gh yi el ds of c¢arbon nonoxi de an rogen under, these process conéjl tions,

d h
it i s necesBaFyL1EBlBpeRaPECCRESPAPE ANCoREERATST I oS MLHiWie ©
t enper at ur esarblonemenoxatiet A& dhhghl rioepe eatomr e theais,r ethtiurslctapper at i on,
t here exi st Lor .problem i i ntaining i 0 tal yst
activity an sggggjétgie\(/ji 193’%0\%& ogﬁg?p%gﬁlgn@i%d O?pgrlgﬂ’léoﬁl\gﬁrr?eésa erpgljn'ded by a
comerci al proc&be. PTNE ikt eradtaitd onortiahyys r aanipesrs ,off ado axAsR e

di scl osing gdetgabhs o 84RETERLS iGORGUCERL JdHQ e £atal ityse pay tiAl

oxi dation of hydrocarbons, in particul ar nethane, enploying a wi de range of
catal ysts. 2LEEBELIVEt &O8kSetfor Ihe) pFerpgdd Lom O Tl Xt %/ t§E of t hese

experi ment scafkpyRyY @bnokdvie keen elrddersd WHId nieiturdd th O NEhdv®nsn Or
under condi %‘gf)ans \er10| |y un: uited to th(earg%perati on .of a com‘r_ercciefgl c(gt alytic
partial oxi d&€i 8 ‘pPSceds - BFrop PTEE A1 95 TSP IRBIT et i on
No. 0 303 488y(ER- Achved3e4B&ntut sl lomdsl ea poraahestss,f dfort hexaregblbe yti c
partial - oxi fabi:Qa0%qh AN HNINIELAS dieds e id o thads daseaus
m xture of the hydrocarbonaceous feedstock, oxygen or an oxygen-containing
gas and, opPirepared bit @gans £F rﬁh%cﬁkﬁé‘d‘}qmqbf@sc%ﬁ A¥tkepbsiial

oxi dati on ZoRRIrlR GYHAGa e Satalysicd ety tkd ey e or Therade yst

enpl oyed in thei‘g{écess may conprise a w . de raqr}%% of, cat a’lﬁ/tl cally active
components, for l?@té'“b’éfll%?dﬁat}rﬁtlrﬂ R3THiAL ¢ Hrdon (R S JePR-Hon

rut henium ryickelhighrandlds obhad #bord edrnR 1 dénd i riiydl Pdgle il Xt Ur es

t her eof . Further,tic# is stated i EP—A—O%OS 438 t?@t materi al s not

normal | y cor?slie&@ree 0 B T cf%a“ar)f%}“pa i%O%y all%%rbealé Y%f/%d as
catal ysts, faghexarae velfoaictiory, ofdues<auele asf corelierder, ofiul lite,
mullite al ungi yggnddd amatesn 21 r@&f"xﬁqéﬂh 'r?arﬁ’{@' Alygina, The catal yst may
be of a variety of forns, for exanple sheets of corrugated netal packect to

f or m el ongat@®Hdhitl gh t Hied i hrotigkr Bpom Renekkhe pdeledroperf eRdate is

given in EP-hdsSQrdddsd ocd @i tsen®f Latpé VsssebdatPerdopprphtavppliths.
Eur opean Patent, No. 0 262 947 éEP_ B-0 47) di scl oses a prqocess for

generating WAFofEh IR Par ?%?e%iiégt'g%ho?e%Pﬁ§ﬂFBE%?bonHPHeMﬁFch a
m xture of tdte tiyslriotq boempada oxygenrégui ne@cirdsuohooperagsonf a
chr om um ox| SR PR TE SR a TerPERRLFS B T a AL R R cRnBASRnder oD,
Schmi dt (" Syof hesial et Fotiwitynahg Peiectidktydaoven bheMerbinsgeder Pt
Monol i ths®, Jourfa] oRf + fRL &l ¥8h8ndS8: b$992coRAgPE1 48 'ptBcess.
The literature contains a number of documents

disclosing details of experiments conducted into the

catalytic partial oxidation of hydrocarbons, in

particular methane, employing a wide range of catalysts.



Substitute sheet - 22 June 1996 - 3 282) have conducted experinments into
the partial oxidation of methane in the presence of catalysts conprising

ei ther platinumor rhodium The catal ysts enployed were in the formof a
pol ycrystalline platinumfoil or rhodi um or Spbatitutersheepp®@2 ddnerM IB&er am ¢
foamcarrier. The partial oxidation reactions were conducted at
substantially atnospheric pressure and at tenperatures in the range of from
600 to 1500 K (337 to 1237 % A T. Ashcroft et _al. ("Selective oxidation of
met hane t o SYMtTRES! GasofisFRgSer SXREFIBANREL aNOKSVSFysPave R&ETre, vol .

344, No. 62&dhdpages et overy, m22adcdhachioh890)r dhaelkogendhie ipast i al

oxi dati on of hane to, S %heéﬁﬁ gas ig.the gresence of .a,range of
ruthenlunt6ﬁf rﬁP%%i%?% q e Bﬁfa tPUe°bf tﬁgmgﬁﬁgﬁﬁ nts was to

est abl i sh tdmtal hblqnaparaiabxozdadabmopr pressessoul d be carried out mld
condi tions and ﬂhfé OV %Séﬁt%@ént Eé:ﬂéaﬁggn bgglgégﬁf'ogems wer e

conducted with ourly space ocit a pressure of
1 at nospher¥oan@ 203e %ré@ﬁré‘@f QBOGE"377§€SCAO§PﬁgIaePé5@§@|S|Sn§|¢tr is

reported Intr\f@l@@t@iwﬁ&ega%@aw&ﬂid%&@naeﬁl beﬁgd%\éﬁ‘f%bna'déoh@ s case, a
| arge excess of netha used in order ;to avoid the risk of epr05|ons

P.D.F. Vernb?eestafk {-“P&Pi‘FEI ARRFSPPENMSKEHERN She ThE &YRERSsi s Gas”
Cat al ysi s L@&fﬁdﬁﬁa@eéﬂBQﬁéeaBﬂ:o&&ﬁ) ofliygehose anr argeenfcoxp@inigrt S | n

whi ch catal ysts_conprisin ruth m, | l_adium iridium
or plati nun%/a%i ?’ﬁgf gBSpBg?ngbnsgﬁﬁﬁf na orl{r%rggg‘ﬁe%’ it x&d oxi de

precursors, caeakybppl PedtiAgapnidakéoaxpeniemsnt §Onép@rtt@dca}rt@1msm ted to a
catal ytic ppgthahe@XtHakbeR. pr@ﬁ%S%agaﬁlygx' R3B! % mllnd t@Re V\gﬂgds%  cted a

conditions. As a basis, a set réaction ¢ t1ons
pressure ofMaYaEABREhERe2 Wiggs rABGR 9%5&6@1\)’&16@1 tly’ GCctdy®000 /hr, a

t enper at ur ecehpdNBALE, (Eazc)exaﬁ\gl@ gsatmaal&h@%y@qratrmtmg Qﬁlo&lQ}m From
Substitute shegt - 22 u.?. C?(%aﬂs each of rocess
par anet ers nWas“eXpr oPéHlufgl'or‘ﬁ he é‘lélf“udffl %ﬁ&lﬁﬁbdq Ghe | ow
t enper at ur ecepéunt i dangaweumeanal mmpzeur@@ i eadvant agestHart, vies ionl y

practi cabl esgtatgde?ﬁugﬁs fo %ta% &gt t %agct rp'\]éehern%tt 'é%%f%q%lggys report

t he sane expéerinments I'n artl al ion ane is Gas, and
Car bon Di oxfdasadezrdOkiodisi @QtA@,e’ﬁthfadrlyw@tdﬁd-W@ QW érlsicoPe Catal ysi s

Today, 13 (é%%%);yé?ﬂaé%at@llg}st%on%zete@m le" GRIFAH L ORI WA
Met hane to Syntheési s Gas over Europium_ridate, Eu2l r20 Catal ysi s

Letters 8 (29EPrP4E§rirsy F¥ditSrhd lé&@\}élww“m lcﬁériﬁq'on of net hane
using the edfiepoutal sibdneMsprnal lleimd nau2] M2 .cath¥ ystaetd woevast sd udi ed

under the mld, cQ nd|t ns _of ressure of .1 at mospher.e an e ature
of 873 K ( ?)IG‘C‘J“(I,‘)'e fl% cKmant %1eytshe asrtqﬂglc qi anng)ﬁt hane

over a nonobatﬂteﬁurtporftoe'm @ﬂtoaigyas:té Chiappid led tCatrad hrsicud CEm\MImmen_t al, 1
(1092) 89. 10Qut eotich e Gl [l delg ol I hage w51 ng

catal yst co sin platinum and pal | adi um supported on a
cordierite %ﬁo "leh %wta@m&t@d iy fithes fommernf mpenal itdos 464

(US- A-5, 149, 464k irs pdiahe $la@@ nito Na MEY rm for7 selreai-o/elg agypenating
net hane to carbqn nonoxi de and h dro %/ bri r}}gm%the react ant gas
mxture at &S éreétlf‘ré’rc?fceagoqo ghtetth@th a solid

catal yst V\h'p%'rm%lgmrcmdmm@ﬂ:ra qu:lr&ﬁcabﬁ:bd‘rg o titeich @ micaigé ysf of the
formul a MkKM OZ \ﬂﬁere Mis 4 | east one el en%_gt sel ect ed from%g B, A1,
€ hy An

Ln, Ga, Si, IOGRERON 1909 LXHIg LT The nty 3 IR d the
Iant hani de smtaelaraﬁ elBrerndatalM st disatdd et ki rm?rsﬁi-tw o62e%47, and each

of the rati s and o rangrng? Q) e ooy LR URERD Yo F O G Ta 0 81 07 D)

an oxi de of a on ne
refractory SOll

D.A. Hickman and L.D. Schmidt ("Synthesis Gas
Formation by Direct Oxidation of Methane over Pt
Monoliths", Journal of Catalysis 138, 1992, pages 267 to



Substitute sheet - 22 June 1996 - 5 c¢) a d-block transition netal on a
refractory support: or d) a catalyst fornmed by heating a) or b) under the
conditions of the reaction or under non-oxidising conditions. The d--bl ock

transition nmetals are said in US-A-5, 149, 468ubstifitestleett 2P fluper 1986 e
havi ng atom ¢ nunber 21 to 29, 40 to 47 and 72 to 79, the netals scandi um
titanium vanadium chrom um manganese,3 i+ on, cobalt, nickel, copper,
zirconium npiobium ol ybhdenum technetium ruthenlun1 rhodlun1 pal | adi um

silver, haffBam Pe¥Rt SPRAPCEERGERRR T 1MRaTisumn ' hitfmPa % $ i tim pl ati num and

%ol d. IvflIIswiaﬁedghno@gmét_ﬁﬁa%@aﬁ]giéthtﬁh@iéetmd@ ea‘ﬁrdaafhmﬁ@és are those in
oup of the Peri adi abl.e of the is iron, osmum

cobal t, rhefiPURF1PHEi & r]nt%ﬁ§I P&&t&ﬁﬁuﬂ\ &5 Slr‘ﬁ&qlrﬂnkkel %f?&ﬁﬁ%ﬁ%m The

process desempbegednweBeAin, the, f@&m:DﬁnaﬂpnkytnusGalknnnnpﬂaﬂrnmm t he

range of fr 5 9%38%3 bel

preferred. gg}gngg% °§gg‘§r F#ﬁ%agacépgﬁg%sugp OQ—B%A %4 471'n which

a variety oﬁaééﬂarystgh@o@ﬁﬁﬁﬂ@k;qaﬁﬁﬂinﬂﬂIrQﬁQQﬂQP%WWQIQe%@@@ﬂciﬁéludlng

r :Jt heni um ﬁégdeub@&aﬁgqqumw@t&rﬁ 48 %%r@%tﬁff}%@r'@énpéﬂé?@f‘éym on

al um na, rhodiumon alum na, pa pl a n al um na

ni ckel / al unitHi Ggeofla&@,e g (Wp 62’23 %?dol%ioqug{n Qﬁﬂd o Aigﬁcl ar general

di scl osure of aAc&tahybtrbdm @se aln umsamﬁdﬂgﬂa(bxmﬂatxﬂn(bdchétmmn@rocess

WD 951 11109 Bp SUETIERRy it el Loy it R R eV e

conpri si ng Naitgirem vedl I édll‘lumNOr ut&?e:’rﬁ,umag‘&ﬂ)cﬁlﬂntml%&b.l %mddptﬁarthum
support ed 039@b9”ﬁﬂ%d¥3§% i @ﬁ_ é?%%ﬂié?”métﬂgﬁé €gnduct ed under
ypl ca e

m|d process conditions, wt con |t|ons |ng pressure of 1
at nosphere, Sa’ntt@rﬁ?érsatg@rseldf HosPueserghaf tutdnFrRRf - robheapuBnber 2002

o 0 92) 113G axionder) | T Testa ot tho caranar e
0 it is e eene eeso e cata wer e
ndervay, B R SHAE il s OB b bypbei st b BHosraD SonLd
deteriorati te |damatad/|dnyc arfjtla:t c8:6}1dtmrcsns aanddpa:rssldvhetemphrhonges. As
Teaored e Uk, hd CRSATIRLALEN - QULOAGHLYEs 1R A1 YBLC partial

oxi dation process shout’d operat'e ressures. requiring operating
t enper at ur egasbdvann o sspafes crée beei tn ohed %@%r Aent i @n@deiaudecgﬁent s. A

most '”po”%”taﬁxﬁé%eﬂ@%&%%%ﬁéé%@rﬁ%ﬁ' y58ut0r73Rpl | Rldpid a
commerci al process,” IS the stabi at catalyst under the prevailing
process Concﬁ%ﬁwe%elﬁnlf%P@b?ﬁfﬁt}%n‘é hwae?l%%ﬁdtﬁéeéﬁ\aéﬁﬁnﬁﬁfg

reported 'rléﬂﬁiigdC” Eﬁ&e$@we P@e@h£@n@&§éeda|ﬁéf@en@kcééﬁvbﬂe an insight
into the stabil.i g of the varj ous atag st Cogﬁﬁﬁltlonﬁ under the severe

process condi§} ﬁ&@ﬁéﬁ?? riRovhefti &Y Fhpt Battd t these severe
operating cosxplomisnsit has surprisingly been found that a marked

f"h‘;f g;legfea'rt” the StRbIYLLN.Qfed Ny O pup ML L) Mk 2l ERER! ¥Et Rethafikosed In
to Synthesis Gas", Catalysis Letters 6 (1990) 181-186)
disclose a range of experiments in which catalysts
comprising nickel, ruthenium, rhodium, palladium, iridium
or platinum, ei;her supported on alumina or present in
mixed oxide precursors, were applied. Again, the
experiments reported are limited to a catalytic partial
oxidation process employing only mild operating
conditions. As a basis, a set of mild reaction
conditions were selected: a pressure of 1 atmosphere, a
gas hourly space velocity of 40,000 /hr, a temperature of

1050 K (777°C) and a methane/oxygen ratio of 2.0. From



20 exists. Mast surprisingly, contrary to the teaching of WD 92/7a.199, it
has been found that, under commercially applicable conditions, catalysts
conprising rhodium iridiumor rutheniumdisplay a significantly higher
stability in terns of both selectivity and 8Sabktiidty shiean -2 Juredigdtg
Goup vill metal catalysts. 25 Accordingly, the present invention provides
a process for the catalytic partial oxigation of a hydrocarbon feedstock,
whi ch process cqonprjses contacting a feed conprising the hydrocarbon

f eedst ock éﬂ&ﬁﬂpﬁﬁdiﬁwﬁéﬁbc%ﬁt%P%iBﬁ°§%§saPaéa@§§eﬁ§uWP§ §pRréLT@LI-ocity in
the range @frdn oth £90s OOy t Dt 102 H080RO0uAEBA LAt Bhealpwesshiperaturlie range
of from3 to 100 bar and a teggera

ture of at _|.eas Substitute sheet - 20
Sept enber SR GHIE W TR GCEEa JQPC ERNbPFsPREAEageSar Byt HAS PP idet | ve
met al rhodipumgct tcablen ot puebeuresn oTheherocdss of fLhetppepeeirei.nventi on
b 1 i . and - f
Jaseous or TG SLGRAEE felokt UEhe Deale O L O A e foasa )

gaseous or hyi : havi ng a [ ing pornt The process is
parti cul ar IGxkdatt kb o f Hethenpak®i AynbReaasi 6Asof apet Ranbonnigxradldegas.

associ at ed gaSyProLf HEE18GUAGESL OFoki BENBYET E68FBLESonthe clYAngEahoN
feedstock is reacted wth an oxygenlO containing gas. Air is suitable for

use as the'B%%ﬁ%nc tél%?%b 65%7 #wever, the use of substantially pure
?Xygﬁn 3|S the QTKMQB“J@@?& aéfli?lg_-QQSCSBSlQEi@reBﬂVéeéiohDthMétWa%le the need
or handlin arge vol une of inert gas ot .exanplLe nitrogen when using
5t aothe SRyTERERERTS: (R oSaat EhbodilrateLaghE T Ea e anti onal Iy 15
conpri se steabalfhesfbetitany BorpPPibslbRelidr aeppbtnthecdetleck iamed t he
oxygen- Cont.ai pj gAas; | apevu t i MSiRgSHhka en-t:om bon
radi o. FWef%égggil ? éagigggng?tQ%ch?%o%g%g?ighiSQFgogﬁé&fEﬁégh%@{fron10.3
to 0.8, norRYEP %@éﬁl?uz IpPam 0TS reagtion mafeséHeded: yndex the

oxygen-t o- cai P@Nc6Ali pibBEEHFt B bREskakkOoel 10¥Y&ERphe rich@nidoram of

mol ecul es (02) to_carbon aégss prgiﬁpt in the hydrocarbon feedstock.
Pref er abl y, CeAREBIGYER- PE- E4Pbbn (PRPID is in the range of from0.45 to

0. 65, with oxyg@nktaHoakhathr at'CasadftaborarthalStoaichitdaaet wifc ratio, 0.5,
being 25 especially preferred. .L{.steam. resent. in, the feed, the
stean}to-cgﬁ%ghg?gtPge?sap%@?@%égpy%ﬁﬁg?kgegagaggépsgrdn?ﬁﬁgﬁéxﬁ.0 to 3.0,
nore prefer@dtglysdm B:0Enyizoomenhalhydr dd@%Bon 8PeddSoclepartes the
oxygen-cont ah gL ngtgas gg%&t@ﬁo?tiea@iog{ of! ﬁ%gg%neah%iwgefaer@abdawsed' m xed

prior to being contacF he cat

comprising a combination of platinum and palladium
supported on a cordierite monolith body.

United States Patent No. 5,149,464 (US-A-5,149,464)
is directed to a method for selectively oxygenating
methane to carbon monoxide and hydrogen by bringing the
reactant gas mixture at a temperature of about 650°C to
900°C into contact with a solid catalyst which is
generally described as being either:

a) a catalyst of the formula MyM'y0,, 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;

M' is a d-block transition metal,

and each of the ratios x/y and y/z and (x+y)/z is

independently from 0.1 to 8; or
b) an oxide of a d-block transition metal; or



Substitute sheet - 20 Septenber 2002 g The process of the present

I nyention is operated at el evated pressures, that is pressures
significantly above atnospheric pressure. The process may be operated at
pressures in the range of from3 to | 00 bar Supstfugeaept Fr2gnJand 0l 996 75
bar. Under the conditions of high pressure prevailing in the process, it i$
necessary to allow the feed to contact ghe catalyst at el evated
tenperatures in order to achieve the desired high | evel of conversion.

Accor di ngl ) t e AP D ssansibien sietaht Oh eApERALAFESTY! SHPPPEASt 950C.
Preferably, theoperating tenperature is in the range of dram 950 to | 300C,

nore prefergbly from950 to 170 dvant a eo sl he feed |s preheated
prior to béﬁngQuﬁﬁ wfé?ﬂ?%gSXA#%? $h¢ %e $eBHdF§ ﬁbSV|ded during

t he process at cga«sdimmsrhsf cSDatleeVﬁé@CticbﬂSornuhBérr asgeoafidisamg500, 000 to
10, 000, OOOIWIZgJHd 1}§h§atalyst enpl oyed in the process of the present

I nvention conprlses as a catalytically active conponent a 20 netal selected
from rhodi Uthe drhdck bransihepnumet&hsabyst saddnpni FSmd-Phddiur6dr e

par ticul arly, F}Séf@éié’gteahﬁr&ﬁt @h&&écﬁhbinac‘étﬁﬁlﬁehﬁhb'e% @Sttos%@ abl'y

supported on carrier. Suit carrier terials are known i'n the
art and |ruﬂQuﬁPt4ﬁa@%@r%@t%@y78x|86§ §9§ﬁ1§s5§ﬁppé&mra¢&ﬁ@ﬁdumbltanla

zirconi a anghnd&iwk £ScRBohehEOhandhfesal ahrbhcalcb)baaetIVﬁdnetle;l nmay be

deposited on the refractory oxide, carrier t echni que known in the
DO h o CRRR Bl 6 REPRLUT T of LGBEBRY t TR YERERTRY aff CORTERS W 1 or 1S

inpregnatlomuth&mnhmnethod1tmp|paluyd¢omprsiéyemonhafwummﬂIuannuﬂﬁmer
e ol S oLl ofeERPoUBd DGR i e
is stated in US-A-5,149,464 that the preferred metals
are those in Group VIII of the Periodic Table of the
Elements, that is iron, osmium, cobalt, rhenium, iridium,
palladium platinum, nickel and ruthenium.

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

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,
ruthenium, rhodium, nickel and platinum supported on
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



Substitute sheet - 22 June 1996 g _ Any suitable reaction regine my be

- enpl oyed for the process of the present invention to contact the feed with
the catalyst. One suitable reaction reginme is a fluidised bed, in which the
catalyst is enployed in the formof particlgps rr i gi e
for use in the process is a fixed bed reacti ontl@eég)%ﬁé& |2§p§%ﬁ%ﬁ%qﬁigd&
catalyst is retained in the reaction in a fixed arrangenent. In the fixed
bed reginme, the catalyst may again be in the formof particles.
Alternatively, the catalyst nmay have the-fiorm of a foam prepared, for
exanpl e, by the inpregnation of a ceram c foam by the nmethod di scussed
her ei nabove. Suitable ceramc foans for use in the preparation of the

catal yst include those having from 30 to 150 pores per inch (12 to 60 pores
per centi netre?P17%r tdred @l gas aounky f spacef veloadtyarsl gdoutnel ude

refractory oxjgle,q GPHPYCOER ER@Oltleklﬂ SEN Wet upgs 1ard Me! als GZese vhab the
catal ytically actl ve netal bel ng 8% gﬁ@ ted og the honeyco nonol it h or

gauze. |In a prefended bibBdFféh GREBEYS LSt Wa 3¥m, PYthe feed
is cont act ed ﬁmgﬁt oSttt eayslysekashedlidnba éxpedtbdd tar rszhmgerrmwt whi ch

arrange Sc & hi h fortuosij r term

in the art er? g +%‘?e+?|%é¥thg§f%§é gteafoB?'s ffz’%@@}gi ned as
the ratio of mdrﬂllhmggérof the path taken by a gas rovvl ng t hrough t he bed
to the |ength of siralahieior path bomaboileibed. Thus, the

honeyconb nonol it Eittlructures ave. a tortuosity of 1.0. For f %Pr poses of
the present iaftaraGEives e CF%‘F%%YH%H?Q%TF%%S?’EWEF%O% PéP&Féﬁcé

ﬁrrangegnwdﬁ@eﬂga Gt Qrlawestdy zﬁt%étﬁféérﬁl&yqﬂiﬁmgropbﬁa;cﬁ.hgt of the
oneyco nonol it structures articul ar tort ast, 1.1.
A fixed @ A P H A9 eé}“{) |ca Ianhegds aﬁt%ﬁgéu%)é??§mg%lté§83fi 1.5,
whilst d ramdodtm&rmy Peenqﬂfepmlmrtﬂiw %@Qbrﬁ%r@?nshdﬁhéngaﬁge of

from3.0 to ]_:qmr t oL Al sortr c1a0SEbELEE, SDBCERa 22
June 1996 - 41}:5({ tlgtUOSI ty. o ca l|xe be cmarrana erre% iab%gr'e erably in

the range of Stbhlity f HRk cﬁ)‘:'atzllYsrﬁ)r"’é1 ey tpgoges;\ nost
sui t abl e r angeneli thi®mnsiosiThe inf Fd wondikilomsd Uhdd? Wraisctbeeine f ound t hat by

enpl oying the_c f e sity
allows the r 3&‘5""'@‘%}%&%@"@? o"Jt)étC{j J'be%e{lc i eve?@pﬁt%q£%%xglg§h&'9‘%é&\9/er
short (ignt ado niote prericien arhd nsdalt g tgasss mhﬂel%atcafy@te In this
th onl ha ﬁi&xohewc\é@awy%tof to%@o%ést%dszluhef@w e .s./a-_itvema igrd s al | f)ws

e very high gas space vélocities desira or._.Q ingac rcia
process to bECRSHEPEF TFESece é&”ﬁ §°&“‘§F€r‘§§l &r‘?&fé&é’d”\%rth t}ﬂmscat al yst
under adi abat:heseors@malr@ns’peliwtume q@wdpdtseszsof J.tthihsassrmmpfnimmm t he
term " adi ababjsan isdudd BhakeBCTakoepatraRerRAdLY OB istaliity

substanti al | % heat | 0Ss an tion fromt reactiQn zon

prevent ed, wtb® CROUEK VAL B‘r?té‘fl F@é'-tallyééﬁl RdSehoerE dasddks I-E?t-"qujéfﬁt

st reamb gf) thexigaet Or Molst &ufrprrtlrsehﬁgpeebntt:beypltese:tte itReeNiirgn gfel at es
to carbdn nopoxi g enev r Jrocess as

her ei nbeforeQ@ g?llgégg'ﬂ]rg E?ﬁ? Eg gg r?‘ftﬁnblé & SRFER Sy
prepared by epplicebdss cohdurtrlsrmsmventcaémsts pampiré giag yhogivabl e for use
in the synthesiiyioh G)Edrrﬁ“tﬁr«a?t‘i'&& dflgblﬁi‘;aﬁp%@?ﬁif%@ﬂ%l%f Hilfher

Fi scher-Tropsch nthesis, or the en far e
net hanol . Pr §§é§’§i§-tﬁ’oﬁnt KETBSN rgpﬁﬁ FHE"'W-% uF‘E‘%otaché'rB'&y ﬁg‘ﬁ&l de

and hydr Ogenthat genadhipgodueup M&Imbtakno%aﬂ.ystbe art. The process of
the pres ? invention is further described by way of the follow ng
illustrative exanples, in which Exanples 1 to 3 each exenplify a process

according to theApd&&:B&ﬂﬁglfl)/eﬂﬁé Ofir S6h tEHWIAS oh PEbva s af PrroceaRarative
pur poses. Substitute sheet - 20 Septenber 2002 Exanple 1
for the catalytic partial oxidation of a hydrocarbon
feedstock, which process comprises contacting a feed
comprising the hydrocarbon feedstock and an oxygen-
30 containing gas at a gas hourly space velocity in the range
of from 500,000 to 10,000,000 N1/1/hr, at a pressure in the

range of from 3 to 100 bar and a temperature of at least



Cat al yst Preparation 12.93 g of an aqueous solution, prepared by dissolving
sufficient rhodiumtrichloride (RhCl3) in 5 water to give a rhodi um
concentration of 4.12 by weight, was concentrated by evaporation to a
volume of 3.5 m. Al pha alum na extrudat esg(hsfluf@3HlctIRhBeptenbeP2602
commercially available ex. Dycat, |og) were inpregnated by immersion in the
af orenenti oned solution. The resulting extrudates were dried in an Oven at
a 10 tenperature of 120C and subsequently cal cined at a tenperature of

500C. The resulting catalyst conprised $7y weight rhodium . Catalytic
Partial Oxidation A reactor was Constructed conprising a transparent 15
sapphire tube. The rhodium-containing catal yst prepared as herei nbefore
descri bed ol d_a d.into.the.sapphi ; i in the
Form of a fo0g HEHGR B ratgeR cohbibilar 2008 Each iyt Bl P it 1. 5.
Met hane anGhe®algefhodiumufifdiciiemt canowthentiomgi ve an oxygen-to-carbon ratio
of 0.52, were thoroughly m xed 20 aunt before being introduced into the
reactor-to contact the fixed bed of Catalyst. The m xture of nethane and
oxygen. was fedyiQ the,dRACtor He HIULSSUr nGbntibnbabyabd abed gas hourly
space velocity (GISV) of 2,000,0D0 N /1/ hr. TQ& o] eraglgg tenperature of
the catal ysPTBER GRS FHhetrd i RFRAR iRAPORL R BBty Y FREIEENTES™ i on of
the gas m xhuye daduig dihéydarianbom st ad erod heblabingas thwobmtiddmaphy

and Wi ghi ng_water ndensed fr ' ctor. The
conver si on %Pl "ha ea%(fsot% ss%@egg?v%@%ffﬁg%fg%ﬂégg %gfcgg on nonoxi de
and 30 hydrpgeti@dn cxiglatdging off medthemee cortarakdjaswmsa siebeiataddgashe
operating 089%%1%!%25%:@&% 'b%aﬁtigihtar?ﬂ(&:t&i%ﬁé.s of the Experinent are

summarised 1n t bl e Subst i e sheet, - 22 June 1996 - 12

her ei nbel ow. ExAREl BYSrosaggonnd eegdstoGdndrsalr I A RXYIBRT i n

Fﬁanp:eﬁl, Fohﬁhhﬁﬂh?”@g@?tahﬂtﬂascahawﬁﬁlabeﬂquﬁguasiﬁneimxyggmation of
e al pha-al .unina_extrudates_ using._an,aquequs .

Ut hent um (FPRFASRRBE 48 rubRAE) B2 Rernat o3y bl PP BHEE | e

5.0 $ by weosfigenuabemhenoxygenthostpiopagedacaralyy e wrefesmprd. i i t he

appar at us aEHiBﬁgégg tAE AeklViebY hAnbhengabahybice RUmd o¥igdadt©n of

met hane usin ane gener al rocedure as described in . Exanple 1. The

t
oper ati ng cggaitfaﬁseﬁ PRE PEREPSFTANACPNESIOGURLE &5 (¢ SXydShent are
summar i sed esntaeninll gaber ésnhebbdedbExalpkee fded Wayngpithiensdiiny gener a
pr ocedut®e aé°%§§gggb QeLH Exanple 1, an iridiumcontaining catal yst was
prepared by inpregnation of the al pha-alum na extrudates using an agueous
sol ution of chlBreifeacmari doqrppd seaorhe Thedresarbpagfeadsatpsk @dsbri sed

5.0 % by weiwdtokyhdhuspbnihent Rysgpsepar ed eabah¥stowasveoadediitatad he
apparatus and te

ot hane.usi TEYEFE- EaneRERdtr BFE b vocktr o Ee Bud chRpoly iR RRs TR FBh
operating coxntici basionfrhbaerangetof fnomtBedrbsult 8, ohorhepgrferadyt are
summari sed pfh hg. 8btg §E76! NbEL AN EEAEPLE £nbOBRGEEALYE-EXREBNC

ratio refer to the ratio of oxygen in the form of

molecules (0z2) to carbon atoms present in the hydrocarbon

feedstock. Preferably, the oxygen-to-carbon -ratio is in

the range of from 0.45 to 0.65, with oxygen-to-carbon
ratios of about the stoichiometric ratio, 0.5, being

25 especially preferred. If steam is present in the feed,
the steam-to-carbon ratio is preferably in the rangé of
from above 0.0 to 3.0, more preferably from 0.0 to 2.0.
The hydrocarbon feedstock, the oxygen-centaining gas and
the steam, if present, are preferably well mixed prior to

being contacted with the catalyst.
30



U >ing the sane general procedure as described in Exanple 1, a
« plati num contai ning catal yst was prepared by inprecgnation of the
al pha-al um na extrudates using an aqueous sol ution of chloroplatinic acid

(H2Pt C16). The resulting catalyst conpriseg psftule Bedil Seﬂeﬁfﬂé?‘?@bZThe

t hus prepared catal yst was | oaded into the apparatus and tested tor
activity in the catalytic partial oxidation of nethane using the sane
gener al Substitute sheet - 22 June 1996 - 13 procedure as described in
Exanpl e 1. The operating conditions of thg _reactor and the results of the
experinment are summari sed in the Tabl e herei nbel ow. Exanple 5 Conparative
Exanpl e Using the sanme general procedure as described in Exanple 1, a

pal | adi um cont ai pi ng _cat al yst prepared by inpregnation of the

al pha- al uni na ex&hﬁdgf8§eﬁéiﬁ&wgﬁea§ﬁ§88§gsbﬁﬁ?ggﬁ°gfls °Perateg at
tetraam ne- pakhadiedmpklklsiirbsat €naRdiAHE 868032 28) sidherigsntliy nabswéd al yst
conprised 5.0 % by wei ght palladium The thus prepared cataJ%st was | oaded

into the app4Maspsearg PESEEBTRor HBEi PFPYSFR TAY RatdpPFrtedartial
oxi dati on O;ﬁg%gtm@ Y3l Rget gsngaﬁsfgggsﬁas 95%@@'%@:?5%9@&; £4bm
t of the

Exanpl e 1. e operating conditrons o e reactor and the result
experi neidt apetsuffBabased in the Tabl e herei nbel ow. Fromthe data presented
in the Table, it can be seen that, under the conditions of elevated

tenperature a“_ftg{aeezsseﬂ@ @cﬂrp&ieﬁonga&él 548 eg_@&hﬂenar@%qiri@gbrﬂ; heni um
or iridiumexhibited very high levels of Sta ®|It¥ in terns of both the
overal | cortd RTRAFHIS nethahe BeEesFRr¥efectiiPYyths fEafoden contask bon

nmonoxi de. Nofe cftdihes € ad il &sdsa tadptrémpaga thods uim ortikenitemaeh iidveli um
exhi bited significant. l.osses, 0. ActiVi ecty vj o th t hi gh

| evel s of %@% (5:{ & bheli%b J'I*F?al‘l’en a‘#neéés%\’/%r:sfﬁe’ en%?\{%fé¥%#tgﬁ¥é g%et he
experinﬂptgrdﬁesgx#&ﬂqnénaqﬁﬁt&?ﬂtemaemﬁtwﬂe$eaﬁt&bnéeﬂétegﬁéf€orned usi ng
the rhodi U@z%%%%@fly)g A ApStatihp ddddiedcwsdl pnged expeprLRBRt of0r a

total runtine 60 hqurs under tHhe c%nditlong of Eﬁ&fple 1. 3s set out in
the Tabl e. RO EDe G HP 9 bssTPReaPERERFGFOIY TEOBC 5P F29NE cat al yst
was obser vadvant ag@diusdst,, thie Caedd sseaelidmtied hericnt atysbaiggnpri sing

pl ati num and %allag X i%ite% qy%Q poorer |evels of stability under the
prevai | i ng“BPSEES ute Sneét-"- 22 June 1996 - 19 conditions, with
significant rates of deactivation in both the overall process conversion
and sel @6tivity DrRéenfeedpis i proeided haeperithee pirvceys @t e s hicurtllye

pl ati num and pal | adi upm cont ai ni.ng catal ysts_ had t stopped after the
very short PBAFENES ?ﬁﬁFt%?e’d“i‘f‘P?h’éa“l%%l%é RiliNaie StOg) ORE 6t 'iogr(?'@ioocoke
on the catakygi/nkeading to a marked increase in the pressure drop across
the catal yst bed .and a significant rise in the catal yst operating

tenperature . The catalyst employed in the process of the present
invention comprises as a catalytically active component a
20 metal selected from rhodium, iridium or ruthenium.
Catalysts comprising rhodium are particularly preferred.
The catalytically active metal is most suitably
supported on a carrier. Suitable carrier materials are
well known in the art and include the refractory oxides
such as silica, alumina, titania, zirconia and mixtures
thereof. The catalytically active metal may be deposited
on the refractory oxide carrier by techniques well known -
in the art. A most suitable method for depositing the
metal on the carrier is impregnation, which method
typically comprises contacting the carrier material with
a solution of a compound of the catalytically active
metal, followed by drying and calcining the resulting

25

30

material.



Substitute sheet - 22 June 1996 - 15 Table Exanple No. 1 2 3 4 5 Active
metal rhodi um rutheniumiridium platinum pal |l adi um Operating Conditions
Tenmp. (C) 968 Pres . (bar) 4 . 5 GHSV (1000 N1/1/hr) 2000 oxygen/ carbon

ratio 0.52 runtine (hrs) 24 Substitute sheet - 22 June 1996
1000980106012203. 94. 03. 83. 920002000200020000. 520. 520. 520. 52242422 CH4

conver-sion (~)81.973.777.166. 060. 8CO_sgl ecti-vity
(~) 191. 880. 084. 470. 069. 4H2 sel ecti-vity

(~) 290. 388. 489.788. S¥Et APLACFLIGLEPBNLEIEME BONY BEsEARIQYRL) fR1) the 72, 5H2
sel ecti vi t ysodehs 158. &rleflﬁrésénﬁeheetehwlbyl e Gonkazed e G¥eLaonMal sion 2

select|V|ty to H2 based on CH4 conversi on deactlvatlon in terns of %
per f or mance*1ost2 bRt YRbur ORer GHEFARLE EGASLIOH &e9HEE 1S5 Fo Sept ember 2002

-16 ChAI Ms: fﬂuld\LQéﬁcbéa fon whechatblkytiatapgstt dls @uipdatyeh iof the
hydrocarbon feeds ock

cess .co r ses %cont act, |nHegfa f eed
T o o B 3t Rr bohCL B an BoRTRAEEaRE FEast BB atinE Br e & gas
hourly spacinvehecptryceast he mafigeedf bedomea@d 00 regit@®,000y GO0 YL/ 1/ h, at
a pressure tﬂet9$t£§9§g ok EEQH&ﬁeholkth%a é%&%xlq‘¥H“¥f¥fHé30f at | east

950C with a cata conprising cat al y active metal rhodium
iridiumor ag{h@gemﬁnt In the flxed bed reglme, the catalyst may

again be in the form of particles. Alternatively, the
catalyst may have the form of a foam, prepared, for
example, by the impregnation of a ceramic foam by the
method discussed hereinabove. Suitable ceramic foams for
use in the preparation of the catalyst include those
having from 30 to 150 pores per inch (12 to 60 pores per
centimetre). Further alternative forms for the catalyst
include refractory oxide, honeycomb monolith structures
and metal gauzes, with the catalytically active metal
being deposited on the honeycomb monolith or gauze.

In a preferred embodiment of the process of this
invention, the feed is contacted with a catalyst retained
in a fixed bed arrangement, which arrangement has a high
tortuosity. The term "tortuosity" is a common term in
the art which, when referring to a fixed catalyst bed,
can be defined as the ratio of the length of the path
taken by a gas flowing through the bed to the length of
the shortest straight line path through the bed. Thus,
the honeycomb monolith structures have a tortuosity of
1.0. For the purposes of the present invention, the term
"high tortuosity" is a reference to arrangements having a
tortuosity substantially greater than that of the
honeycomb monolith structures, in particular a tortuosity
of at least 1.1. A fixed bed of catalyst particles
typically has a tortuosity of about 1.5, whilst ceramic
foams may be prepared having a tortuosity in the range of
from 3.0 to 4.0, or even higher. In general, the



2. A process according to claim1l1, wherein the hydrocarbon feedstock
conpri ses nethane, natural gas, associated 15 gas or a source of |ight
hydr ocarbons. 3. A process according to either of clains 1 or 2, wherein

t he oxygen-containing gas is substantially pubstituty@heet 2Q 2 Juke Arg8Rss
according to any one of clains 1 to 3, wherein the feed conprises the

hydr ocar bon feedstock and the oxygen-cqmtai ning gas in anmpounts giving an
oxygen-to-carbon ratio of from0.3 to 0.8. 25 5. A process according to

claim 4, weOrSYesiney &%d@}ﬁt%ﬂ&%ﬁ‘H%?ﬁr%’f?%n?%m%‘fltf+6nPBeﬁer81® ¥B. 6. A
process acaydidithde cs:ﬁ af vB1®, 1 Whet @i dbdle myg;anm@@ecpfbﬁéramyows of from

0.45 to 0.6 0 tltute sheet e rocess
accor di ng tagméﬂ:y 5o'n0§ i e tf%bJGe %%?gl Ebﬁ%fg‘é%alw ¢8 Fﬁe{%‘ed Wth
t he catalyﬂtaﬂtaiunssure in the range of from10 to 75 bar. 5 8. A
process accordi r k
contacted mﬁth:@ﬁlﬁ¥%t f§9§3 ¢enper%t %fo%fﬁﬁ @hgn5€§%§§$?0%$930 to
1300C. 9. Aiptestdwsd aa:rc;mrmengemb kdwlng 8a hﬁaehetﬁrthésté]ﬂpéiéDUSethe isin
the range ofe fyRPUbACILOBC to be achieved with only a relatively

very short contact time between the reacting gases and
the catalyst. In this way, only a very low volume of
catalyst is required, which in turn allows the very high
gas space velocities desirable for operating a commercial
process to be achieved.

The feed 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 which substantially all heat loss
and radiation from the reaction zone is prevented, with
the exception of heat leaving in the gaseous effluent
stream of the reactor.

In a further aspect, the present invention relates to
carbon monoxide or hydrogen whenever prepared by a
process as hereinbefore described.

The 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
means of the Fischer-Tropsch synthesis, or the synthesis
of oxygenates, for example methanol. Processes for the
conversion of the mixture of carbon monoxide and hydrogen
into such produéts are well known in the art.

The process of the present invention is further
described by way of the following illustrative examples,
in which Examples 1 to 3 each exemplify a process
according to the present invention and Examples 4 and 5
are for comparative purposes.



10. A process according to any one of clains 1 to 9, wherein the catal yst
conprises rhodium 15 11. A process according to any one of clains 1 to 10,
wherein the catalyst is retained in a fixed bed arrangenent. 12. A process
according to claim1l, wherein the catal ystg gt te Eﬁé&i-WSéﬁteﬂqﬂér)%éZbed
arrangenment having a high tortuosity. 13. A process according to clarm 12,
wherein the catalyst is retained in a fixed bed arrangenent having a 25
tortuosity in the range of from1l.1 to 5.0. 14. A process according to any
one of clainms 11 to 13, wherein the cataliyst is in the formof a ceramc
foaminpregnated with the catalytically active netal. 30 Substitute sheet
- 20 Septenber 2002 -18 15. A process according to any one of clains 1 to
14, wherei ed is contacted with the catal yst under substantially

adi abati c 2E£ i g. 5 16. A process according to claim1, substantially
as herei nbef ore datalybtdPweparaiemence to the Exanples. .AL. A39. AF% A

L. A3. AAl . A{ Y. AY. .%3 A€| A LA A3, .AF.QF.AAI | . As. Yr-éé1 Q7@NO{ | tur s
{qugb]X]ca]ca]cﬁ?C c%] 28] FARE LA T S T e a FEARATS %@h]ca]ca]ca}ca]ca]
ca] ca] ca] cajgat6ving] sef£ad Lot/ @iredSum trichloride (RhCli) in

5 water to give a rhodium concentration of 4.12% by

weight, was concentrated by evaporation to a volume of
3.5 ml. RAlpha alumina extrudates (1.0 mm diameter

trilobes, commercially available ex. Dycat, 10g) were
impregnated by immersion in the aforementioned solution.
The resulting extrudates were dried in an oven at a
temperature of 120°C and subsequently calcined at a
temperature of 500°C. The resulting catalyst comprised
5.0 & by weight rhodium. '

Catalytic Partial Oxidation

A reactor was constructed comprising a transparent
sapﬁhire tube. The rhodium-containing catalyst prepared
as hereinbefore described was crushed and loaded into the
sapphire tube and retained in the form of a fixed bed of
catalyst particles having a tortuosity of about 1.5.
Methane and oxy¢gan, in sufficient amounts to give an
oxygen-to-carbon ratio of 0.52, were thoroughly mixed
20 just before being introduced into the reactor. to contact

the fixed bed cf c¢atalyst. The mixture of methane and

oxygen was fed to the reactor at a pressure of 4.5 bar

and at a gas hourly space velocity (GHSV) of

2,000,000 N1/1l/hr.

The operating temperature of the catalyst bed was

25 measured by optical pyrometry. The composition of the
gas mixture leaving the reactor was determined by gas
chromatography and weighing water condensed from the gas
stream leaving the reactor. The conversion o¢f methane
and the selectivity of the process to carbon monoxide and
hydrogen (on the basis of methane converted) was
determined. The operating conditions of the reactor and
the results of the experiment are summarised in the Table

10
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=eoer eef f Cf pf qf $gggg Ahh4IAllljjjj| zup caJcalc
a] ca] ca] ca] é&*}’é&]’*’&l& ¢&fc® cdréaredam S|ERH TR ca] cal] cau
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ca] ca] ca] calca]cal.ca] cal.c ca cal cal] caUl cal] cal] ca
cal ca] ca] ca%@é}“gi]l@ (cgt(a@ e(C%JJ§aO 1_g afo%%‘%‘ﬂm%&' 0)-,

T109%6& () -! 10%F&e( huzf prléplarfe@B&bﬁ:M;&t( Maslaob@ielﬁllntm(mae() )

109%5& () - )'ﬁpa¥Q%%§&a d)teagéé)for activity in the catalytic
partial oxidation of methane using the same general
procedure as described in Example 1. The operating
conditions of the reactor and the results of the
experiment are summarised in the Table hereinbelow.
Example 4 Comparative Example

Using the same general procedure as described in
Example 1, a platinum-containing catalyst was prepared by
impregnation of the alpha-alumina extrudates using an
aqueous solution of chloroplatinic acid (HpPtClg). The
resulting catalyst comprised 5.0 % by weight platinum.

The thus prepared catalyst was loaded into the
apparatus and tested for activity in the catalytic

partial oxidation of methane using the same general
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procedure as described in Example 1. The operating

conditions of the reactor and the results of the

experiment are summarised in the Table hereinbelow.

Example 5 Comparative Example

Using the same general procedure as described in
Example 1, a palladium-containing catalyst was prepared
by impregnation of the alpha-alumina extrudates using an
aqueous solution of tetraamine-palladium(II) nitrate
(Pd (NH3) 4 (NO3)2). The resulting catalyst comprised 5.0 %
by weight palladium.

The thus prepared catalyst was loaded into the
apparatus and tested for activity in the catalytic
partial oxidation of methane using the same general
procedure as described in Example 1. The operating
conditions of the reactor and the results of the
experiment are summarised in the Table hereinbelow.

From the data presented in the Table, it can be seen
that, under the conditions of elevated temperature and
pressure applied, catalysts comprising rhodium, ruthenium
or iridium exhibited very high levels of stability in
terms of both the overall conversion of methane and the
selectivity to hydrogen and carbon monoxide. None of the
catalysts comprising rhodium, ruthenium or iridium
exhibited significant losses in activity or selectivity,
with the high levels of performance being maintained over
the entire runtime of the experiments.

The catalytic partial oxidation reactions were
performed using the rhodium-containing catalyst in a
further prolonged experiment for a total runtime of 160
hours under the conditions of Example 1, as set out in
the Table. No perceptible loss in activity or
selectivity of the catalyst was observed.

In contrast, it can be seen that the catalysts
comprising platinum and palladium exhibited much poorer
levels of stability under the prevailing process
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both the overall process conversion and selectivity being
experienced. The experiments employing both the
platinum- and palladium-containing catalysts had to be
stopped after the very short runtimes indicated in the
Table owing to the formation of coke on the catalyst,
leading to a marked increase in the pressure drop across

the catalyst bed and a significant rise in the catalyst
operating temperature.



10@@! 2" 10 @& ()-Y '2"10%a& ()-Y 110% o0& ()---. N 001}~<rS4 10!11J
-#10%-. ~. & ()-)0 -#109M & ()-)!" -#10%WWK ()-)!Xt -#109%& ()-) 109w ()-f
10%V& () - 134R4ASATAUAZz4~4{\ = 10! sf10% & ()-Y10% & ()- 10M 10M 10M

- #1090V ()-) ! -#10% nfm& ()-)! - #10% Ff F& S bskitdtAbbanSdB diine=1996

101 TTE Y'10%\ & ()-10% & ()-YI10%N & ()-10% & ()-3 10% & ()-

nMO% & ()-MJ777768nmB ?{\ = 10!'! " &' 109 % )~! (1&mM 10%<<& ()-PYI0N & ()-f#
10% & ()-!'F"10% & ()-!'l ", Y'10%4& () %@Q ;oW [Me 10! T &ni 10 10
100 " *mM 109 ()-@ *ni’ 0@$\$\&f() (& ()-@*mM'10%/-/& ()-@/; 3;
?BBBBBz| "PlExample No. 3 q 5

Active metal rhodium ruthenium iridium platinum palladium

Operating

Conditions

Temp. (°C) 968 1000 980 1060 1220
Pres. (bar) 4.5 3.9 4.0 3.8 3.9
GHSV

(1000 N1/1/hr) 2000 2000 2000 2000 2000
oxygen/carbon

ratio 0.52 0.52 0.52 0.52 0.52
runtime (hrs) 24 24 24 2 2

CH4 conver-

sion (%) 81.9 73.7 77.1 66.0 60.8
CO selecti-

vity ($)1 91.8 80.0 84.4 70.0 69.4
Ho selecti-

vity (%)2 90.3 88.4 89.7 83.2 76.4
Deactiva-

tion (%)3

CH4 conversion <0.1 <0.1 <0.1 1.7 2.5
Hy selectivity <0.1 <0.1 <0.1 1.4 2.6

1 selectivity to CO based on CHyp conversion
selectivity to Hp based on CH4q conversion
deactivation in terms of % performance lost per hour
of runtime
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1. A process for the catalytic partial oxidation of a

hydrocarbon feedstock, which process comprises

S contacting a feed comprising a hydrocarbon feedstock
and an oxygen-containing gas at a gas hourly space
velocity in the range of from 500,000 to 10,000,000
Nl1l/1/h, at a pressure in the range of from 3 to 100 bar
and a temperature of at least 950°C with a catalyst

10 comprising as a catalytically active metal rhodium,

iridium or ruthenium.

2, A process according to claim 1, wherein the hydrocarbon
feedstock comprises methane, natural gas, associated

15 gas or a source of light hydrocarbons.

3. A process according to either of claims 1 or 2, wherein

the oxygen—containing gas is substantially pure oxygen.

20 4. A process according to any one of claims 1 to 3,
wherein the feed comprises the hydrocarbon feedstock
and the oxygen-containing gas in amounts giving an

oxygen-to~carbon ratio of from 0.3 to 0.8.

25 5. A process according to claim 4, wherein the oxygen-to-

carbon ratio is of from 0.45 to 0.7S5.

6. A process according to claim 5, wherein the oxygen-to-
carbon ratio is of from 0.45 to 0.65.

30
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10 is in the range of from 950 to 1200°C.

10. A process according to any one of claims 1 to 9,

wherein the catalyst comprises rhodium.

15 11. A process according to any one of claims 1 to 10,
wherein the catalyst is retained in a fixed bed

arrangement.

12. A process according to claim 11, wherein the catalyst
20 is retained in a fixed bed arrangement having a high

tortuosity.

13. A process according to claim 12, wherein the catalyst
is retained in a fixed bed arrangement having a

25 tortuosity in the range of from 1.1 to 5.0.

1l4. A process according to any one of claims 11 to 13,
wherein the catalyst is in the form of a ceramic foam

impregnated with the catalytically active metal.



LF10%m' & ()-f CFf g9gsgg| [: N 7S10%m & ()-% 96 10%n' & ()- 3g1l0%m & () -
- 1"10%1 & ()- F+10% & ()- )Z10%t & ()-ggggggg hhvU4 s9110%." L& () -G
Cl0% & ()- f10% & ()- 1109 & ()- 10nt 10nt 10nt L910% & () - h4i ~ii1jjk|[:vU4

3"10% & ()- LI (F'10%& ()- | = "10% & () - YRkt - & ()

M 10% & () - kHkkkkkkl I vU4 9S10%! F& () - Yloa'ﬁé@?{%ﬁ?%t 1%0' ?éﬁf%’f‘b‘%%zg% -
95- 10% & ()- .3"109% ()-ILITImvW 9S10%! F& ()- Y10%!F& ()- 10

%sF"109%&' ()- F10%!'F& ()- 10%!' F& ()- ,10%'F& ()- Normal" "Heading

13] c" "Heading 23] c" "Heading 33]c" "Headigng 43]c" "Heading 53]c" "Heading
63] c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font
KHK#* T18?Ff MI[] ~ dhj nprt vxz| ~s

$, 06: BIPYU3. d! km, JKL VMNOPORST G u& - 1~-4MonB; .

D 3t NVEZ A s n B SRR e e AR A A AL R o P BRAPRRY2E\ FAa488 Hebg 1 k1 mopar st u
vwxyz{|} ~6Ti nes NaerBannmAei Bb6AULEeEohesE Be&oRL titnthe Vb4 €4DEsBlder

| "#$9R' () *+, -./0123456789: ; _ _ o

<=>?@BCDEFGH JKENRebaREFeNiRy2fipbatis aerdhtiRR$mopqr st uvwxyz{| } ~

5 16. A process according to claim 1, substantially as

hereinbefore described with reference to the Examples.



