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; yze3ef dcF6TAEP&Z] L PROCESS FOR THE CATALYTI C PARTI AL OXI DATI ON OF
HYDROCARBONS Themmmmmwmmumwmrnti on relates to a process for the catalytic
partial oxidatio bons, in particular a process for the

preparation of a m xtiesmeg* of car bon nonoxi de and hydrogen from net hane,

nat ural gas, assoqgj ot her sources of |ight hydrocarbons. The
parti al oxidationimMNNMMﬁmmmmaons, for -exlanpl e nethane or natural gas, in
the presence of a catajygl. is an attractive route for the preparation of
m xtures of carbon nonoxi de and hydrogen, which mxtures areTkA8®3 SAN he
art as synthesis gas. The synthesis gas so-produced may be converted into
val uabl e products, _for_exanple_ hydrocarbon fuels boiling in the mddle
distillate range, PRreparediish HﬁéngAgﬁLgﬁécFﬁégﬁéﬁLT SMhtPesi s,

hydr ocardon waxes, |ubricating baseHgbrgcearpmtshanol . The optinmum catal ytic
partial oxidation process would give high yields of carbon nonoxi de and
hydr ogen at el evated pressures, for exanple above 30 bar, and very high
space vel oci ti es,Thfeor redcam] elrofertthieorordelra tods 100, H0PrdiédshfoFothe

t hermodynari ¢, easans, ddbardelod Qb el Bl 8ha el isopt, canbon monoxi de
and hydrogen, 1t I's necessary to operate The par ral ~oxi Hation process at
hi gh t enper aff@rds.CHAR \erere¢e hast Heckne cvmePrgeayianf of cal nirsuzeoiod

excessively @dﬂbdﬁﬁﬁbﬁdXEE%fﬁ&ﬁeﬁy@ﬁ&@%ﬁiPﬁ@mtﬁgﬁﬁéth hBt@X¥6asgaqf, 1200C
whi ch peak tegﬁeratures are undesitable in a conmercial reactor.

Accordingly, & HESIFE R Ve hF OPEFEFaPloki8lti BHApPE6eESSNSavi ng a

hi gh selectivity My gdver odssetdHni ok &ﬁrrb?@ra@a@%bﬂg,amerhm%%% under
condi tions O%mﬂh%P t hr oughput whi ch ayoi ds the occurrence of hlg peak

t enper at ur es MEHIANE BrabiIpF octlsele aRHCBBBFEL Phg 2s CRGeY Stort S

catal ytic pardr adttoxdcativen-rdbave beentpeopospdraihos, ofapizewres oF A et
al ., Synposi . €AS g i I 25ent ¢ f.ar h | i si_on of
Petroleunldﬁgﬁégéifﬁéﬁé%l nE?lga%9§£§%$éalBéggﬁe®$gtggﬁ%F%§%EﬁggL %ﬁing,
5th to 10th Agre ar1od syntee¢dse desai | hef syabbeater gasc slce paqsardatent s

{n which a siig} &pasenyeactaripasked ubbhedpeatabyst vl ngaapundi scl osed

conposition was operated in an jsothermal node for the catalytic partial
oxi dation of HETHAFRFRRR ngU ar?. PP i8Iy 2Porr8dMLREE ey FeiSdd lof teardssipe.
nonoxi de wer ep Befd e¥y@dowhinednexeeedrd thesacachirevabhe synderestendi tions of
thernndynaniqvg yilibéiun1 Hovwever oEergtiog of a.qomercial scale reactor
under i sot her®at RORHPPT oH&*BF esePE L EBIPPIcRREE 8peFaﬁ§m@ﬁ‘ﬁﬂQ§;twm and
is preferably avoldWedopBlankscaRaFytét phriiGhenikdalk tEogi meedesy Sciente,
Vol . 45, No 8, .pages. R4 24'.3 , discl.ose PrQ for_the
preparation. %Tpgyﬁfﬁés?geggg By Fﬁégggtggbggég%aF%Fapagﬁ%aﬁqcﬁ#of nat ur a
gas wWith air.eTpvaprdcesssenpkesys farbedicredti aralveadiCalbatyi .c grehctry
operated in anhcygl sgaRBNYEL LA tWREGH thie cgasfilows arR rRafdodigal |y _
reversed in orggr bﬁ mai ntain a high operating tenperature. However, this
cyclic mode of"Bp8PHat NoALf Bsul €8T ANERECFYAGRGE B&ATE Vet ritthi ¥ nt@n
unst eady st atebt&iuahhaghr gecessiscedl daphesefonepardd iarblhyphaidens i€ is
operated on a_commerci al scale.tEurgpean Paéﬁnt AQPILcation ubl ication No.
0 303 438 (EPPASH5363Y438) CKPLEIEs &L ea Birdddss For a}tr%eorba%‘?@??% Darti al
oxi dati on of hibhdtempelanacesus tHeewsteack iitn has ddeen gaseudisvenr Xt ur e of
t he hydrocar bqe f eed Gk, I : - L nJ and,
QI2¢eRUT ! €5 %§u ik e%%%%QV%lfaply%%%}f%n?%% A 983

optionally, steam IS introduced into a cat | _ I on zone to
contact a cat @Fgstridgai fe®lcrddel in wiass cafal K10 ras Walsly Ra@ area to

volume ratio @bmakrataRst iatdet @rshedty 5146 AUWtod0%raB reactor.
Accordingly, there exists a need for a partial oxidation
process having a high selectivity for the production of
carbon monoxide and hydrogen under conditions of high
throughput which avoids the occurrence of high peak

temperatures.



least 5 c*~=;'cnB. .'he ca~.a? It~c par tial oxidation zone is i:!s;:iated
a.;a' _:at heat | oss by a *~.~.,:ber of |layers of castable _::sulation
material. '.'he catal ust errpl oyed in the process :~a'y cc:rpr_se a w de
rar:ge ; cata ytically 3Lr ‘Je .~ .ilp~.~rL:e::tS ~O 2:~Cd:L1"Jle p
all adium pl ati.”~. LI.Ti, r~IGdIa|tt, it ~d=um OS. T.ium r'.IC:eniLl:Q
n=C.' ~Cel, COrQOLI1 ~ I a cobalt, ceri-uy 4 ant hanum and m xtures thereof
Fur .her, it is stated in E?-A-0 303 438 that materials not normal | 'y

consi der=d to beRchwmberi edl procassieve amaly caleya tiarerathenas] &srcara’ _nsts,

or eXa.T,pl ecaeéwgaerpsa%lg@soatieata%ncwa%erﬂée% pnogybséate THULite
aIumnlumtltanate _.,1rconi a spine' and al umna. T:-~e catalysf may be

of a varietyl®PSERWASZ: f drRex&tr ;é‘lle'sﬁé’é‘%oSoumé‘,d?rflr Nt eR he¥af packed .o

form el oggatep%bgagggs itlggfr%tsféﬁﬁl&ihwffd&'er @T@mm@mvaf P@t?c?e@ﬂce is
glvenl. - to_ the use of catal vrsts z
nonol i t hs. Tﬁéemiarfo. nge. Anerigagy3neiy Gal (i ned %\?’? hgaang‘}scﬂ whi ch

a series of HMatalingti Stchpakt |1aDItm>@1pdallj LN IEBC DI s dsee SPacLl L apart

catal yst dis I di sc corrprl a hon nonolith of

t hi ckness |OE?’F13%| ngﬁ’}? %%%CZ% T8 res])'nenﬁ?e rreair% (’?nwas bp f%?%ﬁ Usi ng a feed
conpri si ng naE8r&brgas cleghbitet "aarcaé:)alamii sh@amtatarvamm@usct@eam to carbon

ratios, at acgasoSRAGenYelQC] 1000 M50 en@ifs AtndQOPEL AL PRES Of
870C, 9500 and ?8400 'F eahon rﬁ) rmlnooalgqth Sc%t% sat sr{lr uct u{)e Ffslgr equi red

in order to PR&FIGELS Pegdticr W@?&@%Lﬁ?l%@@#ﬁm% P PredsEur e I8r 6p

acr oss t[]e g@b@bﬁiﬂedt g;haltl o ke \/ceercammh s:aa@@xt y@éOﬁéféeacﬂfeaaaedt by :he
process to be achieve r, such a reactor is expensive to_construc
and operate &RdSs eu’ﬁ?@@éz{ékr)daﬁﬁv@ oRRt i Wt afe ‘Qg CE3BSt PEute sheet -
16 August Zower@ddyﬁanﬁai emuﬂmﬁnnm: omﬁu@betatmper&bloﬂ 3892406 (GB
2,239, 406 A) | ose rocesfor t he, cat al Rart |dat|on of

nmet hane under re atclgve 1Id opEt Aty n%n%%ﬂdﬁ%/%ﬁé 0 Etéﬁpg greé and
pressure. SU|ptr@tﬂee1tcﬁo€§r<mnhg:ESt&:i)rmtper@tn501aae desktebadand @ 2 239, 406 A

as being from r@'i_erta%%p &g drom 10 to 600 kPa. The catal yst errpl oyed in
t he process of 9,406 A conprised a d-block transition netal

supported as a r@flraaﬂ‘tsoryRsfﬁ-p[ﬁﬁtal ThecramafystERASN PR anAedCiRNESF i xed
arrangement agia, ppydered $0lpsybetyeen 19 phug$ 0b9si | kgacweegk. al. K.

Hochmut h (" Cat al t| c artial oxidation of met\ane over a n%nol h supported
cat al yst" Appli LSt BRI ERTT FbnPenthl SYRLLE863) 98- PE0f"Gescri bes
experinents (nmch,ﬂ(,gtterd: tmatnvestogatietibe céat alaytlralpgaisl ali tbxiadat.i orThaf 15

et hane over A Jonol Ll cosunportad. catalyst Lg.produce supthesis gas. The

cat al yst errpl oye conpri se I Aum an ium suppor as a
cordierite nonetratedody @e@mned nanaefi Xedwaﬂﬁan@eﬁemas An oatst rract i ve

process regi g, W%?Fl?nﬁetérg"@!ﬂc? tB?d%Q Eeeﬁla%%e%na@ehq%t acted with a
particulate catalyst retained in a fixed thin a reactor. Such a

regime i s wel PPEKFOWY of SBPPY fERERON Hﬁwavwmthaﬁge/efllﬁr BoseseE  However

to date it hasp@pitbeen-rpessthl ent enempkay ts¥Chea neacli ot adhed clqmmr ci al
scale for the stead(géstate cat al éhl c 25 partial gm dation of a droc rbon

as the vol ume*oft | 558 fequrPEl PnPFRECFSXxEQIHED PFES e AR i gh
pressure droppaschbbesst hé bpdravbdcbni B tummelras apr everiteed t he very h| gh gas

space velocities geauired Lot .Qpehghh 98,18 BELIYANLAVeY. P 303 438
(EP-A-0 303 438) discloses a process for the catalytic
partial oxidation of a hydrocarbonaceous feedstock in
which a gaseous mixture of the hydrocarbonaceous
feedstock, oxygen or an oxygen-containing gas and,
optionally, steam, is introduced into a catalytic partial
oxidation zone to contact a catalyst retained therein,
which catalyst has a surface area to volume ratio of at



Substitute sheet - 16 August 2002 -4A Most surprisingly, it has now been
found passible to conduct the catalytic partial oxidation of a hydrocarbon
feedstock using a catal yst bed having a high tortuosity, such as a fixed
bed of particulate catalyst, a ceram c foam §ypdtitate sheetduleAligustiizdfRed bed
of gauzes, at the very high space velocities required if a specific set of
process paraneters are net. Further, it has advantageously been found that
operation under the aforenentioned set of process paraneters allows both

carbon nonoxjde,and_hydrogen tq be. prepared. in_very high yiel Wi t hout
t he occurre%%%gbf“hfgh’ﬁgak téﬁﬁgfégﬁﬁéf‘ﬁcggfdrﬁélYfﬁﬂég%#%séﬁﬁe LS

i nvention pinyidessd precess fr@at He oty yai cupleti als osidats omf of a

hydr ocar bon st ock, which _pr S. .CONpri-sge ntacti.ng . +f ged, 1~

conpri sing ?%%egédFoéa?béﬁ‘F&édgggék“é%ﬁ'an‘béyggﬁ%Qngim#%j%ﬁSdaInan
oxygen-t o- cardoprootas navi ccimprtise raangelofringen 0248atta Qtisaaty el evat ed

pressure angd. s e.velocity of the f 4.0 1 he, an of,,f.r.qm. 20,000 to
50,000,000'%HTQ?%rT”foﬁeé“gétéfysﬁxﬁﬁga”?éﬁ%TT%n‘gghe;‘Ed‘ﬁﬁ%%h cat al yst

conpri ses armetaimsel ectédmf r osmGuoup rMdderofurt hen Pekeodi chFaliemsuppor t ed
R R s e T S e P et T
defined as thelgastated fheEPeAgbh36B td pardt fretenedlbynat2> gas flowing
{ E;Oggg, the,diath 10, LheL eagthaot ot Be ehaligrts od 8y 0btcliaenayt Baldy ough

ke emplcoyved as catalvsts, for example refractory oxides

such as cordierite, mullite, mullite aluminium titanate,

zirconia spinels and alumina. The catalyst may be of a

variety of fcrms, for example sheets of corrugated metal

packed to form elongate channels therethrough or wire

mesh. However, preference is given in EP-A-0 303 438 to

the use cf catalysts -n the form of mcroliths.

The Example of ZIP-A-0 3C3 438 is ccncerned with a

catalvytic parcial oxidation reactor in which a series of

n.ne spaced agart catalyst discs are enmploved, each disc
comprising a honevcomb menolith of thickness 10 inches
{2.25 metres). T
comprising natural ga
various steam to carbon ratics, at a gas space velociﬁy
of 97,000 hr-! and at temperatures of 870°C, 950°C and
1040°C. The honeycomd monolith catalyst structure is
required in order to provide a resactor having a
sufficiently low pressure drop across the catalyst to
allow the very high space velocities demanced by the
process to be ach:ieved. However, such a reactor is
expensive to construct and operate and is undesirable on

a commercial scale.



preheated prior to contacting the catal yst and wherein the reaction zone is
under adi abatic conditions. The process of the present invention may be
used to 30 prepare a m xture of carbon nonoxi de and hydrogen from any
gaseous or hydrocarbon feedstock having a | og,R&tl{e$had®l M6 Ali§EstEoDREsS i s
particularly suitable for the - 5 partial oxi csation of net hane, natural
gas, associated gas or other sources of-firght hydrocarbons. The hydrocar bon
feedstock is reacted with an oxygencontaining gas. Air is suitable for use
as the oxygencontaining gas. Preferably substantially pure oxygen is used
as the oxygen-coutii nPargergafipplichhisnwayblibet eedid.or,2andliionsg (gl ar ge

vol unme of ipe g or  exanpl e nitrogen en using air as the .

oxygen- cont 2-, %%%ggégsg‘) i °§&d 2 ?ﬁ@g?i\%\é@%y&bept' Y% CcBAPFEEE st eam
The feed cospibsesoh her MednRear haaeteedss ocke BRth1IRE PeyraeAngont ai ni ng gas
in an anount to give an_ oxygen-tocarbon ratio in the range of fromO0.45 to

0.75. Ref er 6ARBSCioNS Hef HEperatsreaphBnPFatF ore of ittgPlRecParpbing oxygen

in the far I (2 4 ar hopar a Nt . - 0] bon
feedstoc(lg. nzﬁ?;é?g?gﬁi,éa%he oxf%gﬁ-at %?cg?b%ﬁi?%ﬁ@??‘staisn%te}%gsr g%g% ggéfrom

0.45 to 0.650 oIt exygeroinolcatdosnl atras Theakadbliybe &hlEfdPMBLri C
rati o, 0.5, being especial I% 2preferred. If steamis present .n the feed,

the steam t b2eaP BRIt G5 2prPef 3B § FIMRMSShfgE -G oFkoRFandvel®n o to

3.0, nore prefel ablypd m Qs3at e2rQecdhp S885hds centacked; Wit hyas catal yst
under adi abatic conditions. For the purposes of this specifitcation, the

term "adi abb¢tzined in reffdxedcarrangeaett o comiivdesss salafi khitween

substantl'gal émyu%; peat; ] ass,.aRd radiation fromthe catalyst bed is
prevent ed, th the ‘exception of heat leaving in the gaseous effluent

stream of the readf orHodhmuths (BE€ehalpuind pawtiaddicatidhic¢onpef ateommod t he
reactor is necessary i.n.order to ayoid the qccyrrenc f _excessiyely high
peak tenper%Y%rf s qli%et%castugp%f:e e _tﬂ}&t s’u::Aﬁ)ﬁ §'ie§g?9‘,:ai¥sh%sé/been f ound
that if heatnvirompesddalyl ar (1092hes $o1r 0 pofdgadiiatisorxpertnayeeti on via the
wal | of the regctor is.allowed to | eave the catal yst bed, .the operating

t enper at'ur eSORIIHLE FQIYYEShEE2FE Ehtisertd tﬁ%é’%ﬁda hexidd et Rty of

the proggssmé®hane &reM¥dnl@enidndcCaipodTRNMHEE @ t8l bro&erversely, it
has been found that if the reactor is operated adiabatically, as

her ei nbef or @YRfet¢ et 9a%he JPEr GBFALY EenPBr Ui COMPERECEaP AR Y5 UherNd s
| over ed andpg De. SELEGHINHdY 0 abhe E8ASEd 0N d G &INRR BRAGXELE, ANk hydr ogen

i ncr eases.
in a fixed arrangement.

An attractive process regime would be one in which the
20 feed gases are contacted with a particulate catalyst
retained in a fixed bed within a reactor. Such a regime is
well known for application in a wide range of processes.
However, to date it has not been possible to employ such a
reactor on a commercial scale for the steady state catalytic
25 partial oxidation of a hydrocarbon as the volume of catalyst
required in the fixed bed has resulted in a high pressure
drop across the bed, which in turn has prevented the very
high gas space velocities required for operation from being

achieved.



The partial oxidation of the hydrocarbon feedstock is effected in the
presence of a catalyst, which catal yst conprises as a catalytically active
conponent a netal from Goup VIII of the Periodic Table of the El enents.
Preferred catalysts for use in the process ceypgiift SheetQ’ 16PILYUSELGIS

sel ected fromruthenium rhodium palladium osmum iridiumand platinum
with catalysts conprising one or nore netfats selected fromiridium

pl ati num rhodi um and rut heni um being especially preferred. A catalyst
conprising rhodiumis a nost suitable catalyst for use in the process of
the present invembisensudhe atdlystitcaapr hsesbéde tairal YWdsedibly aetive
conponent suppqQrted on a car=iar and retained in the reaction zone of the

reactor in &RTERFENBRFETRTakfilg PATRitGh PHHERLSPR P ICat AIRFFOSEPGE ures such
as the honeyeegbrapRobiidly Hicddihe Bl BEqaklvaie StHUH Wesbavikhy a |ow
tortuosity and are not suitable for use in the process of the pfesent

i nvention. FHehtesnd"hixgd thad @dseytiaslatededte it preserarngpeéptincat i on
is a reference.to. i . .arran ES ihg rt Lty

subst ant i%al P)g/ aﬁejé?g%&%%%nﬁf %'atta%gfegt gggg br%gn%%élﬁl’or?gcdt&rrlgng%ﬁ'hxégpuct ures
and the terapesetvebecicorest meediaedol di agsyecBxanpegs odf psbraetur es or
arrangenent s_havi a high tortuosi are_fixed hbeds of particul ate

cat al yst, ng?g?maggﬁsesa%%dnecte’ra 'ugt%%éms%t BRT V(f”%ﬁﬁglo?‘tsr]iyng?ﬁ?i al's may
be used in Ebengrosessomirddienpi.asent thavend t @isntifor@idr 3egedrt préoess a

structure havig{g a high tortg}%sity. In such an arrangenent, pieces or
| ayers of tRBTABRLTTT P Hr¥ SalPiRgEareen fCr Y e 4edupYArogR FRtBFrupt the

el onga_tenochF@egéﬁe@r%emry milghe yratgsi @l cybien frer RAurt-BeEEDY s high
significantly 1ncreasing the torfuosity of the structure. A fixed bed of a
particul at ePeakaf§BreyatWesne suitabl e arrangement for use in the process
or this inventi Oﬂcc&éi'@g/,b%%ecg%%ﬁt ”ﬂq@?rﬁir?ito@l %ﬁz‘o%'dle% gchLyge. et al
supported on a ceramc foamcarrier s an alternative and nost suitable
confi gurati 6arf one usa:d Iy ttilre pprédedsorfdation iafventivomocZhboher m

"tortuosi ty"e(ieg a,gommon ter rpoicré tshg %rti\/\hsichdntv\h%anef er‘rei gg to a fixed
catal yst bed C i %%}f’l ned 4as PRESr St F8" Bt Teheﬁengatch of th S th foll owed by
a gas flléw agmphiolugh tHee Redocarbbe Feagitoad drite ashoekiygsh-strai ght |ine

pat h through the, bed. Thus, the honeyconb nolith structures of the prior
bt have a FERETARTRY B® F02PTREVPFRGEO 20T G AAIETOF SERE FROCBSS of thi s

invention shenbd baverdsn W.afb tor buos| tyr dhafaden dre@slueshhy opadd | east
1.1. Afixed ped_ of particles typically has a tortuaosi t\é of about 1.5,

whi | st cer aiffoF b Suptt tieStar Po&Npr BpaF P havidfy 28 08Pt &Bsi ty of the
order of 3.90t004; oo Q¥1 LVAR hiGRar» LAcgener aln 4 healerbHoshhy, of the
fixed bed arrangenent of the present process is in the range of from1.1 to
about 1G0u, vhibFe priedkrsblopmorisssur Bebal Asedratesiifirahl 6rpangBl b of
tortuosity ifofeom dud, tadh 0. Hi8 cakabyst e BIERT ELeaTDE, Mt 8
of the metal gauze or The ceram € material of the ceram c toans nay be used
as the carriier rébaindd wigthalnyttihealkkpcaton veoronporerftisedf arhengamahty st .
Suitable carrier materials faor e.li reparing the particul.ate catalyst
are wel | KnBas Ml heo oS SoridaoaRE Tott o r&r“;}’%&iyd%g”slﬂch as silica,
al um na, titlafiiaedzas com aancd mfxtueedehyeh eof .t masth fgoéfieweadogasri er
material,for th articul ate catalyst is alumna, .in rticular

al phaal (i na.asTﬁég‘éé’P%l TR yhge ie\%t8oﬁ]ﬁ%rr3e?ﬁgtrpaff8§h§eﬁg§irfigaton t he
carrier by %QQEBEHUeﬁM@';ﬁa’&QﬂQﬂM}du@H{ Ree bedf whéfdin ANEDSkesguitabl e met hod
for depositing the catalytically active conponent on the carrier materi al
of the partPEghareeaRBl 951t SANFHEGREL FBA. CTRR L& ATt WEaREuSBPUl as
supports f Orre%@%igﬂt abytigal yactiMapartal cBRY; Py epared fromthe

af orenentioned rerractory oxides, typically alumna and are avail able
comerci al ly. Sufhabbeocesamt tfhramgresesl foveekddmlreai Mssaisikavicag from 30
to 150 e r,_Lnch i ioeLr JJmregnatigp is a
nost suﬁb;b%éeﬁgtrﬁé ?é%&de%oogft%%%%hg‘%éggg%t?}galﬁdracqgl?ive %g\t aﬁpi nto the
ceram ¢ foameasapruseprr Theércomtharatiesdisecpr bewssg feataw éxidilsguesedt .

herei nbefore, allows a fixed catalyst, bed.of w.yolume to be enployed, in
turn all ow 5et ﬁéc\%?f} ﬁlsg%ars%)laccuelavreHyogiutlfQ'ggageﬁ%%de by a conmerci al
catalytic partial oxidation. process to be applied. Typical gas space
velocities are in the range or from 20,000 to 50, 000, 000 :~:~/:~/hr, nore
preferably ~ n the range of from SO, 000 to 1G 000,000 N /1/hr. Space

vel ocities of the order of 1,000,000 N1/1/hr are typical for the process of
this invention.. Typically, operating pressures of up to 100 bar nay be
applied in the process, nore preferably in the range of from2 to 75 bar.
The feed is ccntacted with the catalyst at elevated tenperatures. Operating

o o r o e - ] - - ey g



-.9 of the feed to mx prior to contacting the catalyst, whilst ensuring
that the feed, once fully m xed, contacts the catal yst before the
autoignition delay tine elapses. In a further aspect, the present invention
relates to carbon nonoxi de or hydrogen Whenever prepared by a process as
her ei nbef ore descri bed. The process of the present invention is further
descri bed by way of the follow ng illustrqative exanples, In which Exanpl es
1, 2 and 4 exenplify a process according to the present invention and

Eratrr_pl e?‘d 3I aﬁdrﬁﬁé&?o&@@@?ﬁ?ﬂ ;{ﬁ RNEAHARS, rgd&w@ib 1e daépt Eﬁéé{é&i&’t@&%%! Olnl A
pl ati nun al pha- al um na cat al yst_ was _prepare i npregnating a comercially
avai | abl e, ngtPE&F&téogFﬁﬁéapﬁgﬁignﬁﬁﬂyéﬁoﬁﬁ%%P%%‘aqueous sol ution of

chl oropl atinic athd hitdPoCarpbonf didenisatbdly idy yiewcaad watlci ahngxyben-

| npregnat ed paperiali, The cat %liXStisco@réatS&d O S20 Y4 o PL At S Lalytic
Partial Oxidation. A PedCtor wis ponéﬂrvc ed conprising a transparent

sapphi re tub&oRBaAnédac gacent rxsAldnalithi silaptdut b2 liy apdpar esygen is

pol ycar bonat g skubes /ﬁnrea@x%)lj;jbeg{ldcm{%rmaﬁ §a§! atfpupnfei ayaspbagedq

around the inner sapphire t The catalyst was | oaded into the_inner
sapphi re tubdéOrTRENCEALATy & WO e st ¢ PRI E o¥af of TArf PXeHPBed of

cata!y;t parh&%@@%dmaWdéhEhéﬂﬁél&¥¥té@(ﬁhé~§Xy®@$héﬁﬁtaﬂﬂiﬁ§yasay 111
sufficient anbunts to %gveégy o§¥ en-toparbogyratlo of 0.5, were fed to the
reactor and EAGMGSGH y Hkd®sd é&nQRﬁlQ%ﬁ% Y ngCPRE +88ueEBaMnt o t he
reactor at a pregsw €efd 2@ aws algashhotsdyrispaceeyeboctky a0@HEYe of
900, 000 ~1/1/hr. The feed had a residence tine_.ipn th
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det er mi ned byagdorchradniat oigr aphy . raige of foomoPef at FagOt éAperature of the
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the reactor and the results of the” experinent are summarised in Table |
her ei nbel ow. ratio of oxygen in the form of molecules (0p) 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 especially preferred.

If steam is present .n the feed, the steam-to-carbon

ratio is preferably in the range cf from above 0.0 to

3.0, more preferably from 0.3 to 2.0.

The feed i1s contacted with a catalyst under adiabatic
conditicns. For the purposes 2f this specification, the
term "adiabatic" is a reference to reaction conditiocns in
which substantially all heat loss and radiation from the
catalyst bed is prevented, with the exception of heat
leaving in the gaseous effluent stream of the reactor.

It has been found that adiabatic operation of the
reactor 1is necessary in order to avoid the occurrence of
excessively high peak temperatures in the catalyst bed.
Most surprisingly, it has been found that if heat, in
particular in the form of radiation or convection via the
wall of the reactor, is allowed to leave the catalyst
bed, the operating temperature of the catalyst bed is
caused to rise and the selectivity of the process to



Exanpl e 2 The experinent of Exanple ' was repeated using she sanme general
nmet hod. The operating conditions of the reactor and the results are set out
in Table | hereinbel ow. Exanple 3 - Conparative Exanple For conpari son

pur poses, the experinent of Exanple 1 was repeated, but with the om ssion
of the platinumfoil. The operating condition and the results of this
conparative experinent are set out in Talje. | hereinbel ow Exanple 4
Cat al yst Preparation A rhodi unt al pha-al um na catalyst was prepared by
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reaction zone of the reactor in an arrangement having a
high tortucsity. Catalyst structures such as the
honeycomb monoliths of the prior art are structures
having a low tortuosity and are rot suitable for use in
the process of the present invention. The term "high
tortuosity” as used in the present specification is a
reference to materials or arrangements having a
tortuosity substantially greater than that of the
aforementioned monolith structures and the term is to be
construed accordingly. Examples of structures or
arrangements having a high tortuosity are fixed beds of
particulate'catalyst, metal gauzes and ceramic foams.
Extruded monolith materials may be used in the process of
the present invention, if arranged to form a structure
having a high tortuosity. 1In such an arrangement, pieces
or layers of the monolith are arranged so as to break up



-.12 Table | Exanple 1 Exanple 2 Exanple 3 (Conparative) Operating

Condi ti onsTenperature (C)8508601150Pressure (bar)232GHSVY (N1/ 1/ hr) 900,
000900, 000900, 0000Oxygen/ Carbon rati 00.50.50. 5Reactor CQutlet Gas
Conposi ti onCH4 (~)222031CO ( ~)343428C02 ( a )567H~ ( ~ )313515H-0
(~S)8620CH4 conversion ( ~ )64ii 75302 conversion (~)100100100 CO
selectivity (~) 1 87 85 80 H2 selectivirty ¢€~) 2 79 86 43 1 selectivity to
CO based on CH4 conversion 2 selectivity to H2 based on CH4 conversion
Substitute sHetintaprypgyushe 2obongalg clrapnelsTpreggiip:im the . xanpl a 5

(Cbnparath%aéaﬁﬁéﬁ‘wheﬂ E@Eﬂédt'Qﬁe§egg”9§@%5%&%a$@hﬁ¢fﬁg¥53§§§%re (bar)
1.75 1.;5 GH]V (Nl/l/r 1, 000, 000 900 en/ Carbon ratio O O oi

CH4 conversi (t9rgg0 %2§7 2 O§h€oﬁ§éP§FBﬁe( )%1GGX

particulate catalyst is a one suitable arrangement for
use in the process of this invention. A fixed bed
comprising a catalytically active metal supported on a
ceramic foam carrier is an alternative and most suitable
configuration for use in the process of this invention.

The term "tortuosity”" 1s a common term in the art
which, when referring to a fixed catalyst bed can defined
as the ratio of the length of the path followed by a gas
flowing through the bed to the length of the shortest
straight line path through the bed. Thus, the honeycomb
monolith structures of the prior art have a tortuosity of
1.0. The fixed arrangement of the process of this
invention should have a high tortuosity, that is a
tortuosity of at least 1.1. A fixed bed of particles
typically has a tortuosity of about 1.5, whilst ceramic
foam supports may be prepared having a tortucsity of the
order of 3.0 to 4.0, or even higher. In general, the
tortuosity of the fixed bed arrangement of the present
process is in the range of from 1.1 to about 10.0, more
preferably to about 5.0. A most suitable range of
tortuosity is from 1.3 to 4.0.

The catalyst comprises a carrier. The metal of the
metal gauze or the ceramic material of the ceramic foams
may be used as the carrier for the catalytically active
components of the catalyst. Suitable carrier materials
for use in preparing the particulate catalyst are well
known in the art and include the refractory oxides such
as silica, alumina, titania, zirconia and mixtures
thereof. A most preferred carrier material for the
particulate catalyst is alumina, in particular alpha-
alumina. The catalytically active component may be
deposited on the carrier by techniques well known in the
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be employed, in turn allowing the very high space
velocities demanded by a commercial catalytic partial
oxidation process to be applied. Typical gas space
velocities are in the range of from 20,000 to
50,000,000 N1/L/hr, more preferably in the range of from
50,000 to 16,000,000 N1/1/hr. Space velocities of the
order of 1,000,000 N1/1/hr are typical for the process of
this invention.

Typically, operating pressures of up to 100 bar may
be applied in the process, more preferably in the range
of from 2 to 75 bar.

The feed is ccntacted with the catalyst at elevated
temperatures. Operating temperatures for the partial
oxidation are in the range of from 750 to 1200°C, with
temperatures in the range of from 1000 to 1200°C being
typical. Advantageously, the feed is preheated prior to
contacting the catalyst. It is a further advantage of
the process of this invention that, by allowing the very
high gas space velocities mentioned hereinbefore to be
applied, it is not necessary to limit the preheating of
the feed to ensure that the autoignition temperature of
the feed mixture is exceeded prior to the feed contacting
the catalyst. It is sufficient to allow the components



3. A process according to either of clains 1 or 2, wherein the
oxygen-containing gas is substantially pure oxygen. 4. A process according
to any one of clainms 1 to 3, 30 wherein the feed conprises the hydrocarbon
feedstock and the oxygen-containing gas in amounts giving an
oxygen-to-carbon ratio of fromO0.45 to 0. 65. Substitute sheet - 16 August
2002 -15 5. A process according to clai-m%4 -wherein the oxygen-tocarbon
ratio is about 0.5. 5 6. A process according to any one of clains 1 to 5,
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P according to the present invention and Examples 3 and 5
are comparative examples.

Example 1
Catalyst Preparation

A platinum/alpha-alumina catalyst was prepared by
impregnating a commercially available, particulate alpha-
alumina carrier with an aqueous solution of
chloroplatinic acid (HoPtClg), followed by drying and
calcining the impregnated material. The catalyst
comprised 0.5% wt platinum,

Catalytic Partial Oxidation

A reactor was constructed comprising a transparent
sapphire tube mounted concentrically within an outer
transparent polycarbonate tube. A radiation impermeable,
platinum fcii was placed around the inner sapphire tube.
The catalyst was loaded into the inner sapphire tube.
The catalyst was retained in the form of a fixed bed of
catalyst particles having a tortuosity of 1.5. Methane
and oxygen, in sufficient amounts to give an oxygen-to-
carbon ratio of 0.5, were fed to the reactor and
thoroughly mixed just prior to being introduced into the
reactor at a pressure of 2 bar and a gas hourly space
velocity (GHSV) of 900,000 N1/1/hr. The feed had a
residence time in the catalyst bed of 8 milliseconds.

The composition of the gas mixture leaving the
reactor was determined by gas chromatography. The



catal yst or ‘a ceramic foam Substitute sheet - 16 August 2002 -16 13. A
process according to any one of clains 1 to 12, wherein the fixed
arrangenent has a tortuosity in the range of from1.3 to 10.0. 5 14. A
process according to claim 13 wherein the fixed arrangenent has a
tortuosity in the range of from1.3 to 4.0. 15. A process according to any
one of clains 1 to 14, 10 wherein the spade-velocity of the feed is in the
range of from 50,000 to 10,000,000 N1/1/hr. 16. A process according to any
one of cl ai nepgérating, teheegiaturdwe dfeethd srsuppdr edrat datpressadebiyn t he
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Example

The experiment of Example ! was repeated using the
same general method. The operating conditions of the

reactor and the results are set out in Table I
hereinbelow.

Example 3 - Comparative Example

For comparison purposes, the experiment of Example 1
was repeated, but with the omission of the platinum foil.
The operating conditions and the results of this
comparative experiment are set out in Table I
hereinbelow.

Example 4

Catalyst Preparation

A rhodium/alpha-alumina catalyst was prepared by
impregnating a commercially available, particulate alpha-
alumina carrier with an aqueous solution of rhodium
chloride (RhCl3y), followed by drying and calcining the
impregnated material. The completed catalyst cocmprised
5.0% wt rhodium.

Catalytic Partial Oxidation

The rhodium-containing catalyst was retained as a
fixed bed of particles having a tortuosity c¢f 1.5 and
applied in the catalytic partial oxidation of methane
using the general procedure described in Example 1. The
operating conditions of the reactor and the results of
the experiment are summarised in Table II hereinbelow.

Example 5 - Comparative Example

For comparison purposes, the experiment of Example 4
was repeated, but with the omission of the platinum foil.
The operating conditions and the results of this
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containing catalyst was employed. The rhodium catalyst
exhibited a greater intrinsic activity in the catalytic
partial oxidation reactions than the platinum catalyst,
resulting in an overall conversion and selectivity much
closer to that expected at thermodvnamic equilibrium.
However, a significant increase in the conversion and
selectivity of the process was still sbserved when
employing the rhodium-containing catalyst under adiabatic

conditions.
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Example 1 Example 2 Example 3

{Comparative)
Operating Conditions
Temperature (°C) 850 860 1150
Pressure {(bar) 2 3 2
GHSV (N1/1/hr) 900,000 900,000 900,000
Oxygen/Carbon ratio 0.5 0.5 0.5
Reactor Outlet Gas Composition
CHgq (%) 22 20 31
COoO (%) 34 34 28
COs (%) 5 6 7
Hy (3) 31 35 15
HoO (%) 8 6 20
CHq4 conversion (%) 64 67 53
Op conversion (%) 100 100 100
CO selectivity (%) 87 85 80
Ho selectivity (%) 2 79 86 43

1 selectivity to CO based on CHy4q conversion
2 selectivity to Hp based on CHgq conversion
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Table ITI

A

Zxample 4 Example 5

{Comparative:®

Cperating Conditions

Temperature (°C) B 950
Pressure (bar) 1.75 1.75
GHSV (N1/1l/hrx) 1,000,000 ©00,000
Oxygen/Carbon ratio 0.0l 0.6l
CHg4 conversion (%) 98.3 97.2

Op conversicn (%) 100 100

CO selectivity (%) * 94.0 93.5

Hy selectivity (%) 2 3.4 93.3

1 selectivity to CO based on CE,y conversion .

selectivity to ¥ kbased on CHy cenversion
# temperature determined by inspection to ke

substantially below 950 °C.

Throughout this specification and the claims which
follow, unless the context requires otherwise, the word
"comprise", and variations such as "comprises" and
"comprising”, will be understood to imply the inclusion of a
stated integer or step or group of integers or steps but not

the exclusion of any other integer or step or group of

integers or steps.
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CLAIMS:
1. A process for the catalytic partial oxidation of a
hydrocarbon feedstock, which process comprises
5 contacting a feed comprising the hydrocarbon feedstock

and an oxygen-containing gas at an oxygen-to-carbon
molar ratio in the range of from 0.45 to 0.75, at
elevated pressure and space velccity of the feed in the
range of from 20,000 to 50,000,000 N1/l1/hr, with a
10 catalyst in a reaction zone, which catalyst comprises a
metal selected from Group VIII of the Periodic Table
supported on a carrier and which catalyst is retained
within the reaction zone in a fixed arrangement having
a tortuosity of at least 1.3, tortuosity being defined
15 as the ratio of the length of the path followed by a
gas flowing through the bed to the 1length of the
shortest straight 1line path through the bed, wherein
the feed is pre-heated prior to contacting the catalyst

and wherein the reaction =zone 1is under adiabatic

20 conditions.

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

gas or a source of light hydrocarbons.

25
3. A process according to either of claims 1 or 2, wherein
the oxygen-containing gas i1s substantially pure oxygen.
4. A process according to any one of claims 1 to 3,
30 wherein the feed comprises the hydrocarbon feedstock

and the oxygen-containing gas 1in amounts giving an

oxygen—to-carbon ratio of from 0.45 to 0.65.
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additional comprises steam at a steam-to-carbon ratio

10 of from above 0.0 to 3.0.

8. A process according to claim 7 wherein the steam-to-

carbon ratio is from 0.3 to 2.0.

15 9. A process according tec any one of claims 1 to 8,
wherein the catalyst comprises a metal selected from
ruthenium, rhodium, palladium, osmium, iridium and

platinumn.

20 10. A process according to claim 9 wherein the catalyst is
selected from platinum, palladium, rhodium and

ruthenium.

11. A process according to any one of claims 1 to 10,
25 wherein the fixed arrangement of the catalyst is in a
form selected from a fixed bed of a particulate

catalyst, a metal gauze and a ceramic foam.

12. A process according to claim 1l wherein the catalyst is
30 in a form selected from a fixed bed of a particular

catalyst or a ceramic foam.
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5 14. A process according to claim 13 wherein the fixed

arrangement has a tortuosity in the range of from 1.3

to 4.0.

15. A process according to any one of claims 1 to 14,
10 wherein the space velocity of the feed is in the range

of from 50,000 to 10,000,000 N1/1/hr.

16. A process according to any one of claims 1 to 15,
wherein the feed is supplied at a pressure in the range

15 of up to 100 bar.

17. A process according to claim 16 wherein the feed 1is
supplied at a pressure 1in the range of from 2 to 75

bar.

20
18. The product of the process of any one of claims 1 to

17.

19. A process according to <claim 1 substantially as

25 hereinbefore described with reference to the examples.



