WD 98/ 05423 PCT/ EP97/ 04403 CATALYST
SUPPORT ANRJRIRs3S USI NG THE SAME The present invention relPOmgErIvosds

catal yst support and a process using the sane, in particular to a catal yst
support conprising a porous nonolithic structure adapted to be engaged by a
nmounting and a process for the 5 catal ytic conversion of a fluid
substrate at el evated space velocity, tenperature and pressure using the
catal yst support, nore particularly to a process for the catalytic partial

oxi dation of hydrocar i&gKTﬂL%t%?ngtﬁwt PROCESYEHSERB RHAC R39S

enpl oyi ng nonolithic ysts or catal yst support structures
for the con- version of gaseous or liquid fluid substrate in axial flow

require a means for,th ] f.lhe c a uppart wthin
the stream of substTPe?t Z)%%o%vq\}ﬂ ?}%ﬁ?%%%*@nsuéﬁéﬁ%ngér %f E%é%&l‘sﬁg%@ﬁgﬁl‘: not
interfere 15 andvd lprscdsy axsirpl chersame, eim esdrobctbearptecassatkaiystthe
operation of processes at el evated space velociiigaigngerature and

a

pressure, and FRPACU HIPIAETH'D HrRRETRE BPRP LERGEMTEN CEOFPEEDss

——the catal yst ok L¥alerfdadedtPf la HhdESLIiNGALKE EAEPEEcBESOFR MR 20
complex.. It will be apparent that a manner of nDuntlnEenust be devi sed

which i ® abl e CRSAL¥stQRPIVHI P Hressar Eluidrepkptrare. aseslfyrted y on

tenperature senydey & SUBANEN oW PLED 8RQSp POSsGRHSBsUREETNEd
devi ation of substrate flow'or the |ike. 25 The specification of

Eur opean pat encadpdl yetatsunPPpiibl inex¢ oparbicelssby 319 @EPIACESE5EF1 the

o hydr ocar bon FESRAARE IR Er PRLagE sbiCef PhOUKbER-NBN' edbidtal  on ©f

oxygen- cont ai ni ng @gastalytic DB HHAR3processes employing monolithic
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version of gaseous or liquid fluid substrate in axial '
flow reguire a means for the mounting of the catalyst or
catalyst support within the stream of substrate flow.
Typically such manner of mounting should not interfere

15 with or have a.deleterious effect on the process.

For the operation of processes at elevated space
velocity, temperature and pressure, and particularly wiﬁh
a pressure differential experienced across the catalyst
or catalyst support, these requirements become more

20 | complex. It will be apparent that a manner of mounting
must be devised which is able to withstand a high
pressure differential, does not rely on temperature
sensitive components and which does not cause undesired
deviation of substrate flow or the like.

25 The specification of European patent application
publication No. 0 656 317 (EP-A-0 656 317) contains a
description of a process for the catalytic partial
oxidation of a-ﬁydrocarbon feedstock in which the

- hydrocarbon is mixed with an oxygen-containing gas and



fi xed arrangenent having a high tortuosity (defined as the ratio of the

l.ength of the path followed by a gas flow ng through-the struct o the
| engt h ofw@ h&0®23 shortest possible straight |ine pathﬁyﬂﬁﬁﬂéhgﬁhe

structure) of at least 1.1 and having at |east 750 pores per square
centinmetre. The catalyst preferably conprises a catalytically active netal
supported on a carrier. Suitable carrier materials are.described as

i ncl udi ng t hecamtacted rekglica oegtakyaes, ThehedtedfFths aeuained tint ani a,
zirconia and g r | ysi . l.Si,Rg: 8., ZI aia refractory
f oam as canﬂéE%%Q %%Eél %ﬁ%%?yﬁéggﬁ I%f%é@gngékg ?géggi&égggpgﬁyﬁ%:
parti al oxi dathenrapticest fhe léngth afptheapadth bHoldowednbyciaalgascal e

woul d operate..at el evated pressure typically._ in exce of. bar, for
exanmpl e at ar%i#%ﬁ%% b ??ug%dééf ﬁ?ﬁﬁcég “h BerESESE%§5eP8c% fes (norna
litres of gasshpertkit opsswibiecatabyghtpiintopaih thpoaghl yhef the order of
20,000 to 20 100, 000, 000 rllkglﬂr qu to. the thgrnndynanic behavi our
of the parti aitBRFHAFebnOF cakt18ASTi h-br2RF PRVLIBEaPh LeRBEh /yiCeP@TSS

carbon nonoxigler agguiydr arPi bt BLEVatRE PEESSYSESprekbrabl y18ERRIAYed O
operate the reaction at elevated tenperatures.” Tenperatures of the order

of 25 1000tk i rbeahiyheet ive metedsapprpskedbPai Ai Agrutienyi el ds

demanded of %&P@gﬁi&iéﬁaff’{%?ﬁéte%’g?%vﬁe B%sg;gggggga&m_u};&fg the

I nternational patent application p Ication _ descri e
ther ) shockrefrabtehyrefidesor yupbnabi shiscatr adunias, atétadia,

subj ected un .conditi e te 0 r sses,
t he shock sug?%fég lﬁh%ﬁat%gggggéfygﬁg?éggﬂbjgg?éggFggg %ggggqc A g%lin
~tenperature ggixrogniaseefvastbsyafichnl aseaperaeur ésgspdcefticaddnoss t he

structure, Vg%g?égSé 3 - o

PCT/ EP97/ 044035 T eaches the use of nonolithic structures conpri si ng

.a An attractive catalytic partial oxidation process for

j 2] application on a commercial scale would operate at
elevated pressures, typically in excess of 10 bar, for
example at around 30 bar, and at high gas houwrly space
velocities (normal litres of gas per kilogram of catalyst
per hour), typically of the order of 20,000 to

20 100,000,000 Nl1/kg/hr. Due to the thermodynamic behaviour
of the partial oxidation reaction, in order to obtain a
high yield of carbon monoxide and hydrogen at elevated
pressures, if is necessary to operate the reaction at
elevated temperatures. Temperatures of the order of

25 1000 °C or higher are necessary for obtaining the yields
demanded of a commercial process.

Moreover, the specification of International patent
application publication W096/04200 describes the thermal
shock to which refractory monolithic structures are

30 subjected under the conditions of elevated temperature of
such processes, the shock sustained when the catalyst is
subjected to a rapid change in temperature giving rise to

substantial temperature gradients across the structure,



zirconi a-based material which provides a high thermal shock resistance. The
oper-at i on § ok3se processes is not narromy 5 criti caPCREPPEI44E3 of
control of operating conditions and of catal yst and feedstock contacting,
in order to substantially prevent reduced ﬁonver sion to desired products
due to insufficient or excess oxidation. ere is a need therefore for a
means for noundndigt@adPes thecabkael pt maupndmhlfcorstmtiurwc&bnmmwsw n
a manner sufficient to withstand con b nin el.evated,s elocity,
eH

tenperature arttIFRPHATCARBEKTRRGTAE F'?X&tde§ul§‘sthd1'9( athv‘i/“

i-nf | uenci ng orskbhsk upésbgtiheecourse of the reaction. W have
now surprisingly found that a catalﬁst support conprlshgg a nnuntlng havi ng

d specific shape bt ¥WEFBF18RgRE RgeaSpBreGesSSsotSt AR E and
arientegd in Sp@ﬂéieaﬂaﬂﬂefewghb@ eoate%tlr %tfeogrerra%%tga%ﬁdfwoﬁé

streamis able to nmake use of d“space velocity 1n or er to
provi de seal i nof erajegzbyeht abd ihédﬁﬁﬁok|FWm@a§¢n@@buﬂ® onslesoVed , wi t hout

substantfally LOSEELEE1 00191 bRetBR-PLANRRSA A0AYdIthy cd dds s?% oadest

aspect, the inverw |on re cata port conprisin
mounting 25 prodwawisgdaef tai dnsnlféucmpem mg; ea:CEIsm doouidaeimzpem ng and

an engagi ng surfathadapt d alQut Qg%g%rg BRLOYS . a%@'&o ructqﬁﬁjand (2)
m én

a porous nonol ithic StTuttufe Ravi ng©a FOFS ups rea a’ Se
downst¥gam end:aamumtesgpgong sorf ace tio en@ag@rtdwmmmmga rathd O

provi de 30 pstanti ui.d-tight seali nt t her eof by
means of a seaf4 ‘F’o‘?%g g %}gbsg:gnph ﬁ‘ﬁlﬁr |llotn|‘T’I (?%Q%i%c &d {P3¢e
upstream end, M@cs@bﬂygeaeﬁ\%étaguaeseahl RG eRFRIS Whd K %L essSr&dvand
substantial ly WO 98/ 0
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course of the reaction.

15 We have now surprisingly found that a catalyst
support comprising a mounting having a specific shape
adapfed for engaging a porous meonolithic structure and
oriented in specific manner within a substrate or
reactant fluid flow stream is able to make use of the

20 fluid space velocity in order to provide sealing
engagement of the monolithic structure, moreover, without
substantially interfering with the process.

Accordingly, in its broadest aspect, the invention
relates to a catalyst support comprising (1) a mounting

25 having a fluid inlet opening, a fluid outlet opening and“
an engaging surface adapted to engage a porous monolithic
structure and (2) a porous monéllthic structure having a
first upstream end, a second downstream end and an_
engaging surface to engage the mounting, and to provide

30 substantially fluid-tight sealing engagement thereof by
means of a sealing force applied to the monolithic
structure at its upstream end, thereby generating a

sealing pressure in excess of and substantially

]



bet ween the upstream and downstream ends thereof. Preferably the sealing

force CO@%gJ@ﬁﬁEJ"“ d flow presstire of a stream of reacti eormeapeaent (s) or
sub- 5 ate(s). Reference herein to fluid is to a gaseous or liquid
fluid preferably a gaseous fluid or conmbination thereof. Reference herein
to an axial streamdirected force is to-séch force or to equival ent

- component i n il ol oL £290 AL SELLO0L: 200! O SLEEAULLOusPe FELgLGHCC 10

herein to fl ngagenent s engagement “i n nmanner
t hat subst antheaitwgemotli¢ wiplst seabl end odpanstrbanughds hehapaofi.ng ot her than
via the inlet_or_outlet eni ng, thereof, for exanple b rovided in the
f or m of a.fILﬁEﬁi?Eﬁﬁf%aﬁg? % ??%iﬁ%rgﬁ 88885%%551§T&¥d gégrface of the
mounting or rErwdsiie cofta usttieamoof assactabadcbhposvht ispr okheugbet ween.
Suitably the inlet eniag%gnd out | et ogeningggf t he nmpunting are aligned

with the upst$eEraid do FESATRNRSFBLBelPi $ePy 9ot St RR RoABSRONISC OF

structure. .20 quid fluidherépéahysy §UﬁQ§ébu9f fihedi 8¥enbnBRnRtQ¥ndes in
adm rabl e manner a neans for nounting the nmonolithic structure with sealing

engagenent t HdreeRohs |ReferanepchssaiTh§oprasaliali steranrdi refise he
di ff ' t t )
pressure di f§l 'ﬁ% AR ) EBFCHPELrngbgﬂngQ&H§ &Sﬂgkﬁgﬁﬁiéigubstrate

thereof. This has t added_advantage t e pressure
flow to the wstakasteeamodlireéethonobft Ancistshcearefoecees Re fieateaiae t he

structyre w thi | . ; rced_aspect, .f the
inve?ﬁron thé“#%ﬁ%??%ﬁ?gfé%gﬁ%%ggg %%%%%P_egﬂggggﬁgégtég g%l%%“é&%@ and the
‘nount i ng conEnsxgenent uin anannaévl tbat opebstrdtdaddmenchéiladtedissadlien-t hat -
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outlet opening thereof, for example may be provided in
the form of a fluid-tight layer comprising an engaging

15 surface of the mounting or monolithic structure or
associated therewith or therebetween.

Suitably the inlet opening and outlet opening of the
mounting are aligned with the upstream and downstream end
respectively of the monolithic structure.

.20 The catalyst support of the invention provides in
admirable manner a means for mounting the monolithic
structure with sealing engagement thereof as long as the
sealing pressure is greater than the pressure
differential between the upstream and downstream ends

25 thereof.

This has the added advantage that the pressure of
fluid substrate flow to the upstream end of the
monolithic structure serves to retain the structure
within the mounting.

30 In a preferred aspect of the invention the monolithic
structure comprises a truncated solid cone and the
mounting comprises a truncated hollow open-ended cone

characterised in that the structure and mounting are



substantially the same cone shape whereby the nounting is adapted to engage
- the nonol i {4y sghazict ure such that both cone surfaces are i rPGREPS784403 - '
engagenent, preferably the 5 nonol ithic structure and nmounti ng may
conprise any curved or polygonal cone shape_or a conbi nation thereof.
Accordingly the integricy of sealing engadefeft of the nonolithic structure

and nounting i sgd@inedfiegt edsbytdhsplacRBEBhmeN cdaenphl gaRndeGrPbpf the
nmonolithic 10 structure as a result of the seallng force applied, but

on the contraryS¥estaREedyl¥nhhRcEAMETRENEERPPSt WEEEREYL thEy MR HNIDyES

i.n any desired q4doPd@lt8Nen§QGeCXRABPhENbE 1¥REL SRrultuker stp alhulss¢Rt e
flow. The catal yst” support nmay al so have any 15 di nensi ons as
her ei nbef ore det¢nedsurfiapest Agel 4n Aeplbogorngagenenitit pde femadlgeal iy

nechani bei n | al.l in e < rather L.n function_ of
t he ope?glihg 3F§§%§£§%9%e¥%§%?%§£8 gﬁg ﬁggﬂkﬁggsth 8?ﬁb§g§%tﬁﬁyt%¥ﬁﬁfd
created bet weemmi heolipgdnadntand 2hape ordaweshbdamtépds thk rield .nonol it hic
structure. It will be apparent at .downstreamgend, .for exanpl e conprising
the plane of trunc ??ﬁéﬁ%ﬂﬁf n%ggleﬁggﬁéggfg:ﬁ?@ﬁ&IB? Fﬁga&&mﬂﬁ%rﬁ%
structure may bgheandbh@li€Hitospraetdeeaanddadungdngr eRehoY SfFeded Dy
substrate flow control, bulk . strength of monolithic structure,

cat al yst / subst rd P13t ePEREIBnYPENSErEAR OLEECtRPBr 8faliPF MIRUGHTSG eam

end, iggight, anghe@cuss 4" ¥edesQip! aRakhyi %Qaqhagua%&e;@a%@c&e@ts@@ally
the nonolithic structure extends at the plane of truncation 30

downst ream t her@vfthe eenvEAryoAsl thanrby, epherelsy -t he pl ane of truncation
serves to define thg,downssigam gifdpBEtt H@yeBQth\B@o%éﬁf 3qe ahgf;c%%&refor

exanple, the nonolithic struCture hay conpfise a curved or an
PCT/ EP97/ 04403 oAb sxet@bion, - §or example in vertical or horizontal

substrate flow. The catalyst support may also have any
15 dimensions as hereinbefore defined, in particular may be
of any magnitude, the sealing mechanism being essentially
scale independent, rather being a function of the
operating window to be employed and the pressure
differential to be created between the upstream and
20 downstream ends of the monoclithic structure.

It will be apparent that downstream end, for example
comprising the plane of truncation, and indeed the
upstream end of the monolithic structure may be
configured to provide any desired property such as

25 substrate flow control, bulk strength of monolithic
structure, catalyst/substrate interface angle or the
like. Preferably the downstream end, is right, angled or
curved co-planar with the upstream end. Optionally the
monolithic structure extends at the plane of truncation

30 downstream thereof.in conventional manner, whereby the
plane of truncation serves to define the downstream end
of the engaging surface thereof. For example, the

monolithic structure may comprise a curved or angled



profile cylindrical extension. Suitably any such extension allows for
sealing force induced di splacenent i n downstream directi opcazgmessionbef or e
def i ned. WtRE4%t ensi on may be associated with a correspondi ng nounting
extensive in suitable manner. The nonolithic structure and the nounting may
conprise substantially discrete or contimfous rotation symetric truncated
cones def i nedpby¢49katy2q ndWaid H&EHAlon ONGEUEA) @y Ssdn @ Strai ght

| ine arranged at 10 an angle thereto, wherein thHe nounting and the
struct ur e . ar eegsengd@nbp liiow s dian | e ldmatf dusstinidugrd tdispl acemendrti on
of the straighh, LibNgsahath LGN dRlad HidUldAl - XiSes RIE! e ably
discrete rotation is defined by at Teast six rotation symetric positions_.-
15 aboutexhsﬂ@émnraBM(h%ﬂﬁ&kﬁﬁtﬁﬂﬁﬁdwithIa1Qdﬁmﬁsnﬂnﬁimgimo@mEiagned.
that the nonolithi ¢.SLryct g J.s def| | by the discrete or continuous -
rotati On aboufa#%&% al “6%%%di¢\éa}1%d%rx'i s of the straight line and of
two |ines connectTheg mbacdtitdightstdhneture tam asie medurd g tikely nal 20

axis, wherein the two connecting . are straight, angled, curved or a

line : (
combi nati on t REFREHSE SuRStantdalln ERcEeke oF G HRIOTDt FPBACEGmetri ¢

catal yst suppghtumeitr@c &QMNdatdt) NP U i nidd U WSt Mo AOaBGEATa CONE
surfaces may approximte to a continuous rotation 25 symmetric cone

surface in i nSEAtEES WOBGE APt sa*is Al s OitHted e RAEFRNAERI 88l
fluidygubstrake Gh@Weddhedldt o, FAheXW! e adidtcindePia . tREL 88PRAL L BEC.
structure or the-l+ke-may be suitable for this purpose. It wll be .
~appr eci at ed, .&§ehéﬁéilﬁ‘§."%”%i%tlt%t°%@t leagpeimopRrtt hde SeMacture
of the invent o dip SirdithRel s Adidht NEABDUBING di comppg] such that the-
application of a fluid substrate pressure is sufficient to ensure
engagenent of hoagidedina ls efisne prefietabky hatisdemetforeatat YN 085605423

PCT/ EP97/ 04403 o ¢éteq by at least six rotation symmetric positions

15 about the central longitudinal axis. In this case it is
breferred that the monolithic structure is defined by the
discrete or continuocus rotation about the central
longitudinal axis of the straight line and of two lines
connecting the straight line to the central longitudinal

20 axis, wherein the two connecting lines are straight,
angled, curved or a combination thereof. It will be
apparent that a discrete rotation symmetric catalyst
support, i.e. comprising polygonal structure and mounting

" cone surfaces may approximate to a continuocus rotation _

25 symmetric cone surface in instances where a process is to
be operated with cylindrical fluid substrate flow e
pattern. - For example, a hex-, hept-, octagonal etc.
structure or the like may be suitable for this purpose.

It will be appreciated, as hereinbefore defined, that

30 the monolithic structure of the invention is retained

within the mounting in a manner such that the application

of a fluid substrate pressure is sufficient to ensure

engagement of respective surfaces, such as hereinbefore



menti oned cone surfaces. The particular advantage of this invention. is that
t he seal i Rgo egigagenent of the cone surfaces for exanple is BCYERCL of
the pressure differential applied across the nonolithic structure with 5
any given cone half angle, height to diapeter ratio, porosity of the
structure or the like. Accordingly by appropriate selection of these
paraneters it nentpiozred|eone ensfiaceshat Thedpsrtagudaal afyasdmuenicat i on of

t he cone surf S, | @gp{ d:fo Y@LV e | 10 . % ich is
applied. Suita f;t e nnn€¥§tﬁ%c£2€?ug %rggsﬁgﬁﬁnﬁﬁﬁ?ﬁéhéééwg&hﬁ%&j-ipg
cone hal f anglsazfiacde fangexahpBeeis]at fuBbtiont hé akesprpssiereably in the

range of 4[err], 18, . nore_preferably in e range.of .5[err o 15, far
exagple in[thélﬁéﬁgreﬁt+aﬁg588fl%Pe?? °88 &gFePPfgﬁﬁgﬁ_ﬁ[EGchthﬁ 3R in
the ramge of 3{pfrgivén 200h€ hheraxhglescheshhd tor dgbmenevralrdesnf the '

ot her paraneters as, mentioned, it is Eossible t%,ensure t hat, t he sealing
pressure cannd®IRTbie @kcklei §ErpetrRe o5 the likgreonfcCREAiPgE Yadibl it hic

structure SUStéﬁéﬁbﬁEm@@@gséﬁeéfﬂéhegfoﬁhékét?%&@ﬂet@%& @%Vﬁ%t@®§§¥hfé¥3
cone half angle’is sufficient to ensure that the structure is retained in

the nounting &l ensere Beatx? afejiardengadénadennsunisatingr off thes
Ref erence hereaaché OTGPPaEQQGJaQaM:thQLS 8yt S_n&i*‘%ei%ﬁ: %gg%fe' %%ﬂo‘?%it_f;}‘et-cone

central |ongitudinal axis and any "generator cont ai ne n the
cone dWface titerctofis Sapphbég.t he. npounting and nonolithic structure are 30

defined by the sang or_different ratip, of average_axial, |l ength to _average
wdih in the range oreaby, Sh§onep8iiene SEELEIELRIAa nERRTINGE LD
preferably fraieflircred dbyt: 2. cdhe hal &t auglendnpahei cahae difndBfisiten dfaycd or
WO 98/ 05423 . . PCT/ EP97/.04403 exanpl e
depend on the ™ A% 31 PRETFEARIY oAPahlS FBRIE of 47 %O 16-0%mdte

preferably in the range of 5° to 15°, for example in the

15 range of 6° to 10°.

For a cone half angle in the range of 3° to 20° to
the axis, selected for given values of the other
parameters as mentioned, it is possible to ensure that
the sealing pressure cannot become excessive to the

.20 extent that the monolithic structure sustains damage, is
crushed or distorted, but nevertheless the cone half
angle is sufficient to ensure that the structure is
retained in the mounting and cannot be axially disengaged
downstream thereof.

25 Reference herein to the cone half angle is to the
angle defined by the cone central longitudinal axis and
any "generator"; i.e. ‘line contained in gﬁé cone surface
thereof.

Suitably the mounting and monolithic structure are

30 defined by the same or different ratio of average axial
length to average width in the range of from 1:10 to
1:1.1, preferably 1:8 to 1:1.5, more preferably from 1:5

to 1:2. The relative and particular dimensions may for



mechanical strength of the nonolithic structure and the nounting. The
catalystvﬁyggggéslmay conpri se additional engaging 5 eRVEPo7/84408 abl y
conprising one or nore relief features provided on the nmounting and/ or
nonolithic structure. Such features suitably provide a supplenentary
seal ing force which prevents di sengagenem Tn the event of a reverse

pressure dif g1 &l 6P Son hengORSL LI O 1he readUPHON &nQ' tRENET
di sruption of the sealing force. Preferably one or nore relief features are

ci rcunf er ent mgahaRYeahgEer eRIEh refptiee menehict oh oF F TRCEUEET @BEEPE-Fntf = =
nmount i ng, fo&mﬁﬁﬂﬁggf_conprising an annul ar projecting band which is
i ntegral with the nmonolithic structure or nounting or separate .
t heref rom and add@htecatrlassociwgtront trhe v conpespo nalidpt bomal aengegésged - -
f eature comnprised in_ one both of the nonolithic structure and mounting
engaging sur FSCEE Ife‘?%?ﬂ’éa?%’?%gl%\%n%e?rﬁ nbefores d’é‘?’#ﬁ%g grS?@P(SFSZO
exanpl e conprpseriadedrsh Sideeirmoumbdng die/ s ndndhi chiér getueeu@e . nount i ng, e
adapted to be in association with an annular recess in one or both engaging.” -
Surfaces. ForHStangi A WP B rtabt ARLE PT ABbUh Y | FEPBICRRLRAK AFRLASc oS0 r
proj ection tfﬁiz@@%iéﬁb@@vé@@ﬂéﬂs%ﬁg&@é&ﬁ&w £ €Re even8bdk the cord.
Jf3)

The use of a flexible or resiliently formable cord material, e.g. woven
cord, has t HEVRRSATERSTIES JbifeRen bhahgafERts abide preBedithisy sel f-

requizgi e as haiglowe! OF Cotledt natls - Bhel 64 AL Vi e COLLL Pha! BErbbke IS secured:
in place by 30 suitabl e neans for exanple stitching wth a yarn of

‘simlar material Rrefsrakbnong archepe pihieft tppoupes..abelike constructed
: 8‘;/ Sgizim tahl g hGrte FESLBIATY LBEERGGL SHOD Pésé‘é'cé"P }'Eﬁéﬁnggzgg_iﬁ%c '.V\O
Sui tably sealstmpotugasied nmewsting, pfovieeampben comprising an '
annular projecting band which is integral with the
15 monolithic structure or mounting or separate therefrom
and adapted to associate with a corresponding annular
recessed feature comprised in one or both of the
monolithic structure and mounting engaging surfaces.
Relief features as hereinbefore defined may for
20 example comprise a cord secured about the monolithic
structure or mounting, adapted to be in association with
an annular recess in one or both engaging surfaces. For
-example an engaging surface having an annular rim, recess
or projection thereabout may be adapted to contain or
25 abut the cord. The use of a flexible or resiliently
deformable cord material, e.¢g. woven cord, has the
"édvantage that sealing engagement and pressure may self-
regulate as hereinbefore defined.
Preferably a cord or the like is secured in place by
30 suitable means for example stitching with a yarn of
similar material or by means of a clip, pin, staple or
the like constructed of any suitable heat resistant

material such as an alloy or the like.



prising flexible or resiliently deformable nmaterial adapted to interface
bet ween. t hworsa®pa2st i ve engagi ng surfaces. This may be provi FEFEERPHE t or m
~of one or nore 5 continuous sheets, preferably woven structures of
inorganic fibres, fragnments or the like disgributed about the entire
engagi ng surfaces or a portion thereof. Advantageously such sealing or
gasket neans may b&uwidadliyo s@fhkbine ehcadfrfe mFaRsf2Ee | REovédeAngom-

engagenent, 10$risiq§”fi‘ﬁ¥b%é’éTCPQQEl{&ﬁt?@ydéféfﬂHﬁﬁéi&E@é E?#the :
surfaces to ensure that they do accurately engage despite any i fference in
cone hal f angl edeghed & frrten hare f between ofhe heespepbhvat esgagisg or a

hi gh degree of - adj usdty. ' C e nel L.t hj rugture 15
Wi th respect tgﬂﬁnéacﬁeggu'nﬁﬂnlg@ggéci%%ﬁ%ygd%%&? Eg%e?{%gﬁhf&gnéf‘g §|¥ figEe-
1ike. TBe seal icomtdmgaskethewans pseBelkabby ywaveangeducbtegsabswi th or

separate fromagne or both engaging surfaces in a nper to al] ow such self-
regul ating disﬂQQﬁﬁﬁﬂﬂctﬁfaéﬁgg ?%%%%nﬁft%5u$§ﬂgﬁﬁg% ?bsﬁélbut?d ghout
seal ing or gaskefe @Aise Eijagiq ¥$EE860H06F &Spsytishl ¥Yhageeei.ated with

means for securing the nmounting in a catalytic reactor. It wll be
appr eci at ed t hAdVETEFEAAMS 1Yy THED NBRRL ARG @kt ¥R RLEL SHERES r BAYt Bef 86 he

engagi ng surfage WiaHe dhe rangétoﬁﬁ&f?@céﬁ&érEQalﬂnéuéﬂgQgSmgﬁ%Der in
the catalytic reactor. Since the nounting is essentially flara-tight, the
ext er ndl0 shape mar@astsfr Wi [agrruriybEenmnyl iyregeberibiesninuthee t he

26 not to infl Fpddcks Vo ERGHEE Y (AOP, TcAFa Ry J080abE, BRRRT RS
nmonol i t hi ¢ st rweturde ffretdrag eact oene Thel £ oapghentepattsndf £rbm cat al yst
support. spect b Plddhld SR | dhSoSLAUCLat Es, TRENK] Afnaddbtiondle
engagi ng nmeans said-safiusigiry djesikbdcenmants ofii thdl yjomayithic structure
15 with respect to the mounting each having a small cone
half angle or the like. The sealing or gasket means is
suitably arranged integral with or separate from one or
both engaging surfaces in a manner to allow such self-
regulating displacement of the surfaces without damage to
20 the sealing or gasket means.
That catalyst support is suitably associated with
means for securing the mounting in a catalytic reactor.
It will be appreciated that the mounting may have any
external shape remote from the engaging surface whereby
25 it may be secured in suitable manner in the catalytic )
reactor. Since the mounting is essentially fluid-tight,
the external shape thereof will not substantially affect
or influence the substrate flow within the reactor, and
indeed may be designed in manner so as not to influence
30 the local temperature at any point within the monolithic
structure or the reactor.
The component parts of the catalyst support, specifi-

cally the monolithic structure, mounting, additional



conprise an inorganic material of high tenperature resistance, selected
from CO”@%"J&%Q el enents of Goups Ila, Illa, |Va, |II|bpcthpoaswdos he

| ant hani de group 5 of the Periodic Table of the Elenents, and

conbi nati ons thereof, preferably sel ected_from oxi.des, carbides, nitrides or
the like of zirconia, |anthana, alumna 4Ad~conbi nati ons thereof with any
of the herei ebghgiaglefdaind aapealdng K gasket mddres nORDEAbN{ Cmayruct ure
may conprise any structure as herei nbefore defined across which a pressure

di fferential SREPTHE S A’ RP* I CrASF ke Hodbigh ieTReFReeERe as
her ei nbef or'e ydafiisRes MY d 150 D VU TP AN B £ R DUdh{ beogt ructure,

defined by a high 15 tortuosity, preferably a tortuosity of greater
than 1.1, nof&opPst dildbl Vet HFanfddf FYomnd 1the banthandde grope -
prefemabl y the mpRolgdidqSd My & SHd ENand 4 0fnd ' ly, and
as herei nbefore defined, tlhe pressure 20 J?‘f'%nere%ti% acrrlgqgg&fige

monol i t hi ¢ stthesrends. FxrelesRdah e el reding 2on aovees r ccaxrlehdsest hereof is

| ess than the. | § r€: : en [ gi surfaces of the .
structure ang‘lﬁggn e’lrgggc%}'r g:rgrg¥e1§ka% 33% ﬁzg&"ijg‘%%a‘off{}h%ﬁ#%Ss{]?‘émﬁ??f Epént i al

1o the seali egmpigsuiiahs i@ 2With anhaof lthrieéee tttbyfosei AeFhBeange
"of 1:1.2 to 1:10, nore preferably 1:1.5 to 1:8, for exanple 1:3 to 1:6.

Sui tably the SMPE*f % conprises one or nore mono- lithic portions, for
examlge it is pogsiehmorasiciarihdG drudierd mese dompyEsd | £y t Or paeyihde a
plurality of portions 30 ich are engaged within a single nounting as
‘herein- befoP8 B&HSIdPefere é?%rnb‘pﬂeéi Kt f‘%ﬂ'ﬁtbfacBﬁ?%%‘Prﬁi sc sections

.making up a WigFeateat Neands heraidhaior e pedfaeshl Jhise hasnbheragwant age

-.of enhanced t her mal WD 98/ 05423

PCT+EP97/ 044GF T850¢K @ &3 eFRINIBL A (AREbreq ceRBREAL FeRgERaBRedEnper at ur e
gradient in apteddssly MNbLIH BRCId O icture, defined by a high

15 tortuosity, preferably é-tortuosity of greater than 1.1,
more preferably in the range of from 1.1 to about 10.0,
more preferably the monolithic structure is in the form
of a foam.

Suitably, and as hereinbefore defined, the pressure

20 differential across the monolithic structure, between the-
upstream and downstream ends therecf is less than the
sealing pressure created between the engaging surfaces of
the structure and mounting, preferably the ratio of the
pressure differential to thé sealing pressure is less

25 than 1, preferably is in the range of 1:1.2 to 1:10, more.-
preferably 1:1.5 to 1:8, for example 1:3 to 1:6.

Suitably the structure comprises one or more mono-
lithic portiens, for example it is possible according to
the present invention to provide a plurality of portions

30 which are engaged within a single mounting as herein-
before defined, for exaﬁple in the form of conical disc
sections making up a truncated cone as hereinbefore

defined. This has the advantage of enhanced thermal



Preferably the nounting conprises additional materials providi
redui red rmolesms«al strength, 5 t hermal shock resistan%g+@¥%ﬁ@§hgli ke,
nore preferably conprises fibre reinforcenment, preferably conprises a
continuous inorganic fibre reinforced inergantc matri x. The catal ysi
support may conprise_an atal yst suited f conversi.on of, fluid substrate
under the abové& fﬁi res){ﬁ%ﬁﬁc%ég &8 R &?ﬁgﬁcﬁdzr}se.ng%hi?gbl y catal yst
is introduced lggmbeeanureagtadienteXanny igietgnaiceblarth heedt kenin known
manner, for exanmple wth Eﬂiform or gr.adient distri btétc'l,on_ or the like.
From t he foregoi ng PFEERFPPLYe RS BOURT ity CHMpripgs a U35t support of
the invention g tagiianabpyosmiidiom fedre-yaad it oy ARTRAs @bl Nef LoRpER pr e
mentioned in manner to address the object of the invention. In_particular
't will5be app&hesmalhghoche refigtadices @ssbrithedddieos mes aprefentbiuch
processes W t hqut. anpt;i ; | er LS | her eof .
Accordi ngly thgrégnp?gg%%o%g’?g %%lgffourrc{eﬁieﬁwésﬁect ol%r'l% ein 'e"%??%%\ g
process for theonftiaupuisc ioomg@rsicorf idfr e |neicth funnad dtreorgdmi ¢ shagrix.

contacting the subgtra it a I ce vel oci d

el evated 25 tg‘gﬁﬁe%gwﬁ% -%ca A stgoc nr;%laes?dr{\gfa@%%%%%i%g#?d
active materi alfesugpnvesd iom »fHdilausd noendds iddtee sindest urkee asbdres ei nbef ore
defined, wherein the monolithic structure i s adgpted.to be sealingl
SR T R o P R R T 1 LK R LA R 0
force applied tertrbeueedo byt KNnowal My ,e fir dhanils et enta t&8r eef tae
her ei nbef ore defi-ned, pre%erabhy'fhe” eal ing force qurjges pressure of
fluid flow higeganpkpeyn manner, for example wit niform, or

PCT/ EP97/ 04403 gralid entByiangwfidhe Priafessi i . the invention the catalyst
support is secured_by nmeans of the very process featured which would be

probl ematic i n opeFFCMofPEsifRFegCiid@arid will be apparent that the
15 catalyst support of the invention is admirably suited for

use in processes as hereinbefore mentioned in manner to
address the object of the invention. In particular it
will be apparent that the catalyst support enables
operation of such processes without substantial

20 interference or disruption thereof.

Accordingly there is provided in a further aspect of
the invention & process for the catalytic conversion of
fluid substrate comprising contacting the substrate at
elevated gas hourly space velocity and at elevated

25 temperature with a catalyst comprising a catalytically
active material supported on a porous monolithic
structure as hereinbefore defined, wherein the ménolithic
structure is adapted to be sealingly engaged by a
mounting as hereinbefore defined by means of a sealing

30 force applied to the monolithic structure at the upstream
end thereof as hereinbefore defined, preferably the

sealing force comprises pressure of fluid flow.



catal yst mountings, specifically by making use of the 5 features of

el evat edyapag@ssel ocity, tenperature and pressure. This eREHRPIT/H4403

adm rabl e conpatibility of the catal yst support when enployed in the
process of the invention. In particular_iyt, has been found that excellent 10
sealing of the nonolithic structure nmay be obtai ned by nmeans of sel ecting

t he di nensi ons aBy meagrns tdesthd process yof shppmvemsidmrthabedbatyst

defined, with reference ce operajing.conditions to be enpl oyed,
wher eby a cer‘?“aﬁ%orrtanr&gse %‘%‘%gﬁgégfm%%é%sﬁ#eHa?fY%E%n?Fg?eig gea‘g“’&' bss .
t he nmonol i t hivhisdh uaiule® B® pseoblagapiessurepsbytben masbhgi sedndard

her ei nbefore defined. |t

1] | be appreciat that the choice of nolithic
structure amfiﬁa*#iasﬂﬁﬁgﬁ%ﬁ$%'mfﬁgcbglﬁ%ngnPﬁéﬁa%§n?th§e9 ngg of the -
process condifdpnsred bt hel @esess abpeceegeescoty/Otemperagakiendng I N sone
processes it is essential that substantially 10%96conver5|on t akes pl ace,

i.e. no flui PERBEIFRte AT eRPrEaPatl rUMapRBlecCeTPebibEAltyholcada yst
support or a él)}é\?][@\géspoi@'ﬁhgﬁyeﬁﬁl%géé Shi th€3brbBeQLNEE LRt ances.

Moreover the degree o seal 1 ng y ensure that substrate flow
patterns rensinventeenr. al ong the axis of the reactor in instances that

| eakage about  they ¢aialyst, BUPPPE tnYOULDofaESEn! O X)Lk 905 al fecti ng

the course of the reaction. Pretferably the process o e invention is a
procelss 30 sea¥ingthb theahgrotiphici atrogtdaei mayobehplitedarboby

Facdat ock. and o bahereLstEaa; heoatnbRERoRe R RARE AT EY 81"

~catal yst suppmatabgstheseppbet oase her¥WhP8£Obé23efined, with reference
PCT/ EP97/ 04403 - '

13 - _defined at_a,tenperature¥n the range=of- 590 to 1400
[orr]C,  pref cTaTY® BEOT00 DBFF FELPROP AFbREPADF) BB0STELEY80 or ] G
especi al |y 1000=d0P[ £reéfrapd atngegos badibyosppeessure differential
15 across the monolithic structure to sealing pressure may
be maintained as hereinbefore defined. It will be
appreciated that the choice of monolithic structure and
of pressure ratio will be determined by the severity of
the process conditions and the acceptahle degree of ~ =
20 sealing. In some processes it is essential that
substantially 100% conversion takes place, i.e. no fluid
substrate or intermediate is able to circumvent the
catalyst support or a part thereof, this may be less
critical in other instances. Moreover the degree of
25 sealing may ensure that substrate flow patterns remain
linear along the axis of the reactor in instances that
leakage about the catalyst support would cause flow
devidtions affecting the course of the reaction.
Preferably the process of the invention is a process
30 for the catalytic partial oxidation of hydrocarbon
feedstock which comprises contacting a feed comprising a
hydrocarbon feedstock and an oxygen-containing gas with a

catalyst supported on a catalyst support as hereinbefore



velocity in the range of 20,000 to 100, 000, 000 NI/kg/hr 5 ezﬁecially
50, 000- 50 v 08/0003 The preferred process is suitably used tBCHE 035

m xture of carbon nonoxi de and hydrogen in desired ratio fron1any
hydrocarbon feedstock. This process is a megans to obtain very useful
products known in the art as synthesis gas by neans of a hi 10
exothermic reft2%HREA AL vihi CPFRIEHBF&r 1PatPB BRNEEr 880 >R8N k”l déotoo Wrdr oge
in the produc J?fé@é(r%’lfomﬁ-oﬂ@@ by, "Rape Qiesaeasfyobsbe%sﬁ@% and
operating conditions Plve a eS|re nmolar ratio of carbon nonoxide to
‘hydrogen in tespeotiatiy. 10¢0-1300 °C and Ak deogasbbaurdyi spelke gaseous
phase when co t e,Br §§6S | a C r abl e
for the partlg‘feaf)é(él:gg |ﬁ %?é %’%‘g I? pﬁ ﬁ éo fogééggl g'ltogdl%ﬁ%(fh:gt her
.sour cess of I|g&ﬁp@gﬂablyc&@b@m&~5®n000;BOOesphetprEEertednp bbgh@ 15

hydr ocar bons™ 2 a,reference to_h car s _ha |ng from.,1

car bon at ons. sﬁ?et?r?%%e‘éie%glo HRT SB% At agébﬁg}’§eaﬁgl F@E F'ﬁ@oe‘&ﬁ?eras’?‘%n
of gas from n&tyﬁﬁdzéé’nOillﬁlbdé:t:nﬂecﬂeﬁ&tMSSfQBmﬁBhbaﬁyd%bﬁhbemmf%le@st:ock
substantial ampunts of carbon di oxi de. The feed preferably conprijses -
methane in an BES PIOGEItimMS A M&RNFehet OBH3F By VEBY UHESIRdr BISCMCESab v at
| east 70% by M@lw®, i €SPREi 2t Vadt sLRERES8Q%RY. M?' HEEnsTBQ Iay@krl%@ﬁrwon
feedstock is contacted with the catalyst as a mxture wt

oxygerd-dont ai B¥RERRENLQA| Feaatken i abyewhbrchusheanolps 6ﬁ$g@nﬂéOMQ§hﬁW@
gas. 30 HOWEY R  de L6 KRS OfedlD! @H&' a&haueugems Y B8N BRthidl 1ed
oxygen-contai ning gas nay be preferred. I's way, The need for handli ng
a large VM|ﬂanﬁn$n@ftC@@$C3fo feed@tggkogngsoperatlng conditions’ fo
ol 04208 v d s d@é‘fﬁ?& SnSLLEOOER; UNGR USLBEn2hEnBRskRC Lo nydrogen
oxygen- cont ai 'S avol e feed may optionally conpri's

steam The hydnocemboprééwmhsock and t he oxygen-containing gas are

prefeﬁ%ply presentTAQ ﬁ§5§$é§¥h$§ fgcynagRgnégsggus phase when

contacting the catalyst. The process is particularly

suitable for the partial oxidation of methane, natural
gas, associated gas or other sources of light hydro-
carbons. In this respect, the term “light hydrocarbons”

20 is a reference to hydrocarbons having from 1 to 5 carbon
atoms. The process may be advantageously applied in the
conversion of gas from naturally occurring reserves of
methane which contain substantial amounts of carbon
dioxide. The feed preferably comprises methane in an

25 amount of at least 50% by volume, more preferably at

least 70% by volume, especially at least 80% by volume.

The hydrocarbon feedstock is contacted with the

catalyst as a mixture with an oxygen-containing gas. Air

is suitable for use as the oxygen-containing gas.

30 However, the use of substantially pure oxygen as the
oxygen-containing gas may be preferred. In this way, the

need for handling a large volume of inert gas, for

s



5 to give an oxygen-to-carbon ratio in the range of fromO0.3 to 0.8,
nmore pre{Ryédnlsyas in the range of fromO0.45 to 0.75. Ref ePemErP7ivadin to

t he oxygen-to-carbon ratio refer to the ratio of oxygen in the from of

nol ecul es (02) to carbon atons present in the hydrocarbon feed- 10

stock. Preferably, the oxygen-to-carbonldatio is in the range of from 0. 45

to 0.65. W theQed-{ D £G4 whehi @sihg 41e 42008 szcy?@@—ééﬁéébh?ﬂ&t.“ c
ratio of 0.5, that is ratios in the range of fromO0, 4510 0.65, being
especi al |y préer rietl.aveided eantie predamyioptihenabiy camprise ghgam.

st eant t o Car bon Ieeid &y JdrdbefSeADE Yt 40P 4RN0EOT oky GUREGHEa PPk 3.0,

nmore preferably from0.0 to 2.0. The hydrocar ee ock,
oxygen- cont aigfsh@xmasPrgitesakebyn presentesimt thar feedeinr abtly ambhnhexedd

prior £ 0 being ¢ cied wth the st.. 20 . The progess of the

present i nve% o??mné;yérgeo%\%é%t €§ %?EQ{% %%H%b’r'é BPesEapras 81%20&0“1

-appl i cati ons @B ateoIn@y arate spaéferabbyat &l phiessangs, ?)If hﬁfoﬂnlsppnsstlﬁf es
process my B Bber dietesengas nBEERR LS PE SRVenatHangatePhupeEoo150

bara. Prefenabfer ddecips oeebioi 6£0pRYGéRUiAt RECEEERESEI Mol BgulaBge of

from2 to 125 bara, eci al Ig?from 5 to 100 bara. The process may be

es ( y
operated at afRFlsuF? SPPEPPRNPEPHE UPECSRRKCED t Hae pRRAEPFRIPeBNErEAGNSs of

hi gh 130 PRSBUT CPRELY¥PABLYY ERePERGEESLEcO0PEFBLAIrNRI8 S9MIRN ¢hdl
scale, the feed is preferably contacted with the catalyst at high
~tenper at ur es. L2 ¢5 FeeBsRaly £P Ri 6h.l wiEh sosygenntersgshoar sataose

-~

achieved at the yH&f pEgLen of]f’gie%EE%ZAQéﬂ%J‘!%agféQé_ 3% 425; eg'é‘éafi%d

pressures. Accordingly, the m xture I's preferably contacted with the
-catal yst at &atehperidutkeirargecef sroms0Hertd BGobé.pbetrgably at a

‘tenperature idkpecially preferred. If steam is present in the feed,
~15 the steam-to-carbon ratio is-gngerably in the range of
s | : from above 0.0 to 3.0, more preferably from 0.0 to 2.0.
The hydrocarbon feedstock, the oxygen-containing gas and
steam, if present, are preferably well mixed prior to
being contactssewith the catalyst.
20 The process of the present invention may be operated
at any suitable pressure. For applications on a
commercial scale, elevated pressures, that is pressures
significantly above atmospheric pressure are most
suitably applied. The process may be operated at
25 pressures in the range of up to 150 bara. Preferably,
the process is operated at pressures in the range of from
2 to 125 bara, especially from 5 to 100 bara.
The process may be operated at any suitable
temperature. Under the preferred conditions of high
30 pressure prevailing in processes operated on a commercial
scale, the feed is preferably contacted with the catalyst
at high temperatures. This is necessary if high levels

of conversion are to be achieved at the preferred



the range of from 750 to 1400 [err]C, especially from 1000 to 5 1300
[err]C. Wﬁ ohBedani xture is preferably preheated prior to BEREREIAHE the
catal yst. e feed maybe provided during the operation of the process at
any suitable space velocity. It is an ad\Laq age of the process of the
present invention that 10 very hi gh gas space velocities can be

achi eved. Thuslegaseshaoresminss + i cdardimgl yr ddesst€egpnéxtedei Asnor nal

litres of gas y € our i n_the from
20, 000 to 100, 8%&6‘%%1 k@%fa%r%r e‘ﬁp"r‘gftg Qab %e?lﬁ‘[{‘rme%a%geé’gﬁgg §Lr§o 000
to 15 50, @00 0@ sl /dﬁglgﬁ&«v@aemmlmfémlm dthearaagpepbthiremin
500, 000 to 30, 0Q0, 000 N/ / ar arti rdy suitable use h
process. The c&P& FeP%EmA y‘%ﬁmf ﬁq?r t?)r@icjé:@s %’f ?S’f%e‘b?@s{%tffﬂ’{?ehlpoé to
conprises a cataloyt i°cal | yriactfems ml@ued is prE&EPRAS1dp HEhaaiRAOIrkRIC
structure as herer nbef or e def.i ned. Catalgltrcal |y active netals for

inclusion in thke @é&%%l%ét?el%?@dﬁ om Group VIIl of the Periodic

Table of the H eneqs HLNWRS gﬁ@&a%ﬁm{%ﬂ@%&a@r&abg kQel he
CAS version, as publ [ shed In t CRC Handbook of Chem stry and

Physics, 68th BdioCems oy frey raodt ahle yspace oveleeitn. th&tpiscass of the
present invention of Soef atﬂ(;éeﬁ?éeeé%‘%&g %%%éé‘érﬁ‘@”w%n'&%ﬂ' W ¢

pal | adi um osm um |r| I um an nu APri sing ruthenium
rhodi umbor iri cieurm dsighheyz30 space cet bbgities| gamdie vachibeukdar eThus,

particularly preferred Irrdoéj s,% urtggle c?égxl%;é%g%g an t }']n

netal . The cat glafsts F&Sithri et 1ee"?:a a Pcal Feti Ve suppor
an inorganic, nu&fx@r.ﬁtdﬁ/ﬁwma'éhhsgaﬂam ofVﬁ@ﬂ%ﬂZﬁer hour) are in

T P11 08403 oSl LU 24706868 PR 0EL0HET 1 Do A
materials are gtaiflcabdta oErld atdryge of from 50,000 to

15 50,000,000 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.

The catalyst employed in the process of the present

invention comprises.a catalytically active metal

20 supported on a monolithic structure as hereinbefore
defined. 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 CAS version, as published in the

25 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, o
rhodium, palladium, osmium, iridium and platinum. _
Catalysts comprising ruthenium, rhodium or iridium as the

30 catalytically active metal are particularly preferred.
Iridium is a most suitable catalytically active metal.

The catalyst comprises the catalytically active metal

supported on an inorganic, preferably zirconia-based,



The material preferably conprises at |east 70% by weight 5 .zirconi a,
for exanppogihmct ed from known fornms of- (partially) stabiPCrg®a7/844Zoni a or
substantially pure zirconia. (Partially) stabilised zirconia conprising

oxi des of one or nore of the rare earth, (Ga'oup I TIB or Goup Il A elenents
of the Periodic Table are particul arl y'lé - preferred zirconi a-based

mat eri al s. Masinqiriefleira exk mictoons adaserkirieiord Jdehimsd se Knyconi a -~
stabilised or rtially. stabilised by one or. nore .oxides, of , Ca, A, X,
La or Ce. Thé q%ﬁﬁ'\aefs FOHERT T PSR Y AT BRRACRES be i n any,
comer ci al | y suitidisie ezffohisudtdbials as avLigIobe t Cormasedi gLy . &
particles, fibres or whiskers, The nonolithic structure m '

| conpri se
i nor gani ¢ mt@%.ﬂa%&%@%bh\é&mww% %F?%ﬂ:t?lg%/ R¥t weighthavi ng
a desig abl e pﬁ%ﬂﬂa}%rég%nﬁi@%@céé}?rf%xﬁsﬂ%nrPéhﬁEaB?.e (for

exanple SiC, S 2, Al203 or 20" a mxture thereof), enhanced catal yst
stability or @#EhcedlYhettabibistd |2izcomir oproibshartsetbgt preewhi ch may

be of the ordﬁ[r ol g?c PP di [y NDES, 1y 4 88 9885 S DENSLRD, 3 conprise
r L - r
one or a plura |tyno mndél)rvl dét]ia%)rmno%%%c portlcons. '2§ B l%ﬁ st a
plurality of purdennst prrsicesioreatbrthderane sdhoth, résdepahiéBt ban a
simlar singl t4.00, - rti 0 i ni g ' .face _qf the
portions can {%e gp}r ojbﬁgn%f%e!ﬁ%h‘gt E%‘%Pg%mg%%‘g @%?%%i ?gsbg%ﬁgygarﬁﬁ t he
presait invemntefieriNedezihedress-baeedlnaterisls uMose pagfepppdi se a
sectioned nonolithic sérucéure acc?gr{)di ng to, known techning eﬁ,gnd as
her ei nbef or e, >IN PHFR b7 LTSt Hohof PTRAT LSSt FEET P &° ga avéSgfy o
sui tabl e forpardIwlipret i IDSed i b Snétotiaheire 66idbatof MYD 88/,02423
PCT/ EP97/ 0440? - 17 - of a{n}éextrud_ed, honeyconb, su#iabl e gaierl | s of which
are known in 'heLaar?ra%‘El' a ?I%\%?%?Jcb ref PRYELahbY eRERBILESRGneyconb
mat eri al s ar ez GhedRLd ahd ¢ efle byn hawy N@ommercially available form, such
15 as a composite based on particles, fibres or whiskers.
The monolithic structure may comprise inorganic
material as above described coated with a further
material having a desirable property rendering enhanced
thermal shock resistance (for example SiC, Si02, Al203 or
20 a mixture thereof), enhanced catalyst stability or
enhanced thermal stability.
The monolithic structure which may be of the order of
l cm to 1 m or more in largest dimension, may comprise
one or a plurality of individual monolithic portions.
25 Whilst a plurality of portions provides greater thermal
shock resistance than a similar single portion, sup-
porting and obtaiﬁing a good interface of the portions
can be problematic with the high space velocities
employed in the present invention. Nevertheless the
30 structure may comprise a sectioned monolithic structure
according to known technigues and as hereinbefore:
defined. The porous monolithic structure may have any

suitable form. One form of monelithic structure is that



a plurality of straight, elongate, parallel channels 5 extendin
t hrough t hgossesBure. However, preferred nonolithic structgpggmg'%“g%ose
having a high tortuosity. The term"tortuosity" is a common termin the art
whi ch, as used herein, is defined as the-rgfjio of the length of the path

foll owed by a gas flow ng through the structure 10 , to the Ieﬂ&h of
the shortest pBEsPBl EXSTPIRGhONeHEIR-h SHekd MRt rle. v ,are

follows that thacext indedenanay G SidiUGHle T oAmes & 1o Uosiiy of 1.0.
The nonolithic structure enployed in the process of the present invention

pref erabl y hasektgrdesr hesevcemh matqeials are char@qtigssiasd Ry grawipe
than 1.1. The it A ter ; efar, ha rdUQsd iNt he
i”?'i?iralli'tgt %1f WRAY G HAY, ﬁ&t@aﬁ:le, i:aaréloléla;b;ﬂeg%?é?sr

range of from to abo 0.0, nore preferably in the r oml.1
to aboub 5.0. Axtesdicgi thioagharide it mmtturesi towesten heaafirit¥edi c

structure is f PN . ...Ih oki.t hi I r in
"the process of Fntgﬁ}oé.1§#§gnt%?§r?cltstxrgeos?0aurse’ etélﬁ%erhealgr}bng% (S;ér e %$|€%§W$%gg
monol i thi c str@adkute rims “poeftarosd tyy’ofi higlhegrators iterm Threstheaes aiechp be
di stingui shed fromthe m cr.opores 25_. whi ch nmay be esent.in the
carri o0 imt ori AP USPC NRSEGR i GREARACAY e SEAS, Corki ke ath eaty
500 pores per sHeapR tEeFolIRWR BPr£ qHLiARANG athdtaam ohd Porestaee
square centinetre. Preferred nonaolithic structures are those haviqg from
1000 t4915000 (6r &oepdengbh of the FWHERY RASHL I 1AgRY abt g i PaRD

1250 to 10000 parengheihadddriciidd Mettfus, Tha reylaldwdlitthasd regd ure
preferably has a void fraction in the range of fromO0.4 to 0.9, nore

preferably PETARHSE oGy onmDeyoRIEinres have ¢ Y WRH Haned bfO0-
excessi ve presgibeuflindl thi¥Mdt fidihik ehployed in the process of the

present invention preferably has high tortuosity, that is
15 a tortuosity of greater than 1.1. The monolithic
structuée preferably has a tortuosity in the range of
from 1.1 to about 10.0, more preferably in the range of
from 1.1 to about 5.0. A most suitable range of
tortuosity for the monolithic structure is from 1.3 to
20 4.0.

The monolithic structure employed in the process of
this invention is porous, as hereinbefore defined. The
monolithic structure is preferably of high porosity.
These pores are to be distinguished from the micropores

25 which may be present in the carrier material. The
monolithic structure preferably contains at least
500 pores per sguare centimetre, more preferably at least.
750 pores per sgquare centimetre. Preferred monolithic
structures are those having from 1000 to 15000 pores per
30 square centimetre, more preferably from 1250 to
10000 pores per square centimetre.
The monolithic structure preferably has a void

fraction in the range of from 0.4 to 0.9, more preferably



A nost suitable and especially preferred nonolithic structure for the

cat al yst car[' enployed in the 5 process of the prgspapoig@ymntion is
a foam wgaﬁf’%{’e foanms for use in the process of this invention are
avai l abl e commercially. The catal yst enpl oyed in the process of the present
i nvention may be prepared by processes” kidwh in the art. 10 A nost

suitabl e progessthée &heidapcegodt eRBess iviee prk@/sgaRi-Ardy Erical MWid htd
conmpound of @he catalytically active netal. The feed is preferably
contacted wi th®the catal yst under adi abatic conditions. For the purposes of

this 15 Shegi fibsat baNtablle hANMESBAARANIC prTet el HichRAS ch d eact i on
condi ti ons under which substantially all heat "| 0ss and radiation fromthe

reacti on zonBt¥3chrEGefPEJLNRi CRLEAY SEXx CAFTiieT SmPHeated davithe in the
gaseoys effI#gg&e%rggn}_ %t %Q@s&ﬁ@‘ﬁ%‘mn@.on is a fddh 2 fs‘ﬁrit'é\b%h@SpeCt’

the present Tnvention relates to carbon nonoxi de or. hydrogen whenever
prepared by &opmecéss usehadnethbeproecedsssofi dd s Trererdriloon amnoxi de and

hydr ogen pro t > f thi's invention nay be used in any
process—25 gygfg%§¥8ygﬁﬁaégﬁﬁéil-ﬁe or both of these conpounds. The

m xture of carbobhevoakallgsandmbpjdyedednptépamddass f pheceaesent
particularly.suitgble for $se i n the Sépthesrs of h drocanbonﬁgafor exanpl e
by means of tREEDELSBLERY BEoBLERAFEL.BYs Procasses Y Whifediie #rt- _

oxygﬂlat es; Agﬁoaﬁ)dsﬁigamﬁpbeo&e@@aaﬁl -thegriﬁﬁﬁséiﬁfaﬁictlrnl tdkte wnver sihon of
“carbon nonoxl| de and. ydr o en ILntqQ uc r oauct e we ovvn,lnt e art. .
"AIternativeI§9°Fﬁ€n&5rBBﬁgﬁ&ﬁ&kﬂ&éiaﬁﬁﬁ%QQQﬁﬂﬁié%{ﬁﬂﬁnc%ﬁ%;XﬁQQE%&Win t he
_manufacture ggtive\Ve984Q05423

“PCT/ EP97/ 04403 h¥drogen the water gas shift reaction. O her applications
for the product sTPRcFEEE AJdPSRERFFPAYI Go&RE tes BURN Hheorghkeskes.

under adiabatic conditions. For the purposes of this

15 specification, the term “adiabatic” is a reference to
reaction conditions under 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 reactex..

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

The carbon monoxide and hydrogen produced by the
process of this invention may be used in any process

25 employing either one or both of these compounds. The
mixture of carbon monoxide and hydrogen prepared by the
process is particularly suitable for use in the synthesis
of hydrocarbons, for example by means of the Fischer-
Tropsch process, or for the synthesis of oxygenates, for

30 example methanol. Processes for the conversion of carbon
monoxide and hydrogen intc such products are well known
in the art. Alternatively, the carbon monoxide and

hydrogen product may be used in the manufacture of

-



The invention is nowillustrated in non limting 5 ma ]
referencew@os®gedes 1 to 5 wherein Fiqures 1 to 3 are eacwg@gﬁﬂg@@ection
t hrough the catal yst support of the invention in the plane of the central

| ongi tudi nal axis thereof. Figures 4 and- Seare plan views of any of the
supports 10 of Figures.1 to 3. In Figure.1 is shown a _catalyst support
of the invent it P B WRRSFi ERPCSBLELCFRREELPR -naPth§Tan upstream

end (11), a dypsticamiend £42) tREdpaBaaBYEATEAGLaET AGRS otbImy 11 oh
mounting (2) having an inlet 15 opening (21), an outlet opening (22)

-and an engagi pdFAEeENY 3T ion TAEOFEEALERY, is constructed of relatively
thermal |y shock rmétfr%eﬁ@igﬁ' L. %?g?ggtg%gﬁ%ao%ﬂagbﬁ f]_:j_lq.{ih-irned nf or ced

inorganic matrix ch is essenttal e nono I'C 'structure
"(1) corfprises mandr withi nefgaencef banFagukeseilnbef or ehgafeimed havi ng

tortuous channels therethrough as_hereinbefore. def.i- - t | S
provi ded about t heélh%ﬁo%lgt%i ggsﬁrﬁgéu%ggl%éﬁgg et"§§g%°f‘hg%zrt?§‘§é’u ﬁ%‘e
surfaces (13) cawhlp8}.sdppoconef hahé angkatisni fhusheapddns tdf aid r al
| ongi t udi nal i nset,  sel e%t ed fromranges as

25 i s in.th
hor i nbef ore FATHEAL THREhE R AAT caRRE EBREPPER o Struct oo (1) is a

curved-copl anar trefeat&s £088d 0Pt 4 eBAbE ¥nCQEBRESHRJaRY LIEPItheMAYHdIE €
sections (illustrated by dotted |ine) b The arr%’t’mti ng ?gg) isin turr?adapt ed
to be ¥binted @O Figured LhkofBew stream of a reactor by means of suitable

attachnents, for exanplguby Teagssbuf bl BREE1GXLeRaLRRA! dhehase (4) or

the truncated top (not Shown) of the nmounting {(2), Ich flange i1 s adapted
to be secured inveRitiopCIPrpD¥Fbug08 Wor9diobig3stragtureyldhihaHgg take

?Lagngi ng l(_nqspswm,eﬁ@r (EXR/PheqBFhERERaAPRAS 192 3RS S WLy L he
_ suxface” (13), and a mounting (2) having an inlet

15 opening (21}, an outlet opening (22) and an engaging
surface (23). The mounting, is constructed of relatively
thermally shock resdstant material, for example inorganic
fibre-reinforced inorganic matrix which is essentially
fluid-tigh®: The monolithic structure (1) comprises an

20 inorganic foam as hereinbefore defined having tortuous
channels therethrough as hereinbefore defined. A
gasket (3) is provided about the monolithic structure (1)
and between the engaging surfaces (13) and (23). The
cone half angle is illustrated with central longitudinal

25 axis A in the inset, selected from ranges as hereinbefore
defined. 1In the Figure the monolithic structure (1) is a
curved-coplanar truncated cone optionally comprising
multiple monolithic sections (illustrated by dotted
line). The mounting (2) is in turn adapted to be mounted

30 in the flow stream of a reactor by means of suitable
attachments, for example by means of a flange extension
at the base (4) or the truncated top (not shown) of the

mounting (2), which flange is adapted to be secured in a



Reactor wall nountings may be constructed of any suitable material,

pr eferablv?_/?ggyygﬁer.nal |y stable material, for 5 - exanmHAGI/ERIGOE403
a

-1, being right-copl anar

R

.

car bon, oys or the like. Optionally an insulating material is provided
bet ween the flange (4) and a netal reac;o% wal | nounting. It is desirable
that the nmounting (2) is of mniml wall cf)ﬂckness, but sufficient to

wi t hst and t hesubhebleorpetrbure applopestinglHin®testowes ,micirmeixampdrenal shock
effects and ofher int e.wth t LOCEeSS. e ial | t.h of the
nmonol it hic st%ﬁgvﬁ?g ?ékg%gg I P\gﬁﬁ yS F{g’ss ttehar?%ort]:‘t%hé%égﬁé’rag' € axi al

| engt h of theRemubbingal2)moihtings may Hee coafsalrpsitesupforany Huitasble
addi ti onal engagin ans conpri.sing relief feature 5) for exanple a non

i nt egr al vvoveﬁagﬁFga?ENe?trgﬁe%bl(YSf‘?’Yemlﬁé’cést?%(l%_ aé:rﬁﬁ}i%lr' pécb’]e ection .
(53) agd/or cephfpler giatt4) Aa®oh,(aldys drerheckaked.n HHIInd 0 gnabl e

20 clipping_or stitching as hereinbefore defined, wthout affecting
the sealing adBodPablafsing Medetdd dify Provdded bprtwasd ) flangs gldks 2

and 3 are shoypgabt geRali veaHAdivEN! Sndindiy catal yst support of Figure___
25 truncated con€s, in Figure 3 conprising a

downst r eam ext ensEbnig6fesigapleutdaty thed Mountdnthodl d& &fy Minuppbrt s
conprising re t {eTa\l nu agq,cak i sy Rt ric, or curved
and pol ygonal §'gg(%elt}sl)'?_trcuct urses (1). ﬁéﬁg{% el:JTle r%éne\}erﬁ%/i on i s now
descr¥Bed i n tendstdapnishéophbecappldsbdi fivits winsvresf arigvicel ivhewmal
limting mann (o] | 1_Qw I 98/ :
PCT/ EPOY/ 0440505 K, eEx%%ﬁp%e a %Arbg:ohee)m"r&gp%ngielryfear%ﬁeabyg‘egfﬁoq:rhoeusprn%%% $thic
structure as-ThewaxialFilgmoehl aforiyrd saorg laithimorganictdmant havisig "
slightly less than or the same as the axial length of the
mounting (2).
15 _ The catalyst support (1) has additional engaging

e B PR

cisingw~welief features (5) for example a non
integral woven cofg_(Nextel TM}) (51) engages recess (52},
annular projection (53) and/or conical rim (54).
A cord (51) is overlocked in manner to enable
20 clipping or stitching as hereinbefore defined, without
affecting the sealing association of the cone sur-
faces (13) and (23). |
In Figureé 2 and 3 are shown alternative embodiments
of the catalyst support of Figure 1, being right~coplanar
25 truncated cones, in Figure 3 comprising a downstream .
extension (6). In Figures 4 and 5 are shown catalyst
supports comprising respeEEive continuous and discrete
rotation symmetric, or curved and polygonal cone
structures (1).
30 The invention is now described in terms of the
process embodiment with reference, in non limiting

manner, to the following example.



tortuous channels and inpregnated with active catalyst 5 by
convent i oRgh ogBsegnati on techni ques -has a desired final caPeF{ERP7404683i ng.
The inpregnated nonolithic structure is engaged within a nounting, as
illustrated in Figure 1, in a steel reactopy Natural gas and oxygen are

t horoughly m xed and 10 the resulting m xture used as feed and

i ntroduced i nt BXgWBLeedctor to contact the catalyst, at a desired

oxygen-to-carbon rati.gmmibe;ibaq ia%a&ti;ap&iﬁeg)o%u% RosdatienTided gase fperly

space velocity tenperature generating ressure at the upstream end
(11) of the 15a@s showondhi Fhignrst rluctompe ising Bre inpeganing feampararime of

the catal yst s rt._ of the_arder. _of 1200 [err I s . measyr.ed by optic
pyrometry. Thegggﬁﬁ&ll‘st Fhﬁ%&elt%g as ll“g‘g\ﬂ[%‘ﬁ’%a%ewrlé:&t 53:’1‘756 r%aats%%ﬁgby
gas chrenmat ogr Bphgonvteatiomeadr Sinpreankdti®n techidlgaels Wasy dfdddiergd ocess
to carbon nonoxi.de. and_ _hydrogen n.the basis of methane converted) is
det er mi ned. Thg*ﬁ?&s?ﬁﬁggﬁ*éééygéﬁiQﬂ' det ermi ned across the nonolithic
structure is of thenerdaprelgnatedaicholBthidd structe@edlisslengidd ng is
found to give excellent sealing engagenment of the mpnolithic structure,

wi t hout det ect HBFBLNPeFPEAEREY midh A PrddeS i BGURe o cohverstefland
sel ectivity. Agg@rdbRgl ynakhir¥)l lgde ARPH:EYerd M8l R AIAH M imBPled and

support of the invention may be €nployed in admrable manrer “in the process
of thel@nventi theaseNetEinge i line iusedl as figed@ngh4agd roduced into

PCT/ EP9T/ 044034 no22 o3 ot s AR NSICHS WIROIda GATR S10 2 JEUIYd g9 having a
g, a fluid outle

fluid inlet opening, t opening and an engagi hg surface adapted
to engage a porsygenotoricerbenstratstar e, Thend e ddrsosinpdiicad tat castruct ure
having a predetermined gas hourly space velocity temperature -
generating flrow-preseure at the upstream end (1ll) of the
15 monolithic structure (1).
The operating temperature of the catalyst support of
the order of 1200 °C is measured by optical pyrometry.
The composition of the gas leaving the reactor 4is
measured by gas chromatography. The conversion and
20 selectivity of the process to carbon monoxide and
hydrogen {(on the basis of methane converted) is
determined.
The pressure differential determined across the
monolithic structure is of the order of 2.5 bara. The
25 catalyst mounting is found to give excellent sealing
engagement of the monolithic structure, without
detectable interference with the process in terms of
conversion and selectivity.
Accordingly, it will be apparent that the catalysﬁ
30 support of the invention may be employed in admirable
mannexr in the process of the invention as hereinbefore

defined.

rd



5 first-upstreamend, a second downst ream end and an engagi ng surface,

and to p%vd'ﬁ;}g‘fﬁubst antially fluid- tight sealing engagenpot/Epbmesacyd by
means of a sealing force applied to the nolithic structure at its
upstream end, thereby generating a presstfe in excess of and 10

subst | onal to a pressure differential between the upstream
and Jmlmmimmmanereof preferably the sealing force conprises fluid
fl ow predsute 8f & stream of reacti&ib&wqﬁa%&"(s) or substrate(s) 15

2. A catalyst support according to claim1l wherein the nonolithic
structure conprises a truncated solid cone and the nounting conprises a
truncat ed hottowpopehaENatdSEBRETENSPAPLAFIEE] 2 MOLREANChEaFENTE ur e and

mount i ng ar esghef ined 1By %ﬁ%ﬁ&}]{ al Ly ftlhﬁé%mﬁé%n%ﬁ{éﬁli%g%%e #nd by 20

substantially the sane cone shdpe whereby the nounting~ s adapted to engage
t he monol i t hergaginet gpsfageh adapt eidoitie. cageoee-opes owse nionalddihing .
engagenent, f y lLithi tr re _and npount i.ng .nay conprise

any curved o$£%%§§gg%él taggngog%ggéﬂo?no}oé§%%>:iﬁatsl%g%c{£ﬁ:er%e&gquiﬁ a 3. A
cat al §st suppbrstatpstdenn end;l a ez onte demwn sttireaneold tand aatructure is

defined by a_right. angl r curyed plane of truyncatiaqn, preferably
co- pl anar W?ﬂggﬁéhgpggfggﬁeén&"téhépe .ov;d%%ﬁﬁ%@%}y Fiuid- :
PCT/ EP97/ 04498ght 28 eal4ngAetigiagleytn ts upRaeho fa¢ondand (oFf anysadlongi ns 2
~and 3 vvhereiﬁot he nonql.i thic 3 rueture .and nmounting are defined by a cone

hal f angl e | FOFFE PBRJGSS L8 &M MOBOIGde R UGB AE IhBMREMTSan 1 he

‘Tange of 4[eghd,t @heZedY hen®¥a® ing a pri¥sdh@cablih idkddis rMamef Slerr]
to 15[err], for exanple_in the range OEJG[err] to 10. 5. _A catal yst :
-supp%&t accoPBPRG NG 12k YoPTOPATH ORaly 1 Compiassiurg sddifaxaniii®hgagi ng
‘eans in thepiPhBedl tHRe uPstFRam Hd foufRAlllRS iV i Lk t he mounting
_and/or preferably the sealing foxce compriseslfluid flow
pressure of a stream of reaction component(s) or
substrate(s). ' -

15 2. A catalyst support according to claim 1 wherein the
monolithic structure comprises a truncated solid cone and
the mounting comprises a truncated hollow open-ended cone
characterised in that the structure and mounting are
defined by essentially the same cone half angle and by

20 ‘substantially the same cone shape whereby the mounting is
adapted to engage the monolithic structure such that both
cone surfaces are in sealing engagement, preferably the
monclithic structure and mounting may comprise any curved
or polygonal cone shape or a combination thereof.

25 3. A catalyst support according to claim 2 wherein the
monolithic structure is defined by a right, angled, or -
curved plane of truncation, preferably co-planar with the

upstream end thereof.



10 nmonolithic s tal yst support according to any of
clains 1 tWwoDsRS4aPr i Hmnm{!%!u@“uﬁmgasket means arranged t ECTREITHIA02

bet ween the respective erg xaces, which sealing or gasket neans
conprise flexible or resiliently 15 c%gornable material or the like.
7. A catal yst support according to any of aims 1 to 6 wherein any of the
nonol i thic strgct Uk eca b@LPEE NGuppedit h@aah:dga?aﬁb.nﬁn@fe@rfs cdrd rged | f1gd OB
gasket means conprise an inorganic . material o hi%h t enperat ure %? )

resi st ance, seﬁ%%f%ﬂ“fFBﬁ1EBﬁggﬁﬁﬁécoFtﬁpﬁﬁﬁﬁFsaB BOGRFL RS 279 (Fefined,

111b, Vb and gfeal aphbanade grgup oh kthe Pangedbg BabIte @fo heo Bgeents,
~and conbi nations, thereof, preferabLé sel ected frqom oxi des, carbides,
&

nitrides or thaxiskePBeLeFRBoKi AN t karge ffufi n&cadd 25more

conbi nagi ons theseetah{hianynel rhigengieistbe Oﬁs‘*qeff'd}ecémg/wrm gad
mhereiﬁgthe nt?ngaco %ises ffbrgereinéorcgnent, pr ef er abl™ conpr?ses a
conti nuous i naramgéecofi bretpeilAforced inorganic matrix as hereinbefore

defined. 30 8 f h t al.yt i ' f fluid

substrat e conp?t si A RbREABE: RUPERE o A5G AL ont oRaYa R GAS oLt 1 §° sbace

vel ocity and atompevaind bddpedishdle enwigikiage tsangstincany iRy &f one
talyticall ti . 8/.05423 S -

BCT] EPO7) 0aabE BATe REtPFaf atiass: BIOTFTEh Mot BN HIE MR ur e

as hergpnbef orgofel i aRfcWstuecehieeence to any of material supported on a

porous nonolithic structure is adapted to be sealingly e ed
substantial |y ?iuiﬁ-cﬁtaEYSttFBHPOE%nﬁ€F°EQl§gnﬁﬁnF$ﬁé‘%£%ﬁgF%W%B%fB?e5

defined with refmpensenkOsanyidly ehdigdkkktt tiebnlY a &f b setépgaterce
applied to the nonolithic structure at the upstream end thereof as

herei nbef ore de¢twedhwibA FeFerERdye 6TRPINE ENELRSEE ¢ PACHI T2 ABEY the
sealing force GPNPLLR8E means comprise flexible or resiliently

15 deformable material or the like.

7. A catalyst support according to any of claims 1 to 6
wherein any of the monolithic structure, mounting,
additional engaging means and sealing or gasket means
comprise an inorganic material of high temperature

20 resistance, selected from compounds of elements of
Groups IIa, IIIa, IVa, IIIb, IVb and the lanthanide group
of the Periodic Table of the Elements, and combinations
thereof, preferably selected from oxides, carbides,
nitrides or the like of zirconia, lanthana, alumina and

25 combinations theréof with any of the hereinbefore defined
compounds, and wherein the mounting comprises fibre
reinforcement, preferably comprises a continuous
inorganic fibre reinforced inorganic matrix as
hereinbefore defined.

30 8. A process for the catalytic conversion of fluid
substrate comprising contacting the substrate at elevated
gas hourly space velocity and at elevated temperature

with a catalyst comprising a catalytically active



10 pressure of ik [ravVe R process according to.claim8 which is
a procesa,(;ﬁyosgﬁe cal(l““lﬂ"ﬁl“ﬁ]vlﬂ@#ll"fom dention of a hydr ecampenederdst ock,
whi ch conprises contacticngia mees conprising a hydrocarbon feedstock and an
oxygen-containing gas with a 15 catal yst supported on a catal yst
support as hereinbefore defined at a tenperature in the range of 750 to
1400 [err]C, preferably 850 to 1300 [errgC and at a gas hourly space
velocity in the range of 20,000 to 1007086, 000 N /kg/hr, and wherein the

tal yst ' i o | | M8, BRI !
catalys CO”HEE@?%&}?%UE?@@E@H‘H% &’ﬁg}ouﬁ %éﬁgqggﬁﬂgiéyf ?uférgga

selected fromthe elenents of Goup VIIl o odic Tabl e of the
El enents, prbkseabbyfogieededd fecdomithodiafiqrepics itumnyatf adi um osni um

71 i um and yLlel Yleeld AMIASSSLACHING G aliad Wyl n the

hydro- 25 e conprises net'harie, natural gas, associated
gas or a sourdeptkd tghtehysdraddargion emghdde iox ysydysteorttia Iniyngf basd + S

SUSt BTt LAl BHECpEHAS e P VI S i il oop bt d sl ock and
to carbon rate@eeknteomd).ahy @0 .dA.aimellerad|y By aedhsAot ta sddling

force applied to the monolithic structure at the upstream

.end thereof as hereinbefore-dlefined with reference to any

of claims 1 to 7, preferably the sealing force comprises

10 pressure of fluid flow.

9. A proces$ according to claim 8 qB}ch_is a process for
the catalytic par¥eiad eﬂ&@tﬁiﬁnﬂg?ﬁé hydrocarbon

feedstock, which comprises contacting a feed comprising a
hydrocarbon'feedstock and an oxygen-containing gas with a

15 catalyst supported on a catalyst support as hereinbefore
defined at a temperature in the range of 750 to 1400 °C,
preferably 850 to 1300 °C and at a gas hourly space
velocity in the range of 20,000 to 100,000,000 Nl/kg/hr,
and wherein the catalyst comprises, as catalytically

20 active material, a metal selected from the elements of
Group VIII of the Periodic Table of the Elements,
preferably selected from rhodium, platinum, palladium,
osmium, iridium and ruthenium. _

10. A process according to claim 9 wherein the hydro-

25 carbon feedstock comprises methane,.-natural gas,
associated gas or a source of light hydrocarbon and the
oXygen-containing gas is substantially pure oxygen,
preferably wherein the hydrocarbon feedstock and the
oxygen containing gas are present in amounts giving an

30 oxygen to carbon ratio of from 0.3 to 0.8, preferably
from 0.45 to 0.75.



