WD 02/ 04388 PCT/ GB01/ 03005 PROCESS FOR THE PRODUCTI ON OF COLEFI NS The
present invention relates to a process for the production of olefins froma
hydr ocar vom of/es88 and, in particular, to a process for therP@Qr/cBoroiooh of
olefins by the partial conmbustion of a hydrocarbon feed. O efins such as
et hyl ene and propyl ene may be produced by the catalytic 5 dehydrogenation
of a hydrocarbon feed or the cracking of a hydrocarbon feed. The term
"cracking” will be used throughout this specification to enbrace both of
these chem cal reactions. The cracking of hydrocarbons is an endothermc
process. Accordingly, heat has to be consuned for the reaction to occur.
Aut o-thermal cracking is a known process for 10 the production of ol efins
froma reactant m xture conprising a hydrocarbon feed and an
oxygen-contai ning gas. An exanple of an auto-thermal cracking process is
described in EP- A-0 332 289. In an auto-thermal cracking process, the
heat required for cracking is generated by conbusting a portion of the
original hydrocarbon feed. This is achieved by passing a 15 m xture of a
hydr ocarbon feed and an oxygen-contai ning gas over catalyst capable of
supporting conbustion beyond the fuel rich limt of flamability. The

hydr ocarbon feed is partially conbusted, and the heat produced by the
conmbustion reaction is used to drive the cracking of the renainder of the

feed into ol efins. Opgj A [ burned, and the
heat produced by thi s%@ﬁéﬁ?ﬁ‘?@?uﬁgjp‘?@%{)@ggﬁs@%ﬁ#ﬁszo drive the

cracki ng of tihe prsdfitiadediion relbes & a protes fhahsBlodutackoNdeMis®ans, the time
for which the reaction m xture (hydrocarbon and an o(gy en-cont ai ni ng gas)

is in cdwdereprbpndeed and, wmaagtiqpar, torpaoeeshadhe profngtion;of olrfinsdydee t o have an
i npact %%8%@g?gbé%%péX?ESQKB&bbg%m yerall process. Oefin 1 WO 02/04388

PCT/ GBO etermned by the selectivity of the process

towar ds ol ef iQisfiswihich heethxleaatndpropiigas maabbproduoed/ey gie@atalyftier hi gh ol efin
yields, high selectiyity and high conversion are desirable., In general,
r

y (
the eonvieh¥qrggengtionptip B¥dipsrshon feed enthesraskingiod adwidrosatbopifegd. Thecr eases.
W t hout wi.shi . [ | this is
pecause B naraitE il RUBE (R AOH AR icdton' S RRLLE Y See cact
However ,chemivabmactiomst he contact tine tends to have a detrinmental effect on

IR TCE A0 R N A
time canoBg ohAlags: BY rdRasH 0 RQut NButbitRGRf1 %8LARE 19a Blown process for
10 the production of olefins from a reactant mixture comprising a hydrocarbon feed and an
oxygen-containing gas. An example of an auto-thermal cracking process is described in
EP- A-0 332 289.
In an auto-thermal cracking process, the heat required for cracking is generated by
combusting a portion of the original hydrocarbon feed. This is achieved by passing a
15 mixture of a hydrocarbon feed and an oxygen-containing gas over catalyst capable of
supporting combustion beyond the fuel rich limit of flammability. The hydrocarbon
feed is partially combusted, and the heat produced by the combustion reaction is used to
drive the cracking of the remainder of the feed into olefins. Optionally, a hydrogen co-
feed is also burned, and the heat produced by this combustion reaction is also used to
20  drive the cracking of the hydrocarbon.
In an auto-thermal cracking process, the time for which the reaction mixture
(hydrocarbon and an oxygen-containing gas) is in contact with the catalyst (the contact

time) is believed to have an impact on the olefin yield of the overall process. Olefin

1



the feed gases upstreamfromthe catal yst at standard tenperature (273
Kelvin) and the 10 operating pressure of the process. This neasurenent,
known as woexeugerficial feed velocity, is nmeasured in cehCT/GBII/E®OPer
second (cms-1). The higher the superficial feed velocity, the shorter the
contact tine of the feed for a %i{ven catal yst quantjty and aspec ratio.

Convent i ¥igld 1s defgenisied Ry ithapelastieily alfine arasssstawprdsolefingiand theeitsnt P f eed
vel oci ti y i ackl

nycr ocar Brof gl SxSERIAY Bk il ARAR ficas HRhRlechURF I MR EORERTALBF,
reduced. ddsirdidled In pénevadpihd cheveesipe of lgdiredagtiondnereases antheanodtaot tihe n yi el d

woul d be, reduced .to such.an extent, that any potential, benefi}is associated
Wt opeinsiers. SHRIGNBigdp PF PuId sty Detruel 15 wlier e BE mEGaRRE . This
t eacgs NOmBAS s BRROifESRRIIAHIE B tRYhyid AfocRth r&Rt. Hotbdver, BXiréatdguge 20

dehydrogenation processes. Prior "art catal ytic oxidative dehydrogenation
pr ocess esontan imedemts tohavea detristentalipect pu ithe sefestivity to defin,iasshesé isup to 265

cms-1, but, .nore i cal | such roce re,operat ed at superficial
feed vel BOF {88 fcgftﬁ?gigintpﬁ%qyci(g%) télfﬁp : @rﬁlﬁfﬂ%ﬁfgigg@fsg%e&egﬁtfoﬁes an

oxi dati ve dehydrRfeRRhl FRoMLAARES canDetBtandd bt Sles@ing BRI st plvsty &f Pt
Rh, Ni or Pt-Au supported on a-Al 203 or ZrQ2 and total feed flow 25 rates

of 0.5 tthefedl gisenpstream deong thejcatabist gotandprdiempergbire 653dnelvinyandthe

supeyrficial feed velaocjties of sl to -4 1 -1 S rd.tenperature
ana ber el Eitet bt afEeg, ah bbb BhOi aS ey BRIRIE 8 Tve
dehydr ogesbéinn idmentss meeiiaharestpsesdeoidicnt £8d Thetigien tiRSsupafiopebefir om 5
SLPM', corresponding to a superficial feed velocity of -24 cms 1 at

st andar dvelecipe the sheeenihg copfastdimnef the fsd dore gizen eutplyptguantityapd especicat al . |
191, 62- (2000)) describes an oxidative ethane oxidation over a

Pt - Sn/ a- 3 catalyst at a total feed flow rate (ethane, hydrogen and
oxygen react i genvnsippalantsrstanding tgsindlcdtescthht) if bfghduperfittal Sdedrvdideitics i t r es
per minute (SLPM.,, corresponding to a superficial feed velocity of -22 to
-88 b sarg egplayedrinap guip- FrR8 DRSYRD 1 Gr9eRskon SHeR¥RIEPRakth d

operatin : .y t n ted on raisin
?IFHB el %gl(ﬁ?%@lh?@grrg#&ﬁ%lﬁ&ée& i V\)Guﬁi 98‘?[ %ﬁiﬁc{eﬁmﬁ)ﬁ 9

t he gas ow’to th men et al es in Surf. Sci. and
Catal ., ddiferstohlarfidfefin P@R) waild beosdcedi® sunls en efteft tharmhyRotdRtialgauze

catal ysts far oxidative, et hane dehydrogenat.ion eriments 5 r
condu%:/t e 1tsaasﬁ?ﬁ1%FF yatk gperagiop aﬁag%ﬁu@rfgil%l}foa%ﬁ %e%‘ig{l?sle‘é’o‘ggrsbe HF%?C@ over a
Pt/Rn gauze mg'teéahglgrﬂa@ﬁméﬂpﬁﬁéamﬂ)ﬁbmatm%%k%@% up to -265 cms

-1 at standard tenperature and operating pressure). though they report
t hat 2@ hedéhydmgehattonafroodsedsi Aoy abtatayiicoxigitive dehydrogenation pyocssses havgont act

times, t Qge\{l ozilalersa(‘?ed1 gctsﬁpér%g%al fe2dVeloaities o upstorz%(.j:»uc(r:negl 1,%'[11t, QIII&Q typically, such

processes are operated at superficial feed velocities of less than 180 cm s,

o

US 5,639,929 discloses an oxidative dehydrogenation process using a fluidised

bed catalyst of Pt, Rh, Ni or Pt-Au supported on a-Al,O3 or ZrO, and total feed flow
25  rates of 0.5 to 2.0 SLPM (standard litres per minute) corresponding to superficial feed
velocities of ~1 to ~4.1 cm s™ at standard temperature and operating pressure.

US 5,905,180 discloses a catalytic oxidative dehydrogenation process wherein
the total feed flow rates "ranged from 5 SLPM", corresponding to a superficial feed
velocity of ~24 cm s™ at standard temperature and operating pressure.

30 Schmidt et al (J. Catal., 191, 62-74 (2000)) describes an oxidative ethane
oxidation over a Pt-Sn/a-Al,O5 catalyst at a total feed flow rate (ethane, hydrogen and
oxygen reactive components, nitrogen diluent) of 4 to 16 standard litres per minute

(SLPM), corresponding to a superficial feed velocity of ~22 to ~88 cm s at standard
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vel ocities when conpared with results at -19 cms-1 unl ess nore heat was
applied to the 10 reactor externally. W) 00/14035 discl oses a process for
t he partived opsd3s@t i on of paraffinic hydrocarbons to fornrol/eBongioosThe
process is carried out in the presence of hydrogen and the use of gas
hourly space velocities of greater than 50,000 h -1 to generally less than
6, 000, OGemperaturg anddipseatiog Peessyrp drianadkiaiin ethyleae gieldwas Xppdeden t he parti al
oxi datiqpn_.15 .of i ence hydrogen and a ceram ¢ supported

Pt/ Cu cé?lg%‘%g?e%at%tfg’ggt%fdélgafgﬂf&aj? sé'of up to 42 standard litres per mnute

and at a pregilhen ofal,1Sta8iebar Surf. Bei.aind Catal.e 51 6d $-616 (FI98¢ disclosathef eed
velocities up to -164 cms-1 at standard tenperature and _operating

pr essur éise e tand Ay Reveauge seplyge orpxidafiye 9@1_?’&3 W@%P%m&eﬁ@&%@f‘é‘ﬁ%\t i on

pr 085S Wirl BorfluctBl af'y f:8GA% R AL 0PINA007 1L BY: Aloufd SRAG PURBQRRAS OF -
but ahe or mxtures theredt over platinum supported on cordierite nmonolith
or over (whihdonbspohdd tormuperdiciahiveiotities usphe6esm S hat stantlad tbmeerafurow r at es

range from 16.0Q to 55.Q standard litres, pe i nut.e rrespondi ng.to

super f i GRACPFURE RIEPHED iAéaloth &!&B r‘?ﬂﬁ’rt-%g‘_d{l% %r@a‘gﬁm 8f&§{i%§ﬁlFﬁ1V1§'% nper at ur e
and 0peri§"fa'v99re9'58§ﬁ6ﬁ Bontact tiRsPthdP glsd Adte that CbARBSof wadkedu¥dd £ nopd dati ve
dehydrogenati on process carried out at ellevat ed pressures (10 barg) over
pl at i numehiiep aheadomparsd pptresdtsah~80 fnamunteshimiord ieabwas aprlieddéalthsf al uni na
spheres. The hzﬁ%aicar bon feeds exenplified are propane and naphtha. The
total f&ERFanS : Wes. range from2.1 SLPMat 1 bara to 280 SLPMat 11
bara, corresgpadoneoBs didRRES 4 Frodéss FQaHe YatiBCdfidRRNT parckffidie - 240 cm s-1 at

30 standard tenperature and operating pressure. The uSe of higher
super f i diydiocabens todbnouioldfims. Preawpenss 1stdariesldwa it thg dsesemegtofihtydrogamt o- t her nal

crackin r.ocess .may, be, carried out in r n r actors and
al so at %QB ﬁéedffg é’g g?%ﬁ%%ﬂéﬁ&p?‘fea‘éeﬁ%cété?.Olfsigr‘:\ﬂ%r Wg@%%ﬂ%@?ﬁ %é%fgS Thus, it
woul d benslesdoGbiceh t & @pebaidemedheantbdplelBérotd disdlaeMitRgpatigicsdatiosi ng hi gher
superficial feed velocities than have previously been used but wthout

i ncubr i g ethangin th peasencedwidragsr and o rermitypppoed Biden ceblystargpeferdon and
ol efin yht%% Sy f%czfzosftﬂ{dgﬁi tr s.td%?nﬁﬁl?cgﬁﬂé at a@é@&b}e"d} PELY ey @ process for
t he produc PorP Sf an 0 e?ln, sal d process conprising: partially

conbust igdgreiponds foampéifiefl adechcities ipte~Dé4 @n by dt saatabbrengeehtas and
oxygen-containing gas in the presence of a catalyst which is capabl e of
suppor t i9P§ralBg REFEEY-on beyond the fuel rich linmit of flammability to

produce the %Sejl,bQO,S%] ﬁfsﬁogestaf},eattalytic oxidative dehydrogenation process with a

20  hydrocarbon stream consisting of ethane, propane or butane or mixtures thereof over

platinum supported on cordierite monolith or over a bed of platinum on alumina
spheres. The total feed flow rates range from 16.0 to 55.0 standard litres per minute
corresponding to superficial feed velocities of ~45 to ~180 cm s at standard
temperature and operating pressure.

25 US 5,382,741 discloses a catalytic oxidative dehydrogenation process carried out
at elevated pressures (10 barg) over platinum and palladium supported on a foam
monolith or on a bed of alumina spheres. The hydrocarbon feeds exemplified are
propane and naphtha. The total feed flow rates range from 2.1 SLPM at 1 bara to 280
SLPM at 11 bara, corresponding to superficial feed velocities of ~44 to ~240 cm s™ at

30 standard temperature and operating pressure.

The use of higher superficial feed velocities provides the advantages that the
auto-thermal cracking process may be carried out using a reduced number of reactors

and also at a reduced risk of flashback.



superficial feed velocity of said mxture is at least 300 cms -1 at
standard tenperature 10 and operating pressure. According to a second
aspect ofwohzo43sesent invention, there is provided a procRPEEFGBIU030DHe
production of an olefin, said process conprising: partially conbusting in a
reaction zone m. xtur.e of a hydrocarbon and _an oxygen-containing gas in
the presence u%}tc‘ﬁ?‘ﬁgygéewg OiOQer@EF@tﬂ%o'mﬁr‘?ﬁlp‘H%‘g‘t“%%mf@SBé‘ﬁgusti on
beyond t gntighbelficid fbddWelo@esithAMRE pbkdvidushPbdeh QM ButWithdRt BllmgWher ei n
the superficial feed velocity of said mxtdre is at least 250 cm's-1 at

st andar dsigeifigemtaletariprationdn dydrogarboy fasdeosvarsionand wleéngiieldt he catal yst is

Pyar ocar bon ae g ROMBRRh et Rics & Ploa SE B do Rl o b °
super§ i corkinf M@é@%g%ﬁsﬂﬁg; where the catalyst is an 20 unsupported

catalyst, is at |east 300 cms-1 and where the catalyst is a supported
cat al yst, is Bartiplaeembusting in & reactign zangraabixjure o a dygwoettbon and freed vel ocity

of the hydr r . oxygen- i ni . M xture is in the range 300
om s 1 X uaa0oRRAL G e B B AT SRR itie of rea 0 oy 15 i
t he rangeorhbiition bePsHll eenfisel rick Vieit sfdlenpafisrtaproduct thel d1€fim vHepdif 61600 to
2000 cm s-1, and npst preferably, in the ran 600 to 1200 cms-1; for

0 > . . e -
exanpl e, synstiigid feedhyrdo@bofisaidanixturpyissat feast3R0 ¢ gy ot sipnsinnd tmperpduany
hydr g¢car i e converted to an olefin, preferably a nono-olefin,
unde?&t hggdgortétg]%ﬂgg%g%éti on conditions enployed. The process of the
present i nvenAkccnrdimgyto hactmedspart ohthe rdsefdhventiothereds grovitied aseodess
hydrocargfns into olefjns., Suitable |iquid hydrocarbons include naphtha,
gas oi | £ Repradpstipaotn cdefih g PIRCGISEOMMSHof . Pref erably, however,

hyd . : ] th f
gaseous hyadr Oﬁﬁﬁg’lwg?r??%é%%%gl%@g%%&r PR Gre FY AR ARDN Ui LH" €St hereo

are enpl oyed. ™ Sui ta on 1s a paraffin-contarning feed
conpri si nygygeycooRanbgpss indake pgsace bEasitalysiovdich\d @pAld 88 8udpGiftingB01/ 03005

carb atons. .The h carbon f.eed is mxed with any suitabl )

oxyobh- cbnBisHoR Geytl BEH 2gh i ot Bunbhgfibin it e et tecul ar
OXygen, RigerficMIFL& vélboitybaaid Rage s at TSt zwaaﬂ@ﬂa@aaﬁ&wteﬁ%em may be
m xed with an inert gas 'such as nitrogen or argon. 5 Additional Feed

conponenad epeyating nresshrecand, whefrein thedkagalyst ds suppotterbodtya catelystasupport.hy dr ogen,
car bon nonoxi carbo i pxi.de, or..ste be co-fed into.the reactant
stream Any nﬁﬁ%?ugeg?(il% tgffcpm}%‘f"%'coglﬂi%wa‘ip%‘;% -%ﬁ@if?ﬁq'f‘l‘ﬁm&%si s suitable

provi dedpfikifire may be any practical superficial feed velocity, but where the catalyst is an

20  unsupported catalyst, is at least 300 cm s-1 and where the catalyst is a supported
catalyst, is at least 250 cm s™.
Preferably the superficial feed velocity of the hydrocarbon and oxygen-
containing gas mixture is in the range 300 cm s™ to 5000 cm s™. More preferably the

superficial feed velocity is in the range 500 to 3000 cm s’

, even more preferably, in the
25  range 600 to 2000 cm 5™, and most preferably, in the range 600 to 1200 cm s™'; for
example, in the range 600 to 700 cm s™.
The hydrocarbon may be any hydrocarbon which can bé cenverted to an olefin,
preferably a mono-olefin, under the partial combustion conditions employed.
The process of the present invention may be used to convert both liquid and
30  gaseous hydrocarbons into olefins. Suitable liquid hydrocarbons include naphtha, gas
oils, vacuum gas oils and mixtures thereof. Preferably, however, gaseous hydrocarbons
such as ethane, propane, butane and mixtures thereof are employed. Suitably, the

hydrocarbon is a paraffin-containing feed comprising hydrocarbons having at least two
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desired olefin is produced in the process of the present invention. The
preferred 10 stoichionetric ratio of hydrocarbon to oxygen-contai ni ng gas
is 5to MOopewsserably, 5 to 13.5 tines, preferably, 6 tpPCILGBi/M®SSt he
stoichionetric ratio of hydrocarbon to oxygen- containing gas required for
conpl ete conmbustion of the hydrocarbon to carbon dioxide and water. The
hydr ocardachoniatopaissed over the catal yst at a gas hourly space velocity of

preferabl y,  Brantiscin eedisgRih Rl iy ptiBloGReioh ot BN e ¢

the opt i Gxgas-doatsidifg §aeie enoledubliokygenhir,) andp eiidtuidaherebf TRE essur e and
nature of the feed conposition, Additiagnally, the use of a high superficial

feed vel GUBER COHARTERAS MY Wixeh wath 4R ipert GAsSUR AT RIOSPHYIATERT. oci t vy

i<des th 3 j f
et o) "eARNAIA AR oo e R e ool RS LR 0 B nbithc?
m ni m s eddrdgeh] éboh mbhexids, @adon dixide drivecagupey be co-&dd iheetieveaknat ty is

above 300 cm's, the gas hourly space velocity is preferably above 200, 000
/h. In &95#8f erred enbodi nent of the present invention, hydrogen is co-fed

with the hy -m 12400k AeRidd LNt b £ zone. The
nolar ratio %‘?’p‘%‘giaﬁgﬁi oge té’g‘g’%g‘gﬁ%@gm alﬂtrelll ngg 5%819gfgn'fh%\lléaé y g\%&e){rheany
oper abl edesamedjelefin dsprdducetihiathet frecesslefthe prbsehtafivantipn.cbhegirefesredpr oduced.

gD 0 oIt oM B DB TS B A e R AR BRIy, S B has
been f ouns §fyRs, rbieraby 606 18 idIRORRBmERRCaAb bPHRIrofbon @ hyan f eed

t hroughput, the use of” higher superficial feed velocities than"when the 30
process qostagEng gesl respired fort dospddse eorpleustibn lof thedyydrocatipd to garhor diokisleds ar e
al so advant ageous because, in the presence of the catalyst, the hydrogen
conbust§mar @?entially relative to the hydrocarbon, thereby increasing the

ol efin sel ectieyidro@tbdni6 pRLEd Ve tHY B8RPt at §%Mcﬂﬂ&@ﬂ§&&feﬁféﬁ§@01/ 03005

Preferably, the reactant m xture of hydrocarbon and Oég en-cont ai ni ng gas
( and Sopt grester thgn 10.80@ b e npesteraldp dyoves2 008t asnstimpstipselerablyc greatge thami t h t he
cat al yst r-al 41bhe . reac ni X i S..0r ated .t te rat ures
bl ow ¢ HOOSEREH Gttt et EREHRvell ke buBRENER R pd SRR

Advant ageilddpend Bpdietat pessalia aeEhatiRyoiitlee REPLMPkitich. pr eheat the react ant
m xture prior to contact with the catal yst. The use of ~a heat exchanger may
al l ow the raddtigrallynibetuse ef ¢ bighsuprteiahfeed velpeity Wreombination iyt ur es such

as te”p%g{x]g&set?olﬁ fs8%?eg‘ﬂet?gcx@_qtgée‘sgg@s‘{hgil&%{égQ Bhatt HIRGE At bLcalydt Afa/bF aCt ant

m Xt ure. use
20  size of reactor(s) required to carry out the auto-thermal cracking process is minimised.

Suitably, therefore, where the superficial feed velocity is above 300 cm/s, the gas hourly
space velocity is preferably above 200,000 /h.
In a preferred embodiment of the present invention, hydrogen is co-fed with the
hydrocarbon and oxygen-containing gas into the reaction zone. The molar ratio of
25  hydrogen to oxygen-containing gas can vary over any operable range provided that the
desired olefin product is produced. Suitably, the molar ratio of hydrogen to oxygen-
containing gas is in the range 0.2 to 4, preferably, in the range 1 to 3.
Advantageously, it has been found that the use of a hydrogen co-feed allows, for
a given feed throughput, the use of higher superficial feed velocities than when the
30  process is carried out in the absence of hydrogen.
Hydrogen co-feeds are also advantageous because, in the presence of the catalyst,
the hydrogen combusts preferentially relative to the hydrocarbon, thereby increasing the

olefin selectivity of the overall process.



tenperatures is beneficial in that |ess oxygen reactant is required which
| eads to 10 econom ¢ savings. Additionally, the use of high preheat

t enper at wes2/ess8 result in inproved selectivity to ol efi PCPGBdUGINS It has
al so be found that the use of high preheat tenperatures enhances the

stability of t ion within the catalyst thereby |eading to _higher
sust ai nabl e & Ef%‘érla{) YeF |Te3cka Mgt hydeocarionand Or Y BecomAIRnG £8b @t hat t he

aut oi gni pressure
25 vel | SPOASTRALRLALE (i R fhERGl AT tefer i i R CoRliE, ELT
i n aut o- theeeacthnteniztire mpreheatedds ésnperdtares belogy thy duofmitionteinperatilang at a
pressure of 2 atnospheres, a preheat tenperature of up to 450 C may be
used. Théhecrgf‘ﬁ JX BJ§ ‘any catal yst which is capable of supporting
conbustion b f K g@% y, the

cat al ist my%glga%gdgﬁlg’ %/Eéat eir{rseﬁt&gkér%%,w ;%1% érg%%t t\l}@#&?@{t al s include
pl at i nummipeiré pradrimecontactiveith thmcahah{st;l Tlhmuse)sffnhnatamllangardmaymllow thber abl y,

the Gr t t her eof
Eopec al FPPLPERpEdo 47 Lorats Hbn BBk rtitborhiices Sl B PlrooPRPLHRT Ty cai
G oup VI hbovethehutopadtichasmpartee Bfmmréhc&iu ExthROTHE uddofiti® sreaRhyy, from 0.1

to 20w % and nore preferably, from0.5 to 10 wt % for exarrple 1-5 Wt %
such as Smperatgropisbenpfieipbinghatlens wxypan repatantlis eeguined whichdeaslopd oyed, it is

pr ef efabl ' .on I ast one pronpter. The

prorrg er exon%ggég%gﬁ% 81%?) nSFZl% ‘%ﬁn% gtﬁé?&@a TBPefaH, chn\fﬁs@%'& VA of the
Peri odic u]ipﬁa;lved gel€Ltivity ttol bRSintpaetue 0t hallalserbeabinueihis the ubeo i Eatmay be a
transition nmetal, which is different to the Goup VIII neta &ﬁ!’é 30 enpl oyed
as the caBpeatrEes cahaneasihe stablity of the acaction yithin the satelystthereby lasdinglto Ga, 1 n
and Ti. rred. Preferred Goup |VA rretals

I ncl ude &gh%%ﬁﬁ%a&g&b&%%d Ehn%eﬁve Cﬁzf%d Sn are preferred. The preferred

G oup VA net & shbsld$e. unﬁb[etoaﬂcbhmtctheraaﬂmlgmﬁbn anqmbatwel df aredcdnt nfx M€ 92/ 04388
PCT/ (3B01/03005 to the Gou @ XAor VA netal may be 1 : 0.1 - 50.0,

pr ef &f abdgpengentpnipressyze a5 wedh gsithe feed goggpasition: “Sﬁinph%ﬂ @SPW%‘:@W on netal

pr onot er ta VIl of the
Per i odi ¢ Tap o AROEHA HaPlhE Ploclie MhoIDIHE Mo BSethe 2”5 oups 1,
1B, VI BprédkdrBoﬁﬁdterph&lea pr&ma?&mp@fhuue“ﬁﬁbbeo 450? (Dfrﬁfyfbéru@éﬂ Exarrpl es of

such netals include O lr, N, Ag, Au,
Zn, cd and ﬁe P?télfyétrlﬁéHYP%télbfgﬁ‘Ylﬁl%lsr@P%hle Bfr %mpgmg capIbusipn lmomihu

Pt, Cu apd #b; nc-mﬁn%‘to??‘:aﬁl&a%ﬁ{t&.ggﬁgabﬁﬁ%heqra?éwst%elyj be%?dupt\ﬂlltﬁgtaf.r anS| t i on

rret al pronoter
20  Suitable Group VIII metals include platinum, palladium, ruthenium, rhodium, osmium

—

and iridium. Preferably, the Group VIII metal is rhodium, platinum, palladium or

mixtures thereof. Especially preferred are platinum, palladium or mixtures thereof.

Typical Group VIII metal loadings range from 0.01 to 100 wt %, preferably, from 0.1 to

20 wt %, and more preferably, from 0.5 to 10 wt %, for example 1-5 wt%, such as 3-5
25 wt%.

Where a Group VIII metal catalyst is employed, it is preferably employed in
combination with at least one promoter. The promoter may be sclected from elements
of Groups IIIA, IVA and VA of the Periodic Table and mixtures thereof. Alternatively,
the promoter may be a transition metal, which is different to the Group VIII metal(s)

30  employed as the catalytic component.

Preferred Group IIIA metals include Al, Ga, In and T1. Of these, Ga and In are
preferred. Preferred Group IVA metals include Ge, Sn and Pb. Of these, Ge and Sn are
preferred. The preferred Group VA metal is Sb. The atomic ratio of Group VIII metal

6



preferably, 1:0.1 - 12.0. 10 In one enbodi nent of the present invention,
the catal yst conprises a single pronoter netal selected from Goup II11A,
G oup | VAYO®/eg8 VB and the transition netal series. ForPewrR&aBpl/e3003 he
catal yst may conprise as the catal ytic conponent, rhodium platinum or

pal | adium and as a pronoter a netal selected fromthe group consisting of

Ga, |n, tSthe @oup AGA, WA or Véumert nfagbedd Oekadpdaresrabdudh0dat1@idsueh i ncl ude
15 Pt/ Ga Pb/;% Pt/ Sn, Pt/Ge, Pt/Cu, Pd/Sn, Pd/ Ge, Pd/Cu and Rh/Sn. O
t hese PtN).] nd” Pt/ Sn are nost preferred. V\here pronoted Rh, Pd or Pt

catal ysts ar gugiilt exigdiion imetaRbnonHter@rnalyd)errabecﬁ‘eelﬂm h8t oeest brdfand 5.0 wt
% preferably, between 0.01 and 2.0 Wt % and nore preferably bet ween

0. 05 andiroups 1R togy 15k ofithe Peragdic Taklp i pasticulire transitionwetalsglecieddine 20 ratio

of , e r i al r maybe 1
Y o1 CopfiefB mEEIBIY AR Viirfor dDofbu Ta0R ok BRARL BRBIRLET OV PR
Pt or P@uémm&alsﬁﬁMu&@Cr M6, W, Fe, Kaf) OspCef Rh,dh| Vi, Pl (U, Ag; Ah2ZA) Cdade
preferably, and nost pr ef er ab] Atom c ratios

1. 0.5 - 2.0.
of Pt orHeoPr@%ﬂé traaﬁneheeetl RETIG{EHs @re M@yRﬁeRlia Ir, &%, 3«3 6m§%n Theaemaicapl y, 1
-1 0 f Pt or Pd to
25 Cu né?/@ Oﬂggg@pevg!tg{e?%%% éfmgnﬁl%algr&mtétﬂg%[r;r%ﬁ?r‘%lrle%gr@eferabl Y,
1: 0. 3 - plefbrablynld@niot H26. enbodi ment of the present invention, the pronoter

conpr.i ses at _| east s selected.fromGaqup IIIA Go | VA and t he
TR0l £ T ol e trmb o he ppSend iy entipr e YAV PP Y Al | sos
pl ati nurohbtelR¥td F’?el@ét%ﬁ&ﬁcbﬁ%ﬁ @IIAV@rd{E:tI@Iz@ Grﬁﬁ%mﬂﬁﬁl thé aasdifidPn net al

seri es, for exanp al I adi umand cop Suc /Pd/ Cu 30 catal ysts may
conpri senqzidl skreh. Lﬁnrremarapleaﬂmuamlyelfm@y mmplmse&smhe %taly)m@t@mameyt 0.01 to 2

w % angd more ef er abl 0.01.to io of Pt to Pd may
be 1. o HhodBtngpBfifiskaf Brighuh A5 btp Brofogetip melf SR TpbE kiRl 11 %1’ 0
-5.0. Tfl%nﬁ&tﬁf@d’f('}@% ®n0Ge, ﬂ%@&u BHOUL préf&meéxa 1darogkedpddalysts indlulle- 3. 0,
nore preferab d.2 and nost 7 WD 02/04388 PCT/ GB01/ 03005

pr eflér aditda, E PB’SH W(Be, PrCuePd(Sni RUGy, Pdihs aad RS DEthosetPlEanmd ses

pl ati nu nma be ropoted wwth one transition netal, and another netal
sel ect e?t/fépoaﬁ?@r\é fFF‘A or Goup IVA of the periodic table. In such

catal ysts, paﬁrh@epwmm&mepcpmesmtalygfs @8 emiptyyel, @é RO, PilortRal thayMor %
preferably, 0.01 to 2.0 Wt % and nore preferabl(i/mo 05 - 1.0 wt % based on

the t ot dretwegniOfHt angkS. %M@%d’&@félla?b‘t betwepie 04 enfl &0 wit Yoo 2 mpfe ¢ o Pd may be 1:
0 oo RS st 82k AU S ool 0 .,
pr ef20r alrhtyo oflRh, M3.0t Pd 30 tHe. Gridup TEA DI A or tragsitigromptal ploAnodér may be 1: 0.1
- 50.0, preferably, 1: 0.1 - 12.0. For example, atomic ratios of Rh, Pt or Pd to Sn may be
1: 0.1 to 50, preferably, 1: 0.1 - 12.0, more preferably, 1: 0.2 - 4.0 and most preferably,
1: 0.5-2.0. Atomic ratios of Pt or Pd to Ge, on the other hand, may be 1: 0.1 to 50,
preferably, 1: 0.1 - 12.0, and more preferably, 1: 0.5 - 8.0. Atomic ratios of Pt or Pd to
25 Cumaybe 1: 0.1 - 3.0, preferably, 1: 0.2 - 2.0, and more preferably, 1: 0.3 - 1.5.
In another embodiment of the present invention, the promoter comprises at least
two metals selected from Group IITA, Group IVA and the transition metal series. For
example, where the catalyst comprises platinum, it may be promoted with two metals
from the transition metal series, for example, palladium and copper. Such Pt/Pd/Cu
30  catalysts may comprise palladium in an amount of 0.01 to 5 wt %, preferably, 0.01 to 2
wt %, and more preferably, 0.01 to 1 wt %. The atomic ratio of Pt to Pd may be 1: 0.1 -
10.0, preferably, 1: 0.5 - 8.0, and more preferably, 1: 1.0 -5.0. The atomic ratio of
platinum to copper is preferably 1: 0.1 - 3.0, more preferably, 1: 0.2 - 2.0, and most
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| VA netal is Sn or Ge, nost preferably, Sn. 10 For the avoi dance of doubt,
the Goup VIII netal and the pronoter in the catalyst may be present in
any formwéorossanple, as a netal, or in the formof a nmepal/GBovogpeiind,
such as an oxide. It should be understood that the actual concentrations of
metal in the catalysts tend not to be identical to the nom nal

concent rpeferatdy,dnPlSoybd. i n the preparation of the 15 cat al yst because not

all of the rin st. becorres
i ncor por at ed %ﬁ?rgatﬁiy,%(ﬁ}]eé? Il %llvpforﬁi%rﬁ% %%1{”9 L)ﬂ) It%ﬁ%‘ Legrﬁ’ lﬁ nmet al
concent r gdd iSitidh ndidy gnd ﬁadmmeataleelet:t@d epﬁueﬁ)utprth h@rotgIvnest taet ual

nmet al concentrations are achieved. The catal yst. enpl oyed in the present

i nvent i operiegic ey bs sisportakysts, palladin evaxrhsinsesentia anamaups of QAL (S witn t he
formof g % er%&gblgad'éia Posi dymm}%%ga‘ér%lgrﬂbrﬁg Jg%’ﬁzfse&?Rt&yAﬁgh' n the

pr ocess eLeht® FIVENTT B ha pporteéed’ ¢ ough a

range of wsighp@ﬁmchtraatetystel a“heatonhe ralﬁﬁsfPtC(ePdimagl beuppdri K. @,I’Iﬁ‘efgﬁbhf ally
preferred However, netal p]gorts may al so. be usriad. S it bl y he ceram c

support fry Sfb aawoaw&éer@blyx: i el b Fpmisatie of i e theGropB TUALB| e at
high te e 0 Gyl ramc
sugport rr1r51v:t;ft&er| al deef er OOrb @Xﬁfggérgbl?f Mﬁeébngl ﬁelc'g)i(?é;)kgn i%%chgu%m%?ent and
i s resisI\étmdtal is &inas@e,smpstrpm&mhlyathl gh terrper atures. Sui t abl e
ceramc supports i ncl dec r.dier nlumslllc

Cuntha Caf bikertng atrigmes of ppustuins Bro Y HOhe e etpmaich i e crbb, o
ni ascon, mapﬁegfés&ﬁllﬁ ”ro%hr @&re&tmattowﬁteet om@thfe%ﬁﬁrbfamort may be

wash- coat ed or exa h gamm .. The structure of the support
mat eri al compomnppﬂwhrasanamdbhe structure rray affect flow patter ns thr ough

02/ oaass bery et boasiRohE HER i vl v EeRoh B rA R oAb at al yst

Sur face, chdabelbeaddmiehl tﬂghé Aéminat édﬁbéﬂtra@[pns tdiploged Bl the brepadiHbs dF kg, the
support material nmay be in the formof particles, such as spheres or other

gr anlfl ar cattlygdscanse not athcyf the metal emplayed diung themoepsrasionfaf thecatalght as a
fibrous pad or.nat bl formof..the up S olith which
isabec ‘?&"F}?&b‘tferfr%tt?‘? rg?rghn%‘}al (Q,anelé’ﬁti °°ma°r°'t518{‘u?f§“ ucllllommﬁf;wtta s i nclude
honey confoncsiitfdtiohs iRy hal @& Be vadied b biisarsthpedtls destied appibgetd foam nonolith

structures tend to provide tortuous paths for reactants and products. Such
f oam rron@?ﬂcﬁlﬁf%@pﬁ)élfetas}h’r?ﬁ?d- have 20 to 80, preferably, 30 to 50 pores per

inch. Channel Tﬁ@&%l%t Qﬁl}ﬁ’@%ﬁriﬁl Itﬂeyprgfeﬁf"invention may be unsupported. For

20  example, the catalyst may be in the form of a metal gauze. Preferably, however, the

catalyst employed in the process of the present invention may be a supported catalyst.
Although a range of support materials may be used, ceramic supports are generally
preferred. However, metal supports may also be used.
Suitably, the ceramic support may be any oxide or combination of oxides that is
25  stable at high temperatures of, for example, between 600°C and 1200°C. The ceramic
support material preferably has a low thermal expansion co-efficient, and is resistant to
phase separation at high temperatures. T g
Suitable ceramic supports include cordierite, lithium aluminium silicate (LAS),
alumina (alpha--Al,O3), yttria stabilised zirconia, aluminium titanate, niascon, and
30  calcium zirconyl phosphate.
The ceramic support may be wash-coated, for example, with gamma-Al,0O; .
The structure of the support material is important, as the structure may affect
flow patterns through the catalyst. Such flow patterns may influence the transport of
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straighter, channel-like pores. These pores are generally smaller, and
there may be 80 or 10 nore pores per linear inch of catalyst. Preferred
ceram c fwanyo43sgl ude |ithiumalumniumsilicate. Al ternaPCVeBy1/o030he
support may be present as a thin |ayer or wash coat on another substrate.
Preferred supports include gamra-al um na wash-coated |ithiumalum nium 15

si | i cat ereaasents anhprafivets treansifiem g catelyst stifasey therebypfiesting thaactivéty 9f esent
t t | |
) R LTS e R U B s S £

support dphieret'Br @fBEgratulit slapeye 1’Dmajﬁbdf i the Eartn @masfoamrmrﬂbsa fnghathe netal s,
dried and then calcined in air. support may be jnpregnated in one or 20

mor e st elfgouspastasmas| Dreforghly; the @mﬁfr%mppms g mopalithvehighisidoyed. The
suppart f e i S C;ng? ation, and
then%subéoég?&gﬁtn%hg%lx lcgrgm?'%l na?d g ﬁ@%g&bﬁbﬁﬁg{‘% I nrhal &ﬁgﬂe cal ci ned
support mxttu'rrdssefoahfs omedpadsoﬂhepmwbéfoanbmohﬂah strogatesgenid ton a hydr ogen

at nosphere., The cat al éSt ngg/ be i r gf a fI UI |sed or fixed bed.
Pr ef er aliigVvidg tqrfupgpaths faga: o %Ctsenﬁ ThSYRRALS B ¢ he

present ;J}?fé t ¢ BESihe! CttnnBi m8 &ﬁh? oftal§tl
terrperatltljar@ggptrtlb tgﬂ rang ggg%%gg&e (%é prgf (?Pabmyl,l he ar gngee 850C to
1050C aamughmscthapmdﬂdqeeﬁmtrgs, 'Eh&set}bmesrangen@ﬂ@&rmﬂet,(md(ﬂnera'hayme@@@ss of the
present invention ira%/aﬁbe C d, out at atnospheric or 30 elevated

pr esur MOBRHOFESREY lingardncl) s°§ ¥lmay be in the range fromO to 2 bara,
preferably 1.p:drgd Redrfic ff)zﬁﬁsﬁ%ﬁl‘&@'hﬁu&m%hﬁﬁhﬁlmﬁh@é&ét ed pressures of, for
exanple, 2 to 50 bara, may al so be suitab Where the process of t he
present i nveriltanatively she $upgot mayde p®¢senfai’se1dhmrle$@@r &vash peat op ayghe2/ 04388
PCT/ GBO1/ BS%%% reacti on products may be quenched as they energe fromthe
reacti on er to avoid further reactions taking place. Any coke
produced in tFT@feﬁ’feQ@ﬂ%ﬁ)r@flnélﬁ& RnasLakiniify @adH-CsatddEithiien dleminied by

mechani cal neans usi ng one of the decoking nmethods such as that
deschi beQ!hCraﬁﬁfOEmEBd/&lufOlﬁ?l(SBh@r% the contents of which are hereby

i ncor por at ed fer ce he I Sl f rbon in
t he process 0’@/ ‘{é I%St %Hl yea_ln}]t\}lg%%sgﬁt 1%%?%%\{1%3’54 ﬁﬂn& r%& %ﬁa@y %t%(gct ors as
t he nat Ut wafinttheart. eE@lr @@ﬂ‘i@l&é igtl Bethodshd weta@efgnaiuidietindqses niagdecat al yst

conposition, the reactor and, in particular, heat |osses
employed. Typically, the support is impregnated with one or more solutions comprising

the metals, dried and then calcined in air. The support may be impregnated in one or

20  more steps. Preferably, multiple impregnation steps are employed. The support is
preferably dried and calcined between each impregnation, and then subjected to a final
calcination, preferably, in air. The calcined support may then be reduced, for example,
by heat treatment in a hydrogen atmosphere.

The catalyst may be in the form of a fluidised or fixed bed. Preferably, a fixed

25  bed catalyst is employed.

The process of the present invention may suitably be carried out at a catalyst exit
temperature in the range 600°C to 1200°C, preferably, in the range 850°C to 1050°C
and, most preferably, in the range 900°C to 1000°C.

The process of the present invention may be carried out at atmospheric or

30 elevated pressure. Suitably, the pressure may be in the range from 0 to 2 bara,
preferably 1.5 to 2 bara, for example 1.8 bara. Elevated pressures of, for example, 2 to
50 bara, may also be suitable.

Where the process of the present invention is carried out at elevated pressure, the
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fromthe reactor. H gh heat |osses can lead to | ower hydrocarbon conversion
as sone of 10 the energy generated by the exotherm c conbustion reaction is
| ost to weozm3soundi ngs rather than being utilized to chaveBh1/o30es
hydrocarbon to ol efin. External heating around the reaction zone can be

enployed to mnin se heat | osses and approach adi abatic, operation. In the
process Bqac?%mﬁa]%%t%mayi%ﬁ\ﬂ&ﬁ‘?‘i%@a as ri‘ﬁ)é e@&’fﬁ?gf%lgf%? 1spctionehpmyerde aveidn i s

general | ¥, ffr }8883ns3xiARbEXe. Preferably, at |east 50 nole% nore
pr ef erab?u, 21t Ieansst GggblS nol e% such as at |east 70 nole% The

sel ectivity tAngkeké prodncedie the moess obthe phasertripsemion inmyeret iemovedlyy var y
dependi ng on such factors as the ture.of th eed, conposi ti.on, . the
process g‘ts}ﬁlaqnﬁaiﬁggns, Pﬁéy LEtp LY ?{tﬁﬁas)‘f(’kp’rgemﬁtgi’éﬂ Speh agﬁgwt a??'é‘fn‘_?%da‘é‘t or. In
the ps ocepsa.of 7891846 HESEHkertd WBALiLIPre he?e%kr?ﬁédrﬂdr&ﬁéd%g ffefdn) 1s typically
at | east 60g per lodg hydr ocarbon convertéd, preferably, 20 at |east 70g

per 100g hydr dbadégyee eloeonaensiog. of Thechyidnaceritonan thei procass wf the présensst r at ed by
f . | it f Fi 1 dto t. fol | ow
excampl oo iR B0 by Bifhoticdly S BERERa b8 nebyPibup oD otR Bt o T or use

in the pparescoditiohd)ehdéRadco g&ﬁﬁ&ﬂ,%regéoﬁrﬁlyﬁﬁpahi&ﬁ&i, fiéat |¢¥Resappar at us
10 conprising a quartz reactor 12 surrounded by an electrically-heated

furnace fom thpgeactoscliligh heat logses eupleedito lowanhysligensbon eoswersioniasgomgag suppl y
16 f t i || 1 h b f eed
compl s RS Heh AR tné HhRhatmCoortisliBf fatrlon b3 ¥ e MRS T n e,

a cat al ygdthertiinUeingutilidedd eorvertsheppliddafthnao Bikf, BRteritg Yestthgtdieudduel rich
limt of flammbility 20 30 is |ocated within the reactor 12. The catal yst
20 is pl Hedepdbiengenscan begmployedde mipingse hesh insprsand gppropefsadighating. The

furnace J 1L 3 : , j.ntroduced
nt ot e faaSEE tihridlt BL A€ pRRdl iARE6 e ikt AR B SO 8" L0l e
20, sonegaferdllyeat 18t 3OMORPE 4B 8BraBIT GBI 50 30086, inpelr meferdbdy, af Rasgt 6onbust s
to p ter._and car ides. The optional hydrogen co-feed also

roduce n
conbbgtsH{O&F%rSGﬂlhé%at\Aﬁ?sé% '%%’ﬁ- of these conbustion reactions are

exot hermi c, afge %)é?@ctﬂlﬁ?tto e{ﬁlg&gﬂ% g;ngt%‘ése%tft%g’})ge??g{? nhenﬁ[a'tyx&r he cracking

of the hydrocarbon to pro In. reparation Experinents
Exper i ned¢pehdinroapackafactors af thE€antmbeyaftthé\feed composifiolithe floeess avaditists, was

prepar ed thbe%oim%gi%glq ao %hrc]agca%bllsit Eu? | t&!lgn reaalct%g.i I?)it er?)r%icésis% ttlf?e Jr‘@&r& invention,
selectivity to olefin is typically at least 60g per 100g hydrocarbon converted, preferably,

20  atleast 70g per 100g hydrocarbon converted.

The invention will now be illustrated by way of example only and with reference
to Figure 1 and to the following examples.

Figure 1 represents in schematic form, apparatus suitable for use in the process of
the present invention.

25 Figure 1 depicts an apparatus 10 comprising a quartz reactor 12 surrounded by
an electrically-heated furnace 14. The reactor 12 is coupled to an oxygen- containing
gas supply 16 and a hydrocarbon feed supply 18. Optionally, the hydrocarbon feed may
comprise a co-feed such as hydrogen and a diluent such as nitrogen. In use, a catalyst
which is capable of supporting combustion beyond the fuel rich limit of flammability 20

30  is located within the reactor 12. The catalyst 20 is placed between a pair of ceramic
foam heat shields 22, 24.

The furnace 14 is set to minimise heat losses, and the reactants are introduced

into the reactor via line 26. In use, as the reactants contact the catalyst 20, some of the
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support (30 pores per inch, ex Vesuvius H -Tech Ceram cs Inc) having a high
porosity 10 alum na (HPA) wash-coat in a solution of (NH3)4Pt"Cl2. The
(NH3) 4Pt 'W@t204388 ut i on was prepared with sufficient salt POT/&aBhi/esnes a

nom nal Pt |oading of 0.7 wt% The quantity of salt enployed was that

whi ch woul d achieve the final target loading if 100% of the platinum netal
in the dwitocarbon tfeddenomhustsyio produesiwpter andhearleon exidesTHihe(oREB2] Bydioge? was

di ssolved in vol of desionised ter.equivalent to three tinmes the

bul k. volcGreethfisq Eomlitia sadice wagesy Bafh ot apiPrtondseedons Agnat ed wi t h
the pl atgxpheinsie) atd the hedtpr@hcedithefiffonis ubedfe drife th@craddnfontHees, then
calcined in air at 450C for a further 30 m nutes. The support was then

al | owed hydrasadhon t@progdues elefiper at ure and the i npregnati on-dryi ng-

cal cgnati on cycle was repeated until all of the platinum solution had been
absofbed on to the support (3-4 cycles were required.). The catal yst was
t hen calGitaRet Preparitied EXpéidmer®d for 6 hours (the tenperature being

i ncreased from 450C t . Experinment 2 - Preparation of

Cat al ystE it 1o bge PRent 1 was repeated using a

NH3) 4Pt | | Cl2msal i Lol At eaneat Al b i inal Pt
| oad ng of 3 FgribisPRad brep i by ShERnERRCERLLA LB AAGNRY Rl [O7 1
The proceppure (30 pdrepper ine) tex Vesmdus Hp&atteGeramicsdne) Haviid) aidich b&baitgol ut i on
f fficient trati.on to achj i pal I ' f 5w% 30
o odP T BRI 0use BB AT o L8R ol 21K % SO
vas preppEsedVith SREERARLAING aghibld ﬂhbﬁﬁn%i Pﬂb&lliﬁ%)ﬁgh'\ﬂ%. gfﬁqﬂ%ﬂ,{i%gpo” (30

it ;
pores pér ‘inch, ex Vesuvius H -Tech Ceram cs avi ng h- coat

with a seltempbryedfwag Yhat Mol Cachievritic ZinalGaXgoRpdingPf 140% vdthehe

i npregnation 11 02/ 04388 / 1/,03005 roce t A f oam
sUpport TIBGUERTEihE AP AR bR SoaLbeaspRnt BRETG: ToRNGT P TLBLS and
Cu( NO3) Zidshlvee ir #PbIBERE IWRAQbnIVRT WatBf QPAFasht ¥ thiee BHES the beIkvod@hdé of 0 achi eve
nom nal Pt and Cu | oadi ngs of 3wt% and Iwt% respectively. The quantity of

sal t15di shosuppartweateredulveasuppert wes itpregratediwdh the pletinusy solutien, fdrindin t ar get 5

pl ati num. an er lgading if 100% of .t he tLnum and c er were to be
recover &f atgagﬁi@rppﬁgf mB'&‘??P {bf’i‘ .Cgl"i"ll?_g Vb‘l“&ﬂ’g{"'%o¢ e ﬁgﬁﬁg@@ﬁm{t@ used for
the sol ufheQngpiewas f8HallowbPtd dHoER fobABEmb&GaHRY hkd th_@'iMBFeﬁﬁﬁti&nh@ryﬁigDpor t
material. The support was alternately inpregnated wth the platinum and
copper - celsimatinn nycle sk nefcaied untotllwidhe platthumsphwign ded been dbsorbadppota was
dried i ' t 0C .30 .10 m \ | ci ned i i 450C f

f Llr ? h elr Q%%él{ﬁpﬁm(%éf cye grﬁveg%@g@aeq.)o Q‘pg] S%Itygts wasCt%er(f Ica gmec"l {]n aailr erlt I%tOO° or a

20  for 6 hours (the temperature being increased from 450°C to 1200°C at 2°C/min).

iPermy

DF P aAY 3

Experiment 2 — Preparation of Catalyst B (3 wt % Pt)

The procedure of Experiment 1 was repeated using a (NH;z)4Pt"Cl, solution of
sufficient concentration to achieve a nominal Pt loading of 3 wt%.
25
Experiment 3 — Preparation of Catalyst C (5 wt % Pt)

The procedure of Experiment 1 was repeated using a (NH;)4Pt"Cl, solution of

sufficient concentration to achieve a nominal Pt loading of 5 wt%.

30 Experiment 4 — Preparation of Catalyst D (3wt % Pt. 1 wt % Cu)

The catalyst was prepared by impregnating a lithium aluminium silicate foam
support (30 pores per inch, ex Vesuvius Hi-Tech Ceramics Inc) having an HPA wash-
coat with a solution of 1) (NH3)Pt"Cl,, and 2) Cu(NOs),. Prior to the impregnation
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tenperature for the subsequent inpregnation. The

i npregnati on-dryi ng-cal cination cycles were repeated until all the

i mpr egnatwon2/6gBit i ons had been absorbed onto the supporPCT/GBe1/03eps egnat ed
support was then dried, and then finally calcined in air for 6 15 hours at
600 C. Imediately priqgr_to use in th %o t her mal cracking reaction the
cat al yst PiResSy E&@% %@P‘P&uﬁg‘?rhﬁa%%?er iyal # 18P0%y dr ogen and 2 nl/nin of

nitrogen. Th d 8 50 C.
Bper mont_5 - BEEHEL! (ILATERA A C00D: FRUCRIRR bytdhwepe Biphosf wifc

pr ocedur euﬂibleﬁkmtruorwlnbvdnmma} Emﬂt@nﬂ,oadinge@ﬁ 3Wﬂ‘}’aand het%, lesgeciwdlyi nat i on
in air s carrie ut. a 200C. Preparation of Catalyst F
(3t o6 prhg agcsy Bh ety doR S B ER R e t Sgbievs B dRebAEebx cept
that §he fiinah a‘h@'c%bﬁ@tlbm ifﬂOO‘%Ebf%er lmrﬁﬁﬁ&b ePibr Pbéa&%%reand the
reductlon step was omtted perlrrent - Preparation o talyst G (2 w
% Pt, 4 wnthe ca:uabfspffdie@dlyms of dExpmedrvmw usedvéls thepdeticnd wesé equah

(NH3) 4Pt ", C 2 sol ut f .suffjcient concentration to give a nom nal Pt
| oadi ng & eev&mgfot;lﬁg g“@r\‘&ﬂ%?tj&fe SYRBOT IBEEUE Ut i on of sufficient

concent r ghi \gas\/eﬂteﬁlalfé] MiplegRited WAH GIRinn-Wnd GopFerR@ntaiBRE 8 -
Preparat | onglggﬁogat al yst ?1 o g%i , 4 Hvﬁgp % Sn) ‘Ir'lhe Bgégcedlfre %f

Experi me ﬁ@lumowaBeWeqse@@@ulmmcmugn theraspaet wagddedsiol ait 4td20%E for ta. 38D 02/ 04388

PCT/ 01/ n m, nal | oadi ng of 4
/@nd“g%%g%fﬁlﬁgl efti &%fg{gﬁfgftﬁro#u%ﬁ&xeﬂh i %Snﬁwggﬂggﬁ{q Eﬁopbn to give a
nom nal SsmpepatdierTor te sdbstquéft ilyagpitionl ThAhSresiitionfryiagaalkiddoe! et hane in
the presence of hydrogen at 5 atnospheric pressure e catalysts Ato H as

pr epar ed SYHeEXperPraafrdmtil alh the igpeseaationssoleians dad beonsabspidad onfdrthe di anet er

by 30nm B, a porosity of 30 pores per inch and a volune of 5.30 cnB
were pl ac In an apparatus as described for Figure 1. The reactor had an
i nternal di anhe nmpfegﬂz&edrmwmwmmhenalrfbdnmd thyd fingigncaacidedintaiio@es as

diluent 10 (10 vol9% were contacted with the catalyst under the conditions

showh’ i n m|aé6<10° %énﬁwdlarﬂxpﬂamdlswn tpdutyderma coeldnereopiionzhe 1 (v/ v)
h 0 4 v/ Th
Feactt on iy EhARE LRl bRy B il WA s BPhgin Gt o s 4 o

was anal Taeeedayti@atngatmire g haudityinkd Férachotr bh750°kgr mal conductivity and
flame ionization detectors. Gas feed rates were controlled by 15 thernal

mass flow controllers (ex Bronkhorst Hi Tec ).
Experiment 5 — Preparation of Catalyst E (3wt % Pt, 1 wt % Cu)

20 The procedure of Experiment 4 was repeated, except that the final calcination in

air was carried out at 1200°C.

Experiment 6 — Preparation of Catalyst F (3wt % Pt, 1 wt % Cu)

The procedure of Experiment 4 was repeated, except that the final calcinations in

25  air was carried out at 1200°C, and the reduction step was omitted.

Experiment 7 — Preparation of Catalyst G (2 wt % Pt, 4 wi % Sn)

The procedure of Experiment 4 was repeated using a (NH3)4Pt"Cl, solution of
sufficient concentration to give a nominal Pt loading of 2 wt % and a SnCl,/dil HC1

30  solution of sufficient concentration to give a nominal Sn loading of 4 wt %.

Experiment 8 — Preparation of Catalyst H (4 wt % Pt, 4 wt % Sn)

The procedure of Experiment 4 was repeated using a (NHz3)4Pt"Cl, solution of

12



The el ectrically-heated furnace surrounding the reactor and catal yst was
set to 850 Cto mnimse heat | osses fromthe catal yst/reaction zone. From
anal ysi s vob 02/u38% eed and product flow rates and conpositi POFGBag0I0ed | owi ng
paranmeters were cal culated : 20 Conversi on Ethane conversion % = et hane
feed (g/mn) et hane in effluent /mn) / ethane feed § /m'n{ * 100
Oxygen c%ﬁﬂ@ﬁlﬁlC@ﬁCWﬂU@TXSﬁQQMe aaemu(agmonﬁmg obAygéh anda SHELIBHHCT g/ i n) /

Cat Bane Sulrs skl bonec BTSN J Lo BINSERNSEX O B (02 -

(et hane conveérsion Srovel r'si o ‘@ | ower
velocity) / higher velocity (crﬂ s) - lower velocity (cm's) 30 Change in
oxygen converS| on (% (cm s)) (oxyen converS| on @ hi gher veI ocity)
(oxygen B¥HUREQ pAUDrIRENEKA] CE]CXH) G Rf ethang presened of hydragemat. | ower

vel ogj ty, Fesif202/ 04388 PCT/ GBO1/ 03005 Sel ectivi ty Et hyl ene

sel ectler't‘r'rﬁgh%é%&x—?rﬁy— | ene in product (/g_mnl (g per 100g et hane ethane

in feed (g/mThe cataedystsaAeo iI-has]:p‘rqchneﬂ 1n(E)ip&nm)entsd(In\8&ibbed ancbhavingyi el d Et hyl ene
y:\:]/e Imd n)_ g‘%ﬁéﬁ’gst %%‘g‘ %ent?‘ﬁ }9 IE]‘I Btha? Boﬁ’égﬁﬁfewée%gﬁg)l)‘%tlgc na?f%ﬁll@lﬂnef iegl early
e, s 0t ST ShE ot Mg
rel at i velhagd apnmtetnal diamegdd of 25 mBOxyigen\EhH/ Eﬁﬁaﬁnﬁﬁﬂ/@m% ddbent
10 (10 vol%) were contacted with the catalyst under the conditions shown in Table 1
below. The ratio of hydrogen to oxygen was 2 : 1 (v/v); the oxygen : ethane feed ratio
was 0.65 (wt/wt) (1.00 : 2.04 v/v). The reaction was carried out at atmospheric pressure.
The product composition was analysed by gas chromatography fitted with
thermal conductivity and flame ionization detectors. Gas feed rates were controlled by
15  thermal mass flow controllers (ex Bronkhorst HiTec ).
The electrically-heated furnace surrounding the reactor and catalyst was set to
850° C to minimise heat losses from the catalyst/reaction zone.
From analysis of the feed and product flow rates and compositions the following
parameters were calculated :
20
Conversion
Ethane conversion % = ethane feed (g/min) — ethane in effluent (g/min) / ethane feed
(g/min) * 100
Oxygen conversion % = oxygen feed (g/min) — oxygen in effluent (g/min) / oxygen
25  feed (g/min) * 100

Change in ethane conversion (%/(cm/s)) = (ethane conversion @ higher velocity) —

(ethane conversion @ lower velocity) / higher velocity (cm/s) — lower velocity (cm/s)

30  Change in oxygen conversion (%/(cm/s)) = (oxygen conversion @ higher velocity) -

(oxygen conversion @ lower velocity) / higher velocity (cm/s) — lower velocity (cm/s)
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_ 3 d M N eN00g efianeo m co CD N dthand ihid€edr(ghinD-€Maae in product (g/min)

converted)
s :
Yield
Ethylene yield = 100 x ethylene in product (g/min)
(g per 100g ethane in feed (g/min)
ethane feed)
10
The results are given in Table 1.
Table 1 clearly shows that the decrease in conversion to olefin on increasing the
superficial feed velocity from approximately 200 to 670 cm s is relatively small.
15
20
25
30
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PCT/ GB01~/2800°E Catalyst | (3 wt% Pt) The

catal yst was %ggfta \pa/so[%e%)x&g fﬁtﬁé}lg%g%gﬁg‘lglérﬁ@@ﬁ{e?e%(ﬁ%rﬁm Wadbgaeter,  ex

Condea) with a t'o I npregnation tHhe spheres
were cakx Qwadlea:) mlﬂmacsotlmdbzﬁ({NmMPtHGtthn‘m tooimpregnaton the spaaiesiwate por osity.
I n de-ionised water was prepared with

| NH3
guf\f |Sg| g%‘ll‘lg{r}g F’cahf iﬁﬁgé f)f\h%ﬁiforf&mow aF%%‘?ﬂ’idH@I RSFOSK¥at % The quantity of
sal t i ssol veq Wftion mgcﬁzol {RabnReSdstd: bs ghr%ﬁ%{ﬂ‘s%f% ifgl target

pl ati num | oadi ng 1| Yo o? at| num wer e recovered on the final
cat al yst salfifveachielelamonfinad @4 laadmgexﬂ 3Weﬂ‘helqsml:1t§rof sdlhdissdbadtwazn was equal
ort 10 Th

to the bul k I t ! t was i npregnated
w th ¢ he SR P R0 PER4e00 Py ARl ea e Tegiizanl 003h Rt cor t hon
cal ci ned laﬁnﬁ’thrwéfé td*BOfechMredof Mt cﬁﬁ yé 'Pﬁ’é@(ﬁul‘ﬁg‘af hOsshi&alfd to room

terrperature The 1 npregnati on-dryi ng-cal Zihation cycl e was repeated until
all of umfpt&lslsnhMBMaawquﬂitchdnﬂiuﬁemlamsofﬂﬁduppmtmatenalsupport (1-2

I were r red. After the fi calcinatjion_at 450 C_ the catal yst
cyc f@rther iﬂglf“?@d’ i asdfpregoa d@@tSP%‘P‘“@Sﬁ 08, digddn@gabd?%iur e bei ng

't 2‘&;2?2? for g e, ot Rincln AW CECT0 Ry SO MBSl RHERR A, o5 0L
to room temperature The impregnation-drying-calcination cycle was repeated until all
of the platinum solution had been absorbed on to the support (1-2 cycles were required.).
After the final calcination at 450° C, the catalyst was further calcined in air at 1200°C
15  for 6 hours (the temperature being increased from 450°C to 1200°C at 5°C/min) and then

allowed to cool to room temperature.

Experiment 10 — Preparation of Catalyst J (3 wt% Pt, 1 wt% Cu)

The catalyst was prepared by impregnating alumina spheres (1.8 mm diameter,
20  ex Condea) with solutions of I) (NH3)4PtIICI2 and 2) Cu(NOs); . Prior to impregnation
the spheres were calcined in air to 1200°C for 6 hours to remove any residual porosity.
Solutions of (NH;3)4Pt"Cl,, and Cu(NOs3), in de-ionised water were prepared with
sufficient salt to achieve nominal Pt and Cu loadings of 3wt% and 1wt%, respectively.
The quantity of salt dissolved was equivalent to that needed to achieve the final target
25  platinum and copper loading if 100% of the platinum and copper were to be recovered
on the final catalyst. The volumes of de-ionised water used for the solutions were equal
to the bulk volume of the support material. B
The support was alternately impregnated with the platinum and copper solutions.
Between each impregnation the support was dried in air at 120°C for ca. 30 minutes,
30  calcined in air at 450°C for a further 30 minutes, then cooled to room temperature for the
subsequent impregnation. The impregnation-drying-calcination cycles were repeated

until all of the impregnation solutions had been absorbed onto the support.

After the final calcination at 450° C, the catalyst was further calcined in air at

16



The catal yst was prepared by inpregnating alum na spheres (1.8 nmdianeter,
20 ex Condea) with solutions of |I) (NH3)4PtI1d 2 and 2) Cu(N0O3)2. Prior to
i mpr egnatwon2/o438e spheres were calcined in air to 1200C fPeT/EBAUWASS t O
remove any residual porosity. Solutions of (NH3)4Pt""Cl2, and Cu(NO3)2 in
de-ionised water were prepared with sufficient salt to achi eve nom nal Pt
and Cu | @¥ICHgs6 bourg(ihesemptratwetheingiaprsated\finy 450°Che 6§0%Mat T°¢/roin) sal t

di ssol ved S ui va%l ent. to th?t needed to achieve the final target 25

ol at | nuriPSHACL RIS to 80Kt GOT ooy

_ 8B t he platinum and copper were to be
recovered orpddifo hbdWalth€ aktdltdiinal dakiN@ldabRsh @b caahysoRhSReusmatRMgused for
the solutions were equal to the bulk volune of the support material. The
support &g niinie phbydsdgen andrleg Mained nitidgen ehéatd tetmipamrand 766pEeThisol ut i ons.

Bet ween each. i npregnati on the rt.was dried.in air, at 12QC fqr ca. 30
o e, 3 ion BnRGARTS s MG SRERRT | SPasatit i De bR wagliomrgro caol o
to room ¢RIREBIeRApEAfurk DB8der HURSRA lldﬁ@ theh HRhSBABA tPMe rebldfr.

i mpregnation-dryi ng-cal ci nati on cycles were repeated until all of the

i mpregnation sol utions had been absorbed onto the support. After the final
cal ci natjon at 4 t he cat al %s ur algiped in air at 16 WO
02/ 04388 mﬁ)’%@ﬁ@%@%@%@iﬁﬁ%&&%@@ ure being increased

from 450C t o BRYroeddubld MxperinRie] 0 Wedrepbdteeding # (9HYLPHQOL,'sORMHoA FPEr at ur e.

Prior to use in the auto-thermal cracking reaction the catz{ﬂyst was reduced
usi nid cufficieniicopgantrgtiomirigive e nomingl Pt lerding of bivtih endeySACRME HEL a

t enper at . Of I . I ion f. S intained for 1
hour af tsleéglﬁ%ﬂ?ﬁ og %ﬁﬁﬁe% nég%%lﬁtsrgmvr\gg%g‘h aoﬁv}iel%gggﬁ{@%%{%g P %Qr offi t enper at ure
under nitrogen and then transferred to the reactor. Experinent 11 -
Preparation of Cata 4 wt%OS The procedure of Experinent
10 was riEseximent X nBropa g 2 Bwt% &%) of 10 sufficient
concentratio j I ' 9 20di | HC
col ut i on-of ol v BALRE by bREENEFoERxpkriihents BRE P IRTEREIR )
%  IBxpealumiriam SHdicateFoapanppdro B OporGapaliycdt, ex VesuwiPHPTchiTeamadsdhg)st was

prepared by the procedure of Experinent 9.except that a lithium_ 15
al umi ni u‘ﬁ?%%ﬁ?éh&é%%&#?gh‘ﬁﬁﬁ? i t@@&@ﬁ)&tngérwﬁf@?ﬁ? ved mya yalpmesofide- Tech
Cer am csjohfacd waﬁé?éqlﬁ§ﬁgnt'tg ﬂHE@ﬁﬁeé)fhgtbﬂﬁ( L BP&@:@Q@%@% ) 4Pt 1 Cl2 was

di ssolved in a volune of de- i1onised water equivale to three tines the
bul k vol unme of the support material. Experinent 13 - Preparation of

Catal ystp M (3 W %Pt 1 peri ment 10 was

r epeat e~ SR SN concentration to

gi veoa nom nafhd Iﬁ@dﬁge f Exdett Oéh 0 @Qreﬁz@ﬁ ﬁ"’é £ (NAB MPH9O12 solution of

sufficient concentration to give a nominal loading of 3 wt% Pt and a Cu(NO;), solution

», v g
ZEN A *3a =T

of sufficient concentration to give a nominal loading of 1 wt% Cu. In addition the
alumina spheres were replaced by a lithium aluminium silicate foam (30 pores per inch,
ex Vesuvius Hi-Tech Ceramics Inc) and the volumes of de-ionised water used for the

25  platinum and copper solutions were equivalent to three times the bulk volume of the

support material.

Example 2 — Auto-thermal cracking of ethane in the presence of hydrogen at

elevated pressure

30 The catalysts I to K as prepared in Experiments 9 to 11 above and having
dimensions 15mm diameter by 60mm depth, and a volume of 10.60 cm® were placed in
a metallic reactor (internal diameter 15 mm) with a quartz lining and fitted with a

pressure jacket. Catalysts I to K were tested as packed beds of spheres supported on an

17



of sufficient concentration to give a nomnal loading of 1 wt% Cu. In
addition the alum na spheres were replaced by a lithiumalumniumsilicate
f oam (30 woozes3per i nch, ex Vesuvius Hi -Tech Ceram cs | ne¢T/&md1/030e5 vol unes
of de-ionised water used for the 25 platinum and copper solutions were

equi valent to three tjines the bul k volunme of the support material. Exanple
2 - Aut o2iunipadoam: blogk phdimsmsiops i e diameterplbmandertiv andgipasgsty

el evat ed B{}e@@%f‘ﬁl@h.g’o The catalysts Ito K as prepared in Experinents 9 to 11
above ang aving dinmensions 15mm di anmeter by 60mm depth, and a vol une of

10. 60 cnB wer Eapulyst EchsiprepasednintBxipbiimentedcibove Fadtedtedak ademmEt &amdlBed™ Wi th
a quartz l.ini ng@a fitteg \é\%th a pressure jacket. Catalysts Ito K were
tested adVifiiRpitalicreagior Sprd Wik aquesseredarkebibed dianetead Sonmp herbdenth 60
PCT/ CBO 1103005 volriéri 27 tRAN bl ock of di mensions 15 nm di aneter, 10 nm
depth and of porosity 30 pores per inch. Catalyst L as prepared in

Experi ment 12 Cabadysé Maspreparte th Bspeainteat dralovieoramn testetl asd ¢dramicaommtbali! i ¢
reactor fitted with a pressure jacket (bed dianeter 18 mm bed depth 60 5
nm bed Vbf GW%‘:’Q'W?R};IP I foélf{?fﬁ“ﬂﬁ rﬁ?‘sélbea]r"‘g??tﬁ?‘?déﬂé?‘ieﬁ%m%?eﬁbove was
tested agemh@emifl bed RAMIMPE0.c0ich’ R quartz lined metallic reactor fitted
with a pressure jacket (bed dianeter 15 mm bed depth 60 mm bed vol une

10. 60 cm). Th&hppeessue gackefckastnofextenolly bsated.nal |y heated. 10 The catal ysts
| - h d.t i |y, 200 C d i ! ti

br estlire ocyduhcaeBRAREMAT bk Gaprinaes s e Rirogematol o5 pr e-

heat ed t @eabfibn prROQ& Gﬁ@?g}%@d@g%@#ﬁ%ﬁdm&dgégg ﬁmgﬁé@\tzgl%ﬁg%- t he

conditions shown in Tab e ratli n Xygen was 2:
1 (v/v); bedted oxh8HeB00° Etveanthen Comtdcteditvith thocatagitaindat the bolditidits shbwas 1. 00:

1.77 vlv, ygen _; ethane feed ratio for 15 catalyst Kwas 1.00 : 2.34
v/iv. The“}t%g?géﬁ%&g%ﬂm%o Yarogsa imoxyger s e ‘A (vinethsosyeen : ethamsosi ti on

was anal ysadafy o %&a%fsqnﬁraﬁgéa M; ée/ 1egbt 489 W-the bhsLHR le}hiafei«g ﬁ%}ﬁ/ (f%tLoV{.’o} y and

flame ionization detectors. rates were conhtro er nal nMass
f | owlZ ontatalybte svas dX00Br b3k e sTheHied@mnBwsstree areashatvysh Tablk 2t he feed and

roduct flow,rates, and conpositions, the ethane and _20_oxygen conver sSi ons,
gt hyl ene sel EE}? P’{ﬂ%flflt (QHH’O%'QP(&V%P@Y?QI lﬂaéf’gﬂml?é?%@’}tﬂﬁ%ﬁ ‘glél% thsrmal gi ven

i n Exanpbénductivibfar®Bathé fonBhaBof) i¥8&ots"GIAREE rdtes were controlled by thermal
mass flow controllers (ex Bronkhorst HiTec BV)
From analysis of the feed and product flow rates and compositions, the ethane and

20  oxygen conversions, ethylene selectivity and yield were calculated using the equations

given in Example 1.

The results are given in Table 2.

25

30
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25 30 18 WD 02/04388 PCT/ GBO1/ 03005 Table 2 Catal yst

K Catalyst L Catalyst M (3 wt%Pt) (3 w% Pt,
% Pt, WO omo4388Lu Wt % Sn) wt % Cu preheat 186 191 191 194rQ7/@8BLD&30AY7 257

wt
164 186

change -25 4 -9 2 75

Cat al yst J Cat al yst

1 (1 w%Pt,

4 (3 W% Pt) (3

tenperature C cat face tenp 925 900 1041 1045 1054 1045 298 300
340 265 C cat exit tenp 898 944 944 990 886 1019 911 897 850 969 C tenp

front terrp cha

tenp 71ﬂ 79979 OT7¢ é’NétKn arcla§ cl_su ‘
16,10 33. 74 10, L4 uoBolb §« q %W 3 ( \3
1.3 1.8[1.8 1.3 é t&gli)n nf3 $7B07 0513 Wt
147. 81 38-46-144_16 +VT A’ )Ql: GSHM{/h) D?\Q‘—-\wt n1
535779 (p?erl\lc 33 Ll?.f%g)g U1J91Jl J19 1Oj1g)4 :ILC’IJ.n\‘}?SL\.J 41\55{.\)41 5 95A02573'd JCI1B4 € QHBBU‘
290 796 [iemé=368| 279 1046 BSL 9B5 258|897 |vel oci ty (cnfs) conversi ons
et hane (¢®) 56 14 79(08 7F 78 BA 7 69 44 92 68 65 7 67/ 56 52199 80
oxygen %fé°©§f."%3 9. 52°97! 0319k, &5 0g. WY 98.'%8 g6. 48 op. % 95. 4 95, ?Eé
et hyl enemwww—ﬁ?—ﬂg 155 [OtoR A (2 tor4 PO see B4 P2 TarY
(g per 1@9g et hane

temp change -25 4 -9 2 -75

front

temp change 46 46 133 -14 119

base

adiabatic temp| 717 799 794 820 766 854 738 770 707 804

heat loss % 39.47 | 18.58 | 24.50 16.10 33.74 10.14 15.50 16.14 4203 | 23.16

pressure 1.3 1.3 1.3 1.44 1.3 1.3 1.8 1.8 1.3 1.3

(bara)

feed rates

total (nl/min) | 40.00 | 109.74 | 94.68 | 147.81 | 38.46 | 144.16 104.59 257.02 3561 | 123.62

GSHV (/h) | 226354 | 621001 | 535779 | 836433 | 217639 | 815779 | 411013 | 1010025 | 201511 | 699546

superficial gas| 290 796 687 968 279 1046 381 935 258 897

velocity *

{cm/s)

conversions

ethane (%) | 56.14 | 79.98 | 77.78 84.7 69.44 92.68 65.7 67.56 52.99 80.75

oxygen (%) | 95.86 | 94.52 | 97.02 96.82 98.41 98.06 96.98 95.97 9598 | 95.19

ethylene 4136 | 52.39 | 54.07 55.13 52,11 55.91 44.21 44.03 38.84 | 49.27

yield (g per

100g ethane

feed)

ethylene 73.68 | 65.84 | 69.51 65.09 75.04 60.33 67.30 65.16 73.30 | 61.01

selectivity (g )

per 100g

ethane

converted)

10

* at standard temperature and operating pressure

From Table 2 it is evident that the use of superficial feed velocities above 250 cm/s with

supported catalysts produces acceptable ethylene conversions and yields. It can be seen

that in these examples the heat loss at the lower superficial feed velocities is large (no

external heating to compensate for losses to the immediate environment of the catalyst).

As the superficial feed velocity is increased the heat losses decline and the losses to the

environment become less significant as a fraction of the enthalpy of the products. As a

consequence ethane conversion is seen to rise and ethylene yields are maintained.

Experiments 14-15 — Preparation of Catalysts N and P

Catalysts N and P were each prepared by the procedure of Experiment 10 except
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feed) ethylene 73.68 65.84 69.51 65.09 75.04 60.33 67.30 65.16 73.30 61.01
selectivity (g per 100g ethane converted * at standard tenperature and
operati ngv@onresss e From Table 2 it is evident that the usepCDGBSu@®niici al
feed velocities above 250 cmis with 5 supported catal ysts produces

acceptabl e et hyl ene conversions and yields. It can be seen that in these
exanpl es R DOftong §§(W3}4ﬁ91¢]8v®d éﬂ’ﬁéf’f?ﬁ“&@&l offsuifipiepé Fordentrationity | ar ge

(no extgrpale ﬁk?i'ﬂfn'ale“'gt éﬁ% ROBRARSAE ee}cﬂrca{agﬁ?/ gﬁs%l&gl% ﬁnhf!abilmleaﬁs%% %tl Vi ronment

of the catalyst). e superficral fee y 1's 1ncrease He heat
| osses ddithiimealanihiurh eilicetefeam suppohnts(30 @oxes penimehtextiéeanis e eclsi gni fi cant

as a fraction o he ent hal of. .th roducts. /As . a 10 consequence et hane
conver si ﬁ?rqtgwgi%;&' Wad Upg Pi%v?a ngh‘?;ﬂ?'gﬁ’é‘aﬁp Tefs lipythe welumen Phdsionsgder i nent s
14-155- RreRakad fRtoplafiRby$ i iGRt ch
prepared b tﬁe rocﬁ%ﬁ@? o%‘ Eé%lea?}%%tﬁfgge@ég%g@&l1%9%tg5§%§§5@ﬁ

PCT/ GBO1NO f thérsuppoitymaterial tahd () there(Wikid)odiBtdrogeh2edutidn triskidjedd! | C12 of

sufficient concentration to achieve nomnal Pt and Pd | oadi ngs for each
catalyst as given in Table 3 were used (ii) a lithiumalumniumsilicate

foam _supmhlp_ﬁ@@-mrte&haeﬁalicamdngaf&ﬁﬁwime@bséifc@fbfhﬁf@% G ! nc) was
used in place of the alum na spheres, 111 € vol unes o -Tonised 5
wat er us@atmespheriedressire num and pal | adi um sol uti ons were equal to three

ti mesythe bul [ t terial d {j),. there was no

hydr ?)%en r edulg!1 F }é%%%:}t\f ér%&nﬁgs S%B%%ﬁ%ggpimﬁwsoﬁ?ﬂ@ ir?a%boé'? ﬁ%cg?%’én%f et hane

in the adisdisnebndydoRge asahowa inDsH1B8 Wete PraBsEi £mdMllitheactti(Bhyasis N and
P as prepared in Exgerlnents 14 and 15 above and having dinensions and a

vol une a81a8ERI Simm dnthe ayajieliaing Qxugen athanerand nitiogen #ert then ¢ontactechal
v . e , L
hen cont i dtactl bobReOMBehdqiib didn B HRR 3 I Mie Ao’ AR 'S S

bel ow. Thet ateanddpherinpesame.ri ed out at atnmospheric pressure. 15 The
ition was anal ysed by gas chromatography fitted with thermnal

dugct
condir i 3??5@%8@411%@@%#@&%@ AR C0ga8 .chmga%@gﬁaaw@t@swmthén@dnt rol | ed
Oy tRer MBénduBPly M HAROM AL USiel B, BRORKROLS! whlo TS tlia dy/ @BupRal ysi s of

the feed and produc ow rates and conpositions
mass flow controllers (ex Bronkhorst HiTec BV)

From analysis of the feed and product flow rates and compositions the ethane and

oxygen conversions, ethylene selectivity and yield were calculated using the equations

20  given in Example 1.
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oxygen

t he equati ons

conver si ons,

ethyl ene selectivity and yield were cal cul ated using
20 given in Exanple 1. 25 30 20 WO 02/04388 PCT/ GB01/ 03005

Tabl e 3 Geoatiysss N Catalyst P Pt (W% 0.23 0.23 2.06 2. 0BCT/RBO{/0d00d 0. 11
0.11 0.38 0.38 Catalyst volume (cn8) 5.30 5.30 5.30 5.30 Catalyst depth

(mm 30 30 30 30 Catalyst dianeter
(C) 150 150 150 150 Cat face temp X

T3¢ b

15 15 15 15 Preheat tenperature
2 409 544 531 Cat exit tenmp (O

853 886828996 Tenp change—fropt {153 — tenge—exit (C 33
168 A abatic temp (O 712 786| FOEBN Heat i Y 20, 86 10.41 31.72
10. 35 E&hg@gg} oxygen (v/v) 1.98232.96 |93 1. 59 06N t rloogn oxygen (v/v)
0.42 0./143 0.42 0.15 Total feed{rate (dql/mn) 13 63 3 &9 13 63 38.98 GHSV
(/h) 154260wA%)277 154260 4411680.1%uper|fd.ti al g@§8velcd]3&* (cm's) 129 368
129 36 Et-ha ghe eon er-SHon—(9—67/68-83-28-61+D2 88 645 cyger{conver si on
(% 98.|6AWys STARGE G799 66 | Bl hiPelle yileP (g perV100d Btthane 39.26 47. 84
37. 44 3 A df’g@)gﬁgyylene seleghI vity 4pg per|390g 58.3p 57.32 60. 17 36.17
et hane |conv rte standard(tenner ture and operatling pressure 5 21 WO
02/ 043384yt @BMstEInth) 15 15 15 15

Preheat temperature (°C) 150 150 150 150

Cat face temp (°C) 562 409 544 531

Cat exit temp (°C) 853 886 828 996

Temp change front (°C) -153 -13

Temp change exit (°C) 33 168

Adiabatic temp (°C) 712 786 701 894

Heat loss (%) 29.86 10.41 31.72 10.35

Ethane : oxygen (v/v) 1.93 1.96 1.93 1.59

Nitrogen : oxygen (v/v) 0.42 0.43 0.42 0.15

Total feed rate (nl/min) 13.63 38.99 13.63 38.98

GHSV (/h) 154260 | 441277 | 154260 | 441163

Superficial gas velocity* (cm/s) | 129 368 129 368

Ethane conversion (%) 67.68 83.28 61.02 98.61

Oxygen conversion (%) 98.62 98.54 98.8 99.66

Ethylene yield (g per 100g ethane | 39.26 47.84 37.44 35.71

feed)

Ethylene selectivity (g per 100g 58.15 57.32 60.17 36.17

ethane converted)

* at standard temperature and operating pressure

)

21



Claims 1. A process for the production of an olefin, said process
conprising: partially conbusting in a reaction zone a m xture of a

hydr ocar vom ozod8s&an oxygen- contai ning gas in the presencePoOf/Gaovet0ed yst

whi ch is capabl e of supporting conbustion beyond the fuel rich limt of
flammability to produce the olefin, wherein the superficial 5 feed velocity
of said mxture is at least 250 cms"1 at standard tenperature and
operating pressure with the proviso that where the catalyst is an
unsupported catal yst, the superficial feed velocity of said mxture is at

| east 300 cms'1l at standard tenperature and operating pressure. 2. A
process according to claim1l wherein the superficial feed velocity of the
10 hydrocarbon and oxygen-containing gas mxture is in the range 300 to
5000 cm's. 3. A process according to claiml or claim2 wherein the
hydrocarbon is a paraffin- containing hydrocarbon feed having at |east two
carbon atons. 4. A process according to claim3 in which the hydrocarbon is
selected fromthe group consisting of ethane, propane, butane, naphtha,
gas oil, vacuumgas oil and 15 m xtures thereof. 5. A process according to
any one of clains 1 to 4 wherein the nolar ratio of hydrocarbon to the
oxygen-containing gas is 5 to 16 tines the'staichionetric ratio of

hydr ocarbon to oxygen-containing gas required for conplete conbustion to
car bon g%fxide and water. 20 6. A process according to any one of clains 1
to 5in Y8 hydrogen is co-fed into the reaction zone. 7. A process
accordi ng, to al@abeasd fdrthdbioalictidhCo MRl o, 8dil Prédbsd DO 1o oxygen-
containing gas is in the range 0.2 to 4. 22 02/ 04388 PCT/ GB01/ 03005 8.
A pr ocespattisdpeethbupting immyeaghen ained mixtre of 8 bydrontrboepnd athexypencess i s

conducted _.at.a gas hourly s e | ocity .of ater than 10,000. /h. 9. A
rocess. B e iy R bn @ B el iR ioh S ot ihene e bt

conpr i segeyond Gl NEH Hmiteif AamnPablitky tfpRIIAEEHS oRFROHHLREN the sGpafipmP wherein
the Goup VIIl netal is selected from rhodium platinum palladi umand

m xt ut esfeedeplosity ofisaid mixftescie stleast@oP gmny atstastadierapantues aidmpenating whi ch
(e B bt OB SR PR BERMIIRAEL, 12 2 e
superficial feed velocity of said mixture is at least 300 cm s™ at standard temperature
and operating pressure.
2. A process according to claim 1 wherein the superficial feed velocity of the
10 hydrocarbon and oxygen-containing gas mixture is in the range 300 to 5000 cm/s.
3. A process according to claim 1 or claim 2 wherein the hydrocarbon is a paraffin-
containing hydrocarbon feed having at least two carbon atoms.
4, A process according to claim 3 in which the hydrocarbon is selected from the
group consisting of ethane, propane, butane, naphtha, gas oil, vacuum gas oil and
15  mixtures thereof.
5. A process according to any one of claims 1 to 4 wherein the molar ratio of
hydrocarbon to the oxygen-containing gas is 5 to 16 times the'staichiometric ratio of
hydrocarbon to oxygen-containing gas required for complete combustion to carbon
dioxide and water.
20 6. A process according to any one of claims 1 to 5 in which hydrogen is co-fed into
the reaction zone.
7. A process according to claim 6 in which the molar ratio of hydrogen to oxygen-

containing gas is in the range 0.2 to 4.
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10 fromthe group consisting of elenents of Goups IIlA |VA VA of the
Periodic Table and m xtures thereof and a transition netal which is a

di fferentwoer/ed3ss o the G oup VIII netal enployed as cat aPgBGBOLEI00A
process according to claim 12 wherein the pronoter is selected fromtin and
copper. 15 14. A process _according to claim 11 wherein the Goup VIII netal

i s platihum afrdrogepreagsprsiieg wranyons of eleines! for bivherein ha@resspiis condigtedA

process C ' e ' omc ratio of Goup VIII netal
to pr On%%é%ﬂé&?#é%ﬁ%b?lg%&ﬁ%ﬁéﬁ%& 2@6%&%16 A process according to any
one of c9.ai mBA bréwssldccotitnigionnyioae ofitlainyst td $in Which thrpekdled corhprised apr ocess

accordin to\gljilai m 16 wherein the support is a ceramc support 18. A
process FEBrIgeRb clai m 17 wherein the support is in the formof a

monolg thyqg or R?a&édegé &%ordgg%tﬁlﬂgl?%&e%ctgé’tﬂ& 119 nfek A i dRAR M ESA N the

monolith 1s a foamor a fibre. rocess according to any one of
cl ai ns 1rhbdiuk® platinwim, philadivem hydimirtareb drerafd oxygen- cont ai ni ng gas m xture

im_sxt) L? Qéﬁggdzé%rc?cetsse %grrcﬁlggu{oeclagfenl é)c\% (;tlgllten 1Inov_vl|1iglriI Itl{el 8rrg)upt\&ﬁprgétglt ure of the

catalyst comprises at least one promoter.
12. A process according to claim 11 wherein the at least one promoter is selected

10 from the group consisting of elements of Groups IIIA, IVA, VA of the Periodic Table
and mixtures thereof and a transition metal which is a different metal to the Group VIII
metal employed as catalyst.
13. A process according to claim 12 wherein the promoter is selected from tin and
copper.

15 14. A process according to claim 11 wherein the Group VIII metal is platinum and
the promoter is selected from tin and copper.
15. A process according to claim 11 wherein the atomic ratio of Group VIII metal to
promoter is in the range 1 : 0.1 — 50.0.
16. A process according to any one of claims 1 to 14 wherein the catalyst is

20  supported.
17. A process according to claim 16 wherein the support is a ceramic support
18. A process according to claim 17 wherein the support is in the form of a monolith
or particles.
19. A process according to claim 18 wherein the monolith is a foam or a fibre.

25 20. A process according to any one of claims 1 to 19 in which the hydrocarbon and
oxygen-containing gas mixture is preheated to a temperature below the auto-ignition

temperature of the mixture.
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