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. PRODUCTI ON OF OLEFI NS The present invention relates to a process for the
product MEWOIE85TI efi ns. O efins such as ethyl ene and propyfeHEBHA Ve

" produced by a variety of processes, including the steam cracking of
hydrocarbons or by the dehydrogenation of paraffinic feedstocks. Mire
recently, olefins have been produced by a process known as - I
cracking. In such a process, a hydrocarbon feed is m xed Wﬂmﬂﬂ@hwh’ﬂ%g‘i
containing gas and contacted with a catal yst which is capa ting
conmbusti on beyond the normal :fuel rich limt of flammability. *fhe*

hydr ocarbon feed is partially conbusted, and the heat produced is used to
drive the dehydrogenation reaction. An exanple of an auto- HMﬁmmﬁmﬂmmww ng
process is described in EP-A-0 332 289. 10 EP-A-0 332 289

pl ati num group netal s which are capabl e of supporting.conbusti orobeyond the
fuel rich limt of flamuability such as supported platinum catal ysts, for
exanpl e, platinunigamma al um na spheres, and plati nuni nonoliths such as
platinunm cordierite or nullite nonoliths. WD 97/26987, describes such

pl ati num catal ysts nodified with tin or copper. 1 S Mre recently,

aut o-thermal cracking catal ysts containing palladiumand Goup IIIlA VA
and/or transition netals. have been -devel oped. Such catal ysts are

.described in our PRQEESSHORBRIPDHERROSH CEBIODROERLEFINSher transition
metal s such.as rhaodjum have alsq been test for, thei Klity to catal yse
aut o-'t hernalﬁfrpé%ﬁgf] lé“’? g&rleﬁhess%omg}eé??orgge B{aoggéﬁ(gﬂeéfﬁgh. ie Journal of 20
Physi cal Cheplefifd duch'deleth9iene Mad peopyl&dR3mapBgprobiti8dd by a vhhelywn has a
tendency to ~- convert hydrocarbon feeds to syngas, rather than ol efins

(see al F6ogsagss, Bedingthe plgpmcaeckaunoihysirosrrpens orbyghe dehyglpggnaiion ghce Bv) .
- ? SEP &P&ﬁ%@ﬁé&?&ﬁl%?&%&&ﬁ%}o{e%RZ ﬁ?\(r)e-rrlp%éa éﬁ&ﬁk 45 B BSs kRGFHlad OF an

al ternati've ‘and/ or an i nprove OCESS production of olefins. W
have snoviuf@iheemaltasckipe Ip suticpiooesspi hpdretarben ligedas oxedeitiren ogygaki ng can

be catal ysed by catal ysts hased on (a) at . |.east one.netal. sel ected from
O o TR RS ARt i PP RS GBI ShAvPRET g ORI

transit i&?or?%@'no?rﬂg &l f&g_mﬁaé%ﬁg. AR ShyARScaPIcb 8 6 phridlgni fi cant
amount of “platinum and/or palladium Advantageously, the process of the
present dombasted cmdabé heat prodpcedisaused tefliive thel deby drpigeyatipndeantioni gher

hydr ocar bon gconversi op than prior art.auto-therpal .cr i & 2k sses. 10
Thus.  accor dinEYFIRF AL 2P Py pberE Sk TRE Do SBRE o aTh Toh Bhare | <

pr ovipgde e APY 392989 H&cribEepIRG A b mefalawhichald Sapabliafaupysttiagar bon, -
whi ch process conprises: contacting the hydrocarbon and a nol ecul ar

oxygen- combastemerygad thi ful ack hmd) giHanymakilitatics -2 EPRRITCIGIMAYT ons
o b By T UL RS e St BRI
as platinum/cordierite or mullite monoliths. WO 97/26987, describes such platinum
catalysts modified with tin or copper.
15 More recently, auto-thermal cracking catalysts containing palladium and Group
IIIA, IVA and/or transition metals have been developed. Such catalysts are described in
our co-pending application GB 9930597.1.
Other transition metals such as rhodium have also been tested for their ability to
catalyse auto-thermal cracking reactions. However, as described in The Journal of
20 Physical Chemistry (Vol 97, No 45, 1993, page 11817), thodium has a tendency to
convert hydrocarbon feeds to syngas, rather than olefins (see also page 318, Natural Gas

Conversion II, © 1994 Elsevier Science BV).



| S netal selected fromthe group consisting of Goup II1A Goup |VA -
G oup VA'and the transition netals and conponent (b) is at |east sgpe20s
transition netal vvherei n said catalyst (i) conprises palladi um and/ or
platinum gf,3 /F . concentration of .0 to 1 wt% i ncl usi vepgf/cBoiNo7ss
"subst anti al ?y ree of pall adi um and/ or pI ati num added i ndependently of the
ot her netal conponents. 20 It should be understood that unless qtherw se
speci fied, thelhusghereremains a needdpramplteraptaeeandéorgm igRsRiyFd ATPRESS fR7Ahe vA and
the transitl es of the Periodic Table. For the avoi dance of
doubt themgﬁ r}%oﬁltoayogﬁrg’oup I[1TTA IVA VA and the transition netal series
of the Periodi Wellalk@ow fouad thfthapbdutridmell @ efmcbChetoitbérmal c2fskifgicanibpl es

[t or nat i chalve s aiAIgHs DEbEo et 148 oag piarreiecind (O Boue HEAnY A
sel ect %d f {[?xn%n%’tgg Prahéltlph ﬂ%%’tglg Bn& yﬁfat %agpfne\{'?érﬁﬂﬂn{ ﬁ@taﬁ El?d‘]@llglleg?ttht al of

t he catal ys or exanpl e or as a

met al Conpéutﬁlglst(dofeehoed@ﬂm@,a aomﬁtcaxht @mmbfplaﬁnﬁam@‘rﬂmmayadmhe catal yst
enployed .in the first aspect of the present 1 nventiqn does not orrprlse

ei ther plati nuﬁdaﬁntﬁ&qquéb’:lhﬁplﬂﬁ‘e?ﬁ@ HIEGRTF?EH‘HHVQHW%FC SN £HAIER 9IS rbr esent ,

t he pal |l adj / i

pr ef er abl y%éf%eet taﬁa/&&?@e\%}l‘ %}? %Q%g?g:%g%% eré}gﬂﬂf ieatsr{s]ﬁﬂc’d%h%a%racmn% 0g WO
011 68571 Pﬁﬂc%@i/ 00759 than 0.5 wt % even nore preferably, |less than 0.2
w % even nor e_pr ef er apl .l ess than % . nost ferably,..l ess than
0.08 W0 9% |n GHESERERFAINERND athsfé %Hthé’é%lEﬁﬁrﬁ?F&} H}VBB}‘&? ﬁ’r‘?ﬂ‘?ﬁsé%ﬁ%'g?ff? ation
is less th RO AbOL, WhicRprR¥&cdnited:nan
0.001 wt % ch?s(rlléayﬁﬁgég?slée%#ﬁ]o |rrer11t§ﬁ%¥r6?ﬁae %?egsent mv%n?f on, the cgt al yst
conprises as coomoesterg thedydatcattwasindarmeoiretlat oxygencoatiiting gas withgregiapyst

[ east oo R Bel sand &P ea%‘%wn’%m%v%%ﬁ‘ Pt SRR o oo

from al um Bbhh is&hH ddripdneh(H) Wi alcofh hahl(bmerenﬂé@ﬁpdﬁem (agasl dtilessr ared
i ndium . uitably, the Goup IV A netal 'sel ected from

ger manidim mqtaﬂ selecled dthm heegrorpispysigimef{Prgnp éﬁd Qreup ]é(ﬁ\{ amup, Vaped houp

VA netal m seI ted f erably, the .
transiti o% §Pn8}e f’)ﬁ%%ﬁé’%n&%ﬁ?@ag g%gsstgpé?:ljtg}e?gﬁf)?g{n%gtlhe group consi sting
of iron, rutheritemRin@sididitalys Q) abinprisésostilladiunt firtionpintidurh di atotaind ni ckel .

15 Most "preferably, the transition netal._of conmp rhod| m or

cobal t, esgeageatR{on RHAite Wi HFB}Sb‘tﬂ%?(lllzﬁrfBBﬂ%‘Hla”@%eq ngﬂa}]?udl dﬁponent
(b) is rho dri@nsi tion netal of

conponent ?Jl?l%ﬂ@aidg?nﬁgipeﬁégﬁgﬁ gg%ﬁgﬁﬁeﬁﬁogg%% 5.0 wt % preferably,
bet weeB00. 01 andt ﬂuﬂlldmbe %dqsmocmmumegﬁ ethemyise sseifiedethederon malgl coyesit %

mmy. bo 1 as WAt ru HER BlAkA mbd SudibniflonRRe] R3ieRor SR RARRE "

during the pipgparation of the catalyst actually becomes ‘i ncorporat ed in the
catal yst conposition. Thus, the actual |oadin e. between 10 and up to

100% of the norﬁqliéllle Wﬁi@ﬁﬂ@g Ofﬁéuﬁtmm@tﬁ ?fa(grquﬂ?éYIefeéleea’ Aad e | oadi ngs
are achi evqﬂa.nﬁltt gﬂéﬂéﬁ HF{h%lPCQBP @5 3ef] ﬂq}{@rf cReheUfbthed
y er a e I oa I

accordi ngl actua ngs are above 40% nore
pr ef er @l y,Pradadples JKBt%c(tﬂg 290 ReacOeoy), anEdlﬂnm byfamas Eiuheey, Havper
preferably, the actgg{ﬁcj oad:l}gg of conponent (b) is between 0.01 and 5.0 wt
% vyet m)reIn 1 A 0.01 and 2.0 wt % and especial |y, between

.0.05 and 1.0 Wor%@gvéxbﬁxc%%@bugptﬂéerhgm seRlcted ol IGtoGpIdA yStoupIWi4,abl vy,
Wnere conmponent” (b) is rhodi umand conponent (a) is tin, the nom nal

| oadi ng of Gmm%anéyhmansmqmetahn@@e catalysbmay be pregsineRk s £ vei ght
of the dry S&t allé’ asa metal or as a metal compound (for example, a metal oxide).
30 Preferably, the catalyst employed in the first aspect of the present invention does
not comprise either platinum or palladium. |
Where platinum and/or palladium is present, the palladium and/or platinum

concentration is less than 1 wt %, preferably, less than 0.8 wt %, more preferably, less
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7 SEP 2004 WD 01/ b8571 PCTI GBO1 /00759 Suitably, where compodeSEP @Bt is
cqbalt and conponent (a) is tin, the nom nal |oading of cob /08%sd N
t he range WOOR/68H15wt % of the total weight of the dry catal f/'ls(#/ me atom c
ratio of the transition netal of conponent (b) to the Goup IIIA VA5 or

VA netal ngyn B Wit %, @vén mo@px@ferﬁlﬂ?,f ]efs&bbry() 21wt% &ven rBOJ;e prefesaby, dése tlads] y, 1
: 0.1 12.0, even nore preferabl

X t nor referably,
1: 0.5 - Qlsvt%umosiirg ef%brléssdg?ﬂ)%q&mt %’-bl)" qn§ el"FR? ?‘H am p@@?’fﬁ‘d’ﬁent (a)
istin, th st o hén 8:020vt %
sui ol y. LI bR tbbelrafio 18 chor .00 47 dui¥k BEhARARssknfl 03w
atomi c rat boevkfl 1€s thab@b01 wt%hn is in t he range 1: 0.2-3:0. In a further

enbodi nent of the present. inve t| on the, cata r| ses _.as conponent (a) -
at |east one t PahETsiemPodizrent of the HeseRbIYERt Slleoﬁa?ag? IREPISGHE transition

metal : - Pr e{: %ﬁ&%ﬁ\t ﬁﬁ@? C%Stttg‘l% rﬁ&'éllaée}'e%ﬁedcf%ﬁ?&Eé@%n?%oﬁﬁﬁﬂ%@ﬁroﬁﬁnlm | east
one transi as conponent east one transition netal,
t he cat al ySroupsIsakhad @rougMAyard momipopbm(bhamw@h@)Frap%ﬂl@rametﬁh added

i ndependent |y of, t iti fer y onent (a)
is selected fro@&%%@gt{nﬁ%}éﬁ?ﬁ%‘ F?]t’f‘ g‘lr:%e?%\clqecﬁ% £ @%?%U%alggﬁgl sting of
copper, ' si gl %Héthzmlxrﬁ prIREALID! SiRiARhY ikaRer - 20 Preferably, conponent
(b) is selected from at {east one transition metal fromthe

gro
consi stdng of Bnbahlysthe Krouphy Acaetmeay bobdeated FraBuRarMANIUEL AT, lfeqdrl di um
and ni ckel , % pr ef erabI%m{)hodl um . More preferably, conponent (a) is
sel ected f PBHFTAPLY §eomapiugy, copper, silver and gold and conponent (b) is

rhodi um 25 Moghipsi9f BE @rbip VRO @ity Heasklecteddegp disnant andaponent (b) is
rhodi um Where the Catal yst conprises as conponent (béselgﬁ?iﬂ ast .one
f

transition met &refowbbs thetransianmetabeinoprosast & mdy 1oy, G0
osm um cobal t iU i A g}gﬁ{ tiR8iunP ARG EkQf
conmponent (:B?S’stmgsoqolt' ﬁ%ﬂﬁh%rgﬁlﬁhgﬁmﬁ Sgtn#g}wgnd uml :;u preferabl Y,
bet weens D. Mosa pebferablywthedranahibnimetel qffoefrpoatity(p) Bohb@vmmbalwsm o w
% of the total. weight of the catalyst. The actual |oading of the netal may
be :less t &AM s nomi nal val ue because not all the metal enpl oyed during
the preparatio AlnBh %R (aFiS titBhl XorpBR&ITTS) isPRETipAIGcobali,n t he

cat al yst corrposrif)l ﬁegér?nﬁ ﬁui’ htéaggtlual |8rggl ng ma)y be between 10 and up to
100% of t hespeeinllyahodicandi ng. To 4 - 7 SEP 2004 WD 01/ 68571 PCT/ GB0O1

/00759 ensure that the. desired ctu di n S _ar nal
metal concent r at i REAnSEPRRHAL @ CFOHBDO\'/‘EHRg 88m algl%h%ﬁég*eee%ﬁ 1@9{&[ he
act ual shoady, @9& %irpee@ﬁ%e béR%en 00 1Carid £H Q&&b' and rﬁ«bl@\;ﬁeféfhb% begveeh 0tQ5 99%)

of the nom nal values. Mst preferably, the ‘act ual %dl ngﬁof cor;r@fbr}ent (b)

i s between a@dd10 whp of @emtab/bvelﬁhb?@haﬁﬂ‘-t?l}'s%gpﬁééwabloé B W% and
yet nore pryﬁ f@eﬁ% agxlagﬁﬁmﬁ’ﬂg&rgal leug%gcajcfggxwalf/ﬂagfmétﬁleexﬁﬂb?éd MRirghte of the

dry catalys ere conponent I's rhodi um and conponent (a) is
copper, t hepreguratival of thadatagrsodctmdib'cbeumnmamcb@ocat@_d irothg catalitstsQBRAHIBN t he

total weight of the c

transition hEsalh eé:‘&ﬁ”éﬁoéﬁ%ﬂr‘?ﬁl? W%B' E&g%ﬁ EOE }é]d%o a}eﬁjg)r?&lg@aﬁl&%um
osmi umpscobalshire thAQHE Hé&reaf&emapmadi ?,k iclidhRVEd, ﬂh@h&hlrﬁhdue@d)mmﬁnhtic(m} is
at least one transition metal selected fromthe group. COI’]SI%E?I ng of copper,

si |l ver and may biavetthdeatarind aceadinglyo Preferpblyc thepshishioadings gte fno(
may be 1 : 50.0 =) : 0.2
- 3.0, and @Séﬁa R X%%/&?cé%‘raéuo%f o i O%tBe %Oégﬂfpgalugpg\? oes:PEEf 91? he r hod| um
. copper at gfdt iAo rponeft (b) is Bebwediid.@1 pridd Orwtiloy yetnol pleferably

between 0.01 and 2.0 wt %, and especially, between 0.05 and 1.0 wt % of the total

30  weight of the dry catalyst.
Suitably, where compéncnt (b) is rhodium and component (a) is tin, the nominal
-Joading of rhodium may be in the range 0.1 to 1.0 wi% of the total weight of the dry

catalyst.



-I'n a second aspect of the present invention there is provided a_process for
the production of an ol-efin froma hydrocarbon, which process tdn$kR g884: 20
~contacting the hydrocarbon and a nol ecul ar oxygen-containing gas with a

cat al yst (0YB8H6&% o-t hermal conditions sufficient to producepdirerol/eisn,
wherein the catal yst conprises a conponent (a} arid a conponent (b} wherein
conponent (aj ¢ I\ .selected fromth roup, consi.sti ng of
Croup |II1A, G%ﬁ})a%?y\’/kﬁé %ér %ﬁgﬁ?ﬁﬁgﬁ’& % Feéeba{ftraanﬁis‘f(fr?%(ﬁleﬁg{aa?sst’%ﬁae &8 ent (b)
i s rhodi unkoadisgPf eftettabhy be irhthe caigrl (/61 €t BYEFdALé fothingeigBCsintle aspect  of

t he present_i,nvention is substantially free of platinumand/or palladium
added indeﬁéﬂﬁ%‘ntly of the other netal conponents. \Were the catal yst of

fhe second aspegd. i rORERn! i ' al| adi um /
pl ati num the con%tg]f#ljtlégrltaalﬁ io(lngrril~ of pnas?trb\gﬁr%ir?\?gﬁwg%ﬁ%ﬁk’ﬁﬁ%? g'r%ll‘peﬁggalg{‘@ 30
| ess tBan ar Vi métalmoaebpt eDdr-af0., prefessbly,haro. -8 0Mndte pydirabBL ¢ :pref erabl y,

.
| ess than 92 W 9% even .nore preferabl%, | ess than 0.2 th?A; even nore
pref er abl y, *10e SRR RECteraly. dy - Grps 8.0, préyetrmpraprefasallys hah50.08 wt % In

one embodi nent suitssgy, Rlelead] _ E e A odin : 4 Q1/ Gﬁ%? PCT/ GBA
/ 00759 pl at i'nurrgncaogycente_r at in?r?@gp{bggss&toﬁglr?] én gggﬁfg}ggﬁm}@rlg&'a I%C)?micess
t han 0. 01 Satioof ghodawentindésin thhaang8. 10R1-20t % I n this second aspect of the

resent inventio copponent (a) js.preferably a transition netal or a
%ro'up | VA net a$9’pa:§ P tvv%{eecot"?pﬁ(ﬁh ¢b§h£ ?@@ﬁl@di%&%@n%bﬁé%“@ﬂ%ﬁc Bitiand
gol d, 10r ef éff cobhl ; tif &PiRhe ra’ﬁ%gt]alqj_;%@ oup I VA netals include germanium tin

and | ead, pref_erablﬁé, tin. The catalyst enployed in all aspects of the.
present i nventinghfurhegr emebasdimentrafabie presemisoppuranate chlysecdnnsrieatal yst i s

unsupport e I may be,. for exanple, in - 't formof a nmetal
gauze. 10 Pr eé(%?%t;(?g/a l%/%té 08%@?%@ fngtai @ﬁp&amne’a&@%’s@wme URBSIHPY St
may be supmetat.ed on any suitabl e support. Cerami c supports are generally

preferred, althogzgh met al supports may al so be enpl oyed. Wiere ceramc
supports are R rallpevheseihssiatalsn compribes aseroampanesti(ap of leastame mansitiyn oxi de

i nahiQr ' i 5 stable at. high tures .of, f
oxample, gl i st tiheh ) ol RS R EpSlioB dflel TR SRkl a has
a | ow therfreg ofiplgtansi aml/eropadibfifuei sddeddndbpendémsi BB trahQtioN afkealSepar at i on

at high .terg)er at ur es. Sui tabl e ceram ¢ supports include corderite, lithium
al umi ni um STTHCSE (LAS), alumina, yttria stabilised zirconia, alunna

titanate, ni aspeferabyEosRofbithYissERR hat, e Dhe
wash- coat ed, for éi%ﬁnpfg@omtr@;? S%%%gfwgpt%ﬁ‘g%gf %@flﬁ?@%ﬁ#hﬁ@%&%po”
mat eri al i FoRppoBIsting of eeprehisilvermandagdid,ahodtippeferdly espper.t hr ough t he

cat al . Suchy f atterns . .inflyence the .transport .of reactants
and p??f:luct s P%rﬁ%g%‘hgrc8%pt°ﬁ%n.tr@1tsz§|ﬂ§§t?8${?ﬁ gtieastiong apyugr feetel frgyn e
catal yst' sgraup cotistsying Bf 268 @tHeMiunt, MBmIWASESRE HRdith Srhe MBR b dlias
continuous .nulti-channe| ceram c structure, such as a foam a regular
channel | ed™ P RTSFrablyFadigs pad. The pores of 25 foam .. nonolith

Suppor s may - hack BECfHet SohBoRiR 8 P SHIeRg fork BRERA LS o Ron RN B el
monol i t hs gpddendeampdrgue(byisthpdinier, channel -1i ke pores. These pores are
generalsly smal Ilflg'gt’pre;afgr%bly, component (a) is copper and component (b) is rhodium.
Where the catalyst comprises as.component (b) at least one transition metal -

selected from the group consisting of iron, ruthenium, osmium, cobalt, thodium,

thenium, iridium and nickel, the amount of component (b) present may .n-ominal]y form

0.01 and 5.0 wt %, preferably, between 0.01 and 2.0 wt %, and more preferably,

30 between 0.05 and 1.0 wt % of the total weight of the catalyst. The actual loading of the
metal may be less than this neminal value because not all the metal employed during the
preparation of the catalyst actually becomes incorporated in the catalyst composition.

Thus, the actual loading may be between 10 and up to 100% of the nominal loading. To
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. there may be 80 or nore pores per linear inch of catalyst. The su |]Joort may
be in the formof spheres, pellets, rings or other granular sngpﬁ > W8 or
may be a thin layer or wash coat on another substrate such as_a . netal
gauze or WOIEBEImmt . The catal yst enployed in the process BFT{GRIIPELent
‘invention may be prepared by any suitable nethod known in the art. For

exanpl e, gRlurdBhAE el WRkal 1 8RN SBNEE hORiefed, the KomfFR| ARG WEXdIIra6i8hy 1
PCT/ GB01 /00759 techni ques may be engsoyed. Typically, a catalyst which may
(-

be enpl oyswyihave trebpyaiedsscotinglp Rietssahly, thawetel hadingy areabiove JAVed§ a
nmet hod which ¢ i Ses, S S I mr i i at
Teast onePErarioir St A ek el R adayef the BREALALAI MR BRISEELEMT O3
di ssol ved attialdoadihf abtempaiene(H) is bétheed 0y Nghd 516 virthr pefatidd, betppen 0.01
obtained in step o( a); and (c) calcining the support from Eeg} élg\%' L E %tep
(a) thé iapt dgmt Torndiyst mpre Pagierably, Sgtween Q03 ppdl & %M%fft £ Mverehal

mul tiple’i Ipns. 10 Where at least two netal solutions are used,
t hese rrayh%g&nﬁg%y&

nated onto the support either simultaneously

(co-inpr e?nat iSahdblerwirestwmp dr%lnt 15)) if\&ﬂddgmhemd?f)m;igrxagr(% iscmpperlg t}rw: tiple
sequenti al inpregnations may be enmpl oyed, Prefer y re.multiple

| mpr egnat PemS IadETEATGPediam Hay Ba fotr -0 vtk beed amdba BIEhEHER PR
between e%gtlal)js{rpregnati on. Preferably, the support is both dried and
calci.ned in-alr. In step (b) the inpregnated support is dried, preferably
in ain0 In st&phdre rompenst(pos kt feasirnstteamsition metabselesterbfionythagyoupui t abl e
medi.um but preferably, in.air. Calcination nmay be carried out .a.

{ enper at UPERYIF O IRe BTy ek, SODALGARAEY SRy YiduBGnE dicksho
The cal ci ngd c&HE@&rntt ()98 1842 Bné hndBYn BRt4IOEHERA fréRkhegUP|censibind et
treatnment in a hydrogen atnosphere. The catal yst maté1 be used in the form of

a fluidi sedppar filveeandedd, the efamighittyo obsaid xeappeent b) tgl pstPoNENi@HIMEY . 25

combusti on o & R EEaTaert:ar & aerirapRreRpRr SR8 Aohe 18 RFm et  ne.

The pngcespi,efe@mgr,i]s_@ss cpptacting a :hydrocarbon or a m xture of

hydrocar bons and a_nol ecul ar oxygen containing :gas W th a catal yst under
aut o=t her mal doefarabb e shgding;: cApPE dtYnisata vt af); ln'slls’gﬁ"‘ﬁrﬂfegaﬁ&bll'e
nol ecul ar pxygen-contai ning gas may be enpl oyed, for exanple nolecul ar '
oxygen, air or . nolecular oxygen diluted with an unreactive gas such as
ni t rogen, ar gdna seaumdaspetit of thibepresenhzivietition there is provided a process for the

production of an olefin from a hydrocarbon, which process comprises:

20 contacting the hydrocarbon and a molecular o#ygenTCOntainin_g gas with a catalyst
under auto-thermal conditions sufficient to produce the olefin, wherein the catalyst
comprises a component I(a) and a cémpo-nent (b) wherein component {a) is at least one
metal selected from the group consisting of Group IIIA, Group IVA, Group VA and the
transition metals and cemponent (b) is rhodium. |

25 Preferably, the catalyst employed in the second aspect of the present invention is
substantially free of platinum and/or -palladium. added independently of the other metal
components. -

N Where the catalyst of the second aspect of the present invention comprises
palladium'and/'or platinum, the concentration of palladium and/or platinum is preferably '

30 lessthan | wt %, more preferably, less than 0.8 wt %, yet more preferably, less than 0.5
wt %, even more preferably, less than 0.2 wt %, even more preferably, less than 0.1 wt

%, most preferably, less than 0.08 wt %. In one embodiment, the palladium and/or



- - 7 SEP 2004 WO 01/68571 PCT/GBO 1 /00759 Any nol ar ratio of bWé@&&@gon to

oxygen is suitable provided the desired olefin is produced in thep ess
of the prq}?(ggga{sgventi on. The preferred stoichionmetric ratio of hydrocarbon
to oxygen 116, preferably, 5 to 13.5 tines, preferablBET/EBOHIT

‘tinmes the stoichionetric ratio of hydrocarbon to oxygen required for

conpl et e Splathmibn sdnaentrafion elehyttin® 0DShorsl foraxabpie, désexhane). andt WabLEvenThe

hydr ocar bon ny hydrocarbon which can be converted to ol efins,

pr ef er abl y]e?ﬁonﬁ%@ gﬁ)@?i"?‘?s%under the auto-thermal reaction conditions

enpl oyed. Sui tghh¥.set fqﬁq : | t he

hydr ocarbon is a gasse'e(t(}ﬁjs&%gérocféér)g%ﬁé.méﬁljﬁ%ggﬁy?d e%agag‘;zg%@é%gé%{/arocar bon
may be et hizansitiqprogtaher a DudemBEA anedalnBuitable srahtidor afetal helddgdoppar forri s
passed over the catalyst at a gas hourly ace velocity of greater than
10, 000 *h -and %ﬁ%fpé?éb%@bé’&m@- gel}@geaﬁow Is\gﬁdnﬁta@tmﬁ%ﬁf gTHBNPM.giEaRder t han
1 00; 000 h-feaq Idrefdbly, . - understood, however, that the optinmumgas hourly
space velocity w || ‘depend upon the pressure and nature of the feed
conposi ti on. 15Theleatalysiysopislyyd int dlbadpycts of drehmesemaynvaatipn mahdatsephorfede
tenperature to whic e hydrocarbon, oxygen-contai nin as _and i
(opt i onal | SUBSYRRBE: n%ei thesa Wb%uwaﬁ dghe %%lé%}é‘?%' & o5 S¥vemple. By t he
aut-ei gni ti B f&@0BLS Aletd|@alfe .t he feed. -Preferably, hydrogen is co-fed with

t he hydrocarbon and nol ecul ar oxygencontaining gas into the reaction zone.
The nollar r at i Rretsrally dthe getalysd isoxsuppartedicatelysty T2e catakyst oy begepmisied anange

i ded that the desi | ef | duct i duced, Suitably, the nol
atio of ryu ayaReC PRy guere SPoEerasndel) S7ERa, bordrmble) wherbne.

range 0.5 m@?ra}solbee}ﬂ}ﬁowdesence of the catal yst, hydrogen conbusts
preferentially relative to the hydrocarbon, thereby increasing the olefin

sel ectivity of Mhsee evemi suppedeeesised3he pompelitivmal the iserapnie supmeyt roanpe i se a

di l uent su itr . d de,and.st.eam The partial comnbustion
reaction: rr‘saig %id%ﬁ%{og%tﬁgat&%%fe déoE:}F gt);lf Stgb%aa?zg’f%/hsfém@%a[mrte g?f{)g AGre of

bet weers 60BEtwe@nNE00PZ02d 1 300eCePridribibethveephtbRateriatihdObdwihenshl NSt _
preferably, between 900C and i 000C. 30 The process of the present invention

may be car@ipausionco-sfficientangdre rasistant tosphese sepasaiptreatihigipiempstateres.Sui t abl vy,
the pressure .5 N f o jara refer .ab Aed to 2
bars, for ex am@:@%ﬂ@h}%@ﬁ&ﬁ@g@g rcgg&eglfr;g"I#dé]?me%g%ﬁlﬁé%sﬁ%?m)r ar a,
may al so balumina ghtie staBilised zirdorfii; RN A Ak, 6:¥ds¢bn, Rod/celdii BRd&HB1 Were t he
cracking reaction is carried out at superatnospheric pressure. the reaction
product s niPsBRateJdcverort iRy kecansh-eoatags for examele, Wi -HdyO=energe fromthe

et 0, ShaORls LACRKKA b OSRGOSy oo
or by decothraugh tBucdtalybte Sdele Akivgttenishogsinfnenctahe rahgor of rédtdhts/& 446.
The PeSeTl e LoD L ot b LLLUSLL 8 o B YRY O SHERLS M L
Preferably, the substrate of the support has a continuous multi-channel ceramic
structure, such as a foam, a regular channelled monolith or a fibrous pad. The pores of
25  foam monolith structures tend to provide tortuous paths for reactants and products. Such
supports may have 20 to 80, preferably, 30 to 50 pores per inch. Channel monoliths
generally have straighter, channel-like pores. These pores are generally smaller, and
there may be 80 or more pores per linear inch of catalyst.
Thé support may be in the form of spheres, pellets, rings or other granular shapes,
30 ormaybea thin layer or wash coat on another substrate such as a metal gauze or a fibre
mat. ' |
The catalyst employed in the process of the present invention may be prepared by

any suitable method known in the art. For example, gel methods and wet-impregnation

6



-Figure 1 is a.schematic diagram of an apparatus suitable for c‘a?rS,EiPngmbut
the 10 process of the present invention and, in particular,

dehydr ogen¥Bi 8831 et hane to et hyl ene. The apparatus conpri sPé%T/QBP]é%?(?f

- (12) surrounded by a furnace (14). The reactor (12) is-fornmed of netal, and
l'ined wi th@uaidues ihybe emofe@a‘??ﬁ(:alq)l%)ca'ta%ﬁQﬂﬁé}?ﬂay Be @ng%ﬂﬁﬂ tgippl y
(16) and a hydrocarbon feéed 15 sup . The hidrocar on feed conprises
et hane, anarcsms of therprasent nofemuﬂmcgebﬁ mdalﬁdtbb’@g”é odwhighegopaprisesthe | s

| ocated wit he reactor ( 12). The catalyst (20) is placed between a
pair of LA R@g shiel ds (not shown). The furnace (14) is set to nmininise
heat | OSSG%ZRSJQ‘I]ﬁ'eéxﬁﬁng aaGhpoH withhaeldaf drRGuifibni oftaplcalieonk erstalasontpbdind, vi a
line (26) the reactants contact the catal yst (20), sone of the 20

et hane $n chepiRxddiasaiddisselaed bondiiable vt oduce wat er and carbon oxi des.

The hydrog r. Both of these
conbusti on re‘g@ r{gﬁns ab%%git%{'ﬁﬁ;}%ﬁ&b?amgﬂﬁhﬂgpﬁgfﬁn‘gr oduced is used to drive
t he dehydrQg)edwdlhmgtl@efs@bﬁrfﬁmﬁ@tept(byl ene. Exanples 25 Al ceramic foam
supports used in the follow ng npl es and Experinents wer plied by
Vesuvi us Hi - TedA SG@r(a)rﬁhéémweER%Hﬂﬂ @a:ztbc CPF@BéPrUgﬁﬁ pFingle e #% a?aﬁsyst
(372-D~ 30 prepared by multiple inpregnation of a 30ppi
l'i thium al lﬁ]&lﬁpgﬁ]@}r{@ga € support havi-ng a high purity alum-na (HPA)
wash-cdoat. The Whapat teasttwoyhetaldeiutidnsdiransdethedsmay be enptegndedomntoths
pre-treated caIC|nat|ont0100C|n air for 6 hours. After cooling, the
suppor t vva§upﬁ‘ﬂ7 heE SERUARE NS, Coa“rfmﬁ)%ﬁaﬁ‘ﬁf‘g?ﬁﬁﬂ}l?m'am 8S ny/ g support -of
rhodi um (111) olhiRiphdd@-Hhiy C%{a%ﬁs bf‘m%lt%ﬂlégeqﬂéﬁﬁﬁﬁﬁ]? %ﬁnaﬁ\@{sﬁﬁa wbg then (b) 9
7 SEP 2004 WO 0l /68571 PC1/ G BO1 /00759 inpregnated with a tin solution
(64 mg/ g seppdeyedof tin (11) chloride in 1 m/g support of water). The

t t ed t f
o egnat i on. (AEETHHcdieay BHTE REReERto e Pl V& e SRt BT end,o
cal ci ngd i Rhét €al@hed B et R EachNRIPPEnARbE! Bre 92U, N SppoAfis Bothidizdfandal

i npregnation, the resulting 5 supported catalyst was calcined in air at
600C for 6%19!@%1111@?&1 then reduced i n an atnosphere of . hydrogen (

1. Onl/ mn) and ni o] ). The (nom nal)

| oadi ngs of themggtpo(?gﬁ]t lw@§e B{e V\%pc&ﬂsh%]c?la ?{{e ?ly?lg%: %tin. Experinent
A - 1 w%Pt (338)epy0) thecappiryfomstey (b ivcaidnedial anycadablg medium,iut %

pl ati num was ar.ed. by inpregnating a,.30ppi lithiumal ium si.l.cate
suppor t ha\Rrﬁ‘% I]Pﬂ\’rvéglﬁméﬁ%‘?n}aﬁ b&%a & 1IPPYAUEH Y LB? f%%sh%

pl ati nym I Oo ng/ g support of tetraanm ne plati num
di chl or| de mngﬁzy%gae?}em?%t@ géstlj(gport of water). Six separate

i npregnations offhe halcsed gopporvieom stepr(c) HﬂydDBU‘CdLBedV@Eﬂth h)’ri‘mﬁégnatl on

the 15 inpr ated sgwgort was d ied in air at 120C, and then calcined in
air at 4006’#"‘6‘?‘ FP&FBIW“%S(B’ fnutes. After the final inpregnation; the
resul ting SUppofﬁee&teﬂ?it%%’ﬁﬁe W28 i BleFoRB & f b Tluiteddr fﬂ;«%@%@df%feﬁaﬂ”}pw S.

Experi nent B- w % 20 A catalyst .having a nom nal. |oading of
1w % hodﬁmbvdsfla}ﬂheﬂpeﬁ@ﬂplbyed npregnating a i thi um al uminiumsilicate
support,sin ar _ | gt d f LB dslidn 6L Or i de
di hydrta2t ein 1%%%%%%63%6 prfge% n%eg'?érglf %ngséf%}rt%% Eg};&rrpr egnastli rcl)ns~vvere
carried outhydetatesmorcamixtintpfégdrichbons td@rmtmqsfmst Thaprodeisedmprises r at

120C, and then calcined in air at. 450C Lor appr oxi telééo m nutes. After
the 25 fi nafontache dWAIqerPonton@ IPidtye of @drgeﬁg F ABPEFYEE O e al ci ned

inair at &qualf‘lﬂlg s bl cat%ﬁft AIREE Ao-HRerat éo%gltﬁﬁQXﬁiffR%ﬂﬁ; pefu®f ethane

was carried out usSing eac he .catalysts 30 from Exanple 1, Experinent
A and Expercalnﬁns; ‘B. The reaction was carried out u5| ng the apparatus of

Figure ] at at hesi _ The feed. was hea
DU Ana - TRE Gt o Toeala Gispaelorreanirades Bk e ST O SRARHIE | oyed
are given IﬂloT&maeo%ygeBaQﬂr%r ﬁlo?éc%&r%kagg& (ixhgecﬁﬁith‘éhhﬁreﬁﬂlﬁjvesﬁs%ﬁbh ¥ty to

et hyl ene exhi bi t ed~by t he catal ysts
nitrogen, argon, carbon dioxide or helium.



. Exanple 1 (rhodiun tin)Experinment A (platinum only)Experiment -8B SEPdiBum
only) GHSV @ st p/ h194384199870194611et hane fl ow (g/ m n)9: 339. 56

, 8. 89hydr d¥em1/6858w (g/ m n) 0. 510. 530. 53oxygen flow (g/ m n) 4. 18cT/GB01/00759

-4.214.27nitrogen flow (g/mn)2.012. 101. 59et hane conver si on

(9% 73. 6874. 91 558 | ectl v | ene per et han )
converted) 71. 2’% g“é’é% g"dbﬁ% o>g|_yg|e 1%%'@83&: Er@(‘-f’??]ngﬁ]é‘f desieedlefin yst
of 'Exanpl g5 %rcﬂﬁ%ed)frﬂiﬁé 9f0c%§st d»thhE }Sre@&ﬂ/ 1H{'exﬁﬁJneCThé/bxteYerPéa ﬁéﬁmo%@né ?ﬂﬂ; t he.
catal ysts of Experinents A and . Exanple 3 Preparation of rhodium (0

2wt %9 "/ coppwArqatBwiopXgenos 55@/(;1 6aprefirably( 396 D).510n6, pydferatiby, b 181 uni na

(a) an aquunrereSiasioRBE TR RO 10 orRss FEaHPE CRTBR T of

r hodi us (Idombustib®bf the hiylrokarbdh4€ cabBRAidxi8é aNdhater. and then inpregnat ed
W th (b) an aqueous solution of copper(ll) nitrate (5.8ng/g support of
copper ' (11) ni thehydrpgarhommpy Qegmo perocartbopaykiel carrh@cmmnegmapledm (a)

d (b t
ipr Sonat S ErGART HoRcletf et by e e RSB BRIBNAP Bl
air at 4Sake hgdroampon xiaydieeinyallidhe. M nutes. After the final |rrpr egnat| on,

the bl ocks were calcined in air at f00C for 1 :hour. The inpregnated bl ocks
had--a nomi nal Yiskaatly the hydroogrbon r%msgwahrﬂrgcgm%st@@bb'ethe gBetanpl e 4

The cgpal Iﬁﬁla]gp:, n { of Figure 1 and

heattrke)at)(@; r&f rogenhgﬁé?g%%gg Tge%hour "%{é ﬁ)eéa ed catal yst was

then used in th'EhelﬂydroearﬂorﬁElf}ai?déﬂ V& Bt/ catidyst aPLgASIRIr] é/ s@ﬁZ@%l@&i afive
|

dehydr ogenat i on_of § B@\lﬁe, under di fferent reaptl on conditions and
(11)) as ¢FeEfr than 1849 waplyabese 20409 @pe%@&s%tfef&f%pﬂiéﬁtﬂcthﬁn essure
and the f ORSH t V]

Tabl e 2 ggg)ctl on Cgﬁﬁtt?glﬁggsgg%e&‘?g\%ﬁ {13? (t)lr?{{s'ﬁz g“i‘%@é&"@};@&?‘ h%Pé%QI
19946Et han‘exlrdw@gpmwymsmmeﬁhwc ofjte ﬁ:édworﬁgémhom)l 140. 910xygen fl ow

{glm 90973N|tro enfl 460 13. IeBCataI st of
Htanpl 8 3Cat al JLifEsiniREh fafPbiinss: feoiieardmbis rareture

Condi t i Onsﬁ@fh?ﬂidc&%n (dx)oy & ):&mm FRNA (65396}1;3&1% H?a:%gzr@nﬁy‘é@?é Ry gl ty72. 91
, 72.17(g ethylene per 1 thane converted - Preparation of

| 2h/ Sn' Catmeg@& d; boweysr, 5 ltﬁdth}’l tiasaumu@ompmmamye ofithe fegide i npregnat i on
of a 30ppi

vash- oot The Ehapii ookt R wi Ynd Btart Pan Rod bl SR vs

pre-treat edmlnammglgasnﬂm}ﬁﬁeicmoih&aﬁ&m blar tAio & Hydesden té\i)k?gerp@iﬂ varg, the
support. was Hgg g‘?nalaed with (a).a rhodiumsolution (23.5 support of
rhodi & (199 g arﬁxgﬁmﬁf@ that tberﬁeﬁrgedsalsﬁamrow w&reﬁh}c Pty

i npr egnat I I

i or fde 1 5o Tt raighe Bydbrt® HykalisiR (horefpe SouMR Bldtedly Wi rdee. o

(a) and (b)-5weBe .repeated twi ce further. Between each |rrpregnat| on, the
regnated s rt_was dri,ed t 120C,, and then cal ci.ned

I4r5r8C 19 or apprgf;ﬁﬁ%ﬂaelsf}]cgé)flm I%%S% lﬂ?d? e“t??@qusﬁaﬂrefeﬁeﬂ?‘é ﬁé‘!fliaﬂ‘ﬁe tot’tli‘é

resul ting mtm@mbcﬁgﬁ;eaébaylmateaw?th@ahﬁm@dedm@dﬁ@é oRRBICpfREsH hours. The

(nom nal ) Ioadln s ~of the catalyst were 1 wt %rhodiumand 4.0 wt _%tin 12
-7 5@% 2004 dmon the feed may comprise a diluent such as mtrogen, carbon monoxide

and steam. _
. The partial combustion r-ea'c-iion' may be suitably carried out at a catalyst exit
temperature of between 600°C and 1200°C, preferably between 850°C and 1050°C and
most preferably, between 900°C and 1000°C.

30 The process of the present invention may be carried out at atmospheric or
superatmospherié pressure. Suitably, the pressure may be within the range 0 to 2 bara,
preferably, 1.5 to 2 bara, for example, 1.8 bara. Pressures of, for example, 2 to 50 bara,

may also be suitable.



. WD 01/ 68571 PCT/ GB01./00759 Exanple 6 - Preparation of Rh/Sn Ca}.tgl t 2004
(378-C) The catal yst was prepared by nultiple inpregnation of a (%El
l'ithiumalumniumsilicate foam support. The support, a cyli

di aneter | WEhK68Fdngt h 30nm was 5 inpregnated with (a) a'rhggﬁé%gfs/% 2t i on
(4.73 mg/ g support of rhodium (111) chloride dihydrate in | m/g support of
wat er), and theghbiRheeRatiag r¥ctibn (Pdarded bt 4 hipdrataiospBerdpressuge. shppor t  of
tin (I1) chloride in 1 rtil/g support of water). The I npregnatians &a% and
(b) were rapasdicadredicesemty be Haenched: fapexrnaplenvithyyatgas tPen Smeres Fopynat ed
support was _dried.,in,aifr . . ‘ i.ned in air at 450C for

appr oxi mat erF?/CUQB Cfﬁm%grntatagé].dlé?ttggrrI%E%é&’gﬁ%{éﬁgk%ﬁ?egnati on, the resulting

supported cat al A%f colRpro@lcedng thd progdss ofitheGRBdent mvetidromag be Terpoystory nal )

| oadi ngs of the catalyst were 0.2 w_ % rhaodi um and, 8 2 %.tin Eﬁﬁ@pl e '7
- PrepaPat imechapicRhmeanscat By jegokingy Suitgble degoking mgtheds ate desenbrddBAted by
mul tiple i RYoSY ation of ~a 30ppi lithiumalumniumsilicate foam support.
The support,“a cylinder of dianeter |5mm Iength 30mm was inpregnated with
(a) a rhodi um sDhaupresamt {rR8nGomg/hly nswhedttstoted; by dvaymflekrinples Widyrefbsence

di hydrate- in_ 1 nm/g su t of water), and then inpregnated with (b) a tin
sol ution (1t?.F5g‘f‘Fﬁllga“§]l§B‘gg$][°"EFgtEi“ﬁmP[eF') chloride in 1 m/g support of

wat er). -The i ”pFing'éalt is%@%hér?hté@?ﬂm%% 68In HhparheRfabRoF YarAng Bt der .

Bet ween each i npregnati on, npr egnat ed "support. was dried in air at

120C, dfid tprecessaf dieneesenhinavientiart amth dCpdrticulap pheosghydragepadan of Hhansdo Af t er
the f nal inpregnation, the resulting supported catalyst was calcined in .
air at 600'%?1883'6 hours. The (nom nal) |oadings of the catalyst were 1 wt

% rhodi um and 1TRe ¥patathd sbraprides RGEARRNY 2 Gurrdiheadbph fiamacofl 4RTHEakadtys t
(378-A) The catal yst was prepared by nmultiple inpregnation of a 30ppi
li thi um al uti2hisfermed ptaeal.fapddined pyitrquartzii&Sksupport, a cylinder of

di t | SMm t i \ i [ET ti
(4765 mur o supBBt b Pt fed (R ERRLE a0 ch he & BBty SEg! o
suppor t19f  wipky (18). Tl dsanabal feed bpnpdestetians, andrsmatioamowds ollhydrégtneen
each inpregnation, the support was dried in air at [’lﬁo_?P ar{_d_ H}&@ cal ci ned
inair at As@nitteEempbrBRYHEEE] if logried witkiadhe mactor (FReTha S84 Kat i on,
the resul t|Bgcg@betwgs%%ﬁggpgggﬁA@Qt%élggg}{&sﬁ’gﬁ)@m /00759 catal yst was

calcined inTarr at ours. The (nom ndl) |oading of the catalyst
was 0.2wt % r ho@he forExan# pisGebtoThimimist akstdossenfaniikanshetgnts are introgpepd

Experinment C were | oad into t reactor of Figur -tr ifleW th
yrogen at OB FBROR AL InpHaok Bt eerinep Bt ARl ERh iR e
oxi datiye defhwsd ROBRALARBaBbn Tediadebuiizeo gaﬁmh& Suatedafid ghnben okideTdltiee 4.
Tabl e 4 Catal yst of Exanple 5 Rh/Sn ATC- 1223Cat al yst_ of . o
hydrogen co-feed also combusts to produce water. Both'of these combustion reactions
are exothermic, and the heat produced is used to drive the dehydrogenation of ¢thane to
) ethylene. | '
‘ Examples
25 L
All ceramic foam supports used in the following Examples and Experiments were
supplied by Vesuvius Hi-Tech Ceramics -
- Example 1 - Preparation of Rh/Sn Cata"lvst (372-D)

- 30 The catalyst was prepared by multiple impregnation of a 30ppi lithium aluminium

silicate support having a high purity alumina (HPA) wash-coat. The support, 2 cylinder
of diameter 15mm, length 30mm, was pre-treated by calcination to 1200°C in air for 6
hours. After cooling, the support was impregnated with () a rhodium solution (4.85

mg/g support of rhodium (I1I) chloride dihydrate in 1 ml/g support of water and then (b)

9



‘Exanple 6 |th/Sn ATG 1225Cat al yst of Exanple 7 Rh/Sn ATC 1227Ca.tpl%§t ng{]
Experinent C lIth only ATC 1226GHSV ~a st p/ h1941701945441942791945| t?‘u e

flow (g/ m ry0.038&7839. 339. 33hydrogen flow (g/ mn)0.510.510. 51 ~6é@x/ﬁg7en
“flow (g/mn)4. 104. 104. 104. 10ni trogen flow . (g/ nin) 1. 982. 021. 985TERNAYRE
conver si on .&(}/%67. é731_447.2. 7471. 7Q0sel ectivity éug et hyl ene per 100g et hane
conver t ed) 68 F0ERE' G PIna 1iBEoIuion (64 meds supnsreotitin (Bachipridaans mitdheupport of

talysts ofatedanm i _ | ecti vi ty.and/ £i vit
Chan T he ot e R R 2t W i Gl BrE thd R enar e
catal yst - IBPOBNaLoS thyimprdpnaed spsr waAIH @0 aif GRMPOGKS L\Qé’pcanged gmrn
u

di aneter * 30 £ were :impregnated with .(a) an aqueous sol ution of
r hodi ur n( | Iallr)ar{g]ﬁﬁcﬂ? ?%@PPERX@’S‘ n})g%mimum. Adterrthe finahingpre gdatihl, el rdgulime 1

rnl/g s nd.t{ hen.inpregnated with (b) an aqueous sol ution
of cgppgrp(plcélhg)p dr?lfetd \r,‘%{ags% i mggdggﬁtatgpg% efrhqurfs,)a)xmtﬂma?@uiccdmm/g
support of awadshire ofMdi Lons. (;a) d (b r. epeated tw ce
further. 2(%l Beﬂ’ereenOnggﬂd%éfﬁg?‘ggrr{tl“?@oaﬁm%ﬁgg?noén%% BV%’&IE)S{O\RE%@“HE%‘Q&O?@- air at
120' C, and t hedhe4n@uBSiIIFadifgSHARS cRIFsEwRR10.2 wi % rEbRugPhM0oQ) B8571

PCT/ GB01 /00759 calcined in air at 450C for approximtely 30 mnutes. After
the final inpregnation, the bl ocks were calcined in air at 600C for 6

hours. The Hxipfindn®N Npkytbpadi of the catalyst were 0.2w % r hodi um and
O. Swt % copper. 5 Exanpl e‘TD“I‘;(l%Q@at al yst of Exanple 9 was | oaded, into the
react of0of Fi géreatalysihavingat namimat leddinig ol 1hydv:0gefingh wWa{red2bq §y hour . The

treated cat St . W\as en..used in fhe oxidative dehydrogenation of ethane.
The resul tgsrﬂgl)rég’t'agtl eangq.'pr?l lllﬂfﬂ“@ ajuminiung sHjcatessupposthaving aroHP Bxsash- eadirRh/ Cu

ATC- 2 472GChiDequedas phlbfid:D60kahhans: /43 Cl
(a/mn) L. 00, ox Segd’fl_ov.v {%?hr}i n) finc lﬁ}/ﬁt’érggdgan}n%’%g%vﬁ‘?’%ﬁ%%?@g{ﬁ&lﬁéuppm

. 0 T, é%%wl 1 . o -
conver si on {5aa Plaayy idishlgridesnbnohgdeatp én 2A0Q0suphbARE Wity ik ed) 75. 48
(6004 1 onssTarie Rp iAo br (R GR Wity Bmiza Y51 oS sachdmpraansrioeribe o
with (& amprggetebssuppbi el isahalk ﬁ2éd.d,)anaitlﬁéﬁaﬁcﬂgﬁgﬁ%@%@%@o&g@é248mg/ g

support of cobalt {lIl).nitrate hexahydrate In g r) and
t hen i npr eBRHAPERAGY B prnutes Afierabe Snsldmptrégmatioh, thetedditing gpip@hi:@%atalyst
(75.8ny/ g POL: 1 ly~chloride .in 1 m/g support of water). ™ The
i mpr egnat i %ﬁg&?‘é}g’ecg{r?dél%'%)l(zl\}agr%%?re(gé%’fréd twice further. Between each

i npregnation, the foam bl ocks were diied in air at 120C, and then cal ci ned

in air at éSOC,for ,api)roxi mately 30 m nutes. After the final
xperiment B- 1 wt % Rh (378B) _

20 A catalyst having a nominal loading of 1 wt % rhodium was prepared by

impregnating a lithium aluminium silicate support in a rhodium solution (24.3 mg/g
support of rhodium (III) chloride dihydrate in 1 ml/g support of water ). Three separtate
impregnations ‘were carried out. Between each impregnation, the support was dried in
air at 120°C, and then calcined in air at 450°C for approximately 30 minutes. After the

25  final impregnation, the resulting supported catalyst was calcined in air at 600°C for 6
hours. ' |

Example 2
Oxidative dehydrogenation of ethane was carried out using each of the catalysts
30  from Example 1, Experiment A and Experiment B. The reaction was carried out using

the apparatus of Figure 1 at atmospheric pressure. The feed was pre-heated to 200° C.

10
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Example 3 - Preparation of rhodium (0.2wt%) / copper {1.5wt%) on 99.5%

alumina (396D)

" 3 cylindrical alumina (99%) foafn blocks (30 ppi, 28mm diameter, 30mm deep)

were impregnated with (a) an aqueous solution of rhodium'(lll) chloride (5.6mg/g
support of thodium (11I) chloride in 1 ml/g suppeort of water) and then impregnated with
(b) an aqueous solution of copper(Il) nitrate (5.8mg/g support of copper (II) nitrate in 1
m}/g support of water). The impregnations (a) and (b) were repeated twice further.

Between each 1-mpregnanon, the impregnated foam blocks were dried in air at 120°C,

and then calcined in air at 450°C for approximately 30 minutes. After the final

impregnation, the blocks were calcined in air at 600°C for 1 hour. The impregnated

blocks had a nominal loading of 0.2wt% rhodium and 1.5Wi% copper.
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20 Example 4

The catalyst of Example 3 was loaded into the reactor of Figure 1 and heat-

treated with hydrogen at 750°C for 1 hour. The treated catalyst was then used in the

11
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gl0% & ()-& %40% & ( @@ 109%& 53) reree""demdc, 10% GL0% & () - 4&T '
1006 & ()- mPosreeped tm@o@ah@) etwq_qa%ag}l ippreghatighe impre PE:
10@10 was dried in air at 120°C, and then calcined in air at 450°C for approximately 30

10  minutes. After the final impregnation, the resulting supported catalyst was calcined in
air at 600°C for 6 hours. The (nominal) loadings of the catalyst were 0.2 wt % rhodium
and 0.2 wt % tin

E_xample 7 - Preparation of Rh/Sn Cat-alvst (378-D)

15 The catalyst was prepared by multiple impregnation of 2 30ppi lithium aluminium
silicate foam support. The support, a cylinder of diameter 15mm, length 30mm, was
impregnated with (a) a rhodium solution (23.6 mg/g support of rhodium (III) chloride
dihydrate in 1 ml/g support of water), and then impregnated- with (b) a tin solution (17.5
mg/g support of tin (TI) chloride in 1 ml/g support of water). The impregnations (a) and

20  (b) were repeated twice fﬁrther. Between each impregnation, {he impregnated support
was dried in air at 120°C, and then calcined in air at 450°C for approximately 30
minutes. After the final impregnation, the resulting supported catalyst was calcined in-
air at 6OQ°C for 6 hours. The (nominal) loadings of the catalyst were 1 wt % rhodium |
and 1.2 wt % tin

25
Experiment C - Preparation of Rh Catalyst (378-A)

The catalyst was prepared by multiple impregnation of a 30ppi lithium aluminium

silicate foam support. The support, a cylinder of diameter 15mm, length 30mm, was

impregnated with (a) a thodium solution (4.68 mg/g support of rhodium (III) chloride
30 'dihydrate in 1 ml/g support of water). Three separate impregnations were carried out.

Between each impre;gnatidn, the support was dried in air at 120°C, and then calcined in

air at 450°C for approximately 30 minutes. After the final impregnation, the resulting

13
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10%NE ()] Y“SZ;&;} % : 5%‘221‘5;8 0 0% ()~ $10%8 ()- 10°: ::0rs:} b
10! 9$10%8§@@€§‘— 9$10% } & () - 109 & () - lovek )-Y 0%k () 10%& (1o1i e
, Sh<<<= Catalyst of | Catalyst of [ Catalystof | Catalyst of
Example 5 | Example 6 Example 7 | Experiment C
Rh/Sn Rb/Sn Rh/Sn Rh only
- | ATC-1223 | ATC-1225 | ATC-1227 | ATC-1226

[GHSV @ stp/n 1194170 194544 194279 194519
ethane flow (g/min) 9.33 9.33 1933 19.33

hydrogen flow (g/min) | 0.51 0.51 0.51 |0:51

1 oxygen flow (g/min) 4.10 4.10 4.10 4.10
nitrogen flow (g/min) | 1.98 2.02 1.99 [2:02
ethane conversion (%) 67.24 | 73.44 72.74 [71.70
selectivity 68.08 1 69.99 170.18 167.69 .
(g efhylene per 100g | |
ethane converted)

10
As Table 4 clearly shows, the catalysts of Examples 5-7 demonstrate greater selectivity
and/or activity than the catalyst of Experiment C.
Example 9 - Preparation of Rh/Cu catalyst - 390‘B
15 3 cylindrical alumina (99%) foam blocks (30 ppi, 28mm diameter * 30mm deep)

were impregnated with (a) an aqueous sotution of rhodium(III) chloride (5.05mg/g
support of rhodium (IIT) chloride in 1 ml/g support of water)-and then impregnated with
(b) an aqueous solution of copper(Il) nitrate (2mg/g support of copper (II) nitrate in 1
ml/g suppert of water). The impregnations (a) and (b) were repeated twice further.

20  Between each impregnation, the foam blocks were dried in air at 120°C, and then

14
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10 Tables |
| Catalyst of Example 9
Rh/Cu
| ATC-2 472
GHSV @ stp/h | 119697
| ethane flow (g/min) 19.89
) hydrogen flow (yrhin) 1 1.09
| oxygen flow (g/min) 1 8.75
{'nitfo.gen flow (g/min) 145
["ethane conversion (%) : 62.68
selectivity 75.48
| (g ethylene per 100g ethane |
convertéd) |

Example 11 - Preparation of Co/Sn catalyst — (384A)

3 cylindrical alumina (99%) foam blocks (30 ppi, 15mm diameter * 30mm deep)
were impregnated with (a) an aqueous lso'luti-on of cobalt (II) nitrate hexahydrate
15  (248mg/g support of cobalt (II) nitrate hexahydrate in 1 ml/g support of water) and then
impregnated with (b) an aqueous selution of tin (II) chloride (75.8mg/g support of tin
(II) chloride in 1 -ml/g support of water). The impregnations (a) and (b) were repeated
twice further. Between each impregnation, the foam blocks were dried in air at 120°C,

and then calcined in air at 450°C for approximately 30 minutes. After the final

15
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(15mm diameter * 30mm deep) were impregnated with an aqueous solution of cobalt

(I1) nitrate hexahydrate (259mg/g support of cobalt (II) nitrate hexahydrate in 2 ml/g
support of water). Siﬁ separate impregnations were carried out. Between each
- impregnation the foam blocks were dried in air at 120°C- and then calcined in air at
10 450°C for approximately 30 minutes. After the final impregnation, the blocks were

calcined in air at 1200°C for 6 hours. The final nominal loéding of the catalyst was 5
wt% cobalt.

Example 12 .
15 The catalysts of Example 11 and Experiment D were loaded into the reactor of Figure 1
and heat-treated with hydrogen at 750°C for 1 hour. The treated catalyst was then used

in the oxidative dehydrogenation of ethane. The results are given in Table 6.

Table 6
| Catalyst of Catalyst of Example

Experiment D 11

Co ' Co/Sn

ATC-1234 ATC-1 251
GHSV @stp/h | 194201 193363
ethane flow (g/min) - | 9.33 9.26
hydrogen flow _ 051 . | 0.51
(¢/min) |
oxygen flow (g/min) | 4.1 4.08
nitrogen flow (g/min) | 1.99 1.08
ethane conversion 72.23 70.02
(%) | .
selectivity 162.12 70.91
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aor ouooppBg,]nbnggdSsY' 6! 1098%3& () SYASH109BYB& ()- X! 100/80/8& ()-
-1 100/63: 3& () - 109898& é@ *109898&' () - RgqgqaqgqqvUsyY! "1 &10% ?' " & () -
10% ?' " & () - cqm@tmgt&eby e Bom awBagderninr of m@%@m@ggawﬂ@%%& () -

T S ol b W b s RO

ALK 100/ ?'whereln tHetstpported oftalyst b#ﬂaﬁﬁ@e@ a cn{ponbti(@Yarid a rfponentl®yowhietein () - | #1
0‘V’7 & ()-sssssss _7vUasY!

"1l #1096 2comperent {#)dsgtieasgopg metel selgosed fomy the groyp,consighing of GroypldA & ()| 41

8;3{"# r#loof kﬁr&yﬁgtgﬁ%wx ! Jj & #’151(%109& %ﬁétals)aﬁd comgonent (bg is at least one

ttt"t#t 7t Uﬁnmmmeta#aw&vﬁbre&i a(a)d catalyst does not comprise either pa 1ad1um or
gH#l #10% 2! &a&)-l#lofV’> & ()-1#10% ?' “& ()-1#10% ?' ~ & ()- 7t <t At Ft Kt Lt bt U9
vUisY! |#P@6)81 & ()

gH#l #10% 3’ &A(ﬁrbbé%ws@l’éuné?d {0)c1dithl D0 whick the GtdtbA¥A?s s8lebtod ot tHeqt Wt xt t UOV
WasY! 1 #10% ?'

gH# 1) #; 10% gtoug: opyxsmtmgm ammmlqr)lr galtiwns indiugn and thellipes and/gr thy Greun INA UovU4sY!
| #10% ?'

gH# #10% 91"%15( %e-T‘iC#’fb@/‘énﬁ'th%‘gr(’}lP PoRting of germaniymytin gnd lead and/or the Grogp 4y <\

| #10% ?' * & A dneta) B selected from the group consisting of bismuth and antimony.
3. A process as claimed in any preceding claim wherein component (b) is selected
from the group consisting of iron, ruthenium, osmium, cobalt, rhodium, thenium and
nickel.
4,  Aprocess as claimed in claim 3 wherein component (b} is selected from rhodium
and cobalt.
5. A nprocess as claimed in claim 1 wherein component (a) is tin and component (b)
is selected from rhodium and cobalt.
6. A process as claimed in any preceding claim, wherein the catalyst has a nominal
loading of between 0.01 wt % and 5.0 wt % of component (b) based on the total weight
of dry catalyst.
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16. A process as claimed in any preceding iclaim, wherein the stoichiometric ratio of "

: "hydrocarbon to oxygen is 5 to 16 the stmchxometnc ratio of hydrocarbon to oxygen
required for complete combustlon of the hydrocarbon to catbon dioxide and water.
17. A process as claimed in any preceding.claim, wherem the process is camed in the

presence of a hydrogen co-feed.
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