' ;e3e3Z 3W4f 6 T ;CK PROCESS FOR THE PRODUCTI ON OF OLEFI NS The present
i nventio process for the production of ol efins. Zﬁe»ﬂlimsgmuch
as et hyl Q‘Hmmwmmmm"’mﬂh ene may be produced by a variety of processes,
i ncl udi ng thamékg_am cracki ng of hydrocarbons or by the dehydrogenation of
paraffinic feedstocks. Mre recently, olefins have been produced by a
process known as auto-thermal cracking. In such a process, a hydrocarbon
feed is oxygencont ai ni ng gas and contacted with a catal yst.
The hydr Mﬁmmm“mmm s partially conmbusted, and the heat produced is used
to drive the dgéwerogenation reaction. An exanple of an auto-thernal
cracking process is described in EP 0 332 289. The patent descri bes
pl ati num group netal s as bei ng capabl e of supporting conbustion 10 beyond
the fuel rich limt of flammability. Preferred catal ysts are supported
pl ati num cat al ysts such as pl ati num gamma al um na spheres, and
pl ati num nonol iths such as platinunmicordierite or mullite nonoliths. In WO
97/ 26987, such platinumcatalysts are nodified with Sn or Cu. In WO 00/
1403 5, platinumcatalysts are nodified with tin, copper or antinony. 15
Specifically, Pt/Sn, Pt/Cu, Pt/Sb and Ptl Sn/Sb catal ysts are disclosed. W

have now devel oped ot her catal ysts for auto-thernmal cracking. According to
the invention, there is provided a process for the production of an olefin

froma hydrocarbon, which process conprises: ﬁﬁ{lti al 1y usting the

hydr ocar bon and an o%@ﬁlﬁgﬁﬁﬂgﬂﬂﬂg ODUCT MQ’&@E& of a catalyst,
characterised ih that the cata I b, east one
further netal, ?Efe?el?& fwgptl%‘ltea"\%ésbtg%%&segﬁeeépleegﬁ?rom @ﬁoﬂ%ﬁn&(}e and Bi . For

t he avoi dance of)«Ryblich dshehydratand prap3itte atayl teasdbdueed by anvaliey ofiet al may be
present in the 2 3 JUN 200 catalyst in any form for exanple, . in petallic
form or iprotésees; incinding the sisam crackingrfiydrosabanger krthe delslrogenationet i a

conmbustion reaction. is.carried out ' kB e
hydr ocar boPTaR GG P rE T, ERFEAR R SoByceRR 0Bt Epekn 2
sui table 5% ¥RSRuEORtahE TR SudASpraBess ehyRiRacnadeedis Yigred bithag opygdrer r ed.
The preferred stoichionetric ratio of hydrocarbon to oxygen is 5 to 16,

pr ef er abl yeomaihing pas afid ¢antasted with @ caipkypte (s hydrogarben fepdiis pargiakly,e

stoichionetric ratio, of hydrocarbon to. o en _r i r l ete
combust i oncYhoYs ’ﬂ%ﬁ’ﬁé‘ﬁ%&gﬂ‘?%gbsa‘fsﬁ‘g ¥ @%Xtﬁag&%ad %%g tgeogl. refgfgmg'r ef erably,
hydrogen is co- hgGxhibR Jfa8 ahRAMEM) cradckingHrétRbd 18'\destribb@in EP 0t33€ 28pesence
of the catal yst, hydrogen conbusts preferentially relative to the

hydr ocar boffhe patentateycritres peatisiimgroupemetatstasibeing| cepabile pf sppperting sombustion
St cam Nay. Brsopd 8B bl dergipi Ry e pael s aRES A SRPARR SRR ™
S | NS G0 RS ses R Su0L 174
t ransi t i onphuihain/ceedierts or Bollite monoliths.
In WO §7/26987, such platinum catalysts are modified with Sn or Cu.
In WO 00/14035, platinum catalysts are modified with tin, copper or antimony.
15  Specifically, Pt/Sn, Pt/Cu, Pt/Sb and Pt/Sn/Sb catalysts are disclosed.
We have now developed other catalysts for auto-thermal cracking.
According to the invention, there is provided a process for the production of an olefin
from a hydrocarbon, which process comprises:
partially combusting the hydrocarbon and an oxygen-containing gas in the
20  presence of a catalyst, characterised in that the catalyst comprises platinum and at least

one further metal, said further metal being selected from Ga, In, Ge and Bi.For the

avoidance of doubt, the platinum and at least one further metal may be present in the



exanpl e, the catalyst may conprise Pt and one of Ga, In, Ge and Bi. |n such
an enbodi ment, platinum may nominal ly form between 0.01 and 5.2 3wUNx

pref erabl vy, between 0.01 and 2.0 wt % and nore preferably, between 0.05
and 1.0 mﬁ 5 % of the total weight of the catalyst. It should be noted,
however, not al nmet al d.durin h r on of

cat al yst r‘Ft?r EH‘r‘ﬂ B'B'Etg %d%?%ﬁ @%ofﬁeth%gqrﬁl% irr% ({u,ng

Thus, the @¢ft bQading of netal may difl:er fromthe nomnal |oading. To

ensure that the desired actual netal concentrations are achieved, the
nomi nal met al cmeqmmmalabnmnmama'yadm“s ¢apriexbowtdnyicoutagtinga fhied gbypridiog The

actual | oadi ng, of ati num be between, 10 and.up 0%, of th non1 nal
| oadi ng. th%h)éc%rawgo [méllar PoEan fetaiging %Wg‘ thﬁ)%t%% énﬁts‘éllt by,
above %0 % preferred enbodi nent,
plat|n§rnma).a§'E g%%gln 0. %?hlgﬁb&ﬁgpﬁﬁﬁa?“preferably, bet ween
0.01 and 2.0 V\ETHé)prafeCkedEfoechmmétacedﬂowf hydtocetbon o O@@mﬂs 3t0lept % of the

total weight of the catalyst. The 15 rati atinumto the Goup
I11A |VA mﬁfefqbéshéutpi%ﬁtlﬁﬁdmwefa@w %tﬁ?(it‘mesgh glinemstr@rauwfl | A net al

is enploy r f " ti8hGohat | 0S
of Pt:Ga q&dr(&l%ﬁ)ﬂo? 8% %fe&qpé%r&%llé rlgt%lcbﬂl@hﬁmn dt tﬁ‘ef }?}Fd &fir%(@i etn afbol
preferabl ydiokide AndwateB. 0, nost preferabl Y, 1 5 0 - 8. 0 for exanple, |
:7.5. Preferred atom.c ratios,of referably

1. 0.20 7.0, al?rﬁ&rahix,thYBm%#%%’r@d 1129 o the 15 @a@on lﬁ)beher’@f? ﬂ’ék%!‘rFE? Bfesﬁ_ncf 3.
Wh e}
ot os of Briteiald i hifirgheh GRS etertihidll PLBLEL GOy ERESEOS Jer®bO T 0

pr ef er abl Yincrbadin®thre olefin §e%ct19ﬁﬁ6ﬂﬂh@ovéraﬂ@r&es§/\here a Goup VA netal is
enpl oyed, Bi is preferred. Preferred atonmic ratios of 25 Pt:Bi are 1. 0.1 -

20.0, nore prefdfdiipyal fged mponents serhasdiitiegen, grkamanapxjde andcsteam mey . o
Where a tral i&%g?ﬁ%&%ﬁ%&%ﬁ enpl oyed, the netal is preferably M, Rh, Ru,

Ir or Zn. nént the catal yst conprises at |east two netals
sel ected fr om AGnadie ehdboAiméat @ﬂﬂlelp\/ékcnt\liﬁvﬁﬂidm]; the chtaBsséompaisesrdiilglonseri es.

For exanple, the catalyst 30 may conprise Pt, Pd and Sn or Pt, Pd and Cu.

Pl at i num magtahomi nal |y form between 0.01 and 5 wt % preferably, between
0.01 and 2.0 t % and nore preferably, 0.05 - 1.0 wt % of the total weight
of the catalyst. As described above, the actual |oading of netal 3 Q~
uuw 2ao~ WD 01147842 PCT/ GB00/ 04794 may differ fromthe nom nal | oading.
Thus, the actual |oading of platinummy be between 10 and up to 100% of
the nom nal value. Preferably, the actual |oadings are above 40% nore
preferably, above 70 % (eg 90 - 99% of the nom nal values. In a preferred
enbodi nent, the actual |oading of platinumis between 0.01 and 5 wt %
preferably, between 0.01 and 2.0 wt % and nore preferably, 0.05 - 1.0 wt %
of the total weight of the catalyst. Preferably, the catal yst conprises a)
platinum b) a further transition netal and c) a Goup IIl1A or IVA netal.
The transition netal b) is preferably palladium The netal c¢) is,
preferably, a Goup IVA netal, nore preferably Sn or Ge. The atomic ratio
of nmetal 10 b) (eg palladium to platinummay be 1: 0.1 - [0.0, preferably,
1: 0.5 - 8.0, and nore preferably) 1: 1.0 -5.0. The atomic ratio of netal

b) (eg palladium.to netal c) (eg Sn or Cu) may be 1: 0.1 - 60, preferably,
1: 0.1 - 50) for exanple, 1: 0.1 - 12. Were netal b) is Pd and netal c) is
Sn, the Pd: Sn atomic ratio is preferably 1 : 0.1 - 60, nore preferably, 1:
0.1 - 50, for exanple, 1 : 0.1 -12.0. Were netal b) is Pd, and netal c)

Cu, the atomc 15 Pd:Cu ratio is preferably 1. 0.1 - 3.0, nore preferably,
1: 0.2 - 2.0, and nost preferably, 1. 0.5 - 1.5. ' The catal yst enpl oyed
may be unsupported. For exanple, the catalyst nay be in the formof a netal
gauze. Preferably, however) the catal yst enployed in the present process is
a supported catalyst. The catal yst may be supported on any suitable
support. 20 Ceram c supports are generally preferred, although netal
supports may al so be enpl oyed. Wiere ceram c supports are used, the
conposition of the ceram c support may be any oxi de or conbination of
oxides that is stable at high tenperatures of, for exanple, 600C and | 200C.
The support material preferably has a |ow thermal expansion coefficient,
and is resistant to phase separation at 5high tenperatures. 25 Suitable
ceram c supports include I|th|un1alun1n|un15|Ilcate (LAS), alum na

(a, ~2~3), yttria stabilised zirconia, alumna titanate, niascon, and

cal cium zirconyl phosphate. The supports may be wash-coated, for exanple,
with y- A1203 . The structure of the support material is inportant, as this
may affect fIOM/patterns through t he catalyst Such fIOM/patterns may

. .. o



The hydrocarbon may conprise any suitable hydrocarbon. Preferably eous
5 WO 01/47842 2 3 JUN 200 PCT/ GB0OO/ 04794 hydrocarbons are eﬂrlé 0‘%3&&

Sui t abl e gwmanussfaydr ocar bons i ncl ude et hane, propane, but apeTaiishogi7okur es
t hereof . The hydrocarbon is passed over the catal yst at a gas hourly space

vel ocity of greatger, than 00 ‘., preferably above 20,000 h'' and nost
preferably, gr esz@?tegﬁﬁé)rm égﬁ'ﬂbﬁé‘goGFP“%ﬁl% i pod Hhe trangition megsel seriesnBoer |
that the ORkiipIE) B8 afaniet ity $BABfsd PIEhd\eQFy idd arigBend upon the

e

pressure and nature of the feed conposition. Advantageously, heat may al so
be supplied by pnéusiean embpodimenthpbitiousmiymonitudlytfer bettesn @, (candd.Chvtt he

hydr ocar bon X n- cont ai ry an optional | hydrogen m xture nay be
o eheateq. TrdteE. SRyt Bt o 4. O merereA A B AR S A5eaparico Wi

t enper agur t Rfutd i i rrl Q t

el geat ed p%ggﬁhreet?&tl %@égﬁﬁﬁt‘%ﬁgd{ﬁgts rrgg“%g&g‘t&é‘%?ﬁ@haﬁ’°[ alg&ee t ge

.fromthe remplayed duhingrtherpreparation of the catabyst neeeshrilgbecémés iAGoPbAEE] inAly coke
produced in tgﬁtsgrocess 0 thehgresent invention may be renpved by 15

mechani cal “RBERSCOBROSIHAn, Fhys, dhe pctusldoadingof mefalranndiffer fremdhe peminiah EP 0
709 446. Thegmmeand khielth f LJ2; 1.0 ' w
descri bed, by v%:y of exz;rr%?g,gg\éms%teg a?e? @Pgﬁgiﬁ?%nth%ﬁéﬁgé}elﬂgg%c#‘etﬂegp%r%%ﬁbS,
whi ch is ametdeoncdntrativesimey have tajheavastd accoudibgipl e for carrying out an

enbodi gent of t Rresent invention. Figure 1 depicts an apparatus 10
conpri i@ ng a re &Ft“fg °§9W5&%Hi§é‘ﬂ“’5‘j“%¥ thP%ﬁbaMPtm 0% &€ thernomginghay
be forned C I S.enplo o, he
Prsi de of Liea s Dretebly e Renat KD RedaabObe ATRT bRl ey Ry 75 {4

Y eact ors aPe tofp%)of seemirhinblevahes inad prefepfedichdBdEient, tplatiRatr iy §<stu3_l§‘e
reactor 12_.i s coupl eggagmgn oxygen suagl y 16 and a hydrocarbon feed supply

18. The hy&emarbgtwaen oMt o preferehilye betavean Adrand @0 wh &6, rindmogren. A

catal yst 2Q_J it Ri & ctor, 12. . The, cat st...20 i s,

posi ti onedgﬁég?r\%ﬁl hﬂ)éegggér?g'o\g‘a%g&rsb }t%)g;{% 5@@.“*&?‘8&‘”&‘@,“ %ff.he Wg{#ﬁ%ﬂéow set to
m ni m $% heatio dfqdatimim anthetiGroup CHAL BVADr Hahsifidn ftefal nfilyRAUCEY -ispt 0 t he
reactor via line _26. As the reactants contact the catal yst 20) sone of the

ethane in the hy¥rseadeupAHAamats! issmplesed, it is prefothblyegaliam or mdibirear bon

oxi des. Th : - | so. ts to oduc te Bot h t hese
combust | on®Fares ASic RS o PR o PRl e <l 1868 R0 dri ve
t he dehydr agespteferablof 1:ei0hagie, mesteirbitBRE. 1:6.0 - W@Aéﬂa@@, H@.@Wrﬁﬁn@d?’ JUN
200 PCTI GB00104794 Exanple 1 - Preparation of Pd/ Pt/ Sn talyst The

cat al yst WaPONHE ERIDs PEE" atdl 10 d1-el 0. Oyargpaeferhblypt: Bi21-i70)iandhnadst piaferably,

silic S rt hayin hi purity alum na (HPA) wash-coat. The support
was Sa%g}prg%t égﬁﬁr i’g")n?pée’pllggﬁ num pal | adi um sol ution ((NH3) 4Ptad z,

(1 Vfi 3} 4PdaCl2) Winé aQrodp [PAGhelaHSE i @B i j on,
t he support was dried at ?200, and c%ﬁgaegfsﬁg%é%g@rﬁg&%gta yst ﬁgi t hen
cal ci ned i Af Bi:EGeare bObT-26/0, ndro preferablygdl tM2a 16 Scandeost preferablyyrd dpren e, of
‘hydr ogen {f .Onl/%iz)1 8and nitrogen ( 1. 5 nl/mn) for 1 hour (at 700C}. 10
The catal ys SRaTPEn 1§)sed and found to have 0.36 wt % Pt, 0.04 Wt % Pd and
1.85 wt % Sn. Coygpae ala i Lo ] . } nal
| oading of 1 wt % Pt aﬁﬁgg%%ﬁﬁ lﬁm?l%%?}ilggrﬁ%ﬁgaﬁ%}ﬁ%%@é 'ﬁ% l%ltlgér)nm

si licat® sBpBoate havi ng0.8nmisRAprefesibly,dat0.2 n150%ad uidsoprefératity, (:0153) WPoad z.
The i npregnat edé@)eggort s dri eid at 120C, and calcined at 4SOC . The

catal yst was th P&iaREHon metgl is emplovesh the wetakispsefesblypMie, Rii Buyliorwas
anal ysed apg found to have 0.86 wt % Pt. Conparative Exanple B - Pt/ Sn A
catal yst conprising Pt and Sn was prepared by inpregnating a |ithium 20

al umi ni um si | i cin encthgpambodiaentntheantaty3f\coaptises ableastitwd methlsiselebted frok )

‘( NH3} 4Pt ndg;z a %iAZ SnWAH@I. The i npregnated support was dried, calcined
and reducedT8Y HIAHTRRI VA YAmadhe tansitianmetabsepes For gieruple, thesataliisal st

as ansd vs fly 2BfpHOPE Pi%ndatForPi?Bd and Cu. Platinum may nominally form between
0.01 and 5 wt %, preferably, between 0.01 and 2.0 wt %, and more preferably, 0.05 - 1.0

wt % of the total weight of the catalyst. As described above, the actual loading of metal

3



w %Pt, and 2.80 wt % Sn. Examule 2 25 The catal ysts of Exanpjg JUN 200%

Conpar at i véveeu#sdz A and Conparati ve Exanpl e B above were # ted as

catal ysts for the oxidative dehydrogenation of ethane. Eachc 9 @’Z‘t‘”%as

nmounted in meﬁ$3téoat s of Fi ure 1, and an oxidative dehydr ogenati on

reaction was ¢ e‘Eﬂ\"EI@i‘l ?%nsidihds,tthawuslummgﬁ afifund ﬁﬁg o1 bel ow.
42

~For the tesbstwednT6tagl uh& e 01l 47 TabEe 1
2 3 .JUN 2004 PCT/ GBOO/ 4%2@%@@(‘%@ Yt"i‘}/e %f efgﬁylym@@eml koradmgnm;e)

1197598 ( Pt AE¥e 4036 208estfrefeeably), am«@m%r(%ggag%ggﬁggﬁg% %‘gé‘ B‘t/t fl ow

(g/nlin)1.1 oxygen flow (g/ mn

(g/ ni n) 4. 95395&%%1‘*7%89@§me.aﬁm baémg oﬁglaummumeméreoou\anw wif o4t he

cat al ystS of prefaaly ehetw reat t han those of Conparative
Exanpl es A and B, 9r espggit/\?gg ?/a%&@’tf?dgr 8"‘gmg’elpr€ abiy,/09 Al Opwt Grofithtotal
(Pt/Sn)et haWélgbbnf/téxpsatalym 7075.69 .73.03(% sel ectivity73. 9367 5469 ?2(g

et hyl ene per 100€_ gh %onverted) F~cam1| n ~ Da,.,..,. r. m a
ama. a, na7l ~ JL THETBAY g Satalyskscqmprises explbsnussd)artuithér trmrtﬁamal%d%ﬁ

30 cera | t mal.um niumsilicate th al um na
vvag IE\l:oat) vn\} ?ﬁé%ﬁ%gg‘fﬁg lf'ét%’ l 2 trﬁgﬁﬁl{%ﬂ F’Iﬁéh{’)s lls)l;f%fhlrablymﬂﬂaémmu@be Meed] ¢

t et r achl or i iepreferaby) arGioup BYiAvaeraL, i ocks were dried in
air at %20 é 0C flgardllc 38 m nut es nj[ftﬁé? ca: c&ned&nﬁ % aé?mkf%@f’gfm%

i nut es. &g P Rlatinemamay be an@. It hE0. 0/ reReAbY, 1 100.50r QOELH GolP
r epeat ed. Q}@ﬁm’%ll}l the |5rfpr-[«%=1 nati.on sol ti on had been absorbed onto the
foam the bl acks wére cal ci ned ffHMETFIoe 'B%tb)f(ég palladiumyto metal tSe(\zgrSalorOf

t he cal ci ne@l)bmaszlbs Inerle &0, yesferablf Ul tAEL <ai i 0C for 6
PEmerebly L Ore 58 for SRAbR°L L0 3o Wtre el B ocks

h bef Sub
cgﬂlrz bg ?égﬁééaé %Chfscﬁsrggé%q St a®mit fation} p%fdraBllytqug@D 60. thore> ,lgyrggdg))

t h 75 t est Th t t .0
oo Bt 5167 foP RxamfEH: 01 0 Wprameralt s b %Snié&yé%&géi adre

Exanpl 54 PdeCue adtial iy pteferbblipann! cafal yst for the
oxXi datlvengehydro enatlon gt)‘q et h?ng usi rf;rg%hﬁﬁi%apgiatgé ’PPﬁtﬂf%fe{’@bIYThe

reactor enpf 8 e‘d s forrred of quartz The performance of this catal yst was
conpared to that al? %/ﬂe Ex npl e A. The dehydrogenation conditions
enpl oyed are summrl S may Béﬂmpoﬁ%lkrctxsmphsthbtwtagtshmgzbe in

tlenfdria eif
OBRRE bR i i ?f“'.“.“:“'.é.a.“ﬁ‘@ PRCIRLBI o LY fie Satalyst pimploied i she prespns

process 1s a supported catalyst. The catalyst may be supported on any suitable support.
20 Ceramic supports are generally preferred, although metal supports may also be employed.
Where ceramic supports are used, the composition of the ceramic support may be

any oxide or combination of oxides that is stable at high temperatures of, for example

600°C and 1200°C. The support material preferably has a low thermal expansion co-

efficient, and is resistant to phase separation at high temperatures.

25 Suitable ceramic supports include lithium aluminium silicate (LAS), alumina (a-
ALOs), yttria stabilised zirconia, alumina titanate, niascon, and calcium zirconyl
phosphate. The supports may be wash-coated, for example, with y- AL,O;.

The structure of the support material is important, as this may affect flow patterns
through the catalyst. Such flow patterns may influence the transport of reactants and

30

products to and from the catalyst surface, thereby affecting the catalyst’s activity.

Preferably, the substrate is a continuous multi-channe! ceramic structure, such as a foam

a regular channelled monolith or a fibrous pad. The pores of foam monolith structures

4



. . . .. G...target (nomnal) loadings Pt /| G¢ (M%1.0/ ---1.0/ 4.0GHSV
@stp (/h)121073120162et hane fl ow (g/ m n)18. 9418. 94hydr ogen f 208V JUN 2004

(g/ m n)1. 1W0 awogdegen fl ow (g/ mn)9.099. 09nitrogen flow (9/ gy SeRdra8 10
Table 4 .:.:: : . .. . .. :i:yraonly: .. . :: 1:/a :Pt:/4:;

/0:.::etha Si 04 73. 55' /3. 45et hyl ene sel ectivity (g71.4473. 20per
100g et hangg%(f]@gsr/r t(8 (éjgki ?%&La@nuﬁ I pé'lﬁgs f-%r F’?%[?&F%(“S(Pﬁm@“% Speh sppess maydavape to
catal yst wel, prefgalp B0 SEHSRE beinch EHAAI 3 f b nS& &G d 0am

bl ock” (99. 5% al umj na with al um pe inch DHantsl Audncfiets AR hER i gheer,

t et r anmi nePNAMeklikg Pores.chhese paees e gerrallysenlisr, gad therstinay be 80 ©r m'BF%RI&Q@m

bl ock enpl f.a er and 30 i,n 9 WO 01/47842 2 3 J 2004

.PCT/ GBOO/ O%SQ"%@E‘F@?E%@% '\erfﬂf’%%aﬁry?ﬁ_é'} therferm o sphesgssorrthesgranulagi r at

120- 1 408 f shapes, ordflaytbepiesein a6 althin1BfEr of valf odte ASAGIEPLAR,M Nut es. and
e 1 np i

then cooled to roomtenperature. Once a regna 1 ution had
‘been absor bed orfih ctlyst emplaykd irkthetpesebi invdntionsnayedopipiie fifheleleniahts600C

far 6 hours,.,The,nBh-.and sol utions were prepared with sufficient salt to
achi eve fi E%?h %ﬁ"@'g rﬁ%&ﬁ?ﬁb‘i&& a%%?ﬁ‘%%’ﬁlpﬁq 1hilm.sedium, Potassitengaidl | um  The
atom c pl atcaésiuymgal liumratio was 1:7.5. Prior to testing the catal ysts
were given an irr situ reduction at 750C under flow ng hydrogen (ca. 1.0
nl/mn) and nitdgentalystemploFed inthe)présent ikvéntioh mayl }Eé?df?&l By &ny'MBthod

catal yggs ) o\ﬁé?”&' e 5. and qurpar ative Exanple A were tested ds catal ysts
for the oxidarve§aHy EPbEtAmRle.o¥¢! Brethads ané Wetimpregnatiantechnipess mayibeed i n

t he appar aemploybd. Frypidaly lthe @ 0: QX1 ' hydr ogenati on. reacti on was
farri ed outmgr?ger t}%e C%’ndft?@gmssa@hg%nét\eég V‘lqﬁ1 %a%qrgn%rebsgf%wps feMRTE 5 5
Pt/ Ga) A ( Fre roethly) die@\an@tbeptaldingd 24P OTH3QeH D fhaly |b@‘i‘fnp¥erg83\tled in one or

(g/mn)14.1513. 50hydr flow (g/mn)l2. 7313. 170xygen
(g/ mi n) 6. 37ETBHAPY %6“598‘%%&' Bw?t(rgj? HIPIEENED. steps are-emplopred. TheisepporDist ON  t he

sel ecti Vi t Yre®érabidQrié ; l.e.15 rds et ene.is greater than
that of Co?rlr.)a_rrg; ?vg %&idrr%?qgm% bgtg‘?é%lg?%h 18} p%&ﬁﬁ?'éaﬁ"ﬂ%ﬂ subjactepde 1
conver K1 ongaicination, preferpbly) incis. Tihe\caltind8 G8p R haf e IRNRIRGK poqgga,gqge, byV'0

01/ 47842 ehhagne tconvertﬁ)(ézfl:i 2, 3 JUN 200 PCT/ GB00/ 04794 Exanple
Preparatio cah freatmsng ina fag%?mnqsehzra{ al yst was prepared by sequenti al

i mpregnation ofy j ] K 99. 5% al.um na wi th al um na
washcoat) with gﬁ%g%ﬁ&ﬁﬁ%ﬁﬁt&gﬁpﬁsﬁ%&%&Pw e‘?ﬁﬂﬁ“i“ﬁ@“@“&n&‘%ﬁﬁ%s i ndi um
nitrate. Timetehiekispteferablyimpeeonatedasampldtinusy i | i

Bet ween i n‘gﬂr egnations, t hepblg\ggk vvagm(]jri leld ‘?drllmgilﬁ?l W&%%B‘%ﬂ?@?%@g@ogm
minut es, CcEATRRHEE tih Grice impregpaeds the catlyst rsidried ataspd5(t foe200°CokRICA@Ndd00M

t enpergt ur g. ~Lhe Lppre {on solutign had been absorbed onto the
foam the b chas?)%'? ?éacéiletﬁ‘ h@ﬁu? %ngitd’b%ﬂ”e%%hﬂ@ﬂ’r%nhmn-sTheJSQPmiSFthe!and I n

| ut i it by i ¢ | hi final Pt/
oadi ngs o i Bfcihaie e § APYOCH, taphlei Mot B P marshonie
@t oni ¢ pl afednendiin,for example, ohywfrogerlatffosPidre THiOrddastidmstep Prﬁe'%tc@%riégto%iwer €
ca n

iven an irr situ redti_cti on at 7S0C under flow ng hydrogen N / mn)
and ni t r oghrieREatuies:pt D te; kH00P G, for exasuple, 3005toE3NE areniployedi s Exanpl e, a

Pt/1n catal yst in.the manner .of anpl e 7, above, except that
t he catal yst vva!ﬁez%#% ﬁeil([ﬁéii o lgitbe g@"&%&)@“ﬁ’é?‘%" ﬂ}é)‘ﬂjre’%ed Preferably; a fisechbeds00C.
Exanpl2 9 chtalyst i emhployed]. of Exanple 7, 8 and Conparative Exanple A were

tested as . . .
The partial combustion reaction 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.

The reaction may be carried out at atmospheric or elevated pressure. Suitable
pressures range from O to 2 bara, preferably 1.5 to 2 bara, for example 1.8 barﬁ. Elevated

pressures of for example, 2 to 50 bara, may also be suitable.

The hydrocarbon may comprise any suitable hydrocarbon. Preferably, gaseous

5



20 catalysts for the oxidative dehydrogenati on of ethane. Eacbacggﬁ!mt was

mount ed i nwdgyaRpar atus of Figure 1, and an oxidative dehy t
reaction was carried out under the conditions sumrari sed in(y’fg[gﬁsg&fd“g%l OW.

Table 7 25 7 (Pt/In)8 (Pt/In)A (Pt only)GHSV @
st p/ h119975Weteraghons 3o emplgsied. Suiable ghseony hdroOarBomlihduBOBE §espahk OW

/ m 13. . ; en.flow (g/ mn) 6. 586.586.58nitrogen fl ow
Eg/m 233 696#%%3%‘;‘%8&%905 4784(292 3 ?JUN 2004 PCT/ GB00/ 84"794' As shown
in Tabl e 8 bel owrhé roedrBby &t I i ah .
sel ectiv iro o BipRsiel oven e cafyb el Dl lociy 061 o

selectivities towards et hy‘ ene than the c
10 15 20 25Bratsy dag 19,q08ty |, pyeferably/abny#:20,p00 hfflayx)imdmpﬁeferabl%, eater than
y

conver sison7 D7 % sel ectivity70.1971.2768. 96(g et ene per
100get hgne @8?@? rted ;&X@% %ﬁﬁrs{e\ﬂ%’ g%‘@é"eél é’r"né‘_e PPURUBY gasdwyrly space Hgne
pr oduct i on velochy valldebend oM the A RE B RRur 50 FRLASERS AONPT | Ses:

partially conbusting the hydrocarbon and an oxygen-c¢ 'b gas in the
presence of a cabdyaniageousinrheet may sleal be suppiiet bl lpee-hedting)hé hid?BRHbSE The

plati num a . urther metal, said further metal being

sel ected f 3%’%3%5&{“%??13 % °%3ﬁﬁl‘3§{’9°az‘ .[’0'2\ Fry8erscentaiging|2ap aadi(aptiopally) ydrogen
wher ei n t henistupe el Q{Eq;réﬂe@ at; b : : ) . oxyvgen is.5 to 13.5
tines, 1Bref elr abl y, b,6 to 10te'?i %@eﬁéggﬁggﬁygﬁnﬁﬁtgwé ip6°poef1'°r§>[8$ocar bon to

oxygen lPequitmperatuse) efdhpfesde conbustion of the hydrocarbon to carbon
rocess as clajnmed in claim1 or 2, wherein said

di oxi de and wat e\élherloth?" ﬁ ]

partial combustionc ot s S§PRGNAE GraSHAR RAEsHOW,a) glevated pressurentie geastios carri ed
out in the ppsfceN@m8y BE ik r |.aj,red in an receding
claim wherel n sai d furt her thneg{]tgfﬂfgéeﬁg tfﬁée%ﬁ§%a'ae§?t?q"n%haglge%popar"(?ﬁ’e@g&’ﬁé

cl ai med i nreapjions takingfpladeai ms 1 to 3, wherein said further metal is 15 Bi.

6. A process accprdi to. any.precedi ng cl ai mwherein said catalyst is a
supported cat al ngy. C(;}(% pAoﬂ%ﬁggg‘edgo%qS&PﬁﬁG Areseahipventimogudynhe rehmived byher ei n

0 L0 OB A 578 Sy U YA SRS B AL © 1P
A A A A3, AS. AThese a@betherBpadts A tBe/réler #obititin Will novPbe described, by way of
example, with reference to Figure 1 of the drawings, which is a schematic view of an
apparatus suitable for carrying out an embodiment of the present invention.
Figure 1 depicts an apparatus 10 comprising a reactor 12 surrounded by a
20  furnace 14. The reactor 12 may be formed of quartz or metal. Where a metal reactor 12
is employed, the inside of the reactor is lined with quartz (not shown). Typically, metal
reactors are more susceptible to heat loss than quartz reactors.
The reactor 12 is coupled to an oxygen supply 16 and a hydrocarbon feed supply
18. The hydrocarbon feed comprises ethane, and hydrogen and nitrogen. A catalyst 20 is
25 located within the reactor 12. The catalyst 20 is positioned between a pair of LAS heat
shields 22, 24.
The furnace is set to minimise heat losses, and the reactants 16, 18 are introduced
into the reactor via line 26. As the reactants contact the catalyst 20, some of the ethane
in the hydrocarbon feed 18 combusts to produce water and carbon oxides. The hydrogen

30 co-feed also combusts to produce water. Both these combustion reactions are

exothermic, and the heat produced is used to drive the dehydrogenation of ethane to

ethylene.
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A catalyst having a nominal loading of 1 wt % Pt was prepared by impregnating a

lithium aluminium silicate support having an HPA wash-coat in a solution of

15 (NH;)Pt"ClL. The impregnated support was dried at 120°C, and calcined at 450°C . The
catalyst was then calcined in air at 1200°C for 6 hours. The catalyst was analysed and
found to have 0.86 wt % Pt.
Comparative Example B - Pt/ Sn

A catalyst comprising Pt and Sn was prepared by impregnating a lithium

20 aluminium silicate support having an HPA wash-coat in a solution of 1) (NH3)sPt"Cl,,

and 2) SnCl/HCI. The impregnated support was dried, calcined and reduced as described

{ in connection with Example 1 above. The catalyst was analysed and found to have 0.48

wt % Pt, and 2.80 wt % Sn.
Example 2

25 The catalysts of Example 1, Comparative Example A and Comparative Example
B above were each tested as catalysts for the oxidative dehydrogenation of ethane. Each
catalyst was mounted in the apparatus of Figure 1, and an oxidative dehydrogenation

reaction was carried out under the conditions summarised in Table 1 below. For the tests,

a metal reactor 12 was employed.

. 30
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As shown in Table 2 below, the selectivity of the catalyst of Example 1 towards

-—\

ethylene is greater than those of Comparative Examples A and B, respectively.

5
Table 2
- 1 (Pd/Pt/Sn) A (Pt only) B (Pt/Sn)
ethane conversion 74.70 75.69 . 73.03
(%)
selectivity 73.93 67.54 69.7
(g ethylene per 100g
ethane converted)

Example 3 - Preparation of Pt/Ge catalyst

The catalyst was prepared by sequential impregnation of 30ppi ceramic foam
blocks (lithium aluminium silicate with alumina washcoat) with aqueous

10 tetrammineplatinum(II) chloride and germanium tetrachloride in ethanol. Between
impregnations the blocks were dried in air at 120-140°C for ca. 30 minutes then calcined
in air at 450°C for 30 minutes, cooled to room temperature and the impregnation
procedure was repeated. Once all the impregnation solution had been absorbed onto the
foam the blocks were calcined in air at 600°C for 6 hours.

IS5 Several of the calcined blocks were given a further air calcination at 1200°C for 6
hours before testmg Subsequent to air calcination at 600-1200°C the blocks could be
reduced in a hydrogen (1.0 nl/min) and nitrogen (1.5 nl/min) atmosphere at 750°C for 1
hour prior to testing. The catalyst comprised 1.0 wt % Pt and 4.0 wt % Ge.

20
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GHSV @stp (/h) 121073 120162
ethane flow (g/min) 18.94 18.94
hydrogen flow (g/min) 1.14 1.14
oxygen flow (g/min) 9.09 9.09
nitrogen flow (g/min) 5.00 4.68

10

ethane conversion (%)

73.55

73.45

ethylene selectivity (g
per 100g ethane

converted)

71.44

73.20

15

Example 5 - Preparation of a Pt/Ga catalyst

The catalyst was prepared by sequential impregnation of 30ppi ceramic foam block

(99.5% alumina with alumina washcoat) with aqueous tetrammineplatinum(II) chloride

and aqueous gallium nitrate. The foam block employed was 28mm diameter and 30mm in
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The catalysts of Example 5, and Comparative Example A were tested as catalysts
for the oxidative dehydrogenation of ethane. Each catalyst was mounted in the apparatus
of Figure 1, and an oxidative dehydrogenation reaction was carried out under the
conditions summarised in Table 5 below.

15
Table §

5 (P/Ga) A (Pt only)

GHSV_@ stp/h 121172 120130
ethane flow (g/min) 14.15 13.50
hydrogen flow (g/min) 12.73 13.17
oxygen flow (g/min) 6.37 6.58
nitrogen flow (g/min) 4.06 3.74

As shown in Table 6 below, the selectivity of the catalyst of Example 5 towards

ethylene is greater than that of Comparative Example A.
20 Table 6
5 (Pt/Ga) A (Pt only)
ethane conversion 77.71 79.64
(%)
selectivity 71.85 68.96
(g ethylene per 100g

10
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KKKKKKKKhLE Pié¢paration of a Pt/In catalyst

The catalyst was prepared by sequential impregnation of 30ppi ceramic foam blocks

(99.5% alumina with alumina washcoat) with aqueous tetrammineplatinum(II) chloride

5 and aqueous indium nitrate. The foam block used was 28mm in diameter and 30mm in
depth. Between ir;lprégnations, the block was dried in air at 120-140°C for ca. 30
minutes, calcined in air at 450°C for 30 minutes, and then cooled to room temperature.
Once all the impregnation solution had been absorbed onto the foam the blocks were
calcined in air at 600°C for 6 hours.

10 The Pt and In solutions were prepared with sufficient salt to.achieve final Pt/In

.:4-"‘-_\_

loadings of 0.54 wt% platinum and 0.4 wt% indium. The catalyst had an atomic
platinum:indium ratio of 1:1.26
Prior to testing the catalysts were given an in sitn reduction at 750°C under
flowing hydrogen (ca. 1.0 nl/min) and nitrogen (ca. 1.5 nl/min) for 1 hour .
15 Example 8
In this Example, a Pt/In catalyst was prepared in the manner of Example 7 above, except
that the catalyst was calcined in air at 1200°C for 6 hours, rather than at 600°C.
Example 9
The catalysts of Example 7, 8 and Comparative Example A were tested as
20 catalysts for the oxidative dehydrogenation of ethane. Each catalyst was mounted in the
apparatus of Figure 1, and an oxidative dehydrogenation reaction was carried out under

the conditions summarised in Table 7 below.

Table 7
7 (Pt/In) 8 (Pt/In) A (Pt only)
GHSV @ sip/h 119975 119908 T1zo130
ethane flow (g/min) 13.50 13.50 13.50
hydrogen flow (g/min) 13.17 13.17 13.17
' oxygen flow (g/min) 6.58 6.58 6.58
nitrogen flow (g/min) 3.69 3.67 3.74

25

11



q) B1O%#&' ()-
@) B10%#& 8&-6 OE’&
f&*L! 10%$&' () - q) B1O%!&'
LLLLLLLLj J* A+0_1@gsshamp)
A

ey i st

@XKKKKKKLe

10%$& () -

$& ()-A+0_

DBy & () -

1

&;@gz

@) B10%t& ()- q)B10%t&' ()- q)B1O%:& ()- °

& () %48 ()- q)BL0%E § N 2004
@) B10%¢& () - q) BLO%& ()- Q) PCTIQG)BOO/M794

LL Mo PO

| LLLeD+q) B10%t& () ff.z10%$& ()-Z

@ q) B10%#& () - q) B10%#& () -

ORed& the chalstd 0FRSEmples " MdAShold
+0_10%$& () - A+0_109%$& () -

ge than t@q_: PRRAvRAAT Comparative

Example A,

LN

) - A+0_
0_10%

M M MIO4AT0_10%$& ()-' VI ]) A+0_10%$& () - A+0_10%$& () - (A+0_10%$& ()- (' V!]

A+0_10%$&'

- " MAVBM

M MAMFMOMW U4 | " 109& () -,

f,#@O0%(& ()- f110%(& ()-

f YL109%( & ( Xakle810>$10>$ f* @ 10%$& ()- MNOOO Pi P| [:vU4 | f3109%(& ()-f

f3 1096( &
ff" 1098( &
1 1098( & ()
[/110%(&
" F9% 10%lI$( d
[/11098(&
[/11098(&
#3[ /1 1096(
[/110%(&

5

10

15

20

25

QLN 't £ 1N0

) - JET109%

& (-

X d O Ll Vv
T2 SHIOYB &

-, 1 PPQQQOR| [ : vl

7 PYIos 10940

@vIn) f #n0

B(@t ohly)

- ethhdddohhVErsioh- T
)- [/110%8(& () A
(@) - SSS&S- S4S; S|

G R

IT1098( & ()
[/1109

7

v4 |
& (-

- S<SPSV

fll\nlﬂ’\( &I () =
-#ﬁl 910%( &
(& ()- [/!'10
QA SbScS <vW

PB(& () -

RRDDCC o Av LY ]

M AR — =7 any

9641 - 1098( & (
#3 di[/11098(

[/1 109

(& ()-
() -

electiyity oo ( & () -

(el b

ethane converted)

B(& () -
L1 #[ /) 10%8( &

79191096 ( & ()

[/11006(8& ()-

| 7137 d! cSySSS
(/11

C()- [/ 109%(

SEESO6V U4 |
0B & ()-
& () -

12



#3 dI[/1109%( & ()- [/'2098(& ()- [/!'10%(& ()- SSSSSSSSS RE8 10Q 1OQ 10Q
;109 & ()-[/'109%(& ()- #3 d![/!'109%(& ()- [/!'10%(& ()- SSTTg'léTIhE_I

. 10%#z& ()-Q S, &10%#z& () - f10%#z& ()- 010%#z& ()-: y#10%#z

10%#z& ()-TTTTTTTbBRES cl 10%#z& ()- cl 10%#z& ()- cl 10%#z& ()-
10%#z& ()- 10%#z& ()- 610%#z& ()-TTTTTTT <RE8 #3H= cl 100/<z.#z&'-()-
10%#z& ()- cl 10%#z& ()- cl 10%#z& ()- #3H= TTTTTTUU L, 8cl 10%#z& () -
cl 10%#z& ()- #3H= cl 10%#z& ()- cl 10%#z& ()- cl 10%#z& ()-

10%#z& ()- UVUUULWU2UBUAUCGH8cl 10%#z& ()- cl 10%#z& ()- cl 10%#z& ()-
10%#z& ()- O#3H= cl 10%#z& ()- cl 10%#z& ()- 4USUGUHU UJUKULUND) cl
10%#z& ()- #3H= cl 10%#z& ()- cl 10%#z& ()- cl 10%#z& ()- cl

10%#z& ()- #3H= LUOUPUQURU_Uf UUWlvW4l 10 10%& ()- 109%& ()- 109%8& () -
$10%& ()-10>$10>$210>% @ 10%$& () - UdWWWXX| [ : vU4l 10 g$#109%8& () -
g$#10%#& ()-F "109%$& ()- s!10%& ()-m"10% & ()-3

"10%" ~& () -3XXY"YYZOZ|[:vU4l 10 | F4 10%8& ()- 1109%& ()- -& 109%8$& () -
,, 1098& ()- *g 109%8& ()- ( 109& ()-0Z3zYZ0Z|[:vU4l 10 | F4 109%8& () -
1109%& () - -& 10%& ()- ,, 1098& ()- *g 10%B& ()- @10%B& ()- Normal”
"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default

Par agraph Font ((2~9?D JPQR3W /" bdf hj I nprt H'5>C0ZU3Z; <=>?@A\B'

P" #t) +% 20386B| 68: z<<<=B=| =+>[ >>>>>?BCWDDD; EhEEEE: FZFG hKKKLLLM MV PRS

ScSSSSTTT ULU 0237 MNOPORST Z abcdef ghlj kI mopqgr st uvwxy
z{| } ~6Ti SSlicy 9@%@9@@&9%@?@%@ &gprocess

I #3U& () 06 15@,123456789 :
<= >’>@\BCDEFGE|I JKLM\IODQ?STUVV\XYZ[ \']~_"abcdef ghi j kl mopqgr st uvwxyz{ | } ~
partially combusting the hydrocarbon and an oxygen-containing gas in the

presence of a catalyst, characterised in that the catalyst comprises platinum and at least
5  one further metal, said further metal being selected from Ga, In, Ge and Bi.
2. A process as claimed in claim 1, wherein the stoichiometric ratio of hydrocarbon
to _okygen is 5 to 13.5 times, preferably, 6 to 10 times the stoichiometric ratio of
hydrocarbon to oxygen required for complete combustion of the hydrocarbon to carbon
dioxide and water.
10 3. A process as claimed in claim 1 or 2, wherein said partial combustion of said

hydrocarbon and oxygen-containing gas is carried out in the presence of hydrogen.

4. A process as claimed in any preceding claim, wherein said further metal is either

Gaorln. |

5. A process as claimed in any one of claims 1 to 3, wherein said further metal is
15 B

6. A process according to any preceding claim wherein said catalyst is a supported

catalyst.

7. A process as claimed in any preceding claim, wherein said hydrocarbon

comprises at least one hydrocarbon selected from the group consisting of ethane,

20  propane and butane.
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