WD 03/ 070672 PCT/ GB03/ 00637 PRODUCTI ON OF COLEFI NS The present invention
relates to a process for the production of olefins from hydrocarbons, nore
parti cul awloystoean ener gy-efficient process in which the Paydigisaodsons are
treated to autothermal cracking. Oefins (ethylene, propylene and butenes)
production is a very energy-intensive 5 process. Current steam cracking
technol ogy involves a process furnace to provide energy to crack feeds to
ol efin products, heat recovery fromthe products, a large conpressor to
pressurise the product streamto relatively high pressures (3-500 psig),
and distillation to separate and purify the products. The process furnace
is arelatively inefficient way to provide the heat of cracking: only
about 40%to 50% of the heat 10 released in the process furnace is used in
the cracking reactions. The renai nder of the furnace heat is recovered in
t he furnace convective section and integrated with the process gas heat
recovery systens to provide high pressure steamto drive the reactor
effluent and refrigeration conpressors. Any additional energy (in the form
of high pressure steam is typically provided by auxiliary boilers. Steam
cracking suffers from 15 the di sadvantage that providing conpressor energy
t hrough such a steamcycle is thernodynamcally inefficient, converting
only about 25% of the thermal energy of the fuel into useful shaftwork.
This, conbined with the predpeidTORGWoREHIRG process furnace, nmakes the
production of olefins véry TuUel-intensi ve. One way of inproving the

ef fi ci ency offhe prasemgnoatior selatss tog proesss e thdyprodeetionfafolef® fomacki ng by
cogener at,i gn si ng both gas .and steam turbines to.provi energy), which
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shaf t wor KyydfRarbeyaaeltRaet té Ritsthesmaicgekpged in WO 01/ 04236, in which the
st eam crackin rocess is characterised in that the energy source to heat
t he hydrocar sﬁﬁ?nﬁ(f(w}ege,imowlmﬁ agd hutppes) PTOAACH OB 107 0BY 2nPEYAEBES8/e00637
cogenegrat i on_ unkt . ogener at i,on, uni. i oul tan s| roduces therm
cnor oy amieecrrst Sfe B AR R by B RIS i B o m e
cracked hyeiggeaciaoksseds ticolefin yiodu&rs,Heatvgchiveepfrboinse prdust eamm@r e subj ect ed
to preheating by the thermal energy, whilst the mechanical energy is
conver t eFOPHTESFAIP Prespurise phe pradugt ﬁé@%mela@welémlgvessures (3-500 ps1g9,

and distillation to separate and purify the products. The process furnace is a relatively
inefficient way to provide the heat of cracking: only about 40% to 50% of the heat

10  released in the process furnace is used in the cracking reactions. The remainder of the
furnace heat is recovered in the furnace convective section and integrated with the
process gas heat recovery systems to provide high pressure steam to drive the reactor
effluent and refrigeration compressors. Any additional energy (in the form of high
pressure steam) is typically provided by auxiliary boilers. Steam cracking suffers from

15  the disadvantage that providing compressor energy through such a steam cycle is
thermodynamically inefficient, converting only about 25% of the thermal energy of the
fuel into useful shaftwork. This, combined with the low efficiency of the process
furnace, makes the production of olefins very fuel-intensive.

One way of improving the efficiency of such processes is to provide the heat for

20  cracking by cogeneration (using both gas and steam turbines to provide energy), which
is up to 55% efficient in converting fuel thermal energy into usable shaftwork. An
example of this is disclosed in WO 01/04236, in which the steam cracking process is

characterised in that the energy source to heat the hydrocarbon mixture is provided by a



5 generator, which is then the used to heat the hydrocarbon m xture to the
required cracking tenperature. US 4912282 discl oses a process for cracking
hydr ocar bwosiomenhi ch a m xture of fuel and an oxygen- CORCAIGBIAYOGAS | S
conbusted in a cracking furnace to produce heat for cracking the

hydrocar bons. The oxygen-contai.ning..gas conprises.a mxture of 10 preheated
Al and (RECISTHERRY dBE CaZsE P S ARG EQlsly HRIOSER e AL BN ed it
t he prodygécheiicAQmbis biyRSnbAsInesTIed prbvidéForh Wed craéked HydfocBRBRS;AOr . The
gas turbine drives electric generators, which power the conpressors used

in the prosassof hydrpeprbank andisteamsfargyabjecteddp pesheatinedusibe tssaabinsiay, i npr oves
the effl C&}%E%e%ec%?‘llﬁgﬁl le§£r§gl‘§4&gﬁ égcf:t%se?efcaicit%%'}va%r!}lfef}%@r S A acki ng

processes are essen icien I'n ener gy, significant
propost i genérheir, vehkialil therbhitusdd talieay) thohydrbearbat mixthead theagyuited for the
whol e process being avail able fromthe exhaust gases of the furnace and
cool i ng &Facﬂ(ﬁgtém%‘l%%‘ae-product s. Accordingly the additional heat required,
which is the t ' r.at.i i ' is
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ener gy effielandnoypxggnrontangng g ie cambusitdsim LGacked@furvask yo praduteltat per haps
of the order q% 15%, Auto herr:ﬁl cracking.i.s a newroute to %{fgjins in

whi ch t hdohgarkieamsdndrosadons TheoxgenGonfrinRg saHOMRISEH3 EBYUERYr a

cat aljyst -pr%ﬁ@:ﬂsﬁﬂ 470 tl'.\ese)dp'ah&éda&%% £ fidAea Gad RiRd, wiitH hAIRARM Wiae heat
required'to raise the reactants to process tenperature and to carry out

t he endotthepriductof zekbwgingrompsssdidsiganidneltied gan geierator. Ade gas mshihe , there
iS no nee(ﬁ. 25 for. a process ffér nace, Such a (S-r s .is described for

exanpl o iVEDS1S95i5 26 Eatps, WRISGRONET e ORPERIYA e IR 557 14035, Ve have

found that | nggilgpeiecalst BPg# tAURR AL abdcABediRIe iMpRvaitha iRy Hkudh acki ng
process can result in substantially greater energy effici enc%«/I gai ns than
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are genercatdking proesssas) eongpetivnat steam-craclsing drepeesgs pretessentiebnsdhsuibeignt st eam
cracki.ng .process, ..30 Accordingly,.th resent - donvent i [ OV| a process
For e sRsain s SrERERas rifafyion GpPBRREN ad o o Sl o
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and a nol ecul ar _oxygen-contai ning gas in contac with a catal yst capabl e
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40% or less), meaning that the overall energy efficiency gains available are also
20  relatively limited, perhaps of the order of 15%.

Autothermal cracking is a new route to olefins in which the hydrocarbon feed is
mixed with oxygen and passed over a catalyst. Combustion is initiated on the catalyst
surface and the heat required to raise the reactants to process temperature and to carry
out the endothermic cracking process is generated in situ. As a result, there is no need

25  for a process furnace. Such a process is described for example in EP 332289B; EP-
529793B; EP-A-0709446 and WO 00/14035.

We have found that incorporating a cogeneration step into an autothermal cracking
process can result in substantially greater energy efficiency gains than are generally
possible when it is incorporated into a conventional steam cracking process.

30 Accordingly the present invention provides a process for the production of mono-
olefins from a paraffin-containing hydrocarbon feed, comprising a partially combusting
a mixture of the hydrocarbon feed and a molecular oxygen-containing gas in contact

with a catalyst capable of supporting combustion beyond the normal fuel rich limit of



flammabi l ity and subsequently separating the products of said conbustion,
wherein energy for the separation is provided by a cogeneration process
whi ch si maibtoannawas| y  produces thernmal energy and nmechani ®air/Gaeangps7 by
conbustion of fuel, the nmechanical energy being converted to electricity,

and the thernal..ener bei n sed to creat team, 5 for.use,in a steam
t ur bi ne. @%ﬁ@%w?ypﬁd%}ébﬁe(gh %F%%r?tﬁbg H%ﬁ@r%ﬁfi%l?gf%'dS?mgﬁt’d)%cgh%rﬁg’ti on the
product s giefpy fof telses& bl bdvided Byl d doat@satidiproeRa hvltdhaimalshepudly f i cati on

of the products. In a preferred enbodinment of the invention the energy for
t he conpriFedicsh thesmal engrayragd imesharical eperey by sp@pustionof firedclbe mechanical
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conpr issi nfgr asd inrasteaat @mpbind. partially conbusting a mixture of the

hydr ocar bon feed _and a nol ecul ar en-containing gas in contact with a

cat al yst capaqﬁuél_lbf’“%rdﬁﬁﬁ?aﬁtﬁ’@ tE‘?)WiCS)?)éé/‘t%F ghsaiheQrapistion erRSPﬁii%tS el rich
limt of Jo@%%@ds lév:hgﬂﬁct‘%& at%%'%esqﬂgﬁ{io§£rﬁpﬁlrmcaﬁ tﬁ?ﬁfﬂgc&5hﬁ”‘?d separating

t he product usti on, erel n ‘energy ftor e separation and
conpr essipoafesté pmbbdinenovf tHe thvbytian the geergy &tbrithacepnmessss shisolprovided

Si rrultaneé)utgly eE}roduces t hermal energy and nechani cal energy by conbustion
of fuel, PhECHREHSIMICAP % er gy being converted to electricity, and the

t herngl ener QYA&%irdlg%lystE@prE&nEfn%@ﬁt%nszH vided a PRRedsToPthe bERALtisk bf ne. 20
We "have found that thé invention can reduce the fuel requirenent of an

aut ot her rabn@pletiks frgmpy preaffis-coytamgngryocasbatOidgd, saptisingiaal | y nore than the

gai n when ener at i,on_i lied. to canvent i.on t eam cy acki ng
rocess. st ST o BR .55 bR o DU RE P B e Ehr R 2R

convent i anggestaainiiaal im@ntdch®ith Udlatal RELPaBRRITsupRitiid @nMREESS Of the
invention may be as little as one third of that of a conventional 25 steam

cr acki ng hsyerdths nogyalfuel richdiyrih of Baramakilibaindsnbiddren spps eEeamprassitdor at i ng
cogener at j Lcal r I mS i h fuel.

pr of aapi O aRRlhE ERds bE A LR ARt bRl TSl ¢ o
the sepajoaipreRionrsepe ssprovitled By aksgenpraeibe praedsstwiath tihmltaBedualy cal and
thermal energy are provided by a _heat engine or gas en?i ne, preferably a
gas t ur biReducsytheymal eerey apd ychangead saergy Ry cembistion of fyelghe meekpnisabm t he
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turbine are sed to power t
for use in a steam turbine.

20 We have found that the invention can reduce the fuel requirement of an
autothermal cracking process by as much as 40%, substantially more than the gain when
cogeneration is applied to a conventional steam-cracking process. As autothermal
cracking is itself more efficient than conventional steam-cracking, the fuel requirement
of the process of the invention may be as little as one third of that of a conventional

25  steam cracking process; even a conventional steam-cracking process incorporating
cogeneration theoretically requires almost three times as much fuel.

Preferably the fuel for the cogeneration comprises one of the products of the
separation process. It is also preferred that the mechanical and thermal energy are
provided by a heat engine or gas engine, preferably a gas turbine.

30 In a preferred process, the electricity derived from the mechanical energy of the
gas turbine and also that generated by the steam turbine are both used to power the
separation and preferably the compression steps.

The paraffinic hydrocarbon feedstock may suitably be ethane, propane or
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separation and preferably the conpression steps. The paraffinic hydrocarbon
feedstock may suitably be ethane, propane or 3 WO 03/070672 PCT/ GB03/ 00637
but ane. Iwomaw7@we2 substantially pure or nay be in adm xt ur€Tviroz/oodner
hydrocarbons and optionally other materials, for exanple nethane,

ni trogen,, carbgon noxj de,.. carbon di axi.de,, steam or hydrogen.. A paraffinic
hydr ocar M@@oﬁfﬁa}%eﬁfj{w?@@ﬁ?'@Hres(ifd?la)g%e inQdpyXtHEe With athsy {‘},'Oq?/%m gas oil,
or mXxturgg ({ph@ﬁéﬁ%}fotﬁ@%)fnzﬁ@riaq’sﬂmnoékﬁﬁllpleﬁn&%ﬁe@mtl%gﬁ%n,fcﬁ%trﬂ&%xii&, GarBbnt ure of

gaseous paraffini ¢ hydrocarbons, principally conprising ethane, resulting
f r om t he diepde.stdapnordiydragenanepatafGmelaytdincatboggontaiing Bactod sushas paraffinic
hydr ocar bon, pri nci pal | v. conpri,sing. et hane i ch,provide roduct
pri nci paﬁ?h @8h%arsi°§]i’ Ylag%‘é?qf\gs/gpglr%eoranglx reesatﬁ%rr?\é\@%l%lb PR ksy e?'hg S??f)tgtgeigul ar
oxygen- cogkdtdtkiga gasuid Wigasdday pauffinidhydrbearbsR dprendifidly codfprignggen or air.
It is preferred to use oxygen, optionally diluted with an inert gas, for
exanpl e rfithanggiepulting frpm the agparatien of Brefiape o nafwrabgasq &refewed iani ng gas and
the par i Rl . - Or i . i e catal yst.
|t he prE L B B e e B e L St T i
hydr ocar hgincipallgcomarisio yihglene aotheanonongef@@s m xture is suitably from5 to
13.5 tinmes the StOiéliEFHi onetric ratio of 15 hydrocarbon to oxygen-contai ni ng
gas for conpl ebetheAierHar OXYEH-CHBYRE Grotesdnhtyitailyiherusedfighesr ef err ed

conpogy ti L : i I chi UGvi | 0..0f rocar bon
to o%%})gen@@glre\rt?%{%?nnhg% 5gegﬁggar iokggetrﬁke)mfﬁag?qugg%%% ‘§3§§F?Z?%dmy be any
cat al yst exapahd wtrogens Upis @r¢feme toqoedmis theork ygeyomdainng gasehd thech i mt of

fl ammabil it The catal yst jmay conpri se 0,Goup VIII netal as.its

cat 'yt | PEATBEBATOLBh SeesPRUEPRdTogP RS SFBil s BF BRFGRPT

pal | adi urg,ediyte BRMNGHPosikiBR AF thBlga QDS PAATHEC hydr&amn/ﬁb&ému%x%eﬂt nor e
particularly, platinum and pal% adium are preferred. Typical ‘Goup VIII

met al | oawbintagsng gagygixtdre ohsuitadly fram 100136 tigges theefteichiometridyatiooén 0. 01 to 20
wt %. .an re.preferably fromO0.01 to.,10 w ,% based on the.total dry

wei oS o MRS BRdp GLfEn ol Br e O PR RS ol iR (17 <
pr ef er abl yatenpryeefeirdd caapdititik B tdo meaihalsyséhiphenitreio ofThe pronot er
may be a Goup II'l A, VA and/or VA netal. Alternatively, the pronoter nay

be a trarBidrecarborde aXygentfONtaHARE 2AS on et al
Regarding the first step, the catalyst may be any catalyst capable of supporting

combustion beyond the fuel rich limit of flammability. The catalyst may comprise a

20  Group VIII metal as its catalytic component. Suitable Group VIII metals include
platinum, palladium, ruthenium, rhodium, osmium and iridium. Rhodium, and more
particularly, platinum and palladium are preferred. Typical Group VIII metal loadings
range from 0.01 to 100 wt %, preferably, between 0.01 to 20 wt %, and more preferably,
from 0.01 to 10 wt % based on the total dry weight of the catalyst.

25 Where a Group VIII catalyst is employed, it is preferably employed in
combination with a catalyst promoter. The promoter may be a Group IIIA, IVA, and/or
VA metal. Alternatively, the promoter may be a transition metal; the transition metal
promoter being a different metal to that which may be employed as the Group VIII
transition metal catalytic component.

30 Preferred Group IITIA 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 B
metal to the Group IIIA, IVA or VA metal may be 1 : 0.1 - 50.0, preferably, 1: 0.1 -
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pronoter being a different netal to that which may be enpl oyed as the G oup
VIIl transition netal catalytic conponent. 30 Preferred Goup Il A netals
i ncl ude Avpoga7osrn and TI. OF these, Ga and In are prefercadBoBoaBer r ed
Goup IVA netals include Ge, Sri and Pb. O these, Ge and Sri are
preferreﬂ‘g The preferred Goup VA netal is Sb. The atomic ratio of G oup
VI % to the Goup Il A, VA or VA netal may be 1 : 0.1 - 50.0,

preferably, 1 Subtable ni’etMQrﬂ%é E}ZQ&J& REh E@Q@é&%ﬂhés% etalS GRSt al S i n

the transition netal series include those netals in Goup IB to VIl of
t he Peri odillcofTthoPeriodinTatde.t Incpalrtaqulart tramseticni mctahselactsd $romeGtags 1B ollB.G oups

| B, JIB, I Vi | . Per i odi r ferred Exanpl es
of such %I ‘ﬁﬁ‘ﬂa&t\‘@’ enR}% tT@x?‘er?ée prﬁ?f ’%81’% fE ?’ Pt, Cu, Ag,
Au, Zs, GrclamaCHMo, R eFeRueds ! CAm, i, o0, FfeCalA@rm%ﬁca aﬁﬂ@léVb, Rh, Ru, Ir,
Pt, Cu and Zn. The atomic ratio of Group VIII metal to transition rretal

pr onot er Prlf@fyrr%transn@nlmetalamomotem ardfedily Ruy IpPy Co and Zn. Theaftamigdryo t he
t al t b, df
Ca o 1 TR 90 5 B RGP o BN ) 2 A5 SRbg, o5 9 1rom

exanpl e, 1t2h)e cat aI yst may conprise a net aI sel ected fromrhodium platinum

and pall adi um and fty@ﬁlrormter sel ected fromthe group consisting of Ga, In,
Sri, Ge, Ag, Aucteblipthe qptabystroraprises SRy s PEPMRISERheRIOHIj bsingnc| ude Pt/ Ga,

Pt/ lﬁ‘o@?@ {plgqn i e Pt or
Pd rrgg Etéﬁp‘??t?ge uggfIng fot 5. %‘Pqé%a%j{hgﬁé‘?gﬁ%ﬁ{e?‘ eé%wmgﬁho 01 and
2 0 wt  Yexamglemheeatahyst ma)abcbr;(prlieeitmemhseﬂ)ecwfmﬂrhdﬂil@nmla%m andhe tot al

ght of the cataglyst. The atom c ratio of r Pd_to.the G oup
ey A | vRaﬁ?‘F TR |atHr‘er°‘ﬁ’eieé?Ct%‘rr%9FBtﬂéer8rHB@/°‘b‘é“Slmg o503 fn , 8B, 6 “tp d¥er abl vy,
10 0.1 - ol&y0 Prﬁ@ﬁe&é)@dﬁﬂh& of%&f‘éa@alfyﬁ& irRfude Pt/ PHin Pf/SECPtﬁGb §UCEIHY be 1:
0.1 to 50, preferably, 0. nore preferably, 1: 3.0 and

most pr efPeir‘%tbleVGel Pd(Cusand Hh/Sr.l M@th)tm Rdanawmxmsmoeb‘ree@@ Qltﬁlﬂé 0 on t he
or of &3 ably Zorrelgreis bglistn At 2R 5 30 Hiord e by ool SodT 0. 1
3.0, prafewahi of thd totdl - weight 3f the ARYSEDTE: R6MiEFBEI0Y Rh1Pt &1l to tHe 5.
Alternatively, the pronoter nay conprise at |least two netals sel ected from
Group IIIA, IVA or transition metal promoter 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 - 3.0 and most preferably, 1: 0.5 - 1.5. Atomic
20  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 Cu may be 1: 0.1 - 3.0,
preferably, 1: 0.2 - 2.0, and more preferably, 1: 0.5 - 1.5.
Alternatively, the promoter may comprise at least two metals selected from
Group IITA, Group IVA and the transition metal series. For example, where the catalyst
25  comprises platinum, the platinum may be promoted with two metals from the transition
metal series, for example, palladium and copper. Such Pt/Pd/Cu 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 % based on the total weight of the dry catalyst. 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 -
30  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 preferably, 1: 0.5 - 1.5.

Where the catalyst comprises platinum, it may alternatively be promoted with

one transition metal, and another metal selected from Group IIIA or Group IVA of the
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Goup IIlA Goup IVA and the transition netal series. For exanple, where
the catal yst 25 conprises platinum the platinumnay be pronoted with two
net al s freymoBloeoerz ansi tion nmetal series, for exanple, pal lpadiaBnsanct7copper.
Such Pt/ Pd/ Cu catal ysts may corrpri se palladiumin an anount of 0.01 to 5

w % prefer 0,01 to nd nore referably, O. to 1 W %
o b RenEd it g Eady St el o P meBen bg BN L m e of Do Satt bt t o
Pd maybe %,bprefe;labw,mnqo 20 &f %aibd%orelpre@r&l BoL. 1@% %Bﬁ&d%%é‘fo%ﬁ' y, L

1.0 305 The ‘atonmic rati o’ of patlnumto copper is preferably 0.1 -
3.0, nor evgighsfod thedatalyst.: Th@atpmic 210 of Bhtd Ihcbsraypc éf@ﬂabD;ﬂ,, prefer@bls, L: 1 5.

wtn ond-{7 afei e RRERE, KPR BHRRe ol i ST e RSP T A or

G oups! VAVRf mefabmay ¥O1 081 060 §reteR6Ty, GBOI/ QO@BTr@tefabgd ke GabellAldgt such
catal ysts, palladiummy be present in an anount of 0.01 to 5w %

preferabIIyAme@hlstSﬁ(’ZQP tosbpreterablynfine preferably, 0.05 - 1.0 wt % based on

the total wei C r ybel
oS O 0, "SR e b T AT Ao BTl bR R D
The at ommay st presedt inRinytfornt,Ifer éaaiple, bt b Aevdl, & ihWife fasem:dfanwble 1: 0. 1 60
preferably, 1 : 0.1 -50.0, Preferably, the Group [1TAor [IVAnetal is Sn

or Ge, mmpﬁw& é\*ﬁbﬁsfn ogifle. For t he. avoi dance of doubt, the Goup VIII
met aljpand pr OrfPEh%‘hfd B%Odrntai@rﬁ@ﬁgﬁ%f%tua cQﬁra%F?@ﬂBet’aﬂmqgé’ cit?lg]i& tdrid"

exarrpl e, as a neta ormof a netal conpoun as an oxi de.
10 It shomtd;ltreidan'cbehsttb@nbmimal ccmcemaaltionmmp]loycchmi tbeprephratet af then t he

cat’al yst not to i dentic to.the om nal .concentrati ons enpl oyed
B he prabhrhpr sl hihe ey buiedP R ari ST RS REEED el oyed

during t hen B¢ BadoRtds PtoBiorhB irF@E Rh4 Bkt ccﬁq%déﬁio'ny TGS AR Forth MaPHBAr at ed in
the catal yst conposition. Thus, the nom nal nmetal concentrations may have

to be varcpecjantratlmssmzr}ehat\’haw be¢ ariaddeiensue thet theldesieadsdctud metaicent r at i ons ar e

achi The, aut ot her racki ng catal yst may be unsupported, such as in
t he Tejgr mCGRCeRtrafipRs Are Eezvgg but is preferably supported. Any suitable

support may beI‘Hé%@d)t}&lﬂﬁbl @BckifeéAdy & nidy BERImLipfoRAO LR as Bithe EQHAoT £
supports are general|ly preferred. ere ceram c supports are used, the

conposi t ingtalgfauzh dutis prafereblspprartedrAny Baltablg suprpd &ayrbe used such as

ceramic or metal supports, but ceramic supports are generally preferred. Where ceramic
supports are used, the composition of the ceramic support may be any oxide or

20  combination of oxides that is stable at high temperatures of, for example, between
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.

Suitable ceramic supports include corderite, lithium aluminium silicate (LAS),
alumina (0-AL,O3), yttria stabilised zirconia, alumina titanate, niascon, and calcium

25  zirconyl phosphate. The ceramic supports may be wash-coated, for example, with y-
ALO;.

The autothermal cracking catalyst may be prepared by any method known in the
art. For example, gel methods and wet-impregnation techniques may be employed.
Typically, the support is impregnated with one or more solutions comprising the metals,

30  dried and then calcined in air. The support may be impregnated in one or 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
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20 conbi nation of oxides that is stable at high tenperatures of, for

exanpl e, between 600C and 1200C. The support material preferably has a | ow
t hermal ewpan®7wm co- efficient, and is resistant to phaseCTappsaddon at

hi gh tenperatures. Suitable ceram c supports include corderite, lithium
alum niumsilicate, (LA al um n a- A1203 ttria stabilised zirconia,

al um na {Pfetal%%qér,l aH?%gg%ﬂnatm&Fpgaeéea?@eJﬁ?c %r?z‘?yr eo%tfglﬁfﬁ(ggbﬁﬁla% A3ne ceramic
support's Jaayseexinasdpera@at 8dbetlvetn 60GIPIRL 1200 Jyefeﬁkgﬂ&weémsoa@ta%her mal
cracki ng catal yst may be prepared by any nethod known in the art. For
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Preferably, the gaseous feedstock and the molecular oxygen-containing gas are

20  fed to the autothermal cracker in admixture under a Gas Hourly Space Velocity (GHSV)
of greater than 80,000 hr' in order to minimise the formation of carbon monoxide and
carbon dioxide. Preferably, the GHSV exceeds 200,000 hr', especially greater than
1,000,000 hr''. For the purposes of the present invention GHSV is defined as- vol. of
total feed at NTP/Time/(vol. of catalyst bed).

25 For further details of preferred methods of operation reference may be made to
the aforesaid EP-B1-0332289; EP-B1-0529793; and EP-A-0709446.

Any coke produced in the autothermal cracking process may be removed by
mechanical means, or by using one of the decoking methods such as that described in
EP-A- 0709446, the contents of which are hereby incorporated by reference.

30 The reaction products are quenched as they emerge from the reaction chamber to
avoid further reactions taking place. The heat from the quenching is used to generate

high-pressure steam, which is used to provide power for those parts of the overall
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One of the products of the separation unit is fuel gas (light gases
i ncl udi ngpssavstérhelectn gerteyaton doneygy iarthie hot exhprstgases dmethbgald wemne ishis is fed
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the fuel in a conmbustion chanber. The hot conbustion gases
converting fuel energy into electrical energy is about 50-55%, approximately double
that of a typical steam cycle.
Advantageously the electrical power generated from the gas turbine and the
20  steam turbine in the cogeneration unit is used to power the compressor employed in the
cryogenic separation unit, the compressors used for compressing the cracked gas, and
also the compressors used in the air separation plant which provides the oxygen for the
autothermal cracking reaction.
A preferred embodiment of the invention is described below with reference to
25  the accompanying drawings, in which Figure 1 is a simplified flow chart of the process
of the embodiment, and Figure 2 shows theoretical fuel requirements for the process of
the invention compared with other processes.
Referring to Figure 1, a paraffinic hydrocarbon feedstock principally comprising
ethane and also oxygen are fed through lines 1 and 2 respectively via preheaters 3 to the
30  autothermal cracker 4. Also fed to the autothermal cracker through line 2 is oxygen.
The autothermal cracker 4 is maintained under conditions whereby oxidative

dehydrogenation is effected to produce ethylene, higher olefins, methane, carbon

dioxide, and syngas (carbon monoxide and hydrogen). The cracked gases are then
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fl ow t hrough the expander to provide the energy for the conpressor and to
drive an associated electric generator. Energy in the hot exhaust gases
fromthe wavswuwhi ne is 15 recovered by generation of higirCpréams0o@7st eam
This steamis used to produce additional electricity through a steam
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wher eby oxidative dehydrogenation is effected to produce ethylene, higher
ol ef i ns, geetiatddy hoghr pressureditenn ffem the dushipgsn (uench dowerdn drivekethand

hydr ogen). The cr%cked 1%3 es ?re then 8 WO 0ﬁ£070g72 PCT/ GB03/ 00637
quenched CAPEFTIF 535 51t It el T COPBIETPO R NG OYVRERSHPA BRI ! and

| i qui ds fgp@grgielsinﬂng uel oil and gasoline separated off. Foll ow ng
quenchi ng, the cracked gases are conpressed in a series of conpressors 8
bef ore bei ngBsaasseeh the antaethiermal cadckengoproeass dhere Bandirgdxgrere CO2 i s renoved
from.tthe stream usi.ng an _am ne. absorption sys The ressed gases
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recycl ed subgtantjajlydess thanpy ajcogeatippad gystera. Sepsadaentbrtheproportiontefdhei a 1ine 22
to the gao%e?a'l“e?xia&? rQ({uil%ments supplied from other sources is greater than in a
conventional system - approximately 68%, compared with less than 40% in a
20  conventional steam cracking process. Accordingly the potential overall energy saving
possible from using a cogeneration unit to provide this auxiliary supply is
correspondingly greater.
This is shown in Figure 2, which shows the theoretical overall fuel requirements
for conventional furnace-based and also autothermal cracking plants, for both
25  conventional steam cycles as the auxiliary energy source, and alternatively
cogeneration. A conventional furnace-based plant using steam cycles as the auxiliary
energy source has a total theoretical energy requirement of 434 MW, which could be
reduced to 380 MW by incorporating a cogeneration unit, a saving of a little over 10 %.
An autothermal cracking plants however, with a total energy requirement of 224 MW
30  using steam cycles, can reduce this to 127 MW by using cogeneration according to the
invention - a saving of around 40%. Accordingly it can be seen that using cogeneration
benefits the autothermal cracking plant much more than it does a furnace-based plant.

Overall fuel savings on the order of 50-75% can be achieved by combining autothermal
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conbi ned cycl e cogeneration unit 24, which produces el ectrical power from
the gas 10 turbine and also a steamturbine in a known manner. This power,
t oget her wiptob/opwder generated by high pressure steam froCrGBogoedsschi ng i n
guench tower 6, drives the conpressors 8 as well as the refrigerator
conpr ess%racgz4 aarrllgct heeoa% en se]%?r at, on unit for oxygen line 2. Because in
the aut ot FErHE *"CrF8EK) ﬁs gﬂ%afég IPHRIPRY s o firebox or 15 .
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process. Accordin .the potential overal] energy saving possible from
using a &5 ﬁ%&]ﬁﬂ%ﬁﬂ%m ﬁfb%ﬁrbswa%sqrm of theyfyal tiggd in dhgypfmyentional plant
correspongi IS0 %}@@p i i i ows the
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al so aut enfuthemshl gackikg plgntroatairs, cafbon nhatolid@5whmh\peodicenmkrenteatathycycl es as
the auxiliar ergy source, and alternatively cogeneration. A

convent i d‘?m%ffa%f}g(?nace- based pl ant using steamcycles as the auxiliary
enerqy source has a total theoretical energy requirenent of 434 MA which
could be reduced to 380 MWV by incorporating a cogeneration unit, a saving
of alittle over 10 % An autothermal cracking plants however, with a
total energy requirenment of 224 MW 30 using steamcycles, can reduce this
to 127 MW by using cogeneration according to the invention - a saving of
around 40% Accordingly it can be seen that using cogeneration benefits

t he autot hermal cracking plant nmuch nore than it does a furnace-based
plant. Overall fuel savings on the order of 50-75% can be achieved by
conbi;gi ng autothermal 9 WO 03/070672 PCT/ GB03/ 00637 cracking and
cogenération in an olefins plant. A further benefit of the invention is
that the reduction in fuel requirenent also |leads to a reduction in
greenhouse gas (GHG em ssions. Conpared with a typical olefins plant it
is estimated that GHG em ssions can be reduced by up to 40% w th the
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5 conbi nation of ATC and cogeneration. The reduction in greenhouse gases is
not as great as the reduction in fuel use because sone of the fuel used in
t he convewDiodnaic7pl ant s hydrogen (which does not produ®eT@¥Bp/00@MNd sone
of the fuel used in the autothermal cracking plant contains carbon

nmonoxi de, which produces increnentally nore GiG 10 15 20 25 30 10 WO

03/ 070672 PCT/ GB03/00637 Clains 1. A process for the production of

nono-ol efins froma paraffin-containing hydrocarbon feed, conprising
partially conmbusting a m xture of the hydrocarbon feed and a nol ecul ar
oxygen-containing gas in contact wwth a catal yst capabl e of supporting
conbustion beyond the normal fuel rich limt of flammability and
subsequently 5 separating the products of said conbustion wherein energy
for the separation is provided by a cogeneration process which

si mul t aneously produces thermal energy and mnechanical energy by conbustion
of fuel, the nechanical energy being converted to electricity, and the
thermal energy being used to create steamfor use in a steamturbine. 2. A
process according to claim1 wherein prior to separating the products of
said 10 conbustion the products are conpressed and wherein the energy for
the conpression is also provided by the cogeneration process. 3. A process
according to clainms 1 or 2 wherein the fuel for the cogeneration conprises
one of thglaghpducts of the separation process. 4. A process according to
anyone of the preceding clains wherein the nechanical 15 and thernal
energy ark proViPEEEsSHYPr the peeducieryphaong-olghiss Eagl sparaffin-ynfinagss accor di ng

e T
t ur bi ne aind dxAbleculsEskylzen-seit@hingAs (rgdontaet itk asepdysatipablesTduppefies abl y the
combustion beyond the normal fuel rich limit of flammability and subsequently
5  separating the products of said combustion wherein energy for the separation is

provided by a cogeneration process which simultaneously produces thermal energy and
mechanical energy by combustion of fuel, the mechanical energy being converted to
electricity, and the thermal energy being used to create steam for use in a steam turbine.
2. A process according to claim 1 wherein prior to separating the products of said

10 combustion the products are compressed and wherein the energy for the compression is
also provided by the cogeneration process. '
3. A process according to claims 1 or 2 wherein the fuel for the cogeneration
comprises one of the products of the separation process.
4. A process according to anyone of the preceding claims wherein the mechanical

15  and thermal energy are provided by a heat engine or gas engine.
5. A process according to anyone of the preceding claims wherein the electricity
derived from the mechanical energy of the gas turbine and also that generated by the
steam turbine are both used to supply energy to the separation and preferably the
compression step.

20 6. A process according to anyone of the preceding claims wherein the paraffin
containing hydrocarbon feed is selected from ethane, propane, butane or mixtures
thereof.

7. A process according anyone of the preceding claims wherein the paraffin
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conpression step. 20 6. A process according to anyone of the preceding
clains wherein the paraffin containing hydrocarbon feed is selected from
et hane, pwopsne)c7but ane or m xtures thereof. 7. A procesPCagcrRI3@dIesg anyone
of the preceding clainms wherein the paraffin 11 WO 03/070672 PCT/ GB03/ 00637
cont ai nin drocay bo d.is _ethane. 8. A process according to anyone of
t he precé’gplﬁé1 }%\Yad"r% a?\ﬁ‘ﬂé"rfg?%lsteﬂ@nﬁ xture of the hydrocarbon feed and the
mol ecul arg, Oxwﬁ@c&%&%'rdlh@ﬁ) £A%nt 8f t@@b?éc@éxhg cﬁ%@%&x‘%ﬂ] @b nfxtul! SSE4r e of

bet ween 1-40barg 9. A process according To anyone of the preceding

cl ai ns mmdmcmbphéewanﬂmh@ngkculamﬁgympwambmrgaﬁe‘emradw tdmebustsdetal ar
oxygen- caont ai ni K% tgl 2540§arrt| ally conbusted at a tenperature of greater

t han 500E 1Y O fﬁ o5& éor di ng to anyone of the preceding clains
wherekn tohe pax piokedd ac€RBingitd hignb B tHRGREJRAM g cRA6hs aNdrdil theGix@RBoL£ ONt ai Ni ng
gas are preheated to between 10 200 to 500C. 11. A process according to
anyone ofthe mydregaghaadfeedyand the moleguiar exygenH@ntEHAE &5 s Rartighy combededtds f uel

gas which .is th ne of a conbined cycle cogeneration wunit.
gas Whi N eiplifnd O d:8eRn Soti-b!

10. A process according to anyone of the preceding claims wherein the paraffin

containing hydrocarbon feed and the oxygen-containing gas are preheated to between
10 200 to 500°C.

11. A process according to anyone of the preceding claims wherein the separation

unit produces fuel gas which is fed to the gas turbine of a combined cycle cogeneration

unit.
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