WD 03/ 066551 PCT/ GB03/ 00498 PRODUCTI ON OF OLEFINS The present invention
relates to a process for the production of olefins from hydrocarbons, nore
parti cul awlby3tessan energy-efficient process in which the poydsrcaniysns 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 PRODIUIGCEIONOBRGLERENS pr ovi di ng 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 low efficiency of the process furnace, nakes the
production of olefins very fuel-intensive. Autothermal cracking is a new

route to olefins in which the hydrocarbop feed i,s.. 20 m ith oxygen and
passed over aR° BIGETY HECHEPD ﬁ%&owrgﬁ%&;&q Pr@S%l?&‘%f%e }ng fI\I&lnin ti a%/gd on
the cat ahﬁ%ﬁ%ﬁ@%@ﬁ&t&ﬁl%?&ﬁ&n SRA-EEdichOprodéss n tbehrBact ant s to

process enperature and to carry out the endotherm c cracking process is
gener at ellyimcabbns ardsreated teaudthermadigragking. no need for a process furnace.

Such a proce j s described for e | e in 3 _ /00498
EP 33228013 ORIS ShESRE. Pé‘ﬁyi‘?”(? é%ﬁ%“%ﬂé’“ﬁ/%%\@? %zf{)‘%g?%%%ﬁ?%é‘%%enti onal
cracking r&gésc)t diRLteSrh R4 NS, tITRBIIES SRV dRQrproEeRe Rirtlsceito prvigmi f i cant
quantrti gs ependi ng upon the prevailing reaction conditions. Therefore the
product sherggne crack &iedstondefimpioguets rhgaecorerp apar the Rredugiia? K&t i ni ¢

conponents but also 5 significant. quantiti . € bon

monoxi de SORBISEHEP Hﬁsswgglﬂﬁ 1?{8&' ¢ SF%%? %4@%%%%@%%@3%6§ %2’5 ure in

order to aﬁ@%}éﬁﬁaticﬁﬂ%_ckgﬁér@tefaﬁ& patifvhe prddaver The pheeskefaimed i witiotly r at her
e

than to carbon nonoxi de.
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 auxﬂiary 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. '

Autothermal cracking is a new route to olefins in which the hydrocarbon feed is

20 mixed with oxygen and passed over an autothermal cracking 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. Asa

result, there is no need for a process furnace. Such a process is described for example in
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However it has now been found that the autothermal cracking process can be
operated at high pressure and that the loss in selectivity towards ol efins
i s not aswprodiedassaced as one 10 woul d expect. Further nor e PCt/dms/onds/ been

found that if the feedstock costs are very low, for exanple where there is
a very cheap supply of hydrocarbon, then the need for high selectivity is

| ess greap 33823080 BPhsd970BB; ERYS-0700486aad W Qi00y1 408%ar ds oI efins is not as
pronounced as expect ed the auto thermal cracki ng reacti %}be Q erat ed

at high 15 Bridesenyentionnl @egpmiosherBakiredns B9eHesic ORIE IR
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pressurls rea to factlitate the separation and
purifica tddncmtremheontaafslmt pulyciratge. of Paraffinicpnd whsiniheonepaneniivesaled  t he
process both in terns of reduced, overal l‘é&fﬂ r requirenments and savings in

proceds &ignifisartmuantites sy hydrogen And e Rumpe % it is possible to operate
the autother }fe'iﬂgf(érﬁ&uﬁ)é Bgﬁfﬁ@alﬁ} con@tdtbd &1 18Rt pr¥sstitedh oPdep $6 biis@rd O
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oxygen-co ning gas In contact with a catal yst capable of supporting

conbwet i ewubkgupect.t he normal fuel rich linmit of flanmability where they

are reacted to forma roduc co -ohkefinfs), 30
carbon ronoxt BERSTRETGHY ?%%%“ﬁgﬁmﬂé ﬁtaggé}géegfﬁﬁo{ﬁﬁgogtswy%&ﬁ efag)l efin(s).
Pref er abloy,fhgRyHeR thefertpwvée&&@;mp@ﬂy @ﬂlﬁdh@caﬁfomdﬂreh tﬁdmmimemgh a) into a
stream conpri si n&car bon nonoxi de and hydrogen and a_siream conprising one

or nore 2el¢@i0E/i0E655ERCTIVERUBY 5495 lnéPlé‘Fthé’ taward,sg ’J’érl? B %®he one or
more ol efin Sé %%@geﬁgec? Pk atci tﬁ@l%aﬁ QISAU%\BE ?&acﬁ&? {H géﬁ}edr@}'ugﬁonpr Ise

car bon diP6X%Y usua rior eparation in step

(b). 13he &és@&i*é@rhﬂﬁédoﬁ&mcfae&ﬂeﬁtsng from step (a) may Corrprl se net hane.
Wherein the 5 product streamfromstep (a e step (b)

net h
usual |y i nvolOpertisg gaiosierigl ‘tri*l“éﬂn%ﬁté’ég}b?mWFeer&H?‘?%tﬂ&e %egg?er gtgm conpri si ng
carbon mnoxi den PR &8 p ARG HEAREA R Skrm to facilitate the separation and

purification of the olefin products. This improves the economics of the process both in
terms of reduced overall power requirements and savings in process equipment. In
20  certain circumstances it is possible to operate the autothermal cracking process at
sufficiently high pressure to completely eliminate the need for downstream
compression.
Thus the first embodiment of the present invention provides a process for the
production of a mono-olefin from a feedstock comprising a paraffinic hydrocarbon
25  which process comprises
a) partially combusting at a pressure of at least 15 barg 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 flammability
where they are reacted to form a product comprising one or more mono-olefin(s),
30 carbon monoxide and hydrogen and
(b) recovering the one or more olefin(s).
Preferably step (b) comprises separating the product from step (a) into a stream

comprising carbon monoxide and hydrogen and a stream comprising one or more
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stream conprising one or nore olefins and then recovering the one or nore
ol efin(s). The stream conprising carbon nonoxi de, hydrogen and optionally
nmet hane mMaY o3bbessssed as a fuel. However this represents aPoagiBn30H498

val uabl e resource and therefore 10 inposes an econom c penalty on the
process. A solution to this problemis to pass this streamto a

Fi scher - Tans 6i F@86drRi tWBBREbMmat: JIERAE). part of the carbon monoxide and
hydrogen i s converted to higher value products and wherein the stream

conpri ses any Theprasaakstienm maultingiBomaiend@) TRY SOFRIEheArpesRgide Frads ch
reactor unreacted. . 2. S I of the invention provides a
process o) adais feﬁ‘}"a’ﬁgg’?f’%‘ﬁ’ tﬁggé}%p‘%fég%g%%?@%)é“ n froma feedstock conprising
a paraffinic hpdpasmcbareanhicaliting fomssep @pnpy icsmpris) mpdnne. dVhgreimahbust i ng
at a gressure of at least 15 barg a rrixturegﬁ{ the1 ,hgd{yocar bon feed and a
mol ecdl aPreskghEicaRdERmisHPIg) arises Bsteas st isualbyinkplyes serpifaphe of
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where théy are reac m'a product conprisihg 6ne or nore
nono- ol efsirgdrs tompriging one ammore alefirmrahdhiyar egeveriop Yhesepanr anom glefinés)pr oduct

fromstep (a) into a stream conprising carbaon nonoxi de and drogen and a
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hydr ogen separ at e to a Fischer-Tropsch reactor containing a

Fi scher - Tmppss hn eedminyis pendiioroal the procedse assolpzan toghis pavtdersis waness Biconver t ed

to hydrocarbons, _and thereafter recover at | east art of

hydr ocar t§HF|aIBFQ)jHEEFn}_}erT Oas‘iﬁfe?céore eSﬁPﬁtﬁgSt@fmtﬁ % @%’frin(%rrlloxtl%ee&r{gr bon

di oxi de r@ﬁr n i Hohb&ltd dto 3t FRUE Brdduedah & &/hefeddthetstrédh @amps@duged in
step (a) andthe resultant product may then be separated into a stream

conpri si noetharelbnmethmox patscsihtbugh droleshesddorsck reastmunteasisti si ng one or

nore ol efins, The carhon.dioxi de t hen C [ | t 1 [ eam
conprising carBbhSTHSR f%@%&%ﬁf% X%Vgﬂﬁ%fh %théggép%\gsesﬂogmeﬁﬁ%%ﬁn%ér ature 3
WO 035066551 ReT416RB0R04 88 dstvert @mEangshpdriffiagd atdysdarien whiok etdcesar bon

di oxi de and hydrogen into carbon nonoxi de and water. The carbon nonoxi de

along w tdmﬂpy@%pgen may then be passed to a Fischer- Tropsch reactor Thus
e STy S L PO O LA B iy e roduct o
whi ch pr ag@gsearbon feed and a molecular oxygen-containing gas in contact with a catalyst
capable of supporting combustion beyond the normal fuel rich limit of flammability
20  where they are reacted to form a product comprising one or more mono-olefin(s),
carbon monoxide and hydrogen
(b) separating the product from step (a) into a stream comprising carbon
monoxide and hydrogen and a stream comprising one or more olefins and recovering
the one or more olefin(s),
25 (c) passing the stream comprising carbon monoxide and hydrogen separated in
step (b) to a Fischer-Tropsch reactor containing a Fischer-Tropsch catalyst wherein at
least part of said stream is converted to hydrocarbons, and thereafter recovering at least
a part of the hydrocarbon product.
In a third embodiment of the invention the carbon dioxide may be initially
30 removed from the product stream produced in step (a) and the resultant product may
then be separated into a stream comprising carbon monoxide and hydrogen and a stream
comprising one or more olefins. The carbon dioxide may then be combined with the

stream comprising carbon monoxide and hydrogen and passed over a low temperature
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conprises the steps of: (a) partially conmbusting at a pressure of at | east
15 barg a m xture of the hydrocarbon feed and a nol ecul ar

oxygen- cOWDaiB/645§1 gas i n contact with a catal yst capabl e Pafl/GRopjoorsi ng
conbusti on beyond the normal fuel rich [imt of flammbility, 10 where they
are reacted to forma product conprising one or nore nono-olefin(s),

car bon R S8 shilyHAeR Mo Al eR3hHOA deixRid AR 1HAEbgef MRY ichlhoh Atonerideon

di oxi de from~ the product stream (b) separating the product stream of step
(a) i nt o aadstaterarfihe catbonh siangxidzdtangerith byddog,e@rrb@hthﬁ@gmawéd riFiackarr eam
conpri si ong or  nmore ol efins, and recovering the 15 olefin(s), (c)

conbi ni ngﬂf)ﬂs@ 4744 m conpri sing hydrogen and carbon nonoxide with the
carbon di oxi dgug gizared einbodntchtofthe tivehtict preqideoh picess foatheansivetssi ng t he
resultant streamover a | ow tenperature water gas shift catalyst to
conveft crpBInplSin denhnedsigel eRaisie PPURTHENDYBHI eV BRA PIRSES: , 20 (d)
passi ng ¢ ) ' .fromstep (c) and hydrogen to a Fi scher-Tropsch
react or c%%ﬁ’glg%%g@aéb ?%cher-Tropsch catal yst wherein at |east part of the
carbon nonoxi(depatialhydingeng htsa preswuer ¢fed ldast Hylrgeanikons pf thad t hereaft er
recovering at least _a part of the hydrocarbon product. .In this particular

embodi ne rhydﬁ}cé’fbémép%ffc&/anﬁ]c? @BWﬁ‘tﬂé"s%’iy@ﬁgﬁ?m’?’l’i‘é“gp%aéd% gentagtratig paalyss | equi red.
Conseque %h%;]% Iﬂg%\ﬁ?gfﬁn o sﬁ&%ﬁbﬁ@ﬁﬁ%mﬁﬁl@u@ﬂﬁdh RS ﬂfafhﬁnaﬁﬁﬁﬁ,r ating the

products a rovi di ng the oxygen-containing gas. W have found

t hat 10heseheretieygye reaciad tefoemtasproduct gemprisihg ynder mateisénedefiy(s),he heat

supplied from cooling, of the raduct. stream and.r val of,.th xot herm c
heat of r(@ét&%lilﬁﬁnq’?‘genm’(ﬁfé?gﬁ %"tdr?cé‘ffobo?r({ﬂ?fgé%an Ry etgo ari?m&g}%é‘%tfg e, the
overal | pch@ﬁﬁﬁﬁcﬂs%re@x%se”“ ally self-sufficient in energy 30 and does not

e bur

require t ning of any fuel. This results in the further advantage that
as the car borfbykepaiating frequodiet strencofsemi@iintna stieanp compysing hydogetocess can

be operate ith the.em ssion of little or no carben dioxide, .which is a
Subst ant 14 canRAHBHERR AURRRepIPHSE o8 PPe G Abhiep G b
convent i ofjafin(s) eam cracking for exanple. 4 WO 03/066551 PCT/ GB03/00498 In

all the enbodinments of the present invention the autothermal cracking
process as ddekgontuning thesttespm(epmirisingdeeensed apd caben Bwsgride yithgheat er t han

15b . Pref bl.y th { ot i | S: t
e oat s o G iRt v Rt IR Rt b Ral] Ao QPERFpL S aRELALARAE 2
25barg. |direbovees v euidrithatwnaahathif@atagt to convert carbon dioxide and

hydrogen into carbon monoxide and water,

20 (d) passing carbon monoxide from step (c) and hydrogen to a Fischer-Tropsch
reactor containing a Fischer-Tropsch catalyst wherein at least part of the carbon
monoxide and hydrogen is converted to hydrocarbons, and thereafter recovering at least
a part of the hydrocarbon product.

In this particular embodiment preferably no compression of the product stream is

25  required. Consequently the main energy requirements are only those for separating the
products and also for providing the oxygen-containing gas. We have found that these
energy requirements can generally be satisfied by the heat supplied from cooling of the
product stream and removal of the exothermic heat of reaction from the Fischer-Tropsch
reactor. As a consequence, the overall process is essentially self-sufficient in energy

30 and does not require the burning of any fuel. This results in the further advantage that
as the carbon dioxide produced is consumed in the process, the process can be operated
with the emission of little or no carbon dioxide, which is a substantial environmental

benefit, particularly when compared with conventional steam cracking for example.
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5 autot hermal cracking process between 15-20barg surprisingly provides only
a very small drop in olefin selectivity when conpared to operating the

aut ot her rwlb oseski ng process at | ow pressure e.g. bet weerCItGEBALYs Even
nore surprising is that when the pressure is increased to between

20- 30barg al nost no further reduction in olefin selectivity is observed.

Finally no g{ﬂ%'lltthé’&ﬁbo&ﬁx%ﬁts'dfﬂié stdent BObEI e bﬁtoﬂieﬁﬁﬁlscradklﬁg’mocéls@ pressure
is increased even further e.g. to between 30-40bar In addition to passrng

t he par aaisfderscmbddydrsme(ah@@mr@@d@t @er@seﬁ@wfer@a%rbéeﬁﬁé 5. 13 @q{y t ai ni ng

gas to the autother cracker \ I ﬁeed stream
conpri si ?PS ﬁﬁﬁ?éﬂ Hy R g@ﬁf#%ﬁﬁgﬁgﬁgt eer%ﬂg cr gl?kn

par af f i nigyah é@ewmﬁe&emisomgemsmg telbsybebre foatld alm oppHaOpg’dE or
butanes. 15 I't nmay be substanti al I#Bure or may be i rTrxture wi th ot her

hydr ot ar bigathernd craskineqnasdsy beees | ‘é%fgérl@ﬂsrl&]ry REREES 2 ldt e,
nitrogen r.bon drRfaemckieparaf finic
hydr ocar %gﬁgroﬁtlgrggﬁ@e (racgg ﬁ&gﬁocrﬁéaﬁl&% S%ﬁg%gﬁaustg%ﬁr |, vaguurgrr gas oil,

or m xt upRsedshel@pbresBire be. BemberyedOba%gszmabd)re sutpeedgtledwt ibemthei xt ure of
gaseous paraffinic hydrocarbong i nc hane,

resul ti nEresRBAIY IRECABHAP ReTvsan &f- 3Bré R& OSI"c Pérﬁr‘lﬂg% Cillcgg%én Olﬁﬁ%t her suitable
f eedst ockl gy o SIS Al P (R0 o Koy iPolcfin GelbGiG@pssi g ethane as a

m nor rrpone ch prov product principally conprising a mxture
of emyl presda s inpreaypyll evee fiathet be. todetvesneOr4bamreferred is a paraffinic

hydr ocar bon ingipally risi ane, whi.c Vi uct

plrr[ Eci pﬁl ly g‘bﬁ‘iﬁ?‘il@? Wd’aé?ﬂ%% B Effﬁgg%argg‘?éee@?t%j ;mg"zjiifgg{lﬁi%e e& rted L
al thoug & eacRer, 8dvan ) G edstock to
suitably gg%e\lﬁ/e%?rl lhggado,q}lg?lgfglr%ab 1y lget ween 1§g03501C ,&s t he nol ecul ar

0XYygen- Cetitaah bomprigag hydregen mayaEqpaﬁbql‘gotﬂieau@ﬁwﬂeﬁ]t%e‘r Cbxygen or air. It

is preferred 0 use. oX n y di n or

exanpl ¢ 50 bt PGS PEpe Rt kaRpes mey pibEG Y Rl plo R el 20 oy

t he gyg%syﬂé ﬁkﬁ@taﬂﬁa@yﬁﬁuk%r Irﬁll_‘}"t;ealb bi¥mbeirsedh &ﬁerz@ar@arumeﬁm ably between
75-1 C. I's preferred pré-m x the oxygen-containing_ gas. and the

par af f i nioptiom OIS /MEEHE, fwmm NIFREGR SRR BIROREEYS CHOR  pri or to
cort et M ud En PR, BRI N bbby poepee o the
hydr ocar haphiB)! &6 vl1avaceumaes ofl Osttmixniragthgrst may baemplayed uiAt aithlylef rom 3 to
feedstock is a mixture of gaseous paraffinic hydrocarbons, principally comprising
20  ethane, resulting from the separation of methane from natural gas. Another suitable
feedstock is one comprisiﬁg a C2-C4 mixture, e.g LPG comprising ethane as a minor
component, which provides a product principally comprising a mixture of ethylene and
propylene as the mono-olefin. Preferred is a paraffinic hydrocarbon principally
comprising ethane which provides a product principally comprising ethylene as the
25  mono-olefin.
It is preferred, although not essential, to preheat the paraffinic hydrocarbon
feedstock to suitably between 50-450°C, preferably between 150-350°C.
As the molecular oxygen-containing gas there may suitably be used either oxygen
or air. Tt is preferred to use oxygen, optionally diluted with an inert gas, for example
30  nitrogen.
It is preferred, although not essential, to preheat the oxygen-containing gas to
suitably between 50-250°C, preferably between 75-150°C.

It is preferred to pre-mix the oxygen-containing gas and the paraffinic
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15 tinmes the stoichionmetric ratio of hydrocarbon to oxygen-containi ng gas
for conplete 5 conbustion to carbon dioxide and water. The preferred
conposi tiwp wesdsSsom 5 to 12 times the stoichionetric ratipaTagBodposscar bon
to oxygen-containing gas. Preferably the paraffinic feedstock and the

nol ecul ar oxygen-containing gas are fed to the autothermal cracker in

adni xt ur gyuReboA FERBLI0R BrbY toRARS: With 86 dutoth&iBYkracking@anafseln thean 80, 000
hr-1 in ofder to mnimse the formati on of carbon nonoxi de and 10 carbon

di oxi de. presefies efishg autpthermpMSyackinscsaiyst 0, W%FLOJ}O fépeaerfiinioy greater than

1, 000, 00 defi ned
2o vl . Tasiobts i RtochilfnRIRRET D hon i AR AL i UERN SO R B 1 OPC
(a) the alsttﬁh&emér@ﬂomﬁcaﬁwlagmadfaﬂymamu td Ox Fty-coataliys gampadnhpleteof

supporting conbustion beyond the fuel rlch limt of fla bi I|t The
cat al yst cempustien lesaongboddepnstwatey. | Thepreferred compesitign m@?mé @ dAponent .

Sui tabl e g%é)sl'ltﬂe ¥b! clhlﬁétﬁk Satlo ggl%cgﬂb%'t@b'@ eﬂaéohﬁ 1!1'%}; ad. Ut heni um rhodi um

osm um and irirdium Fum an nore part’i cu ar ati num and pal | adi um
are pref erre®reftsblyctak pa’aﬁﬁmo ‘féeldktocﬂemfd the hnﬂehuﬂajsaxyge]georftmnmg@a@aret o] 100 vvt

% prefer abI y, between 0.0 fer
to 10 wt (0§ baibeauiiharmal erag rub% lmrawe (%E}%ﬁ%’ég’aff? Q’%%l%{éﬁ?\’g & oup
VITI cat a(lfy éat ﬂ%@@'@ﬂ*l ihborded tcpfn 1ﬁﬁ§bch¥ f(ﬁ'ﬁﬁ'tl@ﬂ %ijcdr’ﬂon %H@klﬂ@ﬁﬂ@n with a

cat al yst e pronoter Goup IIIA [VA and/or VA netal.
Al t erlifat |oaﬂiqn,dub7hée meﬁ&mIﬂy, ttmy}H:EéJ ax¢e|eém%(3(l G)Qﬂnhmet@leizlaﬂﬁgretateaﬂ@nt i on net al

ronoter bein erent netal .to that .whi th G
UTI trahdod EoF e opes o B RO eogan B B e S o4 et al o
i ncl ude Al ﬁ%d al QTPmmy(VOIQf&@y%@be@a and In are preferr ed Preferred

G oup I VA netal s 1 nclude Ce, and Pb. O these, Ge and Sn are preferred.
The pref er r eRe@awling 3ep () thed aut@hsmal Theking eatialyst mey be ehy catalyp copalle B net al

o) 1¢ rottorgtigeodbiSoniure fhaEek Fuicor fantapidy e REEFRERLL. ©

thOSGlsrth rls8 a@faufvilﬁ fn@tal M d coddlylidheo ﬂeﬁﬁlmﬁanl Group VIHafikiall ar,
transition rretals sel ected from G oups 11 1B, VIB, VIIB and VIII of the

Peri odi ¢ ﬁﬁaliurleplameurpr pdlladiven ruthgeipg, gdaim.qerumpng [iddivm Rhedamgandyy, W
Fe, Ru, Gs

beT/ cooa/ BBirgRrica sivs Plaghbun Al e {ithce Aidferfeld: TRl MO IB T AfRACR OOPSE

Pt, Cu anl@a@ﬁﬁ rhige £6810.01 foatomwof/o, reutgbly) Heltwemt @01 to2a waksahd ooraet al
oI ot er pre erabel:y, ]I-“ron(qj 0. O]i to 18 wt % basegroiftgé tott)al dry weight of the catalyst.
20 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.
25 Preferred Group IIIA metals include Al, Ga, In and T1. Of these, Ga and In are
preferred. Preferred Group IVA metals include Ge, Sn and Pb. Of these, Ge and Sn are
preferred. The preferred Group VA metal is Sb. The atomic ratio of Group VIII B
metal to the Group IITA, IVA or VA metal may be 1 : 0.1 - 50.0, preferably, 1: 0.1 -
12.0.
30 Suitable metals in the transition metal series include those metals in Group IB to
VIII of the Periodic Table. In particular, transition metals selected from Groups IB, IIB,
VIB, VIIB and VIII of the Periodic Table are preferred. Examples of such metals
include Cr, Mo, W, Fe, Ru, Os, Co, Rh, Ir, Ni, Pt, Cu, Ag, Au, Zn, Cd and Hg.
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1:0.1 - 12.0. Preferably, the catalyst conprises only one pronoter; the
pronoter being selected 5 fromGoup IIIA Goup IVA, Goup VB and the
transi ti owormwedssseri es. For exanple, the catalyst nay ceapréme/oedoset al
selected fromrhodium platinumand palladiumand a pronoter selected from
the group consisting of Ga, In, Sn, Ge, Ag, Au or Cu. Preferred exanples

of such P&E@é&&ﬁlsitﬁﬁlm@ﬁ fnSers 476 Md) REPRUST, POTGa 701 /T, athfdicSn Pd/ Ge,
Pd/ Cu and or Pd may conpri se bet ween 0,01 age{j wt 10

pr ef er abtafio dféirameN 10 ngtaldn dransiGommety) prwRPtHgREY BF &t & aBPY; Piskar ¥ﬂ 0. 05
anle\ivtO% Bthetotal wei ght of the catalyst. The atomc ratio of Rh,
Pt or Goup III'A, IVA or transition netal pronoter may be | : 0
1 - 50. 0 prPﬁ‘e%r@lﬁ&,Ythe lata@fst comprikes Only loaé prcmxc&atp ItIfB pramotﬂrbemlgml@stedf Rh, Pt
or Pd to Sn may be 1: O. to 50, \géeferab

pr ef ef ablfipm Group IHA, GSO’GP Bﬁ/él Grosp élp(é}:hglﬂag;smgn n@tg serigg. %or ﬁi‘%ﬂ}?lg Catios
gf (F))t }_5 _tho ;?Eagystt Dha 'Plsé D& 1?@1@ t@@ﬁ‘%m fmﬁlu?r? éﬁatlngm andiAlRGumPif£r abl y,

e preeab Y, Atom'c ratios of Pt or
Pd to Cu lpfaiﬁ{otaeselecteﬂ frdm the3grOup porafstingbf g&,a, Inl SnpGe, Ag, Awor @ndPredareed

f : 8
bwo et gpsarg@l%e’i b B BIS Y i dirn, CHO R PSRRI, o0 oF 152"
seri es. mfmﬁﬁﬂ WHERS ber}f&héwc% P& RN 6Bkl 8DIviw) the platinum

may be pro two netals fromthe transition nmetal series, for
exanmpbe, ppdtiablyi betwaed0.06 rapéﬂ 0 Wuiphaiit mpe i@eferabay, évle;me@ Qw%@/altdoln% it Yo

pal | adi um_i n %
nore préf @?eég{‘]‘ %g%%é)ﬁf ‘?‘8 c3ta ﬁl?e?é@ﬁlccf%m? ﬂgkﬁ’o X)\%P élllﬁ roﬁp%ﬁe dr/(;/ and
catalyst. Koh&t?ahgﬁbﬁmétﬁl;}é&n%rﬂayﬁom% By, bepréfere@ﬂ 1: 9.1201200. Poref er abl y,

1: 05- nore preferably, 1: 0. The atomc ratio of
pl at i numekamplepgemid stips ef Bh.atloy Pd:to SnlnaY133]O0 ln’@rf'é) pisifepllyabiQl -1: 0.2 -

2.0, and m)st pr I
pl ati num!2i% H%?p’?%rgﬁﬁa{"o\]/?ﬂ 3088‘18?08%5’? 590\/\%#1}63%;%? %ﬁ@}cﬁ? gﬁgéﬁgﬁ; and
anot her gl 8k @&%Iﬁ%tﬁér@lﬁh@r@é&podi oAl &y 50GpaifErablyAL of.1 the.o, mrmom c table.

In such catalyst$, palladium maybe present in an ampunt of O. }o 5 wt 30
(l)o/q p Ei ef ermd:iblgabl}oloo 5 -18. 2A g ratios o Bt ek dtofraimay BeIly 0-10. 18 prefgra(g

ased on t t ht. o atal yst. The atomc ratio of Pt to Pd
may be 1:1 g% 25, ai‘é“é"“%ﬁé %lé’btlﬂ 0.53 16?SIO 5- 8.0, and nore preferably, 1:

1.0 -5.0. Thepbevelyr axtelpeorﬁéteﬁnay@ombﬁsﬁtowm twd ectis selodkdrfatmalGromy be 1:
0. 1 -60, preferabl

03/ 06655 ﬂIIﬁcﬁr@BDE\l/g@n@Qle t?m%%g’%ﬁ?algﬁﬂgqegﬁ g Iglﬁo‘élgefﬁ%%) %%Ff)f’é}lss:t;,A 3. rve
20  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:
25 1.0 -5.0. The atomic ratio of platinum to copper is preferably 1: 0.1 - 3.0, more
preferably, 1: 0.2 - 2.0, and most 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
periodic table. In such catalysts, palladium may be present in an amount 0of 0.01 to 5 wt

30 %, preferably, 0.01 to 2.0 wt %, and more preferably, 0.05 - 1.0 wt % based on the total
weight of the 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 -5.0. The atomic ratio of Pt to the Group IIIA or
IVA metal may be 1: 0.1 -60, preferably, 1 : 0.1 -50.0. Preferably, the Group IIIA or
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For the avoi dance of doubt, the Group VIII nmetal and pronoter in the
catalyst may be present in any form for exanple, as a netal, or in the
form of awosBabéssbnpound, such as an oxide. 5 It shoul d IPeTIGRIBNB4980d t hat
actual concentrations of netal in the catalysts tend not to be identical
to the nom nal concentrations enployed in the preparation of the catalyst
because NMA aletal id$n oeGalmesrpradsreblydsii.i ng t he preparation of the catal yst

actual ly becaones incorporated in the catal yst conposition, Thus, the
nomi nal ~ met alFor dsrivaitenss @@bm Grave \{@I Hgtal 2 amelsT dh e eaaIETY he

desired t t L i : |
esired gl asent™ a?lig yfo ) fﬁp%ﬁggér,?gg%al?%ﬁnaﬁ@fo?fﬁ% a &8 ipRiuher rml

cracki ng cat al yst € unsup , such as 1n the formof 'a neta
gauze, buduchas g efide.abl y supported. Any suitable support may be used such

as ceramc Qr .nmetal supports., but ceram .c su rts.ar enger al |

pr ef err ed. V\(V‘){E"?hé’ui@?ea‘fﬁ%@%?%qﬁlﬁm}ﬁ?ag?%wﬁ%%{on? ﬁgmégihﬂjotgia gf‘taﬁ'srﬁftm{drféotcer ami ¢
support n@y,ehfer@io)] 8 XhforRinalloneQmatiBad drdModéd i%h@lgl%gaﬂaabn bsthstcatalygt at hi gh
tenperatures of, for exanple, between 600'C and 1200' C. The support

mat eri al pceisemabhly theagetal ¢naployddetumal theqprapapioen eiothe eatplyst aotuallyand i s
resi stant, to phase separatjon . at high tenperatures. Suitable ceramc
supports 1?9981“8?1@08’5’%6@?‘{?&?16 F%@Pﬁ’ﬂfﬁ%ﬁoﬂﬁgﬁi E Ssit.el%oéjiugal(lﬂ%_ . alumina
(a- A1203) gon¥éitfatian$indP hhveS@heaafi6@W dhsud! thifithaddsire@neigl, m&thRSCON, and
calcium 20 zirconyl phosphate. The ceram c supports may be wash-coat ed,

for eanpiomcentiatinng eemyhieyed?03  The aut ot herrmal cracki ng catal yst may be
pr epared by thod kng in.th , h and
i AR L b o R R

wet - i npregna ni oye Y, e support is

I pr egnat @etaVsduze B iOsre ALy SPpuitedsycimble supidhre ey behaddsuck2bs dri ed and
then calcined in air. The support may be inpregnated in one or nore steps.
Pr ef er abl §eramiglor imsital sppRaTiSgPEICEEMIS Eporta pEe senprady dmierree Wihgisgieramig
preferably dri i : e i i . t hen

subj ect ed%tpggréf%faﬁlg%lﬂ5%%8&@?]?18%&&%%?2%%?@, |rﬁgg?%b xela(ga ci ned support

may titen &entigglvaed oxides tex amnpdbde athygtheaiperdureabdfréntexampke, bytdeegen

at nosphere. 30 The reaction in step i]a) may be suitably carried out at a
cat al yst @0°€ anddBe0%: uFle suppomh srejgsiahpisfualdy haga loyotheanal grppusiainty bet ween
850' C and_ 1050’ C. . The .r Lon _product s .ar y quenched as they
ener ge frgfl"hclteﬂtea?%gg? ?156}%%%0ﬁgansggfi&r%&%v%?%&ftﬁﬁ%@%ﬁ%éacti ons taking place.
Thi s mai nt ai Buifabke cde@tie suportd iredhide Brddbtd) It GBIIIMMGTH 6B 3(0ASY,

alumina (a-Al,O3), yttria stabilised zirconia, alumina titanate, niascon, and calcium
20  zirconyl phosphate. The ceramic supports may be wash-coated, for example, with y-
AlLOs3.

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,

25  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
treatment in a hydrogen atmosphere. '

30 The reaction in step (a) may be suitably carried out at a catalyst exit temperature
of between 800°C and 1200°C, preferably between 850°C and 1050°C.

The reaction products are preferably quenched as they emerge from the reaction

chamber to avoid further reactions taking place. This maintains the degree of olefin
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selectivity. The heat fromthe quenching my be used to generate

hi gh- pressure steam which could be used to provide power for those parts
of the ovwpaBloégsspcess requiring it. The tine at which thecprarbaoo49st r eam
is maintained at the autothermal cracking tenperature is defined as the
residence tine. As the operating pressure is increased the 5 residence

ti me nustkelbeidgCTRaREM fiotn MBigbhing higy bé adddno gehaateihight-presfredtemmabl y t he

product streamis quenched by injection of a Ig}rége Vagll ume of nitrogen at a
t enper at trhactogoudhpe wdﬁ%pwﬂww fomfheseqarts S§E GVATRIGIPERSS FROYEE8Ett he

tenperature gf GRQ aP{xz%%Ctglﬁéxtordﬁ?t@tr%%qs TAfaihOPatBIRREAEMAA Plckhdge Stream
f ¢

is reduced romthe auto rma racki ng tenperature of between 800' C and
1200' C t gerdpdButecisdefimédusehdbakiderce t1h8-A0ME CpeBahppresdursistinerpesedthe e t he
gas phase reactions ar

i . reduced to. such an extent. that no change in the
pr oduét GP%@WBHN%W%&GF%F?“YE@ %@it%%ﬂ'@eoq?’%@gecéﬁygy'cal cul ated using the
formul ae Resi ﬂ%ﬁ&%y ﬁgﬁd&ukﬂé&%ﬁ%%%cﬁ@@% tj&RRArANarsohoRmeRf(cm 3 Gas

tre;
vol une V (cnB rein Ris the volune of catal yst plus the vol une of

space betniegentahe taaieaitystof@pproxirhaiely 2470 Thienitlogar imdctioheedpgeni®l i nj ecti on
Vis the volune of,.the gas stream.passing through e _reacti ne

cal cul at éﬁPB‘?F?WFFeOfdgg p’fogigﬁt S?Tﬁfmé‘sg}ldf@’zﬁgheg‘ﬁn?%ﬁ% r%ﬁtg? gr%%ﬂlstrgésﬁ(%gr essure
using th f Mwech®edod hem i@ caagt or F (nl/ nin)
x 1 x (Z%Oﬁ%e a?F%&aggg%%%%%&Eba rrgl ecul ar expansi on factor

cor r g9ponehpeatue bdt@esto?307600°Ce Beloow thixsstempaatine ihetgad phaselreddiensareot her mal

reaction (noles of product gas = M x_npl es of (&ee’.g) . 25 (Mvaries with
feed conpediced gnsushenfegientbptrrechinesin@e REUET HBKPHEOY @°FEken as 1.4) F is
the vol unmetri cnfl ' ¥ jheasured in normal litres
per m nute (?hgfgﬁﬁ%%é%%%%&éagﬁ%tggg%hgﬁgﬁ P ?‘g the test pressure
nmeasured in barg and T is the tenperature of autothermal reaction, and for

t he purposes of the 9 WD O /06_65% CT/ GB03/ 00498 ca%l cul atiop jisstaken to
be the cdtesidpaee wnp (milisgsepey ure red iff ' C U‘é@%ﬁ—l@—"@i‘@%ﬂé&@e}t stream

is cooled to between 750-600'C within | ess than Gas volume V (cm’/s)

15  wherein
R is the volume of catalyst plus the volume of space between the catalyst exit
face and the plane of the quénch injection
V is the volume of the gas stream passing through the reaction zone

calculatedrom the gas feed rates, reaction temperature and test pressure using the

20  formula below.

Gasvolume = M x Feedflow toreactor F (nl/min) x 1 x  (273+T)
(14+P) 273

wherein
M is a molecular expansion factor corresponding to the volumetric increase
associated with the antothermal reaction (moles of product gas =M x moles of feed).
25 (M varies with feed composition but for ethane autothermal cracking is taken as 1.4)
F is the volumetric flow rate into the reaction zone measured in normal litres per minute
(F excludes quench nitrogen flow)
P is the test pressure measured in barg and

T is the temperature of autothermal reaction, and for the purposes of the
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100m | i seconds of formation, preferably wthin 50mlliseconds of fornmation
and nost preferably within 20m|liseconds of formation e.g. within

10m | 1i seworndmeasti formation. 5 Wherein step (a) is operatred/Gro3mao{Bessur e
of 15-20 barg usually the products are quenched and the tenperature cool ed
to between 750-600'C within 20m I liseconds of formation. Advantageously

wher ei N $418Mafid isitkeARE baietadlly < eRit eSBiFAuRim@kertel °Chan  20barg the
products are quenched and the tenperature cooled to between 750-600" C

wi t hi n 10ni | IUssdtothd prasfuct shreamt is onoled ® itweqef WebplBGevidiindess s on of

paraffinic hydrocarbon in ste a),.is.usually. greater. than 9 ef erably
gr eat er jtlﬁglﬁﬂb%?%)n ﬂ%altloﬁr E‘Fé‘i’%&h’ Vi 1t§p)e§(iné1¥hs[eﬁ(ghdﬁsl?g$gm%3p? %e{%nr?g{ e the
sel ectiv 'p?e)fexhﬁl‘r@}ﬁﬁn abiillif&ohds stSfeAhdtiond. € atifin 1 DAMIZRWndpsbenabiny great er
than 40% an st preferably greater than 50% Any coke produced in the

aut ot Ber mal . Wircagift steg (prio operstedaya bressuserol b 20 paresispplbnisivseductseddns, or by
usi ng one of _the coki ng net hods, such as scrib i Pr A= 0709446,
the cont &Herchgd awﬂﬁlgﬁergp%atﬁéq Tepr?@ec}i tHLcBSB’be(?PJI% Q’gstogy Wéﬁil gﬁncnelﬁse or%asi‘%lg rt her
details e : i FRECERNGBsSTRY, fadeat o the

af or esai ggfygglAgg%ﬁ%%lmggh %feixpig%ga? ISla"gcgtmand EP-"A- %709%2%? Theal pr oduct

st ream naybhe thapoeadctt areafuehérdtand tie thmptragxe bealgkto hatwea HOtHY°C0 st ream

is cooled to a tenperature approaching the dew point of the streamat a
pr essur e Wighin peniliissonds of famdioBar g: The heat from the heat exchanger may

be usgd to geﬁ'lgrp@}c%ntaQ% ?f‘(% Erdl & pl'él;a?ﬁx'i‘ib hoebBR Y fep D eshdualipr ovi de

power “for those“parts e overal procéss requiring it. Wierein the
downst r e gimaanBaras (%) preferdbdp grtawn than G0My end inontprefeatbly gepater Sun9%.

distillation separatign the product.stream may.be c es t ressure
bet ween 15 gﬂﬁgﬂ?@%ﬁﬂﬁ’ X CPQ‘&Y Toi“faé‘%segl?fﬁés 1889 lgtgir%agqug‘ar% %@gﬁrgf Gees.
Advant ag?@éb?%r%hé]rpmﬁ/o,nﬁﬁﬁ RSt pRGeraBESRSAA Hark®A. t he step (a) is operated at
a suffici®ently high pressure to preclude the need for conpression. Werein

carbon di oxi deyicke ermive irtbernuthdaepmal graskingtnreesss By Yeapmeved he car bon
30 di.oxi de may. he renoved by a range of conventi hoxi-de renoval
syst dns Igiﬁ?ﬂ%ﬁ& PES Qf%é’%ﬁ’rgo(@lr‘?toz ,ghes qCPlgm%glse(%(bdg %ﬁésh 5%59%8%§%r19

menbr anesgp. A @7664480Me dh@iis@E wHdh 416 héRbP Urdrpssitegbprefamhee- based
absorption system such as MEA or TEA (or mxtures of both), or any other

commer ci al | y Fav&irfhebeaidnefmafeardsictods efprantianrelgsnys mpptspade to the
PCT/ GB0S) 00498, oBri0E S35 sBYBRSA bihgrDS: SATROA Gjoduhgle can be reduced to
The product stream may be passed to at least one heat exchanger wherein the
20  stream is cooled to a temperature approaching the dew point of the stream at a pressure
of between 15 and 40 barg. The heat from the heat exchanger may be used to generate
high-pressure steam, which may be used to provide power for those parts of the overall
process requiring it.
Wherein the downstream separation is based on a conventional refrigerated
25  distillation separation the product stream may be compressed to a pressure between 15
and 40 barg to facilitate the separation of the products. Advantageously this may not be
necessary when the step (a) is operated at a sufficiently high pressure to preclude the
need for compression.
Wherein carbon dioxide is removed from the product stream of step (a) the carbon
30 dioxide may be removed by a range of conventional carbon dioxide removal systems
such as liquid absorbents, solid adsorbents, and polymer membranes. The carbon

dioxide may be removed using an amine-based absorption system such as MEA or TEA

(or mixtures of both), or any other commercially available carbon dioxide removal
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am ne renoval system consisting of a high pressure absorber columm which
contacts the product streamw th an am ne solution. Typically the product
stream i swomawesssed with the am ne solution at a pressure Pofll/GE3Qodat er

t han 15barg and a tenperature of |ess than 50'C. Suitable am nes include
di gl ycol am ne (DG&GA), nonoet hanol am ne (MEA), nethyl di et hanol am ne (VDEA)

and di egﬁﬁeggl 2403881y HEArHRA i A dawbairkductd td bede@d 5appantBols usodiin ons
with contentrations ™ in the range of 10-50 wt%_In step (b) of thg}ﬁpresent

i nvent i oamindremorddistemfqonpmsingel A kiph pressup absertsy cohy which goulpsts

conpri sing carbon nmonoxi de, hydrogen and optionally nethane and a stream
and conpP uﬁtgg ﬁ@%&%?@mﬁ&é@t@ﬁefi n(s). The nono-olefin(s) are treated
and reCOVGr?QpicametthpﬁdM@t stehimeia pontscted with lthe spmasaddn and pressu@2ef st ream
and a light gas stream conprising conponents Iight er t_har]%ﬁt hyl ene. The
pr ef ef r egramter tizea Gbargzandiactomperatine of less than pQC. Fugale PMESIBHIE! umn

ting.at 20-40 , f | v L DY - N
over head idisstrata ey mRhE Eistnlgd AuPRT Al I are P UBEARaS ],
conponentyg.thdndlinghe tINBA) gt epeiliyayilibal assepasatsebhtions with coycknogeonsr i ch

stream and a nethane rich streamby partial condensation. Carbon nonoxide
may al so ibthereegparl@dbyt’ourt her distillation or absorption using a

sol vent such,a é)tbguigg}egﬁg%gp&w ?%}ﬁgp%ﬁcﬁgﬁ?%@ﬁsg y?at&ﬁin%@ﬁ’ar at ed

into the ol eih? © para streans be recycl ed back
to stgp Gardm cS@bASHE erbby icvgridal iydrogeaynd bptiortadly ruskahctand setreami vel y

conver{ unsatiraled Compounds such & ety enenephopedicneeend
third emhodaral 18k phdifict frah ik?%;ah?ge%isré@@mtsamm ich9, G0 RNt @3 monoxi de

and hydr&%%’r‘{ separated | p ually conbined with the carbon

di oxi de sepanabegrifibgroinpengntolightér thar ehytend. Biegprefeared mitleodwfdr ogen/ car bon
nonoxide nolar ratio is usu.?ll I,$/ bet ween 1f.8: l‘@g&% 1: {'L b he streami s
then pasgehicipgithia ictgruse o sistllpen ¢Humy pErAtg TEHETTY The wat er
gas shift reaction AR @ of €406 td brsoem 30 CO + H20 ~
C02 iIgHZ O(ple?aﬁﬁ%a?% %%?ﬁ%ﬁ%aﬁ%ggg%@fi used to convert carbon dioxide
to carbon nmombxilight gns streansumipriging pompegesmts lighéerviaaneethylgee mBY b reaction is

e NEXLR T EREN TN M e
PCT/ GBO3/ Q0498 ation. Carbon monoxide may also be recovered by further distillation or
absorption using a solvent such as liquid methane.

20 The C2+ stream may then be separated into the olefin products and paraffin
streams (which may be recycled back to step (a)). Selective hydrogenation may then be
used to selectively convert unsaturated compounds such as acetylenes, propadiene and
unrecovered dienes to the associated olefin or paraffin.

In step (c) of the third embodiment of the invention the stream comprising carbon

25  monoxide and hydrogen separated in step (b) is usually combined with the carbon
dioxide separated from the product stream of step (a). The hydrogen/carbon monoxide
molar ratio is usually between 1.8:1 and 2.1:1. The stream is then passed over a catalyst
for the water gas shift reaction. The water gas shift reaction may be represented as the
equilibrium:

30 CO+H,0 == CO;+H, 0

In this particular case it is used to convert carbon dioxide to carbon monoxide by
consuming hydrogen. The water gas shift reaction is well-known in the art. Itis

generally operated in the presence of a catalyst; typically an iron oxide catalyst may be
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enpl oyed, although other catalysts known in the art may equally be used.
Tenperatures typically in the range from 350 to 500'C may suitably be
used. Thewproageast stream from this reaction contains watPer/GRIaNDOR
nonoxi de and resi dual hydrogen, in addition to a small amount of carbon
di oxi de. Optionally any excess hydrogen over that required for 5 the

fol I ow ng@l@@d,@ﬁhoﬁga S@RAEALI9Hs Ridwn B tHe atd ShayEqRalPpby R Terfipiritugne. The

Fi scher-Tropsch process produces hydrocarbons from C, upwards, but
pri nci palypically it Hee @5g€CB0mr¥Ade 50096 may syitablpebg wsedt Thaprodwct sigany &om

directed t.o the Fischer-Tropsch process as one,of .the more,.attractive

di rect  altls ERGRILSRBDS IR BRoB s L 28 feddi) Bydrgpcty, dhadaion ©

t r anspor kakil GhohHEbSeat BRigtingr Oﬁtﬁéﬁéﬂy%ﬁ? EQYEsSBYTrE S hRr Blse Feqated il and
natural gas via internediate formati on of synthesis gas (carbon nonoxide

and h§dr olgefo)lowiitgesteramay e serfaated off, o2 S6REE-PPAGPEENIEBREX on nmay suitably
i t t | | ect.ed } | ,
comr e e B S L (TN g

nol ybdenum At u rheni um rnum O the

af or esai ¢ BhHANPiICOBEIG,, Ringkeln Rbehtiyead anaioprtat eedrdrecidl tGeiner al |y, the
metals may be used in conbination with a support material. Sujtable
support ascher-Blogselrpriogers aapumefihe mere tEactiisdliest B EIVEANNFRYYr es of two

or nore _thereof . f 1 . ; . pcally active
metal i n oCom el fo i § AR Rpera Oh SRR GcABIG ERE MR Y

EP- A4 8272864 asiibaParkdi2f8d] g4sRiAintc?id6aE0orBioh Fk30theSs gk cAbOR09980;
EP- A- 0261870 and GB- A-2125062. O 20 these EP-A-127220, for exanple,

di scl osegnenegidesaddrydepgert al yst conprising (i) 3-60 pbw cobalt, (ii) 0. 1
- 100 pbw zi¢ ggétﬂg)ist f&%&%i%{-'}“%&ﬂ&&ﬁ(ﬁf m&P 5 Eb Y Bonfise hHPRaftRWe Silica,

al um na or silrca-dalum na, e catal yst” having been prepared by
kneadi ng mé&sideketed fyne goiait, aickel Fre-mslQORB0md evgstengborite, mdenium,t he

conversion aof synthesis s tq hydrocarbons. of. a,catal yst having a
Conposi { T EpRELRRERER OO iralparatms e tatsaniafe! A Ted are Pt el n A i s
an aljkal iGIREAly feirSetdlk Sk dsBRih FRitinaidd with 4 SuppbienMt¥ial, Buitsblén t he

range from zero’'to 5% wWw c iIs in the range fromzero to 15% ww, 30 X is
a number sappdrt tateriatshiecludd anména; eitjod aehemben, ond mxfues 9éfwe PEmerft s f or

CrYSET e SaL S8 00 B GBSl R SPERSRUA! MDAV, 0,
-use af t gl £ AupblS wRALING M fRifn, ¥8r xanple EP-A-127220; EP-A-142887; GB-A-
2146350; GB-A-2130113; EP-A-0209980; EP-A-0261870 and GB-A-2125062. Of
20 these EP-A-127220, for example, discloses the use of a catalyst comprising (i) 3-60 pbw
cobalt, (ii) 0.1-100 pbw zirconium, titanium, ruthenium or chromium, per 100 pbw
silica, alumina or silica-alumina, (iii) the catalyst having been prepared by kneading
and/or impregnation. EP-A-0209980 describes the use in the conversion of synthesis
gas to hydrocarbons of a catalyst having a composition represented by the formula:
25 Co,.A4.Lac.CeOy
wherein A is an alkali metal
a is greater than zero and up to 25% w/w,
b is in the range from zero to 5% w/w,
c is in the range from zero to 15% w/w,
30 x is a number such that the valence requirements of the other elements for oxygen
is satisfied , and the remainder of the composition, subject to the requirement for x, is
cerium.

EP-A-0261870 discloses a composition for use after reductive activation as a

12



WO 03/ 066551 PCT/ GB03/00498 catalyst in the conversion of synthesis gas to
hydr ocar bons, which conposition conprises as essential conponents (i)
cobalt eiwbas/oeasst he el enental nmetal, the oxide or a compoearcBoshemsal |y
deconposable to the elenmental netal and/or oxide and (ii) zinc in the form
of the oxide or a conmpound thermally deconposable to the oxide. 5 Fischer
Tropsch caadst inohs camiversion bBdyinthesis igasmpdiyalretaebans, whieh camgesifisrom 160 t o

3501C, preferably from 180 to 275 C,  and_a pressure in the range fromoO to
100 bar g,comprispseisasseptial componerys £ colalipithegas t Bﬁﬁf‘@'k?é‘% meéethéﬂg‘@ef%r

cont i nuo Léscoﬁ&)?%g(g '(t:l‘%?mgﬁjy dec%ﬁir?tgsmtl)é’ toRife lefég%ﬂﬁd FAAPE Gnd/6P 39(1319 Ond 1% 2pR00 h-1.

The Fi scher- pr ocess e carri out batchw se or continuously,
10 pr ef eralie/foennf ileumidd or,a ¢comppuhd dedmbiyl dedompodatde th thedxale. sl urry phase

reactor. The_. Fjscher-Tropsch proces roduces_ syncrude and el gas. An
resi pléal car B& %Fi’E‘)?P ‘ioﬁglflﬁgf ?rﬁé\m%’égaéeéﬂp%%m?%‘ﬂ%‘éﬁflg? %P%igg I egb;sl _ d
passi ng tﬁ%og,aaefe}@gfﬁﬂﬁlnm B39y, aﬁg‘é??e%suﬁélfﬁl HRASR:e £Hh @8N 08 biRL hanat i on

stage. Heat fromt reaction is used to produce a high pressure steam
whi ch maypréferabbefiond wweiddrag e gpimdbat @ ThetGEES Viar tastinfiowsepeptiooesay. 15 The

invention will now be further described by reference to Figures 1-3. In
Fi gure | ssutphlyike g thedange g&?é@&?%?@oﬁﬁﬂrocar bon feedstock, principally

conpri si ng eﬁ%@@%w&ﬁ%@ﬁﬁ}a%%@ib@%ﬂa P hAEhAHE OF B&ImRbugy acker (2).

Also fed to the autot cracker through Iitne (3) is oxygen. The

aut otler matferabicherting@)sly,sn a fimed bed, Mmddisadded or shudivtibessreatter.eblye t he
reaction j.s effected to produce a praduc 0 .stream conpri Si t hyl ene,

hi gher olﬁé?qhﬁ"s“&r(??é? Bﬁﬁ)@,esg@é?cgﬁﬂs Wg%%ﬂé?&éiﬁ’%&ﬁs'n‘gﬂ%ﬁsg@ai %%’iﬁ‘%h@e/‘aﬁé en. The
product  si eameRXdstican bbSerRdkal o9 eRBhpIe fb?‘b'ﬁ%né Bk ods, dogdtie wifh) antcéss

passed to a heat- exchanger (5) wherein fhe streamis cool ed. The cool ed
product stydezgen, thivergh pasethanation stagedIqas fromotha neaghigm tsrise @ ta pedwesi a kighe (7)
wher ei n ‘ox%/%enasﬁes are rem)iéed fromthet cool e prtoduct s%rheam The cool ed
product  STPEER T4 YHuespay OF 4scdig sppofdte Ryver for0thel PATE OLihE PrOfESS enpval

zone 159) . Therhe 9@l @foR KAl UE Y betiifRPdRXribed b efefeat ®QITFidi@yilde renoval zone
(9) and passes via line (10) to a@éool i shing zone éll wherein the stream
S

is Eassgd t hio Higwra h 2ddghoprsesite praefifinic hydredathanfagdstasky pgsiealiyhe  renmi ni ng
i id i st ul . t h
"o ot aneESine e ed o ARV ETR RGO UAR S OB bl LT

ation cryogeni c nper at ur es.
cool ed 30CaupstRétel cﬁblﬁ&&l@oﬁ?@ﬁn@@%ﬁ@xygbﬂ Theeutod@)milarackde@ihani sati on
zone (13) wherein the cooled product streamis s @arat ed intg a C2+ stream

and a | i ghengaedgndennngdsions waeregy theoivpoieent stfeqtehtoaroduest Mt ene. The
'V; g hty 0983k RBMpE AR RIA%, FRIRONERTSS metht fart iR BHELARE haRRidasses

and hydrogen. The product stream exits the autothermal cracker (2) via line (4) and is
passed to a heat exchanger (5) wherein the stream is cooled. The cooled product stream
then passes via line (6) to an oxygenate removal zone (7) wherein oxygenates are
removed from the cooled product stream. The cooled product stream then passes via

25  line (8) to a carbon dioxide removal zone (9). The cooled product stream exits the
carbon dioxide removal zone (9) and passes via line (10) to a polishing zone (11)
wherein the stream is passed through an adsorbent bed (e.g. alumina) to remove the
remaining carbon dioxide, moisture and any oxygenated compounds such that the
stream is suitable for refrigerated distillation at cryogenic temperatures. The cooled

30  product stream then passes via line (12) to a demethanisation zone (13) wherein the
cooled product stream is separated into a C2+ stream and a light gas stream comprising
components lighter than ethylene.

The light gas stream comprising components lighter than ethylene then passes via

13



13 WO 03/ 066551 PCT/ GB03/00498 line (14) to a light gas purification zone
(15) wherein the light gas stream conprising conponents |lighter than

et hyl ene we sep@sat ed i nto a hydrogen rich stream whi ch e¥cCraBoBloesBi ght

gas purification zone (15) via line (16) and a nethane rich stream which
exits the light gas purification zone (15) via line (17). 5 The C2+ stream
passes Vi dinki(h t¢ 28ghf gazmutitfieattbenamb §hf)setdren thelogle god Seanntampgrisigy oduct

t t he, C2+ st d int | efi
rbduct Spr e ene T el ke gautie SO 2l RET D SoR S TaBy N B e ( 20)
and a par @liéhght%hgﬁﬁr[ﬂca%hﬁ&]ee(]%} PialiRe (P8R GImSBRA A ﬁ%aﬁl%ﬁd&é%} via

line (2 1) which is then rec ed back to the autothermal crac S(2) 10
In Figuretl® laghﬁlgghpmfwggnéorpdrlé} Yiading (Hf))dr ocar bon f eedst ock, prl nci pal 'y

conpri sing et f ed thro aut ot cracker
ComPT 510, S AE el E ol LA ) B b o o Rt 19 B
aut ot her mpkoducBseloBiati bR koneS(19)Wherea ﬂﬁs@zumﬁgamqymﬂaidtmﬁtmlem FdaBct
reaction is effected to produce ethylene, higher olefins, neth ane car bon

di oxi de, chipdye WhirbrRsks dee RIRAUAtyemasion. zowh 61 P e (205andsa parsFursteeem | i ne

4) to an_i;pist e ide is from
the st roamiiel v REERNRY Bedfiiebr R <R B BB S R &

separ at i ofheznétheryial ctacke (2F) - The remai ning mxture is passed via line (7)
to a further separation zone (8) wherein the carbon nonoxi de, hydrogen and
net hah® is sepuligued %hggbgwﬁ%rﬁmagﬁfﬁm@rhydlzmarbpqu:eélﬁ@clarmmmgﬂﬁr ol efins.

The et hyl i on
Jore (8§/ gprgl n%%{%@ 43 f’édetfdo‘ilgh Q{a%{ee(g% g% %tg{ﬂebﬂﬁt é{:'ktepfz’l)m?x%afeétt

m xture oftha:aitdsxhemm) oackete2) hydhmeg:e)ns amlgelmemmaraetcﬁz@rmal éraekelr (Lr)tlbler

separation _zone Vi a I|ne and is nlxeg§mnth t he previously

separ at ed eAHBHRd Hpaﬁlca%dlflf”il%‘@ erely She deagtion évelfrstedda perdiice sthdener gas shi ft
cat al yst Ex%}gh”eﬁ‘@l%ﬁﬁé nichhe, bl &isa'ndte &b oxdde aﬁﬂr@@p?@g%mg? rddicCarbon
monoxi de consum’ng hydf ogen. t1ona y any exces rogen over that
requi igd ﬁsnpassddews hbs efuenn nﬁheslcshparaﬂ'cvrmmc NS)r\&he:rb wmbondgmdn@ iss@navedt ed of f

the through |jne usin ric nenbr 3)....The renui ni ng

i xt ur oo OB ST AORE 4B Ay RSB OA B CHARGY G AR RIARROTEh4) ¢ o
the Fische{yif.qegch reactor (15). In reactor (15) carbon nonoxide and
hydrogen 30 is converted to a m xture of fuel gas and syncrude which is
separated in §h@axmﬁ@ng@mﬁyﬂeEmﬂﬁﬁé@&d@mﬁﬂ)Khbﬁnﬁﬁrﬁmmuhenﬁbmrﬁér-Tropsch

reaction i s use roduce. ress
wherein 916 carbion monoxide, gydrggen an tﬁane 15 Separated cryogenically from

20  ethylene and higher olefins. The ethylene and higher olefins are removed from the
further separation zone (8) via line (9) for treatment and recovery in the normal way.
The mixture of carbon monoxide, hydrogen and methane exits the further separation
zone (8) via line (10) and is mixed with the previously separated carbon dioxide (line
(6)) and then passed over a water gas shift catalyst in reactor (11), in order to convert
25  carbon dioxide to carbon monoxide by consuming hydrogen. Optionally any excess
hydrogen over that required for the subsequent Fischer-Tropsch reaction may be
separated off the through line (12) using a polymeric membrane (13).
The remaining mixture of carbon monoxide, hydrogen and methane is fed via line
(14) to the Fischer-Tropsch reactor (15). In reactor (15) carbon monoxide and hydrogen
30  is converted to a mixture of fuel gas and syncrude which is separated in separator (16)
and recovered.
Heat from the Fischer-Tropsch reaction is used to produce high pressure steam,

which can be further superheated by the autothermal cracking reaction itself, and which

14



whi ch can be further superheated by the autothermal cracking reaction
itself, and which 14 WD 03/066551 PCT/ GB03/00498 is used to contribute
power forwbDhea/s@kri geration unit in the cryogeni c separat ®@CT/GBu3H0498 shown
in Figure 3, which shows the energy bal ance for the systemof Figure 2. The
heat generated by the autothermal cracking reaction itself in reactor (2)
provi des 28 usddwb obntpibuterpoiwer fdritke eefitigedaticaninit inhhé atyogdigc Sipaeier THsepsch

tor (1 enerates 7 . Thi s exact| tches the 35 MNrequired for
{ﬁgcc?yoée%)o%’gé’é L ?’d’#’l?%!f\ﬁ/v S iphgnergy B%iﬂ‘{‘tegb%etsﬁge%ﬁfgﬂ%? ﬁ*aff(ﬂlér acki ng
reaction. Hdans@ethRl 4@k @hdoﬂﬁ:}‘lﬁglﬁdgidﬁnﬁi@Llétionsigbgff'iﬁke%@gor :S@ F10HAGY,g and does

not require the burni'ng of any ) S 1S vant ageo not only because
of the obwWIdlsef pwrrsfin thipembegimeue whdlstthe Fischer-Tropschlrsartired Augementtesthe

absence of y—f.uel rni at no .carbon di oxide is. produced. 10
Te | noenc IS T Bl Bh S TSI MU R alrAS R Criemnemy-aig ecfe
Exanpl e | ptbéuctf §faké a@btheres sicRin@tetishl HenteqhdoVas gatay fdagd wherein the
conversion rate 15 of ethane was nmintai ned at approximately 60% Ethane

and oxygerfuliiciens irepreagie and does nat seguae shabwniog ofenybwh TBB-ipadvadagemispassed
t t qQt | i o L h d ted
wtha p oF EhRes AP AL ERE b8lest O Gl A0 AR B B AR AR EoF BRERE: s

mai nt ai nechibadnca of apRIEbLhBgGhedde thaeas c&bon AhRide iapebdub&l. pr essur e was
vari ed between 2-28barg. The product stream was quenched with nitrogen 20

and tH& ol efin yield was determ ned. The results are shown in table | and

Figure 4 BRMRRoRbN u6f de kel it BLAINSEABAREASSUTe. Lt can be seen

from Fi gure t he 0ss I n ole ectl Wween 15-20barg is
| ess than expected when conpared to an extrapolation of the data at |ow

pressure e, g. . 1-10barg and that the loss in olefin selectivity between
20- 28barge5«¥;“@§-lli gi ble. 25 Exanple 2 Exanple | was repeated however the

ef fect of pre%e@ﬁ"e&rbfﬁ%e%&re 8Mio%fﬁh awﬁ%%éhﬁ}in%gg%%%@&;n%ghgﬁg%ﬁ% rsion

rate of ethane was mai ntalned at approxi mate oxygen was
pr ehedted dfethant eapemnattainel afappetiveanlyl6806. Z20ArE sad dxferpassmehdatedan a
aut ot hermal cracking reactqr._ The ethane_ and oxygen was contacted with the

pl at i num SHMRTRH HA ReAY enys0-22Phie 2Bt PRTSAS AN s gherah grackingtrenctarabhe
el i“teg' ne fé\t,\}%gﬁ I é:g;@aég éﬁs Ef;hfgta&fed REEARRAD o MintmPABHa RS TRE SRSHEEMAS
cracking reactor was maintained at a temperature of between 850-950°C and the
pressure was varied between 2-28barg. The product stream was quenched with nitrogen
20  and the olefin yield was determined. The results are shown in table 1 and Figure 4
shows a plot of the olefin yield versus pressure. It can be seen from Figure 4 that the
loss in olefin selectivity between 15-20barg is less than expected when compared to an
extrapolation of the data at low pressure e.g. 1-10barg and that the loss in olefin
selectivity between 20-28barg is negligible.
25
Example 2
Example 1 was repeated however the effect of pressure on olefin yield was
determined wherein the conversion rate of ethane was maintained at approximately
70%. Ethane and oxygen was preheated to a temperature of between 130-220°C and
30  passed to an autothermal cracking reactor. The ethane and oxygen was contacted with
the platinum on alumina catalyst. The autothermal cracking reactor was maintained at a

temperature of between 920-990°C and the pressure was varied between 2-26barg. The

product stream was quenched with nitrogen and the olefin yield was determined. The

15



product stream was quenched with nitrogen and the olefin yield was

determ ned. The 15 WO 03/066551 PCT/ GB03/00498 results are shown in table
2 and Fi gwoaspeeshows a pl ot of the olefin yield versus preTaaB/00498 can be
seen fromFigure 5 that again the loss in olefin selectivity between
15-20barg is |l ess than expected and that the loss in olefin selectivity

bet ween ZmeﬁﬁbaregshOWs imiabledhbnd Eiguﬂe(ﬁ shb%rs aZﬂot d%he §lofin 31&:1&/\@31@@;/ 066551

PCT/ GB03/ 00498 = ~ 00 0 cnmm mNIt
C- "It O pEgssure, It caBlbe SF(?IP ﬁorﬂ&‘?gure 5 t]@at AR éle ]@és @)othgn se&ecpwt;ahggtweﬁg uz Q

Uz C) 1800bhigis fdss tHah expécted andFhathhe Mss fol&fin sbi&etidit} bétween 20-26barg

1S minimal.
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process for the production of a nono-olefin froma feedstock conprising a
paraffinic hydrocarbon which process conprises a) partially conbusting at a
pressure of at least 15 barg a m xture of the hydrocarbon feed and a

nol ecul ar oxygen-contai ning gas in contact with a catal yst

supporting conbustion beyond the normal fuel rich limt of flammbi
where they are reacted to forma product conprising one or nore

nono-ol efin(s), carbon nonoxi de and hydrogen and (b) recovering the one or
nore olefin(s). 2. A process according to claiml wherein step (b)

conprises separating the 10 product fromstep (a)

car bon nonoxi de and hydrogen and a stream conprising one or nore o
and recovering the one or nore olefin(s). 3. A process according to claim?2
conprising step (c) passing the stream conprising carbon nonoxi de and

hydrogen separated in step (b) to a Fischer-Tropsch

Fi scher-Tropsch catal yst wherein at |east part of said streamis 15
converted to hydrocarbons, and thereafter recovering at |east a part of the
hydrocarbon product. 4. A process according to claim3 wherein the product
produced in step (a) conprises one or nore nono-olefin(s), carbon
monoxi de,Claynay ogen and net hane and

10

15

20

1. A process for the production of a mono-olefin from a feedstock comprising a

paraffinic hydrocarbon which process comprises

a) partially combusting at a pressure of at least 15 barg 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 flammability
where they are reacted to form a product comprising one or more mono-olefin(s),
carbon monoxide and hydrogen and

(b) recovering the one or more olefin(s).

2. A process according to claim 1 wherein step (b) comprises separating the
product from step (a) into a stream comprising carbon monoxide and hydrogen and a
stream comprising one or more olefins and recovering the one or more olefin(s).

3. A process according to claim 2 comprising step (¢) passing the stream
comprising carbon monoxide and hydrogen separated in step (b) to a Fischer-Tropsch
reactor containing a Fischer-Tropsch catalyst wherein at least part of said stream is
converted to hydrocarbons, and thereafter recovering at least a part of the hydrocarbon
product.

4. A process according to claim 3 wherein the product produced in step (a)
comprises one or more mono-olefin(s), carbon monoxide, hydrogen and methane and
step (b) separates the product from step (a) into a stream comprising carbon monoxide
hydrogen and methane which is then passed to the Fischer-Tropsch reactor in step (c).
5. A process according to anyone of the preceding claims wherein the product
produced in step (a) comprises carbon dioxide and wherein prior to step (b) the carbon

dioxide is removed from the product stream.

19

5 capabl e of

lity

into a stream conpri sing

| efi ns

reactor containing a

A



step (b) separates the product fromstep (a) into a stream conprising
carbon nonoxi de 20 hydrogen and net hane which is then passed to the

Fi scher - Twopsobtssseactor in step (c). 5. A process accor diPag/GBy3ampene of
the preceding clainms wherein the product produced in step (a) conprises
carbon di oxi de and wherein prior to step (b) the carbon dioxide is renoved

fromthe produgtprstdseacsordifg W10Bd 6 edibdhlcdiplsEB3M OOADGbén dibxide doas s
according to claim5 which conprises renoving carbon dioxide from the
product stheaapdust st&gaahof 450 (h) separating the product stream of step (a)

into a strea [,5] ' m
conpri sing ombsg‘%}%%tﬁlgqgf E%éﬁﬁés& a%ra%?gtgg@??%g t ggﬁl ‘g’%‘éﬁgﬂ}gﬁ‘t@%@?c)
conbi ni ngahdearbérr manv:ddepnd s stnghyonogerg arecdreaeb ofefmsnaond rdeovering thehe

car bon_di Of(i df removed fromthe product streamof step (a) and passing the
resul tant °¢8S¢am over a | ow tenperature water gas shift catal yst to

convert carbop, Qérﬁﬁfnﬁ%etﬁegtreéﬁﬂgérﬁﬁﬁﬂné g%dgo%e;{atiﬂrbam%bﬂﬁiwitﬁ\@ker, 10 (d)

passi ng carbon’ nonoxi fromstep (c) drogen to a Fischer-Tropsch
react or comban diongleacmogzehemThopwdhctstitah ps steph@rasid pagsing dgsesupantt of t he

carbon nmonoxi de and drogen is, converted to hydrocarbons, and thereafter
ecover i ngten pea v ghERRAREy it b e CEPRRTET e aia Yl shd o

accor di nghg,@fogé}yfyf@cm)oﬁ henb¥igs gsi wetee! @i m8 wherein an additional co- 15
feed of hydrogen is used in ste ‘ A process according to anyone of

a) 8. :
t he pt@cedi ng(d)Ipajsing qm@remnnqmge emztepi (A) and hyidaogsade péischeeBwpedk i s

I df b ' 9.
ecor ot ng TOCR AR s EPERA T IR e A MR e b cic 1677

et hane. 2@hohdxidé ad BE@SSerR@onrRRd tb Byd@oyabensphnd thereafteciecoveging lhaich®
wherein the paraffinic hydrocarbon feedstock is preheated to a tenperature
of bet ween P800 hydracarbon pedickss according to anyone of the preceding

cl ai ms wher ein thr%céze'a&gog!;@g&%;%gggf%%g,&@éeaingmﬁ@ v&c]‘{%ﬁegﬁ G 6&difhd 902

tenperaturée of tWeen rocess accor t0 anyone of the

pr eced$ ng feddajfmydivken &iused hesteplagcul ar 25 oxygen-contai ning gas .i s
pre-m xed with the paraffinic hydrocarbon feedstack priqr to cgnt act with
the aut ot Ber maiA BIOSESR iRRePTaAL 49 gitone pathe prepedgLdains GIHi R PRI HHYEne of t he

preceding 119&1%%%0%@%&&5&( ﬁ;ts@Ect(ea)froin?ethane, propane, butane(s) or mixtures thereof.

9. A process according to claim 8 wherein the paraffinic hydrocarbon feedstock is
ethane.

20 10. A process according to anyone of the preceding claims wherein the paraffinic
hydrocarbon feedstock is preheated to a temperature of between 50-450°C.
11. A process according to anyone of the preceding claims wherein the molecular
oxygen containing gas is preheated to a temperature of between 50-250°C.
12. A process according to anyone of the preceding claims wherein the molecular

25  oxygen-containing gas is pre-mixed with the paraffinic hydrocarbon feedstock prior to
contact with the autothermal cracking catalyst.
13. A process according to anyone of the preceding claims wherein step (a) is
operated at an elevated pressure of at least 20 barg.
14. A process according to claim 13 wherein step (a) is operated in the pressure

30  range of between 20 to 30 barg.
15. A process according to anyone of the preceding claims wherein step (a) is
operated at a temperature greater than 500°C.

16. A process according to anyone of the preceding claims 5-15 wherein the carbon

20



operated at an el evated pressure of at |east 20 barg. 14. A process
according to claim 13 wherein step (a) is operated in the pressure 30
range of Wwetm®esss20 to 30 barg. 15. A process accordi ng t ®CarGBIRO0498 t he
preceding clains wherein step (a) is operated at a tenperature greater
than 500' C. 16. A process according to anyone of the preceding clains 5-15
wher ei n t diexclandemovad v thB/p@cﬁﬁﬁSﬂreEﬁTdfCﬁ@ﬁb@ﬁslﬁgan dinineHtetsed sbsogniovied from

t he product stre t b) .usi ng .an_am ne-based absorption system such
as MEA, T%eéﬂs"r?gﬂs&l%g ﬁgA%trq‘?xmieﬁog?oﬂjrocess according to anyone of the
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is an iron omgg) cat al yst A process acfording to anyone of the
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t enper wafdFOFES 2ERFdipe fgypYe pt PEFCF ST bR BB T5000C.
19. A pr Oé‘&ﬁﬁdﬁ%ﬁr%rﬂﬁoﬁ&uéé‘Xm&%gehhﬁc&hﬁi%%i'wnlﬁtﬁé 8drB®n doiflewhgrein the
stream 10 conprising carbon nonoxi de and hydrogen which is passed to the

Fi scher - Tpaspsbéver tedowdemherstvae Wpttr gerethift antblynt sterionpetetuiobelveemdib bet ween
1.8:1to é(%, 1. 20. A process according to anyone of the preceding clains
3-19 wher Q Cthe stream conprising carbon nonoxi de and hydrogen is passed

over the IgscharsdéQpacordiat &l #sbne éfthépF&:@@lﬁé%la%h@3b1%t\)0§\§91n3d§é)st?e§91 C. 15
21. A process accordl ng to anyone of thée preceding clainms 3-20 wherein the

strealfi compprisagcproa imonoxide and kivlregen Wiydh ogrssadgo peesSiecheoderpstine
Fi scher-Tro sc t a en 15-4 a 22. A process
accor di ng'fg° H%ﬁoafll@’%%/ LR a?ﬂneregl?ﬂ ‘%’ Wé\l@) e%egél%%5qh]e Fi scher -
Tropsch re@ct i Ahrbsess addokdflg R}inyBA mme $eecRlling @RHinB 9Ok Nereinthdstfdaed bed,
20 fluidised bed or slurry phase reactor. 25 30 21

comprising carbon monoxide and hydrogen is passed over the Fischer-Tropsch catalyst

at a temperature between 160-350°C.

15 21. A process according to anyone of the preceding claims 3-20 wherein the stream

comprising carbon monoxide and hydrogen is passed over the Fischer-Tropsch catalyst

at a pressure between 15-40 barg.

22. A process according to anyone of the preceding claims 3-21 wherein the

Fischer- Tropsch reaction is carried out batchwise or continuously, in a fixed bed,

20  fluidised bed or slurry phase reactor.
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