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WO 2004/ 054945 PCT/ GB2003/ 004993 PROCESS FOR THE
PRODUCTI ON OF OLEFI NS The present invention relates to
wea p4seds for the production of olefins. O ePCH&GBR03004993
as et hyl ene and propyl ene may be produced by the
catal ytic dehydrogenati on or cracking of a
hydr ocarbon feed. In this application the term
"cracking” will be used to enbrace both these chenica
reactions. In an auto-thermal 5 cracking process, a
hydrocarbon feed is mxed with an oxygen-contai ni ng
gas and contacted with a catal yst capabl e of
supporting conbustion beyond the fuel rich [imt of
flammability. The hydrocarbon feed is partially
conmbusted and the heat produced is used to drive the
cracking reaction. An exanple of an auto-thernal
cracki ng process is described in EP 0 332 289. 10 The
docunent describes the use of a paraffinic feed of,
for exanple, ethane, propane and/or butane which is
m xed with oxygen and cracked to produce an olefinic
m xture. The cracking reaction is endothermc and is
carried out at elevated tenperatures. The energy
required PRKNTESS@IﬂtKEH@PRéHMUCﬂWODBOﬁW@UEEENSby
‘conmbustion of a. part the feed apd the feed

al so belpt BrEat Y eBRD B estla AL GepT o thegrp Ytoad! glsdns.
0 418615 shon b étgyl%e Qrgf eﬁ‘o?ﬁ\blllﬂé dﬁagy B@bfo%ﬁé@%ﬁ’tﬁ!:%at%f}ﬁc

energy require y a prelirmnary "heat -
deppdreganbtingosdreking mf d ]hy@o&tlﬂm faedyalmehis spplicakion eacttsn

wth oXy n an exotherm c reacti on in the presence
C’@Fklégcé/ﬂlgl?%%ed tygEbracs SpihdReesheEmiGabrsactans. Epa pypithgmal

I
erlg i & PR loR find kKO ER R CEAREHIE
cohiaetea Qv1ﬂ1%ﬂ@ltdljm chedlsoftsappatting asrheghtion pegpsnd thé @redbiyh limit of
provi ding an additional source of heat to drive the

flagraailityg & hygiecapen fedivphtialbeepsatysied anfthe rapprogdycqdds
descrihb in 241. 1 WD 2004/ 054945

1”%%%%%@58@%?862@%gm%%é%ever using a catalyst to pronote
t hesrgitaaiples el ats- Bk AlrikOgesscaa s deciiedah @Pad 332 289.

because the catalyst is prone to deactivate and
Tt@d@g@@g@rﬁewlb@é dsise of pearaffen¢ ferl @§|fp§/e>iﬂ§ml%1@8wn@,rpr0pane

|
o T B SR AR R e
THR! c@&&ﬁ%ﬁ%adtﬁnﬁ@@ﬂdoﬂ@?ﬁlﬂf andi$ Efﬁﬂbd 5ut| dt cheaste QM ReRbres.

f ound at an autothermal cracking process can be

c arFhieedergytrequired for the cracking reaction 1s provided by combustion of a part
of the feed and the feed may also be preheated but the temperature is limited due to the
risk of autoignition.

Alternatively the energy required may be provided by a preliminary heat-
generating step. In this step a gaseous fuel reacts with oxygen in an exothermic reaction
in the presence of a catalyst. The reaction conditions are controlled to ensure that not all
of the oxygen is consumed during this process. The thermal energy produced by the

reaction heats the unreacted oxygen, thereby providing an additional source of heat to

drive the cracking of the hydrocarbon feedstock. This process is described in

EP 1112 241.
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the substantial absence of a catalyst. According to

the present invention there is provided a process for
woheo4psedsicti on  of ol efins from a hydrocar bonPe®iGB2003/004993

process conprising the steps of: a) passing a first

feed stream conprising gaseous reactants to a first

r e&lomieyer usbree caldysifie Preinipts Hieduipaliamakcragddps BIPCesscanbe

ot herm cal |y t rovide roduct st
oSO S0 s B P08 B RPTHE o2 HER Bltp e o
peﬁ@&&lg&e{éﬂa&dnfrqmt/at@ﬁ.rﬁ@re_atawsoﬂuyaréoipeoﬁaee@vé@)bleand a
second feed stream conprising a hydrocarbon feedstock

petfornaancen Birthgrmzayn éheagaith lyih aragicaussojepkagsssn papsisacior ystene

m xi.ng zone vi.a Qn f.o(i).th duct st. .

T SRRt s R el Sl pei Y B R
th&ﬁefs%h@maes@celéfwgms)ﬁarbon feedstock and (iii) a

third stream conprising an oxygen-contai ni ng gas c)

pagsicoglitghte thd presknt epdnisen tarnisprovodeldyn process for the production
essen iallﬁwgdiagatic second reactian zone wherein in
of NS HOBH Y BCEL LUBHLPOETS SPEPTHBAT 50 et al
a) gﬁ%@%ﬂrg a fifst feRBSkedn ‘_Qé’ﬂhbﬁsiﬁé g&slagusq)éx&ﬁgs {2 GRPAPESH zone

ream conprising olefins is produced d) cooling
whehein siid gassoaorgpethsts ngpcobaftharsi@lly to pgvides Fedwmndiream
reaction zone to less than 20 650C within | ess tQan
b) 1 5@RequcIgedBigs fead STERMEPTBRSIRE QX WS i RFStiRg the product stream

pr(?ncﬁfxgl&ﬁ gnagtézj% ﬁ% ol & D& ol X8 sibAf 20| ﬁsiﬂé a 2@1%%&}1‘299 GediB& to a

and the second reaction zo ,
mikBighioak aedlwatre @ygssispasal tb efeneinglzone Y¥bare oranate blié) the
residence time within the mxing zone is |ess than the
predichsigram proAuceiiagtep &), tindhe sroqudifesd slaem comprising a
ddi £ i I - iS] - one. fr.
R TP LR gRE Sh AL o 2kt ke

c) mig)_aﬁi_iﬁg)thb éniRebRed strénnt BgedtlyXo Ag eZentallyRidefbatiabdcgndreaction
addi tional feed stream conprising hydrogen is_passed
zone Whiksithinghe gbsepesrel 2 suprpréedgdatinigs eropp aetal watlyshatilpast a part

first feed strea be any react - t e
of {6 BEN 1544 n%‘*merdeﬁaélg?aysr%eargxco_ erm coaﬁny%/ .1§ E%guﬁegat
d)9engbpteteliosm thapaxat BRIFAL exitigaale sefordseadtionnshetd 1e than
to the mxed streamvia the resultant product stream '
650F @ chuthélekmthgn éf0rgBlsecTids demwtisonr eact ant s may

conpri se a gaseous fuel . and an oxygen-containi as..
2 \wride g%p@ﬁf@%@@&lé%ﬂé@é% 70l s TroBRting
zog@%éwp $1c20%rAFSRAYR 7 Ehre WHiGRink & 2« CARRRE S betaa!l 518 0bar
Wi oxygen in an exothennic reaction. Suitable
an@XBhRrk@sndenthardéhimyttle adainhaoss isdess thamshe autoignition delay for the
mixed stream. '
Additional feed streams comprising at least one from carbon monoxide, carbon
dioxide, steam and hydrogen may also be passed to the mixing zone.
Preferably an additional feed stream comprising hydrogen is passed to the mixing
zone.
- The gaseous reactants in the first feed stream may be any reactants that are capable -
of reacting exothermically. The heat generated from the exothermic reaction is

transferred to the mixed stream via the resultant product stream produced in step (a).

The gaseous reactants may comprise a gaseous fuel and an oxygen-containing gas.
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nmet hane, ethane, propane and butane. Methane is the
preferred gaseous fuel. Other suitable fuels include
waypduggends car bon nonoxi de, al cohols (e.g. net Ra@mB2003/004993
et hanol), 5 oxygenates and/or ammoni a. Waste f uel
streans may al so be enployed. The oxygen-containing
ggag;htngysecoitln_ﬂﬁreﬂ say &k rny gaoggenfuahdhioh isseapalhle pHsepgiane with
m Xt ure. e oxygen- copt.ainin S . b i xed with
OvRER 1P XGRS EHORE P PR G PR O PG rpngh s
mdthdx Ee&%%f@gn@mm. QAh &k ts At (rofRtrbd 9RkeSAUUER Other
such’as a'pitot flame or a 10 spark ignition source
suistiile fuelssinolmde hydrogam, tarhde ntonexidz,atldvdnisi (¢ gr matiananethanol),
Alternatively the first reaction zqne nay conprise a
OXg B} S/ ONRBIONH.- £ st Fyed SSRGS BB R NEG e a
cat@ey L i 4y COMESES XIrRRY]
cata eyoéc&g%rﬂ%w‘f%éﬁ%%é%glpgr %EM%I agt’i %t%%g |rn gﬁ)g al?retral .Slgéhn
mStirk althe oxglealcpatainisg gpandysbd moded dethaanriaery gasofuch @s aitiogen,
and netal supports, with alum na supports being 15
hehpef @@Fg®. The support may be in the form of spheres
or .Qt her I Ry i
oyl 155 Sa Bhs PR PR TRE Pt AP SREAL RGP Bre
sphikel gBiBSA kb@te wihichds ugdnb iiiti g shaexotlienalvasmeionc evlamatively the
structure such as a foamor a regul ar channel |l ed
fuoisa¢tiontzone may cpmgfies ¢ efal¥fbodi nent, the support

co ises.a ne:.al um n te - ahumi na: .

A TOPHaT VIO T SR i e e B HE gy comprises
anl i oM catal3t RicHL a 20psorict GattRuMOBONSHRROT Suitiye Bealyst

enpl oyed. The first feed stream may be passed to the
supporst inclede piroze o6 neramiic andmppbriapoite voth alypinesuBgpoE,being

preferably between 200, apd 6Q0C and reacted at at
piBsFistr 16 VDB TORH a0 LM SAbOE ST BT & T Bl ash ey
be/ R0k 4 2AD1aGeaRdyvARTbatRineB RPN sRAE Ve RTerIBY théfibstrate is a

1100C. 25 The first reaction zone may be maintai ned at
comnyususinabitdhapred ssraméc grugture snahos pHeah or pregdarchannelled

Us(gaLl the _first r%actio zone i s maintained a} a
Ry s BRISTegRmbpdanent Be SUPY QR SGuLgIpeT gy coated
al%%ﬁ%@eAl\ﬁﬁﬁﬁiv]cl}Bzti%n%Q)rQ%aﬁrm@ﬁlﬁﬁ%{aaéﬂa%db%iﬁﬁﬁiluémium

ara, nost preferably between 5 to 30 bara and

siAchiafiaagepusit yndydewegrhoybd- 30bara. It will be

| PO Ry fead Savien FGY BR PeT SOIOE BE FIEEOF ESRAR. dremperature of
UI? g)e Og?,?@gfe%q{y 9&\?&/@%@0(5 ﬁﬁfé()g)ﬁt%ng PRLRYGHat tgﬁﬁerfajc&ﬂ)etween

mis usually i1ntroduced into the firs

60eaRl 1400° 2 girefepiblyebag@sen T0LENdYl 26 pAC endl elcacprefer{dtBBfveen 950
r?dfll:%roegter than 10,000 h -1, preferably above 100, 000
a °C.

The first reaction zone may be maintained at any suitable pressure e.g.
atmospheric pressure. Usually the first reaction zone is maintained at a pressure of from

1.5 to 50 bara (bar absolute), for example between 1.8 to 50 bara, preferably between 5-

- 50bara, most preferably between 5 to 30 bara and advantageously between 10-30bara. It

will be understood that the precise pressures employed will-vary depending on the
specific reaction conditions and gaseous reactants employed.
The first feed stream is usually introduced into the first reaction zone at a gas

hourly space velocity (GHSV) of greater than 10,000 h ! preferably above 100,000 h .
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WD 2004/ 054945 PCT/ GB2003/ 004993 and nost preferably
greater than 300,000 h -". It wll be understood that

woOheo4gptd4sum gas hourly space tine vel ocity w PCTam2e03th04993
upon the pressure and nature of the feed conposition.

I'n one enbodi nent of the invention the product stream
angy nmuw@ﬂ:raw gcefor (hap 3ARP00 B 'c dinpil ey ht the optimu

uent feed str r se
gabcg a(‘aqj%x%e é{%&"lt}éﬁﬁL%})ﬁgﬁ ue%rhﬁlglpresls;%r %re faﬂﬁ%feed
coRBoRassed to the first reaction zone mhereln a
product stream conprising unreacted oxygen is
pr & ooeembdhmepr dducinvsitrasdhe pegductsemam peodysed édst@m(a) may

the mxin égne to 6&gv%de tEe m xed feed strea land
COwBHiET PO GRYGEHT BN Ik o bR (Y CPBRHT GO AP Y gl 20
an'} C&Q‘?}‘E’alﬁﬁg ggﬁwhﬁh Qﬁéﬂlddé%gseﬁ he tifel A8t red 8RE 20RO whkleGAUN

COnpri sing a Jaseous nd an oxygen contai ni ng gas
prodicpstefaar cainﬂlgnsﬁngaimcacmd oxwgmns @rdduetd. t Bhegxydent stredrn gay then

above the stoichionetric ratio r% ired for conplete

beParsth £ FHGMUXRgrZo8% é(i‘rBrlo¥1dett}PFemf)i?g RSN HlPPémgd’ Xy gen-

th

S TR TR S S50 ol i
stregfkusibtioing h@asubarel ant mmﬂ@elanﬁhtmingrgas ﬂs’:'pr&'fﬁ:ﬁably fuel-rich

aseous fuel and oxygen-contai ning gas
withom ek 0eRKYigRN F456 abpY&the sl graFfic z%wgeawaeéirfw eqBPletn

cogﬁanshon' 9% &@h&@ e fudf &p&)g)ge% editif aRneus fﬁag hat $RME:ALs,

ydgen stream r emal

preferaBBCy ethes Hestditiasmetdicenty @yuipsdidu cadplett ®irtps{ia@) to carbon
heats the unreacted oxygen thereby providing part of

,mvméeﬁéhwa@écessary for cracking the hydrocarbon

%f%ggeroglg %P 8)9&%% rc]:%lgtg:;h & %%%Iy’ b%%ogﬁgygg bl tﬁe@?rst reaction

zoﬁ@ﬁﬁ)&b?tré&ﬂoﬁ eaediti &R wlﬁ@lﬁ%@bﬂt%lléd t@ @ﬁsﬁ@élmaf mhe of the bia;agen
first feed streammay react with oxygen to produce a

in fﬂmfémtfee@ str@mmemmsrurma@gado?zh@@@@ egergzz araseacdin sirps(p) heats

nb wh
o Pt € ineeh b B RR R B e P e TP erBas 1,
hygﬁ;cg}b)éﬁtfeé@tO@MQ Ig%% Sui t abl e conmbustion catal ysts
i nclude Group VI I metal s such as platinum and/ or

pal Thedeantmon Bhievesatlzd gaseousdyel @odrpxyge oontlaun@g Sasings bhal

ef bly.0.25-t wt % of ‘
COB}? é&é}aﬁaélqnh éAtCC{)ﬁjéng}%tggFe%'UB g%{l Hag‘@e glirst%w%eéi strggxinépvsﬁeact with

"?gél“ RS raglLat é)%iddc@ seRRHERnpe AQdesably. EBoPIUAEN ahdwater.

first feed streamis ‘consuned in step (a). In an
Inahctkearmanbothemtnmdlwimmn ﬂteeirgﬂse@ws zboetondding heathlysts b

e asbE D bIFSHysem ontal 0 0 oo
métgﬁrsluch as platinum and/or palladium. The catalyst may compriée 0.1 to 5 Wt% and
preferably 0.25 to 3 wt% bf metal. It will be understood that the metal Aloadings of the
catalyst may be selected to ensure that not all the oxygen in the first feed stream is
consumed in step (a).

- In an alternative embodiment the gaseous fuel of the first feed stream reacts with
the oxygen-containing gas to produce synthesis gas. In this embodiment a first feed
stream comprising a hydrocarbon (e.g. methane) is employed which reacts with oxygen

to produce carbon monoxide and hydrogen. These gaseous products may react
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stream conprising a hydrocarbon (e.g. nethane) is

enpl oyed which reacts with oxygen to produce carbon
wounmaoseas and hydrogen. These gaseous product sPOQBAGB2003/004993

react 4 WD 2004/ 054945 PCT/ GB2003/ 004993

exotherm cally, for exanple wi th oxygen, thereby
exqthewiidilhyg fa ekampleeritlsoiigen thirchieprovidog alfurther syece of heat to

.cracking.reaction in ste c). {n.this e di nent . ,and
onfh Becrrategicipae sa temp el amb b S BT FERE R Gyt
emgmgﬁéa tlheScatARaR &e@ﬁhi@l&*ﬂ&@%eﬁil@@f Fupp it p @Sl SthEAS gas production

roduction “reaction. Suitable catalysts conprise
reactionli Smitabid etalpaisgonpiaiseabiodivm, pladikeh, tladiugy, nicks! @ mixtures

t her eof . eferably a.rhodiu talyst is used. e 0
st JeErahit: CORI LI 1605 0E G4 B e B P By 1o 5 W%
an8 pfeFerhBly D M 03 9o, MBELRtal AS Wikl borfERES EAQRstS athaeedl s,

t Re netgl | oadi ngs of the catalyst may be varied to
losinggrof thehatalypdtnaglbe vhhed mepgen that npha] thierosygdneedhe first feed

Streamis consuﬁﬁg in step (a). In a further
streah daFarewRed B YeRs@dus fuel is reacted with an

OXY Q&0 IbBAi ' YR ich QA Ld i &R

an oy e BRSO A ek KL R Bk AR o oA e
in aSoinbastfdnrreictioaand usothergdajeous fired &ehiehl mayton naay not be the same

oxygen-contai ning gas, to produce synthesis gas, Both
as threldist gasaeusifaels isdeectedobith an AXYECRITANIFHY P HEBVP (H’éOdb’ﬁF pyrglpesis

th t for .drivi - i t4.QF
et nBaaftseaioofl B Ranbitfc HORRARRIAAACK O R RH iRne
thQMRY Ient criddingdehctdn thREpq¥Y g8 at kasttoak of tigs@@actions, however,

enpl oyed is consuned. At |east part of this 15 .
notiall efdeedyestyepatninias gahanpieted is carspede Atdepshpastiplcibis

t he ql efin .product .of th [ t
ungrgtsdan ey SRR Rl b o 35 PRRLGe e YR §58ge PO oo present
inkasiegd to the mixing zone at a tenperature of between

900 and 1400C, preferably between 950 and 1250 C, and

noSkhepredust sitdayn protiugedironp iop &nds upebrrassed fonthg Aukmezone at

« Engrraeol bdygentoodd TN e SR e B S
1n§§§g§§g€®%th%ﬂ1%?0Q£J?ﬂx%tth the product stream

d’in step (a) to provide the m xed feed stream
c ormpiahsthegemisodugent. of Theinsatondhd @edndfeeé atmeamaynay comprise
conpri se any suitable hydrocarbon and may 25, .
oxygen- ohld Jogorcbiepd FEFTRFPTBNIHRIOOBAY BIPHithig Gyduixegsth the
exanp| r r -
R S PRBREAT L PRI, 4 MoRY yeotncbapsant
odjgeh.ocarbons include ethane, propane, butane and

m xtures thereof. Suitable heavy .
The second feed stream may comprise any suitable hydrocarbon and may

optionally comprise an oxygen containing gas. For example, gaseous hydrocarbons,
heavy hydrocarbons or mixtures thereof may be employed. Suitable gaseous
hydrocarbons include ethane, propane, butane and mixtures tﬁereof. Suitable heavy
hydrocarbons include naphtha, gas oil, vacuum gas oil, refinery residues, atmospheric
residues, vacuum residues and crude and fuel oils. ‘Additional feed components such as
hydrogen, ni;crogen, carbon monoxide, carbon dioxide and steam may also be included
in the second feed stream. Hydrogen and/or carbon monoxide may react with the

oxygen present to produce additional heat for driving the cracking process. In the

5



10

15

20

25

30

hydr ocar bons i ncl ude naphtha, gas oil, vacuum gas oil

refinery residues, atnospheric residues, vacuum
woesisbieasand crude and fuel oils. Additional PeeaB2003/004993

conmponents such as 30 hydrogen, nitrogen, carbon

nonoxi de, carbon di oxi de and steam nmay al so be

segonel faetbgiream atghgeoyebyshecare@umay bealismagd ey arheayisirocarbon,
rbo noxi d react with the oxygen present to
ESE&BEﬁggggﬁHY$?§ﬂ§a¥heat for driving the cracking
Pr ogRSSecodd¥et N@reamPuPPE/ HRRA 4P Rl BARQ3L004983%00°C, and
second feed stream a gasSeous hydrocarbon may be
prefetabiyniat3®0°Gité BHOECheavy hydrocarbon, as the

hydr ocar bon_ feed stock. The second feed streamis
us el speofelfeetistiegmals iFRsuP et Arezas oubowaesVEont olatgater than

Fia c. r -1
POBY Mok 0G A00R SR SREAN B8 5 00 T0n
It gfleBE enddritasd, hd@ev&@Dhatithe 'optipnaf gisdbliyly iroy @ni20/el 20 will

-1 and npst preferably greater than 100,000 h -1. It
depend upss theaessre sl nHBRSS die feehg@mPYFEiBHt i num gas

houi:}lley seégn%cfgeclﬁq Létfe cheoI ﬁ:r}sﬁ%g %Af]eylled ocagbed%e@g(%sy&%%nf}ﬁgti onally

pressure an ure o conposi tion.

05860 RtohRerd St pERRBY dtehncraédityd inges poNwhieResl @€ kaay not

and optionally 10 oxygen is contacted with the product
coptaiie apicpeted ORI iR agniEm g Zone Whisradtha mrayediecdrifyeabeomprising

contai n unreacted oxygen, in a mxing zone wherein a
mﬂ%?églggggegtrean1conprising oxygen is produced. In

y et maRoilicr RAPOHintERAbf OF ihRatibnY &itd RBd frdalt Edhnfreeth an

stream conprising an oxygen-containing gas may be fed
oxtygen-entainkigngps zorydetfed for the indeing engrioqedvitle 81t mixeéd fged stream

15 conpri sing.o en. The 0 en-containin as may b I
CORRI TR AT TR B B BT AL P e QP A AR
m;gﬁckgﬂpgaagyﬁp of the m xed feed streamis at | east

5

00C, preferably at |east '600C and nost preferably at
| eaBlhe téOPeiatufbef thexningd fedetreasn medt idaal FTEOACapreferably at least

,6£%essure of between 1.5 to 50 bara, for 20 exanple

Evaadanost prefesadp ablgad 70Bef er abl y bet ween 5- 50bar a,

nmost., pref.erably 5 t r .
v s BELERR o bR R B s o hmm tr
exhSHAd batwaerM Bit6 80 BhANpRteritIRbetPRsS 608k BbstipréfotadlytUeeveen

second reaction zone. The residence tinme of the m xed
5 fedibare ppdadvantagheushi batweenzdha0taga. | ess  than the

g? t 'giéglgllp%ﬂllg ?(H’%el% ﬁ%ua‘ﬂ]; at£i§inrg )flgr(iinefl %gpggsgseﬁ%ctl%ﬁtg %gessecond
reaction zone. The residence time of the mixed feed stream in the mixing zone is less
than the autoignition delay of the mixed feed stream. Methods of determining the
autoignition de]éy are known in the art. For example, ASTM 659-78(2000) is the
Standard Test Method for Minimum Autoignition Temperature of Liquid Chemicals and
may be easily adapted to determine autoignition delay. A description of a suitably
adapted method is provided in the article “Spontaneous Ignition of Methane:
Measurement and Chemical Model” by’I AB Réid, C Robinson and D B Smith, 20th -
Symposium (International) on Combustion/ The Combustion Institute 1984/pp 1833 —

1843. Under some conditions of temperature and pressure it may be difficult to measure

the autoignition delay directly, but the delay can be predicted using data obtained under

6
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25 autoignition delay are known in the art. For

exanpl e, ASTM 659-78(2000) is the Standard Test
woORbGEd4%46r M ni mum Aut oi gni ti on Tenper at ure oPCLIGR20a3/004993

Chemicals and may be easily adapted to determ ne

aut oi gnl tion delay. A description of a suitably
othefagenaionatermtpvies togrrsvataied Hayingrreregidence|tgne @ﬁbﬁﬁaﬁéé ggne of

| gni tion_ of t asur
e P Bl B A P DB o o
ol SIHIRIBES KA ol lch ahii iR hix &NfebDEdast ¢déts thehRcond reaction zone.
Conbustion Institute 1984/ pp 1833 - 1843. Under sone
Theomdiutsi tbatghert it letmlp@pmumpéloamd opygssdu fhe rntXlrrﬁaanBetyplcally less
Sicult to mea aut oi n|t on direct |
thm%/ovaeofaféq SyEEanieyE e B B el rs st Bl hEon
icafly WQ 1%9@@&@5141%»51@@%@@)@9&”&&%9 235 tHahNe0 milliseconds,
con it ons e.g |lower tenperature. Having a residence
pwﬁen@ly lasst then pfmilhgpcandsemobt prefesadlyt lesmther é0miltisscgndstandn

del ay of. the m eed stream ensures that the
adﬁ?‘&@%’?@f’iﬂﬁheséfhangﬁe@flylﬁ%coﬂ es not commence until the

m %50kt B th%tnlhﬁ %H@@Ea?nt sSRGRRA el BRGhXAIE Zo‘ﬁ@%nd into the
Thi's nearns that erels tlhe consunptl on of oxygen

infonth¢ kezomil xean’gorzzm& at hwp]ocﬂj/ bj/ gileetssthan tl mals, [Hobevdblpgreataethan
n fed to the nixi

, : [ h .
5 RG2S PRI HEh e A8 e P et Rgetion

LXi ng zone is less than 100 mlliseconds, preferably
ess than 50m | liseconds, nost preferably |ess than
10rmid demﬁsloal’mne bssantialip adisbayiclsesist tératio therein occurs
mlliseconds. 'Preferably the m xed feed streami
Wﬁla@% stnifisaBiagRodeofhers ﬁ@efkf%&ﬂ,f leaveng the seacfien zas- ﬂ%ls

ac 1el¥?d¢' §§ n@glfa[lggg—ite' sgporﬁic}@:?ctl%%) Anyelocity of greater than

ater than 3 m's. These

vel T HyldescadoR fsw ﬂhl thé erbhy fdet ghednd nfay &¢ erdckéd mshbletiks such
into the first reaction zone. The second reaction

asFgrac] OpEwehittPed I REafeaB AF P EniXyre hgkeoteact i on therein
g? S aé@én%%h J%la’l%tl S rg{& bé ‘s:uaﬁ{‘)lgaﬂgrﬁéatoﬁt gt,f a]%ﬁg)te %ﬂte %H)%}qreen 600

€ reac on zon

aﬂdnﬁz@b@ct I ?&férmﬂy secRRA 856 a8d 13D ZORRE mINr émdb@caéﬂwean 900
in the second feed stream may be cracked into

amﬂl IEEIOO RE. Eudh beamdettoed éhat fireoppeineim buiferguzndligepeshepon the

a mxture thereof. The cracking reaction may be
feg@,mnggreyan@é}p,e;agag@msmgp a tenmperature of between 600

pr ﬁ%erz %g‘%mg %étgtafglrelﬁlag%lgﬁ gg g %&811@95‘30 o Wnlgla"é‘ggre@rglﬁﬁ of

batwear B @@60 bhaj for bearopit] WatwedrehP &r 50 bare, paefetabiielpawden 5-
SOL{)%(rjan n”tiogte pre];e?z?bqy g]et)\;}elélrrl % tg 98 bgrgearngta:iga%ta%gous?}y ll;etween 10-30bara. It
will be understood that the precise pressures employed will vary depending on the
specific reaction conditions and gaseous fuels employed. The use of higher pressures
may provide improved stability and may enable a smaller reactor to be employed.

Generally, the use of a higher pressure would be used with lower temperatures and .

-~ ‘higher temperatures with lower pressures.

The second reaction zone does not contain a supported platinum group metal
catalyst i.e. a catalyst comprising a metal of Group 10 of the Periodic Table, particularly

catalysts comprising platinum, palladium or mixtures thereof. Preferably the second
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The cracking reaction is carried out in the second
reaction zone at a pressure of between 1.5 to 50
woan@/05das exanpl e, between 1.8 to 50 bara, pretCecH20s/004993
bet ween 5- 50bara, nost preferably between 5 to 30
bara and advant ageously between 10-30bara. It 25 wi ||
redsion Aeres ¢acs @@t ¢dmdain pRECHiRlEds BateppEidalis 63paBIFP Iy ERONE |
end Qn o]
coranﬁagtloéls e on ue gmél%el r?/dg{j%m%g ﬂ%@gﬁélfl%ﬂ ﬁl‘égt%rgfe%ﬁy the
se@IndSeAabties zoﬁ@&od@ moVtdaih ARY ﬁl‘d&ﬂlaBﬂlabWbmlH)exHﬂbd aifygubstantial
enable a smaller reactor to be enployed. GCenerally,
Caﬁhéwu@eV@M a hlgher pressure woul d be used with | ower
g@g&?éog)rdels %?H gm% ]%8% 8011%%\0 ts?aé)ﬁltlsge{r) %ned/(\é\r'I (ﬁa@kljﬁl ¥edterials such
po?&'l‘atn@' dBrafn i) RRDATHE BndYbiedili WM HOOMP eRBbRlany S@sainyist catalytic
i.e. a catalyst conprising a netal of Group 10 of the
Ewﬁemyodlc Table, particularly catalysts conpr|5|ng
tinu um o n1xt res..thereof. er
P hdb actThEE e Bl b Resh B (0P iOEGSS - 2Re). a
;wﬁ%ﬁﬁ&i@@&éQQ%dﬂﬁ%ﬁmﬂﬂi15@@$a|n any catalytic nateri al
that i's capabl e of supportlng conbustion beyond the
norimahothergirefeiteth embnilimenf of thamyabiién thy sedvpdireaction Vessel may
preferably the second reactio zoneg%ees no

coms%%négpléqonﬁﬂgpe e 4> 9% Ak pnRe Wa _kgﬁlfl%len‘fvflﬁg encourages the
ref&@lbofhy bi&r acd %éﬂl[?l}flar l%cél{g)‘fx wRaRML yLagt i on zone may

contain a stabiliser and/or packing materials such
porla el faither eadodimas thesdetoridnaadiod/zone sidssendalin amptyo not
exhi bit any substantial catal yti ivity

pr dp@irefarehpabpdignt efifhe Bweriny g sesidense GHR &lmthe second
re cgl;a%ll%gﬁe ]% s4h cq%rﬁ )to g%lureotﬁatf s%ﬁ%%r?tgarllgfagttﬁé ?ygﬂ@ Qsdé&)rsuﬁed

ate n anot rre odi nent  of
t her Wﬁp&lh@ﬁsﬁ&ﬁ:e&ﬂﬁawdhm&h@§dcomd k/eeSlS(ﬁi ZOmRYS less than
conFrlses an ignition source such as, for exanp
e@pogléwéefﬁﬁbbﬂeeﬁb@ué%@sseews apg aé‘fzsn&gewlwéwlan
Nﬁlﬂ% &%kglcular | ocation within the vessel. In a '
rther @nbodi ment’ the second reaction zone is

es Sefiérithd tyclanp taactibmtha ppsdicBIaleguedohatisthet eradrgt fiem the
invention the residence time within the second 15
ser:@aiclteaqmnzzene Sliw;h thaifthe eimperature ieisduged to ﬂﬁiﬁ than 650°C within less

tla the o n_i une
i EdisaEnad of opraibent 1o FhmeGetShRe Fastion BRYGRe ooy
ollei%%s 1steﬁﬁﬁnétpt%r’ﬂekin' 3 SEdDL tlﬂhrlﬁfﬁﬁgﬁﬁﬂrﬁé ah@$8 t nch fime is the
I'l i seconds and advantageously | ess than
tuﬁhbbtlwesmdmrrds;tants leaving the mixing zone and the reduction in temperature of
the products to below 650°C.

Wherein the pressure of the second reaction zone is maintained at a pressure of
between 1.5-2.0bara usually the products are quenched and the temperature reduced to
less than 650°C within 100-150milliseconds of formation.

Wherein the pressure of the second reaction zone is maintained at a pressure of
between 2.0-5.0bara usually the products are quenched and the temperature reduced to
less than 650°C within 50-100milliseconds of formation.

Wherein the pressure of the second reaction zone is maintained at a pressure of

between 5.0-10.0bara usually the products are quenched and the temperature reduced to

8
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After the cracking reaction the products are quenched
as they energe fromthe 20 second reaction zone such
woOhei4/05kast enperature is reduced to | ess than 860&GB2003/004993
within less than 150m I1iseconds of formation. The
formation of the reaction products, particularly
lesotiehicigsC wsthaslesstbah t@midesgrondstof foranagiqd. of the mi xi ng
zone and so the quepch T&ge is the .tine beﬁﬁﬁen Lhe s
r edCheaTR $hq RISV ReSHTPRT HEC LB ERU e e PEal S BRir
belv@BRED ALY, G ol ysub e tHRPIMEESire QuddehfRAEenderdtheeduted
the pressure of the second reaction zone i s maintained
to Rks fuap 666X Uwvehaf20niBiseeeds &f forRa@dar a usual |y the
products are quenched and the tenperature reduced to
| e&inailhiavhesmpmegressiig of O LSO 1ERTIOBEORE S 1pfintaned at a
format.i on erg| I WaTs Py
SR of 5T HOR PR b By RLARE B Ryl ol LA ORANA ARk R
redrcBd B BRaha gsuval W ivhih henliestesdsofoamgusnched and the
tenperature reduced to 30 |less than 650C within .
50-Thavioldsifselcamerstions fakingmldceand wWaartapna high QPefassalgcaivity.
of the second reactign .zone is i.ntalned at...a I
or d4E BT Mg aencisdgg rRd PR e Rgrs B v fapiter in
& fagich AR SRS bRk BatvRHL 6 Qe ttQuelcMBay be
SK%%H%%%%%§45 5%%5@82063/002993 Iessg?han 650C mﬁth?n
eniptegdt BaitatBo qudnchmgdbndisindfidé watenandlydrivaghais sugthas ethane or
pressure of the second reaction zone is nmaintained at
naghthressure of between 10.0-20. Cbara usual |y the
pr i I il0e: § SORRIRIBN PerkiBHYEBAroERbon of
|e§§%?%§ﬁﬁ%§6%ﬂ§ﬁﬁl|n Oﬁ?llié%condéﬁof]féﬁnatigﬁ# 5
gr&iterahdny4 08 esreferabihgrepeethisn 6% ind iestgeciordly gager han 60%.

zone is maintained at a, pressure of greater than
50, HhPanI i 15e0 HE IS B A DTS e e VAN 4P fds olefins of

‘ 68694 BANmBRe fkdblY Sreater than 50%.
o SRR PO el b B feruan 0%
r eagityt @ks praducedinthagmcessdi e presnnsivantiinghapbefemmved by
selectivity. The products may be _quenche Si rapi
merbanicalaa IR NSINIone 9 theydseolfBgimerheds Bﬁsmg?fy GyaRmT0Y s,
._crackj t echnol Additionally .or alternatively, a
1nﬂrpggkﬂgﬁ(%%ﬁy%%§g(g'enployed. Sui t abl e quenchi ng
Etdipda i ncl ude water and hydrocarbons such as ethane

or ~naphtha. The present invention usually provides a
perds dinitdeps ssspEPEPHANShTgAp@EdrasimtonethgpeandgXVeaaYas

piede BT RLR Gy o6 Pt T AR L AL PR PAEV SR ¥
tebPEAIrY o PACAREerdin 28RS tedbats bRUBEMS cAlyerehdted @f provide a
synthesis gas product stream. The first reaction zone was maintained at a pressure of
1.8 bara. |

The product stream comprising hydrogen, carbon monoxide, carbon dioxide, and
water was passed to the mixing zone at a flow rate of 12.54g/min wherein the hydrogen
flow rate was 1.31g/min, the carbon monoxide flow rate was 9.48g/min, thé carbon
dioxide flow rate was 0.75g/min and the water vapour flow rate was 1.0Qg/min, The
temperature of the product stream was 1200°C.

A second feed stream comprising ethane and oxygen was passed to the mixing

zone at a flow rate of 24.97g/mim wherein the ethane flow rate was 18.80g/min and the

9
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greater than 20% preferably greater than 30% and

nost preferably, greater than 50% Any coke produced
wonodhssgas ocess of the present invention nmay beCTa&aBUSH4993

by nmechani cal neans, or using one of the decoking

met hods described in EP O 709 446, incor(gxor at ed
oxyaereflow Bgte mes & ldgaain. Jdie tsrppgsptare1ofahg secend fesd giraam gam
4 ggpri sing the gaseous reactants nethane and oxygen

" passed to the first reaction zone conprising a

pr opmteddark kad imigeadhySle] las &ss HiRAPasat ure of 400C

wherei n gaseous reactants exothermcally reacted to

pr clliedeixad feytiasivatigasombiodlicmpstateawt 6THfE Wag passed directly

reacti op zone was intained at a pressure of 25 1.8
toplis SeCORTSATHGLHIEE YOETUAM LoRBRIST P ST SHEO0ER) BEh
cdIRAXd R tn€ @{h'af;@“/g% Q61veRed RNGhyIURL &heWRSHHRGEREMn LBnd W also

m X1 ng zone at a ow rate of 12.54g/ m n wherein the
mbiyichiedlent a pidsowe ol Sbwas 1. 31 g/ min, the carbon

monoxi de flow rate was 9.48g/min,, the carbon dioxide
f 1 obirarrpduchaean eo§rathe sserndireting zene Yadsmperfuaof AfEC

was 1.00g/mn,, The t rat.ure of t aduct :

el st a8t TR B4 S BB ot omation
et hane,a0dvQ¥¥aen cihase WasHestutdd 4 4.1 Wiaxt ik selRAitRiovards
flow rate of 24.97g/m m wherein the ethane flow rate

ctiysnel 8a80gdsmiad ahdd-20me 9 WO 2004/ 054945

PCT/ GB2003/ 004993 oxygen flow rate was 6.17g/ nmn. The
Exappleréat ure of the second feed streamwas 450C. The

I esj ' [ %l I

e e D PR e e b Al O ey wos
pBiQiGowmsipasaetbniione comyrisibg b @rartheted peltatidim eatolysioat a

zone wherein in the absence of a catal yst the oxy

o ! gen
{eRRSTANEB A5 VLG B A HOVG At W EOHEFDde Higw Tate Of methane
T We!

o R LB TESPIL ST PO Thofg s
exslilic@Ribaty rdacttd td PRvedcoNaltHesid ghs prodaaraeah. Bhe first reaction zone

tenperature of 7/7/0C_ was cool ed using a water quench
wapmerOes at Bibress e ST LARATS0NI | | i seconds of formation.

10 The %, conversi on of. n ! : 104

R T M BT R N R R
witlr %%6 pAe¥@pltBe rhixing zone at a flow rate of 40.99g/min wherein the hydrogen

flow rate was 4.30g/min, the carbon monoxide flow rate was 29.32g/min, the carbon
dioxide flow rate was 4.61 g/min and the water vapour flow rate was 2.76g/min. The
temperature of the product stream was 1200°C.

A second feed stream comprising ethane and oxygen was passed to the mixing
zone at a flow rate of 125.37g/mim wherein the ethane flow rate was 100g/min and the
oxygen flow rate was 25.37g/min. The temperature of the second feed stream was
250°C.

The residence time in mixing channel was less than 5ms.

The mixed feed stream with a combined temperature of 600°C Wés passed directly
to the second reaction zone wherein in the absence of a catalyst the oxygen was
consumed and the ethane was converted to ethylene. The second reaction zone was also

maintained at a pressure of 20bara.
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A first feed stream conprising the gaseous reactants

nmet hane and oxygen was passed to the first reaction
waana/seapri sing a pronoted pal | adi um cat al yst par/GB2043/004993

tenperature of 300C and at a flow rate of 41. Og/m’n

‘wherein the flow rate of nethane was 18.4g/ mn o

t hellfe adunt seeast exkpgels sperndIoaion #Ppe atﬁqfém@a@atsagf 800°C

P e SO PSR d BB g tpmaion
VaSTHER oAl 16En AT cald RESHERURI 261 PATAd TR O Gwards
stream conpri si ng hydrogen, carbon nonoxi de, carbon

etblylend ees mawstired20 3AdOr. was passed to the mi xing zone

at a f|ow rate of 40.99g/ m n wherein the hydrogen
Compar HRHeEXMPI4 309/ i n, the carbon nonoxide flow rate

WasA 29 8@ HellsReark E&nﬁﬁ&ggﬁymgg&lx b&-ehl aﬁWefh@ﬁ@w‘ﬁ@ﬁasﬁecﬁt% the
g/mn and the water Vvapour” flow rate was 2. 76g/ m n.
mibtirg zéremp e fowuraee coﬁ24t $ig/rpmodheceinshe l@&hmgmsﬂo]z@ﬂt@@msﬂo 70g/min

second feed stre nprl i ng etha e and oxygen was
thg £ 09BE P B4R b g™ g Gha R PN G e BRI The
R@QF e, @bhane flow rate was 100g/ mn
teilar%gr g‘}?{g ?]E)Hg gengt a@v&%a 5? g/as 25.37g9/ m n. The
t enpigy ﬂixeﬂ&“e&f stichf WwaaasgdideetBloreatonasne 2algzsidhe:
residence tinme in mxing channel was |ess than 5ns.
supperted Klednyre eeptmmetakﬁaw Ysh Wheredhoi e Wag aprstgted ead gie ethane

600C d direc 30 to [
WE%%O&IV%%C}%) ﬁlsﬁ?pe 'ﬁé g%m new acsgtazg ysetsgl%r %??:?E)gra The
p@act s6O4R %ﬁﬁﬁg@ﬁ@reﬁ&ﬁm%ﬂ@%s %@(ﬁe&ﬁ:ﬂﬂgﬁtwﬁéﬂsrhﬁench to 600°C
et hyl ene. The second reacti on zone was al so

withinrtssi thadS Grnillisepos of fenwfio20bar a. 10 WO 2004/ 054945

S T QRRTREH O GBS RE TERHT AP LF & B TRy towards
e gghfﬁmyﬁieg&r@d Wedogyo, guench to 600C within | ess than
m

I seconds of for mati on. The % conversi on of
et haren bascendasu thecbavEdx il esntattaneugehenil anatling reaction can

towards. ethylen asured .at 32.06% 5 )

beoprsaFain e 2 %@a pla wtilstend ey lg}a?fv%reﬁ%sb%s:wermn and
o‘i‘é}ﬂl et hane was passed to the mxing

aﬁ;gﬁsggmn %@v%rgate of 24. 81g/ mi n wherein the hydrogen

flowrate was 0.70g/mn the ethane flow rate was

18.53g/ m n-and the oxygen flow rate was 5.58g/nmn. The

tenperature of the feed streamwas 450C.
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10 The m xed feed stream was passed directly to
reaction zone conprising a supported platinum group
worb@loseasal yst wherei n oxygen was consunmed an#CrieB2003/004993
et hane was converted to ethylene. The reaction zone
was al so at a pressure of |.8bara. The product stream
exiting the reaction zone was cool ed using a water
guench to 600C within |less than 50m | |iseconds of
formati on. 15 The % conversi on of ethane was neasured
a 67.6% and the selectivity towards ethyl ene was
measured at 79.0% It can be seen fromthe above
exanpl es that an autothermal cracking reaction can be
operated in the absence of a catalyst and achi eve a
hi gh hydrocarbon conversion and a high selectivity
towards olefins. 20 25 30 11 WO 2004/ 054945
PCT/ GB2003/ 004993 dC ainms 1. A process for the
production of olefins froma hydrocarbon said process
conprising the steps of: a) passing a first feed
stream conpri si ng gaseous reactants to a first
reacti on zone wherein said gaseous reactants react
exothermcally to provide a product stream5 b)
Clarmogluci ng a m xed feed stream conprising oxygen by

passing th roduct .str oduced, in.step.(a) and a
1 Sacb e BiesasHeUShp e Ry sarBeataEheci
cdntbrRindth¥kfdgs gone and wherein oxygen is passed to the

m'Xi ng zone via one or nore of (i) the product stream

a)pr odprseidg iarfirsitieqal (tepm doipyisingegas@uo nacfagsdo stiirgapaction zone
conpri sjing a hydrocarbon f edstq k and . iii%@a third

WhETPRAH %ﬁ%ﬁ‘ﬁs_ggﬂﬁ’&“&%{%‘%%@ﬁ?@aﬁi i tﬁipﬁ%‘“é%%p ughstream

ppas S%r%gu(fiﬁga gﬂcﬁé X cb & Sickaid & s 8Gkky bd fasRhhg the priorc]lu?t nstream

t
essentl a atic second reacti'on Zzone &here
priotiecedhis efep €a)ainda ssepyidetdsdrepmatonmuiFingraoypremettan feedstock to a

catalyst at |east a part of the oxygen is consuned .
G BT AT E RSP EPEFEl o8 PSR B G RHO8 SEgBra gD the

: { I a2 ! O So@Hl KRR SEEANT, o
m%gggéﬁéﬁﬁggﬁgg?onlé%gﬁgé an %OC:mfthln ess%tﬁa%
hykbOdrrbdn Bedstnttand {(iif) anhied storamldnapribingrer @dyged-bentaining gas
tenperature of ,tthe m xed streamis at J?as& 500C, ,
i xi pagsing the mixed feed stream directly to an essentially adiabatic second reaction
zone wheréin in the absence of a supported platinum group metal catalyst at least a part
of the oxygen is consumed and a stream comprising olefins is produced
d) cooling the stream comprising olefins exiting the second reaction zone to less
than 650°C within less than 150milliseconds of formation

and wherein the temperature of the mixed stream is at least 500°C, the mixing

~ zone and the second reaction zone are maintained at a pressure of between 1.5-50bar

and the residence time within the mixing zone is less Fhan the autoignition delay for the
mixed stream. |

2. A proceés as claimed in claim 1 in which an additional feed stream comprising
hydrogen is passed to the mixing zone.

3. A process as claimed in claim 1 or claim 2 in which the residence time within the

mixing zone is less than 100 milliseconds.

N
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zone and the second reaction zone are naintained at a
pressure of between 1.5-50bar and the residence tine
wonod¥s494he m xi ng zone is | ess than the autoi garGB2m03/004993
delay for the mxed stream 2. -A process as clained
inclaiml in which an additional feed stream )
4 conpbrasesips clImRy it daiah3 is whigh sharepigendsding withig thenexing
s_cl Lned inclaiml or claim2 in which

3. - rocess .
ﬂ?ﬁéﬁ$§§£@énggﬁFFﬁ%ﬂmnthin the mxing zone is |less

5.tham %&@sﬁs'cﬂéiﬁl@@ Ngls) onk D WRIEO D4 HRAIARN the reaction is carried
PCT/ GB2003/ 004993 4 A process as clained in claim3

ouit in thisisedpndeacties zeemate nresserevif bhivween Ado A kardg  zone i s
less than 5 m.lliseconds 5.. A Cess._as aimed.in .

6 any BHE O ST TG of 1oAY LS £ o PRagee ongfeetion

z0RBchht@fhs aQthbillser 4iPorgREIBNE 28Rl sQebtdOREmake Rolp BSSPfiSing
of between 5 to 30 bara 5 6. A process as clained in

paagpjaipesrashics |ahimga 2nd eilisa that ddiattexhibet g cobtantiehcdttalptic
zone contains a stabiliser and/or packing materi al

m@@ﬁ%c;ed fromthe group conprising porcelain,

7.C01RABHESss A HInea PR sHeldreRithd 2o 69 RRLcheRDIRbAd ADYior

substantial catalytic activity 7. A process as

cootaansmmd gnitionnyurone of clainms 1 to 6 in which the
second reactor. 0 contains,an ignition source. 8. A
8. pr 8&%"6%?335&?3&%“&%8‘ My gyt Glaamgd %?:7 & WEIC tacopressuge of the
. ' : . K
se¥biCRadihs chB@ sSHAiStaeatah g 8]};6%%@9 Bfibét@g%{i.?—gp@g& Al tge

mal ntai ned at a pressure t ween ra an
profects g€ qderahsd By eedydiap eliedmbyrabiee tclefothbi 65 G°€pPREAtl es €han
to less than 650C within |l ess than 50m||iseconds of
50maiHipgeqndp of fgmatiom process as clainmed in any one of
cl aj 1.1t dn.which th ressure.of . t second
9.7 odeBresho st fbfrend RS 17 bttt SEERRCa e
sedéhdredotion@oae & Aaidtaiiled at PHAYLEE Sf Bet@ S ENGNODLRM and the
reducing the tenperature to | ess than 650C within
produritd dre uehdd by fediomgwhe temperag@e Rbles3Ban §H°C within

20milliseconds of formation.
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