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WD 2004/ 087626 PCT/ GB2004/ 001278 AUTOTHERVAL CRACKI NG

PROCESS The present invention relates to the
wonososti2zen of nono-ol efins by autothernmal crackiGBlomioo127s

a paraffinic hydrocarbon having two or nore carbon

atons especially autothermal cracking of -ethane,

propane, and butanes. O efins such as ethene and

propene may be produced by a variety of processes 5

i ncludi ng the steam cracking of hydrocarbons or by the

dehydrogenati on of paraffinic feedstocks. Mre

recently, it has been disclosed that ol efins nay be

produced by a process known as auto-thermal cracking.

In such a process a paraffinic hydrocarbon feed is

m xed with an oxygen-contai ning gas and contacted wth

a catalyst which is capable of supporting conbustion

beyond the normal fuel rich limt of flammbility to

10 provide a hydrocarbon product stream conprising

ol efins. The hydrocarbon feed is ‘partially conbusted

and the heat produced is used to drive the

dehydrogenati on reaction. Such a process is
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cracki ng of =hRydtecarpofs—to—proatece—Ho efins
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i enes and al kynes. The di enes are usually
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separated the di enes

arefinsichles ettleds gid prapeie ndydstisrb8ucdd byar iriéBesk frocesses
derivative processes e.g: elastomer production.

inclyugip fissionbsracking ot bwérpcaémrts of byﬂhea%wmemﬁ@arafﬁmc
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red Rk A8 RRMLLY USRS S SPARTERLL By

prodesekistvwacds atcethesmall drycking. oerhechrotdsha fpbﬁfﬁmb Ihfj‘@@cﬁ{)on
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cracker, ‘or short furnace r ti'mes nust be tol erated,
WI ti}hecs@nmecqmém:g 6f palinadagions amzlrodpta?rmt)nm}nwﬁns normally co-

t | th oth
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. cause carbonaceous
involves the use of large amounts of toxic flammable solvents e.g. acetonitrile. Once

separated the dienes are considered high value products and are used in derivative
processes e.g. elastomer production. However dienes are difficult to transport because
they are readily degraded via oligomerisation and consequently derivative plants that
employ diene feedstock are usually co-located with the sources of supply. Where there
is no derivative capacity to use the dienes the production of dienes becomes

problematic. This is because it is not desirable that dienes be recycled to a steam
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fouling if recycled to a steam cracker, and therefore
must be hydrogenated before recycling, or short
woéuonase26 un-ti mes nmust be tolerated. It has ne@TieB2004/001278
found that the autothermal cracking process can
tolerate co- 10 feeding unsaturated hydrocarbons
crackier fenito their bigh acensnsity Bulauscarbordcedve fedlageof the process

equl A a(&( Lc{llidﬂ?{h%%f?ljg){ﬁg (?18% bIﬁHS? b% ;%Sdl%gfxﬁa‘%ﬁgd l}%f&{% uef;:l Sgc ad %lg(gteonthe

run

steaﬁ@bkﬁdkdrhﬁrtshblh Gur&hktdlﬁlh&fﬂiw mGdtde Kd)leﬂtddt W0 BnSeqemefinancial
roved by co-feeding at | east one unsaturated
andr%}”&’faé@%?l@éﬁ? ViYRgs&r ti cul ar a di ene or al kyne with the
par bl @&H&ﬂatﬁgﬁﬂu d?&%
oxy%gi;llfaggnt al ni ér%{gg gas to ﬁd aut ot her rral?)g%dfugg?(b}i steam
cradkting) aschosenticyines richesdalso hawvef eehagh peopehsityeashugn@arbonaceous

nsat urat ed hydrocar,bon ovi de a i.ncreas
foufipgt 6P°éffrfeﬁ t%é%/ RS A YdB’ﬁPﬁ?tFS h?%re
rec%&ﬂ%o&%hgﬁ%ﬁﬁ@edmﬁﬁ%ﬁﬂé‘sr hed be%l%ﬁ@édt wi shing to be

by theory, this is believed to be due to the
pr ol basndw bedn foond tat ﬂl@saatqnh@rmﬂcmyldn@pmcwmntt@lerate co-
onbust in ref erence paraffi ni c.hydrocar ons '
fee lﬂ% “P@@Haméé}gi‘w&? ’P%Wftflo‘ﬁﬁéfb&%‘i?o%f?ﬁ g tﬁ
unsHRkAEd hyrSdarbdiR cHn B8 witRsht RYSHACRBRAA rEAMMRS. More

convert'ed and, surprisingly, no significant carbon
parﬁ@rlm utdms aowlhesn fovngdihatdhe autgthermal werckingqecsse dirybed ow

im e e dBE Fhlead e R IS A GifhpR R PEATef: o diene or
alk il "abllﬁ/ﬁﬁe P BRI OkkESShrbACRed hd e nd1BAIRTRFBEM-containing gas

I nvention provides a process for the production of 5
to tb¢ @itpﬂﬂgrmm |cca¢kprr Hdwes eeroiopnd g co-deedingpt (¢ast ene unsaturated
ffinic - Y 1) cat
hy: %caag on can pr LoV a? a %1[ Pe%g%ﬁﬁ?% § ae?ib%eld E%%?%tnoc§g amblihtof®

parfiffin@Childedcaghondest cametted. Withowassting fybebduatibgriiedry, this is
cracker, wherein they-are reacted in the presence of a

bell@&@(&twd&@a@m Rsomnsgm BheR-fedigsaiyrateshydspcaplsns ie compust in
preﬁé?%ﬁgc aﬁ% fﬁn'ié I Cc%a%(%nsqﬁ the fe@ﬁnﬁ?ﬂlkﬁﬁ& tGhal 'Bgcyrgg]%nﬂ that the

stream conprising o Ferin
maj okilﬂ;saﬁ thie ahs%nﬁlrbtyed hgdaichboh cambe cendrthdaed, Isurplnlsnigl;d @8
. olefins., Thus, the unsatyrate hydr ocar bon ma
signifikaH GarbgR AoEation REFHES OPf st; adipERect ’}/Oé‘h%tgounts of

S

cataiysilaoqapmﬁmed cycl obut ene, cycl opentene(s),
cycl ohexeng(s), C ohept enes .and hi ghe . .
oSS BRBS preadih G PA PR ) drrORSHeR b thegrogctin of
1 é)ﬁﬁ h SREPYHWisesSticlRR! (5 Af24Rhichy dRRERRMOGtainin
Oeﬁﬁ enzene t ol uenféﬁ% anﬁgenes et hyI benzene, &
feedsttwke (le) s bestoriesnsatutatedl hydrocarbon and (iii) a molecular oxygen-
containing gas to an autothermal cracker, wherein they are reacted in the presence of a
catalyst capable of supporting combustion beyond the normal fuel rich limit of
flammability to provide a hydrocarbon product stream comprising olefins.
“Unsaturated hydrocarbon”, as used herein, includes olefins.
Thus, the unsaturated hydrocarbon may be an alkene such as ethene, propene,

butenes, pentenes, hexenes, heptenes, higher alkenes and cycloalkenes, such as
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5 styrenes, indene and substituted i ndenes. Were the

autot hermal cracker is operated at relatively |ow

wonresi®sTee, typically atnmospheric pressure up POTAB2004/001278
barg, the preferred aromatic conpounds are xyl enes,

i ndenes and styrenes. \Were the autothermal cracker
cy010@rqpﬁé¢,mé1@batpn¢a|cgﬂepelﬁ@t@é@u%@éohewm(@awc}ompm@s #d higher
cycf?ﬁg% o he preferred aromati c conpounds are benzene

or ‘toluene. 10 In a first preferred enbodi nent the

unsHidumhRehtdyigidecariiamagbaatihenttic toposhd Nafitblemymatic
be selected fromany suitable dienes but

compognds wpluge b@}@@%é@u?% fvlepsso s%ﬂt@ﬁéene,lsty%g ahienhstgrted
styréned Hl‘d%ﬁéjér?ﬁbstiltut%d hadi eRgre &y 4a g &08%er s gperated at
i'en T h‘ exa 8

cycfopent exadlene | éne,

relatipalgdoepesssited tsoali mesphbna prasyat opex sdae meqrr’dfeirea
cl ohexadl ene, and substituied der wat i ves of

arorg%’ré%%om}ém@ 5 91§ %3 Gt 18 ? PRY T nERe MY RELE Fl\‘?éélmﬂéerﬁlal cracker
is oﬁﬁ%@dla‘c H V\%}ﬁ&ésﬁfﬁ Which u)gﬁ’écﬁfetm% QREpRARRI drihh@D Per
{ ey

hol ecul erein t I tuent be the sane or
condmﬁlﬁé&rﬂnﬂaenzrwsancﬁmetbhmabl y the diene(s) are selected
2 et

bu ?]31 1@%%3% ?r%h eegjgml ﬁ]&tu%%éfﬁfag@ﬁygmcgﬂé)lng%a%iene The
dierf($! RBEBY @@Bcee@efmr{r\%aml@gwéﬁaé Hub ﬁrequ@feleablﬁseiec%dhfmm

butadi'ene. 20 In a second preferred enbodi rent

propaskencut ot buadigns; odchbuedienayl, %peraardleraﬂ, R;ﬂnmnmsioe:meals
eyeipghenEas LIRGRIM e TEaSrRaRd Rt e e 1

cyclohex aliaielan 10F cyldhexddiée, Bid ﬁfbﬁﬁﬁtﬁd&k@ﬁatﬁ%@lb@%%ﬁé eg
may be fed to the autot hermal cracker. 25 The process

alkyl shbstiteted derinativ e 8. Sometlyé flpmeativas with diorg thas anigeubstitution per
mol?&ﬁé ewoﬁergnﬂ\{ﬁpﬁbgﬂtufnﬁg %&Go%schg deogll cﬂﬁnlteny ﬁ%?tt rg%e?q]]oll

diep@@niiré $dl@gedfroratitebutadiedd, N lﬂﬁ&’dlaﬂlfiSQ rbahjarlqﬁb@tadwne 1,3

Al t hough al kenes ‘may be co-fed w thout car bonaceous
penfaétﬂnieng4 pentpenginsk@slopentadigneralydvaptagrpisbt ibg digge is 1
butéiﬁéHéUSt in preference to paraffinic hydrocarbons in

e feed, it 30 is generally preferred not to co-feed

al Kierescord mbfeacé emlbedmmmr; thsutdatrated hyddcabod nay deah

t he process. However, co-feed of aI kenes_which ar the
alkyne such as aq5hylenss progyn @ utypsy A pratigigrberietenad allgre

ace@lléi‘x%? if they are present as part of a stream al so
onprising 3 WD 2004/ 087626 PCT/ GB2004/ 001278 ot her
unsatsingét watnydediairtuason o a mixtatiof ehsaturbied hydmopibens may

ve B by dgerl 1 preferred not o co-feed

t herhe process for the production of olefins according to the present invention
produces predorﬁinantly mono-olefins (alkenes), especially ethene and propene,
although quantities of other olefins may also be produced.

Although alkenes may be co-fed without carbonaceous fouling of the process,
and may be expected to combust in preference to paraffinic hydrocarbons in the feed, it
is generally preferred not to co-feed alkenes which are the same as the desired products
of the process. However, co-feed of alkenes which are the same as the desired products

of the process may take place if they are present as part of a stream also comprising
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producti on of predom nantly ethene and/or propene, it

may be advant ageous to co-feed other al kenes, such as
wouab@Enezm26even i f said process al so produces saCT/GB2HI001278

al kenes. 5 In addition, co-feed of al kenes, such as

et hene and propene, nmay al so be advantageous wher e
OthetrW@Sﬂévnamélydsoomt@@émltea@atwmye Sartexeamale altteovigh ity generally

prei@{r&d gé‘tstg%to It heﬁMHn%r ’?ooancé{{{ﬁ %ear%%lg/a%g%r for %hf an

ene deri V Ive proce
progircéisr of predoinireantlf thgas amf/oxemopéﬂegn enayetel ad&hmt\i geous to co-feed

such as a pol yethyl ene process,
Oth%taﬂsﬂﬂs% Ao iasesyen Hisaighrasrss als P@m@ew ethgy allggnes.
aC%%H&xtlB O&ERSd of 5199%5 CsulBYs Pheddan rSﬁ& ag} aﬁé&%e

f-gas of  a propene derivative process,
advmagq@ns Wbm’the plkemers $>resentras amraabmld nigEned uems offegas stream

iSO anol ess li.c acid proces
whigl} S iR bt 61 o4 HS St Lol e Baory AT oEar B%e maybe
predeft fnftBe 8HIAL BELTBhetd REHBlve ROL&ESRicREs b g?lgefh?fe%@&)rocess an

i nvention conprises at |east one unsatur
eth)ﬂlwmgmﬁaplbmsmhanoi pranesaand b vems acstate Iprwssaﬁ’mpms may be

N B gd ? n,al k Nbre%&Lefera &
presBfipgdhe 8D Of ARG OHABFIAS PEF o BlRbdt S PRRGYORSHEIE process
an adfstéth Pradesd aﬂy@tﬁsﬁd&@pm@&da%dtah@ (}ﬁ@ agidkRBgess.and | ess

0

than 'wt % such as |ess than 0. 5wt i'ndi vi dual

al Kisnfssably, dlatrefese, shehensetuzatell hysirogschme o8 A tht awtothérnal cracker

raffi.nic h drocarbon fed to r.eact.or
progf§4 8o Bhesb iRl catill FoPbHE SR TeRE oty el SRR R s
tharcaroglkere, aichl BasleastitRe b s Alenk ah@dn BXTHO Mbﬂ%@ﬁ‘efeﬁ&bﬁe there is
than an al kene and | ess than Iw% such as |ess than

fed tp @W%O&ermék GRcksr Ridpess onownssasetad bydropasbow Pt then an alkene
and R&S tG/ I@%ﬁ%{e 29301? gﬁ'{é gg’h}é” %litJ F ﬁl%%l Lies NR%B as ethene and

prefe errra cra

prolﬁtmﬂ}iﬁass@ Sn o wélgsttofpafiic Aydicembon fisll tathétdayiot Ev@fdhore
a substantial absence of alkene. 0 In an

h
preffaploh MM e HbAPHOATIE HaaGkeS 3t 69 PReIBRpBIBied Rsdracarbon
othdr Bt aﬁx dilk&he AHIQL RELMBHOCS rlesBrtHa?rF w@% or il pa[ll?eéa%ﬁ‘t

i nvention may conprise af |east one unsatura
basdulyair theawebght off piweffiiAydracarborofed!to dlecmﬁmmu Mbst piegerably, the

tura ydrocarbon.is provi ded_ as a se r e
fee‘f @3 ?‘88&‘ Qr?f*t &F Cogurises ?tﬁFQ,St AYaP i diFBo G Bh g}’fiﬁ Agd has
asugg%gﬁhgggmcggpgkgk, it should be noted that the

paraffinic hydrocarbon-containing feedstock may al so
corhannltemsavecrab@imenty theamsatimates], hydnebattoa fod tather at ed

dr ocar bhon- cont ai feedst ock nmay al sq contain
R R ESC ORGSOl SOBATFS SrGEhPHon

unsi’fﬁﬁétéﬁq{}}d}‘@cafﬁdﬁr@tﬁé?%ha‘i’lré?lddi‘&hat% Ecﬁﬁ‘;%diﬁti a conventional

steam cracking reactor. Alternatively the unsaturated

hy disowmsttoratedelyydrecakonio pryvRAGS 6 sEEFACEXAICR B 1Be
paraffinic hydrocarbon-containing feedstock. However, it should be noted that the
paraffinic hydrocarbon-containing feedstock may also contain unsaturated
hydrocarbons, and the unsaturated hydrocarbon-containing feedstock may also contain
paraffinic hydrocarbons.

The unsaturated hydrocarbon may derive from the product stream of a

conventional steam cracking reactor. Alternatively the unsaturated hydrocarbon may
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derive fromthe off gas streamof a fluid catalytic
cracking reactor or may derive from the off gas

woenoEase20f a del ayed coker unit, a visbreaker PAMiGB2004/001278
an al kylation unit. The unsaturated hydrocarbon nay

al so be provided as a refinery streamderived froma
deriyg o thejodf gpsstreamnof adluid @atadv%@ crapkiay repctor s rrdtweienve from

the %ﬁt 5%% ¥ttré S d&f%ccgell &gggplg;)unﬂ é {fl%bregkér uéagtd (%61%}' g{‘y& t]é)gltqnéts The

ura Bon nay~ be provi
unsaﬁc‘atai hmoc@lbcﬁﬁﬁ§§ algo Ye pRvidpdyk iaGeRRdry Hﬁéarﬁ dag¥ddfgom kan

ETQCEJOOO“ ment of the present invention
Cok&h {4 ¢a8a e spdking %G o f§51d‘b€‘r %?&ﬁﬂbj%%jcrégklag ﬁ%fifio YhitoHf

th t

wol T aBARE e b ERTA AR BoROont Rl bE RV EPRLRs 1obine
protessmgt propoicypvymerceakimgg reactor may 10 al so conprise

o L
pro%ﬂg& 9§§%@1@1@n 0?%@1 OaLEI% sb?éa‘i’x?ﬁ%ﬁl 01 Er BLESRY ¥eact . As Well as

i nvent i The "a er crack react or pro
unsptuwdﬁd:hyckt)wwbtmspmﬁmrochlphgreamrﬂ@n mhmpcdgzlmhlydackmg bsmn@r may

ol efins a sat ur dr ocar bon

ol gt Bt NG JASHDORT S BOTCR BHY A5 PERCo S apien of
the RtSINRACAHRR Myt aftfon B®1AHE gid&egsr@thelﬁegé@ﬁweﬁgoﬁ eact or

derives fromthe autothernal cracking product stream
ConBlesansotheynal Iqmbmgsem:torupmmﬁs @proaiust@npam\nodwsmg

th duct Whi h

unsSRSET Rus ot BB id (lyr Yran iy B Afoh IR 5 Préterred

emle(ﬂrh@ﬁdff'@ﬁH‘m@@Iﬁkﬂﬂ thé fkahiR g8 hpdlocaBon fedBltRCMltéthermal -
Xxygen- containing gas to an autothernal cracker

cra%h@g wagior Heryve fiont thgentagharmal ¢racking pﬁoég@trsér@amf a
Cat é!)x?s%% ‘ial"f’l@"%ﬁ ﬁre&’{m ?n%@H é& %ll[’]a 9@}’? o 5401%3[ and, B&‘ucuon of

o pr ovi

oleﬂyﬁwm@npmSw@mmtes ﬁlbrs&pﬂbﬂonpri sing ol efins (b)
recovering at _|east a portion of the olefins produced

(@) n feedips pRpraffivic bysirocabprcppgingg feedsteckod amelgewaneremen-

T S T

presdnee bfyslcaslgstrapatile ofisupposingeambpstiviisgond ﬂleﬁioemal ﬁlal) rich
S separ at ed into ,a first stream corrprl SI

limypd flamaand iy 1@ Bioviderts igrecagroniraghcs streag %HP%?%&@IGQ%

a ng at

) o SEinE o RARGRIRO 00 oA RRFECATD, shafapatt

(©e rrtm(edycﬂmgtat ln‘asttdm unsatenteddrydprcanhod @soducpd acses (o) back toe

of et hene and/ or propene which process

the @ WBV’ steps of. (a) feeding a paraffinic
hy Qe rp‘?&@rrg@ BlBbdihiest, ftlﬁﬁ%?&%hm%‘}ﬁo%d@ﬂr%&‘tﬁﬁuced in step
oxygen- “containing gas to an autothermal crac

(a) wrep®mnted ifte y faststreaacosprismgthydrqoribops centaihing less than 4

carbon atoms and a second stream comprising hydrocarbons containing at least 4 carbon

atoms.

Consequently a further embodiment of the inventioh provides a process for the
production of ethene and/or propene which process comprises the steps of:
(@) feeding a paraffinic hydrocarbon-containing feedstock and a molecular oxygen-

containing gas to an autothermal cracker wherein they are reacted in the presence of a
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5 WD 2004/ 087626 PCT/ GB2004/ 001278 catal yst capable
of supporting conbustion beyond the normal fuel rich
woOizni4t08T26 fl ammability to provi de a hydr ocar beaT/GB2004/001278
product stream conprising ethene and/or propene (b)
t he hydrocarbon product stream produced in

catgly i Fepaje Phppartig combuS iR Heyahd GsmErma) gl rich limit of
ﬂaﬁﬂﬂﬁﬁ%@fﬁﬁﬂﬁd@ 9@1#81;0?2{15%8 ngtﬁyig‘lrc% {f%rg%'l coﬁ%&?@aﬁﬁen%san%g a

second stream co ons “con
propeist 4 car bon atons, including at |east one
nt ai ning at |east 4 carbagn

t rb
®)at 2a ay ﬂ?%%é?qaﬁ&n&qﬂ L S BOdRseslia sEepH(pbimte harst
strdabd &Imﬁds[ dRG Kk cBﬁLﬁ%ﬁigt 1B&k Bn b @ﬁ%t)n @& elﬂf%l,nﬁe%nd

the second streamto the autothermal crac
streap] et hv@mcartpmefcentamnr;g at heasthsarbom afoed, including at least

a|n| t 4 .car atonms is
One{%ng%@gar%e%h@rﬂgo cﬁ’ecoél %‘H& a@l%?szﬁrﬁaﬁ’r%‘ Eﬂl?%rﬁ%l ed to the
(c) aut Rtbesingletenaak&or propendiRsaihy BisBsrdnfisRecar bon
cont ai n| ng at | east 4 carbon atons nmay be any

(D unseevlaeadlcesimrartion athheresind stteans to thedutdtioarmal cracker.

0 t .4 carbo Pr ef er abl
in R e Y PR SRRt ol B e T4 corbon
atofils mcm&réﬁﬂr@ﬁtﬁ@sec&ﬁd bt dndZreOytl @io@RC autdthednal cracker,
but adi ene, 2 nethyl 1,3 butadiene, 1,3 pentadiene, 1,4

pen W@ﬁ@%%hlq?@?%b@h@%@ﬁé ahhastuélscaammwmg suydieyny

n ferred
PGS 88T ABLER RS ol o 0P BB LS
Prefiribly ehesusituensedlogirydagii, coptaiiiyg et lafnd Aoartdnub OB selected
Conse g&htl , t he present |nvent|on al so provides a

from Lo Bidtadiprg, 1y 3 buigdisaect methybt.3 butrdiangehd pawgsdl@ne 1,4
perlRR R WIGHL RERSDAGOIRERBESNEL StERE Ol |

ng a para ydrocar Bo it ai ni ng feedst ock

andAsstaebdabovein @ xg0ged prefarddaanibodgmethé Gn@aturated hgdrocarbon
aut ot her nal gracker wherein they are reacted int

may b L Alknc uch as AFclylges. RERYRB PEVEY 2 SUPBr {1 ng
ConpubinRitiPeme B%s&ﬁﬁn%?ﬁlgﬁlalsggc vifids ro!:é Gedr RE 1produc’uon of

flammbility to provide a hydrocar on pro duct. 'St
cthensrapios prapent whivh octsocom@iseptheptaps ofand at | east one

@ anciFifing A bpER Fyutafon o2Rik BRtstortnd e gegies pitgen-
con@eﬁmh% 38d toaan&ﬁféth&ﬁlapératzlt@ wlerdi® ARy a?é"ﬁa@tleé Yﬂ"ﬁle p ro d u ced

ins (a) back to the autotherfal crac
Preselﬁp@;Ofﬁ de@dpzé:i@gﬂsupemtmg|comhas¢1d@dmyomdnthaduonhalt fuel rich

limit OF hgr%gr{aggﬂ}@ fo Ilar%gldte aqu%rocarbon product stream comprising ethene and/or
propene, and at least one alkyne '
(b)  recovering at least a portion of the ethene and/or pfopene produced in step (a)
and
(© recycling at least a portion of the at least one alkyne produced in step (a) back to
the autothermal cracker. ‘

In this preferred embodiment, it has been found that co-feeding at least one
alkyne can provide significant improvements in ethene yield and, in addition, that co-

feeding alkynes can suppress methane yield.
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al kyne can provide significant inprovenents in ethene
yield and, in addition, that co- feeding al kynes can

weupEresae net hane yield. 6 WO 2004/ 087626 PCT/GB2004/001278
PCT/ GB2004/ 001278 A single al kyne or a m xture of

al kynes_ ma passed to the autothermal cracker.
Al t &r5Hgls a}émﬁ orA XG0 alkpmesaay be passed il thy Aetothgrmal
t e

cra g Bl P et 0T B bPhEfe ARIRE W el 8000
unsanmrajecha)m[rdunds aakless oz ksnat atkedesdndioe didies,| B@sbe passed to

port i on of e unsat ur ated hydrocarbon derives from

fothernal g cracki ng product streamitself i.e.

f r OB §HRdRY D the hAG ATt

nst red i %?%%%Wn o R o S Bk Mo
the pnwdlmnalstrac&mg prvdyctistresu ppdléne it t}tﬂeﬂlydnbharbommbduct stream.

unsatu ated hydr. rbon from on re o
1 r o8 Wi B Riokone Bt She B GHOGD product stream
ma$ 88 ‘dlﬁfi)‘lén@éi@éd 15 SR SaP GKdaRFatcs ﬁ?&%ﬁarb&rhﬁoﬁpor%f(fr &R other

streamof a fluid catalytic cracking reactor, the of
Sou@t@s %lt:h enfremghe pmdlgttasy@dm of ekcenventional steani sheldag eqactor the

f ti
oft Bt g i bu @ og Py Rile Byt BTy BisdBenmSens dglaved
cok\éﬁﬁrﬁlﬁ atvigbréaS At ait ArhlRYIeHi QCadiPONfréf aé}ﬂ‘asﬁ&(f'é%%l(ﬂg process
m xture conprising at |east one al kyne),
e.gyurelyiepelymgr preeiagr ed source of supplenental alkyne
wh e{ﬁle{eﬁﬂy h)?s%%ra{ea thﬁ&l%cgr%éﬁ X a% (gr m%gcg ﬁjg M Teast

generati on I*ene

onem’lk)yﬁﬁ%&q&rt&iu%rquhbfdﬁmd\sﬁurca Bﬂsuppbelnwﬂml aﬂ@he Qﬁlﬁkﬁ‘B k&yuired, is
oxi dative and non-oxidative_ pyrolysis and oxidative

acepaens| qbringsrycass bdepe aoperatipn @P@r@%‘lh?fne SHeh aeetylenregeneration
proE Ses a? 'k%% 95NN AL0 %ffag?rﬁgﬁé %'xgda’ase el bR xihh@m- -
stream gl Vving an

e au erna cracki ng ‘pro
pyrolyers ahd oprdmuphngvbmchssaﬁ Mmy‘r‘efsmhi@, thfe nadtianeefohtige
rmed in the 20 ot her crackln cess S
acewgweaep@atl?%nla& yﬁéféﬁ deriygd; fegm the %“Ffé fsl@aklea@koquet

lon o
autbthemen] cr/ahlemg tphecesmis @buveated do hgedylemmm&mh is shemrcoafeld ypaek to the

fi benef
oty Rl G R REHP (o (ORE VAT TIoLEn RP Ty opgation offurther

meffBAd) B ce, WRnRRY @fshhuphied Hy&%@&%@&@@%%&h@ ithd Msent process can
feedstock may suitably be’ ethane, 25 propane or
profide argmjficant @nﬁﬁt(@@r Edud:tmné af the Piverall selectivity to methane.

hydr.ocar b ai ning f edst ris her

SR O TR e giRd e OR ol SHRADIS B P,
profXRMRIb@tanB! drfaddRfure k&40 THEM ae@c%onreaﬁtaﬁﬁngifeeastg& may

st eam or hydro en. In particula the paraffinic
conpfyrthe other bpdrocarhens andr@trpe@l&sfttb@mnatalyalal fevexamrpleimtrogen,

carll)"@nsr%%ﬁ'lcgm e, car%%rq IR eb M ot Hrogen. In particular, the paraffinic

I
i e

hydr0carbon-conta1n1ng feedstock may also contain unsaturated hydrocarbons, such as
olefins and aromatics, in addition to the at least one unsaturated hydrocarbon feedstock.
The paraffinic hydrocarbon-containing feedstock may contain a fraction such as
naphtha, gas oil, vacuum gas oil, or mixtures thereof. Usually the paraffinic

hydrocarbon-containing feedstock comprises a mixture of gaseous paraffinic
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ol efins and aromatics, in addition to the at |east one
unsat ur at ed hydrocarbon feedstock. 30 The paraffinic
waydgsanrbon- cont ai ni ng feedst ock nay cont ai n BCT/GB2004/001278
fraction such as naphtha, gas oil, vacuumgas oil, or
m xtures thereof. Usually the paraffinic )
hydﬁ%ﬂz%lasrmwm@&ﬁ@amﬁnﬁggﬁé@a@tr%&ﬁ%ﬁimt%@paraﬁmo@ methane
f s paraffinic 7 WD 2004/ 087626 .
ﬁor%&%?@%gﬁ/ 001278 hydrocarbons, principally
confind saraffineet Hydrecartorsaontainigg feedpott)ghsapedsabnon of
met hane , from nat.ur al 9as The paraffinic
unspiEgt (o it{ﬁ mglaculsnex vrer copiaining gpsonay akbhe passed as
sepaAfAdhAl GHmBUMLRREALPORARE the nol ecul ar
oxygen-contai ning gas nmay all be passed as 5 separate
st ridsunbly the atheastoneatrsaturatd eydicdegon ipreamiixedtith e paraffinic

by BT A G e o] HBRECRAP Tty or Bt Bekagecker
Theré Q8 RARRRMY uRASP R th@}lﬁﬁﬁlrﬁt‘éﬂ AL MBEMBbn Qtre?\%gl%ﬁt perddifiage of

resultant streamusually has the unsaturate
at leagl)- Bt st Yoprefaratdy welegsit0. bet6emostguefofablyaat 1¢ash twith i

aav il RF A% 2 Bl va i e Sty B e o odbas oo
on Usallwehdfisatafat@Blhiyirbéambeh K Ares %lgtq%fbenﬁéé' 3F b¥wleB£0.01-

unsat ur at ed hydrocarbon has a weig ercent age of

50 wiepaetsrablihetvsen Ol 30 e fraesh praferpblybstrecn. 112Bot%and

R e L R AT
hy dWaerthotinsatibate@hydrocarbe@isur démd oh ik arAddagstisit & least
dj,ene (or m xture conprising at |east 15 one diene),

onedigne), theunsphirated hWP%b‘PTQBW?%@@Y brsdpightpergentegapiibetween
Yo pf. di f I

oA BLDB RS ect 2% MR % BB e

pargfinefydricarboydr ocar bon. Where the unsaturated

hy carpon is an_al kyne (or m xture conprising at

| eg‘éf@ered RIS RAES ﬁy heAbr R anee (PR/gPGEs coBIRrising at least
oneBSHE] A0 2 RS S RO LR o beven
0.1-awitornd alklyas,quteforabiynectweemg his vt vhakypeabadetlionithe weight of the -

dr qcarbon. The nol ecul ar oxygen-cont ai ni ng gas may
pam?ﬁ?’lcgﬁ CBPOBi t her oxygen or air. Preferably the

Ol Eifelh Sle A EBS Berf- 08 tRinke ths 98 suftally BE ERner UL LONEY diY.
diluted with an™ inert gas,' for exahple nitrogen. 25
Preferably thieinaoledulgy axagdn-eantaihipgrees irdxygers optianaliyndjluted with an
. rFeedit aock tlo nol ecul ar oxygen- containing gas m xture

Inert g% (AP A YIS t 0 13.5 times the stoichi ometric

r atTHe r@fio of paraffinic hydrocarbon-containing feedstock to molecular oxygen-

containing gas mixture is suitably from 5 to 13.5 times the stoichiometric ratio of
hydrocarbon to oxygen-containing gas for complete combustion to carbon dioxide and
water. The preferred ratio is from 5 to 9 times the stoichiometric ratio of hydrocarbon
to oxygen-containing gas.

Additional feed streams comprising at least one from carbon monoxide, carbon
dioxide, steam and hydrogen may also be passed to the autothermal cracker.

Preferably an additional feed stream comprising hydrogen is passed to the
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hydr ocarbon to oxygen-containing gas for conplete

conbustion to carbon dioxide and water. The preferred
woatimsi@sfrom5 to 9 tinmes the stoichi onetri cPCAGB20@001278

hydrocarbon to oxygen-contai ning gas. 30 Additional

feed streans conprising at |east one from carbon )
autotberonal arackes aPisbmably thpdddeionst feadrstaentn pyrpasien hydrpge is pre-

. ssed ta.th ut of her . cracker. . Preferabl
mi-lf RAPBE St Ry RS Lo 38 R ek oBl Sl ity Hfhssca to
the h@totHeemS MMRK2A04/ 087626 PCT/ GB2004/ 001278 aut ot her mal

cracker. Preferably the additional feed stream
conphg ateilermad ergkss may stablyaeapgragd af atteraperafuag greatcs than

drocar bon- cont ai ni ng.feeds k _and..s ent.l
S0 SRR e A s S PR B s R R oty
greSEABKEROORY ﬁwa@@f Hnfperatne Niatiefad kuitbl e BPES & WeC, for
greater than 57500C, for exanple greater than 650C,

exampbs gatd 1 00? € gireferabhyawp W600°Gnd preferably greater
th 800C, The upper .tenperature limt nmay syitably, be
u paﬁ&eﬁ%b e fpthzal ﬁﬁ‘PnEeﬁ}BaX aae@ﬁé a&ﬂ%lpéﬁi?ﬁwr %&Vﬁted
predsBrel qg@%ure's ¥f @Waﬁ%ma& e Sﬁ‘f‘t‘%‘t%, E)t?ééfgﬁblafr%f Gekfte FRY-50Grg e.g.

operated at atnospheric or elev essur e.
1.8 Brepsis ampdoyell. Hos@virar tgtalmpyesiee sfigteatst than Srief @ malylbe vaed,

essure of 1-5 bang e.g 10 8 barg is _enpl oyed.
usuR R S et Bl i ety Advan ety SRS gracker
is ogéﬁféd iH 8 YRdskirre fadgdlotbefeRA 19140 tikg, 30ERALH BN AL30 barg e.g.
arg. Advantageously the autothermal cracker is

25gperated in a pressure range of between 15-40 barg,
su et ween b

as 20-30 ba €. 0. .25 barg. \Were the
oo T RE AP G B bRl i i A mal's FaFphli or o
mixAERPUNEnEY and/or hRorfatict dohhodhda kieaResha@ni efackdra@piecfdably
. eggg)ounds, the autothermal cracker is preferably
P

attacigtad pregsure phgrepicewn Sdass, ugnadlnasiotal peassge jod gegpater than
|| tal .pr. [ f.ar d
15 bR e ali i A BB e B bR 3 A0 MR 3k 7"

betWaE20-30bhrgasy. 28@¢yeen 20-30 barg e.g. 25 barg.
Pref erably, ﬁ_ar,affi ni ¢c. hydr ocar bon- cont ai ni ng

y, the ..

f eclrsfasatly, thepargHinie Bygspsasborycoiginge fpedstackoihe gas comprising

o 435S0 L L BN, Rl BB opig o v
the ati@tiennal draddrinddutitunetheder a Gz HddolyrSpacShakeityéGHSW) of

e 00 S S B0 o L il e
i OBENOPE Gy S Db B MR Bychl, BB ueinsdsy
(vohtmd\FiRotal feeda) NTP(\bohoigvahime aif ahtglyst reldl) .

Suitably the catalyst is a supported platinum group metal. Preferably, the metal
is either platinum or palladium, or a mixture thereof. Where the unsaturated
hydrocarbon is an alkyne (or mixture comprising at least one alkyne), the metal
preferably comprises a mixture of platinum and palladium

Although a wide range of support materials is available, it is preferred to use
alumina as the support. The support material may be in the form of spheres, other

granular shapes or ceramic foams. Preferably, the foam is a monolith which is a

continuous multichannel ceramic structurs, frequently of a honeycomb appearance. A
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25 Suitably the catalyst is a supported platinum group
nmetal. Preferably, the nmetal 1is either platinumor
woabd4mdiaaen or a m xture thereof. Wiere the unsar\aBOEN01278
hydrocarbon is an al kyne (or m xture conprising at
netal preferably conprises a

t | th
Pfeflﬁﬁ %? E}}Pg’%gtrfgb&étgg bﬁﬁ%‘?ﬂﬂa%‘éﬂ? maiale S 8AWEA gHimaings dBe support is

loade@Rgith PhtiSR RAA/br ﬁ%%aﬁglﬁtf céxﬁeﬂﬂ@rﬁh ARfds el l%%)wn to those

.greferred to use na as the support. e
skilled pmp dhetarrdtdypitageonsly chalyshptonetérs nmyeflsostehiends], oné Her

s S B S g S S s G ey, auenched
as 1S Teaitr G SbMURL Wuldthdri@Ptakdr ¥ud thar RO REN SR M re is reduced to

appearance. A 9 WO 2004/ 087626 PCT/ G82004/0012/8
less plpast Y0P € gvithim frss thah d 50mHEsandd oftfonmdtion. act i ve netal s

[ | um T t is. lgaded with
o1 PR HERAUFE Alhe SPURITBY SEeveeRanamChat haesssuie of
betWdR@WS-2 @ BabO8&all$ Kid ﬂrS&hdlt@aljé %gell?sfhted aﬁﬂj i‘fé%lﬁ?ﬁgﬂﬁ‘é Yeduced to

catal yst pronoters nmay al so oaded onto
less $hapfH0PC vthiin 400-¢5@mihstends dffoimmiencopper and tin. .
Us |y the prod s ar uenched 5 as they energe
rr ofthech b e Sies s atp Beien SR e minieRed abpEeaEPE
betvetn 2601 08fArd Bsuall§ R FrB@R1ERE quidnbl
‘ © 158rri [ se{:éonéllél gf ffgr mat | on.%u %Egg?%gég?%ggﬁguée E)efduced fo
less thea GEHOPCtwWithima0-100midkiseconds ofdfomhationed at a pressure of
be en 1.5-2.0 barg usually the products are quenched
and" RefE theprsesien ofthe putgthewpal crrckeiis snainfained sbapigssiae af
betwedR 5.0t 180htd | '
e O Tl DD S Al Bhirtiea Y RSl retucea to
less firaaS0PE wathin leed thae 50Ri10s&ofddbel fgrisital. | y t he products

are_quenched and the tenperature reduced to 1|ess than

650 11 PressBre1es s #utp @A gsicker is raviainedat yprepBIre pb

’ [ ' Lntain at ,a
e RO OBy L DR ofF e BT AP ot

to lepy thelh 6568°Guivethip adneiliBecadd of Remihdogper at ure reduced to
15 | ess than 650C within |ess than 50m ||iseconds of
f oFiredly grhereyhepeespe op thesmtptherstal eraekeris orainsained at a pressure

- . . ¢ ¢

of ef3iRE 5 25 Sk WRDRE AoulPhiTTtbd e ape B FEREp R goduced

to lebdnhah 650D Bithinel Oheiliseamhds bPfdr@gtos.han 650C wi t hin .
20m | liseconds of formation. Finally where the

pr d8ispveidstiurbs reastionhiekingiplase aofl eraintginsaibighadlnful selectivity. -

pr er. than 2Q.0 barg usual he. ..
o SR8 B Brucl bR s g D8 Hartbpls™e ke g arpigar

in steas Sracking t&haclogh! Midditibaally bt Aeeeanslyoh direstbh@may be
This avoids further reactions taking place and

employedt anitablequanghing fatdsinefudewatey t v .

The present invention usually provides a percentage conversion of gaseous

paraffinic hydrocarbon of greater than 40%, preferably greater than 50%, and most
preferably greater than 60%.

Furthermore the present invention usually provides a selectivity t(;wards mono- |
olefins of greater than 50%, preferably greater than 60%, and most preferably greater
than 70%.

In a further aspect of the present invention, there is provided a process for the

10
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The products may be quenched using rapid heat
exchangers of the type famliar in steam cracking
woeolstaagy. Additionally or alternatively, a ®CTA&B2004/001278
quench may be 25 enpl oyed. Suitable quenching fluids
ter The present .invention usuallﬁ(grovides
'

PIOQUCE@P& R “GBMP%‘?Séﬁorapnifaém a paip ¢ Rydocarbon, at least
S T S0 Lo
crackgr vvlhetennﬁ]ey thereguted mithe pmmblocﬁ a cu&lyst tapable@fistigsorang. -

confgis S beiontl Sh YT RE ALK Nt IS Prapie b uBpGasbon
pro@ic® @&@Jm cbht Hsﬁg%’eﬁhg‘ sﬁldfﬁf66£§ﬁelﬁ% BR&het seﬁqﬁ 11k ?%eet\f}\%l

i nvention, there is provid a process
hydmﬂvo&%@ x6theEVodR200LIreder Fenppses dulchit@oviets aflefitnmted
grocess conprises feeding a paraffinic
roc rbon, at |east one unsaturated hydrocarbon and

a TTM tBis Akpdct O ?fb‘s@ﬁﬁﬁ‘@dnﬁbﬁ %(ﬁl@ﬁletﬁrﬁﬂn@q{yﬁﬂkﬁf%ﬁland the at
cracker erein are reacted in the présence of

leasg aﬂ%uwtur@tﬁé bwﬁr@cztrbomw bepravided asordngle hmrobmipmmdomthmmg

[t ovi de
reei 0l omlogSlnelt fekst e e o R P B B el e
sing)é BP@BGarbeh-BenteiiaipAE®EdcE @hyl Bt 4 ifdant RRBIiAEIAhe middle distillate
hydrocarbon fed to the autothernal cracker conprises

rangg (tyraeadly HEORE 96 400°GD oainuthamephthiryahge capirets 309G ta 220SC), but

wmﬁ&gﬁgj‘ggﬁ%b %1g§?{ﬁlnts?‘ g«s*tdI mégoncé{bogr?gn%ﬁ ; he ggrfventlonally be

fed hy@l stesdIchaReNBYitHIat neideiBk (ﬂﬁltl@n%ly%%@ated feeds from other.
hydr ocar bon-cont ai ni n 10 feedstock conpri sing

sourceg)s Puitahig SeedstocksdngludeteGtenystreaoa dirbied. crmpolmaﬂqnu@atalyuc

e s R A G Rl e T ange. -

(t yRdcandd of tASKlityt of tHORILYtherindl RrdcRer 18 apletalesip@Rgt quantities
(typically 30C to 220C), but wth significantly
of usiated Jydacarhene Withg e FERnBRROUE Sritlmat Straams wm@h would not

conGEUGIAYSORLIL I 1 S O TR SEAS LIS Sy o

satutdied faerde oin otber soakeks) chr bds¢add fed cthe detothefrhaiestycker. The
streagns derived from cok flujd catal ytic cracking

TemOpRef copstfaEgion e W@W@de ydspeRomepniertef therisidsocarbon-

Conéﬁj get%g&é?% ni Ti C%Jnélwcgv Rt ‘%Stg (l%e SHJCH% uns a% néiléﬁ%eg; Elatd 8aCkmg

feedsmks;csaclb ancrude dihdistillatiomiro paedaos striight-rungaphths e e operated
woul d not conventionally be considered for

-

Jnm@@@&ﬂ“@?@& ¥ng (wi thout considerable dilution by 20

satpeatady Rega! ﬁ;‘di’&la%dﬁ%d %@fh‘%%ﬁ)thé}%l B8cKE 0IbisdseD 1o
to the autathernel cracker.
70wt%, such as 25 to 50wt%, of unsaturated hydrocarbons Typically, the unsaturated
hydrocarbons may comprise olefins, such as at least 10wt% olefins, and aromatics, such
as at least 10wt% aromatics. As used in this aspect, the percent by weight (wt%) is
based on the total weight of hydrocarbons in the combined feeds to the autothermal
cracker.

The invention will now be illustrated in the following examples and Figure 1.

Figure 1 represents a schematic view of an autothermal cracking apparatus.

11
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renmoval of constraint on the unsaturated hydrocarbon

content of the hydrocarbon- containing feedstock, my
wabhsew@/afd2ow processes whi ch conventional |y genecatGB2004/001278

cracking feedstocks, such as crude oil distillation

to produce straight-run naphtha, to be operated nore

ad VB dedsipigty an 2gothewnal cxaskingtappanabis somipyiding @aquata reactor,

t r rises.20 to W %
1, shifhuddba bR MRIORL TR FAGKE 2CPRBMOSE 175 cofipled B4
oxyBypeidthining dascupiils A, ahah @gdrobyBon EadRapsly R yfof BSRIhS €
paragtjﬁefl ns, such as at least |OMm% ol efins, a

nd
BidtyidEeearhon apd ugsatyrated dydfocatbaph, e divdrocadon feed ppply, 4,
n el _ b . ( .
s S SERE e R, A o g
confieisds fonthdrive-faet oichas hpdrogéh ardzcHibrent vl as AtesPeh O use, the
will now be jllustrated in the follow_.ng exanpl es and
reaqory 1,18 pi(.mg?d Witk é_cﬁtatyéb?%e‘%vt@lﬁh $CRRMUE PESUPPEINE  an
con R I B0 AR e idhiBoit) nd Eb s At bed, 7
Thegatad kst hed, dlp parcaitioned betpreers hery shieljisa®,t9z reactor, 1,

¢ dh bR itk ] St 60 o0 B S B ovht 4+ dicgagas contact
the at@IRkdbed37, BRRE oF tw&%%&Weé@%%Psoﬂoﬁrgﬁlc%Werbﬁﬂ Rarbon

.the paraffinic hydrocarbon and unsatur
oxifppdibe apheni] hydregehgatfasd alsb snmbestd te pyodhige wéter. 5Both of these

con%?tﬁ%nﬁ%%ﬁ?gﬂsgﬁe:en Iecii‘:c;%ug(g le%ﬁggtspart d e&?}%q?%tfrt?xgég used to drive
the tratking of GR-Hyartafsaho rodiyslsleggn and a diluent such as
nitrogen. In use, the reactor, 1, is provided with a
Exaipplas yst zone, 6, which is capabl e of supporting
Catﬁﬁgf}iSti on beyond the fuel rich limt of flamuability
onpri ses a catalyst bed, 7. The catal yst bed, 7,

| sApagtoithanatclaeking emalysedoniitstlgdsvtyBplafinurh@nll N wiR&opper
the furnace, 2, is set so as to mnimse heat | osses.

depggitedon analypina dears fhymmdiameier % 30mmydseptpores padpgh of

RO BTG SYRIONI G G B

impeapnibticit with Gojationkicftetr@intnieplBatuimn (I) dhierid and@appet(ITPBhloride
. [reactions are exothermc, and the heat produced .
in deiqatsed Mgt Sheuela! fadf safutigas wereeoTenHrgen Gorgenirpiéon to achieve

. i . |
e SRR o By RO IR OE il P BUATEL B B
catayst farmubatiandA fret &dch appregnatb@pasi dxedsswolaionaldsremavéd) and

15mm di aneter . x .30 dee 30 pores per inch
the Slumlna f%am was drned in alrpgt 120°%—140°Cpand calc?ned in air at 450°C before

the next impregnation. Once all the solution had been adsorbed, the foams were dried
and reduced under hydrogen/nitrogen atmosphere at 650-700°C for 1 hour.
Catalyst B

An auto-thermal cracking catalyst comprising platinum and pélladium deposited
on alumina spheres was prepared by impregnation, using in'cipient wetness, of 100g of
alumina spheres (supplied by Condea, 1.8mm diam. alumina spheres, Surface Area 210

m?/g), with a solution containing 4.415g of tetraamineplatinum (II) chloride and 0.495g

12
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supplied by Vesuvius Hi-Tech Ceramcs, Al fred, NY USA)
was prepared by repeated 20 i npregnation with
weoeabwtosoze of tetraam neplatinum (11) chl ori derPamaB2004/001278
copper (I1) chloride in ‘deionised water: The netal
salt solutions were of sufficient concentration to

of ta%%{}@aﬁ@%nb@%}wh@aldp smdeingisedwater. Thegplgres werg driediss
120°B 8! ﬁ&hﬁanwj@éaﬁ‘&%doﬁ{ AL ef150-e e nhial  catalyst

fornu ation I ipr egnat’i on, "any’ excess
Ex®n blet]J on was renoved, and the alum na foam was dri ed
air at. 120C 140C and cal ci ned |n air at 450C before

25 Rerputorthermakgsackipmeatalist compasiag platmamsand aopper deaesited on
RSN OPI LIRS N1 g ol o ST

the @atbéleynsl diacker aitl the chekéeralasticaritngsea. al yst
conpri Si ng pl ati num and pal | adi um deposited

al AT IEHREPBP TS egra@wl@agwndrhydwawa@ @asosgé e
aut?tgﬁﬂg%;l gk%‘eb%%ezl Wil tEérgﬁ‘m %{ tg r%ﬁg a hfrﬁh%ﬁ Sc%:g grglre f3nitiate the

reaionf Tﬁh@hﬁtregarﬂtb%x@@é@qlum dticow s biintadiede ntoai W/np The

4,415g of tetraam latinum (I'1) chloride and O. 4959
readipn s RSearDeY ERPIFSM©01278  of

t i [

o

0.6t&t/e).ned, in air, at 1200C for 6 hours. Exanpl e 1 The

SR 3 R 3 Bk O R R e o

1, B%zﬁiléiﬁlnﬁnﬁfg%ﬁ'ah&% dnﬁly@xs@@ﬁ% aR@mm deep) was placed in
t he aut ot herrmal cracker "and the cracker was heated to

850¢. Yoofieasios tof ethancandthe s¢legivatytiowards athyteng evas amsisured
dr ogen assed to the autothernmal cracker.
and%ﬁ?ﬁegﬁﬁﬁ/ﬁmﬁ%‘g]ﬁllbtﬁg@eld to the autothermal cracker to
Exdifiplei2t € the reaction. The hydrogen to oxygen vol ume
ratt1o was mai ntained at 1.9:1 StV/V) The 10 reaction
welsxasenle ém@emteétmwﬁmdmgep @gexygea voBunplabie ofiek: & (V/v).
TN o8 o ARG, Rp SRy B By flas shliped and e
resilBRir@gRvnithbla 2f eed stream conprising 9. 65 vol une %
of 1, 3 butadiene in nitrogen and the anal ysis
Examplezk ed. 15 The % conversion of ethane and the
- QuEhY 1 ot S R ARG ES RN e RS o 511 ()
The samples were taken at oxygen to ethane feed ratios of 0.35, 0.44, and 0.53

(v/v). The % conversion of ethane and the selectivity towards ethylene was measured

and the results are shown in table 3.

13



Exanple 1 was repeated using a hydrogen to oxygen

volume ratio of 1:1 (v/v).

The % conver si on of et hane

wanaa4ose26el ectivity towards ethyl ene was neasBCedB20E/001278

t he

20 results are shown in table 2. Exanple 3

Exan'pl e 1 was repeat ed using a hydrogen to oxygen

ume rati o of

Aul?ﬁ%é%gl Jr%jk%

hydregearto Sxﬁgdﬁy\}cfhﬁﬁe yiid ot as U ().

511 (v/v)
eethgn%eagd eﬁlta

onver SI on

shown in table 3. 30 13 WD 2004/ 087626

PCT/ GB2004/ 001278 Tabl eI

Aut ot her nal

The sanpl es vvere taken at

bO% bt oV p B dadndPpgn o

25 and the results are

cracki ng of

gtiranme and e vt Law SN OVET & Pt—Ct—ea-at-yst
with a hyﬁo5 Qi Sg % oI°URRS  [thahieot ctfiags q|ethahe” ethane
(v/v). ethpne etmﬁ@e@ hane ethangaept hanep@hfiane butadiene
ethane ethhne hutadiede butadi ene but adi ene butiadi ene
Total fauskrate rlaad| 903 nl9.08 n [99.03 9. 0289. | 9.8 18 @118 P9IF  9.11
O—46—0—44—1-HP——CR 14 6—(Iw-)—0—353-01 353 0435 U35
02 : CHG 6%Vh 527085305 06804 048 i[?eﬁv 092994 0152686 0.6@58 0.605
H2:021vA99 1. 8681 40886 11hg@41 11 261 P18¥8Y) 1%seA3 P90
Y492 0. 43p 0. 446 5% 5% 26 %ol 1%&% AR s 1.826
N2:02(v/¥) 0. 020 }9.54®. 0D299- - (1)49224 0.433 p0@26 @tIane| (¥26/) 0.375
1,3-bu tE hane 46.p0 42.8 gﬁ 14 55. 88 (izézl;z 76 72.19 84. 65 82. 40
utadiEler si on| (v oxJd&R ds-z2 od 4% of. 30 08042499 48 0.027
ethane@@v)75 98.7B 98.84 conyersion (% Bptadiene --- [3.05
--- 96,24 -- 97.66 ---I- 100.00 Copversion (% [Ethene
Ethaneyl el d 36. 5p4@60 594248793 584487 BREL6| B4743 53,187 [R4.&3 82.40
ég g;g) 100py ethane feed) Aromatics yield 0.03 0./08
ConvergoR D. 14 0.02 0.42 0.02
Oxygen 98.42 98.12 |9830 98.42 9848 9875 |98.73 98.84
conversion (%)
Butadiene - 93.05 - 96.24 -—- 97.66 ———- 100.00
Conversion (%)
Ethene yield 36.50 3559 |[44.93 44.87 |53.16 54.13 |55.87 57.93
(g per 100g
ethane feed)
Aromatics yield 0.03 0.08 0.03 0.04 0.14 0.02 0.22 0.02
(g per 100g
ethane feed)
Ethene selectivity 79.35 83.03 |76.49 8029 |71.11 7498 |[66.00 - 70.30
(g per 100g ethane
converted)
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(g per

83.03 76.49 80.29 71.11 74.98 66.00 70.30
5 14 WD 2004/ 087626

waQog/8tdzane convert ed)

PCT/ GB2004/ 001278 Tabl e 2: Autot her nal

et hane and et hane wi th but adi ene over

catal ystwith a

Tablh X% V) -

7.66

hane et hane

AutoftRetahl &58sh
7.71

55 Cndinlls Hond w8l

100g et hane feed) Ethene selectivity 79.35
(g per

PCT/GB2004/001278

a Pt-Cu

cracki ng of

hydr ogen to oxygen volune ratio of 1:1

5 et hane et hane Et hane et hane et hane et hane

but adi ene but adi ene but adi ene but adi ene
7.77 7 78 7.

e ovEy 9 B5CH.

7

76 7.74
cate stW17th‘a

hydregeg 2q ogy SRR ourBOR10.0602 (vHD: 02 (v/v) 0.996 0.994 1.069
1.068 1.055 1.048 1.058 1.046 N2:02
0. 483 07433 0.443 0.400 0.431 0.378

FaWaWal

(v/v) 0.538 0.484
1, 3- but adi ene :

Q._020

L

L)

ethane ---TO T —-—0. — 026 T—6—028—y—
et hane 47.t6h%§i1§m%%%9 8194 Fhatky [sons By gl ethane
conversion{ (% okyadsnd8. 80 98 HAi&R (85 98. B2 .
%8. +9—98-9 ( 9/?? 07wgr‘nnﬂpr sion (9% lhut adi engﬁfa-d?e%s . 86 butadiene
Total feed rategpl/mm) | 7.6297, 4762 - .| 9BIB7  Cottver]si.o6 (% 7B hemerl 766
— VI Er a5 +6—44-98-52—13- 8358 54 35 5F 33
02: C2HE/MPog et pdred f o 3NLoﬁé§5cs 0435 d |6:33 0.032D. p602  0.602
H2:02 (GvP5 0.03 Po9860. H®9A. 431 068 Pef o404 an d
0n (Ginene sel petivity 7435 78, 31 988 eI e 0B b hogs  104s
N2:02 (¢y) 87 66. 2p0.538  0.484 0.483 0.433 10443 0.400 |0.431 0378
1,3-butadiene : ethane - 0.021 -—- 0.023 —— 0.026 - 0.028
(v/v) |
ethane ‘ 47.86  46.15 60.97 59.14 |77.10 7543 |86.44 84.98
conversion (%) -
oxygen 98.80  98.69 98.85 98.74 198.82 98.79 |98.94 98.97
conversion (%) |
butadiene 9286 | -— 9201 | - 9747 | — 9837
conversion (%) '
Ethene yield 3559 36.14 44.10 4498 [52.13 5358 |5435 5633
(g/100g ethane feed)
Aromatics yield 0.03 0.03 0.02 0.05 0.03 0.13 0.10 0:13
(g per 100g
ethane feed)
Ethene selectivity 7436  78.31 72.33 76.06 |67.61 71.03 |62.87 66.29
(g per 100g ethane
converted)
10

15



10

15

(g per 100g ethane converted) 10 15 WO 2004/087626

PCT/ GB2004/ 001278 Tabl e 3: Autothernmal cracking of
wethere’and et hane with butadi ene over a Pt- CuPCatGHE2y®I001278

with a hydrogen to oxygen volune ratio of 0.5:1

(v/iv). 5 ethane ethane ethane ethane ethane ethane

but adi ene but adi ene butadiene total feed rate nl/mn
Takle3> 6. 95 6.76 6.74 6.62 6.58 02: C21-16 (v/v) 0.435

0,435 527 0.527 0.605 0.605 H2:02 (v/v) 0.546 0.542
Au’@th@imal(pradqng)oﬁ@hm@ and tthahi2 with tﬁJVddvénervéﬁzSPQCﬂ‘&ata%sﬁ@?ch a

0,378 .1, iene: ethane --- ---
hydg %gg QX}L}&%vgggnefa\W\;%ogng\g@ conversion (% 64.01
63.17 78.83 79.02 88.11 87.97 oxygen conversion (%
984398 42—98—53—98—64-98-—86—08-85 _hut adi ene
conver si on (% cthangg ghane. [cthanerg ethaneg ﬂwe Ettharee
[ : 5. p2 50. 40 51.
yield 43.84 45.p Bidadidne g§8 1e8e )5 O o‘gﬁeﬁl?}g‘?

QM. et hane feed Aromatlcs weld

totabfe2@ ra¥e 8Hmi p6.95 O0% &3t hdne7§ eedy 7Bt NERe, 6.58
l’:\)nl oot d i f\ll((gﬂpf\ﬂr Rg Aq 7? ?1 64 23 65 56 §8 66 60 9

02 16@)56@‘(/%% E:gnv%ﬁisd)OHBS cqn.BE sdes27 rpowed | Dlaes
H2: @?W/% exanpl es e t g ?ﬁ hg ge | el d47|7s pener al | y4
i ncreased and tha?l P wi 4 7hel Gdiel! t | BA4bE
N2: Gat(a/d) bene the et(h@ga 3@I4¢2:t|g|415y |s§)399ncr@%e 0.3
her re it fcan also be $een that the !t!on of
1,3- ‘ﬁté Sﬁ?g‘g‘?‘%e does not0.0% r ¢set-t | 0.8y ki-gni ficao
(vivgarbon formation on the catflyst surface|f due to the
fact that only | ow anbuntsjof aromatics| are produced.

ethabx esrplegsich (%) 64.01 63.17 |78.83 79.02 [88.11 87.97
oxygen conversion (%) |98.43 9842 |98.63 98.64 |98.86 98.85
butadiene conversion (%)| --- 98.59 - 95.49 - 93.80

Ethene yield 43.84 4562 |[50.63 51.80 |51.68 53.03
(g per 100g ethane feed)

Aromatics yield 001 005 008 008 [023 0324
(g per 100g ethane feed)

Ethene selectivity (g per 68.49 7221 [6423 6556 58.66  60.29
100g ethane converted) '

It can be seen from all the above examples that the ethene yield is generally
increased and that in all cases with the addition of butadiene the ethene selectivity is
increased. Furthermore it can also be seen that the addition of the butadiene does not
result in any si gﬁiﬁcant carbon formation on the c.atalyst\ surface due to the fact that
only low amounts of aromatics are produced.

Example 4
The auto-thermal cracking catalyst comprising platinum and palladium deposited
on alumina spheres (Catalyst B) was placed in the autothermal cracker and the cracker

was heated to 850°C. Catalyst bed dimensions were 15mm diameter by 60mm deep
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The auto-thermal cracking catal yst conprising platinum

and pal | adi um deposited on alum na spheres (Catal yst
waépomsas7qabaced in the autothermal cracker and PO®GB2004/001278

cracker 15 was heated to 850C. Catal yst bed

di prensi ons were 15nm di aneter by 60nmm deep 16 WO

20‘8&7%‘18%% Jorpriemesthanpgatrogen mdihydipgen meampassed to the

autGRERRTl $108ereORIRG wil thEP BRI X&Bﬁ%%a1‘gc’§§c§§§t%ﬁgf%ﬁ&?the

t he aut ot herma acker. ygen was
reagiionot hehydibgar tackggert wlume ratit wad Meintah@AH 001 (WIE The

ydrogen to o n volunme rati o was mai ntai ned at
reacg?ég:\ga%(p\?ffbwe %HP%PE‘E{‘? BIPSHES perforned at

at MsRi1ey WercRSH S £ thide SAMRhES: SSHoSh bS8

oxygen : hydr oglgir bon feed Tati ogﬁiﬁ%&tbﬁg?%egr{ggos h hefafie
0.5059vg/80 Wt / wt . Acetyl ene was then added at a | evel

of % 0f ac | ene | a d the _ anal yses
S A R AL R M R P
analyedsaepéavdd y t owar ds et hyl ene was neasured 10 and the
s are shown in table 4 for the data at

resul t

o%ﬁﬁ%j coRErHen of ehanerrad hasclecsivey yoveardy etiveleghtvas atdaosred

d of 1 | ol 1 be seen from Tabl e
nd Mo S8 shorih 300 16 B8 gl SR oGP g plos
acetylvoe)easight ravibd 6f dahe.5adel56 kadn0.6b. acetyl ene. Furthernore

it can al so_be seen that the addition of the

alleh be secnyserm Tble 4 that ibe efhena ipldanghielactivity ardoltomcreased
- e C r ue 15 to, the fact
i 0 TR0 of o AN BbL2H L St bk i e
acetplgtié doesmot sesdlt snuamyr signifigint carbeh Hemeitish %hghé g@?&%ﬁiffﬁée due

tg fall o ddition of acetylene. It mght
to th&&%‘é?ﬂa&&m&w@w RN ipsprBatGsareipiRduted. i ncrease si nce

mMeth aigtd - f hydr o tio

/| cr ack?&ﬁ% afﬁgasic ?lglﬁg%; Migt ag%gfe ?%ﬁpo}) tcs) u%(g{% %ﬂr?;‘?l%gﬁ 101 0
acetylpag It might pe espoted thdt themethhne gichpweadsndrease Rchintethane isa

. methane. formation.. 20 25 30 .17 WD, 2004/ 087626
secofiger) s OBt ﬁg@drﬁ%iﬁé"% craghing Frastien ofcqthaneite gragiuce
ethyRhBATHsAMME pRésBRiR MRS SHEaRNG iOYEH pibife Ff’gm?f%‘f%! yst

~with an hydrogen to oxygen vol unme ratio
(viv).

17



10

Et hane et hane et hane et hane et hane et hane

pl us

acetyl ene acetyl ene acetyl ene total

plus plus
feed nl/mn

w6 .201/087420 5.98 5.96 5.91 5.94 02/ C2H6 (v/v) ©C2&32004/001278
0.502 0.526 0.541 0.563 0.571

Ta

0.524 0.561

acetyl ene:

H2: 02 (v/v) 0.701 0.701

et hane (v/v)

- - -

99 0.699 0.697 0.697 N2:02 (v/v) 0.598 0.592 0.582
74 0.565 0.566

AutothenﬂalQ@@clﬂﬁgoof%élga%g a%% %(hg

0. 026

Mgg@fﬁr %ﬁ&ﬂ:ﬁé OX%rrﬂ/%fr Igc} gzﬁolé/%wnh an

hydgyges tq gxygep3oBiIBralio Y 0T: BQ/2). oxygen conversion (%
99.4 99.3 99.4 99.4 99.3 99.5 FEthene yield 45.17

50. 41 48'.

13 52.62 49.77 53.68

(g per

100g et hane

| —ll— l‘ ’3_1

feed) Methaney
per 100g et hane
0. 000 0.010 0.0
Et hene selectiv
65.3 100g eth

U
FUH) et

3 0.014 plig

ty (g ger 67.
e con

er

e‘ﬂhane salhanﬁc

100g
0 69.0
€[5 Exanpieéyleng

éghgar

e feed)
q7.1 62.9

@3669 et‘hane
plus

acetylene

totaPRE@n/Res mal CT
(two bl ocks of

et O yst T

com:rl

TP
I'ng ﬁ@r

24888 gen and
Q(ygen

O2/gpH6€d'v) n t he aupaigRer mglspgr 3

10 A feed str

Clk 856 ang suife

eam conpri Si
dPdfén \Aﬁg%acs@d%io D689

n
i Ph[j‘r}i' g
Cl

g H-pent ane,

quoagoier mal697
ot her nal

GRS

r. t he SS

N2 %?ggﬁlfgr to initfi ggggt he8 5?261“(?8%? H§7§yﬂlr 8984 t 00.566
acetmlﬁygatha\nel(wme rfat e waso.oméntfai ned ap 95§11 (v/ v) 5%%

cti.on grfaorned at jospheric pregsure.
O/ EyGRORAERO P gﬂ/@é%@o4/@é%%7s 0.85lp| 8566 eoawa|yse¢95

n 2592 a) R7F\
Pgrit fe —r-atft of—0-—52 <

ethalgé.,; %&Slféflé%\f%vgo/a’) I i B R Ty 79.1 82.2
oxygen conversion (%) 99.4 99.3 99.4 99.4 99.3 99.5
Ethene yield 45.17 50.41 48.13  52.62 49.77 53.68
(g per 100g ethane feed) '
Methane yield 4.02 3.96 4.90 4.74 5.75 5.37
(g per 100g ethane feed) ,
Aromatics yield 0.000 0.009 | 0.000 0.010 0.003 0.014
(g per 100g ethane feed)
Ethene selectivity (gper | 67.0 69.0 65.2 67.1 62.9 65.3
100g ethane converted)
Example 5

An auto-thermal cracking catalyst comprlsmg platinum.(two blocks of catalyst

comprising 3wt% platinum) was placed in the autothermal cracker and the cracker was

heated to 800°C.

A feed stream comprising n-pentane, nitrogen and hydrogen was passed to the

autothermal cracker. Oxygen was then passed to the autothermal cracker to initiate the

reaction. The hydrogen to oxygen volume ratio was maintained at 0.5:1 (v/v). The

reaction was performed at

atmospheric pressure.
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15

An aromatic containing feedstream conprising xyl ene

and indene at a weight ratio of 4:1 xylene:indene was
woOhew/08T26 oduced to give a total aronmatics to REPAIBROMAIDO1278

ratio of 5 0.078 wt/wt. The % conversi on of n-pentane

and the selectivity towards ethene was nmeasured .and

t hearpRls Ve aapkysedhas Wiy gen toatshians feerdiratoasrnife’ e 81675 modn
0.63 @1@5 that the ethene yield and selectivity are both

In ased with the addition of aromatic conpounds. 10

Tahh er&natﬁubﬁhhﬁﬁgﬁedﬂfe@ﬁkddﬂ@rﬁfn}%’kﬂﬁﬁta%ﬁQn&'ﬂ@ ata Wel ight ratio

tane with aropmatics over a catal yst with

szg}/ngﬁ%Hld%e B’?ﬁ/ R uiFEﬂdHﬁ%i 08172 Estal aranatios g v)pentane ratio of
0.0PERL/AREe pentane pentane pentane pentane pentane

aromatic aromatic aromatic total feed rate nl/mn

3. B B @tvasidid 08nP2niand8nBthdGelecidfyGod4AR ofbeh¥ Il nfdadured
N Oh898 )85675110 853 0.636 0.786 H2:02 (v/v) 0.504 0.500
ndghefrsulls gghqympsablesos  n2: 02 (v/iv) 0.383 0.335 0. 445

0.18 |

01 é'aﬁh ‘t% é&?fr@n‘@ %le 9&%5%{6;?}%&% n@/g rﬁréc( %lécfl%ty gie l}(%h U Beased
Wltlsgle(}i@dﬂt@m@@aﬂma@cﬁﬁlpﬁﬁncﬁ7 16 oxygen conversion (%

98.17 97.74 98.28 97.80 98.37 97.90 aronmtics

conversion (% --- 66.97 --- 62.56 --- 60.81 Ethene
Tabie st d 33.49 33.53 30.47 31.52 28.68 29.86 (g per 104g

pentane feed) Ethene selectivity (g per 39.77 40.37
Autsélegsalw@mg@f n4gengge 20d niBOang avithearematicsvaret e @) cdtalydOwith

ah)%ég?éghe p?%fgzl}’gpﬁac%{a Zgﬁgffﬁ 8i CS S:rggesi cﬁrrggiogzgs

feeding (i) a -paraffinic hydrocarbon-contai ni ng
feedstaock (ij) af least one_upnsaturated hydrocarbon

and (iii) a nol Froanitane PRRGBO | paitdn@i penigng PSeriahedhentane
aut ot hermal crafgker, wherei.n|they are

aromatic aromatic aromatic
total feed rate nl/min 3.33 3.21 3.17 3.12 3.08 3.000
O2/C5H12 (viv) 0.752 0.898 | 0.675 0.853 | 0.636 0.786
H2:02 (v/v) ‘ 0.504  0.500 | 0.505 0.500 | 0.505 0.505
N2:02 (v/v) 0.383 0335 | 0445 0346 | 0472 0.384
aromatic:pentane (wt/wt) -—- 10.078 - 0.078 - 0.078

pentane conversion (%) 8421  83.06 | 79.60 79.60 | 7656  77.16
oxygen conversion (%) | 98.17 97.74 | 9828 97.80 | 98.37 97.90

aromatics conversion (%) | --- 66.97 - 62.56 --- 60.81
Ethene yield 3349 3353 | 3047 3152 | 28.68 29.86
(g per 100g pentane feed)

*
e .

Ethene selectivity (gper | 39.77  40.37 | 3828 39.59 | 37.46 38.70

100g pentane converted)
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reacted in the presence of a catal yst capabl e of
supporting conbustion beyond the 5 nornmal fuel rich
woOi2ni4t08T26 f | ammabi ity to provide a hydrocar borCp/GBIOGE001278
stream conprising olefins. 2. A process according to
claim1, wherein the unsaturated hydrocarbon is one or
nore of an al kene, an aromatic conpound, a diene and
an al kyne. 3. A process according to claim?2, wherein
t he unsaturated hydrocarbon is 1,2 10 butadiene, 1,3
but adi ene, 2 nethyl 1,3 butadiene, 1,3 pentadiene, 1,4
pent adi ene and/or cycl opent adi ene, preferably 1,3
but adi ene. 4. A process according to claim 2, wherein
t he unsaturated hydrocarbon is acetylene, propyne
and/or a butyne, preferably acetylene. 5. A process
according to claim2, wherein the autothermal cracker
is operated at a 15 total pressure of greater than 5
barg and the unsaturated hydrocarbon is benzene and/ or
toluene. 6. A process according to any one of the
precedi ng clains wherein the unsaturated hydrocarbon
fed to the autothernmal cracker conprises at |east one
ClaiH@saturated hydrocarbon other than an al kene, such as
at | east one of a diene and an al kyne, and | ess 20

1.t h@Nprowés¥ForsHe Prodactidsst d1oaM v@hiéﬂ\‘fng@ﬁe fcof’n%&@!%s 1%:@%5&?13 a

%)tﬁged on the weight of paraffinic® hydrocarbon
paraifpic hydregasbon-gontaningdeedstockc (i mtileng one uaswurared hetirddabon

: ' [ tein the unsaturated 20 WO
and BB FEAORE SRR B ARE 135 Muhal ork v heret they are
reacted amthetpeeseneadifof casdlyt @mpadic & sbSsHih E@rﬁlﬁhﬁﬁ)nrb%?gﬁcp{h'e
thzgﬁff ?as stream of a fluid catalytic cracking
normal Zugl gich Ty gofdffammyahilit to pagwi dos hydrdedrbyreprodokiestrenini t |
comprisifé SREFAker unit or an alkylation unit or froma
plastics recycling process, such as pyrolytic polyner

2. cr Agkbergs aoBiingtoprlsiaes,svigteiarel iigatueatéd My @08.86n e or
$%F°3gﬁ$ﬁ cl ai ns wherein the unsaturated ~ hydrocarbon

Tore @ fy AP ERREFOEPOWdat dicng andarcalsynaer i ves from

3. thg R4 he ' : rea . r 0Cess
Rt R O IR oA 57

butadiengy 4, 3dfutadiene, £ emdiyid, Bbyadiadd, il [B fentadiene, 1,4 pentadiene and/or

eyl paREe PleBRBA APHEsEE (o an aut ot her mal cor acker
iy e R
acetyleng} propyite and/or a butyne, preferably acetylene.

5. A process according to claim 2, wherein the autothermal cracker is operated at a ‘
total pressure of greater than 5 barg and the unsaturated hydrocarbon is benzene and/or
toluene.

6. A process according to any one of the preceding claims wherein the unsaturated
hydrocarbon fed to the autothermal cracker comprises at least one unsaturated
hydrocarbon other than an alkene, such as at least one of a diene and an alkyne, and less
than 1wt%, such as less than 0.5wt%, of total alkenes, based on the weight of paraffinic
hydrocarbon fed to the reactor.

7. A process according to any one of the preceding claims wherein the unsaturated
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limt of flammability to provide a hydrocarbon product
stream conprising olefins (b) recovering at |east a
weani4iosm20f t he ol efins produced in step (a) aRdT/(GBR004/001278
recycling at | east one unsaturated hydrocarbon
h dgro uced .in §tep (a) back to 15' the autothermal
YRGB ey 7 rom the,product s8eun of Agterm aracking @astor, ¢he off gas
streR QT AR ¢ B4 1iS ESicki saf f eedi ,
_paraffinic h%r ocar Egr@ggigﬁttg?&ff ag%g%adgﬁ%fgédejwdémkewmtaa
vistieakst uniber axalipdatiorcanit ai oma [gasict fecRElirbUrobRE, eh as
pyr&g_?ghgl&{n\éher%n they are reacted in the presence of a
cataty E%ﬁs P& of supporting conmbustion beyond the
8. norABtockislccdrdfily thiafl bndhs 20 nahi i to.ppovi de a
.~ _hydrocarbon pro uctaHiétrrleam cg%?@gggigalﬁe%%Vélﬁléeugﬁ’@/uélﬁammed
hydgicahen deq t9)the epathatmalgradhinghyaltacdrbent:protle §htoSleHAaM
[n.step (a) into a first stream conprising
Crao%{/n%r%ggartgtﬁ%an%ont aining |l ess than 4 carbon atons and a
9. secopbcesstac@RinGANBIaiE ISNGhIK 9&%9@{1@1 hiNg. at
| egst..4 car bongtoms, i ncl ud?{r].g at le s%%g%a%ﬁiesr&
@) yndegdings paraflipin nchpwerorcomtaining fepdatock endt n{bl@@ﬂeﬁ@%zgen—
e

' i { d/ ene f t
conPeaset bn subBERNEI NP RFRE BF reaelialBare 1 on of
prestive cfematatysstapabln df Qutetinut RhRHBER bﬁ_x}?c{lﬁ%@ﬁo%?a} :hletl ’gigh

i .ﬁr ess agcordi ng.to claim10 wherei e unsatura
1mi 9%&36%‘8?18 tY 1o pERids dhydjoearboreprotiuct straath comaptisimg dlefins
b) selk | 1, 3.butadien 2 .30

®) rretﬁ?f,%%%&g%}s%% %lﬁ% %flf}%%geef}ﬂsfé?%g,é 1y Stap LA @pd di ene
(©) antecyylin g derseaticansatusaet hytrefab@Prsdicedin st%g () back to
the ab?&@dl ene. 12. A process according to claim I C
ednel (Taoksti ses the steps 'of 21 WD 2004/ 087626

. PCN #6eQ j i ' £1inj -

o0 h% ocar gg‘é@%ﬁ%% ﬂ§1%9 ;ngg(gisé} g%%S g%s %Séﬁg%mggﬁﬁ’?a?ﬁ '

() oxfegding aqurfiinicihygragasboh@oamiring Mebasedndd A6kRhlar m;/ygen—
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stream comprising hydrocarbons containing less than 4 carbon atoms and a second
stream comprising hydrocarbons containing at least 4 carbon atoms, including at least
one unsaturated hydrocarbon containing at least 4 carbon atoms

(c) ' recovering ethene and/or propene from the first stream and

(d)  recycling at least a portion of the second stream to the autothermal cracker.
11. A process according to claim 10 wherein the unsaturated hydrocarbon
containing at least 4 carbon atoms is selected from 1,2 butadiene, 1, 3 butadiene, 2
methyl 1,3 butadiene, 1,3 pentadiene, 1,4 pentadiene and cyclopentadiene, and

preferably is 1, 3 butadiene.

12. A process according to claim 9 which process comprises the steps of:
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(©) recycling at least a portion of the at least one alkyne produced iﬁ step (a) back to
the autothermal cracker. ‘

13. A process for the production of olefins which process comprises feeding a
paraffinic hydrocarbon, at least one unsaturated hydrocarbon and a molecular oxygen-
containing gas to an autothermal cracker wherein they are reacted in the presence of a
catalyst capable of supporting combustion beyond the normal fuel rich limit of
flammability to provide a hydrocarbon product stream comprising olefins, said process
being characterised in that the total hydrocarbon fed to the autothermal cracker
comprises at least 20wt% of unsaturated hydrocarbons.

14, The process according to claim 13 wherein the total hydrocarbon fed to the

autothermal cracker comprises at least 10wt% olefins and at least 10Wt% aromatics.
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