S W@280d410287626 PCT/ GB2004/ 001278 ~ AUTOTHERMAL
CRACKI NG PROCESS The present invention rel ates £5T{Gf#004/001278
production of nono-ol efins by autothermal cracking of
a paraffinic hydrocarbon having two or nore carbon
atons especially aﬁm‘mmwlmmmackl ng of ethane,
propane, and but anes! ch as et hene and
propene nmay be produced *pyis@ variety of processes 5
i ncludi ng the steam cracki ng of hydrocarbons or by the
dehydrogenati on of paraffinic feedstocks. Mre

recently, it has been discl osed ol efins may be

produced by a mm?kﬁo,mﬁ’a\s’ﬁﬁ-therml cracki ng.

In such a process a m‘m\m“m\ drocarbon feed is

m xed with an oxygenﬂm ‘ | as and contacted wth

a catalyst which is capagl@.©of supporting conbustion

beyond the normal fuel rich limt of flammability 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

dehydr ogenat i RMAL CRACKINGRROSESS

desqi | f. xanpl e, in EP-B1-0332289. e steam

cr agﬁl:e ?geg%?t 1%{/66’ ?18 83? %Beﬁgof RIPERAtcE dprencpplefingby autothermal

craplongalf b paa@finip hedteashoatHie!; rocar bons
e.g. gi enes andgal kynes. 1?%@%%%?%\% (i FyRpcially

a“tgtl,ﬂgaP {CERF K ZoMh athanes propane mad betanps.oduct st r eam whi ch

in of large amounts of toxic flammabl e
Isoltl)séé}rgl tg EUEe&%. é{gegneet | WP?T’@..m@]u‘&f‘ePf Oéléi%‘rlg!lf dyaniply odipeenssses

inchidéngrtha stear s Min g b Nylrb€irhs Soised i :
R géri vative pr oce%sesﬁé. g.r-_ e%mggag}}g%ﬁ%ﬁagﬂy of paraffinic
“eREveMom erertharehatitietn disclosedtit alefipgfriaytRGHEGEed by a

I degraded via ol igonerisation and
P R b PO A9 Yo o 6050 aampr Bpicshecarbon

 feef somibted okittpareoxssidal doyifing 98RO M fed WEHSO Ea‘i?s%wﬂfg his
Sﬁ]ppl Y Wiere there is no derivative capacity to U €
caphls Of FURRE RS 0B RigBhieyandthe dioamelsfubledeinimit of flammability to

o fon ot SRS 33 b B B b

di enes be rec

parpgly GRAOBLACATZES heatpasdREd HARel o HHI% &ehie?’;‘zﬂ]o genation

re ropgn ity to cause carbonaceous fouling o _
a‘%l»o& LS 2 poGrssrie descaibad . foe exdmple, inRP-Bil 0389280st  be

h: f or6_heing recycled to the. steam
Y amResih Sl Ao S Y frofses Rabp-aleiasposmalli ao-
proguceh othenseuaated fydasna s eaggdi eABEARE AIRPALs
o

di sgijq\}ﬁntages. 5 Simlar problens arise w th other
uns SRS Ty ey seprsatsd Srasel theesteany cstleamproduct stream which

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 piants that
employ diene feedstock are usually co-located with the sources of supply. Where there
1s 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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. cracking, such as al kynes. These al so have a high
ropensity to cause carbonaceous fouling if recycled

‘pe 2498 WAm cracker, and therefore nust be hydr egercgsecnei27s
before recycling, or short furnace run-tunes nust be

Ctﬁ%erane%%?lt gas now been found that the autothernal

TAHSE B751G Die gl BropsRsithiogiengcccasanatgosdenlingof the process

e 4 bt 18 ek ehyrd ' o ous_fouling,

o ek s oE R B DR TE NSt Rt 20 e

SIGHM AGCHCT.Ca B inectuns dimesmtst e soleMed Wiﬁﬁédﬂs@:ﬂicﬂf f#iYancial

andto Qﬁ%oﬁh‘f‘éﬁsggx%%mfc%gnd that the autothermal cracking
process can be 197proved by co-feeding at | east one

unsafimilat pdbhytrecarionothérmmahidicdh frodardh & ed by
al kyne, with thejggraffinic h drocar%%n feégﬂgﬁ%&?HSBSwmn

CradiRe SYRrs Uymen Thers alsn hatg gRich PIGPAnitY Frecamst cdrhetarabus
foRHAE Ketoyclbl u!tﬂégte e&aél&i%?;gd ‘ﬂ'i‘e%fo‘r’é’r;rfu%te%gﬁ‘ géwlaeﬁg}tgg)re

one unsaturate ydr ocdrbon can provi

repyclingeorshat fumgdeahd-thasadusnbetiblierassmunt of paraffinic
hydr@garbgn fesg qﬁnverted. Wt hout wishing to be
bount HPOPhREGF oupdfhat fhe anjpsheremaberacking @renses ¢ap tolegate co-

fepliag ensikdte@hy@dciBdn RRRH fcafb%ﬂa@%% E@g{:%g B threfor

conpbust in preference to paraffinic rbons 11
unsprgteddydraogrhions cambe féd witasut bewesing mdnded hattirhdie Qe

Weld of _the unsaturated hydrocarbon _can be
poBiiehe & e Setlh Bindi e HEboGRgrrrocaerogasisambe
infrRo veRltiyQD-feeding Bt 108t oA ufahdhies thy dRRGHERe G GO or
anounts of additional conpounds e.g. benzene or

aliogre, ¥ thegpsaféng suirogarbondiaed end thermualetaar oxygetreontaining gas

- d A Lngly th t
o, BN Sk MR e BEBRLE NP e Bp BTER o wpsarrared

hy;irecfaifrt;@ cah 'pnivélcﬂfr ﬂc'ﬁgﬁeae@{mhé §&§nfﬁﬁfaibaged én E@ al('n_o_u;Jt of
a | Nl C rocar on-;cont,al ning r1ee st ock, 11 at
PRt iR L ST TSRO GHShina 1 pyud by tikory, tais i
bdRRheC s halue Xd’ﬂl_%'i)m}%égs{t? bt OfRalPadf H@&%Q&JB&ES"{%' cgpbust in

cracker, wherein t are reacted i n the presence
preferericg & pasafifialy kydobcasbpsan thenfged dirrthetinore ibRastiren fhiéd that the

; ich ligit of flammbility to provide a
R o B by Siop B e R PR g APy, o
signifisait barbbe toriatibn 620 Bn thepSatdlSR dartPlifhBectb di§ 144 8 iounts of
'éﬂfﬁi S. Thus, the unsaturated hydrocarbon may be an
20 RURECURRIYDES -8t Pragene o loeR® 2ssaniatedwath qeendnesation on the
caYst@¥EtoaldeRt €nes, hi gher al kenes and cvcl oal kenes,

such as 2 WD 2004/ 087626 PCT/ GB2004/ 001278

cycl Aproopegly the pesali uhemneon pmiimﬁrﬁxﬁﬁl@é $9r the production c;f
S clo Eﬁeneéi), cycl ohept enes and_hi gher o
© 8§Bﬁ BHICR BYRSESS CAMPTISAS Mchigl e hydfiieeahysbsacaragn-pentaining

feBEHAEAL (1D af %%@%ﬂSM&%}ﬁrﬁam A (111) 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 comprisin g 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

o)
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. conpounds include benzene, toluene, Xxylenes,
weEidoybdenzene, styrene and substituted 5 styre
i ndene and substituted i ndenes. \Were the aut %t%ﬁ“é(%angPuomns
cracker is operated at relatively |ow pressures, -
cycloyppes), tyclathumaep beyldpenpsnedy Uil cHex bt (D), Bt sheptdd®s and higher
c Clgr] ferred aromatic compounds are xyleéenes, indenes and -
M ?g?@ﬁesy Where the autothermal cracker is operated
at Tt aRQi e $SHRSrbok i £ Bnahds Lh -
prefe(redléfoﬁgtic rgonpaﬁ%%%ygﬁe %gﬁggﬁgu%%dégﬁﬂﬂemnnmnc
compeyngs precludetbenpere, falugte, pyleher edltenba] Merinctahe substituted
. aturate rocarbon is..g diene. The diene(s) na
styref8S R B A SHRER B bbb Bmagprmaker 1 opersted a
relatpredf Rinafredsused] 851y abROIpLRAHOPAGLERS &5 Hard |
1, 3 but adi ene, @% 3 %Jent agi ene,B 1,4 pgnt g&%éﬁgf}@ﬂr'e?&%d
aromatic| COPPANRLS 86 aylenes3 invispecinglstyretest Wiesra theemeothdrn®al cracker

. i 8F 4 hexadi.e 1,3 _.cycl phexadi ene and 1, 4
8 OFJC%%?%@E@&I é%eé?“f% PG AHOYE S et %B{q??}égp BemgHe
compdm/e arctbefizenkbardldebluspdst i tut ed derivatives, e.g.

nmet hyl_derivatives with nore than one substitution per

nolee fifs prefprasdembedimeniths tinsarerates hpalyodagbdrhie ashiere. Ghe

;on i -he .diene(s e selected
d en%s%l;lﬁ%g;ggtsgﬁ%{g%%reoﬁ{e SI\%J@IQ%% t‘fé‘?ﬂe& I}?éﬁ aty H&%ﬁeﬁ%ﬁy slei%ctedc %rom
propadicadilehéntadlicae, perﬁmﬂiem,l,ﬂﬁ»éhmﬁéﬁ@q;@&;me
S cIo_ent?dlene” Advant ageousl y_the diene is 1,3
cycl R Do BEadicns, dédsmadispeflel hexpdiansodithenadiendid,3
] [ kyne su a -
CTIS L ORI QB e AR AU Rpve, o2

alkypsublsemteddicalvityves, ¢.8. methel gdrbacivedwithgdre thimsHetudbRbtion per
mo]h r%%arbon or., a m xture_ of unsaturated hydrocarbons

Erefnoie spbsttpents may he theagams efcdiEferen SMpreprgfesatds she
dient@) afeRelepe@ et | 2bubddiQleet BrutARER Q'rﬂahflolfi BRtaBlBEeNs
invention produces predom nantly nfono-ol efins T
pentadipne A djentagignecind (cy floptiiiediena ddivantgens]y theldidetigh 3
butagj.é?ﬁt ities of other olefins may al so be produced.
ough al kenes may be co-fed w thout carbonaceous
f olt b 5ggondl ptdfer@l §6BSEmen itk FR¥PRERDESEAToh thay be an
conbust in preference to paraffinic hydrocarbons’in
alkyp, gughaag geetylene, gopynegadéor albiugynsr &f partiewlanhp prefferraibalkpeds
acet.?kgéenes whi ch are the same as the desired products of
e process. However, co-feed of al kenes which are the
s adesiagle ibandesd hodrqaddd oF 8 mikturk RE uRAGARE HYAYohAHRs may
lace if they are-present as part of a stream'al so -
be fed faths ajtetermalheraslera/ 087626 PCT/ GB2004/ 001278 ot her

;P?’ﬁ% ggoﬁglﬁtq"of'gngr gﬁcg{ctaﬁ;apéf ol%'ﬁh?%@@otrh%ﬁltg the Presért ARl fon
produces predominantly 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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. preferred not to co-feed ethene and/or propene to an
W@eiavsisedal cracker for the production of PCT/GB2004/001278
predom nantly ethene and/or propene, it may be
advantageous to co-feed other al kenes, such as
othep ppsafuated bydrpcpmborg ifdteprasit elys faxlesampia diibemhsiaisent by
refekdEnS 3 I Ne] - d of alkenes, suc S
P fé;e}ltr hen eStg n g f'!f)grhoegtg%g ,ah%)r/ p%?’segee%ean %1“&\0/%’6‘%"’3 @6@%\%@%@6
produhigorapkpredommaptigstbshe agldtprepateed R KRN Riviata@Bous to co-feed

. off-gas stre whi ch._ may al so conprise al kane, of an
o pheehes a‘éﬁ&% G topes, PER SN0 PSS aksp mepicAsaid ether alkenes.
pr @5 edditibR), dDe@bf 2198 s,osfuﬁﬂ-lgs @Eh@ﬁ@gncg@g)bgrge% ' also be

process, such as a polyethylene proce
advaptaggrpewkersdhpalicesis pramtes armktedraicessn andfRoaisiim,

macetate process.. Propene n e. 10 present _in the
i o R DR Hlsite ORE FIOGHS Vel B BE BEesis Ths, athee may be
presptliyl RO @B 8f /T ARERSderivA AGHOLR! fich ragg%ig_\?yct ene process, an
I SO- propanol process and an ‘acrylic acid process. '

ethyfeapencalpyess timentlisot proceshendsatyl mattet: frycksodaopar hadbe

. t ot hermal cracker rocess of the_ present
prestfl i 1 S BLAER PRs 5 Bles PiREamedsardrutpropyiene process,
an abiytHin esdeey) aﬁ"isb%frgpiﬂ@ﬂiﬁro@éks%blﬂ %ﬁ%crﬁié%iﬁ%o?&ss | east

Y,

one of a_diene and an al kyne. More preferab "there
i s Preferably, tleerefes, thet unshiaraterd hydraciceon fed th élaessdutothermal cracker

_ rocarbon .ot h than an al kepe _and | ess
prodi e B BER o B A8 st R et Buartisben otber
thanadnkadkere, swlch atRaqiddedea aitde ald @R ANEme PABRILRREANS there 1
&dmelght of paraffinic hydrocarbon fed to the reactor. :

apofhermal @acken s lpast prrevrsaiurated dytiro ctifbon axitep tieeranedlkene
r I aled .hydrocar bon t her
o SEERNET 20y LEEPL BRUMIB AT AR B o
Pro@nsiaed bn thet wtigl dfpaesiini2 ybaseboafed Rethwedahr. Bfen more
a ?ffinic:pgdr?Farbon f ed tqg%he reactor. Most
preffbile FIEF 37, 1o Fthe pRiiarmal facksn Ablerd ong Mngatirekedr hydrocarbon
Othef RN drSARerRtank 828 khAMBvi9f, sﬁ‘clgésgll@%etﬁgxq o?ﬁhglnwea%l afB8es,

has a substantial absence of
baseg] qrethe atdighs of paeffinie hydrotdreon fsiab ubateadiohydosigrefembly, the

e ut ot her mal . cracker process of the present
foed 3t Auibll e B G Shar P RS B 6T & Sienaad P alpas and has
a subytakitt absoe 6f fIRénest han an aromati ¢ conpound. The

unsat urated hydrocarbon is provided as a separate
f o dB &P GiRmeEHEhembrdimgay, dfefunsatorawgdinydracdioo: fedrtb aheni ng

However,..it shoul d be noted that the
o681 B8 er BN b bR nf i R Sostrgi ahlipstams.o
unsatoratedi Hy diet dir Ab@dhahitiromanbesspoditd t he unsaturat ed
hydr ocar bon-cont ai ni ng feedstock nay al so contain 30

pardefunsrErasgaip sieenapnists prvadedasa spatatadfengsdodcthr tire
pardtEYic ¥ LGRS D ] am of .a . conventi.ongl
pa stégn?c#Ecﬁﬁﬁg%b%§§P6%28%§§E?%gf?géﬂgﬁngfﬁ%gg?%PﬁTgﬁ
parafiymic daydrdearboregpntadhing 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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. WD 2004/ 087626 PCT/ GB2004/ 001278 derive fromt hé of f
mof a fluid catal ytic cracking react
‘Nﬁggugéﬁﬁge from the off gas streans of a deIé@éHgBNM4mon78
coker unit, a visbreaker unit or an al kylation unit.
deriMR&rony AR FHE AL B AV, % ' |
erlr efi 0ner y st geéﬁé erdl%\jTl ggg? ?g{r%]l}gﬁc%ﬁ%?% I??ﬁ%g%ljgtg gﬁf/’??%ﬁom
the offagk isiep @) ddayadeskeltnenit atvasty eiker oniaok amglk(/REGGH unit. The -
units., 5 1n addition the unsaturat hydr ocar bon may
BB rar B tay ke te s PREY B g nep SrBboggd Fom o

coXRy,'fRIiy tdtSlyHe LuaRMeGFatl ohthsidud cangyredinentces uhike
present invention the unsaturated hydrocarbon 'is
pr oYl fidif1qasthe upeateriatsd hyfirachboproetubs prowidsdryfa mastacs recycling

ner.cracking reactor. As well as unsaturated .
proﬁ%&%ﬁﬂié?@é Isc,pr‘{l erpr%%h}% stream from the pol yner

Cr atikért@rilRaGhent dTale pldsatlt 0 eaaR iicsmsparaéd hdbcarbonis -
hydr ocar bons and, hence, may al so provide at 1east a

proyisiediasa peTiont H{éhe proghctsaieamtfrem @ IvyiRecartore feadtor.cs well as
{ | nwent Lon. ; The aut.ot her mal

oo 5SSl U5 BERATHAINERS Wy S, UL PEPRY s
alsolnemptiseqizatiinicdiyolecdaiaus a0a) iednicasmanss@biefide at'least a portion of

unsat ur gt ed hq};dr ocarbons). In a preferred _enbodi nent
thegptat pEaiimieprdresarbereiegris apracess ohihe RIESEIbHYCRBRR t 0

t he I ¥ ' [ f

aut oFhar Ut kil AatloPl I ARE Ehrolfi Bl bl
ungatesed hydroeabbnofoldfimand ot desatarapsddoeisccatitonsy. g a preferred

roduct Ito?n of aqlefins which process cgonprises the

emE;P Béenf)? -t E g)vepg% Ftﬁ:dméatﬁg‘t%q Y§pearbon fed to the autothermal

craiamg-g%f&%ﬁg%&h ho Qutt)ﬁlgﬂ'ﬁh%gclét’i'%?%g?&l e Zr

oxygen- contalning gas to-an-auto cracker .
wheCensequiet)y te@reseacingention alirep@@ides @ pesress ik tlee production of
t _capabl e of orting conbusti on beyond the
Ole;f%’%%”lat%{énf%réfgﬁ F%‘ﬁ‘pnf’?sﬁﬁggtg?s? ‘ammabi lity to provide a
(a)hy drfeziai oD ParPIRE B drotArBGHI S AR Sfeb @t &dkeddSmoldhlar oxygen-
recovering at least a portion of the ol efins produced :

cCotginan Sgps (ta pn aw@theenal @agker iwhgrean theyse resateduinge ur at ed _
i en k h - .
pr T AR A S BB ER ol B ol iCaarmg et et

lintibef MytahinabidiebeHrovidd U tydedchfam f26 &bl §@ehn BombEaHing (O®fins -
is separated into a first stream conpri sing '
(bhy d FereyERBS at 1eash & RORITO] the elefing profucedingtiep 0 6A8 and

o eadF B EATLR THLklald NLARRLIA0O R ERTA el btk o
theadiodenentcraakert he | nventi on provi des a process for

the.. 30 production_of ethene and/or propene which .

pr 0dBSEC BHHgFIdkaRbediment Ssshysirocargn pregdustsifem produced in step
(a)ﬁiglsg%ﬁzlhgc% ﬁg%gig%g%m%memgm%&%%@ t8ftirARg s than 4
carbon atoms and a second stream comprising hydrocarbons containing at least 4 carbon

atoms.

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

containing gas to an autothermal cracker wherein they are reacted in the presence of a.
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. containing Gas to an autothermal cracker wherein they

are reacted in the presence of a .. 5 WO 2004/087626
WOCTH@B2B04/ 001278 cat al yst capabl e of suppor tRGWGB2004/001278

combusti on beyond the normal fuel rich [imt of

r ov a hydrocarbon product stream

cagly PP 5t BehGrBearbs o toens & HeiineLhlaes o
flaiiytdbiietdIsr0vide AdiatociHoR b RIP SRS cbrﬁ g ifP elt@he LAYG: @

first 5 stream conpri sing hydrocarbon contai ni ng
PTQPERS t han 4 car bon at ons and a second stream

co .Sl car.bons t i nin | east carbo
) ore B e S Roi s aispa fosion ja ndodr on
strmntc&nmsm hydrbeisdns £o6RIeN 18¢ il 4 GrbdLaomsahAd spcond
et hene and/ or propene fromthe first streamand (d)

SRR GUPRTHP SB Y dregashons cpBiaieg 2biEatt Heasnamiteins tindading ot least
¢ B aivdied hedrpel 49 4 i ment

Onpre?erablyﬁ?heraﬁigﬁﬁﬁgggéghﬁgﬁ%ggﬁ o%gggntalnlng at

(L)I easicoverogy dtixme aat/onpropene Goavee dilstfsaeamtang second
strean1and recgcled to the autothermal cracker. The

Dyns Feor e 173567 BeEPB b ﬂt?cﬁ‘??%‘i‘%*ﬂf?@”h’to the aupthermak dyerker.
In &ﬁ@éﬁbd%eﬂepﬁwably RRALKLRAERL] ﬁ?&%ﬁ?&iﬁ @&Bc n:% al Jeast 4 carbon

descri bed above contai ni'ng at | east
aﬁmﬁeﬁéwaWHydﬁhelmnsamudanadnhydr@nakhanﬂﬁomMahamﬂgcﬁkkm

| | ected . 15 f 1,2
ot 417 SRERESRN 90 o8 BB ps 4 catBnEkememey bs ey
uneurhiedicempounk £k HeedH aedebed a%e%&kd?ﬁ%%@ﬁh&meca?@& ét5ms

advant ageously 1, 3 butadiene. As stat&d above,
Pr%f%féblﬂdh%\ﬂ@?faéﬁfé@ hpdroertbae pentaining aidedsus aarbdn atoms is selected

ol 96000 P S, SHRRS. EEMEDES .

pentadiend aricyelcpentadiend SebisadpaRseRRshOr, 3tﬂﬁeadm=!rféd uction
of 20 ethene and/ or propene i ch process conprises
t he Pgtséaé ve,(la)a SR p{@fegreé Sbefdiment the unsaturated hydrocarbon

m@%@ra%%fﬁg@uﬁpggéb@'léﬁ% {u%ﬁgﬁé Qxﬁbo t%%{ml ecul ar

oxygen- ‘contai ni hg-gas to- an auto cracker
whe enpequiel)y, shepregat trodniion dlbe pmvakemq:&o@fss forctht plogiattion of

b IS of art conbusti o t he norma
ot RERRY oo fRRE bR e I IoFs et Pty do.
(a)hydﬁwaﬂfgbﬁﬁar@fﬂh%%ﬁdr&a&m {254 ugsﬂe%tg%ﬁ\r!iﬁa% ABRERr oxygen-

propene, and at” | east one al kyne recovering at
CO!“é’é’@tg gaspio pr petathefmal ImeaCéqehwhereand)/eg rarepneagecm & fheoduced

and rec st a, portion
B8 S S SRR 3Rk BB £
lintihef fdnhhiEity @l prévack Bdrocarbon product stream comprising ethene and/or

propene, and at least one alkyne

(®) recovering at least a portion of the ethene and/or pfope:ne produced in step (a)

and
(c) 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
alkcyne can provide significant improvements in ethene yield and, in addition, that co-

feeding alkynes can suppress methane yield.
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.30 In this preferred enbodi ment, it has been found

wbawvogmsieedi ng at | east one aI kyne can provide
significant inmprovenents in ethene yield and, Pr?T/GBZO(“/O‘”z"S

addition, that co- feeding all-ynes can suppress

met hlénséﬂg)ﬁ: alkphe & a\ﬁ@xﬁﬁ?@f@ﬁ:@?zﬁﬁngﬁé %Q@Mb&g Ja%%hegéal
0§,or a mxture of alkynes may be passe
Ca %ga%tlg{lﬁé\r/e A PPRUR O onapE E’Pﬁf‘a‘tllvwllﬂsy‘llﬂamn xtraoe afier
urmamrmbd n@hﬁo@ﬁk)&ﬂ%as%ﬁe*br‘?ﬁ@re%keﬂ@sr S PLN8L feneg, ay, ke passed to

unsat.ur at ed conpounds, such as oné or nor
[hﬁﬁ’BY oghergpkiader.nay be passed to the aut ot her mal

crackex S above, | east a portion of the
hunsat urtg%egé ydtratglgﬁsr BERTHE ?6%': UpsagHpted fhgdrgeboh elerimts from
t erc'atokhﬂmgakmmﬂcmgtprsﬁﬁoeaﬁédrﬁ $gkik L.
dr.o bon EWOdUCt stream If rfgnq%fﬂ?eg@d}(?%arbon product stream.

If j %ué . ’r ? dBSHyefed bxdmerrbae ﬂﬁﬂt’ﬁ!ﬁ frororthe hgirboudb SCAIBOR stream
ad 1Shd d addi ti onal
Ay L T

sogFgs cash as frem t}asprbﬂmcmstrhﬁn rﬂif@didﬁfrexﬁlbhﬂas’f@aﬂ'f cidcking reactor, the
cr acki ng reactor, the ? 6

Y
off g%e%%‘irgfo & q“l“%] eYTé‘F sragking ré?%kth@g)ff w&u@ams vhe delfaf ed
cojesuisit, heaBBeaRfr whid§! aﬁ%@l\%l%‘c&g{;ﬁlt (Sjrnﬁ'o&h 6&)&%9'{1%% geec?zc Ing process

unit or an al kylation u rom
&.§ qujRlVinpelpmeceesking. g. pyr ol ytic pol ymer cracking.

VWher rated. h ocar bon an al kyne (or
0 Xt\ﬁfrhggggﬁgnrsaél%%é E}rdrpégg?n 155mellgme | S)(ﬁ@)mxtgr% conSpnsmo at Jeast
omaaﬂltyne); laguatticuREISpeEfe Qe SQUEE 8f Q%pﬁ:g%ﬂl ne Véla:eé‘f: géfcglﬁ‘gd is

fﬁé‘% reqwred is 15 acetylen
acgtylene obtamediby seetiient gn@erat&mfrommﬂyh&ﬂ Su@ﬁﬁ&fﬁ&ﬂ&é&neraﬁom

I and include, for exanple,
P e e WG s YRS, 3 Sl e panimridvere

PYEDliglh an@opdums:seplmgl\mtes@éseﬁ\@ds@i@ﬂeyeram Je@eg,% fgp{he
ac%ﬁq’fzeneacet . ene }gen ratl on may i tsel er ve

&Fx&r LREY e Vﬁ?l &pue the aﬁtqtlemnal griavking pﬁﬂiuct
strex@ givingRhQR e S g&venC\DhJ@fl at RASL Sog)[% 6Of agémngormed in the

formed in the 20 autothermnal cracR
autalsretat eackiog proetsy liscreverthd ehadesylédee e &Qn%cégdﬁogck to the
au{otﬁﬁrgﬂ g&\t}gr nal crtack process to inprove olefin
' UpPPESS 19 BRRRQYE SF T yield ap svppresstfhamasion of further
mmHCWWhéﬁﬁe%ﬂ%ﬁﬁfﬁttﬁﬂlr %&lclgrag gpﬂ%%ﬁ%n%gl 8¥PI&OCCSS can

he present process can pr ovi de si gni
pr((‘" eS1Zpidigan brwafit (1 th redvstioneinahe owhléeélbcth)ﬁt}y tb hethane.

d
Feederaue g B RbPY opdEtRe Radsiod B pufbnobe cthane,

Prdmnanebutame ar mmiimrﬁh&ﬁ:@f ePhe hydtScarb
dr ocar hon- cont ai ni ng f eedst o}?:-k Ry 8%ntalmn degdstosk may

col Hroe pr LocaFRene pRd epfzoniaily eties matertads, ifed ES(,anfpm’ nitrogen,
carB¥A RRIBxide] daFiRf&Roxide, steam or hydrogen. In particular, the paraffinic

hydrocarbon-containing 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

bydrocarbon-containing feedstock comprises a mixture of gaseous paraffinic
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. carbon nonoxi de, carbon di oxi de, steam or hydrogen. In
barticular, the paraffinic hydrocarbon-containing
Q@EYLOBWRE may al so contai n unsaturated hydr ocarpanss2004/001278
such as olefins and aromatics. in addition to the at

hyh?&%ﬁoﬂg% unsahur at ed .hydrocar bon feedstock. 30 The
p [

ar af 11 e ratd EAPBUHDE 6theas-Arswfinebesithe fepamtion of methane
froombaird gas.f racti on such as naphtha, gas oil, vacuum
gas Qil, or mxtures thereof. Usually the paraffinic

hy dr bretAiniEdrydedcaibeg-copeitshg Gledsotinrths &S edst Bhat ur e

un®%tu $ ffinic 7 2004/ 087626 .

PCT/ GBé@O%?%%%f@d “Fﬁ/%?%e\ég% BREenoniaiipg pps/may all be passed a

sepagAtgrsirsimytoethb ametheresiridkag from the separation of -
fromnatural gas. The paraffinic

met htgme
hy dr OEAMh -3 (57607 A th i sieecar dreis pre-fntest withehe paraffinic
hydnsatishabatdidiyd | ecul ar
joxygen- cont gin%' %38‘32%0%335% gf%c{&g%tlir)g%%%‘}dtoége aglothermalgracker.
Theireautant stisamhmsua iyt ots hier nEshurSie@ Bi@bcarbiy ad 4 %efﬂﬁp@%entage of
at{ g)tsd_ofg{%/yn% Ptra I z;\t ed hﬁdr oco}ar bon. is pre-m xed t
e par at i M Y 8 ‘684 P ot grestinae bl eas deaso & kevtimand

adeahseguantl kaRaseed vieqdbigh Lesgracker . . The
resul tant stream usual |y has%%p%@%@é ocarbon.

“hy driéeaih e uasatarates IF,ldtoqaﬂmunelms ageci giit peﬁicnia%@%‘f%?ﬁ&%n 0.01-
5 ast, 0.1 wt% nost prefera at
TR NP B RN M A R
advamtideusie beittec - 151 9f Bds8d 6n M&gﬁ{@ﬂe gé‘éffgng!é }ﬂgﬁth%%arbon.

uns rat ed hydrocarbon has a wel percten
bet f1e thepmsamigg bydrpgaghiagy imlal dieredionasute dondftisthdat least

oash, f en 1-20wt % apd adyvant ageously
P pet ngé n%zlﬁ’g?g%%/%‘@id\é%a O%WS%% E?S biversherprarripgs pf eetween
1-Hyet’6 ofidivon, priffeeibey bétweensatunel 664BYILAGA PR el of the
adlfergllg &grtro mgxture conprising at |east 15 one di'en ,
P liafflé GRedPeRPRd hydr ocar bon preferably has a wei ght
per cRhdrage 19 %&ﬁ%;‘ar = M. % i.ene, preferabl
bet ween 2- 15 Wt 6 of i %C:]ag,?oqblase&ﬂé’r?gt(?]remm&&ﬂm&mf‘%@t least
On‘f])alrkﬁﬂ?)ia ﬂiliecmha_}tmatfdd]y:dgwarbot‘;q:r efetddy bayseok/biloBi ﬁé_}centa%e of between
0.10¥ @9 n is_an ne (or xture conprising at
PRSP ERIR Ry Ra Y eSS ot Pty Porodranhe weight of e
paipffadie hafroyarbas a wei ght percentage of between 20
0. 1.5Wm % of al kyne, preferably between 1-5 w % of
al k)T maleadar oxheanheoniinightgas nayiseitaigbakithei dXygen or air.

P B BT S O S SBEL Rahan h

-Inertrdasclok axaropdy garvgeent ai ni ng gas is oxygen, optionally

di | %ed Wi tfh an_ inert gas,'for exanple nitrogen.
1€ ratio of paratfinic hyd:ocarbon-contammg 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
o oxygen-containing gas.

Additiona] 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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20

. 25 The ratio of paraffinic hydrocarbon-containing
wWeeaslesks t 0 nol ecul ar oxygen- containing gas mxture
is suitably from5 to 13.5 tines the stoichi onBtF/(d2004/001278
ratio of hydrocarbon to oxygen-containing gas for
anecahgriral eraCiRRI Stk 1R 8RR ALOY B oo
preferred ratio iés?ﬂ]}fror% 5t0 191%%3?%%??%@1%1151@l%drqaen 15 pre-
TIXER Wik tharparpffmie bitdrecagforhgmhtaioapfesdstdol and subsequently passed to

thOXKIBRAEAN AL Ng gas. 30 Additional feed streams
conprising at |east one from carbon nonoxi de, carbon

di oxXTideaurcth@mal anekeh yigh : to the
i R LR OGN g wan

qO@;;{:‘c;tté)he‘r mal cracker. X referably an ad
oSt RFEBRRE BEspieg tap do6Yertvpsalhagsed: tant156°@ MO preferably

8 RCT/ GB2004/ 001278 .autothermal cracker.
S LI C, I 200 ORGP 6 U P Lo Db W Ier00°C, for

exBy@leage 11809T Grerbial p%tlg»ob*@ paraffinic
hydr ocar bon- cont al ni ng 'feedst ock and subsequentl|y
pasdeg@enyal, theeutmiitomaberaeiter aiBckasperatb@atithobMefilR} clevated

k may sujtably be operated at a tenperature .
e Ereiint! L E8e mruPE et ergrebberbesware ES0Ebare ..
1.8 ypgcathplogée MO eth@Roth Lerap! reat er

t han 800%:. “The upper te e%ﬁug{]gf&%nef{h%ﬁgybﬂﬁg’?’%ﬁ’§“5@>
usygis ptoyg posssure of greateathphd Siprg. o\ dvhBBGeoRnefe hatEr Bl cracker
~ C eneral .. the autothermal cracker nmay be
s S e piefy TisBgh et pevsm L 0o sugl assheiivesn 20-30 barg e.g.
25Pmaessures of 1-40 barg nmay be suitable, preferably a

preS@Ere of 1-5 barg e.g. 10 1.8 barg is enpl oyed.
HoweV 8Frehe Wisalurgieddysiiecarlesin igrapailenc t sremomati@cgnp@indhse a

: I al. pressur f greater_than 15
mitfE of RS wXarB, okl BARRRIGE, B aflo Tk gadr & preferably

opoptatatt @dotahprasspreasiiéfer tARYS bafe, RALSeN kD540 P2
et ween 20-30 barg e. g.g 25 arg. Pher e {sﬂ%rea-te”han.

15%uch aa 5
U2 AHP AT EE ARG RSO Rr RIS SUES TR SR PRegtw eemhS 4P bary, fuch as

beSRFRQOMD By 8o IPpdfbXt ure of al kenes and/or aromatic
compounds, the autothernmal cracker is preferably

opertaeieebiy, the naptfhicindssartenefonglitiag déedsioaR, Be Bay Gmprising
I . l. _pressure of greater than 15 barg, and i

o ‘;%5‘31&%52%%{6@ hyRfoshon auf e Palk G0 PR Yep weRInES 2% are fed o
thebartothesnal raaker 1D QEMWBEBredRd ‘ :

Pref er a&lkgr teﬁe1 par af f i'eni cgl%/gi?%g{grggg r% P %%n???’%ityn%GHSV) Of
r9ater daan, 34,000 by FaeferabhpiesPHEV @0eals 200490 hohaspecially greater

rbon t he nol ecul ar . '

0t 1 T0rah &\pe o o i O i lfined as:-
(vanme lof rothlnfeatlatiNTRIN BouN d@ 0 hanCoSci i psgSpace Vel ocity

( of greater than 80,000 hr-1. Preterably, the
Cflé@'%ﬁ@é’ dRfscasalyst erppsypported Blatipnm| grqupymetd ePreferably, 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 1s 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 structure, frequently of a honeycomb appearance. A
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- crack®ls 4vsidig ined at a pressure of between '
10. 0- 20. 0 bar gﬂ%%ﬁ%aicf’ﬁnst 'ﬁgnﬁr%%ﬁ?@iﬂg Tgiptanseric e diefindelectiviry.

. than 1,000,000 hr-1. For the purposes of the present
invention GHSV is defined as:-. (volune of total feed

awa\dieshs7eaur) / (volume of catal yst bed). 25 Suitably

the catalyst is a supported platinum group netal PCT/GB2004/001278
Prr Efer _a}sbl y, the met al is ei.t her pl ati num or

Pat i HRR oo For dhadakel vically hevieofetaWhie ey aiig, MOSALLUTAL Ehoportis

Tvdeoeanbon IS .an, al k nﬁ § r m xture conprising at
:!*fﬁSt' ogg al El?/lnaé’)raforﬂ’ﬁ%a %y COpY Ertnabingthodnpell s@swa to those
: . ! :
tdimet @anmmanmgemmca@ﬂ_bét%mme@a%gg%glg WBuide

. 1
q f.. support material s is aval %'
{)L?)g’flg'r $ue15mfee£ GE@ersnchre aonrer asd ttheUsuiyahé prolists are clluenched

SUppoEmerFBiRm fle MRY:hDS4 N Lhe form of spheres, othe
granul ar_shapes “or 'E:tgglgnrﬁ] é‘arcgérn%fﬂ Prat i ERIPgraniTh és fedaged to
i

& BaBBASIG whhinHesshidos] 5@miliRBEdHAY 3¢ Sor ML L channel
cer anhﬁ]ersettggct ure, frequently of a honeyg:o
appear ance. - R §SHDP 2 B0 4108 7s00! RaT CR2BAMAAIRES: pressure of
reéar 1.8¢ .6 ; al ytical active metals
}Fsma ganma gﬁ@g%&%ﬁ %r%é#gﬂf)%téﬁ &IHCECtho%@éEe {@mperature reduced to
IptsdbatrA aneition 1084 15anillise-byas onwankiqnal et hods wel |
knomwth?rettgé)se skilled in the art. Advantageously
catal yst proRGtef $ iy 2BlogisTival ¢racite ds maintaifidieat a pressure of

tetpEard.0-33ubdrabbe rpg?& incl ud opper and tin.
-usual Iy the ,pgoduc]? sl; a e%%%h%h%&ng@%a%%tt%%gﬁ”m?&fg@ reduced to
lfssghan #O°GurittinSormbmsliiseisads stpRnhigl the tenperature

isr ged to less than 650C within less than _
150m | ['T'S SEONESUBT Ofthe Awpitsrmalirarier istaaintabssn Q pPfssure of

behecealit ®1 He &h ro.l jntained at a pressure o
between 1.5-2. uba%&gsnﬁgﬁcgéa rﬁ@“ﬁ?‘%&ﬂ@flg t@rtémﬁelémrheqﬁuced to
I dbanHe> OF € s trimass than SOnSIEEdoRds hLESmhREN 650C Wi t hin

100- Zpop. Lyl d srecondsf of formation. 10 Were the

pressure o PREVEU R R YRR reacker issmamtairedian@ gradturd of
press UDd-20.0 bbet weah; @e Qroiubt sual | he products
t(g&gﬁ uenched and the tgh{)er a%slj"?geg?én 58%89{4@1@ lfrapgaupmyeduced

PRV Bethmotmilliseswnde bd Sorafatibar mat i on. Wher e t he
cracker is maintai ned at a

pressy aut ot hermal ¢
e o B o oy M e
o :
Exsaige ten 2060 uig NEhAd Bdeolils taﬁl@%&x%eumdr :i%ldlrtgg geg&%g}tglp reduced

t.]15 less_than 650C within |ess
¢ SPRER 8RO Gwithin Y0mdlliseemesip fafnatibe. aut ot her mal

t he Tonpedattamenyietieschedt@idetsSidtilan. 030G Wi thin
. : ), A T e e i
e L ecande o aeachedd &35 %gngers oIhtlhe type familiar
m CTacking technology. Additionally or alternatively, a direct quench may be
employed. Suitable quenching fluids include water.

The present invention usually provides a percentage conversion of easeous
paraffinic hydrocarbon of greater than 40%, preferably greater than 50%, and most
preferably greater than 602,

Furthermore the present invention usually provides a selectivity towards mono- |
olefins of greater than 50%, preferably greater than 60%, and most preferably ereater
than 70%. N

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

10
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. Finally where the pressure of the autothermal cracker

WG 20WiofHeas ned at a pressure 20 of greater than 20.0
barg usual |y the products are quenched and t he PCT/GB2004/001278

tenperature reduced to |less than 650C within

Pradysiipm o eleding hath predesmid seﬂié&hﬁ‘g@b%fﬁlﬁé L@?}wbon at least
on@%ﬁgatn%rg&sa II%Cnﬁ)é)pl ace and maintains a hi
Vi t NIPS A R %C%yOWéewem@hmmg grsi tagn paititbrmal
dudx
cr axtwﬁeﬁehﬁﬂhlﬁ b r@;fctédhﬁ I(HI sérﬁzlg]of a3 ta&lfs%1 8?}}?5?’% ]f éPQPOTHn"

cracklng t echnol ogy. ona

copbrgtign Rryene thmnbletuel&cmﬂnhﬂyﬁdlanﬁﬂamﬁ@ 18 %{’?@&Q h{)@rocarbon

i nventi on usual

t t
produs! g’seahpgmgeség?le 5. SUA PSR oRCioe chseieused in fhat e total

provi des a

hypeocafbbn rfecd:tchtilié beedeRRd] Pick8f EahSfisds Q]?[%aéto)é’wt% ) %tur%ed

h reatber than 50% and nost pref erabl y greater
YEOYETORBY t her more the pr esent i nvention usually

ro t o- 30_o| efins: of
gr egjtl g§§ ?%ﬁaeﬁl.e@etﬁ} fn)é?ee VgB a%pntgf /PapathiRicdygsocarhen and the at
leaybente ynsetfuertabhydrorgininahay b@ FovI@ as! a,”su?glé H(rﬁﬁgérbgr?l%gnttammo
fee%tc? (@%re}s%nt |nvent|0n there is pro
Or ot RENPEHNGA @%QPW@QBUW@ZQ@M@&MZSFM example, the
sin@leaelided da@bf ol 1?1“11b @é&g%&lg RIS eistfc’eagﬂ%rg){%égf tg;; gﬁgl@g distillate

a paraffinic hy roEa %) e
rar’@?cﬂ?}@mﬂﬁdm%@tﬂb 400G} eciultid nHBLParGRNEAIAN] 9040% 5%e0), vut
N

n.autoth cracker wherein they are reacted
Wl@h Ifl:‘ &ctg% ugsaigaigd 9§@IOGQT@QDICQH@M thappould cwhventionally be
fi &t@m&ﬂ
¥ L anmabi Ieﬂl%tC is&%(g’l}g?%\r/&? gel&{ar y(flf ﬂuggp @gﬁa@rﬁﬁ%&ﬁ@t fremy theh

souseRRprusiahly fobdstocs inchalaireinkrd 606SmYBNAGRAL QGEeﬁrﬂﬁnS‘latalytic
drocarbon fed to the autothernal

he t |
crag%g%&fi‘{;cé 8ﬁfﬁso g§at8 YUp geskimg R ofniigns at ur at ed

hy dBacaisb@n e ity BF dicARRAGL DS .nvent i on,
both the par aff i :ﬁc hydr ocar bon angerp[h%g ﬁlggﬁgargﬁéxanunes

of pan¥Rird bagrony@pescHiton Cwbyndzre:ops tolidebtrama vHictgveuld not
10 feedstock. comprisi ng at | east
o S LA AL o GRTrBE (& hpg oexarmble tition by

satwiategll fecdsyﬁimm@drdﬂ esurcs3nta by ﬂﬁdﬂ? ?&ﬁ%%gaﬁﬁbﬁegﬁalaﬂacker The
boiling in the mddle distillate ra

' renzciv?&)}g] qsg;alixgg@tl{edma@@@)eddxydr rarte eraprint bﬁtheaﬁ'gmcarbon-

thiiRigadd 0 wi.t.h significantly

i ghegr unsg%%’ugg%glggéﬁ (r:(ch Bon v%%‘ﬁ‘? 8?1‘%‘3%%‘??%5’%(“3 cracking
feeésim}@muorbmalch;debﬁl dlftﬂlﬂmbﬁ) t@pidasdedi giglah nﬁ th qgﬁ:e operated
mog | der abI dilution by saturated feeds from ot

Soutlagggl}s "Sui t abl e feedstocks include refinery
- St 1 PRMEaBBthy 8l 1 @0 58K Fed 1o ¢ FSoes RS
(FCC) or residue ?:Iat al yti c cPagklglﬁ&a%ﬁﬁg ﬂ?cfgompnse% 2010
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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: surrounded by an e RN

. Because of the ability of the autothermal cracker to
vob es@lgg s ani fi cant quantities of unsaturated

‘hydr ocarbons wi t hout carbonaceous foul ing, stre&f§/GB2004/001278
whi ch woul d not conventionally be considered for
st earfiiguradkdepts af ARQHEMEPBSLEGES ' t lon. by 2
satur atdeg feeds from ot her sour %e?%’grégﬁ ‘BEPPERSi ai%}‘ﬂf%aeactor
v 5 IS0 P¥ @R slenIcaby-eated furive, 2 rﬁimaitopﬁ h%%%bfealtmn

R e EoHAS Blo hydr o nt. of the
h%r ocar bgﬁ]- Lg%g%lt ¥i’ng Cfaeé?ﬁ‘grf"éq{ on %9 SePRlY. 4lfoohoth the
Pﬁ‘f’aé@%@é)e@mmboh and)mdcenirhte@ﬁl JiﬁbcﬂSBﬁ’)" ghen gﬁ%%grb'dg feed supply, 4,

crude oll distillati
Ir%gfetéiﬁ%- Pam ﬁgﬁﬁ?ﬁabeq{& PEnasper- ﬂmmnahnrthe hvdrovarbon feed may
vanhqoané AGEEHES by-fecdD A tal hydrocarbon
fed to the aut oetFﬁeFJr;rHaf?g %‘{dgg%éraggg &1& UWch @s pyTogepingsse, the

TSR, hds providsdGth z%atai[ystunsata,l W\&ﬁ(ﬂﬂxs yEHHIC BF 8RS rring
hydr ocar bons may npri-se

I rat ed
;%aﬁg?él}ﬁ{g Bég Q%giu cj é'é%’f ohthopbilisy ardscorprases a catalyst bed, 7.
Boamtyst:lsed S i€ BosiBEnet bdnf S heh 2 matics. As used
hi s aspect BOtlhen percr:‘eér:f'?l yt%]é%iag ?vvt % is based
BSG B%edcllmﬂlé@ ghts sof scmsdo adainhion Bedt lods&e ORI BS%ants contact
tﬁeeceggygtge% {{ﬂ ngmc 30 CL acker. The invention
S pydrocropn eeeﬁ(ﬂomjhﬁts'ﬁgjo @xedwst smteand carbon

now

Opldgwﬁhfélopnoﬁalgwdeo ceeasans s
aut ot hermal. cr acklgrjsm Cappar at usoﬂb&%@%ég%%%g%%otﬁ of these
%EEHS@@E GERFrgETy gxo P@meanﬂ thiepiat psoduneditteadiiteh Malsed to drive
1

thercasdid guartz reactor, 1,
Mﬁg@ﬁ{l&g% pro %] ted furnace, 2. The
r, 1, i's coupled to an oxygen-containi ng gas
cs 941:3’4 , and a hydrocarbon feed supply, 4 (for both
raf finic hydroecarbon and unsaturat ed

hy dAacatd®eImal -Efb%km(’@'a% it P@'ﬂpx& g é&/lf"? %tére.)én and-)]wt% copper

re-heated in an el ectrica

deggeiishen aalupppa ﬂaymr(cb@mbmﬂrnmeﬁ 30@3n d@gm;u pofes e i
Sufpﬂﬁ&hﬁ{ V%Qlf\fl&eﬁl '%g@hh(;ea SF%% ! and ?Af)r\%agupejgltghwd bhre;;ated

trogen n use

lmmcai h wathselutns Whi in
é%nblfgf on beyond t héﬁ?%‘*éf"eﬁﬁ@a‘%qﬁ?@h‘%ﬁ% bk efifher () chloride

Ytgedhametal salyselutined were of Filfficieat @ntshrdRh to Achieve

thé Ge RS IBédiﬁ‘ﬁsdo;%‘?QQ@ el 1P z?l@%bgigelftgll d ﬁyq%p g%:oHégatleE @1;;; Z]g;a final

t he furnace IS sSet

cam%vat ﬁ@n@mmmr exhtifgteonbtiéh

the 151 dr ocar bon f eed l?g)n?ooulst S tﬁgy 22 %%J(S:(ggg% é’as reﬁ’do"eg’ and
?? Yasdrieghia a@pﬁtllaﬁ"eﬂf 1H9,aE algiea:nl@ﬁed 2edr & B0°C before

h of these combustion

o TNBLS 80 LRI Sy g o

angl ierhekd uﬂd&réhydﬁ)ﬁgn/hﬁrdé"eh !ﬁnosﬁﬂ@re%“t 547880k, lhl?our

Catxldlgocar bon to produce ol ef
An auto-thermal cracking catalyst comprising platinum and pelladium 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 (1) chloride and 0.495¢
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. 15 Exanples Catalyst A An auto-thermal cracking
“g)aj;ogl /X%t conprising 3w % pl ati num and | wt % copper
ep &Y on an al umi na foam (15nm di anmet er x BOWEB2004/001278
deep, 30 pores per inch supplied by Vesuvius Hi-Tech
of Emamiedall i e : )1 WAS . Dr epar by. repeat ed. 20
i C}rapr egr%gti on Wi(?‘tﬁ Cﬂglg %%%gﬁ}é&and E%t\ggtlg%i eﬁé}ﬁﬁ’rﬁ Wi dnied)at
1264} &wrildwuannd denpekined,| i) aghhorigec P @gieni sed wat er:
E{gpneggt al salt solutions were of sufficient
- tration to achieve the desired | oadings of Pt
andh&dutof thatrhaitReiet-al e incorporated info .
the final cat al yst foﬁ”ﬁﬁ%‘%rpgﬁfglgﬂp ?a glrn ugla%% COPper Jepomed on
unmina foamwas dried in air at 120C an
thec%?%t?nrglc?l icf?cg?rra“g}?ﬁ%gé"éebé’@é mgatpd tg Ba0%ext
I Ry REDBEERN G&n AL ~ t ad_been
adsor bed, the foans mtg?%éjg}tl egH agﬁ?w}i%&ﬁwdﬁs RASHe to the

aulg{lgroalenackier rOgeaen atartisphasedab bl Befend] @fackeNBUhitiate the
cracki ng cat al yst

lyst An aut o-t her nal

reacg@{’%%r?ﬁs?ihﬁ’gf BERLP Hmeah'aruggﬂ T4 AR TaeiptEtaded 1.9%h(v/v). The
rea@ti bHTiva 8 p SEEeH ar WRSosBh r@gu?e}’, | npregnati on, using

i nci pi ent wetness, o % o 30 al um na spheres

(s §6‘|E5‘P]eéd"%§/ amyrge at oxlygSmtmetdiaaerfeed Iratdsnd 0SIM) O48S0.53 and
0.634yhace Area 210 n2/g), with a solution containing

4.°4158 of tetraam neplatinum (I1) chloride and 0.495g

12 TWON2Bigéh GiE 6 rBETA¢ERAD 4 FOURE8m &Jcmpn'sing 9.65 volume % of
1 irﬁttraaam nepal adium (11) chloride in de-1oni'sed water.
' TRERE SR FeditRerrant the anadysisizpeattdr 1 hour and then

calgi P Al C for .6. hours. le 1 The

e Charmvefidh bt it MORE - Rorih i Si0n 55 v mcamred
an¢ thepesultd epostiomedinaable 5 al um na foam (two bl ocks of

Exgﬁt %yst A resulting in a bed 60nt deep) was placed in
tothermal cracker and the cracker was heated to

858famMef 1eRds sdpefed™: L &0 | htogen and
hydr orgglr? ) vvasS IrSJEtzEljssed sglgé?%%&bﬁgrtx gc{ Pn%lvgi:utrr%ecl%gl? .O?nl'l V7).
Theyy gtversien efeshansasd it selectiviey auwatih ethyRhe 628 Ghe@kurt® and the

Ll L he eaction. The hydrogen to oxygen vol une
reSr a%%ﬂg%&gvg}lrlr%Fa :iea‘r‘ned at 1.9: 1 (v/v). The 10 reaction

Exaampl@®r f or mred at at nospheric pressure. Sanples were
angl %/sed .at oxygen to ethane feed ratios of 0. 35,
0. ##2mplegawanrepegedsusiyag hydrogemtondrtygey enlunesratiben 0.5:1 (v/v)

. - C o 0
gfe??hé‘ga‘?ﬁipl% WrPak&ed o§)t/gre%%cr>n AR e rrzllgosg (')16 (?.3 g;o()l.&r,r%ncf) 0.53
(v/v).: The % conversion of ethane and the selectivity towards ethyiene'was measured

and the results are shown in table 3.



.1, 3 butadiene in nitrogen and the anal ysis repeated.
15 The % conversion of ethane and the selectivity

Wovar-ds et h

shown in table 1.

yl ene was neasured

and the resuldrfce2iBo127s
Exanpl e 2 Exanpl e .1 was repeated

H$ihd a hydrogen to oxygen volune ratio of 1:1 (v/v).
The % conversion of ethane and the selectivity towards

ArtyrapeTanbing nbasiE 8d Rk tAebutZfede@SH 4 5@ SrHROWR, i N

Hy8Rb&: 6 ox 420D

hydr ogen t0 0X

le 3 Ex

. | e,
RGO b

i o of

0.5:1 (v/v)

was repeated using a

The

sanpl es were taken at oxygen to ethane feed ratios of

035 044 and—6-53 sav./‘w'). The—%-conversion_of
et hane and |[FH&0"s o718t VIPESE t GWRERed < BeTey | ehaswgatbane  ethane
measured 25 andoddiensesul t suadiensghown bpadiahl e 3. 13Quiene
Toal BT 2004H087626—PCH-GB2004/ 001278 Tabl el “
Autother mat| clacki’fg of *&% hane!&nd %etthand Wi t he.16  o.11
Cz:Butiadviene querssa PhsLCU GAGAl YSBsWIORd  J%¥9F OUFE L0 (1503
Hz-(‘??%%ﬁn vol Ume ratio ofl 1.9:1 (v/v). ethane ethane ~
“ethane et hdie 8t h&f¥ etafe ét¥Hane lébhane -Sshuf atilend. 526
N2:@utvadli ene Hutsadi epgodoutagibeng ssTot @!44@966_38?“ 2o Md M.
L3 dRnd. 02 919 9.18 [9. 1879, 17.°9.16 9.11 " 02 | °
(VO 0. 353 0-353°62%35 0. 43882527 0. 527.084 605-0. 60827
cthapdXv@2 (viv'|) 1.994 1.986 .1.958 1./969 1.568 1;886 1 "
AT +526—N2-02 (vlv)1 0. 54 040010 492 0 43310, 446
B 387 0. 424608759297 I Bdfadiede | 7276, 02018 - | BL.ER2 5240
com@s®B4%3 0.Q'"' 7 ethane (viv) Ethane 46.00 42,95 7
oxy 8. 74 55.83 74,76 727. 19 84.65 82.40 conversion (io)
Yygen 98. 47598, 19558 15388, 28480 | 48485, 95798] 983708.9844
|convemouéresi on |( %9
| Butadiene — 03.05 — 96.24 -— 97.66 —  100.00
Conversion (%)
Ethene yield 36.50 3359 14493 4487 |53.16 54.13 |355.87 57.93
(g per 100g
ethane feed)
ATomatics yield 003 008 [003 004 |034 002 |022 00
(g per 100g
ethane feed)
Ethene selectivity | 7935 83.03 |76.49 8029 |71.11  74.95 166.00 7030
(g per 100¢ ethane
converted)
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. Butadiene -- 93.05 - 96.24 -- 97.66 - 100.00
Conveioships-§,c0) Ethene yield 36.50 35.59 44.93 44.S77
53.16 54.13 55.8 7 57.93 (goer 10Gy et hane fPEE@EF2004/001278
Aromatics yield 0.03 0.08 0.03 0.04 0.14 0.02 0.22
0.02 (g per | 00g ethane feed) Ethene selectivity
. 7913b1e83. 03 76.49 80.29 71.11 74.98 66.00 70.30 (g

%@%%ﬁfit hane tconverted) 14 WO 2004/ 087626
PR of etRanF $hd cThak] vaithdiurabivhOfher ]madu Sra
fhéqernev camﬂne&banﬁne/\gft h byt adi ene over a @u
scatalyst with .p hydrogen to oxygen vol une ratl o of
1 (vio), et hane ethane Ethane ethane et hane et hane

T

et hane et hane |-buiadione %ﬁaﬁﬂ' e Pt adi-ene—butadient
Total feed rate (nliinin)l 7.62 7 o- t?

'haRes  qtheny getpan 4 ethane
02 - C2HR Q. 117) 7. b}*]‘am?mee 0. IB=Eng53 0. #Bkicks (435 buragiene

B2:02 (v ethang 4. 86,46. 10545890 97 59

86,44;;84. 98 gonversion
. 15:5-butadiens | sthape —_ 0.021 0.023 -— 0.026

(viv)

00@2?°m°(5znm>~/sn 602.¢0. §0Z 7, F2 92t vy} —6-996-0..994
@:O@_’gh 104811058 1. 046 | 11%2: 029(iv}t 760

)% g 50,484 0. ZQ@ 0- %533 | 00443 00400 [0.5431 0:3/%0500  Oai
btit'adi ene |:0.9¢ haneps 0. QRbp - 66827 10/< 7(7)2%5 ,5{0%943 1.04¢6

044" 0.400 |0.431 037§
—  0.028

ethar]ﬁ - - PR
47:86  46.15 60.97
conversion (%)

L
=]
b

n

7710 7543 [86.44 84.98

(g per 100g
" letnane feed)

Ethene selectivity 7436 7831 "n an 76.06

1220

(@)
(=3
—

(g per 100g ethaps

_ @cnsd‘)

oxygen 98.80 9560 -
. -68 98.85 98.74 -1 98.82 -
conversion (%) < 9879 19894 9897
butadiens
diene . _ 92,86 _ 9 01 . o i )
conversion (%) e — 98.37
Eth ield .
| ene yield . 3559 36.14 4410 4498 [52.13 5358 |3435 P
(&/100g ethane feed) -- 2 56.33
AT ! PRI X
omaucs vieid 0.03 0.05 0.02 0.03 0.03 0.13 010 Oﬁ

71.03 [62.87  66.29
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.80 95.69 95.55 98.74 79 98.82 98. 95.94
o8 enz"g‘?f?%%ﬁsi on (%) butadiene - 92.86 92.01 -PCT/GB2004/001278

[ ield 35.59
7.47/ - 98.37 conversion (% Ethene vyiel
: ge.14 44,10 41.9 5 51.1 54.3 5 56.33 (g/100g ethane
fe romatics A vyield C, 03 0.03 0.02 0.05 0.03 0.13

0. 3 (g Per 1008 ethane feed) Ethane
61 71.03 62.87
Lo S B Oy BB S Dt e S
20@4@3@6@@@@&1 GHR06 4402781 (Wbl e 3: Aut ot her mal
scracki ng of ethane and ethane w th butadi ene over a

Pt—Cu catalyst with a hydrogen to oxygen volune ratio
of|0.5:1 (v/v). 5 ejgéthm etthane [6hBRNE cBLAaN Fﬁ%gm 5 —

et hane butadi ene byt adi ene but 4di ene t ot al eed ra

nlfnin 6.95 6.95 6.6 6. 72ut@ligE 9;58 Pgt.acri‘i’?ﬁ];i)-llsiusvébniﬁa/c‘lzene

7O ; 076 iz y
kit R A

02 : C2H6 (v/v) 0.435 0435 10.527 0.527 [0.605 0.605
H2:02 (v/v) 0546 0542 10474 0477 O.;16O 0.441
N2:02 (v/v) 0.488 0442 10452 0.399 0425 0378
1,3-butadiene:ethane — 0.024 -— 0.025 - 0.030
(Vi) |

ethane conversion (%) 64.01  63.17 |78.83 79.02 [88.11 8§7.97
oxygen conversion (%) [98.43 98.42 [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 [0.08 008 |023 034
(g per 100g ethane feed)

Ethene selectivity (g per | 68.49 7221 164.23 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
10 result in any si gﬁiﬁcant carbon formation on the c-ata]yst' 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

15 was heated to 850°C. Catalyst bed dimensions were 15mm diameter by 60mm deep

16



10

15

. N2: 02 (v/v) 0.488 0.442 0.452 0.399 0.425 0.378
1, 3- but adi ene: ethane --- 0.024 --- 0.025 --- 0.030

WO LWHOEREane conversion (% 64.01 63.17 78. 83 mO€R2004/001278
88.11 87.97 oxygen conversion (% 98.43 98.42 98. 63

98. e 5 . butadi ene conversion (% --- 98.59
auﬁgﬁgesig’gggﬁ%gﬁ‘%nﬁf‘%gﬁ?@%rPBT%‘CE@;élpyldr@g@gz\%@pme@mtw
0gg1abFackEr. 748 i aks a8dely matic i.el d
re?m%é pngotﬁ 0. o((s)g}o@gév . %)q)o. 34%?[5 %@?@‘3@%3 CBeke de tnitiate the
eed) Et Véiﬁ%‘v’?éPé’EY&eviVPi}m(eg"aﬁerwatSSnatiﬁtamcjzﬁoﬁéh.@&). The
reﬁﬁioﬁ@vﬁﬁeﬁﬁnﬁéha%%mésgg&cgﬁg@g%converted) It can be
ve ex e

seen, fromall the ab anplés that the ethene yield
i s gEHEAIVYe anslgsedas bukeanggthabydocabbn £33 88001 RethE e

0.7ddigh wR,0f but adi ene the ethene selectivity iIs ©
i ncreased. Furthernore it can al so be seen that the

addiqendmeofastthen hideadi £16c] dFS5 DY, . an
an§g%§ir%3e§%9t carbon formation on the&%g%rg%%tn %E?‘Fé%‘éthe

ol1 et e fact that only |ow anbunts of aromatics

ar &hp o cisethi o= X RRINg .0-1 hermal cracking

(gﬁ]t al %lﬁt?s corrpl)?i si ng nplag% %[lﬁgfnﬁgﬁg&pgl“fag%ﬁ i ens oS mesgured
ol i A SeWerp SN Chlystata) acavkaaeh (bl
ac 1 1

8 OC.) Cat alril/tgésacbeg' Od?aﬂgr?éiaf?ﬂg)'@ere 15mm di anmet er by

6olfmambegnem&rdwraﬂ%/t&ﬁ?@&h?ﬁﬁ@@%ﬂ@éé@%r@ Saé%ﬁ%égn%gease d

St .conprising ethane, nitrogen an
Wl%atéeggagf}"%‘) n%i?g:‘é’ﬂ‘in&tiﬂﬂhﬁﬁﬂoré iatkelso oopge ?%amﬁ aﬁﬂi@iﬁn of the
acappissedbet Aot f2EuIRHE £ er to.inifiate the

tﬁg?cti on. The hydrgg%@%ng%%@nfowﬁﬁ%oq tejcatalygisurface due
' REH Seherlydew anmuats of AnjnatiFhere pré@gkiion was per f or med

at  af fRsRhend essure. Sanpl.es were anal ysed at
t hree oxygé%h&‘%%srl%%é’r’ﬂ arfee’@n‘g]dr‘%f’?%eidﬁolfﬁbon aluiteon of

acegyl igh }
otyigne. §.meightlbe etpectad eiayihe Aethvas 31188W'<ﬁ@ﬁxgre@gen§?c%/c§%§t{xane 1s a

Bhg % acetylene in ethane and t
e ep%}é?}é)ghcﬁcﬁjé_b %/&s %@F@t@ﬁ/ sfackingapactign of ethene to produce
ethglehe dhiuy,ithey/ preomte 48 a@tIHERBeNe S TBASHLSHane formation.
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.10 and the results are shown in table 4 for the data

at @2: hydrocarbon (ethane plus acetylene) weight

rati os of ca. 0.51, 0.56 and 0.60. It can be seen from

Tabl e 4 ot/t(}at the ethene yield and selectivity are both .

i ncreased® W h the addition of acetylene. Furt REF(BRE4/001278

it can al so be seen that the addition of the

acelgblede does not result in any significant carbon

for [ e catal yst surface due 15 to the fact -

t ha@%ﬁ#ﬁn?gﬁ%}ﬂ% ﬁﬁt@?ngﬁnda?tg‘i?ﬁt“i”&lsacaw@nb podadedd camlyst with an

addpxdregsn tany geurqiithsiatigbyo.718thane yiel d is observed

to fall on addition of acetylene. It mght be

expected that the nethane yield would increase since
metthane is a seconfgiveP’ QRIGE PhniilE HEhydrogenaton—
/ d¢racking reaction|of lelf)hane to ﬁ?%%uc%ﬁa%'t iyl RApE.  ethane
Thus, the presence pf acetylP8fe pppears pigs i nhi bit plus
nmetthane formation. RO 25 7 " 70 200-4/ 087626
PCH-6BR2004/001278 Tahl e 43'(:3%5?% her rra%ce??'rl%&eki ng of acetylene
et ﬁtgﬁtmﬁ?lal/‘@{nhane w th0Zacet ylogne] ovas a R P cafal ysio,

W @/ RyGT Ogem tpoxygen—yorure—ratto—of- 0 7.1 (v
M |. Et hane et hane of Na%% ot Wate kifidhe GCRAN

n b 0.pfuc 0.571
pl &2BRGVhcet yl ene| adet y| emgoiacebybeneo sbot al o feed 4 -
nl hi-026,,02 6.00 5.P8 ¢?896 % 5 91 5,94 02/ CH6 (Vv/ V)
0.488 0.502 0.5_0 0 |'41°0. 56%-0. 59252 H200%4 | | v).§65  0.566
0. POIYBrTathag: 689 0 699 0. 60FM.[69Z. N2 (Vie) (oo

0. K98 582 0. 574 0.565 0.[566 acetyl epe: et hane

(vie) “--é%i.%"(?gé‘”’?‘f@ o.%ég% --Q-g%?. 026602/ RyeF ot ak-En  0.595
(Wethaby c@vBR0n Q%924 B7561 07565 U.7g$u =295 c‘zg‘.?n e
co%\({g&e%lcggv 9 %7.5 73.1 73.8 78.5 /9.1 82.2| oXygen
copversion (U™ 9. 4 9943 99993 99. #999. 3999. 5| Bahene 995

yi @tebnd5neld? 50. 4T 48433752 R2 29 17195 685
(g per 100g ethane feed)

‘t\J
Q%]

49.77 23.68

Methane yield 4.02 3.96 4.90 4.74

W

J
th
n
(€3]
~)

(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
100g ethane converted)

N
i
to
(@)}
~J

A 62.9

ON
n
(W8]

Example 5

An auto-thermal cracking catalyst comprising platinum.(two blocks of catalyst
comprising 3wt% platinum) was placed in the antothermal cracker and the cracker was
heated to 800°C,

10 . . . N [ .
A feed stream compnsmg n-pentane, nitrogen‘and hydrogen was passed to the

autothermal cracker. Oxs § i
uto i cracker. Oxygen was then passed to the autothermal cracker to initate the
reaction. The hydrogen to oxygen voiume ratio was maintained at 0.5:1 (v/v). The

reaction was performed at atmospheric pressure.

18



. (g per 1008 ethane feed) :IM,| thane _yield ?.02 3.96
4.90 4.74 ) 7] 5.37 per 1 009 ethane feed) omatics

h

10

n

yi &la2004/888,,0. 009 0.000 0.010 0.003 0.014 (g per 100g
et hane feed) Ethene selectivity (g per 67.0 69. OPEBGB2004/001278
6 7.1 62.9 65.3 100g ethane converted) 5 Exanple 5 An

- Sheplealw ' g
aut o- coT aakyis efat GaY St the RANPE.§ 'r;ﬂ%lsr?& 03524635 and

pI@@i@ym(tm bl ocks of catal yst conpris
pl ati nun}’ was placed in the autothermal cracker and

t he chackematie®nagat 8ddd 10 A feed stream
CQPRYi.S) ng_. n- Rent ane, ni%r?%rg(eé%% he mﬁﬁﬁ%‘ﬁé‘ﬂ“ elsnpaigsedght ratio
to thé” RutUAeAn e mdkend. to @tygentaasmdied A Sftshe raci
t 6.07hevtaut ot hermal cracker to initiate the reac?| o, rauo of
The h;fgrg?)/gen to ox;f/gen vol unme ratio was mai ntai ned at
0. 5: 1" £9/95°IVFRien of eactiamandaie PQES R4
ALIDEPRALICoPLERRE 1S VIO 2004/ 087 C38 ) hene was measurea
8200%00115;3 anp1 es Wwere anal ysed at oxygen t(o/ )
pent afearf erf &bmORebRf 5 QatiBe eQeRd 9 0.636. (v/iv).
ApiRERMALLC cant ai ni ng feedstgreg&fyn%gg%%fi ISR AT hdth increased

d" R esen o FoREfigRempaimide  of 4: 1 xvl ene: i ndene was
then introduced to give a total aromatics to n-pentane
ragi0.0f 5 0.078 wt/w. The '//0 conversion of

= ane and the selectivity towards ethene was
nBasthesshl cARfinbRe L r ts are shown in table 5. It can
be _seen from 'Fﬁ%?g pgﬁ%ea%“dtaq@e‘é‘f‘??%’éh iogtagicsencer a Pt catalyst with
SoPEEREED? grigen vbiot rhos RS e/ h { he addi tion of
aromati ¢ conpounds. 10 Table 5: Autothermal cracking

n- pent ane and n-pentane with aromatics over a Pt

catal yst with pentane pentane pentane pentane | pentane pentane
aromatic| aromatic aromatic
total feed. rate nl/min 3.33 321 | 3.17 3.12 3.08 3.00
O2/C5HI12 (v/v) , 0752 0.898 | 0.675 0353 0.636  0.786
H2:02 (viv) 0.504 0500 | 0.505 0.500 0.505  0.505
N2:02 (v/v) 0383 0335 | 0445 0346 0.472 0384
aromatic:pentane (wt/wt) -— 0.078 -— 0.078 — 0.078

pentane conversion (%) 8§4.21 83.06 79.60  79.60 | 7636 77 16

OXygen conversion (%) 98.17  97.74 98.28 97.80 | 9837 97.90

aromatics conversion 7] - 66.97 - 62.56 60.81

E 1 222 oo B -ds]
thene yield 3349 33.53 | 3047 3152 | 28.68 298¢
(g per 100g pentane feed)

Bthene selectivity (gper | 3977 4037 | 3828 3930 | 374 38.70
100g pentane converted) |
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. a hydrogen to oxygen volunme ratio of 0.5:1 (v/v).

pent ane pentane pentane pentane pentane pentane

aromatic aromatic aromatic total feed. rate nl/nmin LLOYD WISE

3.33 3.21 3.17 3.112 3.08 3.00 02/CoH12 (v/v) 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 0.335
831445 0.346 0.472 0.3 84 aromatic:pentane (Ww/w) --

-- 0.078 0.078 pentane conversion (% 84.21
83.06 79.60 79.60 76.56 77.16 oxygen conversion (%
98.h7 97Aproagss fog tiprgduction 3f opfing whichrmueeeass camprises feeding a
conversion (% --- 66.97 -- 62.56 --- 60.81 Ethene
yi giadafBBic4yd8RaB®n3condainidig. fEls@8k GRd 2 thddé&uldr @x pgen-ddd@gning
pentane feed) Ethene selectivity (g per 39.77 40.37

8. 28 138h hRothérAfl cBibkéR) wherddOtheRRRIFBAIR hGARERLLAW patRally
19 LLOYD WSE dainms: 1. A process for the pr oductl on

of Qhffusad witH @B niJi ?a?%x DL BB éggéj 't ﬁ'res%nce of a catalyst

paraffinic hydrocar n| ng st 0ck

: e “%yﬂﬁ@wpiggﬁs@rﬁén“@mfﬂamabmw

rtlai1 }g 5 conbusted w th the nol ecul ar

A beRt BraduRey davesidshydreesmaiaioguoyte g hydrospspen product
capabl e of supporting conbustion beyond the nornal

f uestreameemipriging ab¢firs| ehanaotérised in thand t he heat produced
drives dehydrogenation to provide a hydrocarbon

pr odua} at lsdst esmsampated hydfoadriedn i8 provideal 8k paraedebdstock to the
that a) at | east one unsaturated hydrocarbon is

?élrﬁﬂﬁlc&@d?ocﬁﬂﬁ)ﬂrfééc@tcfcﬁ QAS {sQokfell Yvifhe pgigffﬁ}ﬁé A drbBirGon
carbon feedstock and is co-fed with

parf@&fsw&k%nﬁﬂgjé' rggﬁw’lgpoxygen-contammg gas to the autothermal cracker, and

b) the unsaturated hydrocarbon has a weight percentage of between 1-20wt%
based on the weight of paraffinic hydrocarbon.
2. A process according to claim 1, wherein the unsaturated hydrocarbon is one
or more of an alkene, an aromatic compound, a diene and an alkyne.
3. A process according to claim 2, wherein the unsaturated hydrocarbon is 1,2
butadiene, 1,3 butadiene, 2 methyl 1,3 butadiene, 1,3 pentadiene, 1,4 pentadiene
and/or cyclopentadiene, preferably 1,3 butadiene.
4. A process according to claim 2, wherein the unsaturated hydrocarbon is
acetylene, propyne 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
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. feedstock and the nol ecul ar oxygen-containing gas to

the autothermal cracker, and b) the unsaturated
hydrocarbon has a wei ght percentage of between 1-20wt %
based on the wei ght of paraffinic hydrocarbon. 2. A
process according to claim1, wherein the unsaturated
hydrocarbon is one 15 or nore of an al kene, an
aromatic c und, a_di ene and an al kyne. 3. A process
ac c‘H}Saﬁ“FPéeqo gﬁg%ﬁrh?fyfedm Heaupthormal pragleas campgises at least one
hydrocarbon is 1,2 butadi ene, 1,3 butadiene, 2 nethyl
1, SunsatusaiedhydrodarBorpetheritiare arealk énes sydiresatl leasteonearfid/dixne and an
cycl opent adi ene, preferably 1,3 butadiene. 4. A

pr ok, and sglihag 1veYocbuwhns Zess Waaoeswi s, e tathisakdeneatRskd on the
hydrocarbon is 20 acetyl ene, propyne and/or a butyne,

pr ek eikRid Npaddrih i AR carbonAePiodfi€ fac@decording to claim
2, wherein the autothermal cracker is operated at a

total pr . t . .
unsit ur at e o R Bty B R e LB IR wheren e
A proces cordin 0. any _one of the preceding clains
anorBr s LR Bhe P AP Skom e Riogh el bR st Ackine
fed to the autothermal_ cracker conprises at |east one
unsEeciPatierthger Seammdin i eatalytia gragking reastns, the eéhgagstreams of
at |l east one of a diene and an al kyne, and |ess than '

| wt @4elayedivoker ungls ¢ visheaaker, it Sroanaik ylastom! undtl dedfroms a plastics

based on the weight of paraffinic hydrocarbon fed to

t heret itk Procebs, fuchfasPyssl®ss pelgrerf ehacigng 0 any one of
the preceding clains wherein the wunsaturated

hydg ocar R@Rodded éc\ésfdiﬂ;lg @Mk Ge BE %%éceaing%g@nlgfmr%réﬁ gRM

cracking 'reactor, the off gas streamo

cat ' ' r, f strea of  .a

dol HrkiyHefhRARSLDG B35} s autodfertl 8352 HaBBT oo B e
uni t froma plastjcs recycling process, such as
pyr%“@%?gmggpgwggpg%ﬁ%k$ﬁ@?L10 8. A process according

to any one of the preceding clains wherein the

unsit ur o PEPs§TREeiMD dam § svhighrracass comprisgs the steps of:
cracking reactor derives fromthe autothernal

cr acki ng(apriesimeg a paeEame hgdrogarprmeadaniagdesddioly and a molecular
claim8, which process conprises the steps of: (a)

f eeskygen-aomainafef gasite amywtotheandl @Fack i/ Bérsinrbeyf £€ dedcdkin the
and a nol ecul ar 15 oxygen-containing gas to an

aut RbRAESBE a é‘?ftﬁ‘}i‘t@:ﬁpﬂ]@f)?&fﬁg&ﬁ%g cBButRAYe§Ond hetBfmal fuel rich
presence of a catal yst capable of supporting

co f'l’ﬂHﬁ tok 9%9%9“9 td Fl%vﬂi% rarIBJerch%lon rp%&cﬂwt stream comprising olefins

(b) recovering at least a portion of the olefins produced in step (a) and

(c) recycling at least one unsaturated hydrocarbon produced in step (a) back
to the autothermal cracker.
10. A process according to claim 9 which process comprises the steps of:

(a) 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 catalyst capable of supporting combustion beyond the normal fuel rich
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. limt of flammability to provide a hydrocarbon product
stream conprising olefins (b) recovering at |east a LLOYD WISE

portion of the olefins produced in step (a) and (c)
recycling at | east one unsaturated hydrocarbon
produced in step (a) back 20 to the autothernal
cracker. 10. A process according to claim9 which

rocess ses the steps of: (a) feeding a
par'émf iof glé“\ﬁ%’ﬂ‘&%é‘? B@Hldf?cﬂﬁyéma nfrsedist sfEgamprmprising ethene
nol ecul ar oxygen-containing gas to an aut ot her nal
cr aHW&T pipRangi n they are reacted in the presence of a
cat al yst capabl e of supporting conbustion beyond the
nor mal f(®@lseparating fht Hydfo¥Brboh Produkct strdamoprolihcdriabiep i(4)yinto a
to provide a hydrocarbon product stream conpri sing

et ieqetraaf/compHEiap %‘?Gro@:@rboﬁ@&ﬁﬁa’fiﬁlhg Besk %W&E&ﬁ?zﬁgﬂg and a
product stream produced in step ( intoa first

sty %9% 8 ggsﬁéﬂgﬁ’ﬁ@ﬂ OR co%?:ﬂtnﬁgg{ l'ggst 4% %ic"ootn 12hé

car atons an econd streamc

hydr rbons_containin east 4 car.bon a

i neerE‘af? et sagyn%%%ﬁba%rafa@%cmmw Leaﬁt 4 carbon atoms
contalnln at | east 4 carbon atons C) recovering the

et hane aﬁﬁg/rﬁqwﬁfl%é‘meth%ﬁn@/ﬁémov?rﬁ emthe fifsh pieeapiynd
recycling at |least a portion of the second streamto

t he aut otdheeayaling atrleask e portibd of the sacqndosteam tatkoauwdothgrmal
to claim10 wherein the unsaturated hydrocarbon
condracker.ng at | east 4 carbon atons is selected from

1,2 butadiene, 1,3 butadiene, 2 nethyl 1,3 butadiene,

1, 31 pent AGhrENRes aclaoﬂmﬁ?fcbthlﬁhleﬂﬁwﬁé}gm%{@ hﬁ’s‘&ﬁﬂﬁt@&’ h§dScarbon

and preferably is 1, 3 butadiene. 12. A process
ey P A AL REE T BT BER i, 2

f eeds n cula oxy ontainin
e W i B uopRadigheha
presence of a catalyst capabl e of supporting
codﬂﬁ§¥%ﬁhmﬂe edis normal fuel rich limt of

fl ammability to provi de a hydrocarbon product stream

coni si Agroassshaserdingifosiaipy bybivh preasss eamprises thestaps of:
al kyne 20 (b) Recovering at |east a portion of the
et hene a@jl/fesding o pamaéfinic hydtoedbomcorsdiring(fagdstiekl afd  molecular
Recycling at least a portion of the at |east one
al kyRezRL QARG b BlaRutothermal 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
ethene and/or propene, and at least one alkyne
(b) Recovering at least a portion of the ethene and/or propene produced in
step (a) and
(c) Recycling at least a portion of the at least one alkyne produced in step

(a) back to the autothermal cracker.

13. A process for the production of olefins which process comprises feeding a
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. (a) back to the autothermal cracker. 13. A process for

the production of olefins which process conprises LLOYD WISE
feeding a 22 LLOYD WSE paraffinic hydrocarbon, at
| east one unsaturated hydrocarbon and a nol ecul ar
oxygen-contai ning gas to an autothermal cracker
wherein they are reacted in the presence of a
cat al yst . capabl e of supporting conmbustion beyond the
norl?ﬁi%/ IPISQD%F‘?C&?PO“I’ ?‘n‘F&? ghe T“I'Sém‘i?égio fyqrgcarborying 4 melegular
hydr ocar bon product stream conprising olefins, 5 said
pr oVYEen-sentaiRinehgas 4¢ fe pptethdrma] crasker whereinghey are reacted in the
hydrocarbon fed to the autothernmal cracker conprises
at preseste @0at#alet capaide of appadrting dombastivmriseyodd the Hoeémal fuel rich
process according to claim13 wherein the total

hy diraf af Bamniaedity © ploeideatiydidtaridniprédiRe Kefant &opristBSolefins,
at | east 10wt % of’ef?ns and at | eastp | Om % aronmti cs.

23 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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