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WD 2004/ 087838 PCT/ GB2004/ 001265 | NTEGRATED PROCESS
FOR THE PRODUCTI ON OF OLEFI N DERI VATI VES The present
wOonves7ss rel ates to a process for the producPComGB2004/001265
ol efin derivatives froma m xed ol efin/al kane
feedstream Mre particularly the present invention
relates to an integrated process for the production
of olefin derivatives, said integrated process '
conprising both cracking and ol efin derivative
processes. 5 Numerous processes are known for the
cracking of a hydrocarbon feedstock to produce olefin
cont ai ni ng streans. For exanple, non-catal ytic
cracki ng processes such as steam cracki ng and
contacting with hot non-catalytic particulate solids
are described in US 3,407,789, US 3,820,955, US
4,499, 055 and US 4,814,067, and catal ytic cracking
processes such as fluid catalytic cracking and deep
catal ytic cracking are described in 10 US 4, 828, 679,
US 3, 647,682, US 3, 758,403, US 4,814, 067, US
4, 980, 05B8VERGRUSIE B, FIR0 CAGE. FAR! THENSR OPAGCERINS or
production of an olefin._co ﬂii NS reamis auto-
t her mal cracking,Osf‘:‘--““ﬂ-c<‘%,l‘é’ exanpl e, US
S, ; g RGeS ®Yivatives
t hggrr%eegr\%;eeé@gg’e%{?ggwas ftééég(t)%gfs&fﬂg{m}gla%f in derivative
frofpracaded etefinkiker deslsserrh Moooesdetardy be gresentdinvemioanglates
i ncl ude, . for exanple, .the u 5,0f olefins.i.n
to aygplpgrts L RIPF SR )ﬁpfptg%B@Qagl%gfeal?fah‘éeéwﬁgmﬁe%é [Pierated process
I : I'derio @t Sess&onventional ly the
uﬁ@?ﬁ%@%gﬁgfﬁggﬁ?%?g%ﬁ%@g“??@%?t e cracking process has
undngenss xdcessss we lkaowndos theyrasking dfedtiderrarhondeeststnek to

i gh rity olefin streans ften >99% 9%. i
produft o8B oot Erin GRyabiey Btpr Bt il Brdcings suen
as 10} @Rk Y¥ind Gombdtiei with héhoat@RsytiSpdrtienlsie palidatare Gesofibed
ol efins and al kanes of the sane carbon nunber. Mdre

in U881 789, V83,829,956, HE 44995, g U848 14 Ravcandeatalytisegacking

a nethod of, .jn [at i cr ' . 0 I a4 a
o B8 SRS AR BRES Ehflare dsricd
USY,€54,679, $19 £84E 68D NSS 58103 T1E81BI 4,067, USan980,058sandfUS

saturated inert hydrocarbons. The olefin 1 WO .
5,3268465 08 Tegs:r poresERopwdnciene anddefiny eantiping Sgeay dputo-

descri hed have r.el atiyel l.gh ' leki
R o L

der iM@biefias prodeesbmbp enselvbabeassddias tfteestokles fon obedicl derivative

may be recycled to the cracker. O efjns, al}d ot heli h
pragassas. ANEmeauhSHeh pEQAeBiSh are alyp lnoavy adinelyde, 1a% exgpple, the use

oGl RS S PPREAD SR e s ot

pokause fouling will depend on the nature of the

unsat ur at ed hydrocar bon and h}s . '
Conventionally the olefins stream produced from the cracking process has

undergone extensive and costly purification to produce high purity olefin streams, often
>99% wit% olefin, for use in the olefin derivative process. One of the most costly
purification steps is the separation of olefins and alkanes of the same carbon number.
More recently, Purvis et al., US 5,981,818, have described a method of
integrating cracking and olefin derivative processes utilizing dilute olefins, i.e. olefin

streams containing sigﬁiﬁcant quantities of saturated inert hydrocarbons. The olefin
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concentration. Neverthel ess, even |low | evel s of
olefins will cause fouling and reduce the run-tine of
woheo4gseasn cr acker furnace (before the cracker POUAIB20/001265
stopped and cleaned). Therefore it is desirable to
reduce the concentration of unsaturated hydrocarbons,
derisatdle ptOceases alesfribad have tekivelydugh contvieesien finsde lodgfin

or.short furnace run-tinmes.myst be tol,erated. .wt
deﬂ&%ﬁ@é&h&ﬂfyﬁ% Pt ?Olﬁhg%S‘ﬂg%{g’teipa%%eﬁs Jgﬁugg \e}glﬁlg %{‘)S%es&eﬁf‘ and
mayg@cyglg@toqﬁg%gk@f Purvis et al. would not apply for

I'n derivative processes that are not high i
corlefiss, and pther eewbsated hyidrecathonh s e pfeqﬁd@sﬂssg@ﬂt pracker will

e oo it o5 e SR AE BRer By BB kg APl
candedBulhf wiRdethi 0aNhd Sathre S ii@itamboed hidrotfbormsarchits

streans, if recycled to the cracker, can c?og]iie
consingratipn. ddeverthelotss evan lartlpvedpriolefnsmyil] gse foylgs and reduce the
ignificantly r r U= tcl LBSLEasEdeaned).
T bl R T e B sbBBepARRened
TheidiBre i€ RYdekRalsié feRMudesthe bonteattatiar of dnbatesaéd hydrocarbons, such

al kane-containing feed before bging fed to the
as chetinskB e fohd i the plealyoracket ORBPTR FBACE G FIES TSk iplereted,

..and henc 20.. | &lati ve anounts of
w1t€g%1§;g UL f P%%%ﬁgﬁg %E%Igg%&? ggsggvrf{nx & . the level of
ol efistheméthed of Pugdisfeeaid woald naapplylfevelefin derivative processes

significantly above that in the "fresh” %kaﬁe: 1 still
thatcasp na HEh OREEHOKPI9RESSES, ANSE HY LFPIORSPET ErfHrsas Wil st

contd1§ E%g?fc%n‘{ clrﬂlakﬁ -d @Rt ffa Bkdegne in the feed to a

crac reduce run-tines, and due to the scal e of
. pr eggRks the ynmannaETodéal in the effraas stekn fgleps ther sl Sswllol such

changes in run-ti can be commerci al | significgant . .
Sreait Bt 8§ T BEeT £ FOIF § ST | RANIET e G pmation
RO f 08 Binde CHe) t6 thOinkRBsedAERIKbNT RN ACHS Seed to th
an%g%rﬁgg%ﬂ%fyfxﬁg%frgﬁ Ginde8 Cife! t6 theLinkRBsed e eed to the

-gas stream conpri si ng al kane and
craciteef Athora theracedly stremhn tsalituiasl wish Efrpsh” gdrang-gonipiupghfeed

to i nprove conversiaon, W thaqut. separ.at.i . rinerty
befpmril& f"e@gc? t esci%q]i:eléghlﬁ h ‘esgﬁ &g%der’na{r) ﬁlsg C\?VIX%E}’IQ% aelléé féﬁ% hence,
deﬂélig&in otRhOfel4thR anldi@fstof rédYRlY stieh@isanidFrdsh €eadrnixed she Bel of
n

ce separation of alkane fromolefinis still '
olefingjii the thixéefect ean reactalevels wigngxapdy 8Bovgdbatin fe ‘Hrpsh” alkane-
alternatjve system.for prod i . fi :
cofeb R ER USrE ST i B AT 0l g3 cne n
feed XS %1 CMcRet WO e @b rub Yinths| atdedve! 6 thesalesdf peasent dynsoamercial
olefin unit is fed to an olefin derivative umi}b%o.
stegmadaskénguootsedsi small omnges 0u rEBIEgSaPby LORDISA B0 g Ecant.
derivati.ve product n alef in i
eRELIRSE P e s SRS & Sebasssen fear
crab BB Pr&esd.0 the ol efin derivative unit. A purge stream
conprising ethane and. |ighter onpongnfé_ is al so h
pr oddibeuglnine offgasitreaasompsiswerabie epd ieTig Tagy b regrgled to the
ver..t he .praoce f st v ..
ol Pt D g PR o B KB p RS nerd mpuriis,
sud BUBO LIRS YKik il ieadns @ doil@dp oif éfd ‘findrt ompuhiéiepinethe process.

derivative unit to the _ . :
Hence separation of alkane from olefin is still required.

Keucher et al., WO 02/06188 describe an alternative system for production of an
olefin derivative from a dilute olefins stream. In this system a high quality dilute olefins

stream from an olefin unit is fed to an olefin derivative unit to produce an olefin
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olefin unit. Hence an inproved integrated process for
an olefin unit and an olefin derivative wunit is still
woeoniosesds i n particular for an ol efin derivat PC®/GB2014/001265
where the off-gas contains nore than about 5nol %
olefin.-10 In a first aspect the present invention

denratw ipdedict Unreastedoolefiy istsprarpied divet theryent stigam ip|agfolgfins

rivativ t f
sepeiipnait e spstrishr e B0 GROREL RER \ PEreRl S el i
ethah® aid REWEEcomponE Sk mhlidJ;bredu@ddaﬁqdmﬁaysﬁer@ﬁmscmfepd It(Sarngleﬁn

both ol efins and al kanes eact| ng at | east

umtpHPWPYﬂii tlest proggsal of Kewghegsiily @@plﬂyéﬁagﬁsﬁcg@tr%ﬁﬂ/ 5%%%@@araﬁon
prokRS Ll Bl A D BB e
olefﬁﬁﬁﬁﬁd dilute ol efl ns stream conprising al kanes and

at | east 5 nol % unreacted ol efins, cauto-thermal.ly.

cr &H9RFH H’flplplé%%llm%mé?}i PLOGESS dpr %‘i’laﬁé 8%16 ﬁ’éé iy derivitive
umt% gtﬁﬂ ﬁ:guﬁ&{ ??E%m@ﬁl%dfé? &4 ole‘ﬁnstie?iﬁ}at(\@ unlts@héfe @k%r&ﬂf %Qs contains

nes and at | east 5 mol % unreact ed

mor@ltl&fma’mmtﬂﬁol% blefie. ol efi ns streanms, as used herein,

refers.to olefin streans .co bot h ogefin nd ¢

L BRGS0yt BieRteR RGN QPR Rer Rt ot arotpeos of an
olefﬂi V\%e%#v% iPd %Hl %és@@&%pnwﬁﬁ@ﬁt@ﬁd‘f conprise at | east

kéne erably, the first dilute olefins
(a) st roemhng:aapq:aﬂfmﬁsh)aﬂrodadam cosﬂﬂrﬁlng fiebdstock to @odycemfirst dilute

t of olefi e.fir dllute ol efins stream may
ole %ﬁ%@%}pﬂp@ﬁ@p h?‘ﬁ?&”% eainﬁl? 'such as at | east 90wt %
(b) ol gbhdting BbRatiaf SitickPotiald iRt @@k oRFins %ﬂ’r@i&ﬁfpﬁfd@f:&’f al¥tep (a)

nprlses up to 50w % al kane, such as to 1 OM %
to pimblcc @rfpsisuletﬁmterwatwemreg@e mmmnm éirsil inderiyetiengnd a
e S
secdiiq dipBE e ER sibat PR ane T8l ek RatinoBo L Gploplet olefins,

(c) Pr offsehethigiy d:rﬁ&hng g 1edst B pdetionvaishidaetdhdsdiRie ¢lejins stieam
particular, the olefin content of the second ol efins

produacd amstepd1d)l saiikpertien spmprEngrkNes A st ameleRareacted
lef°| efin conversion of the portion of the first 30
#1% ute olefins streamreacted in step (b). The
Cr K8 &&Hg tréadls, af udeddepriggefits forolei stranmRympeising both
forned u3|ng anY sui tabl e crackin process such

r

olefans Qildr?éifﬁné%\t ol grample; patdbiatigens adethancs Hhe Glumpledng pizeqms

o T

con?&&éé 28¢83 SO‘PCHH@Q(&(D@P/Q%%&ghmeBS Thé fi sit dijutealefirs
preferably selected from

t.h
streprgBaEeUBDTie S leaftaspits Qi?f(nhéﬁ era{ﬁ%ﬂ §‘?‘¥,ft)e ok, Thefirsy
aitif GR35 FFean] et HRRp Hes 38,18 5680B alidhe TupRuy A IEL Bie.
pr dtmaﬁ‘ﬁposftm ofxlengebend difutanlefink stineym will generaltywompoise less

es or of napht ha. .
oleﬁn than the first dilute oPel}ms stream due to olefin conversion to produce the first

olefin derivative in step (b). In particular, the olefin content of the second olefins stream
will depend on the olefin content and the olefin conversion of the portion of the first
dilute olefins stream reacted in step (b).

The cracking step (a) of the present invention may be performed using any
suitable cracking process, such as a non-catalytic cracking process, for example steam

cracking, a catalytic cracking process, or an autothermal cracking process. The cracking
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5 Thus, the paraffinic hydrocarbon contai ning
feedstock fed to step (a) of the process of the
wonres®srsss nvent i on may suitably conprise a si ngC®GB2004/001265
al kane, such as ethane, a mxture of al kanes, such as
NGL (natural gas quuids:, or _naphtha. The paraffinic

prodesedeictcar (adis proisrakiyniclgt {10 éhermal craeking prosagses; for

SR
mix el b OATk Sk BP B Adphebal MEKii) aaiothee@EPEHEIdSs PRIcBGed, Tor example

addition to any such conpounds that may be produced
of am ptkane ©f aneigtusp ef dkanes or pERABIHY- step (a) is perforned

i - ing t.o- t
cr Atts Afe PG BBChIRLeRE AL RinBTREREL s Wil AFOITRE
prodesS&2hd fikesera il dufiod nfad Snitdbly cémprase @sihgle htkanelsuch as ethane, a

. cracking process araffini c _hydrocarb 15 cont aj ni ng
mle"é%agﬁlg%@si wch an bl s Bﬂ@@m gengphity. The appsinic

by B 1 O & % Mdturated
hydmeoagbois iong ooheké msrtanchpahddsigsh adsmithepsn)) dwdineen afidunchrbon
.t hat  auto-therpal cragckin rocesses nay .be oper at ed
oxid i mesnie DS TR KA BT ERoY AU HARHE Figh Tigpe produced
and g@gi&h RéhePd @€ %fa%ﬁﬁ] eg%%ftaﬁﬁ peteAmERkisg ag %ﬁt?ﬁen’{lﬂac}eﬁ’ﬁin g

t aspect of t present invention, eas
progges)t i on of the second dilute olefins streamis

auto-thermal |y cracked. Because..the auto-ther

Tl R e e R R R
and FPNE55 1 eV &h 3n QhitoRlehbintridkitd ot &8 e itiRicthydrocarbon-

non-‘aut ot hermal cracking process, at |east a portion

contafninghfeedgodknid refickadtin thyl ptsense of 2 eaintysteoppitde phsppdrting

5 th t 0-.t he ker . wi.t:hout .t.r eat {
cont SRS RGPS5 o e B S T B e
conPPking@lefits ahhal@asond dil ute ol efins stream passed to

the autothermal cracker conprises at |east 50% of the
al Kiahas novdbesn fpeedthabode-grermplecragkang processesiaay be gperated

dilute olefins.str ecial |y a %.0 e
withighlrde GO O I B8 o AR HackioRiond PR o bl
craditilgut € ol efins stream Most preferably the portion of

the second dilute 30 ol efins stream passed to_ the

h
autla theetirshaspeetadites pregnmp HIveRiions 3klenttiadioryoref the pecopd dilute

. VDS .
e 59088 i3 e L1 B30k e BARESPRLhlie proces o

stepQkpina Be Dpérated wiktyhiperfiasdedf defirent thy fded thdiea non-autothermal
aut o-t hermal cracki,ng gt ep, or, . alternatively, the

crackEtediACHF Al@s ol BITHAR o5 e ssprndlufreolphinssitieamyBay Brprsged to
the %gcﬁ—r‘gﬂénﬂﬁp Eﬁcﬁ%&gpééﬂzﬁz&%g sgpnggétgﬁ?eo&éﬁrq ﬁ'éxr?ngl?e alkane.

onents o t han al kane olefint rom
Preferdbdy the@otiivn @thesdcbad ditiite otedink stnepm pasapd toGht iaviodickyal

addi ti onal al kane-cont ai ni ng. feed be .added 1o
cradiehieoraiics akieass St 21 BhAIBRS de i@ég% af rhﬁéief& rthpgecond
ditu®d SIERMR RRLAY BsRbbfy hRAABLYCEERK hiREne AftLataCldE 809BR&khe olefin

in the second dilute olefins stream. Most preferably the portion of the second dilute

olefins stream passed to the autothermal cracker comprises essentially all of the alkanes
and of the olefins in the second dilute olefins stream. The whole of the second dilute
olefins stream may be passed directly to the auto-thermal cracking step, or,

alternatively, the second dilute olefins stream may be treated to remove one or more
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feed may al so conprise a low |l evel of alkene. 5 The
concentration of olefin (unreacted olefin fromthe

woeeomvd7sds | ut e ol efins stream and additi onal ®Ce®/GB2004/001265
that may be present in any additional

al kane-containing feed) in the feed to the
comaatl@t& efbemihpn alkargandplelin heppiipm, puior fothg puterdermggl cracking

s Y o RGO L g
portpnﬁtstysﬂletsecddd&hmw dlefilrestrea lefae kintogthstnef) crakiidg. Thasddidonal

%. such as at |least 5 nol% 10 Such levels could
fee‘ggﬁ%%ls‘é%‘ﬁplﬁecaaw]Eﬁ?él‘ﬁﬁlkleﬂecr acki ng processes such as

St e ohEAREH AT of dIPAR @ﬁu@igﬁﬁ%lmfroﬁfmé b€ ohh gﬁgltei%gtﬁﬁfst

of the present 1 nvention the cracking step
strepe ahod nddidoned iokedinghali rflsi}ebeem'esamt acdograddiimmal dikane-containing

feed i} fetifiet e 1 AR AL TR She HU do s e e plokiF than that
in tﬁe%c&famlt@o@ﬁﬁ; &Péihllffyﬁfcﬁl% She cdmympﬁloﬁ%%w‘fmmttﬁ@feed

process of the invention th an auto-thernal
passefl e terautorthermal erackingosterhie ahkbstdrmelle rsugmnys ddegst & swrito.

indhe. sa | pcation, .f.or anpl e, where the

nor i 5 Ben R SinEPhny sSEREEN Sackioe poskuer sishy steam
cracRfihl tion of an auto-thermal cracker. In this

enbodi ment, the product fromthe auto-thernmal cracking

st élpm(nz: 9mb¢¢1mebteof¢heﬁeqt atplegt eidbepresentimventipn the atadkingstep

(@ i9 ggrf rlr%erﬁlsutgin%ggﬁli gtbge.% grg%(grrﬂ?am g% gl.?tB r%rﬁxlbraeﬁm tepctc) Thus,

both@mAsHerinhedritder 6Ad@S KoNGudtBEasS cra@f(ert for exafpRedi st
is preferably a thermal cracking process, for exanple

cracker, mayheriged th‘ap@fl@&ﬁf theApvaniign Jieth as gutorermealanpl e
f h
crac%%sﬁfap c%‘ﬁer a @a&élregc %ge %S%@?z?@%ar?? ‘{ ]I%)(%Q?OF] f g{}

examplegwherefthd 1|1‘tﬁ1 wteslsentnai el hadbeedalebsttlaneckud by bi@itioRbf an
cracking step, as in step é}g Hence in a E{Jeferred
1285

autosthgieal Eagker. tip ghis Pmbg@m%b s ifepms the agpethermalicgcking
t f
ser O SR Lot PUEIN I IPRAY VIR PSR
(a), predtoceayhinon oI Bajd atrgman af ftep(bo. Tiwhmﬁan@dtermahtmcmhglgrocess
ot i Fbet et eeip B SR g PEB S0P GHs pnaghte, or
a st&%&@ﬁén élk&:esrseﬁﬁtek MpRlof lafr‘ afkhnd op antu'xﬁl?e Qf alﬁ@de@ of | f st

| ute ofefins’ strea produced I'n step to pro uce
nap]ath{llrst ol efin derivative stream conprising a first

GRS R T .
is aﬂ‘ﬁ[t@-@l?érﬁﬁl aiaa&hg Step,as (P20 04/ ﬁ&?&%ﬁ afffedieBe 91%6&%%@ She

(c) recycling |'east a portion of said second dillte
firstaispdct peovites @ pmogeso fhu dedproductive pf af biefiaglerivatives syhadheprocess

Comiig%%%g%lft?ﬁ)%h aut o-t hermal cracking step of step (a),

(@) auto-thermally cracking a feed comprising a paraffinic hydrocarbon containing
feedstock and a recycle stream to produce a first dilute olefins stream comprising both
olefins and alkanes, |

(b)  reacting at least a portion of said first dilute olefins stream produced in step (a)
to produce a first olefin derivative stream, comprising a first olefin derivative, and a

second dilute olefins stream, comprising alkanes and at least 5 mol% unreacted olefins,
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conprising al kanes and at |east 5 nol % unreacted
olefins. In this preferred enbodi nent of the first
wapEms738 t he present invention, at |east 5 BCD&BR0001265
of the second dilute olefins streamis recycled to the
auto-thermal cracking step (a). As described _
(c) pr esdyolisg at,ledshe puttohefedidsbendatlvirdlefin stesam ppdunsd in step

stream may be .recycled direct]y to the ayto-t.nermnsl
() %ﬁé%{ac}ﬁgg S ingic s forpd F{?&*"?ﬁ? sRretSiBdhastitFoRn
comghghgaﬁ(aﬁésrﬁm 1Byt PBiol% Satackel Oldf@EPVE one or nore

onponents ot her than al kane and ol efin therefrom

pr ifothis preferdeneodoneief the first aspedhall therniesenhipveniiqs, at least

The af finic..10 rocarbon i N f g
N S e R B
stepit(EP Wi deYorited Pr&adusyy, @iie whilevetheatcdhdidilubnelefins Situagm may be

e

concentration of ol efi n (unreacted olefin recy(il %d
recylctedrdinehidy tretbo auto-thieinal eraskiagisiep, o AR darisacrBhdilute
| efin that i L
olefs AR T SR AT st g bR WHEORH MRipe and
olefif Rekiragh, prisPto(raydiaty the agbahératal orackibg kepeThd pamffiohat
in the second dilute ol efins _stream Ty@i ally, the
hydeasadencpaipinite RABPEmAY CORPETse IPBEEVE S gffgne, for example as

.aut 0-t her | t b@) is at least 4 nol %
an lwgﬁtyag%é‘{mb’ggé wprr%)fo%ﬁmoflr{g aut o-t hermal cracking

pr ores stheeyndeatraar off defimfunasaytes wldfableeygedfemrtbe second
_such _as, for exanple fro to 40 bar. Especially in
e BB BB ALIE I fhat e Do reseidR DRggaup hygfocarbon

h I ' LB challkink $t be great

Co.ngab lgg E%gr&r%lp lgr ac {3‘?8’ tgt ep, eﬁ? e al(jit(ao-ltn Eere%gla) Icl:l?1 %Ilc_ﬁlgﬁeg o
lowRr Dee gt irsthpsedondalilnte dpinsatreasmat yeically, thudomcentegion oé olefin
. corresponding to the pressure of the fir ol efin
in throkopd i o upy s cracBinEalER (LR gt ragnoh By lgest o
moPEep (b) for reacting at least a portion of said first

I'Tute olefins stream produced in step (a) to produce
a fTledutotleiinal cdecivgpiosesssnaydzemperaied eheapsiiable prospae,

suchar.dby GempIs Btk DAL R befefy FEihy SRIERFFpBigipeptof e
ﬁrsggsg)@&tcﬁgﬁé]ﬂ%sél@ iR, Svhehest@ ilstSaﬁﬁfulf@-kheﬁhaFdﬂaﬂQng step, the

rocess at” a pressure from5to bar, preferably 8
autd-thet@abanckin@prosehsdeprefesatdoperatedfat 8 switrbde picsnre

requi fed between th C es for i\ st di
o B B b i RS Rl LB 8 b e
utilRelid §Ep W) £bf reabtlifp 41628 2 pOr€ibh OF siid Fivadilue lefimasisam

operates at higher pressures, such as 30 par, it rr?ﬁl
profeced(n attp 4k tageerise pdirginiela dervativesiresn: ReF pgmple, ilithe first

ki ’ : .
oleip 356V 5 ProkRFS R BTy By b BARR e 10 0T iy be

adRRALANR tb bEerdtéitRe hite!tA¥nal crasigky Pepcpssat agtesstire from 5 to 15
relatively | ow pressures, such as 1 to 5 bar,, even
barypreferslbly Stto O &nt, fio redaes hapmpanipisosysesianTaaUiFhely een the

at_hi gher pr [ - :
e
thelTrOCA6mEn Orivatiee pfoepss(dpetatdshehiphbr pressukdsnguobras 30 bar, it may be

advantageous to operate the auto-thermal cracking process at a pressure, for example,

from 25 to 35 bar. Alternatively, it may be advantageous to operate the auto-thermal
cracking process at relatively low pressures, such as 1 to 5 bar, even with first olefin

derivative processes that operate at higher pressures than 5 bar.
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other) will generally conprise a mxture of ol efins

and al kanes. Preferably the product stream may
wanaErogm3separ ati on and purification steps, asPEIGE2004001265

the art, to renove, for exanple, one or nore of

hydr ogen, net hane, COx, acetylenic conpounds and 5

~ di eflbs product| sergem feumeraskingpeocsapel wiere@) Camerbermend cracking or

especi al | v. hyd : £ LC
oty S e S P E B GG wAETRAUE gt e producr
streailiAay MiRTeRR) sepSiatisk hip@ifptionBiphas kaews e thetagt, tdy@move,
cracking step (a%. The product stream al so preferably
for grrmegows o apeae at hyhoga, predunedsOf geetdleaipmoapoyndpand
. Str ri i ] .
e SEMG U 55 s RV kDR 90081 ML
conditings Sfydretienes Thie devesbdenasparamy whiesostdpe(a3 idyreait@thennal
olefin purification steps to i ncre%ae the olefin
t

cragkdng epp. MprPeiEr Ahiodhe SarkiBasEPAR)-  Re PRdUEkTiteam also
pref D Eh e SE0 i EMRARE HoR Rty 4 PR et
pre@drafniantlylethineadridvehyleac esd a Ci strpan tomopligsing prealobnimantly propane

nonoxi de_and/ or hydrogen may be retained .i.n the
andsirgRlete. JOPeEaBRBHSOS T st SEERPUTCRIR trmsde
incfladthE o dofient In BLAAR BhbYMRIA! Rt HRRAGS erthif

e first olefin derivative process, for exanple,

contfumentstotter fianghe olefihs in e prodati sheapriogebsdéssred in the first

ydrofornyl ati o rocess or a process for he
olef S BT B Sp O BRECORE §?f_[bﬂi_“ PRt R A g badiafen mag e
retaﬁlfx%cf A hERBUEtSHESR T dIRABE in%¥ B8 pRiseitiin (R EksBlikan 8lefikBy
subsequent|ly be used as the first dilute ol efins

stresit, edere thbee apx tegntanisfin Swpstelehm denichtive Prqvgsd, forcxeinple,

of th roduct .stream requir.ed t r,oduce the dilute
whefe s P BRB Shrivat ¢ Tesan ‘O Orola By B rgbn s eiiBes for
the%%ﬁﬁéﬁéf;l'bd‘lyw&gg_the dilute olefins streamis

subsequently to be reacted. However, as the present

i nvAHtor part of phé ermorti dfibeatsvesirpamseqrepmigng elsfipapd ﬁ}k@né

bot.h ol ef.i Kk - il ,
R R R e G N R
pufAYien bf tHaProdRP akdi fQuieditotoidideahd didute obufithk etreamayvill

al | ow debott| enecki ng of existj n% cracki ng processes -
depsad onftlesy olefim dpri eativeigresesgs irswhichiee dilyte obefins sigepm 15,

mﬂ%ﬁﬁ%ﬁﬂ?gﬂﬁ€ﬁﬁ%ggf the first aspect of the present

the cracking step (a) is perforned
usi Agwavel A e priseiriavdotion ukitivestdilteaoltfing Stenmsl(comprising
cracking step (c), 30 the product streamfromthe

botasiefinsiiad alkanes) aterarbOn trhPyrEicalipy gt gangraly b lrsse
ext%nm%{ggﬁ g(éxgjgn@érﬁﬁ 'nglrag{}‘a aﬁh?ﬁﬂﬁgﬁi@-ﬁb hred/ gxt hERmERY be

trea escri ove for t product” stream
deliotteneckiag kst exgistirfg drbekipapmtéssed € sdey forexamplenUSan &, 31 Snapd

feedstock, for exanple, in a series of separation and
WQ02{0618%t i on steps, to give an ol efins stream7 WO

2004 H8 (R@8afntekt %@%ét@l@ﬂ'&@ of the present invention where the cracking

step (a) is performed using a different cracker than the auto-thermal cracking step (¢),
the product stream from the auto-thermal cracking step (c) will generally comprise a

mixture of olefins and alkanes. This stream may be treated as described above for the
product stream from cracking of the paraffinic hydrocarbon-containing feedstock, for

example, in a series of separation and purification steps, to give an olefins stream
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suitable for a subsequent olefin derivative process.

For exanple, the product stream fromthe auto-thernal
wonemosTagsstep (c) may be treated to produce ardriGB2e04/001265

ol efins stream which can subsequently be conbi ned

with the first dilute olefins stream produced in step
suittt} fanckubsmotobléfm ddrbptigdproctyseFarabinpld, He podauctream

t f th to 5 th | Ki tep. '
fror dhrca- e GRUARECTR () B3 T EENE PETICR A AL alpfns
strehd) th?:ﬂ.@?n Eﬁﬁe%ﬁ:ﬁﬁ& BE domiblRAWif Rk &t Alutc1 SERANRRON

and purificati aS descri bed above to give the first
prodiided iestep &) iand restted amstep (b)s Pegferably. theapioglugtastreamerom the auto-

oebyartage L0 Sk e bl R RAR D b e ),
the SHBBEOY SianY sutf@edeE skParPi @M Rifichfisd apdeRtlibed abdve to give

derivative. This step may conprise reaction of the
the first stiluigidlefing strbash iforsstent (hpabhis hasathy adwaniaggshat oply ene
&I eI.i n derivative process. The present invention has
purlication FARISTEY Rt ol efin derivative processes that
havend @lspdilieb fih®Wréahefsi sab&anMelSieaiedyprbéueipliey €idfin
using dilute olefins streanms, as the first olefin,
derifetive dihissterpnay: eerspriserigaciiontsd the Yishdilyte alsfing plyeqne 41 any

.S ti f.the o ' . t .
iR Griveflofe s LR RtV s ol B
olefih QkNGIRE phicefiepthat haveakRfively low ohdirconsersiohard oy eripleyed,

cost of subsequent separation of the olefin and

using dilie olefins Heeamportibe firsyplelgycsivatiy HPiogers eF1Kh Withew requiring

meant fil ' ; 0
L e
stre@fr) CH&5R ShodvsE bf mrbeudinnlightpuanadlefin?@reapsraatideedadr the gbst of

conversion, such as havin hi%h gonver%Lon per pass or
subggauenicsppration of e eldmrand afaweican Poayidetice high

ov eﬁ? hdw SRBYSER!lon YA 1AL HBRASRU5 bAl oRRELiBh S cREs 70%

| ower conversion processes according to the process of
or Iolver.pr esent invention since the unreacted conponents

may_be further utilised. By high conversion is _negnt a
pr oﬁ&dgltt%a?erﬁl‘fbﬂlﬁléé §e’é"%‘r‘>éd’6%‘?e3%5ls P’@’é‘?h &g CB’&YﬁS‘PPQ"iﬁﬁ’g
AREs18:L 8 i i rHledfcle of
opcrfiS of MER GHTRIHE L6t £ohay BLAHIES St ctoor bR ittt o
unreactecbolsfin o priodade Higla overdl vonvensipmmudycadvantagesiughyi e operated as

oSt e REOSESRS ML 116 CONGDLL RS i BRELShhe

uniRh&Ed PorRfdres nSAMd BriflesSitfidkd cant purge to prevent
builTd-up of wunreactive conponents in the recycle. The
pur Bedigr @nuésion isinepuisaptoedss thap prasiuesssl rrogyct 3yeam

* compipg e 8 ool R s el il FOR ARG Bl e Shfele

procBS¥ElypIRANY BadhrAdlb R BeveBiort6 Bt Hedst 98596 ThaRiular, blefin
process of” the first aspect of the present invention

derventive prheesses woichagriconyientienailyoparaiadra bighgyerall ggpyersion by
recg%:llgf%& ﬁm%!gc?c{e@ gféiﬁ{s} fgrﬂ%g rr%q% r%rsii &?ﬁca@n‘i Bﬁﬁlgg W& pre%rglilttb%)lldﬁlp of
unreactive components in the recycle. The purges are often disposed of, for example by
venting. Operating at a lower conversion (by reducing the recycle to the olefin.
derivative process) and recycling to an autothermal cracker according to the process of
the first aspect of the present invention can reduce the requirement for a purge.

Where the dilute olefins stream comprises ethylene, suitable olefin derivative
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WO 2004/ 087838 PCT/ GB2004/ 001265 processes may

conprise, for exanple, processes for the production of
wetharnstsssr om et hyl ene and water, for the pro#dTiGBam4/001265

of vinyl acetate, ethylene polynerisation processes

and et hane tol erant processes for the production of
proegshrsl reasecasx e, fovpraneple soenseastior B aredustion peefhpnol from

r ses

eth 8&0 %r{%ls rygascelp E’oqqg%ﬁl%gu%tnp oefQJlrgl gg%tgtgégg}{?ltehé/ ﬁ%lgm%hgactﬁ)%

pro&{s@&%ﬂleﬂﬂn@folﬁﬁﬂqxbéﬁ‘s@es%t the produetiof bethylede! 5iulden of
acrol ein and propyl ene ammoxi dati on_processes,

wel |
as Waptedhndilyie aleaas siseany pOmppIses PERRYAEIEOfRe Gfefm derivative
Y
pro R B, D o R B D R RS Bl Pene oxict,
for dieqfromusn neaorsleirf ond Erpyiphecammopidatomproetayd, anevelrd certain
pr opyl| ene. i tabl 0 processes include, for exanple,
ProgRspR h@ﬁéWHgVP%%%E@éY@§P¥H%?|satlon processes. O her
erpl UGS HARaYEpRIOSESARY al-TompRYe LR e mixed
dihpe oleéiss stscafisy for brearpple @turrﬂph@img@thyﬁd&;ahd peozdare, Stiteble
roductlgn of I|n h flns .at hesi s of
progqsm,sl 1a¢ladsifenexginp gthalge!pna ?ppd:ﬁem)lymensa 1011 processes.
hy d@ﬂ{ep&réﬁh agﬁ%vefm&%@ék e rri%try stthHy be @ﬁlpmfyfea i ReB ) of

hydrogen, and 15 production of “pol yket one
the @mémmsveamdn cehisterproesagpsifaethe $>mxhlctagn d%@byll HeaderienthpD

3/012 0 r.ea a
profatiamat tpparasitg ooy TR Bed B oo ish BiRpe b aive
proBérQ:d H?d-’roﬁ)nfnblfaﬁbn of ethiyRnger ?ﬂb@&leﬁ@ “ﬁmr@@ Fha ﬁ?dx@g&@ Gaad
|ute olefins stream Preferabl he first
producttwm@f obbketosestromn phefins and garbed rmtmomd@dm:b ag degpribed sn WO
qy@iéﬁi n derivative 20 stream and said second dil ute
ins. stream However, in one enbodi ment of the

Pr eSep{(b)i daupiibésiBactihg® ldalstoel’\p(ﬁ'floﬁ af ehid fifst Wildiel A fins stream to
ol efins streammay be reacted in _one or nore further

progpesta firstielefin detivasivp stewn §ud a seropd diliteclefins syieampPreferably,
all G R B AREAAN KhoreRnS flTRco I Efrst BleniRrRARR
one eri Va I ve processes

strdaﬁﬁ[rﬂtsaﬁi se@dnd dihgeolefigs stheam. ¢lavavke in bieerthbodiiedt ofithe
ol efins streammay be reacted tq produce a first

pregang fnvigniie, ppartiopedfseidddi die alstinhstesappmay be repciadiia one or

[
o A 88 O b B By ShBl g v
strdaﬁrsduce a further olefin derivati ve stream and a

further dilute olefins stream T rther dilute
ol ePteRb)aprealiq comprise TBYeithHLIIP @erb‘fatlmmcesses operated

in éfeﬂtese W%}ﬂ;fﬂ?é HEs€ afthi ol s %ﬁéaﬁﬁ‘ %éggﬁ: e&ad ﬁg)rb&hcretﬁeﬁrst

urt her in derivative unit n then f
olefirderivhtive Istrt@m ahdin nﬁerﬁtedm:mdldlfte pleding sltveimt iand at lehst atfretion

st as ect _of th resent vent| | east .a ,
of st PsmeBpe Bt LS G R TEY Db TBFEA BRdKuseg Rt olefin

derVafivé ?L‘f’e Er{‘ ﬁ%@r 4iRE BREnS 5@&H. MheShRRer HMCHNMRYstRam,
may not same cracking step as step (a).
andPppfieradlly) any Qflt]he nfermiediapedibrieloldfihuistecan] rdtireastest indberfuirther
olefin derivative unit, can then form the second dilute olefins stream of the invention.
In the first aspect of the present invention, at least a portion of the second dilute
olefins stream is reacted in an auto-thermal cracking step, which may or may not be the

same cracking step as step (a). Preferably, all of the second dilute olefins stream is
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9 WO 2004/ 087838 PCT/ GB2004/ 001265 reacted in the

auto-thermal cracking step. In one enbodi nent of the
woiowoszspect of the present invention, a por PCOIGB2004/001265

said second dilute olefins streamnay be reacted in

one or nore further olefin derivative processes to
reagredihuthe amneth@rmaitrmraeklhg steheln wieamitrodirdentiof die frskaspesto¢he

reacting int ta t her ste
prefspafsFRTon ApOHRn s Rd e it SRl EsRtyBrg b fegoted in one
or rﬁ&%%hﬁ‘é} oK BRI aft Sfrotéibed 1S pRothRY bRe bh@brefurtheaslkiing
step). In a second aspect the present invention

derp/rabwsd:@éora rgpctiegissthe evtorthernpl stskmgstepofor cxpmpleepeihre

oGS RS L B RIS R R Bl e

t 0 RroUGeR] Apbdthisd @Sén'ﬂhﬁfenﬁd)rﬁ foREles b pediass 0o e predungion of
bot h ol efi ns and ﬁ)kanes ) reactl ng at | east a

an plofin derivasivesehigh pracsss Qﬂ’inmﬁ’tsés &tPh8T'st r eam produced
(a) Istn ; grtgagné 8#% rafniP E?&B?aﬁ)grg Ebr{t&%nn%] fgédsﬂ)cﬁ% L[/)Y&fubg first dilute

rising’a erivati
oleSi8E arAnticbmpasing Bbthrdefhisrapdrmikanedypr i s ing al kanes an d
at least 5 nol % unreact ed ol efi ns, r eact

(b)1 eassactngwtashnpeios af sid Sesrlivs 9lefns S ran e SR Shsen
to IProglgcléc eﬁrs{ &Fﬁlg 8%1&;1&}?2 stréfth Q:ogﬂ)ﬁ—{slngb ﬁ@ﬂﬂ@ﬁﬁ 'd '«ﬁivlégaﬁﬁﬁa

eas unr eact e ins, uce
secof€ aitake @l cfink Btrek,i c@atpmmgsaikaaamncbmtdmst 5 nm@‘%alm;ar@woleﬁns,

(©) s EAGH RS REMEOTAR Of S04 ST HiR O BIEHERS Braireq gy sip
(b)y ?(:‘a?&/ anJUBE c%bgs&% ﬁﬂ(%ﬁe% anld a8 Ay 191@}% Qffrdabred LRIinGCtb préduce a

rac ste (a). The cracking process
secohd siefip dediyatofe shbﬂnscannprdm@p mpmﬂ slqﬁneifeavabley and arecycle

|
sﬂ%?%ﬁé@%a%%ﬂmﬁgg Qemt? o Fashie el P R it ees,
(d)]; : &gﬁﬁﬁ% s%ld)lf c?d] odﬁéecﬁn@té@t(ﬁfﬁb tRé c@l:féiﬁ@ fep@f step

othernal cracki ng processes,
(a)f or exanpl e of an alkane of a m xture of al kanes or

0 8RB e P ATl e PR AL SBpt Bl e o
() Mb@m%rﬁ‘é]&ﬁﬁg&c&%é&r %@&B@armphm,r(ﬁ) fieadstaking @bcesses,

tep (b) he second aspect is preferably as
forchxemplebafchniatkankeoffa mlsxtcura@ﬁ alkangsfortof @aphtha/m G%}ﬁuwthemal

d
o GRS AT B A B BE T bk B of i
r eagi&d phFerBbIQACEraliting Step iPa)(oF Xile s’tcslﬁt@@dct@loﬁfpln@es auto-
derivative stream conprising a second olefin

thmimallylo i.lalckﬂ@g t??rﬁﬁnw&r@amwil@aa&qdw% unr eact ed
ol e%terpa@)z P}a{l}gts?c%%a ag plsz)ggeléb& & de?&;beal?ﬁ thqebeﬁgpﬁsgect of the

inveaBn.0Or may be di fferent to the first olefin

derivative. For exa where the |Iute olef#%“3 d

st r dathig saepnd awsctali n&@fﬁé@ﬂéﬁ&/ﬁ?@?%ﬁé cagSkRPrHpR OF 0P Spcon
dllu& olef str%am is reacted to produce (in step (c)) a second olefin derivative stream,
comprising a second olefin derivative, and a recycle stream, comprising unreacted
alkane and less than 5mol% olefins. The second olefin derivative produced in step (c)
may be the same or may be different to the first olefin derivative. For example, where
the dilute olefins stream comprises ethylene and ethane, both the first and second

ethylene derivatives may be polyethylene products. Alternatively, the first ethylene
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et hyl ene derivatives may be pol yet hyl ene products.
Alternatively, the first ethylene 10 WO 2004/ 087838
wWOCH4@BZ2384/ 001265 derivative may, for exanpl eCTiaB2004/001265
pol yet hyl ene product and the second et hyl ene .
derivative may, for exanple, an ethyl benzene product.
derRratiermaly] fpr akdmmulé, telepdpetbyldnaiplodue antl dd sesomd etbylené s
reacted to produce sai second .ol efin derivative
d“??P@%HPyaﬁﬁg§%? ew%&é%ﬁk?@ﬁ?%%ﬁ@ugbmever,_in one
enbpRicdyBNY all of tife LE6Hd ANtOblesias Sir&acRAehctd tdlRod]celshids
stream may be reacted in one or nore other olefin )
secded plefinidesvivestsypsandsapt isdyde stora. dlovryes if are prapodiment,
olLefin derivatiwves. .ln the seco step )
o oRiprr 588 srebRn iR e MR na0f RIREE o GPutpppr oletio

derthative Brove&bé RSproliRame e nvre duter lefiaderidatbleel i n
derivative streamand a recycle stream conprising .
unr buibe secoar kaprst, ate (Peapsnprisahreapiingptdeast ¢ pertion of said second

.Pre ab aj cygl r ' I
oGS S b Sl o Qe SRR FRTDEA S Sl e
corf@pffihP Gnreaded Sbaomddadsribin Hinoldh okifial.iPisferablyefdaterle

ere the cracking step of step (a

p ) IS st eam o

streama eBPrises ilgsg tap ol v Alefipraged Mgt imgleibhylees e madip olefins.

-t I | .
A BEAGH By b TR LAGR08A FRclihs LBLER ey g s st
crask@osidcdihisutidl lnlve therlsass tieteiarant bm caokalrefi-timed eHenat stape(c)

process of relatjvely high olefin gon ersi &Q{ suqh as

proferably£OmPoiooh ¢St g RIS IR 2 PRTEPB PRI S90BH CBR@rqlgins stream
. i . . . 0 i . %
n FRBE BT DU B P R PR o g o
coprepsies preferablydpiglf olefinpoaiersiahl syck esmprlease 85% qonvere®s.

benhrae Bie el csbiuties v i5ary R bleCackBrRge Proceas of Hep (o
prééﬁrihpﬂ b & f?%@es@fforq bytsnstiod of ?t_@‘l@éﬂ%eﬁe fib¥ dth@ene and

h
ps "Process. 20 Wiere the ol efin conprises
beqmeopypt @ pencessiier polgiierisationiov sopebymparseéesolofthyeey, forgxample
‘ preélg‘habl conpri ses a process for the production of
by S VHHES TS r om propyl ene.  The invention will now .

be  exedre tief d166h QMmprake pRPIRNE AhE bl R ritative frod’s of fiep (c)
Exanpl es. Figure I repreSents in schematic form an
prafeblyr @nguispr oprsessifor the peodueberuef padyprepylare from propylene.

hylene derivati 1 opY'S
oL AR YL 1SS b PP s B

Exgﬁiﬁg.;rgpti c forman integrated slurry | oop pol yethyl ene
process for the production of polyethylene accordin
Figuge  hiepresentstin selparaticdorm e infesrated procgsseiet therprodystign od an

3.represents in.schenat I ' .
cH R eb e B ATl M e o ones
Fi@i6 2rehr8ghntsOin sbigenidticForma e atégrafed ishierydoes pollyethylene process for
invention. 30 Figure 4 represents in schematic form an

the priodueticmend pﬁ'b[e jagcaAiEng i ngﬁy:ﬁréb%ﬁpéﬂéf thegewst 1nfvept10n.
Fi@gg gg{:&%%’le%%s{qig ggl?eferréaglﬁltf}mﬁ QR ¥At§£‘§teﬁ ‘f)%g)kgfoﬂg p}&egshi%r fie st
production of polyketones according to the first aspect of the present invention.
Figure 4 represents in scherhatic form an integrated metathesis and polypropylene
process for the production of polypropylene according to the first aspect of the present
invention.

Figure 5 represents in schematic form an integrated polyethylene and ethyl benzene
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invention. Figure 5 represents in schematic form an
i ntegrated pol yet hyl ene and et hyl benzene 11 WD
waQ/e&d3838 PCT/ GB2004/ 001265 process for thecT/GB2004/001265
producti on of pol yethylene and ethyl benzene according
to the second aspect of the present invention.
proRessdor tha graductitimeielvethyd eneenideaatley] oematne 2egordingde fhsl sscond

str 30 conprising 40% ethylene (C2) and 60%
aSpgf‘tPjﬁg‘l’?ré%“?mg{E%h% oxygen feed, 20, are fed to an ATC

I eaRbREring @ Fifire Thah thaRteBd, QUE tec§tle 888arh S3( ER@bBEhg 40%

50, to _produce a by- roducts stream 60, and a first

P
ethpliehe{@ paivd/ 6080 ethene Camy anden cxyapr fesid. 7Y, aisdedsd smdGreactor,

% et hane and. 70%.et hyl . This dilu thyl ene
0 BT BBRCu T i E Bttt ol s8R, o0, amd
firs8 QilutfethydR ¥ MBI LympAYN E bpyroLiteat €19 308 &hate HEI70%
pass. The ethane is inert in said process. The olefin
ethylsnevEhis idutp edulleae stram is ppssedga an ety leng dgHyatiyernyoesss, 80, of
Y 0 . j o
o ROMALS AR LA phg R SRR e
Thebhyihektvatha\prodncg 90piRBepdrhied ulodg @b hox biiet bY-ypretvhs
et hyl ene and 60% et hane (and havi ng. appyoxi mately
formerl; torlpayevieennd @iute #BYIERS seag) ¢SS Thaansdnesed

. . “the -
ctnffth e £ ERERNHp of bty il @09 Ay REMRL Gl (and
hawhg eprpxithatelp hald teriodimeg ofthhdirst dilntt ethylyhestesangy whickds

to an ATC reactor, 4. The product streamis passed to
recycled il AEC 19E0F whi ch is separated water and hi gher

hyd - honss: a e i 0

e e R e R
comprisihg ethgne qrdoadludenes trecfadntd sn Af€hrepetss ddThopmduct stream is

denet hani ser, 9, to. renove hydrogen,,.carbon . nonoxi
paShR it OYFR, 5 B9im R oo SoraEl Wt i icher B gss R ap-dr and
the%_i')é aHMHﬁ&C@ééB?ﬂSt% I;}érﬁov@(%r : &Ihxﬁ@gn@ﬁlrftfég%{e%,?@.tﬂetraﬁaining

reactor, 4. e remai ning product streamis

prdupde sipemas dun paBed toa demethenisere? .\t eerneve leshpgann darbemd

J

- mgRoR e e e T o R GRS bops. 12

whidHahYbel e R1eAab YRL AYE B td #cess, 15, to produce a-
pol yet hyl éne product, 16, and a second dilute ethylene .

st r daeyemaining prpstickstregmeis hadie gomiteth d 3uterremer eacetylenic

et hyl ene, which s re I h IC 1 -
coifbafiana gebes ol SB4E4E0, byIcE oG SR EbARp L Hifycne
andl Bthfthd) Wich3is paisB@fLa skhrydssh Soly@BYlenproddrd, B5, e piteuce a

stream 3, conprising ethane and ethylene, are fed to
polyisthxteme peedich d 6, and ameeonst ditnte ethylepe siweans, 17peemmpidsipg ethane

uen r om.whi ' ' :
o 52501 B S P EATE AL BB i
12] &vevwleardams.di oxi de and further water, 8. The
remai ni ng )

Referring to Figure 3, ethane, 1, and oxygen, 2, and a recycle stream, 3,
comprising ethane and ethylene, are fed to an ATC reactor, 4. The product stream is
passed to a quench, 5, from which is separated water and higher hydrocarbons, 6, and
then to an amine wash, 7, to-zemove carbon dioxide and further water, 8. The remaining
product stream is then passed to a deethaniser, 11, to separate C3+ hydrocarbons, 12,

which can be recycled to the ATC reactor, 4.

The remaining product stream, 14, forms a first dilute ethylene stream
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product streamis then passed to a deethaniser, 11, to

separate C3+ hydrocarbons, 12, which can be recycl ed
wOQodhe7833C reactor, 4. The remai ni ng product BCTA&BIP04/001265

14, fornms a first dilute ethylene stream 12 WO

2004/ 087838 PCT/ GB2004/ 001265 conpri sing et hyl ene,
cornaprisampesthylend) ethang wesbiod eneneati deyedid dydrogenyradiis parasd toch t 0

oyl ket o react or 5..where it is reacted t

pos R ol y RAEG b PBURLIS Piotsee I SRRy 16, Pt
secOh®Hilis ofe‘ﬁhﬁ awaml 477, Whickhs tee €168 ¥Lthe AT® rdab®r Al Gptionally

reactor, 4, otlonaily after addition of C3+

aftwdd@@aplﬁ 6d3 hyd@carbep%\rlat weparafednrep éhgdasitiaaiseser . 5 In
hy d lo%lga:l nata 1v§ B&g/i{é/t g 0%69% éggt?sg%\gﬁg@aliy%oc%qa%bong%propylene

andiﬁlﬁﬁér@ e& riof sdﬂaﬁtaf@tth@ﬂeﬁlﬁmseiﬂl butarare thekk pélykdibnes
yket ones reactor with the et hyI ene, ethane, carbon

reaﬁt@hwhd@ ethriers, ghhsge rartRumaenaxids ang W@&e@ 4, ethane,
t
L RSB P, O SRR ST chycicSRERY £/ 00

corﬁp@:ﬂlll@éthsﬂef and ITéth}SeneJ. Qferfe@ &esh AEC&@&E@L esr hm‘ prodparsatamiis

ste i ncludi ng .a quench d’;\n am ne_wash, . a

passeth O SEFFS o Scoar e B ek dng HehoetBE SFrshed
e stream

doriGREfcH A adean e Bropchifor SURLHAG RETHEL 20 [ o2

et hTh@fealaandg ptddacmstremg th foﬁmspaﬁfse diltte eﬁlyﬂmtea;h’eaal s

react or é % react ed wtq}a but ene %e%g:,ﬁ ..
corenm%%thm@ et %r}eeg(mc 49 passed [P TEtthedis feactiyal Ay e 118
reawe?'wqth Abhtate feSt30. ke @u&rstr@HﬁeSFj'lss}%dské@tb'a%paratlon train,

ums, to separate out unreacted ene ,
32,|cmolpysl @reyr note drsdllatlmeocdumnsl,ltb serarase hyl wmeacttdrindene, 13,
r|S|n unre ene et hane

Propg I T Pt St epnf 1, COMRRTge Uitpiled Shylenc

and@Etflhde, Ricfis g%?cleﬁ‘ yolihe T & edysior, 18 ’opﬁSﬂQFyehtfﬁg addi@on bhes+
deet hani ser, Unr eact ed but €nés may be recycled to

hydrhearhmsaihespas’aueé &onothe degthanipes, bt 6&@%@&@@@ ngy,be s

recleg it s S SR BRABL I g 20 DESRLAE T
P"mﬁ’é’?’e&“'g‘?‘é“’z SP Mpsdiaguaoplionty 3, compr 519

st r Bafmlldg iodigwd 5t (@jﬁhane , quERLIRYEsh, % ppdd wvivels stream, 3,
COIP{ %ﬁg’" et gﬁﬁx%\%&%g ﬁcp an]R'I@r%%%cﬁ%g‘gﬁé a %8{}& &ugamgggasg%f% a

quérieh! NeFonheth is Sepafdied weteBhid mghﬁl‘l@dbtféﬁr&)ﬁs 4, aR@Meno an
then assed to a derret hani ser , to remove hydrogen

amm\b , Teop asthene carkpn ¢iexide Ard fuﬂj;ler WAt The remaining product

stre e sqﬁ 'aﬁa%%ed t% r]aedce%}%tﬁag%?%@}fﬁo %&Q}[lgac o W?Qxﬁ).%n,r]%élomde and

meﬂiﬂiﬁe,l 10, Bed o Ddbeeianiser, adMo separby i Bgeripd @shonb 312, twhich can be
rempve acetyl enic conpounds and dienes, and to forma
recyrled to HielAeregetefine stream 14, conprising

The remaining product stream, is hydrogenated , 13, to remove acetylenic -

compounds and dienes, and to form a first dilute ethylene stream, 14, comprising

ethylene and ethane, which is passed to a gas phase polyethylene process, 15, to
produce a polyethylene product, 16. A second dilute ethylene stream, 17, comprising
ethane and unreacted ethylene is reacted with benzene, 18, in an ethylbenzene reactor,

19, to produce ethylbenzene, 20, and a recycle stream, 21, comprising ethane, which is

13
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30 ethyl ene and ethane, which is passed to a gas phase

pol yet hyl ene process, 15, to produce a pol yethyl ene
wonrodwsts3s 16. A second dil ute et hyl ene stream PAT/GB2004/001265

conpri si ng ethane and unreacted ethylene is reacted

wi th benzene, in _an ethyl benzene reactor, 19, to

recyelgd te theey Hy r%*éme‘h aftepglditignofstieanyld) as weydasiream 3. In an

on {8 BBt B AT E e Callch a8 M AT bR Rg By, 14,5

pasbd direalydb theonhyiberstene soactb, 19ass steewnciyeths dogadide, 148,
an optional enbodinent of Figure 5, a portion of the
first dilute ethylene stream 14, is passed directly

E}%g@@f et hyl benzene reactor, 19, as shown by the
line, 14a. 5 Exanple This exanple illustrates

an il“htsegamp@dllmtmtersyanl inegrapsl shathidop lpel}pﬂ[)dmg)rﬁmss fdrehe
(E{o UCttl, on f lgrfe!ﬁ/ I ene accor d| % he process of
Pragugiaoipo %PVS?%M He'hrocess is
The @ﬁmﬂls@b Ay &H¥1%h@¥}o%&% i€ g}![%f%é bdh &hy8R%onvERSon of 80%.

onposi tions of the respective streans In the process
Tha cemposieonsiaf thelskpective meaman Ehelpro8tss exngikeminelabld-i g
2) Principle conmponents Vol ume of conponent (kilotons
per annum 1 Ethane 750 2 Oxygen 466 3 Ethane 336
Et hyl ene 80 C3+ conpounds\giQg 16 Water and 378 C5+

conpounds 8 Carbon dioxide and water 86 10 Hydrogen
Stiedh BAMIRS ¢FigMNOXi|dgiRifle Bhpeatsl2 C3tveRmRast@epatent
14 Et hane 336  Ethylene 400 16 Pol yet hygk?lg?ongzgr annZJm)
. Ethane 336 Ethylane 80 P
1 Ethane ' 750
2 Oxygen 466
3 - Ethane 336
Ethylene 80
C3+ compounds 50
6 Water and 378
C5+ comp.oun;iis
8 Carbon dioxide and water | 86
10 Hydrogen, carbon 352
monoxide and methane
12 C3+ compounds 50
14 Ethane 336
Ethylene 400
16 Polyethylene 320
17 Ethane “ 336
Ethylene 80

The stream comprising C3+ compounds (stream 12) comprises predominantly
propane (9wt%), propylene (50wt%), butanes (9wt%), butenes (7wt%) and butadiene
(24wt%), with the remainder (approximately 1wt%) being C5+ hydrocarbons (including

aromatics).

14
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The stream conprising C3+ conpounds (stream 12)

conpri ses predom nantly propane (9w %, propyl ene
wO320mi039838 but anes (9wt %9, butenes (7wt % and beCaB20E/001265

15 (24m %9, with the remai nder (approximately |wt %

bei ng C5+ hydrocarbons (including aromatics). 14 WO
Example2)37838 PCT/ GB2004/ 001265 Exanple 2 This exanpl e

i1l astr [ d I d I

pens el th EHaRL S R bR Fhibe process
for@igprethinstionE paBethyme and eyl benzbheaRobalies t @k pfdogsy & Figure

5. 5 The gas phase pol yet hyl ene process Is operated at
5. an ethyl ene conversion of approxinmately 78% and the

eth . o) ' )

app s PR J31ie BocBR IhNERS: PAKRER: OhBlsjon of
aprgbxieataly 7800t el the ethes bereere pioeess at an dihllee 2ZonvelQod ABLE

2: Strea nmber (Fig 5) Principle conmponents Vol une
aPFE?XIE@FFgYum - (kilotons per annum) 1 Ethane 759 2

Oxy . . QRTO

C5+“m(~:§€(r>rpoﬁnstlzfg{m-E toggﬁgieﬁg%ﬁs%e?oxi d%eHé 2()&\%\3:@1%1 %ré{g%lei 5115(3)@'1%'}%3 2

Hydrogen 16 Carbon nonoxi de 204 Methane 133 12 C3+

conpounds 67 14 Ethane ﬁé’%}?‘s yl ene 400 16

Pol yet hyl ene 30 17 Etha Et hyl ene 90
Stream Number (Fig 5) Principle components Volume of component
(kilotons per annum)
Ethane 759
2 . Oxygen 489
Ethane | 335
C3+ compounds 67
6 Water : 373
C5+ compounds 69
8 Carbon dioxide 32
Water 20
10 " | Hydrogen 16
Carbon monoxide 204
Methane 133
12 C3+ compounds 67
14 Ethane 335
Ethylene 400
16 Polyethylene 310
17 Ethane 335
Ethylene 0
18 : -| Benzene 244
20 Ethylbenzene 334
21 Ethane 335

15
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18 Benzene 244 20 Et hyl benzene 334 21 Ethane 335 15
WO 2004/ 087838 PCT/ GB2004/ 001265 C aim 1. A process
woaoo4roees3pr oducti on of an ol efin derivative, WRCTIGB2004/001265
process conprises the steps of: (a) cracking a
paraf fini c hydrocarbon containing feedstock to produce
a first. dilute olefins stream conprising both ol efins
and al kanes, 5 (b) reacting at |east a portion of said
first dilute olefins streamproduced in step (a) to
produce a first olefin derivative stream conprising a
first olefin derivative, and a second' dilute olefins
stream conprising al kanes and at |east 5 nol %
unreacted olefins, (c) auto-thermally cracking at
| east a portion of said second dilute ol efins stream
10 produced in step (b), said portion conprising
al kanes and at least 5 nol % unreacted olefins. 2. The
process according to claim1, wherein the first dilute
ol efins stream conprises at |east 50m % ol efin and at
| east | wt % al kane. 3. The process according to claim1l
or claim2, wherein the cracking step (a) is 15
Clselected from (i) thermal cracking processes, (ii)
3 eam cracki ng processes and (iii) autothermal
cr ; c .
L e BT RR T Suct b o A oRAAKERTo Rt R Mot Ebforivs
the bigply ©fCar bon cont ai ni ng feedstock fed to step (a)

9 Rfokiiea Port e BxiResbheliaing arsiach Beopuces st dilte

nap iR sodmompiRinR RAESISHACHRT dkist O any one of the
precedi ng clains, wherein the portion of the second

()| reactinglatfeasts mrirtieant pad St dilate phedfinastreath prathiced in step (a)

_ cracker,in p conprises at |east % Qf _the. .
o) PRk TSRuE o« SBORES e Shmpiine n Trke e drivative
di laatie set@fd difute Slefif@fteatd cgﬂ)ﬁggééﬁéﬁésﬁld at least 5 mol%
PCT/ GB2004/ 001265 6. The process according to any one

of uwkRackpdedefttisng cl ai ms, wherein the concentration of
efin.(unreacted olefin fromt econd, djlute

B Sl BRHEGHGn® el A RO Dl Epps swoam

pr gaediiced th a8y (HJehid heioh cambpafiag GRALA AN 1d8€5 ol

e
unreacted olefins.

2. The process according to claim 1, wherein the first dilute olefins stream
comprises at least 50wt% olefin and at least 1wt% alkane.

3. The process according to claim 1 or claim 2, wherein the cracking step (a) is
selected from (i) thermal cracking processes, (ii) steam cracking processes and (iif)
autothermal cracking processes.

4. The process according to any one of the preceding claims, wherein the paraffinic
hydrocarbon containing feedstock fed to step (a) comprises a single alkane, such as
ethane, a mixture of alkanes, such as NGL (natural gas liquids), or naphtha.

5. The process according to any one of the preceding claims, wherein the portion of
the second dilute olefins stream passed to the autothermal cracker in step (¢) comprises
at least 50% of the alkane and at least 50% of the olefin in the second dilute olefins

stream.
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feed passed to the auto-thermal cracking step is at

least 4 nmol % 5 7. The process according to any one of
woheo4psessedi ng cl ai ns, wherein the cracking sPep/EB2Y04/001265

is an auto-thermal cracking step, and the process for

the, production of an olefin_ deriv t|v conpri ses.the
6. st eﬂge Bfocefsaecc‘anﬂ%tpﬁay Ruf P@fhepawﬁ ll’fl”‘ég‘]g{hereln the

colf @Rt 18 Jpgﬁn?éaﬁﬂeﬂ lofe AYAHS:R SRy Q}QHmPglu t@'oﬂa'ﬁ?ﬁg stream and

f eedst oc recycle streamto produce a
addifipnal @lefinghatisasbe prasant & amfrqnlldltmnagalhmtehccmltzeﬁmgfeeﬂ) dh the

| kan acti.n ast a portiop,of said first
feq plaﬁrqteg%%fb%‘fq)“?%t ?ﬁ%}r&ﬁi o of }?3&%‘80?/3 to produce
7. a f'l‘h§brdé€@“dc@oz@ﬁfg‘ tM@hy Y&e 8t ﬂh@@%ce&ﬁi%[dlﬁh n@héelfn'tﬁégrackmg
ol efin derivative, and a second dilute olefins

step{(#)danp aetortherinel axgling sispsandrbie arockssdot ths pmodukgion of an olefin
ed .ol S (c) recycling at |l east a portion
aen PR RRaRs T Fepadte

sai ' ol efins stream produced in step

(@) a@s-thoigndl§GYSdkengsd fe€@Bdrhpridihga @Hﬁa@ﬁﬁlb ﬁ&@%lcax%f)ﬁ“égﬁtﬂﬂun g
st ep of step (a), said portion onpri si ng kanes

and fesdstoelaand Srasytlosiieane icpredues) %ﬁtsh dilutg oleﬁnp ISU@%BS
forc&g ﬂﬁﬁgggt%tdl%S%ﬁd%ﬁiae ef| n derivative, which

roces S of: 20 (a) cracking a

p(a) edatting et 1868 b poAfcA@T saidTiraki mm@O]&ﬂﬁSﬂﬁf(ﬁ@ ﬁ)ﬂucﬁﬂQﬁi gtep (a)
a first dilute olefins stream conp r|S|n? oth
1

ol efq Predusrp Hiskaleds deqipfive stieamrpnanrisingas rsh olgbintdegiative,
Of 5&1 Qséaohglaﬂﬂfe &%ﬁ&h@% g@nﬁﬁ%ﬁ REREYEES: 1R SLER %

to produce a first o |ve stream
corrpnneschte@ohﬁhkrst ol efin derivative, and a second
dilute oI efins stream _canpri si al kanes and at | east

HChCEINE 41 \ga8 58 PRGIOB OEFHIAS gecopgd it ﬂqp@a& ¢linstrgem nseduced in step
p or gﬂ)‘%@ e rgéﬁdl gst %ﬁpﬁqhg hBiferRaf f:fa@ﬁlngtsf( gﬁ)glgféggg)u g?ﬁ

portion conprising
I eapomﬁn rmoh%sumgaﬁ«ahmhmil atldasisy mbids upraadiedelefirsecond
ol ef,in deri.vajive strea sing a second ol efin |
8. der HIPFSRS fOIéﬁap%?dP%t 'Péné)?%a VAR P IMBTOgRTs €qBEiges
thedtdpadd® and | ess than 30 5mol % ol ef i ns, and (d)
recycling said recycle stream .produced in step (c) to
t(hecrackiog iapgraffieio hyfiroserbpn coirtainiig feedstock to produce a first dilute

olefins stream, comprising both olefins and alkanes,

(b) reacting at least a portion of said first dilute olefins stream produced in step (a)
to produce a first olefin derivative stream, comprising a first olefin derivative,
and a second dilute olefins stream, comprising alkanes and at least 5 mol%
unreacted olefins,

() reacting at least a portion of said second dilute olefins stream produced in step
(b), said portion comprising alkanes and at least 5 mol% unreacted olefins, to
produce a second olefin derivative stream, comprising a second olefin
derivative, and a recycle stream, comprising unreacted alkane and less than
5mol% olefins, and

(d) recycling said recycle stream produced in step (c) to the cracking step of step

(a).
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