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‘WD 2004/ 087838 PCT/ GB2004/ 001265 | NTEGRATED PROCESS
WPRQRNTHES BRODUCTI ON OF OLEFI N DERI VATI VES The Rt08854/001265
invention relates to a process for the production of

ol efin deriva m xed ol ef i n/ al kane

feedstream More ' t he present invention

relates to an inmﬂﬂmwmwuﬂmmmkess for the production

of olefin derivatives&maayd i nt egrated process

conprising both cracking and ol efin derivative

processes. 5 Numerous processes are-known for the

cracki ng of a hydrocarbon feedstock to produce olefin

contai ning streans. Fo ﬂwmtn-catalytic

cracking processes sucﬂ\\\“ﬂm\m\\m racki ng and

contacting with hot non-cat@byki c particul ate 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 1882 GCRISTREIVEBBCA S QY T8I FEIBR UAISON

4,980, 053 and US MRS Process for

production of an HH-coftar it tam i s aut o-

t heThabreseGHdh@ion datle®HC prdeehs ifbs the PFo@XBHPbLoletdPderivatives

5,382, 741 and US 5,625, 111. The ol efins produced may
fropremeeid/lshnalkane tpedurepmetiorppadicnlarl y shericsend ayvepien wedates

. e. SO known

o B ARGRREE prob TP R SRR BERRRE RS A M PR Bhoceos
compphi yine bbthatradin gpaetdstedertvatipe prhtessepol yet hyl ene,

pol ypr opyl ene and ot her ol yners. Conventionally the

ol eﬁo TS RISFRSPTSF ?f@éﬁhet %éclep&et&iiH@drﬁ%&@sfeeﬁ%gck to

S n i [ :

P b s, B Bl PR R ek
as ptopmpsecking andecoptagfinmweib hitman-vatalytio pesnla@ewlids atelescribed

: Lfi [ 1 eps; .S e aration of .
o T ST R Bee o A S RSP o B B Sackine
praceSs2B hoh asHWIY ktaBiic @tackinan® d8&1cfAi$1ic BRRINEAFCddsE@skd in

a method of inte rathqg cracking and ol efin
USH6RPO RTINS Br60 6645 31 DB AP IS dhl ik BSDILEY 980,053 end US

efin N 19 " 1 es,
5 24l SHOEATB-E0 0 SO0 LGN LS
the201 £a8Ki8 8 B sFET¢{EEE G0 4600b A%, Tk BYATHY andUSCREEEH 1.
descri bed. have_ rel ati vel i gh conversion of olefins . .
to gfltbéqu?ﬁnsd’é?‘?%? Pw@er%ﬂvegkﬁ HgRSasicetRiede o efmderivative
prét@Eded AlhYBrdvE Q@S Srob i ArONER ARGy ('gx?(i {1 ef g)tiﬂg}?e, the use

may be recycled to the cracker. I ns, an
of ghedas um polythehyali @cmpLesss to produbepblyetiyiene pdyapylene and other
racker will 5 cause carbonaceous fouling of the
épggﬁss equi pment. Ln general, the propensity to

Conventionally the olefins stream produced from the cracking process has

undergone extensive and costly purification to produce high purity olefin streams, often
>99% wt% olefin, for use in the olefin derivative process. One of the mbst costly
purification steps is the separation of olefins and alkanes of the same carbon number.
More recently, Purvis et al., US 5,981,518, have described a method of
mntegrating cracking and olefin derivative processes utilizing dilute olefins, i.e. olefin

streams containing significant quantities of saturated inert hydrocarbons. The olefin
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woause foullng wi |l depend on the nature of the
‘%H@é(f’%‘é’f ed hydrocarbon and its concentrati oRCT/GB2004/001265
Nevert hel ess, even low |l evels of olefins wll cause

foullng and red t he ti. of the stea
dertYali R B AT E T h G SRS Vit Cweﬁe%ﬁt e A
derivati€8NEE o ff- -grﬁeff&ﬁ Heolbtin H&i@&ﬁ/‘e ﬁ@e@s s E@quiifﬁe Httm@oleﬁn and

concentration of unsaturated hydrocarbons, such 10 as
may@leetqwéﬁdlmthmgaﬂ@ed to the steam cracker, or short

t oI rated ,
VARG PO R e B B0 R g R v
caus@RhiHda&ouPuhiing oetheqjmre\&/@dhﬁhpﬂﬁht &p@%r}brﬁlpﬂ;e@h &fdnBity to
derivative processes that are not hlgh conversi on
causgripelarswy] dajepe en fhy naEsof Phoowpaugaicd Redrgsabemandyts |
SL B A0%duce t
congpleaan B S e s AP b P s LG P feduce the
run-Siteasthé stehrassmckbrdinrrabe (hefGrenh&graskryhmus be swpped aifd cleaned).
recycled to the crack can cause, significan _
Thepie/ls I BifeIcRirAHe RO PREETGRT O of %SEWF?‘?CENTF{TPV’”O“S such
as oﬁﬁ%‘ﬁ?%@t}{e%ecﬁ {oniﬁs stestH@rdRet RS shdi hgARRGuh %Yl?éqsm@oft be tolerated,
0 inin the feed to the cracker. Although t
with emsedueens fineama! iagd dpé¢ratiech! wsativantagesh”

ont g§j nj ng, f eed efo ein
o SERE; SRk Al RS dRebA e Rl dlifpayarocesses
thatad?éin&efn@ﬁ cotRriePs0eidass, eidct hetesd ﬁbbé’s@,esﬂﬂﬂi@ it Sasoill still
recycl e stream and fresh feed m xed, the |evel of

Conml@sllgnEﬁqant thlmmdﬂffféb@dc@haﬂeeach levels -
i ficantl hat..in s .
g[plé Fﬁ tﬁl& fr>e68 eftm 1 thi: gfij g sgﬁ{lrﬁeglgﬁggﬁggﬁout 5mol%, such

strdaﬁh@ Ig€a&8R1ddNno Hﬂ’ﬁ:ﬂuﬁ\éﬁ‘ lcgin @ﬁus@| sk@ncanpidbiemd @l cbloe formation,
cracker will reduce run-tines, and due to _the scale

andip gy BAntyaF e eI s dhnincreassd Inyelprbelsbads ﬂéﬁfﬁ?‘F fo the

cra@lne? nxgﬁﬁodd?l the! &c?&lggtr&ﬁﬂ DG RGONWR, & B@Ll‘; yalﬁér&“écfn'té;ﬁﬁtv feed
Hence Separation of olefin and al kane woul d st tifl

befbe lremgjfeldetd tlbaecfr@crker teis y'Elegh’t foed may absoaroikipmige p}l@aesasld hence,

off as . st risi I
derpge g e e rep R a1 LR 08 el of
olebifls 1nnﬂBF: Qﬂﬁe@ 2SR %ﬁﬁffﬁ@h léMeIs hQatifi SRPIFaBb Y Othabin the MfEdh” alkane-
“inmpurities, such as the al kane, t iswll lead.to a-

congaining- f@pd afone.Ha addifiens even gmatitp¢reases m thﬁée\&lmf@élsenes@ the

fee?@aa CFa T RéLC Ig(rteolfél q{ k%n g%&gg%ﬁg%%g% Cr | It da% commercial

ste&lntcez[dk@ig M@ ceyed emalf ﬂfan@és(ldlmlﬁ-lumb @h ba:rtonﬁhfﬁf:iany significant.
derivative froma dilute olefins strea

Heggestepriaii oniof kgt pikage mandd gilbbs FrguiTed P%fgfﬁ ReE ¥l S the

t is fed to an olefin derivative unit to
Cragi“% 2%&% olefin 2 WD 2004/ 087838 PCT/ GB2004/ 001265

d e r IA\lﬁiolugE thiar afflged strebhir @mgirisingd lkdrienaridsol siparmgbededycled to the
the vent streamin an ol efjns %’e arat| Qn u

it and ..
Olerf’é*cfiﬁéll"éa"? Bt e RYS Gy BRI QPat AN P Eratiap ﬁﬂr‘é‘%ﬂst’%ﬁ}ﬂes

su@PIMEE $1K3de, 1BRANGeRNE a Bugtitlﬁ{ ofctﬁémﬁﬁﬁmiﬁplhﬁ’né}hﬁ @he process.
produced and may be sent as feed to an olefin wunit.

Hdﬂo@\eamrattdmeofpﬂ@@eﬁmro@leﬁeLﬂ:ﬁélrregturtd enpl oys
i grfxeuc g‘rnett aPl ‘S’f o 8‘;/8% @c?eysr?‘gea gnaglkPQHatwe 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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5 processes to prevent recycle of unreacted olefin
wf)rzg(m(ﬁgl;ggsol efin derivative unit to the olefin

Hence an inproved integrated process for an oIP&T/ﬁB7("'4’0°12(“

unit and an olefin derivative wunit is still required,

| d.em AivRPEdduet SHredddéd ABARSfeh Mratley fr¥dtthy ﬁed’é @fré #ﬁ?&rﬁoﬂehﬁs

of f-gas contains nore than about 5nol % ol e
sepagatinrupit angeexcladie the @lg’énﬂenmtemuroh Appwogé ste&arracompnsmg
of , an f|n derivati
ethaRé Qﬁcﬁﬁ&}t%gée% S&%eﬁ&??élgé p%ﬁiuce dsmél% e ég}t as p g%q% ig ﬁn é)lefm

umtpﬁowé‘fdr mme:pia)yebrquardndﬁhr CHNeRié yi0ki {188 85# Rfint Pk Rk QB Eon
a first dilute _olefins stream conprising both ol efins

PrOCERES 5t REHER, T°065)° PladEtactd el &agt th ohdfimt deoratore wail o the
oleffd 4§t dilute ol efins stream produced in step (a) 15

to produce a first olefin derivative stream

codpmes am gnprOW'r:d Qttegrhtefﬁ iprocdesr fov at ioVefin @iitthnd ansgefN@erivative

umtdé lﬁ@Fe ol efi.ns F %n ot aI kanes and at | east
5 YoltinF &4t P8 ‘CB BtTA8 0 ’bi?eré I URE PrRgTY the effa%%wﬁgtams
mordtthdneddht SmbPk bicgm. of sai d second dilute ol efins

stream produced in step (b), said portion conprising

al Hapdustasped thd prasmt Bvawion provetes keuocesd fof irspro@-tion of an

streans, as_used her refers to
O}ed:q é#-fv tth Sxéﬁ;rgrhsp{:ogﬁ%rﬁogﬁpﬁléesbt ﬁtepf’)logfl ns and al kanes,
(a) f orcrevkagpd paralBtiOh pdrbydrbsiee Asin Bl RE&tockE p%duHé & ﬁrst dilute
lefins streanms prefer abld%/aslconprl se at | east

olefgsisigam cpmprisadiof olefies audr alkansis) ut e ol ef i ns st r eam

(6) COTREDE St Mot £GP DPai@AIk: WA L1980 stbmifodised o sep

to patdukce astrst hefirdabetivastreaus kogpridingl LSt o8 QIRE] 4hd 2
The H rst .25 dilute olefins stream preferably
%Eerd (s elgh IBiaS‘f%?HSWéIP%éH@ne%matd%aSeénm%| wsgapged olefins,

(c) Th eau@@ffﬁﬁ%bt}% Qﬁcﬁfngtahfcasct%g%ggmgfwf #étl(? s&ofi Hfﬁﬁte%ﬁ{fﬁl@%eam

wi |l generally conprise n than
prog@icegtestep é), paid portearcothpesing abtagks and et § nonl%d wnreacted
Olef%soduce the first olefin derivative in step (b). In
particular, the olefin content of the second ol efins

St rBam: oWdflds seeRands afed Nigeif] @D (S ORES @{reé?ﬁkdcctngp%smg both
ol efin conversion of the portion of the first

olefiny apdealignes.i ins expmmahotestaylene prd snhexpﬁ (b} dilRe@lefins streams

oA SLER 8) b DRSS NN 80 TR o -

corgsises atdenst 0%, wid op mmkumgwe]rgﬁf:@s@leﬁﬁ OThe€icaiMlRe Slegam
cracki ng, a catal ?/tl c_cracking process, or an

STeam B IR SCCAt AgaRT TyViHst @eﬁgssuclrﬁé atleast iROWE6Dlafip. The first
ditOORARSAR3S, gﬁ&&ﬁg%ﬁ%@ %7@ 0 %m&ea%ﬁan%f f(lrﬁ]%? b 16%1%.

preferably s cte Rer mal “ crat
pr o"EleScsmg)osﬁtmn afxherpdcendfiluta phifiag, str(eam)mstoeﬂéfhm? aGsp gk less
m xt ure of

oledf {bar ity dﬁ‘r‘te??i%ﬁg festh go¢ anﬁ!’lf? B BRI PR st
olefP 868898 in 5iep (< A'PArcular, 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
suttable 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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:of an al kane, of a m xture of al kalies or of naphtha.
W6 2087838 he paraf fini ¢ hydrocarbon contai ni ng PCT/GB2004/001265
feedstock fed to step (a) of the. process of .the
present invention may suitably conprise a single
procgssidisiep (shistprefsrabbhsetasteddrom i (Wtthemmad ferakingpescessascforas

oxaTot IR iBFat KAk Rben et Rual R

mix @SN 415£he@ B o PhaphBiaCand T auksth&thal Mm%%@&@&s RRexAhple
nore inert conpounds (such as nitrogen), hydrogen

of am plipes. of ampighira of Pkenss or eéaﬁldlth%)rrpounds being in
20 bl a0 b Al RUGD-SRAPOUNAR L ALY RS PLOSSE 0y

reécyclte the Crac

proasd sfghapreauttdh Veiion magrsakh Ingonprive aSgle AM&IQ* tiey 4Bdthane, a
) cractk i;g processes_are described in, for exanple, US
mixgirgebalzanes, ich 208, Groirahzas auds, erpepbthar Heg paraffinic

' hydﬁ)rcgrggh REn B REERRZdstBA! Iﬂg}ff!ﬁ 1@109&'@[ 9&%1512%%& ?rpcﬁé ﬁbﬂ)’hﬂgted

StOC I'S Teact e In t € presence

hydmapdbhg oot os uppeid-itngmpeondwGutioas hygsas), hh:&og@f awlor carbon
uel - |chII|-n|t of flammbility, to produce a stream '
oxi sﬁ%ﬂ CPRBOWIdE PFRE TRAHIHPIK Ehery ﬂﬁl WaPOHR Helenay Buprpduced

andﬁ&%&le@%}%r& BRr TRy ﬁ&k({a?& ]ﬁé Rirfred 18 rg’?é h ?oatfr?] oa?tmedgkmg

hi gher | evels of o _
promssickl ng processes such as steam 20 cracki ng In the

fir ect of.the present nve
orRite B (Rl SR etier At Icen B o Fa ek amRlS S 5.382,741

: andEUE 952581 Al % a%Ecﬁl‘féﬁ'ﬁlq} cr@ﬁﬁﬁg% oée'g %ﬁn&lﬁggﬁﬁhrbon—

cracki ng process of step oper at
contmrgngfeeldebwek & rohcted mfthmpreaemdee)ffaec&ﬂlalyhaapaé)le of supporting

oG AL SepR pRr BebrR e’ of Raumianly o6 psleg e

con%stdg%laﬁﬁ@aﬁdrhe[gmg cr acker W t hout treatnent to
separate the olefmfromthe al kane. Preferably the

porlt hennow b@ﬁef@eé ot 2ot thermnal Icedaling moeesasn ipasbedparated
with P@h@x‘ﬁ%%l lﬁn 1§ g@%égg;{ th%ﬁ ' {ér%eﬁpg Igrc!»cees SetF] gl?c ¢ Osfte the

ane an

- crackingit e ol ef| ns st ream especially at |east 80% of the

al kane and at | east 80% of the olefin in.the second
di | BtBe Sremsprst of the preseNEBY eBions at lgpity POREONRthe seropd dilute
I {
oA Rt bRk B2t SRRRRRA) Bl s o

stepp{ck angde ardated withdigheelfeivels dfldflicinshe fied thtid 4lhén-autothermal
gq_‘ef ins stream The whaole of the second dilute
CTAG{IRG PIOSessy plElAst AwPTE Pl trrond ddutq glehins sgam may be passed to

the %H{oothgﬁxgil@éckelr ﬁﬁb&ﬂgréﬁﬁéﬁt 195 ar ytk?er (ﬂ@ﬁﬁ g%{'r% the taﬁ%ne

secon ins stream e treate renove
Prefangblp themoréod oWﬂe%@ﬂ:MdQBlﬁ&B&leﬁﬁE’ 510820 PddseD e autothermal

e RO et o O oLk o B g second
d1hﬁ6’ Q]ehh@ ee&aral &pESaIRPRIASNEMG, JrRRdafiEYe Bft A9ERARHN dtholesin

| east

n the second dllute 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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.portion of) the second dilute olefins stream before
WaaewBmeemal cracking. The additional feed nmagcBG82001/001265
conprise a low | evel of alkene. 5 The concentration of
d olefip fromthe second dilute

eact e
comg P%?qt%%tg‘ers A éﬁwa% an%%ﬂaﬁ% thyrglron) eRomotthasutpgerbml cracking
tepPOEEEIy! £ BHYnAL ' e
i ept hg feea to th% agttagé te &g!rnnﬁ}é(%r@gc %}%eaésciae@%n"(a{]e ?ﬂ%aSt 5
portyme} the segonidodibite dlefins mmtn beford higo-siesrontlcdtliup €The additional

feed%g}%lggf tégsa%n%goéy klgla the concentration 0 olefin

T5ut o- t her mal cracking step
| s Thatcoh®msratidn BPHMfin $uEBaASd Blfih 8 t IROA ailQe %ﬁ?ﬁ
| evel s_coul d cause significant coking In cracking
stregp gp@ addigoral Odefansthatt wanbe preackiimgny hadicnesl elibadicorntning
invention the

sent
feedgﬁna ?Eﬁ%d trgts[fée %?(?%femlsa a?lflggﬁg R Ty HJélS € &irqafeérc%ﬁ@wer than that
in t}mrqaodmlrdlmanleﬁhe steein Tty jbﬁhl’@' th€ casdenfd st spol(eﬁ)] in the48ed
th_an auto-thermal cracker and a non-auto-therm

Pabsc$ I theauter herraalarpmkdngasten is il cst ‘l:m@é%e suchraayat keastUSErh! %.
f orgubi ey ent.ion. h an auto-t hernal
Cra(‘:l e?e\gil:.? gﬁilicoaglg%%?]?ﬁc etrc%a ng 1}’)5&2}? ng[ﬂgc%éesps[uglgéﬁﬁteam
CraCLnngt he sane | ocation, for exanple, where
- non- a,g(hén t herpal cracker has been debottl enecked
8%‘? tnBefiBrenef thy firy asnest phthe or @@Rbmvemtmm the sracking step

(a) 1? . n’gtdqugﬁéérﬁg féa?}é{)rtﬂm %rxg%a%u{ e{rﬂg qr?&}gxeg(: %%(P: &)e&‘{hus
bOﬂ‘KﬁDeefutq‘rQlesnnabamkﬁnbad aedn—fanmmhstrﬁﬂ cZ:Q:k(eﬁ)for OfanPle b Steam
Crackeactl Qn of aid stream_in step

BnIRY 05 b Lhe Propess 1of iy 1BV%@§52303? an giite-tearpieli nent
crackér a@ﬁ%frﬁihaﬁtél-t@erﬁﬁ%ﬁaier %a?f’l% }S}gse% BERR Sam ?ocagg%%

of naphtha, or a steamcr pr ocess,
exargplegyy %i‘FIﬂéﬁnIeOD -aitogherimel gnaek@fhaalbkanMOMermé}\edrt@pmdﬁta@n of an

th rac st.e n the first
e BEEG 3‘%‘?’8 EBRpSigb Y B otBet b i acmieg preaking
step aét)aﬁkayrb@ peéfemblpsdden t§ Hﬁmrétcalluté"@ﬁ%ﬁs kfedtn BbGIHRG ftﬁgxrl step

enbodi ment, the first aspect provides a process
(2), PRQI 1B TEASLIER 06 Faig fStream ¢t &ep (b)dEhé ven-avie; themiad leravkinpaascess

of ttﬁé’&ﬂﬁécﬁﬁén{ 1Q%r§ftexea’3§rar é’fe’f_"g ﬂ)cg‘?‘ Lo érgg?r:sgg lr%g%{lagklf%gphtha, or -

conprisikng a

a steﬁmlecdsdl@m:g(pmdssafdr%gmﬁbﬁ ofah @Bfnt Qo fRN ABHER & aldahsd or of
| ute ol efins stream conprising both 30 olefins and

napl'ﬁ“"kanes (b) reacting at |east a portion of said first

di. te duce..

o MR ARG R S B SR
is axmm-ﬂmndekmanng step,43dn atep $€C Bledlcdinl wp&f&}eafdnnfodlmem the
first g}&r conpri si ng al kanes and at |east 5 nol % _
s ames PRSP SFPG7ES £05 PO BRAAIDPF 988 HETATRRO9A DGR OB oess
compides HRCHSII J¥9 at | east a portion of said second dilute

ol efins stream produced in st ep
(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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(b) as t he recycle streamin the auto-thernal cracki ng

Wéatz@fimg;gsg.t ep (a), said portion conprising al Ié%qeé %9900]265

east 5 nol % unreacted olefins. In this pr
enbodi nent of the first aspect of the present

(o) i nY(chf[rc]lgrP%attrlgatst L?@ﬁ&)n of s ?\d%@é&n’dmu% olehfs f:’(g o‘élb!:ég if step

ol e eam recyc to the auto-t
(b) ssrtixckecde sisdaepin thp aut@;sthdmsﬂ rcrdekoh gptepy o foatisd @a) siahbp(wholh e
of. the _second di | ut flns st.r may be recycled
comgrifiag gikgngs r?é]eééfti r"ﬁ‘EﬁaC@P i iHg step, or,
a' 4 Etﬂ?%ﬂei’e?}e)ﬂ e bRIMEG VR thedfilstiPectabahd ﬁes&tﬁe\a&mlaﬁyat Jeast
be treated to renbve one or nore conponents other than
a Dcmﬂlct«amfehaﬁdon@ Hdﬁueml«tfhersef:mm regvélod te &emeaymeemal@rmeno

t her cracki ara
sepy PSR BURC ECROG H EE FEDESY SECCRRy s Bledis gopagymay be
recyc@dediredily QJ tke Afto-thefm AR 8ép, oﬁrhlﬂeﬁﬁtiﬁlblgr}/the second dilute
‘typicall y at a level of 1 to 3mol% Thus, the
olefpmrtresn mzayi h?rtr@ﬁedoﬂoeﬁmﬁ\’e(m@d@@@cFO@PI@F’PWS o8y ghascplkane and
o]ef%} ti]]efe&f%gh iggg I reBgélle yot fe 8 t%f éhgg'na%t he&mgaﬁ%p ?‘ii% ﬂﬁlxlc

resen para

hydﬁ&@ft@hf&bﬂtglrﬁ@@ﬂ&ﬁﬁﬁ&) Triaf c@x’ﬁ@nﬁeﬁzﬂbvtf evehef Akidie; fd‘t%ﬁmble as

cracki ng step ¥ be greater or 15 |ower t han t hat
an lmuﬂﬁetﬁe@ﬂﬁdﬂéﬂ?‘(ﬂ@ bieimakost ream Typically, the

CONERR! 2% 8h0) 1 U0 LApLIRd 68t | &8 o s

dihfelelefiasstasand a&ﬁthddﬁlmﬁDd]‘é’ﬁn e naalytb};trbmnmai para fimkd ]n:girocarbon
process may be operated at any suita qusure

COI%%%‘HE seedstogl) 1ythised te ths ppfo-thsrm 06%1‘? n aﬂ‘?}yb‘? greater or
lov}epﬁnaﬁ 1$aft & {h%(ie(%mloﬂ Blefiftd 5&43?1 %%p?daf]?t ﬂ]@%@ﬁ&trm%floﬁ Bfolefin
resent invention, ere Step ah aut o-t her nal
in the &ﬁldltmgxesmepthehhel craking dtéye (aed atdces(c Kkirmg] % socessatileast 5
referably operated at a suitable pressure
6rrespond|ng to the pressure of the first olefin
der ¥ty eh ¢ 8B8king ?Jrode.% fBebPbPEARE at dhy buis®IE plssure,

step (b) for reactin | east a portion of said first
suchjas o exsnagfl¢ frons i ﬁ@é‘grbafpﬁmw@d in ﬁhepr@fmeé)erm@dw%&é dhe

'ﬁrs? a:?pgfzts (éféﬁl ex%:s?ntdrg\;én ian) Wikere gtregggls a g@g;%aq crégkmoh&ep, the

eri va’t I've

autb@h@tray &laykih © Wrideesis wasrabwraed ith hﬁfab]el pressaye be
advant ageous to operate the auto-thermal crackin

corspsperding iy the PRyseWE pf &b firghelsiip der watiygqr OC?ﬁF bf-dpP é%ff progess
ut1ﬁ§)edjlg stk%g ) £of re!a%gl't'f%gt ltepr ?BHWH ff% § bf¥hins stream

require etwee esses I rst I'lute

prdﬂueéd nStept(a pRMradaear fifsoslefihderieatipel s&resﬂnr Eamexamp]e ifithe first
Simlarly, if. the firs Ief|n derivativ

0 eéi@@egy&vegrocpﬁsg RBFraiss @k! glyl g\gyd:ﬁeggre)semgglas qOQoaﬁd‘;may be
ad@a%ta%m?sqg ABLAUSAMS I HRREA %?fckﬁrf?pr%h‘és@ at Q?féi?ﬁre from 5 to 15

Ing p ocess at a pressure, for exanmple, from 25
bat, pre3érabizs. toAIZttmInlatre&lEieyhe arhourd pf bemathssion agpoed bepveen the

__operate th to-the cra roces ,
Prchﬁ%f Q;éﬁl%,g{sg,aﬂb}eé‘ggfr ésgearg&e oggc% ge Bccg/c]% g%ea’é\,éﬂmlarb if
thé"ﬁxtsholfeﬁﬁ %En@itﬁ@;ﬁ‘oce@@&béfﬁ&é N1 e GRE8 Bfes ] fhah a0PObAE, 6t may be

I gher pressures than 5 bar. 6 WD 2004/ 087838
ad%fdgéméldp@meé:@ auto-thermal cracking process at a pressure, for example,
from 25 to 35 bar. Alternatively, it may be advantageous to operate the auio-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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-The product stream from cracking process of step (a)

woark obdrgssmal cracking or other) will generally ;
conprise a mxture of olefins and al kanes. Pr e]f)CeTr/gkglz(i}”m]265
the product stream may undergo separation and

- pur i ThegadduonstefagpSomasadmoiBrocesstoTetepr(h) (abRth@HRY Eracking or
fgr . xarr(?_l ? one or nore of hydrogen, nethane, CO, N
othg e‘i"@lggﬁ relly eompitrsmErEre flfmsend afkapes drefemimy ti product

stréhemson sespechald y. ydroge
e D PEAREe F ER 0B gy remove
forgupaplat et atheere of hggdrogan, methawk, &1, 0adeh@emBlcomehasds 428
gt eg\, ey be r%@%/cl ed tcg t he cracking step (a). The
1B s At A SPPPERhRT Sharalrheunamings. rapria bdey dsessas ardtdanic

cofodo Bhes ditAds (BXAMME SeerPsdiRradld SAIL CRPRL) 3! -
predom nant|y ethane angle et%ﬁaene\, and gqé%égpr%gtaorﬁhem?]

cragime FieBi MaY pe espeied smthieycrprlopsasier k) Brdprpdopytrens also
: .al so_bhe subjected. to olefin -
Pf%%??l? ;“i”é%ﬁ%%’ssg?%%%% f%‘ e EX{TR % EpiSHERBiteRIFISIng
pragientigintly ethandanesathslené, dnhe @f f2eRlconi R HBdohiflah@ Bropane
iorrp_onents other than the olefins in'theproduct "
ang progylenerelyefsestranis meay 3lpo bhautfi¢atet to aéfaf purifietion atdpy @
: ; irculLar.. carbon noxi de and/ or . _
incPlE B ot bRk 16 i Rl B b e 2R i epiona etein
compomatsialyer biganpthe skifins i tehi@odick Stredth Héz%e(&_e@ifrécpﬁ the first
olegnté;r eam .where these are reactants in the first olefin
r

VT PTPe8t 4R BarticBler.caphe raonoxirensd/ ety df ¢ gegtmay be
ret@ned i I atd p [ r.oyl-at.ion
e Bl D ARERS R oy b EERER] R g Bl orens
strggsh.yierothess. arArdacantspartbe Hfst olefinakerinative mbcedsbefon bRieple,
w stertﬁagstcge%[dési ng ol efin. and Cgl kane  may subsequently
ke s dpe 8 Y PG PTRPISEi%? BYEPionaylatipa RreceTher aRtoeess for
thmrosmaﬂafbgpk@gaﬁlés_ 20 purification of the product
streamrequired to produce the dilute olefins stream
wi | Allgepar@f epe phwosd ef tha ablevd sikgainy eompoisieg 9éfin and alkane

i il fdns..stream.i subsequently to he
RIS LSS Ry SRR bt
pudfitative of lefiroducs bir@aEedut@ans hodde: thb it iefihisr-andyill

al anes%, gepar_at_i'on and purification stages wl|
cHi dprdalive proceRses AB Which thp dluteoieferstsimommal is

su&%@%ﬂ%it@ﬂe gepurification, and/or may allow
debott ! enecki ng of existing cracking. processes - see,

f or Hewengpl e the)Présehy &lkBnanidizesMMB2 6648 Strednts (cBfiprising
bo?%nn(‘{tjgﬁ{s.ne t_of the first aspect. of the present
VLIS alliRBre TREFAEPAERT Ryrbeatiop stays el penerdbneatiess
extéfdifthan BbiveBHiGMH sERLHR! an ;br%gig‘é?@orﬁ%&’fo} H%Rf%loyvhe

cracking step (c), 30 the uct Streamfrom
debaitienecking nbexistmecdacigng pepesse) —wid, forgaaripdd, [US 698P8iSend
W@O%déigé{e of ol efins and al kanes. This stream may be
reat ‘as descri bed above for the product stream

f r O @E @6lcbfincdit of e Rar ApEdtRE et AE R RAFRALAIRY 8 ckine

feedst ock, for exaricpl e, In a series of separation an =
Step (Bii§ periarmeA usingpcdiffexeng praekeythas| thé hure-themedmratking step (c),
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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- VWO 2004/ 087838 PCT/ GB2004/ 00126 suitable for a
woewhsegszsnt . ol efin derivative process. For exrapiGs2004/001263

the product stream fromthe auto-thermal cracking

step (c) may be treated to produce a dilute ol efins

suitabler foparsubshipeint clafin stehsatuegmibtess HBorcaainpiee thevprodudt lkgeam
first dilute olefins st

. duced | d
o} W avIa P O PR PR LRGP SBIFAHGC BFAHGEE COP G

stredoh, @b RedtNEb B mEn28 KihOn s e ditde d18n@ddRdmt O
t he product streamfromthe cracking step (a.), and

produhes insidpi (abendsiepctadrinstiby 80t Breferablydpapm@dpeistigaa from the auto-
urification as described above to gi the f1J1 sk, ()
ther&af TRATRg SER ‘(é 5 Cfdz.ém B}ocrpl §’?lé“6 qtrgﬁm%q\ff glehcggcl\,[n{lésstp (a), and

the @AyAMEGRanhabjcefdYo eratii drfd matflcatiod adddciiBed above to give
required. The first dilute olefins streamis

the Bishdibie elefing sreae fagiapdbprihisbes the pyatags thatanly oue -
der.| -ve. |.Sy step may conprise reaction of the
purt lggrtgozﬁq;dén?{ﬁstrgalgre?fi ns streamin any suitable first

ol dafnefirstaliliveadlefngs preanes subseheeptyasacttd inpredtdconfitsaslefin

the advantage that  olefin derjvativ r sses that
deripyaiie- TBF&E‘?P\}%‘%}’;/CQWSGITE‘I‘W“&% ARRREE éﬁuﬁﬁﬁ%gfﬁ“é SURHI &Y 8w,
Suitgglk Rkt Qi RriQh§dd ﬁ%cég.r'ﬂ?é"ﬁreséiﬁ ihRBtibh hed thela@bddiage that

rivative process, and w thout requiring physical
olefegaivativoprootssehibabhafeiralatinelydb wahefirf ¢anyetsinn oY bgamployed,

. , il | ef i : ) h f ..
g RO ) 4055 SN RS U S5y S

phy3R8T sePrati Sk BSBE SN ARARAK el fidn He $11Pa0(REdB dRMe olefins
al kane can be avoided. By |ow ol efin conversion is

streapiuHenice she ¢dshef 180ds@nghigh ity elefing Atreanyicds akeeqd gugbespst of

| ower. I n additjion ertaihn ol efin riyative
Subﬁ?%]@éts%ggaaﬁ’ﬂ Séltlhgl%ef%‘oa eal%}p?noe n(%f] Ibff aggldg%er ated at high
CONB¢ IS ORAnSUsVersion hemieng 16isgharc80MeN airnconpersiqasschars 70%
by recycle of unreacted olefin to produce high
or loVer-al | conversion, may advantageously be operated as
| OV o ARNCESH AN REACRASRN AREOLUIILER N leorReAssERy Of
the present invention since the unreacted conponents
op¢raigd behifh conersion,ishels edhavyg highlvonvervion Peopass T b asrycls of
rocess_that produces a product. stream.25. conpri sin
unjegded SRR (SRS oPE et SRR EPig o LU gpoperated as
Jowdrebhissiorpldcalibeacddraf %S&ﬁfé prdRis€ 81 ih¥ pherest iaterdtlddfdinte the
conversion of at least 95% In particular, olefin
unciected eerpencptsosaskeBirthier shlisede conventional |y operat ed
conversion b

i gh 1l
o1 cPo g L EHCriagt PLeon’ & Pt B P d roP AR

0 preven

 cobptibifly WRs fan SHYIBASEANE pETBRBIAB Sthhf 3indtorodefis| Buitabie

_purges are often di sposed of, for exanple by 30 '
procesies Dpicablydrgs amglelin canvamer of shigastsidan I Bytcal«e P
Bk e
re@kRaF vardatted ohdinf dftesi reqsipes tigaificahepypge sepieventbanitl iuprof

can reduce the requirenent for a purge. .V\herg g}% ammle b
UNgRAP Y CCOBIRIENE 1% HCTSR L e RUEESS S YT ISP Cki0p xampie bY
veltif, 0pefiftins \4fh totFer 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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-8 WD 2004/ 087838 PCT/ GB2004/ 001265 processes nay

'wo(m@waisssss for exanple, processes for the pr od_g&fgi{(?%%gjmnﬁ

et hanol from ethylene and water, for the pro
of vinyl acetate, ethylene polynerisation processes
PIOGEHSESanHGPENTSE cloantampplocpesesed for thidygropiaducfictanslf from
n Id Wiere.the. dilute ol efins stream
ot P B U CinneSiofien oot Usionw sobmpbeEsses

prob@yesGeibas€oléant 9% 86REEfor BN E f 2% i
production_of propr/}I ene ogfdee?ﬁ orﬁ)tnhogeb%egjﬁé’txildgh of
a

cr Bibgienhedithtp PlsipF shear nomprigestiropy | pc tessesn dasvanet |

rofS&E8h-Ad _ S| f.or the oduct i gn of _
PR O B B ISR bty i
for @lesnpfdm‘-npm pSecrpleocasbmepylend bt idEe Procdidelt R well as certain

ol efins. streans., for exanple conprising ethyl ene and:
proﬁ?séﬁfP%wgpr(éﬁ‘Fil%P p‘ilé’!p‘p?ng@%es i ncl ude, for exanpl e,

et hyheeNedPd@R¢%Een 3 |.sat i rocesses.. . O her
_olefin derivati vesrpdrégst’:%g?eégea H?act%iiﬂrpgl;é eg'ﬁcl’cte B nggng mixed
dilgppledyetircamssfoe pxqrhpleahmptibimgreriesent addprepiben shigliside
roRLOSESSE ffor 1 heééor ci&lljcti on of ethyl benzene, the
PrORPoaU Ry Y Oh I BreXP TR Ea I BRPT O Eeer=e-PelMEeHeatenipsedessesf

et hpihendefi HéRiie Beodesed! r , :

hydr of ormyl ation o etegilelgewnag “35’3 Sg?%@;?lb&?‘é‘l’\}mmfeﬁ BEeRARY of
the irgeR deventiom ichslepreehsedsifonthefpramicyike bb aibg] beneenkief ms

progiigh 35 1A AAR Bt TR AR SRt b new i daenedo sive
propere; hyphofofmglation bf esiylet bibfop9leat i @@ra%a%&%oen and

a first olefin derivative stream a a“sécond

r oduc
Pfog?qﬂ@? Q?B‘P]ék?tﬁgessff?@ sfirpraad sadiohynonaaide, michtdseefdribet in WO
93/0iddt e olefins streamis reacted to produce said first
ol efin derivative 20 stream and said second dilute

ol e$temé) sompeisas TEisEget Jeastna poreio BD el MR tdilate d1b&as stream to
ention ortion of sajid first dilute

proff G ARER Ry Subrh and BaSiond ShbteseBmsamuFrefnbly,

all of té fifbt didiite WRIfiné QrPAAGERIBRd tt&pl@dgg@%?d ﬁps? %ﬁn'gg{‘ig tive
further, olefin derivative streans. Step B may ar'so
streagAndisaid spgnnd diksmolefies teafii. Hatevien an breempbodiresest the

LNn_serli F e le, the first dilute .
pre@EBLEy, £ ot i Rluf SBERS Focam@ay br Frasicd it ome or

mox fefther otifini degiviatiee SioceRB} @Noditel Ik &F HRAE gfrﬂ)eg gieﬁh%eﬁvaﬁve
olefins stream and at |east a portion of sal

STeAmSer nedi ate dilute ol efins stream may be reacted to

pr } ef | rivatiye.streamand a _
PP G ST e M AT orres
In sefiesf Forexspieathe firandiluto plefiaatrédm magbeqtadidiio énroduce a first

oleti'i n%er nediate dilute olefins streamnot reacted in the
P EHEPY SY BMedndpraispatiatredi plefiaapireamand of lerstheortion

of saRGRRAHi A& HEuR! A ' gion. .ln ihe
B o 3R 00 sk MRl gl ol
deny aite stigamfangd la dugkerghbitelolefibestreatre flihe Sushdr didid Gefins stream,

andir]gnsﬁ)hg]?y, 'Brgy ?ﬂ@%‘iﬁt‘%ﬁ@&%@a&un&rﬁg 1rllsns- é%nenpdt rm!te%hin rghPeyfu%ler _

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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same cracking step as step (a). Preferably, all of the

wgeeandsds | ute ol efins streamis 9 WD 2004/ 087 ®88/GB2004/001265
PCT/ GB2004/ 001265 reacted in the auto-thernal

cracki ng step. In one enbodi mrent of the first aspect
reaaéd inftee appdbemil ¢énadiang bion, Ineonsamiticommert of Ahaifisseatneet of the.

ute ol efins. strea i.n one

predent IERCay BPPTSE FOAeTOLBLESEEES st BG o8 reflieGp one
or TH&YeGufthiértongin dekiehtive proedskataiol preducl &he be nfog@ irtig oldfin

t he auto-thermal cracking step, for exanple, before 5
derpvatiyesl eefare repeipg fnethe (‘Wﬁégéﬂlﬂﬂ sTack gty [Ftagmpie. Seipe

AL 1l Sef) 2 I Rtling step).
ekl 8o a5 MO A 00 8 8k a2y 860 s

t h elnCH odued aspect alie pratend befent ofl eravvdds Ia\)peocem f@tthppodestson of

nprises the steps of: (a) cracking a paraffinic

‘an Ptl)?‘ﬁfl GERYBUR: WHIRE RIMEHLOIEEHSE 1961906 Yr oduce a first

(a)d1 | bhBiinfh %Bfa@ﬁméh(r@;%@&rb&?@Bﬁt‘aﬁﬁﬂkgfegﬁ’stt&lﬁoeﬁrb@&emst dilute

al kanes, ° reacting at |east a portion of said
olefing ster Icumpnahgbommlsﬁrrm@qbkm:uced in step (a) to
produce a first olefi

(oD e B Pl s A B e A SO P

to Plotif&N fisPHRIh AbMehtAt kABAS, @ntbriting £88k ol fdcHvative, and a
unreacted olefins, (c) react i ng at | east a portion of

se®ad dllsmfmsdﬁbm,ecmréfsmsalgmeé and pt lgati dauo}'n usxegpied olefins,
ion.co in Anes
O noreitine adEts PR eSS R RES A oBlom B e
(byd @ahaysahiomoﬁiph@@man@ﬁmndsatn@sas sRQ9Nechrédctdd dlefins, to produce a
derivative, and a recycle  stream_ conpri sing

seqnpedeliedrrap R EnETe AR CPERESIPA aﬁemé| g6l drsive.and yTggycle
recycl Wi 80l AnSt (c) to
strf:zhré c:onl1C m%gjngef-ac?e% a?kagltetha? S %&l({?oalc P%ga%gr oeess
(dof steplifgpaidteclyble sgean IdeChEpém sters (P reflerabdkyng step of step
sel ected from 20 (i) thermal cracking processes, for
(a)exan'pl e of naphtha, (ii) steam cracking processes,
for Eeaimliendiroddds 8F k8P en) o‘ffth‘ase%ﬂﬁ Wpectak ?éfgﬁﬁgﬁse!%rcted from -
of naphtha and (iii) autothermal cracking processes,
()ftbermesk arapking pfocgsseal frmeremple ofngnhthadfie) sifana Flegliag rspcesses,
P! ef. ar ab he cra
fof e shar sk pPA Sl R LakdlEs SF SEtleRfantia il s Rhorma
cradk@nPpodskés) fr eRydipRrRaARDb Qﬂkzﬂx@,ﬂdf&l mixt@refofatishecks ofAaphtha.
Step (b) in the second aspect is preferably as
des cMioplegelierpbbihiBie crackingigpel@) obh eﬁ?@nduaﬁwﬁPP@ﬁnsqsr?uto-
{ at | east
ol R F Rl n SRR ChMER BT
r eaCSteﬁ (b)an piiecsdba®] 4spectsdt preférehly aa dsecibad imtteffimt aspect of the
der| vative stream conprising a second ol efin
ma@} QPati ve, and a recycle stream conprising unreacted
mg,ese@&ﬂ ABF&F of IRbra’Rt el Qtsleas-{ia‘i)o%@&&@fjthe second
olef erivati eproducedln step (c) nmay be the

divaerelefins saganbs reddtddetogmodutcs (inhsterf (c))s4 sesbed plefin derivative stream,
coqg}gllxs}{ggt !1\sleeconcli: geﬁn%%ﬁ?atn}e, anée a Tecycle 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 exampie, 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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~..the dilute olefins stream conprises ethyl ene and
weetamerssbot h the first and second ethylene per/gB2004/001265
derivatives may be pol yet hyl ene products.
Alternatively, the first ethylene 10 N 1' O 2004/ 087838
derpaffy B2 0fot XM Soe apolystatiene pradnct 4marthe ¥evsph @thyiea

' yet-hyl gne_ product t he second et hyl ene
derglglrll?/g]t% rF’PEF F’?r’o?tgggﬁl?ﬁ:ﬂné}’méjh‘%t hyl benzene

pr Omﬁdrab}?raﬂfo@ tiaddeYord dilgk o‘]éfﬁxs_%ﬁgémqjs I‘éhé&&g Fo e}?xjioﬁlfléen&id

streamis reacted to produce said secon

seceit plghipidgav atvesisemanntl spad teoydeystrtan slowanr, inawe\sathodiment,
- < oept . 19 ortion of sajd.second dilute
> Pl ?ﬁé‘ﬁg??%yé‘%@ﬁfé‘% B AR B et R Ghecomuer dther olefin
derplagb ¢ procdses waprodeceimReR $5@S fh®hR oPFHCRIVBE QI Nore
furfl{]tgr ol efin derivatives. In the second aspect, step
(c) AP?I08d ESRESh StSPHE) SAmPRSES teastipg at lieam agortsai of said second
dinREGRAThs sBbdrEpRLeld & t@RLQduce a second
1olefinséerilvat;l)ve stré%%?%% %‘%8@?%EE§§??% a recycle stream
corgpmying Bimegrtethaltand @ lasskane 5Saotholobdths ! NaferfiI] sa@ recycle

olefins. Preferahly, said recycle 10 stream conprises
STEaML COTPPTISES .\Eﬁ%ﬁ%ng]r%ql I/%(g’eg% @n .st br,e@,r@:ﬁﬁﬂﬁsy tha(@slg)]QlB(aﬂleﬁns.
A 1bwobfe&lttibR 8f olefint RVHrERACARIHAL {119%¥a%§36itnglr)s.?{p'a‘§fssltéps(§) is a steam

preferred where the cracking step o

craglez aincecthiscokibirhavs ithrcleast e gimaérit fonlveackert the-tineas Hence step (c)

Li.nent _.on cracker.run-tjnes.. Hence ste C
oo e PRy Rt dGe i) RESaispt anc pese Ghisoplepastream
in 0f ol6fth deSREOD BroticbdibEreRkiOE iy 1501 Breﬁﬁ%bm’bél?si | RbREE B least 90%
In

derivative process of relatively high o
CONVSTR/ET: PFEPrably b glefiatconeersiong0ih 15 acleast 6% amversion.

pre ' ersjion uch as at | east 95%
P o2t etk SR R el BBy Ryoesia o g (O
prefiretly wotprisssat proecssfocts prafuctib@pr €iB)Ibeiieqt EHoabbthylene and
bes? ises a groc ss f.or. the production of ethyl benzene
FFonPet RCEdOaRU Y MGEFIOROT G-l BResaten phethylene, for example
by B! BHiBis Padde@) or co-pol ynerisation of ethylene, for
exanple by the Phillips Process. 20 Were the olefin .
conprhicsethempiepytwngrises peopylef the déafinwitivigyprocas o efep (c)
, preferably. conprises-a prqcess for the
pr e eRSETe Bl os o rere P ErOpPEMEn: SpRLpropylenc.
| NVERE imRntb Wild Qv e cR¥@PRliEd bRF¥ndAb T REST 105 and the
Figures 1 to 5 and the anpl es. Figure | represents
XHPEEhemat i ¢ form an integrated process for the

: ] . hyl der.i vat i [ t :
FEEF At e sftmeh® FirTlp BRERERH it B Mgt aite ofan
ethylepe dsgvitiseiancardhgratheiifsDidPestvlithd fasat afleslisn.ry | oop

) olyethylene process for the production of
F‘%%Eﬁ 7 ETRIcRISdn sehegradicigme an infestpied sturgdiper polykthiybeme process for
thelr§& B! i ' S clan schemat i c..
PSSRSO SELGHER 3 PLERERN B, BELSTBH fon
Figyreod epresontsof sphematetfome an anegrattid pglyketchB @rédekStor the

ect of .t.h resent. invention. 30 Figure 4 . _
pre RO ol ot AR TG T 1% ahi PRetay oh BASHE InERbEh s
Figandd pedryetiBRY k&inatic 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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-process for the production of polypropyl ene according
WQ MRS r st aspect of the present unventi onPCFGBa0@/001265
5 represents in schematic forman integrated
pol yet hyl ene and et hyl benzene 11 WD 20114/087838
Pro?"@#‘@é&%@ﬁ%@eﬁ PolyeBytans angrethi deprang @ecardimgdé the second
aschQ'o‘Iﬁ}er}Ml?s%H gt hyl benzene according to the second
aspect ‘of the present invention. Referring to Figure

1, Refoeingan@igueet, ankfhana feat;)10] £ revyclamai 3 COTBFASHN0%
0% CeLh e g,% a 60% et hane {CZ) and an oxygen
ethylgpg(Cap ,ﬂdaﬁfb o tgéf.*e 8)> 3Rd AT XY 8 eéﬁi,,io,sreied.tormAﬁﬁcxr@actor,

40, e MG slotifd RtrkSin b t@élttf(ﬁ S 851% pibBuddf Oy fodfets

I sge?m? 60, and a
by-products stream 60, and a  first ditute ethylene
firsg dilwiamihyEDe sceamprils borgpragime epproainedtsly 30% ethinernendaiito
0% ethyl.-ene, . This dilute ethylene . stream.is. passed to
e A YRR i o' Pasiedlo SRl Wsiolt mat opyf 0. of
appt&i¥imatdy Enetsumeanavasion ?_ér PASSThel BarRt B ane: ih%aidgt%&ess.
I.n said process. The olefin derivative product, 90,
Thg lelin gar vativg prodush §0vip sepasaiyd.caleres Wity apy other by-pt@iucts
A S ilute ethyle stream.
fork 88,16 feontd s FRL R R el oo S i pengrec
ethglenf daiving @rconiposipiph oK appab:einyatdi§ %0es el rRACadNE) % Q%ane (and
et hane (.and_. havi ng sfproxinatel' hal f the vol une of

havipgapprexmatgly balbthervplirasef the dusffilutegthylang greapyoybichds

rechQed REMARGC RALLPr - Referring to Figure 2, ethane, 1,
: d oxygen

an , 2, and a recycle stream '3, 15 conprising
et hRarmangkodtigurt enetharee, @, dretlostygeny, ABCarescieastrearh, 3,The
roduct, stream. passed to a ench, 5, fromwhich
coR R HE b O ERE T hh AT BaR o Rl PEgfeam is
padsE@d 4 §uedbh 3NHBH WRRH is sepatdled RIRY %@ﬁgﬁ&'ﬁ Fsbes 3 na
further water, 8. The remaining product streamis
thepfie An paiseriasho’, 40 duneierariaredioxigle and furden watdry® rigenmaining

' and . 10, d
S TR 5208 ELRR L0 S0l e, sy0cn

. monbkidh agd@meliane, 6y ehe@d 4 dectti@istd, G 1[ Rahaate @3+ K@ ocarbons, 12,

mai ni ng praoduct streamis hydrogenated, 13, to

| WhlE dedearipddnthe AToAfSRd4- and dienes, to forma’

i are | ' ro Vot
i T §he UrhAhiG &ﬁl} d cBifeant it ﬁgmoaéf}ate(‘]igr%?éd li%%ngge S&Q% efiid®

and ef hane, I's passed t& a s
coppbyeishpd drvecptofess, fitkbdihte efiryihsaaean, polcyriphyingReéhylene

roduct, .16, and.a second dilute ethylene stream 17,
an@ERENT S SPRRAS (oSS HY A BB <BY RCETe. oA LIS 2
poF g Eheprodict 16, Ml e8GKt Alute &itlyRhe @99&{1,5137? g&%pﬁgiﬁg%fﬂane

, as recycle stream3. Referring to Fi
angpprgpeed gthylgne vanglysnecyzledandhaAll€cradter, sfiereaiditi@®) of stream

conpri si e%l;ane and ethylene, are fed to an ATC
12?52%%?@%@ e product streamis passed to a guench,

5, Regminhichigine 35 eandticsh ek flenaf hnlidb8fcle stream, 3,

hydr ocar bons, 6, and _
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

12



th
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30 then to an am ne wash, 7, to-renove carbon dioxide
wapwshsmssther water, 8. The remai ning product $ERRA.F01265
then passed to a deet hani ser, 11, to separate C3+
hydrocarbons, 12, which can be recycled to the ATC
Conrp@amg@thylwe qthg)er, embhdmnmogomidecindthydidoeRMnd ¢ pasked 5a a
o st_dil ut Eé ene stream 12 WD 2004/ 0875
POyl /“&?3’2366 TRt igpredysp aewés'kfféfmmeduc@a}%@nd a
seccmﬁr‘tﬁbﬂdiﬂeﬁlﬁ%tﬁﬁﬂlr QUi cR el $c 108§ At'l% ?eact%?yi %%Egnzﬁﬁl
reactor, 15, where it is reactted to pro
aﬁebé@%}k‘&‘%@ PyHgearbongs ]2 asnparatedsfmmlcb cthethahemol efins

str ) rerp Pccednt t,he TC reactor ,
optlﬁgﬂlglt%atl (e gl PR T ”"Hizéfo‘é‘&ﬂf%?@n"i@owlenp
andsm'p]amal Peel n61r sa;pmiatw 1ﬁ| ﬂﬁi fafias@er, 19, bt K07 th Qﬁen}%]fyf"&onp"
‘yl& roce s (not: shown), C3 by drocar bon
rea‘??)rro {ogfEY s e ?‘Eﬁ@ﬁ?f@}mé‘?@%&ﬁ @éﬁaﬂmged in the

de s aye f he ones
r eg%:ét?%?hvm% E]’Utuilﬁ;ﬁl et &Fe{lgnd%} gnétz’ ﬁﬁﬁgﬁﬁrﬁé -and

conhygmggérne Red etrhnflmg, dre fdd Qunes 3¢ reﬁdﬂ&n$ THL:. pré&ekt stream is
ecycle stream 3, conpri'sing ethane

pas G By ot e Py BT chveaibe oy aine ekl 4
derrlthMﬂLs@i a&két@@ﬂ‘sér%nd%9dﬁ%§§§c?ont 9s é\es§ﬁgédeﬁ) o {guzenar ation .

ste s, including a quench, an am ne
HEm RISETE Pr, a el §tréeam,| lsﬂe foransch ﬂx;sddxhge Byl DB strésm

for ure The r mai ni n roduct stream
°°“’ﬂ“i“&ﬁﬁg sPfers et aa‘rlg?f%merem e e s TSRS | BivilRpre it is

reagthyiteadutind feldnamerheWib@itttisGeRASHOH 05 tABLS
reactor 15, wher e |tvﬂl?s reacted W t%a %1 but e%'éﬂ?@%%‘mm

32, gpeh afi0me o B@Eﬁc@m%ﬂ%t@érﬁolmns,|t@sq@am@mtnmac®dmmteg 1))

b 15 Bl AN TR 3 s s

andmthmy,l wineh lsfidu\arhcr;ﬁ @ tbe aditredttott4g oplidhalig RGeS idRES of'-(_'f.r>+

hydS! rising unﬁga ed etg%ll ene and_ethane, which is
ydf%@ OPsd 4 PR C&EF@“ cdpanisgr, Upﬁnwmtqd;bummeemay be

recyiel tb it mefatedis redtydr o5 af é%‘}gg‘?en%%trezﬁﬁpa{j% }?a% dQm the

deet hani ser, 11. Unreact ec cI %d to
POll’I?TéPY’r@tealeﬁé@r,§5,rte@c1:®d)mepﬂ25/prdii}éermmene stream 34, is

a 9] 0 e reaCt or, rOduce
o oarshe ERE-EE HREREL PG ETRr g Sovde R
congnidin@eyigen, ard fecﬁt@@n@kT@GU&'t& BITIRAS odwir str&ﬁmpé' oﬂa%bé&]to a

et han are fed to an ATC reactor 4. The uct

‘quegeh, gy mSW}HS}é Fegppates Wﬂﬁ@éﬂlﬁml glgr hfydmnm\bbns; I6 arsd then to an

amlﬁg RALRTCE, MRIGE cﬁr’ggx} Iaic?\h(?e an @\gggrgv? 8rn d’ll‘lég({egtgg%lfqgeprr]oduct

to an’ am ne was reno

strefmri$ then puatétq a Bemdthenik@NB Birb@oRs PRI Een? Sardbh G-k Re and
met%hen ﬁaqqéed t,0 derret hani ser, 9, to renove hydrogen,

ET Ao Rid S%t LT, hbtip aeRaraty §'3+dyydracerbans, 12, which can be

recH9&E DAY RS redcdtor, 1O Separate C3+ hydrocarbons, 12,
whi ch can be reéycled to the ATC reactor, 4.

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 pr_oduce ethylbenzene, 20, and a recycle stream, 21, comprising ethane, which is

13
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.The remai ni ng product stream is hydrogenated. 13, to

WO eirgmg7sas et yl eni ¢ conpounds and di enes, and toTGE204R01265
first dilute ethylene stream 14, conprising 30

ethélene and et hane, which is passed to a gas phase

recyElrd & 1Re 1diterepriob ek afteraidition of trsamel 2aaptsioyele kytama. In an
- d, di e t 7 :
R i R G e DR T
passed firdptly ze the, etliy8berizenareaetonyl h angierven betetddtted 1i39;1400
produce et hyl benzene, 20, and a recycle stream 21,
conprising ethane, which is 13 WO 20114/087838
ExBmbidB2004/ 001265 recycled to the ATC reactor, 4,
after addition of stream 12, as recycle stream3. In
an Thpstexample IBptisiRsmanntegfatéd gure 16D, padyqtloyleneoprooss tfbrethe
' il € ene,.stre 14, is.. passed directly
pr{dg%?%negf&«%ﬁ%@g%r%% éo?dé%{oot%?]pi%,eésa%&é \?V?)T by the
Theehigdodp petyethfiane proc¥@Tpbperhtedit an EXFIERL @ohVdrdih bAL®S.
an integrated slurry |oop pol yethyl ene process for the
Thg compesiiiong W theisrpastiNg Fesrmaincbe oiasesstas: given pr Seldsd. of

10 -

Fi gur e-

2. The slurry | oop pol yethyl ene process is
operated at an et hyl ene conversion of 80%

The

conpositions of the respdABLE Istreans in the process

aro Nivan 1 n Tahl
A T vV orr T 11

1—10 TABLE-1:

AT o™

St refrm Nunber (Fig

S ti2ym Phinnieer GiFig 20 onp qrititicipl¥/obmpenedits COMPONaNime bREdrAp RSt
Do b dommaunda o6, 26 vt or | TIPS 2im)
—Et-hytene—86—€3+conpounds—50—6Yaterahe—3+8—C5
! conpounds 8 Carbon Bihand de and water 867500 Hydrogen,
2 carbon 552 monoc g, g nane T2 G5 gemound: <°
3 : Ethane 336
Ethylene 80
C3+ compounds 50 -
6 Water and 378
C5+ compounds '
& Carbon dioxide and water 86
10 ‘Hydrogen, carbon 352
' monoxide and methane
12 C3+ compounds 50
14 Etbane 336
Ethylene 400
16 Polyethylené 320
17 Ethane 336
Ethylene 80

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

aromatics).

14
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.17 Ethane 336 Ethylene 80 The stream conprising C3+

W@ aige6T8as (stream 12) conprises predomn nant | yppr@Baiano1zes
(9"vt%0), propylene (50vrt%, butanes (9wt %, butenes
(7vrt@© and but adi ene 15 (24wt %, with the renalnder

Exampledoxi mately |wt o) being C + hydrocarbons

I(:’ICTn?}ll C% g*d?‘%log%%gg{ek &r)?()an 1r1]teegr§Q11?PQ-gzeteh)2§%|agd el’drv] benzspe Qrocess '

for e pandichibe gf polgdthplehy ahdythenberaate fichidinbenze Bfocess of Figure
process for the production of polyethylene and et hyl
" benzene according to the process of Figure 5. 5 The

- gasTRN@S LR peel iy enep kL ﬁé \d . , o
ethylene§zonJg?ilon of " éggro ﬁé?gﬁ%[3%§6 ﬁlgﬂﬁﬁmmm f

aﬂ%@ﬁym“%éﬁ%én@ﬁﬁbé@é@kbggmahperhyhemeamghmebsmmmmoﬁof

Fﬁ@g y 100% The conpositions of the respective
P g%ﬁ%pﬁﬁﬁthe process are given in Table 2. 10 TABLE

2 ‘Bhe @anpdsitivhe bf (heirgspadtiFy dthahR |u$t1ﬁ9ﬁ@&'§€5‘xtesnyé?l i Bble 2.
of conmponent (kilotons per annun) | Ethane 759

oxygen 489 3 Ethane 335 C3+ conpounds 67 6 Water

373 C5+ conpounds 69 S £4 gﬁﬁg di oxi de 32 Water 20 10
Hydrogen 16 Carbon_nonoXi 84 Met hane 133 12 C3+

SUERATRAHRES (16¢ 5) 14 Fi’ﬂﬁ@l%le c%?npo%tell?%l ene 1408 ume of component
(kilotons per annum)
1 | Ethane 759
2 Oxygen 489
3 Ethane ' 1335
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 a0
18 : : -| Benzene 244
120 Ethylbenzene 334
21 Ethane 335

15
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.16 Pol yet hyl ene 310 17 Ethane 335 Ethylene 90 18 LLOYD WISE

wieengoneskd4 20 Ethyl benzene 334 21 Ethane 35 pHgB2004/001265

LLOYD WSE WD 2004/ 087838 PCT/ GB2004/ 001265 Caim 1

A process for the production of an olefin derivative,
- which process conprises the steps.-of:. (a) cracking. a

par af fi ni ¢ hydrocarbon cont ai ni ng feedstock to produce

a first dilute olefins streamconprising both ol efins

and al kanes, 5 (b) reacting at |east a portion of

said-first dllute ol efins stream produced 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. least a portion of said second dilute ol efins

stream 10 produced in step (b), said portion

conprising al kanes and at |east 5 nol % unreacted

olefins. 2. The process according to claim1, wherein

the first dilute olefins stream conprises at |east

50m % ol efin and at | east |w % al kane. 3. The process
Cnannording to claiml or claim?2, wherein the cracking

ste%e is. 15 sel ected fron1nﬁL@bhernal cracki ng '

- pr ofelI9Eess Tor thy pEadugHPB PABK P! ‘ald¥e gvhnply prédesy comprises
ﬂkﬂﬂé t ermal cracking processes. 4. The process

ing to any one of the preceding clains, wherein

t(labs cmkafgfa paraffinfeyidrdrocarbemn c eftaing onﬂeB@st&@@@%@G{icé‘ £8rst dilute

to s (a) conprises _a single alkane such ‘as

et hQHEDs IR Compriginediogh pledins ane plkasesNGL (nat ur al gas

| f§ul CRSS accor di
a@? lll%ag:gl)]% Pplreﬁﬁz%?%ece d{:)f:;gau?: r;mﬁlupe gy %m?taﬂ'ép éﬁﬂl??(i)w step (a)
of t¢ hednee o figst didfint @erdlagifve @ﬁ‘e:ﬁﬁ J RAPrASSL ﬁrit%léﬂi}edenvatwe

aut ot her mal ack in step (c) corrprl ses at | east
5006781 SrSFRPTA dilifel eiaﬁas ST e £OMPSEMecTikans apfl éf faasi nmol%

the ygrcend oidut e ol efins stream 16

. (¢) aﬁto—therma]]y cracking at least a portion of said second dilute olefins stream
- produced in step (b) said portion compnsmg alkanes and at least 5 mol%
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) 1s

selected from (i) thermal cracking processes, (ii) steam cracking processes and (iii)'

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 (c) comprises

~ at Jeast 50% of the alkane and at least 50% of the olefin in the second dilute olefins

stream.

16



10

15

‘LLOYD WSE 6. The process according to any one of the
precedi ng clains, wherein the concentration of olefin
(unreacted olefin fromthe second dilute ol efins
stream and additional olefin that may be present in

any bid n the feed
O atsai PRI AR BACLME BrecBTEY clyns VhersiS e 4
conskentrationf oldfm (unmeaetsd okdindyahh 0 *mr@rdlluw&eﬁﬁs §tfb§m and
erein the cracking step (a) is an

wh
%{ﬁ “‘? R@%H&*‘ﬁé@c@ﬁ RIGeSt B0y #Aditiondl aliradewontainong fed) in the
feell PELLEd tdhe qﬁtoatﬂeﬂﬁaqfckd&kl g%fép\éé‘aﬂ I ‘&%ﬁ(‘eses the

steps of: (a) auto-thermal'ly cracking a

7¢co n-p]l"hqsprﬁgesg ap%qrélfng ite gy mecbfcthapﬂeoafdmg)citammm mh@rein the cracking

a first

stgll?ﬁdq?st & t?l 19 g ?,rg l égsééﬂar%esqrﬂ uc pré),dpﬁg)naqfdm olefin

deri\#aanesom;ﬁﬂis)esﬂ%mépsmg at |least a portl on of said first
di | ute ol efins stream produced in step (a) to produce
a (@) pute-tharmelly, C’iﬂ’ékmﬁ atfpegdecomprising a pao icshydgocarlfdnr@htaining
ol ef | Mty |.u etin
st re%reﬁlﬁ%r%l?l si Cle %gﬁnztg (gﬂ # qir%t dté‘?lt lFr{-BrIlSO/’g{ream
unr em;ﬁdnrrg tefth nbﬁniSnc(ml)carreecycl ing at | east a portion
i.ns stream produced in step

d dilut
( 6‘)’)3%'%" ! Sﬁcﬂl’%%gi? o B it e RS SemarodspesR step (2)
st epto‘ifrodiic@ﬁ flrgolefPdGivaRPL %tfe?ﬂl E&HR{}élﬁé 0% f@NeF RIS ive,

at least 5 nol % unreacted o
and a second dilute olefins stream, comprising alkanes and at least 5 mol%

unreacted olefins,
(¢) recycling at least a portion of said second dilute olefins stream produced in step
(b) as the recycle stream in the auto-thermal cracking step of step (a), said

portion comprising alkanes and at least 5 mol% unreacted olefins.
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