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Title: | NTEGRATED CRACKI NG AND METATHESI S PROCESS
[err] Abstract: An integrated nethod that conprises a
whyaroeashbon t hermal cracki ng operation to formBEUS2006/041613

| east one ol efin product, coupled with dinerization
88-21a9A net at hesi s operations, the di nerization operation

formng_additional feed material for the netathesis

oper at NG GRATELHERAGIINGAND BIFEFATHERIS BRAGESS

addi ti onal anounts of ol efin product. WO 2007/ 061560

PCT/ US2006/ 041613 88=2119A | NTEGRATED CRACKI NG AND

METATHESI S PRBZASIKGRENINCROBNIHEMNVENTIOXENTI ON 5 Thi s

' t | t to, th | Ki
BB JpEPRIh aeiala® et MEETER! Grradktg oeRtnsliePpRoRienation
metdtlﬁlééwf @ﬁ%rﬁ@érﬁ@ﬁs |H\/Qﬁ ‘Pnt@ été@ W\élh#)é! Mdre rﬁrﬁéml.ﬁérlﬁ,% relates to

herrmal cracking of efhane to form
the ﬂwﬂ’ml erackirgnhaf eﬂn@neltspformorrt parrh,aethgteneohnﬂ tbet@swobortionation

ot 2 bR HEeorte! HhTBRe AR THEIITA acki ng. of

hydr ocar bons is a petrochem cal process that is wdely
used to produce ol efins such as et hél ene, propyl ene,

but enes, but adPESERIBAONDbHE PRIORAREs benzene,

 PhUEE sBRRS AR FToehBoB8 1K RoPosL RS e ¥ waen
used Qas pmduceoblgfinbesudh ast ethdersd, plopyuriee IBUitedes,oblitadsene, and
xed with steam which serves as a diluent to keep. the

aromm%léfé} B8 rPengeBRe ulauenss pidxdaneshilg ah szkeunévroaw@t@n plant, a
e r

hydroBhfHRAaEBs 1ESTott eSS Bharks by SR8 ) BBiper fractions of

Wholelcﬂ'sﬂdb aibds emixedahwitnisegam owhieh) serves @gr al didiient to keep the
f urnace am cracker .cracker). _The cracgked. .

hydrog Rt MGG TR sEPatete [y ONLiTe) PR BegdtiEn g spbiected to

sever8 ORYEroBaHYM therdthl 9GDBRHE av@léxfa@é@qewéfraw@satm 450 to 1,550
variety (froml to 35 carbon atons per  ecul e, or

degrees hahrentaeit phtl) i avayyolysiaifgrmeacedaicant @t&c&ehgr cracker).

oTh8 e kY B oIS T K ERpoSffentains hot

gaseduy ngrecaronsadf dreat Vwretys horct esl 350cdrboh gdms per molecule, or
processi ng to produce, products of the olefin

C1 top) Gast | 'ngléllslv@Ql-s Thip apiacich (PNiABEy ARRANICS: daligylics, aromatics,
I
saturdibE "R AKIrASs, S SRR hydRSGRH BRRroQIPYL O0% i on

oThlshfexsleacmprodwbhaak tser sabjectach®o funtheeérnpnogessing kedoroduce, as
produ%{s dﬂﬁte oﬁep r¥ Sfan? V%Srlgggtsleapargte and individual product streams such as
hydrogen, ethylene, propylene, fuel oil, and pyrolysis gasoline. After the separation
of these individual streams, the remaining cracked product contains essentially Cy4
hydrocarbons and heavier. This remainder is fed to a debutanizer wherein a crude
C,4 stream is separated as overhead while a Cs and heavier stream is removed as a
bottoms product.
Such a C4 stream can contain varying amounts of n-butane, isobutane, 1-
butene, 2-butenes (both cis and frans isomers), isobutylene, acetylenes, and

diolefins such as butadiene (both cis and trans isomers).
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hydr ocar bons and heavier. This remainder is fed to a
debut ani zer wherein a crude C4 streamis separated as
woyerheEd whil e a C5 and heavier streamis renpVBUSAS6/@41613
bottons product. 30 Such a C4 stream can contain
AR am@ga} Scedss Afdte u
\%ﬁlﬁg%es bot GETCE an tﬁﬂanes |somer§§? (T}[sjgg C?”sgn;]eeams have
heretofwet lyearnesbjea’ted tooseleetivenisydsogenatioroot didlefine t()mmmedutbem to
and trans I soners). 17/1)6156
the ocpEppbRdG, TBPOSIPTs SIS RafEkation stalphp olefins to

interndlr SIEMSS felloWerP BY Gbthérifitddofof the 680dehiny eal’ﬁt?'flﬁélw Mcdathesis of
been subjected to sel ective @Zdro enation of diolefins

mternal@l@fmwﬁh ethéena to progeice OFe |$g ReteridNenbas5#e8r91.

AR TRl REATEle S P“?‘%en plirgonth dfivng hes been

" dimernté@@élﬁiﬂd@ﬁb*éﬂﬁefa&h@& ypsemitioh e oren pﬁlyﬁwerrgrad@ pl*opylene

olefins with ethylene to produce propyl ene
Bhtien ACKAMGEROS B8, 69 TUMDET 58 JepEPns ew910hrwt% discussed

rererHAE DR, 96 5ichE A%, o] BRESER mpiys gracking
dmenmﬁmnc@m&tatkmsmamaele pbrtlcuiaarb/dwhenacg&m@d ftorthe formation of

nmber -of reason \Nhl ch will be discussed hereinafter
ethylepﬁ giRIPPYIeNg MAJUCs: singl e, integrated process which

enpl oys cracking, 10 dinerization, and netathesis
therein, particularly when directed to the formation
of et hyI ene anSIUIW\%E{IYe(aE THMNYENTIGMWMARY OF THE

ENTI I n a rda.nce Wlt [ i.ng
[ agroraned AL SRS B Mot DGR plaeg s orovided
which Q:‘x‘é’él@céfhl?/ﬁfbd%#ﬁ@n aechRhsedhsthanetraainintgfdeeed fofmfai east one
| east one product ol efin, netathesizes jinter

produ@ﬂ elefins meiatwe&dwﬂ¢rnah9leflpﬁdﬁutqr%aéfiﬂlﬁnabﬁwduct olefin, and
mtern%lg} Q% &Ja ds 888% Fi%e@%ﬂl’)é’ﬂ‘?%taﬁ%% ratuBflI T hl% r]ﬁethod has

esi s opera

the fleiibility ¢l peoiue @ biHytere proddets br aqropylpne pybdust, or both, aII from
product, or both, all from ethane. 20 BRI EF

ethan@ESCRI PTI ON OF THE DRAWNGS Figure 1 is a flow di agram
of a conventional hydrocarbon crack| ng pl ant that

. produces pol yner grade propyl ene. ure 2 is a flow
di agr am of &RE?]D&E&@I@#HTION@?IWE INE& i on pI ant

QF'QUE@ i |g®nﬁgwecﬁa§rarrrneto tahgosriv%n él ﬁ)pdrgéé)r%% r38k|¥5Pprlant that
produces polymer grade propylene.

Figure 2 is a flow diagram of a conventional ethylene dimerization plant that
employs a metathesis unit to produce polymer grade propylene.

Figure 3 is a flow diagram that demonstrates one embodiment within this

invention that produces chemical grade propylene.

DETAILED DESCRIPTION OF THE INVENTION
Figure 1 shows a typical cracking plant wherein a hydrocarbonaceous feed 1
is introduced into a thermal cracking furnace 2. It should be noted that there are
many other cracking plant processing configurations than that shown in Figure 1.

This invention is applicable to all such other configurations, Figure 1 being just a
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Figure 3 is a flow diagramthat denonstrates one
enbodi nent within this invention that produces
wa@bmmoeabo gr ade propyl ene. DETAI LED DESCRI PTI QMTOES2DbiA041613
I NVENTI ON 30 F| gure 1 shows a typical cracking plant
edn! t
smgle“éi&%{nﬁé cr 8 %ﬂ@?ﬁﬁg@&%@ﬁ Snsfu(r)ﬂb&é Eebg@%igegﬂ/ bf"’dﬂ‘fermg
hydrod:a'rboe C@rrqooumiﬁyar@t imemedr@s;afmgswd datpredyee s cragked product 3.

C?Oﬁn&fgh %u %ﬁﬁqegmrt] Z Blto Fr?vgagtm IBC g gﬁdrgf hrggfliy offfdrS compounds,

ethyleﬁ@nf;hgigiéﬂé el bbietiese bbtrb%lm@ (wstxteae) %m‘dﬂnternal (2 -butenes).
/ 560 PCT/US2006/ 041613  si ngl e exanpl e of

Produghl i sabjested @ sgoatate oil. and \Aﬁtﬁrn%w@%aam qthari f@ﬁt@natlon
collec@k'f%{( Z@gn%, ‘ohy u&&%@é{ﬁer‘:%ﬂﬁ%ﬂgﬁ&s Zgg drff HEQY_I%@ therein to form

uce a crac
liquid gaeamessi&if beefoel 3il istream dband Iam¢bdmd’em gasolie gaarje (pyrolysis

ot her conpounds, ethyl ene, e, and, but
gasolipe} ﬁr%ara?%wmcrbam@ﬁyeaaaem?@«? R  p\raN ekgcking brocess for

other Rldy ?;s[e Suﬁiee“qa% %JQ SoRata e o@'fr?&%a‘ﬁ% ebpera’uon 4 is

guenc ot her ronation, collectively unit
transférre(ﬂ otol iaq nemprewam ezorm)rﬂaoumjew( s Lmd@rgtm&nsavpral stages of
‘ thereln oform é{wd st.r rrssugah as fuel 10, such as
COMPIESEIORm § %rﬁ?r’%fﬂﬁeéﬁ% iRFeAYGs® e U gE%OG(Sp?r%rpﬁg?% su
) ShéRAE, aihel Y§erdgepnsiifige and
Caus“%?/@%é Iﬁ@c&itﬂﬁﬁgé garcclnq:@gge?or ot her udgﬁzzq)sgv\hge The
carbogaimdds 1pr Jheqroduet 12 phzeneh@assedjson separation %Onﬁo13 which

s o R GEL S chBaR RSB 0 AL gaidh dna rom whicn

separé’@e@pé e5igR ity deleclidrhigyurugee rsheas o 4pandes ssem,raisumthane
caustic washing, to renove acufl gases her

stream 6y bethef Wiyigh gge remaved @8 PEpELCts 8F BEnoveTall cre r19 7 Pl
\%ﬁg %Fna?r?de?f of BRfuch? P3SImstdréd B p%gt 6ONné 0’(63 td Jractional

I'S a conbi nation of cryogeni 1 ng and
distillftioacidnentit whiesdin letaaneand @ﬂwléme)aremmafateﬂ amd recovered in line

18, withh® Eneapdr R AR DS FeeaEresl 35 BORSRE 24 o ar e
r 8N ed 18S i éé.?c%]@étédoioté&e&%r ?/Hrd‘gemlﬁbngswpam@ t#heonvert

remal nder o luent 3 is transferred way of |ine
acetylbﬁldsmrfd diofafipedtb thellr SOMEBRONGIAG FeNOCIaTingh@ier Whigth i passed

d . et |
y i 0 ikl 2B o, Hrpueio feBl it SuRER, £07E 21 wirdiéin, Sthytene is
separﬁ@d 78/ &thand? ahtlr 64¢A 4fe Iréccﬁmwtabeﬁbﬁarateebmduct@ 22 and 23,
drogenation step 19 to convert acetylenics and

respeg ialwfafike ceaaking Plagbr r espondi ng monool efins, after
V‘gg%?m byli§ gl?sgf%ﬁjec@ﬂ Wﬁd&ﬁlgéﬁlnﬁa&%ﬁa@ o‘?sﬂm'éh@ﬁ in zone 25 to

I onal at1on zone wherein ethylene is
separagpproplaee érrobm@mmEethemﬁdommaaroa/erlmﬂ/etreamay and leave a
separate gélct S 2t and 23
Cs contammg stream as a bottoms product.

Stream 27 is subjected to selective acetylenic and diolefin hydrogenation to

convert same to their corresponding monoolefins in zone 28, and the resulting
hydrotreated stream 29 passed to a fractional distillation zone 30 wherein propane is
separated from propylene to form separate streams 31 and 32, both of which are

removed as products of the overall cracking process.
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respectively, of the cracking plant. 25 Stream 24 is
al so subjected to additional fractional distillation

WO 0020616025 t 0 separate propane and propyl enePCT/US2006/041613
therefrom as an overhead stream 27, and leave a 4

CR A dHESrodLEESINS2H vafy BureBdIRiBr gra@l@uﬁhterﬁu r A8Buéih, product

is subjected to selective acet}/l enic and diolefin

32 hapyalperpirie eentest thes iy substeatialiy gretalt@r ﬂwaedhabgb@h@m@l grade

ooj-ef | [
orony B3R COFERTE Do g dirBlenalis ATy ERE WePgr ffue. in fct most
procedwet invbBingopropyiame3dnhdvbatsidethey peigmer ﬁmlsewae@t,%efpsroduduon

yl.ene to form separate streans 31 and 32, both of
of prmalpeﬁrll&r ePropylenee @xi p@@@uthes Itse, 1 rleeua%ran'iy §RN¢3 g grade

1 /
propy n%gsf@ne%pgog?%}%ﬁﬁérl)éﬁ %Fé{r‘n(éﬁﬁo l)}/énrgrﬁlr%éa%e% is neither
practicalt mon ¢cestarysudhe smnmiatncbn 32 phmarw frooppiopyternsoint tavier 30 is
it sl G030 T i e S oo 85 o,
AccorBH'@W Qistilldhi6s c@furﬁﬁ"?)@)e’s \}é?'}/ é’r’gb 'in"8Ad, anf RC®FHRBive as to both

I nvol vi ng propyl ene and ou e the pol ynmer industry,
its comsgyuctiomeans cxperaiing ®sts. piiosi cmmess ®roguaessl Ichemical grade

propyfiseiold Fate oFige CHRRED BB, SPemibel Fage matera

could PIf afeRweds bestrariifomesd imbasslywal gigde NeteRsIR0Y . lt Eb&ld be used,
separation of propane from propylene in tower

withowfyinoee dinf theciwmernys eemmpscigl peecessesithat 9alb1f0rt ﬂé?m!cal grade
p rdingly, distillation
pmpy[:eg‘l%uerrﬁ{%gﬁliegﬂve:pg&flgér%{eﬁaﬁﬂeéllﬁgg and i s expensive as
t Strbaimnh26.Gs stisjectanisto adiuteme aecbvape lfmbtmmg;alouhstlkatlohfpracess in
rocess, praodu

h | I
z0ne BaSEIRITh Lo IR Hregmitd & e A g Rrap Ugh af fbe overall
crac;kl'ﬁgt éfdcégs CP &, hhd Q?e%\ﬁ&dma@&lélf gﬁsgt%’a'ﬁ‘?d% TS separated as

nmer grade nat er 1 al or It cou used
streamtﬁﬁefor varioiseusemsucuss edditiondo dhe put@mﬁwesgaswne @@IOI

I h
R PR B oP QRIS Spctbe, Ry bdsep P A oBtnane,
ethylePiét rﬁ@tCQVeﬁerpfd%Zéné)rmid Prepdrld, atitto espemtiysno Mexibility for
zone 33 wherein contai ning stream 34 is separated

dOlngﬁh%ﬂ\fbﬁ"%duct of the overall cracking process. The C5

?)UP@@V é&léulﬁrlzms%?ﬁleﬁﬁn%@rcﬁ‘é ‘3) roE88s %Sﬁ/ﬁaés “Product
eam3 arlous SES suc asa tion to
FIeXIbﬂ_liy’oaetemplogedth it dimel .mddelsin this Eigaki etbylehanteedf 40 and

catalygt 11 aRde B, BV oG RagE P alyN dRECtOR 4] BrEPdRanatained under
condifSFREMhARKAV6r el lifNEREAtITNY of OsthyRAENS PRERY, SS-butenes being
favored over 1-butene. The butene containing product 43 of reactor 42 is passed to
butene recovery zone 44 wherein an automotive grade gasoline stream 45 is
separated therefrom, and a C4 rich stream 46 is produced. Butene stream 46 is
subjected to a drying step 47 to prepare it for use as feed 48 to metathesis zone 49.
Additional ethylene feed 57 can be employed if necessary to ensure an excess of
ethylene is present. The product 50 of reactor 49 is passed to fractional distillation
zone 51 wherein ethane and ethylene are separated therefrom and returned as feed

to reactor 49 by way of line 52. The Cs and heavier materials are passed by way of



10

15

20

25

30

Figure 2 shows a particularly useful conmercial
process known as "Product Flexibility" as enployed in
wo t@7dérser node. In this Figure, ethylene feedPdDUsa006/041613
catalyst 41 are fed into ethyl ene dinerization reactor
_ _ e q it ¢ )
e 63 0 o g B 20 e onagone 86 s
separdbed ngut fsvargadocteof theuoerell dimerizatienmeiatiesisnprrpess, the

omarBin e Ghrdi AR Sls s, BEGREGL . B 0F SE0KE o o
butend ecob8RASGHEM t herefrom and a C4 rich stream 46 is

produced. Butene stream 46 is subjected to a dr fjn .
Figpedd eroployepanis ot bpth Figiess! ased248Feb sake AThearity, the

refereric%gﬁad' 8rs|a3 %sﬁ@jﬁ?g@%g FLRY! £06e fc%‘?r‘?ed%v@fs‘gq ?%eutrﬁyt? for those

{0 ensure an excess

units that RiréspRisent’ h.e_rﬁ?omcu 56d I, apdcirer cd@iedsopersidd Figure 3.
fractional distillation zone.51 wherein ethane, and

Accordingly| @lemants defipagle ! hEICKISVE Bnfiguse 7 ndl§ enfigal to the
: " fo 1 T i :

et GG el VBl 0y T 80 280 s

in gredtEM HEIBACRGhRAIGABbedduse th8 pracessfisarell kmawn, and further detail is

distillation zone 54.. In,zon 4. I [.
not nefeaiY dadTaaNane sl Bk h ALUng 1oy DitfleBfB starts to take
over. overall dimerization/metathesis process, the
remai ning C4 and heavier materials being returned by
Wergctidndtionezaie 49 isethe samebunié s S%‘C&fa‘riﬂ Figeesh by has a

. Figure. 3 e oysS. unj ' . Far: ,
aioreb b S PEL A Be kil o Y BB e 0 S wi be
discusSb8Uhasore dBthilzhéretat@r. iladhrviewehtiorki Znmee13 diso sepasdes an

units that are present in Figures 1 an

d 2, )
overheat stiea@novid thalt soriagis @ssentiallyc sihdngg 99,5 %‘%&%@% geﬁ"'”g the
.Laro incl usi i ; Cdentical t
remaiiiy Bt ienih1 & Bid Sotdins Plodudlgbbam 240 L Cont ool b
Strearh@4 Badubjedtedirerohy 630e sidectivedudiragenatiogrefdtssacetylenic

Stsar i : _
and dieiRfile camPoNaRis & MaBOSIENTS @5 ADroTCea s pvdiBopRpiss product
64 isgt{ﬂgpfébéé&fi tEnfrél?t?on%rltdisﬁatibhnﬁoﬂ@,% hiRerely entdhemical grade

to take over. Fractionation zone 17 is the
propyleageprodiitt 85 is etcoverachas i Pioglyck ofl theueverad integrated process of

courd Tl AR e b B s

butend 8t &er(2bRE B3 86 Figure2hi s i nvention, zone 17 al so
separates an overhead stream 18 t hat Cﬁnt ai ns

cSigeami 4B {5 persert fard salegtivenBydiogepalgn (7pie 19, followed by
rectck§THABipr 24472, 138 SuihigRoBeapuss oiraar 20 Al e
point thiglirmestiohi reallptakessoveretAm ettiane product stream 23 can, if desired,
but is not required, be recovered as in Figure 1, but, in any event, ethylene stream
22 is treated much differently in this invention. If desired, of course, a relatively pure
ethylene product stream 22 can be removed from the overall process, but, in
accordance with this invention, some, even a substantial amount, if not all, of stream
22 can be passed into line 59. In addition to, or in lieu of, stream 59 containing all or
part of the contents of stream 22, stream 39 can contain, for example, in whole or in

part 1) a side draw of an impure ethylene stream from unit 21 (e.g., an impure
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and di ol efinic conponents to nonool efins as af oresaid.
The hydrogenated product 20 64 is then passed to

wo eacoesoml distillation zone 25 wherein a chemdDEE2006/041613
grade propyl ene product 65 is recovered as a product

ethyleﬁg sfrB&mot‘é‘Réﬁ'fFom %SQdS\%reQb@\Vé)ﬂ%S’fééaf buthélHWeth% Zpr"cSH@ct stream

I nder of stream 64 is recovered from zone
22), ambi(srs%)demylenblftamenammdystMQE4 see Figure 2.

BYfe3E PG Een el TGS B Y B AR5 B8 g0 into
steam@%o ahasmaéarﬁw#yaww&/ H@p@mdlﬁ@@rﬁhéwfth@ ;ﬁb&ésslls désired to be
point this invention realqdy t akes over.

operated wéra@ywlwelrm dimestit ealn Eang sequired e ispme of sb@ams’i%e@es into

reequir o] S
cocn Aol YTt Bl MISELA k48 e . o
stream Bthfz)alnSgt;dt)1 let@ﬂétrédm dGO‘ ?ﬂ@tfybbaﬂ%om %olhiéﬁdaessathaaljai]tt icael go into
ure ethylene product stre n
streant b atbrih BRRGBETIhetalE! WIETYGT SUCBF oo W th this

aﬁq T’e%'w patlek: oS efyiche WnEARA icfH z%ﬂ@ufﬂﬁ V\Hﬁlethtream 61 is

of ~st'ream e passe into [ine 59
passeddolmdtatheisis, reactara, icempaire Wathr Iélgmesg c1am awnahgn@If zones 42

and 4%@@2%,%3%{% tagjla e éﬁzqﬁ@ofigr Eod: cHng r?a? g%qn lgggﬁ:aﬁqs rich in

r Fi 2
L L i

addltlaﬂahgti‘@dmnesieleelaaart ok snppliedrhyt Way obliee SZbivestrad. f eed
twrgeylggﬁwtlc%rg%tr L odu :f@tg:ﬁgggﬁoréﬁ is Q&@é@ to ?Qtrﬁ%WWGe%?\d after

eam

procesiig\Relnitd TEané %:ﬁlﬂﬁb propylEie rﬁ@/lllgtfbnrﬁedimmﬁemg fiats ife way to
into steans 60 and 61 can vary Wi dely dependi ng on

zone 2pwndhthesetacesto prepylese Psedyc sheansbeper at ed at any
t | ' h ]
S Tpsobs 8 B PR Tl S n
autonioﬂ@étgr@d@lgbséﬁne!vstr&%n‘b% I'I'élzzsbmtbaes aich, proflucts46 émsvisiected to
can go into stream 3 % I
dryingan UCHh{ayBrabAFS | 35 PearPbASPIORtREAnN, BN SR RS By way
of IlnetﬁQ'Tl Fll %%e?ithéélé $848t5P049 St r eam 60 passes to

imerization zone 42, while stream61 is
p@mmparcsamohﬂ@ses t-8aghayys Hwt lesosp and wwww&;dﬁé’uonatlon

peration of zon
tower 39 g Paene tegineSir, S o, of FSUE Al phRf St by this
inventfidrtWithGut AlikhiRBESy tROfLieaoR tdétepf.oTHIS swmea cpnmmyllsen shows that
containing stream50. As in Figure 2, %dltl

fractiopatigh dnwere8d aakh G40k Emree%hayemm"@rﬂy eRe %hfnmiafed without
loss %e medle qgngt[o églmﬁﬁlgou%ﬁgh Sﬁﬁ%ﬁgoﬂc\ MR ra%%c"sl?’I()wA'ﬁwd’tSselectlve

processing In units
hydroéén@trmh BGne i8eoiFignye dnie rrm\/rdrgsémtrlnelﬂgure 3othds 4@1¢tioﬁldlaas not

been Ieh?nlr\Qa,at%dt gecause a new selective hydrogenation zone 63 (Flgure 3) is
employed in this invention.

Thus, it can be seen that a major advantage of this invention is the elimination
of the difficult and costly operation of separating propane from propylene (tower 30).
This results in a substantial savings in both construction and operating costs. But
this is not the only advantage. A significant advantage for this invention is the gain in

flexibility of operation in a number of ways. There is greater product flexibility
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zone 25, and, therefore, to propyl ene product stream

65. Stream 43 passes to butene recovery unit 44, from
wowbiockeiseo separ at ed an  autonotive grade gasol PEIEUS2006/041613

stream 45. The butenes rich product 46 is subjected to

becaugé ¥h|§%\}é?1tlHH rﬁro&@césoa Q‘.'h% £ dréd@%répﬁgéhé 9Foduct the grade that

roportionation assed
most pﬂamssésaequmoe rmmtht)htesbm&ng dbetabl“fél@to Npgbaﬂﬁrtbsﬂ?ﬁ G’fore pure

oy 85408 PR Bk o S BB i s o

flexibil m}/gw %lghﬁh%\‘ﬂyb@ﬁﬂ/ ¢hé Ngnahved phodudiiba volivesy icfnethylene and
hout™ elimnating the functl on thereof. This sane

prOpyleoaﬁmm soretbaoesradidng plardc Thim Eveston alke Broyidemthestiexibility

o ol B BRI  REERE LALER HAe poin

essenﬁélﬁpoﬁbcél\héﬁ@t Fadlgc fiexibilityhigdmpgeved irothat dhe rﬁaaﬂ‘feSIs reactor
igure 1 is not present in Figqure 3, this fupction
has t\/vfbtsoursr@érpfewmew&t tegdpbeasamang &pcidng Qraration itself T from

any re'g?ﬁ‘?fa??ﬁug?etde?lﬂorﬁ%?ﬁxeﬁaﬁﬁ OHE923) is enployed in this

nven be seen that a mmj or advant age
ofhg Hisproportioriatiom reactibe eemplayechtn raact@o49dfis wed known. ltis a

doubld isRIRFIPS NG R eoNR 188} Starinvain, BEF iGereR? £nbilis. The
reactloWl?rWoWbE e §|§ laREfhdnt d?%ﬁ@uﬁé)ﬂéhf dath YondsslireP®y pidduge two

s I's not the only advantage. A
new -rgmlﬂndsantTla&mam sigplacamenti slearagetatod d@ublﬁebga@l non each

in fl bj | f
differop osnaurgl dind e, s sBhiftnts, vt BB bolY fupere cthe old
doublé’%ﬁ&@%@é/c%l/@w Tms: aneé endthiresisnofaia mble)bbdhhnﬁena and one

chem cal grade propyl ene product,_ the de tha st
mole pf elbyleseyields dinénoeéﬁthcRH@PY@% ndheRe f%%&!‘?ft gon jion’s Gan vary

widely, %&@gﬁ?%ﬂxt\/ﬁﬁ |ﬁﬁu§q_%%ﬁ1pe%’tju¥ér8f frgfrﬁgﬁo&%(ﬂf RPX!)@UWGBOO F.,a

esire is rnvention also provides th
pressur*eeeﬂﬂ fedrhi dbout @081 tgrafdut 00 psig,aand & esight laounyespace velocrty of

from Shoviricc AR HP FreimrocobuS BedAt i BURBE SREpirgfei oxie
catalytsf) %dl{éﬁ!@bétb s fHat fé\Rﬁ“ﬂﬁ@ dRpRESHIHb SRR rPFeR@U6H ifdlode at least

at cr eedst ock that contains
one Oémmas ad))klgle@raryd/@’t bavonylsi ofadl least pagi @i molypdegum, tungsten,

rhenl%upeé@rdpggrtegﬁﬁ@;gaeqngt&Il rb%sbéld‘[ce%ﬁgg;%e égur%gc é"%lumma silica,

alumlﬁé’/%ﬂl@é' 24blitds &lrid Medike. Oﬂhlsqucé&sisdnajonahbpdlalnse‘ ramwch further
dinerization unit 42. 10 The di sproportl onati on

detalln@a@’tneﬁe%ﬁm ipyarder o inkyBI B A i s wel | known. It is a

P a8 B Alo AR il iy se roator
that @a%almemn odnd)iroograniercial esehlts sepdiomdcorditiorsivilealso vary
W|dely, but will generally include a temperature of from about 80 to about 150 F., a
pressure of from about 100 to about 300 psig, and a residence time of from about 15
to about 60 minutes. Suitable catalysts that favor the homogeneous liquid phase
dimerization reaction include at least one from the aluminum alkyl halide family, such
as ethyl aluminum dichioride, and a nickel salt-phosphine complex. This process is

well known, see U.S. Patent Numbers 3,485,881; 3,627,700; and 3,726,939.



10

15

20

25

30

new conpounds. There is displacenent cleavage at a
doubl e bond on each different conpound, and the new
wa@ompoersds have doubl e bonds where the ol d 15 PloUbS®06/041613
bonds were cleaved. Thus, the netathesis of one nole
of 2-butene and one nole pi{aGPNE ene yields two noles
of propyl ene. These reaction conditions can vary
m@reegl cangsistipgnessentiallyi off ethaneuwdthalesenthenaf Qr weight percent
m abaut 300 _to about. 800 F. f
(WL GHITPLBE® SHCR B0 drOeaer porgekehal'a WBBSRILR B rojh HPpus 1.500
to abd{ﬁlpeow odt a fpresaLre Bftfrdmt sbchols td%oﬂﬁQSmsﬁgalThe cracked
hour's (based on butene and tungsten trioxjde 2

produetds gogled) andsienzambiecied &0 9&ﬂyeﬂ¢tang fllpyred lh)éwater quenching to
a ten‘%&f#gpeo%rft t1(ﬁpf ¢ Lh '160é§*gf azl‘t{erl\ﬁﬁ‘iﬁﬁ it 486 L?Hjected to

s and/ or carbonyl | east one

compresbhaen predsurg of about 52@Psign Thae dompresspuesiream |s cooled to
carried on an acidic su%port such s alumna,, sili

about 36Qnf nafded.i @ad thew iondied anRd PAETY yk@on ?dpﬂ%cggges to a
tempe'r%tglré] of a"&est é%ut%ﬁrusa%g)of:%t ﬁ@daraféeltr&'nl theoMressed stream

essary In order to i rmt art. 25 The ethyl ene
a higldi poeity ziaydrogem estretainen Methané dsrogexieseparbteguifignp Haseremaining

nycrogBons e distiionra<Cerm v sAg RIpRneLTln o A ERaRg g tower.

bﬁhs \Mrééke%eﬁl%'a%b{ ¥16, rm@&%esﬁfrbmm\%r BétirRs of the @@n@étnamzer is
to about pressure of from about 100

passedttoLdlsiﬂboor:)stO\ger am orvracrn epetaiag at @i hattapn t¢m@ﬁfaéu@@f qlgout 170
F. at ﬁ%lp(agg%slri.tggﬁgf n}aaﬂ{ ?%Bhggl %lfgrrﬁ aéﬁ'&/%trﬁeédq%ttreawothaf l@nsists

I'mer1 zat1 on reactl

essentlﬁw gbsthahe lapdsdth@aae f liris 8 hendhd Wiottooms stfdah 2I4a‘hatjeonta|ns Cs
fam I%/ such as ethyl alum numdichloride, and a
and hegayrenydraratbeRssphi ne conpl ex. This process is well

.
S Aot VR RIS 7 o o
aboutEWﬁVPL,E\ présee obrabost i300 pigeand @l weight hounsrapaget yelocity of
abouty D Fraipyane T, Jepeth Getyst chifiiospe ks RAeHsh oy ffltninum
suppoﬁ%ﬂeréa‘ﬂeﬁ?%lhydfo@@ﬂaﬁd Stredin B eRstlEs a@fa bétesth &bmpbrature of

to about 25 psig. The cracked 5 product is cool ed
abouta2@D themds P ensngadjo tseparate quuramiongriasd praskchponad consists

re of about 100 F. at about
essen%a QF Pﬁbgr%ﬁlﬂjﬁ(ﬁ?@hgs subjected to conpression
t Strélad?lr 138 S8 fs%le&lvélyohlw r5§@n@l@dgusﬁ@ asimikpcesditions lanelamtalyst
is cooled to about and then chill ed

used passtream 94 @le%@q!s@ddqsﬂllagt%@fsthpg\ygrog%%q{ sirgam igra g}wer with
o botSnIBATL oGP0 i AR ARSI By SO0 880 o o rmove =
strearf*{tttdmarsﬁngsassenmallwﬁaetbaael tfherefmtrhanddaavmg regseparate stream 22
consisting essentially of ethylene.

About 50 wt.% of ethylene stream 22 is removed as product of the overall
process. The remainder of stream 22 is split, about 67 wt.% to stream 60 and about
33 wt.% to stream 61. All wt.% are based on the total weight of the stream.

Stream 60 is passed to an ethylene dimerization reactor operating at a
temperature of about 100 F., a pressure of about 150 psig, and a residence time of

about 30 minutes, using a mixture of ethyl aluminum dichloride and a nickel salt-
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hydrocarbons via distillation as an overhead product

froma denethanation tower. This cracked product (16,
wae@aelsd) fromthe bottons of the denet hani zePCT/8S2006/041613

passed to distillation tower 17 which operates at a

phospﬁgﬂet 98??@8&&3?6 %%l?z@fth@%%tldﬂ 0 After &fuench n%smer feddtion and

form an over head streamt

removmnsesgeal gataé;&t,erhlne alimgriged epriogbist A% iwtsupiesied toj fractional
asiofin A3 bRy AR AL et 30, SOMATR R tphove s e

heavie? ﬁgﬁﬁdddf@oﬁ‘é/ dE cgeaabirotivé Jasaling ptr@dm mmdysredote aadnﬂehe rich
pressure of about 300 psig, and a wejg

streanh 46 |§tre@mdé6 {redlidrd e apibienfdsniperature @ngraRat QQoEﬁ'@ PreSSUfe
s s

using Yol SosETRE=S1 R TKLLY PR AAKD feinesi

reactofl49tilled at a botton1tenperature of about 200 F and

110 t t { r head duct
SISt 46 B3 PER (TOSHoBH et epos el p OB AL Teactor 49
which % BEEthég dtS gﬁhg&%{td’r@'éf Y lsl] Wﬁt efl pHsdsiite %'f rébbaf 400 psig,
I oNs an use on strean124 f ol d by

and a dvesglnﬂ hewriyospade velecihydf ageu’aﬂédemprmhhpura(haaﬁelror\ butenes
of, about,. 20 F.

it e SRS 0, B g of o i
of tun??éé@ﬁ'o%dé‘gn eSSifeY sapport ahd ehamssitmen@dd.om resittor 49, 2 butene

aving a separate stream 22 consisting essenti al
is disprbpetiopatacein isopressocevof nogxasstyafeibylenedarfPym a Qroduct 50

et i IR HEPSP2 1l Phob h HEEB e Hias 16 ana he

resultify " eambitationd sthewt p3&selB tot fractionatiorearoriel . 17 as wieeidstock
are based on the total weight of the stream Stream 60

therefern.passed to an ethyl ene di merization reactor
operating at a tenperature of about 100 F., a
pressure of about 150 psig, and a residence time of
about 30 minutes, using a mxture of ethyl alum num
di chl oride and a nickel salt- 8 WD 2007/ 061560
PCT/ US2006/ 041613 phosphi ne conpl ex to catal yze the
reaction. After quenching the reaction and renobving
residual catalyst, the dinerized product 43 is
subjected to fractional distillation at a bottom
tenperature of about 230 F. and 70 psig to renmove C5
and heavi er hydrocarbons as an autonotive gasoline
product and produce a butene rich 5 stream 46. Stream
46 is dried at anbient tenperature and about 60 psig
pressure using a nol ecul ar sieve adsorbent, and then
returned as feedstock to netathesis reactor 49.
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Streans 48 and 61 are i ntroduced as feedstock into
net at hesis reactor 49 which is operated at a

wo ecopesiEsar e of about 600 F., a pressure of abewt/ugdie/041613

psig, 10 and a weight hourly space velocity of about

We CiifnY €ci procal hours (based on butenes and the tungsten

oxi de catalyst), using a catal yst consisting
less éntintgigrgtedfmatheidfoueracking anietenecontaioimgdaecd and

rSetgl R B R0 D R P bl e B b BBk sqid foea to
68 %Sﬁrsﬁfstrééhv{P@) edn@aihipgrethams,osthglen20and hgdrdcartsdrighheavier

in propylene. This product is conbined with cracked
than ethanecanch gthena snddeelrding2-byianeasastbiecting said first stream

IR RebAACH TR 9%1F €3 aRIBNASh) (i) oraining
Ié’&‘sﬁ@o%éfbf tkg}ds?tgianﬁg‘gﬁgﬁmm ith?thitg gllrstlcﬁeeﬂm hremldaﬁ éhitrd stream
(BbBoriaiang FURPTUTARGY: S AT baiak 1 G AL ERt ey dhat are
e e N
stredin as lausfodgclefitheenesall prosess,t subjectbigda firat porian @nof said
TR AT ERG LRI TN NE T pr—

grbladtestadtin g8y titecdritaif@indwly fériméd batRedN@uBjdctihg & second
stream (24) containing predom nantly said

oytior G ef seid secenidistieéansto armetathesidoparationulgiedt 2-butenes
th { d . , i

4P a8l e Rt RS TS, MBI Els! 8Pdthyiene to
f@frﬁceﬁféﬁo;t))ﬂéhé Et?iritéiiﬁh@t Eir&léérfn (Bg)_),t bassih?®aidfpmpy?_ne ccintaining
second streamto an e ene di perization operation, ,
st Hom ReRimatateRsis BPEEIN a5 feesiP(a il drcloneldfind ation,
q%%%o%giﬁnaﬁn&%iggsgroﬁ%i %frEéH\gtc? asﬁﬁfé'?'@ r&vehPdperation to

sard second Streamto a netathesis operdtion
foirerefirst Buberieeoerstaining strebine@@¢dpassing spidofinst butang: camaining
onditions in the presence of ethylene to .15 form
RSBy 195652 PRIt LR ES PRBFIODaSEPALPEG: @ Sebdhd butene
RIRRAMINE SRR 2B rBgh s&l teirdnsfream, SAdhaERif S&idistcond butene
operation as feed to said first fractional

abingainingastieam to paiddhuigne seapvennepersiioNon product

Ut IAE eRR ] FEREET AR M PRAUEPEIE dvete
petesEischrindical grade prog@snas feed to said netathesis
peration, separating a second butene 20 Zg t.ainin

bt r diamelhockSicHielen ] P RERPIhUiaRe SR k29) Agecairiged from
&?&gg&w%gggrgtﬁgmau&af fHe SRRl Procisd. but ene

recovery
4. The method of claim 1 wherein said butene containing product (43)

from said ethylene dimerization operation contains at least in part 2-butenes
that were newly formed in said dimerization operation.

5. The method of claim 1 wherein said 2-butenes that are disproportionated
in the presence of ethylene in said metathesis operation are derived from both

said thermal cracking (26) and said ethylene dimerization (43).

10
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2. The nmethod of claim 1l wherein said propyl ene
product of the overall process is chem cal grade

w@eopyseoe. 3. The met hod of claim 1l wherein aPCT/US2006/041613

et hyl ene stream (22) is recovered from 25 said second
6Strapm ﬁ\%tﬁbd%?délé'?n of v&mﬁem\/gf 3bAstPHEE ESFS safd: eﬁﬂﬁene that is
nmet hod of claim 1 wherein said butene contal ni
r@@’faﬁmze(dm)thf}bmem i saidyhetathesisnoperationois dqameli from said

| east in part 2-butenes that were newy

tlﬁ%&ﬁééﬁ% id dinerization operation. 5. The nethod
of. Thainethowlos CRiiM Sahereln BeieaB§lehBafimaFifation conditions

di sproportionated 30 in the presence of ethylene In

incdude retamprraiue qfeiramm aboulr 80 derabped %50 . batmessiaedof from

P35 oo B840 B0h e 8B A pep P gt e Syt that

favoes thed Umlenzfatlohaifmriyl&\dmrel n at |east part of said
et hﬁjene t at hesi zed W t% 2-butene in said
Rdupio p - Slairy Whege S GRS telcelegfram the group

c@hé’i‘éﬁh@ gf %Iﬁmlﬂ—% A1) M20a8é afl ?‘hcfﬁegs%—?hﬁ%@hlgé'c‘émplexe&

'ene dimerization conditions
9t enib'be aethed of clairarth wherein 88idt metathoegis £60diFons include a

aRREIE et aPaupRad do 2Bout Jaf Prifereseuli plirpfiabdit 200 t
aBbUE60E Psich @étaﬁlshl!ﬂ\éirﬁvo& thENdispRpBAbftiofl G Mbdtene in the
wherein sal d catalyst is selected fromthe group
peesesicetafrrihyenaltamrapweaekgnd iraweigbs habdy rsipekel velocity of from
a&ﬁhf’l?@gﬁgﬁ'ﬂﬁ) folol Bgél OCUCS%O 9. The nethod of claim1l

rein said 'di ti ons i nclude a

10enPke atathed of clbimnh wherdin 88id davalgddyiat FHbt Bne s@lected
rpr essure of fram about 200 to about 600 psi
friom Hv%/gfoqmafmawﬁ 9 mls a$,s@fl%@ﬁmo%rbpawls&f at least one of

[ a‘?‘n& e to propyl ene,
%I%&Hméﬂnéﬂom y space vh cit ﬁ'gf from about | to

about 100 reciprocal hours. 15 10. The nethod of claim
I wherein said catalyst is at | east one selected from

the group consisting of halides, oxides and carbonyls

of at |east one of nolybdenum tungsten, rhenium and
magnesi um 11

11





