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(57) Abstract: An integrated method that comprises a hydrocarbon thermal cracking operation to form at least one olefin product,
coupled with dimerization and metathesis operations, the dimerization operation forming additional feed material for the metathesis
operation, and the metathesis operation forming additional amounts of olefin product.
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25 hydrogen, ethylene, propylene, fuel oil, and
pyrol ysis gasoline. After the separation of these
wo pa7e6deml streans, the remmining cracked proBCIYUS2006/041613

contains essentially C4 hydrocarbons and heavi er.
88-21MiBAs remainder is fed to a debutani zer wherein a crude

4 streamis separated as overhead while a C5 and
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Such a C4 stream can contai n varyi ng anounts of
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and trans i soBAGKGRQUND: QFEFeE INVENTIONS, and

e Rt STl el Forir
(meta&%%ﬂ%r&éé}ﬁbhg‘% 8h %ngﬂe@MEE& "f\ﬁcggeﬁaﬁ‘liéhl?w, Y lates to

reans have heretoforé been subject to selective
the theyaab geackingaf ethatiedbdbirmsin partcethglenet hadhthe disgreportionation
sz_b%grres ndi n% m)nofol ﬁfli ns vvift h si mJIItaneous
UGl DSHTEReISE QN PANCBR &P TS PEPPYISRS:r nal ol ef i ns
followed by etherification of the isoolefins, and
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to produce prdpBERPTION OPditnPRIOROARTS, 898, 091.
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used dpepaiduge bizfiher sugiolagmethydsras] eprpyiries Nutehés,i butadiene, and

advant ageoys for a nunber of reasons which will be.
arom%*i'csgcﬂéfjbas NREZENRatAlEING, Angexdenes.t dn iy elefingiraguetion plant, a

hydroEQFtﬁﬁfa@ESgs RE&YRSSk %EH:%S SRy %agﬁﬁ‘%‘f :gﬁg'oil af)otl']er fractions of
e In, pa 1y

Imeri zation, and netathesis ther ) rticul ar
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Cr tchrfandnchigiveRl r HESpIRAETH Cgoriging - eliphatiReNcaicyclics, aromatics,

saturates, and unsaturates, and molecular hydrogen (hydrogen).

This furnace product is then subjected to further processing to produce, as
products of the olefin plant, various, separate 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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Figure 1 is a flow diagram of a conventi onal

hydr ocarbon cracki ng plant that produces pol yner
w@eadessmpyl ene. Figure 2 is a flow di agram oPCEUS2006/041613
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eed 1 is introduced into a thermal cracking furnace
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her, conpounds, ., et hyl ene, propyl ene, and butenes,
ethyleB%ﬁ’?daquH Iem %99%9*@) and internal (2-butenes). 5

Product 3 is subjected to separate oil and water
quenches and other fractionation, collectively unit

4,» to |iquefy hSHMMARh’daﬁJMﬁB\JY/EBITé@N heavi er)

herein.,to for. liquidstr : .
Aragietatdon i anscRVEnTd 8 Pt iR Ralsil pridss is provided
which $R§6Hs & $lydFdd=fBoh BuckisCdh éﬂfaﬁ@fb?orﬂélﬂlﬁgeféé‘deld fbrmrattlda@st one
overal | cracking process for other use_ el sewhere, P&t}m and

produgtaelefins metathesizes wemab@{qflaﬁatpu tomo ediipnah prpdust
mtern%lhﬁ@éé%r rtéasdaﬁffltl@pggtgérdel%? 'tl?é‘ n‘?é)cgfhe% é“@@él%{tlging 'This method has

S Severa €s O npr essi

the flexibiiy &Sp&iﬂlmecaiuethyibrtdmnduotd er gcmrepylepe peedigct,10r, bathcall from
as caustic washing, to renove acid gases therefrom
ethangncl udi ng hydrogen sul fide and carbon di oxide 11. The
product 12 of zone 10 passes to a separation zone 13
-which is a conbination of cryogenic coolin and

fracti onal BREEF DESCRWPTIQNIOFr WRAWING

separated a urity nol ecul.ar

JARFEN 38 e B 2 %qr}vsghﬁ)a%“%?ﬁg@@vé{g@ﬂhé@a“t tha
produ[;@g‘rgg%ésgrga@ yied. the overal |l cracking plant. The

remai Nder of effluent 3 is transferred by way of |i

1Bguee Eriaca flowadiagram of a conventional ethylene dlmerlzatlon 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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distillation zone 17 wherein ethane and ethyl ene are
separated and recovered in line 18, with the
wo evaieider of stream 16 being recovered as botPOIESRM6/041613
20 Stream 18 is subjected to selective hydrogenation
_ o anias . £ _ . )
single BBl ot SPRReble ZPRIYURNDRS AT £ PoPufdlty B difering
hydrodarbeayconipdiinde @@ fosmedoash eforesaid tipdpraduge &t cracked qivoduct 3.

Hot, Gapause e, . SHBHeBRE hSugSFRAR D qehd SN Gompounds,
ethyleh€S BRSgyiar, Yando butdi@sC ibaerk ialithap( @btiten2) B paamnad (2-butenes).

al so subjected to additional fractional distillation
Produph3ZesebEsted to separaie oilpansh wateraaldeingsy i other fractionation,

r ef LOM 8S ;AN OV , ,
cotech 8] SH T 2 e SR SRR (5 08, P84 Pl o o
liquid E&géﬁ*@] sudreds tfaek ol atitdave 5agrd Wutomotien gadolinerade (pyrolysis
GasoREHIGHAI ndA TGN SIERESEETe ROV TOEL IR PYRTal SEICKITG brotess for

_other g.l}éS{ i%Hea | ed Stfl%ag?%\%ﬁﬂésﬁr%guﬁf’?aoff r@séticiiton operation 4 is

on zone erein propane i s separated from
transfﬁrhweqb%ﬂoeae compressios epanat® wherebmst 3hdengbedy seyeral sthges of
‘ ich a renmoved as products of the overall cragki
compigsoRs < Tha B ERRes PIPRIda e HPHEoRe o Arog§es 40, Sdon as
caustigr\/\?g%igg?‘,etozgé’r%% atid Igaisds \’cﬁébéfri@ﬁli,ein@midiﬁq?hyéfoyéﬁ sulfide and
- P

mat eri such, product 32 has a pro ene_cont ent .
carbon kiinixides 1$uddeaproduct 12 gf zene0pegses e sepaciion zae 13 which

: de .. I . Chemi . L

s a sl EEDRIBNra ORI n (Rt ToRaC BHERRA . from which is

separia!é\doéVhiﬁﬁ FURPhereuRirdnyirbgénlssticaen pial yner a i sepasateymethane
t he production 5 of progl onitrile

e. %d ) } : opyl ene
strears g bothepfaviinb are kamoyved gs Psedusis ¢ Heoved) Cg%%\%g plant.
pfﬁé’%&%?nde-‘jh(ﬁfei ffﬁlg?]ft %% PRIt SHAA ByPhaRYbLNRe | 16 ¥ factional

processes 1s racti cal nor "necéssary. The
distilleﬁbnazroﬂtigi ’?Twhbrqﬂncwmme find etipreny heengeparatasivend sgcavered in line
quite difficult due tq the close oxim.t their
18, W'ﬂ“eﬁﬁem%%fo?ﬁ %t'i?@%agrh%ﬁ‘g “’7&8&’8?%{ 2% }’&m%‘ﬁg“ﬂ | ati on
CQ{r%QFPI 3Q ii$ Midctbar @8 ddle&ivee hyafsharationpetep Vi@ as convert
to both 10 i1ts Construction and operating costs. If a
acetylﬁnimseﬂsi giotefinsdd tbeis sooespgndine menasigiing @fter wiigh H is passed
ave enhanced fl exi bili ecalk h ' a .
by Wikt T 20 ianotyr aefded SgtRfioh e T, iHergh Byiene is

separBRldY/ B Bfafe, matesacH ar@reddvetadilad $eparated producth@@tand 23,
more, in the nunerous commercial processes that call
respettively,afihe graciingelant. |

Stream 24 is also subjected to additional fractional distillation in zone 25 to
separate propane and propylene therefrom as an overhead stream 27, and leave a
C4 containing stream 26 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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propyl ene. This invention provides that flexibility.
15 Stream 26 i s subjected to a butene recovery

wo eacoéoml di stillation process in  zone 33 WET/ES00@041613
C4 containing stream 34 is separated as a product of

t PRy KaTcAbloduét 3Z 6 AYeRr PGRSSOly rﬁBEgn%eaﬁdtdm@aVAgrsuch product
materials in stream 26 are separated as stream 35 f

32 hag s peylensesonrigahthat is gubsteptialhogteaterdhantbat ofschemlcal grade

[ I [
propyfitse CREMET aradd Hapyiffie G UME R e br KOG * i oct, most
procegsedsy IO IV p@pYlePiyarh outsidedthey pgiamer lr\ststryees;enMeqbrbyiuctlon
no f| exi bllltlégfor doi ng othervvlse gure@shom a
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of prﬁa'pmtelm apropyigaer oKideongd cfha likeo clegirgs oRRlyaghemical grade
propy\erpr]lbg déleeéf kﬁiollyﬁﬁ%(r ﬁﬁqigﬂéb%@ﬁe R 5héh ddrHEéséB%d?s neither

gur e, y and catalyst 41
practiéaimammen%bw eﬂ'beobemraimn 06 promanst romdgroplylerte lrstower 30 is

auite R, BFord offeet F9PEn eIl Bhabelrs FetRastie il points.
Accorfjfhw RfstMuabn %Dmﬂﬁﬁ@@ is Ny parhens &ﬁ‘taﬁl‘id“isr@(ﬂé"r@,ﬂ}écés to both

reactor 42 is passed to~ butene recovee% zone
its cqmyuetlcan aandhLaperating ecagtaide lfgd@s GIrperRsss redus dl‘@mlcal grade
arated . therefr

propy Rl difla iier e Biesinfledbfty begdlsk IEBhEMida) arpde material

could Stejestéd! BertFaddenéd lﬁtarpdlfiMeﬁ@ré(wﬁnétgnéIQ ortt abbigsbé used,
zone 49. 30 Additional ethylene feed 57 can

withownifosg,eid the PepeEssr gompashial PEOGRsSeR dealsCal fore@*ﬂ@m@ﬁé grade
propy‘le eprﬂﬁgﬂfveairgﬁ pﬁ\ﬁ?é’sc{hagfglef%lll act or 49 is passed to

acti ona zone 51 wherein et hane and
eStrghen2e & eulsjepwdatoed l:tu1emeefremeay|cﬁ“achd)malrmétlmlohe;aﬂcess in

zone REIITEIG S Nabhl SHeam bR SepaigeS Ry AGERaad of the overall
crackiﬁ&TéH%QQG/ %ﬂsanh'ﬁb‘év@ Fn%téheflé EPﬁtétl%ré"?‘ﬁ 26 are separated as

I'T'at’i on zone 54. 1n zone 54, polymer grade
strearp r&ﬁp{pr gagoEbUSas Slscdpa$ additioodo thss aatqmqiav@cgaa@ﬂme tpgol.

Flsfatbe 45Kt a2t FEL AEb A Bidhg oy rataril: othane

ethyléh%y pUIyrhelﬂgréiﬁa Bopykstik, tand pvéire, r\/ﬁﬂD‘é@éé’ntZamenééﬂexﬂ)lllty for
igure 3 enploys units of both Figures.1l and 2. For

domgg)élkgrw_iﬁe clarity, the reference nunbers used |n

0 n%@gee ?hélt{&led a’pati€u IS rds%ﬂ:l %‘?ﬁm@ﬁc:ﬁ rf%“dgss% #&8@{\2&? $roduct

ar e resen ures
Flexibiiay'y iaedemplﬂyed nh0|t§ldjtmee rﬁode Alre ¢hiidi Figlise, ethglenet feetl 40 and
catalyisﬂry are fég lntongtlh%{aln\éed|rr|1er|1|zgtlgH rrgac:,?,toﬂlg vlvﬁll((e: t||s malnia(?ned under
conditions that favor the dimerization of ethylene to butenes, 2-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
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elenents simlarly marked in Figure 1, and will not,
for sake of brevity, be described 10 in greater detail
W@200rh61$6(oi nt because the process is well Kknor€m/usawde/041613

furtﬁer detail is not necessary to informone skilled
line 53'18 & hij [ t
ne 53 4 Rl bl =4, 5115 20RO oty se roppies 5o i

separateni tduti as Fa qarodudt biitthéagverall ddlfrf@rzehonmwath@ﬁ@r eteress, the

f t he addij t nof. he str I '
romairfpd 1€ and faeayer el e SR BV P A B W o
butenér@c%vémﬁﬁéﬂm zone 17 aI SO separates an overhead
stream’18 that contains essentially ethane a

gu%;reea esmploxasi unitst ek botte figurgsr! ¢ds2r e BAT féﬂﬁsofaclarify, the
olto i
et 2 OB <P LU TR, g A Tasd By MBI 8 forthoss

units t?—'ﬁg agegbw‘sent ?n gﬁgm@dsemt and @,manechref cagieds oaéronrdsaFn@ure 3.
ydrogenat ed product 4

Accordinglyt kPNt 3t frpHgh o?ﬁizlﬂ? Sg\éﬂ ﬁe%ﬂqe%?epgsﬁggf@“ca' to the

elemeﬂﬁsasﬁﬁulaﬁ er a@?@ iR ERAIS 1, G \ﬁlllrrﬁﬁofé)?rs%ﬂe%? tﬁ‘e\ﬂfwfﬂiéc&escnbed

i nt egrat éd process Figure 3
in greaterdetailent this mlnie!aeneﬁjselthe IPEQTRSS ledNéllrbmvzmrﬂﬁdZElrﬁ\% detail is

passed tqQ _ butene r. 44
ot nelgsm s o eREER N A £ e ABC TG Ref spto take
over. 19, followed by 25 fractional distillation |n zone

21, just as explained hereinabove for Figure 1.
tHrastionzdiont zome 97 isvthe: samer e 135 selk Exthoire Figutg " but has a

dlfferepfelj;eﬁq,e g%r o ugécéai,fe{egc?fnh%g%ocqqﬂoq:oF t|9ee§q5§ un It?'}ét 50 ?Nﬁleﬁ will be

discus¥8Mh, mefd MbfiensreirRi@y. A8 thi i‘nlveaii@ml znmd‘lﬁileﬂa‘,celseparqtes an
inthis invention. |If desired, of course, g@at ivel

overhatt stresnmyltibalp cortains eepaailly2 elianenan caibvEaes gt the
romaidy s 168 Fdiomg brogd SREBAPRATSOTE ot

Eﬂ(sjt#earﬂf24stsr§tﬁljmtéa i aon@@Baammvetmjdr@wa@n afrits acetylenic
addition to or

ot oS BBl Kpooebefbg - HEARS. O Al naly procuc

64 is Ct‘ﬂ%ag?sséd”toeﬁéi?ﬁdrf‘al dllgtlwéﬁl@hez@lﬁe|25 wiaéreinl)a ahentleal grade
draw bf “an i npure ethyl ene stream fromunit 2

propyleneiprpduet 6% :swecmew 83 6ProPgy! gsmewr@ﬂeritegréted gprocess of
Four 3 SERGEHIEA, S L Y (7 8% Hpassed o
butenérréé‘d\)éi’iﬁ%bhémf g8 Frjuré@m 20. Stream 59 i s split

|§trg§r$1n1l8l ge%a(ssgedar’:o a? 1selerc§ﬁ/er (re\lyg%g\e%a rTrtm)uz[]otnse t1Batfoﬁ’owed by
fractional distillation in zone 21, just as explained hereinabove for Figure 1. At this
point this invention really takes over. An ethane 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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steans 60 and 61 can vary w dely depending on how the
process is desired to be 5 operated at any given

Wa 20v2/061560 onl y being required that some of st rEemUSH06/041613
goes into each of streans 60 and 61. However, at | east

ethyleﬁ@@ﬂéaﬁﬁta%n%orﬁ Lig elt6Wer hhave ﬁHé feééif but%él@@”ﬁh@gpréaﬁcigﬁream

to stream 60 about 33 wt. | ess than al
22), andzimr @)oethylboe faatleaa*tl@lfea@lcﬁtream 2% based on the tot aI

f, t 59. S .
Sse 58us SRICAM3Rn IR E0ed Plarin g ipfEgdyat go into
steam@’%baéﬁ@ﬁﬂscérﬁﬂéﬁyoﬁvld% depsmding od hbwHhaysocass Fheesired to be
operation of zornes 4 and 49 are the sanme_as in

operatpil qiranygiven fige it pﬂb{ohﬁing1 eauiad bahsee ﬁ%ﬁtre@mrﬁ%aoes into

coch YA B an B FAGFoD, B BEUELB8.E0P RN B0 g tan a

streanﬁsb)daﬁhngo firte dstfesim B9 anl@ralbbatiSBwvu\%y bot [éssnthah7all,idan go into
desi red. Propylenerlch stre O?Ofromreactor 49 is

streama@hdepth yvighrhasedan theat aéf"ieéq SiABte%sing in units
9cffd i
Shetfi] 7 pesBSs DI Bt Wiiok-gRiTBONEN20 e shedsor is
passed to thaththeisisemacts. 4%tcoerrard JvithalSigass 2o The eperatien of @ppes 42
and 4§ 2eo i Ba5ie B8 A0 FELAGSTPRUHNG b SiRe s HAE rich in
buten%‘é%ngcicﬁ% 19 prefyEiAg d ﬁro%?lehe@odt@inﬁgeé’t@éﬁnlm agsfigdgure 2,

|sproport| onation, and then passed %y 20 of
additidriah ethyBreesfeledezan e Repplicddy way @55(1@15745 eA"’@@n’par i son

1- h
S iR RIS AP REAE AR e 17, st
proce@nitﬁrneuﬁité"ﬁﬂ anBe3) tied Emp?@w@dwéilvlytfbrrrﬁed immmet #91inds its way to

out elimnating unction thereof. This sane
zone 2fp el Ihﬁfﬂf%ﬁot\@sprpﬁﬁ'?nefprr%@{q §Ff§?f‘bﬁ towers 51 and 54

u
S BN S TSR RET T K Gt Roukpicn an
autom@hﬁ@ g‘fsétﬁé!\lgbb@lin@ etream 4% ﬂmpdmtatgeeamcbrpmduet 4@ ippubjected to

gt B G G 4R PSRsbFS, vay

of IlneWéQ%%?Bﬁ @Etﬁﬁé‘ﬁs@g’a&tﬁ%’re 3) is enployed in this

nven I't can be seen that a mmj or advantage
ok domparisoveof iFigures t-Beshowsrihelt lasge awd expenfdve frac lonation

tower?i(b@pa %@Vﬁggr@%ﬁlt@l R@S%f%'f %ﬁg@j i ?\{eatb!egﬂ AlRRaREd by this

inventiHPRitAGH @llmihaihdg dse fuhdiieh heredft THist same @ompameoatshng/s that
costs. But this is not the only

fractloslagam ﬁDW&fﬂ 54danmhiddgel Figure 4 E'aVﬁadV it a%e@‘t elimiggfeq without
loss @ifn g}eér efgﬁg Oé{a: gﬁﬁlé?@ ﬁ%’? Pgnsoﬁmeéls%f shB¥Sthat selective
hydrogenation zone 28 of Figure 1 is not present in Flgure 3, this function has not
been eliminated because 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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6 WD 2007/061560 PCT/ US2006/ 041613 because this
i nvention produces a chem cal grade propyl ene product,

WO bm7géaee t hat nost processes require, W t hoRET/US®D6IGH1613
the ability to upgrade to the nore pure polyner grade

becaudé tr%g@)d E@ dr?fj&éesbéfchéﬁ%élyadér Bl’&pyléW@BFdd?J&)t/ "théfgrade that

provi to si g ficantl
most pﬁdcessese rpqoldel,cmtbnut/dﬂmm@sihefal@hWytOeml@géﬁidﬁ g0 the more pure

pobmBLRME5 H2T R, FHBEF GEEL 0 e S ravies e

ﬂexibilﬁgowlsﬁﬁﬁndarmuvéryf RIgeN @Iéﬂv@nFrddl&itloﬁr a@l@m@ foeedmymﬁe and
contains” essentiall et hane. Fi nal

propylehestiasn lantgthage |q1mlmga@lan’ﬁ £TH lﬁVﬁ@t'%teéﬁmémVégqseﬁ@t f&lelllty
o proflice B R POlsBroBheF B EBREE AL =i ! GETER tht contins

essenBallybSpethamen FHinai Aakibiity lsnh’Cpré\?ed OthEtdhe metatheSIs reactor
di sproportionation reaction enplo n reactor 49

has twgispuraesvef. ethyleng f&eddcbﬁblféorangﬁ %{@g’ﬂeﬂtoqﬁé@m jtgglf and from

any retsmf:a 8 S{ | nvf\oqnjhrhl léﬁzgi(érﬁ G{]?ﬁ? conpounds. The

reac ves acement of groups from each
Cﬁ@dwpcbﬂcmlmatmmmachon emmioymimbteaﬁor 491@ wellknown. ltis a

doubles FRAGTSB ARSTAN ST 5t RIAMRe Do RO IR ALV AR  The
e s CN Lt i s o
and on

new cwhpowidset Hhameisyidisniacamentnoleeyage i apgipehle. b?ﬁ@s@“ each

differel | SO Cacins (s Carbognay e dolble, BERGE Wsdre, the oid

doubl@&@n&s gNr%\e gwmﬁ/é‘éiﬁ{'ﬂ?qﬁ tf\é pratathesis c|2ka§hé mcﬂ@oﬂﬂ ifi@6ne and one
i ourly s

mole GbEOVEISNAsIE SHE MolBSIalsTpPYeRs. HBERS eRsRRCo A% Fen very

widely; E&t bgﬂglgaﬁ@tvwﬁ ||Jaéiﬁfﬂiéj% t%glp%‘?étﬂké’ 3 fronmabs R0 F@é@él}‘tsé(ﬁ) F.,a

I'Spr oportionation reaction I nclude at
pressdn%a@ﬂfrorﬂrabdnft 208l to e ut @00 dEsig, cardf amelghﬂolmm;ssmceavelocﬂy of

from @Mg—ﬁé%?%ngbg&r e iociaron Bev Gasa oot g ind Witgden trioxide
cataly? ) @d@ﬁlébétb@%ts thk WU ahe dldpfdho rﬁ@@éﬁdrﬁﬁeacﬂﬁd idigde at least

I's process Is in commercial use, and further
one oflétzdides, sxides amedarssanbnyls ofr aleleash onaf & Molyhseaum, tpggsten,

rheniyT qane ShERaTUE: FaRec a8yl shift RERNA SRitFina, silca
alumlﬁé’@m@é Cradiitets and the M@ACThieproossd isiinrconwnktciall use, \amdyfurther

, but will generally include a tenperature of
detal|ﬁ$Omma%nt%dabtmlﬂfqmbthp art.a pressure of from

?Jf ﬁﬁqt e&lﬂﬁg?é %ﬁgﬂﬂétlgip DeBSHoP is28 hotdgetdeRCRyid 'Phasé reaction

that is also well known, and in commercial use. lIts reaction conditions will also vary
widely, 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.
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to about 60 m nutes. Suitable catalysts that favor the
honogeneous |iquid phase 30 dinerization reaction

wo pmhneisemt | east one fromthe al um num al kyl Pel/Us®06/041613
famly, such as ethyl alum numdichloride, and a
ni ckel salt-phosphi ne compyexypii s process is well
known, see U S. Patent Nunbers 3, 485, 881; 3,627, 700;
ahdead 7aBsiting 2ssedtizdp 7efoetisee Rih/ lgssobenod@ewsight percent

0 MPLE .A d t tial

(wt.%0) OB RS FHC0E P BeBCRedet Gyentpliay T tifont ey 1.500

to abcﬁﬁ P00 I Eatl & ;ﬁé@éﬂf@d}fa’fom asomersiteadoaf 26r esigabDié cracked
500 to about 1,600 F. at a pressure of from about

produqtsstO@ldoand thengibisctat éo eil geraehing iRllyird by watefsiuanching to

o o UBACHE P 0o ol BB A A PBifice o
comprb@si@ﬁltg a pféssurewbf aboultt 526 psigbj TFlo¢ ednpoesseahgiresiiscooled to
pressure of about 520 %art;r e conpressed stream

abOUtl §0 060| deed.o andpiign eiilled 3<ﬂ‘fd| HACOMIRNSES; 11 etfagdRy © 2
tempel?easc% i %Y Ie%%f‘gﬁ&ierg jg%lflf@‘geﬁ) $&ptatd fﬁﬂﬁethétdﬁn@pr%fsséd stream

out m nus to separate fromthe
a higle qupitg sisyetfogem estraah. ddthghe dariext ssparetpen from dhm remaining

Me h i Qi .
hydrosRpRe i dRbIaTIon 2 & P ertprae i gl & dulifnanation fower.
P RadleEpRAnat (18] F.@W 3) frohi theCh@tedfas! optedl deimdthlnizer is

Fi gure 3) fromthe botTons of the demethanizer is
passepietsshatllla@omtewer 1 awwhieh ppeeates at @bations fernaceaiurg ofabout 170

F. at %g’t&%én%}ggn‘g gw{)%ng nglgo'tg ek O\%‘i‘hé&CP{Sﬁf%%% &haf consists

n over ead StT eam

essenﬁéﬂsﬁbﬁéﬁ\ané%n@sétﬁﬂéhé line 08, @ichamettand sttdaph @Adhat cordains Cs
18, and a bottons stream 24 that contains C3 and
and hﬂ%\é@f BYdrR@DOOSr bons. Stream 24 is subjected to

i k&%ﬂ ¥& Y4l &ﬁé‘@ttP é&veab%@ro?%ﬁﬁﬁéﬁﬁﬁt of terﬁB@r‘ﬂﬂture of

res ure o g, wel ght
aboutht0 Fy, apae:ssuvelo@-m}at 600 mhg,uand@ wetghphocsy spagesyelocity of

usi ng. st conposed.of pal |l adi I
avoutsy Hhisecal Phis: wERETS S url B Do AR oA Wi
suppo?i Sﬁ'héfe%@teﬁ*th@h?@r‘op@%wm%é}ﬁ g Qighilled 2P AUBOtRSH tEmparature of
psig to separafe out an overhead product 65 that
aboutc20fs Fstand 3@ ensig 40 Isppefate et amlovgrhass prasigl Bethat consists

cssordg B A AL RSBt o 0o S et 5l A, o,

Smi;frﬁém a8iionseictivbly hydtogeratatiedsing retaitar corditionerand catalyst
used on stream 24 followed by distillation of the hydrogenated stream in a tower with
a bottom temperature of about 20 F. and pressure of about 280 psig to remove a
stream consisting essentially of ethane therefrom, and leaving a separate 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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25 a bottom tenperature of about 20 F. and pressure of
about 280 psig to renopve a stream consisting
wes®ensised | y of ethane therefrom and | eavi ng BCT/US2006/041613
separate stream 22 consisting essentially of
phospﬁh@yl:@r%%iex“wt&até’i é"ﬁthéﬂ)r‘éfacﬁéﬁlw Aﬁ@r ﬂJeﬂ@ﬁin%ZtHGS reaction and
renoved product of the overal process.
removmrmeesideal chtadyste dine Aimesize| pltoduabcﬂ& l%?sumeci@@ do fractional

e L BRI gl 252, PR g o

heavidr hyBAsSERBoh® agareilitshpiive Gjaseling produtt raﬁdqiroduce a butene rich
operating at a tenperature of about 100

Strean’pﬁﬁssﬁﬁf%amf4€htﬁo%qubaﬁg}'@“ teApesatuee |a<ﬂ'€rﬁ:®blt 903 pressure

b
using §°ReghTb Rl et PR TN oy i BBl otanosi
reactoP49/ U_SZOOG/ 041613 phosphi ne conpl ex to cat al yze the
Isi?éaéhg?'scé\?éfé,g%?‘ee?n‘%g 55 Besio, 10 aefplieaR Ractor 49
which ?Q&B@Fét 8‘ dt% Eérﬁg g.ﬂ'g of &bcut! OaF' A pAdsstird oF ta%ﬂht 400 psig,

erature o 30 F. and 70 psig to renove
and aavv&ighﬂwlemml;espme:l veloaitpohsbast 45 reciptonsd |mar§ﬁmedr@1 butenes
pr.oduct and a butene.rich 5 stream4
and thefingsten SHOSoRRINTL AT A Al S RN otRe g f § Tixture
of tungé 188 VKR oH Y Qﬂceﬁsﬁﬂicﬁf’ uharmé%mmdﬁm@em reafist 491€hbutene
eturned as feedstock to netathesis reactor 49.
is dispgoperionates! imthesnreaence of rodercessf gtarlgse defomid product 50
net.at hesi s, reac Lch,,J r-al
that isgagho by BRI Br 10 ATOaE T EomipPR it Eahbd Btrzpm, 1 and the
resultlﬁ%' gombliationd sreseh gpasdealirtoy fequtionaticnl ororiey B adotfgedstock
reci procal hours (based on butenes and the tungsten
therefestn.de catal yst), using a catal yst consisting
essentially of a m xture of tungsten oxide on a
silica support and nmagnesi um oxide. In reactor 49,
2-butene is disproportionated in the presence of an
excess of ethylene to forma product 50 that is rich
in propylene. This product is conbined with cracked
stream 16 and the 15 resulting conbi nati on stream
passed to fractionation zone 17 as feedstock

thereform 9 WO 211117/1)61561) PCT/US211116/ 1141613
W Cdaim
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1. An integrated nmethod for cracking an ethane
containing feed and netathesizing ethylene to

w@e@pybsee, conprising thermally cracking sai dPdEES2000041613

forma first stream (16) containing ethane, ethylene

We Ciafif; hydrocarbons heavier 5 than ethane and ethyl ene

and i ncl udi ng 2-butenes, subjecting said first stream
1t o Anﬂh’iegratfedaneif@dafbr aiiasking axt ¢thane Tontainingdeed and

RS0 ORI RN BB B g B S B feea to

f&iini @afifst 68#4AnCOIH) Etidhltélﬁlngréiﬁam nethlenesandl hydrocarbons heavier
hydrocarbons in said first streamthat are heavier

thmletraneaa@d &ﬂwlémwnén@cluﬁ@eozréutwsp supipctng spighiirst stream
6r Oﬂ"rs? qua%tlbﬁélr glsﬂiﬁ)at%tr{ fﬁp" fn g%b‘%%% rg%ng glféée&mtélmng at

ocess por t
Ié&l(ﬁdﬁn@bf eald éthaae aatdlytheytmednnrmm fasti stream@tmi & dihird stream

(BN el G ProdemIEntb<sas) dyEToT BoRe dokald Diststiam that are
Pfﬁn erotfnaga%tﬂ?ﬁsw e '%T feBote JTWdO rdRAbse Q85) %hp'%ald third

erein enes ecte di'sproportionation
streadi 88 angrodoct dxfethprm&aeaibproaese,tmmjmtmgt@fmﬁ plostion €60) of said

ne c nt ai ni st 50
BBy G 3, 3 eher SRR, RS Tl  cmerization
ﬂeguﬁtét%rﬁf(@?ﬁ%ttébrﬁﬁhg e dﬂ‘oﬁﬁéﬂbtjf&i@ls subjecting a second
distillation, "passing said merization product

péltrh@‘afﬁ‘t)@faaiﬂm@r@d streara ity agpeiedihesis operatiosr wherein 2dwtenes
t t 4
B SN & ARProLiRon DraiRelr e Breeichrof sthviene to

fORAT AtoropylefE EOrdih Stré@motﬁd))bptaeslﬂg&ldmnbpylenegcontamlng
stream (26) from sai thlrd stream and? sf g alézj
%@@m&oms@ﬁ@e@&m% RPREptionrasfeeddosaiq il f@etonal distillation,

6e5¥|doﬁﬁﬁéﬁia‘?lﬂ |§rod-||._1pf3 sﬁgéﬁ‘\ofb ff)ﬁ{e?iem*écd%ﬁf ®hbBration to

ald propyl ene over a process 1I's
fotrara fisk bgntadfcqmntapym@lshream (4Bhepassihg saisf first dutane containing
.S recover.ed from

wh th
e %o See 461 S MSATARSGEETaPN: REPHUAIG) P Setorid butene
&fn@éﬁﬁﬁ% stfeand Q§6ﬁﬁbﬁpgaléfth|§d 8ir8ah, ‘éh@rpfésfélr@sﬂdlﬁdcaﬁe butene

conta ng product (43) fromsaid ethylene
anmmmngatraam@psa@tbtﬁﬂn@mﬁoa{ensomram@ast in part

N N
FrobsdsRamentiodl gradePropylomer ti onated 30 in the

resence of ethylene in said netathesis o ation are
Her Ihecmeihos Hamm 3 ahereRananYBnecRTGR (30) S 4RcP EEpd from

ShdsbENR L85 84 bPSHE Bt the overall process.

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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10 WD 211117/1)61561) PCT/US211116/ 1141613 6. The
nmet hod of claim 1l wherein at |east part of said

webdhyherser t hat is metathesized with 2-butene PaT/E83006/041613

net at hesi s operation is derived fromsaid thernal

6" aTkkNghetifod BReCISMY hp‘#/vﬁgdreﬁ)! at MTedst st fNsSRY' Gihylene that is

ethyl ene dimerization conditions 5 include a

m@ﬁétﬁﬁmdr withf2-buismeainosaid Stetatheti® wpelB®Fis, darived from said
f from about 100 to about 300 psig, and a

”ﬁ%@%%&%ﬁ@@l qui d phase catalyst that favors the

di.MFhi 28éthed ddtladnhyvhBrsin 8aidlétay Rt Rivfeakatdrbonditions

wherein said catalyst is selected fromthe group

incude & feneparatue e fom abryl 8hidpiahest 89 Fi.ckairessure of from
aBBLt 1BRCRPBLAG 38BPHEE 1D fnablBolE AR Phalebdtalst that

erelrn sal et a SFs "con | I ncl

favarp thatimerizatiohrof etlapene. 300 to about 800 F., a

pressure of from abqut 200 to aboyt 600 psig, a

8cat iﬁwvei?ﬁgt o Gl s’ WRSTRINSHIS AN Sriat $RCISH from the group
oSS! it LA TRNAEs BhaFhcke) SaFehBsprRR e pres,
9abotlihe hogthod of pladrodl whersis saitismétathadie corditiods afcludeaa m

OB I EPIRSB bk PhalSta RRS<ER SRR 200
agggﬁggdi) Sﬁfg, ﬁﬁ@taﬁfs‘c tti fADERNNE disprogsHRIhatioResT 2LBUteMedin the
presence of ethylene to propylene, and a weight hourly space velocity of from
about 1 to about 100 reciprocal hours.

10. The method of claim 1 wherein said catalyst is at least one selected

from the group consisting of halides, oxides and carbonyls of at least one of

molybdenum, tungsten, rhenium, and magnesium.

11



