METHOD OF | SOLATI NG LI NEAR BUTENES FROM A M XED HYDROCARBON FEED FI ELD OF
THE | NVENTI ON [ 0001] The present invention relates in general to an

appar at uswendionetdsed of renovi ng i sobutene from hydr ocarbworust@e@sqsiiand nore
particularly to the production/recovery of |inear butenes, especially

1- butene, and Cg ol efins and hi gher oligonmers. BACKGROUND [ 0002] Recovery

of high purity 1-butenaETeon P OVATINGENEAR BUTHNIES acked C streans,
such as froma steam Craf?ﬁfMoAM]}&Eﬂ}ff]DﬁiO’éA" REfip fequires that

1- butene be separated inTrgh yrerd ana nrgm ertrcrency fromall other
species in the feed. Mbst species can be renoved by fractionation. One of
the diffiKIELD @F THE BCVERTION | i near butenes is that isobutene has a
boiling point very close to that of the desired 1-butene. Thjs nmakes .

i sobut’end00@kly diTg? PEGSFRE ingendigp dplates ihgeroraldp 28 mRprais ang msthed orenaying g
common i r > | rt. the
" sobut eng iy as 1 PP Beb BOPRAAT an ifE AL RRE f BRI BKioh TR T hr
gasol i ne tatihics,icgpecialyblebapnaignd €s slefiosmmhhighs aliggumieat | ons nmay phase out
such pr OM, ot her nmeans for recovering |inear butenes is needed.
[0003] It own to use certain catalysts to dinerize, oligonerize
or ot her\ém #2]CONRBEIveR) BF i ﬁ&iﬂgnl-l’é&eﬁe%%@me %r%léﬁﬂf@a@gﬂant@acked C4
6,518,473, US 7,183,450, US 7,196,238, US 2002/0103406, US 2004/ 0030212,
and US 20074021887 @&s fomher stedne fcrackerooy Bnidi eatelpito eraslses reguisesd that f tliygehei e US
4,777,316, US 4.956,514  US .6,,1 159,. and, US 2007/.0185359. t i s needed
"ty o ndbRERC iR PP P Hb AL SR PGSR AR Py T fier ridas SBefEnes
from hydr@gakchemolQEss fraemination. NOnkicieRy dilplid@M&sSin abebvieERP Uh&RSHutedBs is that
apparatus that could utilize existing facilities designed and/or used for

ot her purlpbsiEanichssp dobiagpaint vei deseyo thpeplithe dsumadaRbutere. THES MRYENFo NEne
[0004] Deser i4iatIPeS Shfhrdd bgynfr&%ﬁ&t?& US 1f Qnd §F ﬁMse.r d Q&n}ﬂoﬂ%ﬁ&p@&”&? D&Rode OM
a m xed feed conprising a p | ars-'Scrubber &R aving an 1nlet and an

out | ets; dsdtytnegfiomt il dhntdneatedstodiavd ng cavernl e sotahitar auhhahyl-tthueyl cther
hydrogenation reactor conprising a hydrogenation catalyst, wherein the
hydr ogendt MdBE dadi@veych eting é\ﬂglﬁléi LKy ge«wﬁlﬁ@é@éﬁw ds tREPTHIIR PSS CUPBBeds

outlet; Yegulations may phase out such production. Thus, other means for recovering linear butenes

is needed.
[0003] It has been known to use certain catalysts to dimerize, oligomerize or otherwise
20 convert olefins as in US 3,531,539, US 5,134,241, US 6,518,473, US 7,183,450, US
7,196,238, US 2002/0103406, US 2004/0030212, and US 2007/0213576. Other olefin
conversion processes are described in US 4,777,316, US 4,956,514, US 6,111,159, and US
2007/0185359. What is needed is an industrially useful method of isolating and purifying
linear butenes from hydrocarbon feeds containing linear butenes and isobutene. An apparatus
25 that could utilize existing facilities designed and/or used for other purposes would be
particularly useful.

SUMMARY OF THE INVENTION

[0004] Described herein is an apparatus for recovering linear butenes from a mixed feed
comprising a polars-scrubber unit having an inlet and an outlet; a hydrogenation reactor
30 having an inlet and an outlet, the hydrogenation reactor comprising a hydrogenation catalyst,
wherein the hydrogenation reactor inlet is fluidly connected to the polars-scrubber outlet; a
first oligomerization reactor having an inlet and outlet, the reactor inlet fluidly connected to
the hydrogenation reactor outlet, the oligomerization reactor comprising an oligomerization
catalyst, the catalyst allowing for gases and/or fluids to pass from the reactor inlet to the

35 oligomerization reactor outlet, making reacting-contact with the catalyst there between; and a
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first oligomerization reactor having an inlet and outlet, the reactor inlet
fluidly connected to the hydrogenation reactor outlet, the oligonerization
react or cwoppimizmggsan ol i goneri zation catal yst, the cat acyatS2ewlosssiing f or
gases and/or fluids to pass fromthe reactor inlet to the oligonerization
reactor outlet, making reacting-contact with the catalyst there between;
and asepagpdrhiis ARANShRMY £0indd anflaBloudBd tRNsPHatiRl mdaleint@ AL BEndRaNS
inlet fluidly connected to the oligomerization reactor outlet. [n one
embodi merio, the wdigamprraitonsredeipt vedetf r bimoae cobpdimant, WEBPppradsuderiven from a
facility, wherei | egst.. t .MIBE .r eact 1,S:.C ted.to_the

o goner (T Pl wBREnage iR RAE ettt SRUEE Rt S 9 e
ol i goner igligbimefizaRhaky@br by @%@ﬁlngédha MUBECHrbd&ihd Satdlysteliflo eheafligoakevaiding

| i near butenes froma m xed feed conprising providing a first m xed feed
conprﬁsih@ﬂﬂ$%ear but enes and i sobutene; contacting the first m xed feed
wth an hQQer i\zat | . Sk, . I i r I eact:

produce ghggﬁondA%?&ggnggg%%éh%$?@Fﬁ€fk%g&rﬁ%%gﬁggd?éﬁgéﬁ§%% %ﬁ%gg%ggghd
hi gher oldogmpmeing, p@nitlisg 4 éducededfedrdbmpfising dibvdrdnuecncehad issButtime; ichetaétimgst
m xed fee ;fand se 3%%$inglthe.second.nixed f eed tg grﬁduce.a first

ef f| uent 8¢ Wtr%‘txeg F¢i 1y QEPMBiAALAR Catabyhl 10 asHEsh QY SRNFIITRERR Iggcteigto

ol efins ' | i . ' t.aqty: | ace
R b S R L s s A S

el enent s aada mdnediaowiunt enigatsitehicselagset the festrmicadh fdvd; aohdvpartngitcscotrder

descriptive el.ements and r..cal nges .to, descri be preferred,epgbod| nents
of e’ i VGRIGACE PO ¢ e crufipt abBBF Phfish (G2 bieRre: 281 £ xiroar SHRC! Gan
be conbi nedowiih§ A8YhikRACHLi §.i CRl ohd FhiboBfmdnethsabEht&hianenkest ?1ael@31@ rd be
preferred enbodi nents.” BRI EF DESCRI PTI ON OF THE DRAW NG [0007] FIGURE 1 is
a schenatttoperepresilassahimh0of. one enbodi ment of an apparatus for recovering
linear b s from a.hydrocarbon stream .one step of which is that of

per for i MY0RaI ect Fyar SRniREreTar f Suvas bd T iRes eGP s orersafh be

unr east ecofmbikicdc aithoBtheANEsérgaict i €18mpfite darelt umBEdA tak DS CREETBOpke@¥rretHE
| NVENTI ON [ 0008] Described herein is a nethod and apparatus faor recovering
| i near bundiedEméniyef shorinyepfiaieli SEEichorYF WY nemsFigdtlEnit A8 Hemepitcan be

| sobut ene,| riﬁegevmhx ?‘g’f NYYELGARALa ﬁﬁﬁg bP &l Gkl YRhYnO It&y gcféggrﬁiez B fliPed

octenes an her o ins using an o oneri zation cat al
embodiments.

BRIEF DESCRIPTION OF THE DRAWING

20  [0007] FIGURE 1 is a schematic representation of one embodiment of an apparatus for
recovering linear butenes from a hydrocarbon stream, one step of which is that of performing
selective isobutene oligomerization and its isolation from unreacted hydrocarbons and
reaction products.

DETAILED DESCRIPTION OF THE INVENTION

25 [0008] Described herein is a method and apparatus for recovering linear butenes from a
mixed hydrocarbon feed, characterized in that isobutene in the mixed hydrocarbon feed is
selectively oligomerized to octenes and higher olefins using an oligomerization catalyst.
Disclosed in a particular embodiment is a method of recovering (and/or producing) branched
Cs olefins; the term “recovering” meaning that the species being recovered is part of a

30  mixture, and the term “producing” meaning that the species being recovered is formed from
one or more components of a mixture. In certain embodiments described herein, the
oligomerization catalyst is selected from the group consisting of MWW family zeolites, and
mixtures thereof. The phrase “linear butenes” includes 1-butene and 2-butene; and “octenes”

(or “Cs olefins”) include all isomers of olefins having eight carbon atoms including, but not
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Di sclosed in a particular enbodinent is a nethod of recovering (and/or
produci ng) branched Cg olefins; the term"recovering" neaning that the
speci es beDngiwveemsered is part of a mixture, and the tecmuSpeiosuaing”
meani ng that the species being recovered is formed fromone or nore

conmponents of a mixture. In certain embodi ments described herein, the

ol i goner i|zakdOfo, Cak alyigdetiyd- 1S8n&aked 4 4 aiméh -BHOMENG ONS M&Flh{éﬁlyq)-fz
fam |y zeolites, and m xtures thereof. The phrase "linear butenes" |ncI udes

1- but ene ?ahdlmetbﬂt?eh@(ene,rﬂﬂldT@l@tllé@?ﬁetbereef)r "Cg ol efi ns") | nclude all isoners
gf 4O|4?I :, ﬁ%@\“ thel 1%?}6% %ﬁ%%grbi}l ?%T‘%i ol nrﬁ‘iﬂnx%i] %g% aéynge SO cmlleg raf%lnates (e.g.,

2,3, 4- trlraﬂilha’ﬂd-/&rﬁﬁnl €ds), ancSHdbmxwhrbadlh&mr@m@fws floxd 8Ite g0 toheneanteo
[0009] The "m xed hydrocarbon feed” (or "m xed feed"&1 may be so called
raf fi dat e%t% e%oautene,affqm P terth @rr 5¢ afrt% bbﬂf@é@sfyom an@ 3tho p}aﬁﬂ VErbBMUABAL S

conpri se t ] o
1- but enesfrcﬁlgﬁgo o 4@8) or vzf%) or % nﬁﬁ%é%& rommsﬁ% I)]IJ73(f1{7-?JtO}?’ 1‘“403’9‘6&}%’5%
W % ci s- caoldby maiight 2f thetraixed f@d@[l@@ wm%l The hixal fe2d mat % sodalbe haneg, angamks by
wei ght of

tge mx feed &08%}&1? emxedfeedma al so have m nor
amount s (80 fOtS(YVt Pplag ples oppolecylcs somprisipe aelar 166’8?rpr| si ng pol ar
moi et es.phfAff10] 1 BnQrb‘ﬁl gﬁ% 8@5}'}1} F}ﬂe%ho%l gethedesie [11%‘@&"[%&1{&9 ﬁbk NQ@n Yy enes

(or, al ter nately, branche s) froma mxed feed conprising
provi i ngbraldhecl €k ohdfineplfrbmedmixed| fuet crgmalsmgalammdlmgwﬁrst mikehfesd amduding at
i Ilo tactin {eflrstmx

o7 Coomer st Mo Bitancs £ OB PNt ot P Tingn e st Bl foslowitheny

second mgiRdmkAeHicmOMRAySiRG HRe olibhaaliz4h 88&ser o Rb8lhdens s@dld thigbefeed
ol igoners, and a reduced anount of i sobutene relative to the first m xed

feed. Theosweiomg t:hﬁ)dmalf b@tgnfts.aﬁ:stOri@fmeféldshm}l@chlmme@s,a@nﬁeqaafrd@zwcb Amppicels s
t hr ough 9 So% eareellrt ],Ipf Y5, nolgs mlxeil ?éeegf ?Irhﬁes)g(go ! eixlggsf rdac%%ltfl)enna%el SL%aen?e?ifnt]oue

pr oduce a2 4i're ur a’ secon

of Cgisol etparati@nprobésghigough & gparition nhdddd dichl R, e kkahplc carhradi ot Smcildeto
first mxed feed comprises from5 or 10 or 20 % to 40 or 50 or 60 w %

i sobut end’ro@Ee\efighctigient RE Ppiified lipgardwtansepnd] peacopd |hfleet ©i(y olefins and
enbodi rrerlh%h %lié&‘%} m xed feed is provided additionally containing

di ol ef s ha , 3 -butadiene. In such enbodi nents, the nethod of
recoveri r[gﬂli]nealn d:mta?&nﬁﬁbddjmbm;the dinprmised fdcl eosipapesdtor dirdgema0iwigo tohe

b oo SO BL S Ted ge comrising " e
feed jjs sm@mqquem Yt AR ABHEAI, LD RN Bk FBRS (2Rl RIRd CARINSy BntBining
diolefins such as 1,3-butadiene. In such embodiments, the method of recovering linear
butenes further comprises the step of hydrogenating the first mixed feed to produce a
hydrogenated mixed feed comprising hydrogenated diolefins, linear butenes and isobutene.
The hydrogenated mixed feed is subsequently contacted with an oligomerization catalyst in a
25 first oligomerization reactor to produce a second mixed feed comprising the linear butenes,
Cs olefins and higher oligomers, the hydrogenated diolefins, and a reduced amount of
isobutene relative to the first mixed feed. This second mixed feed can then be subjected to a
separation process such as by fractionating the second mixed feed to produce a first effluent
of purified linear butenes, and a second effluent of Cs olefins and higher oligomers.
30 [0013] In certain embodiments, the purified linear butenes are further separated to
provide a purified 1-butene stream. This separation step may take place using, for example,
one or more fractionators as is commonly known in the art, or other means suitable for

separating liquid and/or gascous hydrocarbons into individual components. In certain



first oligonerization reactor to produce a second m xed feed conprising the
| i near butenes, C olefins and higher oligoners, the hydrogenated di ol ef ns,
and a redvoediczrmmsat of isobutene relative to the first poramsdoobeedil Thi s
second m xed feed can then be subjected to a separation process such as by
fractionating the second nmxed feed to produce a first effluent of purified

l'i near but R dhAsR 6Pk RIELHRMeated (R itRinehé R ea BHBMBIRG 2001 UBIBES -
[0013] In certain enmbodinents, the purified |inear %utenes are further

separ at edhe eeppraovi d@paalpim“rlhe@d ﬂl.‘@-fbtth@rr(@eogtld)e@mrafrm segepar ati on step may

take pla | ng fractjonato S

nown 1 n AL Pin PR e Sa P iSRG s E BeReSert alia PETRREEY
gaseous hydsca@ar bﬂmsdlhﬁh@ thadpluécheml ofojrgadtiat %llgbﬂneﬁ@nfbﬁl ReabediwRAd she t he
second m xed feed is heated to within the range of from50 to 2000C before

the sépar&tqi#y (sgepirstaniredrfcingpss theughpan éﬁfac%e@% @notheny &y Beti usad 4 g
[0014] Iy, %%f bk I%Ef@% HE od’ die§&9olé8f?{eh ﬁw %Iﬂg?oﬁﬁl%f?é I?J&ev%P%ﬁé}E ardVOr €
partl cul a y, In cer nment s acenen

sequent |
ol i goner itwat mromoreeahgmmzambﬂ rreactdre presaot anthe( gppgratud ugesit tomexe@hrfthedl)near
passes through one reactor, then another, is pot used in tR%}\fél near 1ﬁlene
recover y RS ANRELWPiop@TH BGaET0R DAing parplicliwpring sefctRs puch thejiiag Esrctaptyuille

are two qf cHWd@d ghbﬂfb”@ﬁérﬁ%tthﬁ RedcRAC HHRA Feddf BSGEE fdsRiohnE eéﬁpé%é‘ﬂo{-‘ﬁl #‘ﬁ@l@elt 0

recover the |inear butenes ose two or nore reactors being paral
wor ki ng rozdled mestasius Fedt thanlyt dre reedort thetothurlone benmraniededrspﬂumﬂy com1®mde(|butng

the react.or.s.then.feed in such.fashion to t or or the
oact aod RIS BrIRE v e I digoPB A St BRI Tentp R B SacoeRliagt ary
connect echr(Bpthcdd) THN, aﬁ 1088 )enf R inks 1%%061{&19?&'&9@”&6')M%bﬁ@nfa%’bﬁ'r)é%toﬂ n

the first reactor is bei ng regenerated or replaced. Thus, in one enbodi nent

is a sec m@mp@@mgthgpmlerléftt@n)ca@ﬂysgth@ém fhadly sannestast tore hydrqzenasiongeactor and a

ol i goneri zation catalys s fl ui dl hydr ogenat i.on
Cenovor antirafi SR iEh oh datactiBudipt WA FARDEE RSP0 Mol PET B R P ¢ e
firstysol |1g@mﬁrisalatlb@mef£ﬂﬁﬁ@mnllmgt ush. fI uid isolation ther ef romuntil first
use. [0015{) In certain enbodinents, the first mxed feed is poI ar s-scrubbed

prior to [AYHogeHntesain Binbognets - ter fppetmixedyiend iis Radarciugbechrior r
m xed f.e% eﬁé{mne dpe&&s%c HBEES SvhhLis HERY & tE X?ﬁft Mé&&%h?és&ﬁec%' t‘BCaU' es

cont ai ni suc as’al cohol's, car ates, nercaptans
or nol ec Lﬁre&ssmtemawr]@ldﬁeh@emﬁésomm()l@culhs ccﬁ;taiﬁtn(g polarrm@myesoﬁtuhbras ap:ehole,s

that may act as a cat al oi son. I n one enbhodjne crubbi ng
conpri sescag%%@’ ];‘ i HYT4R n?’l ‘?“’%’t ornelequles canigning &%&P@P"qnﬁ &V\ﬁt gr thcée‘lf any
cont agt i nghLERRSies {1k npwestt by tacé’aﬂél%ttﬂd’&)nt hy S ShbRiRe:, ke oMbt Rnbsiyi Ng

means. | n other enbodi ménts,
comprises contacting the first mixed feed with water in a water/feed contacting means,

followed by contacting the first mixed feed with a drying means. In other embodiments, the
first mixed feed is contacted with a mixture of water and other polar solvent such as an
alcohol or ether in the water/feed contacting means. In the embodiments where the first
25 mixed feed is polars-scrubbed, the scrubbed feed may be further subjected to a drying step to
remove any water or water/solvent present in the feed. In one embodiment the scrubbed feed
is passed through a drying means comprising a solid drying agent. In certain embodiments,
the drying agent is selected from the group consisting of Group 1-2 metals, Group 1-2
sulfates, Group 1-2 hydrides, phosphorous pentoxide, alumina, alumina-silica, silica,
30 activated carbon, molecular sieves, and mixtures thercof. The drying means may be
physically removed from the water/feed contacting means, or may be located directly
adjacent to one another.
[0016] In certain embodiments, there is no dehydrogenation step after the polars-

scrubbing step. In other embodiments, there is no dehydrogenation step in any stage of the
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first mxed feed is contacted with a m xture of water and other polar

sol vent such as an al cohol or ether in the water/feed contacting neans. In
t he enmbodwoento2vwdsere the first m xed feed is pol ar s- scirabhisdosiaiscr ubbed
feed may be further subjected to a drying step to renove any water or

wat er/ sol vent present in the feed. In one enbodi nent the scrubbed feed is
passed t hiRuIbuténeydRey IRBABLIRTNLI ByNUchydOdndtih,y Wit RARANt is ki L&lohal N
enbodi ments, the drying agent is seleCted fromthe group consisting of

G oup 1- 2fget af mordhsligech-aorgsifrpat aky dragaghny 0 fQrmhpend-édins phedgtor gas

pent oxi d um | um na-.sili.c silica, activated carbon | ecul ar

D eves. APt e omeBdRioh by Bt kb eaRTHafh B8 SRDER R HREH Ik,
from t he pradserc drgiechac®ReRE1ty NOTHEER AP eralire MEhO ecdcems @ethih thecdligonadjzagemnt
to one another., [0016] In certain enbodiments, there is no dehydrogenation
step &f t eFaqiere(opdraarwatactingiongcsitiis’) ¢49 b memtangoby aenmeany ke jnsthgert
dehydr og I ep.l y i . C

nor oi n. Bych goneRr gt B0y it Rle it ARt RO B BEMN S EREhE A8
hydr ogen satloasby pomnpsa city dhaesaain@mtiodirh@itsntinofist olieddnscd Bihcatedfonseoled prior
[0017] The oligonerization reactor can operate under varying conditions of
t enper at UP SIS Hi5r RlIGATRPTEAURIL IRASIE CTADTIS¥Re thee ARG TR oAt dAcPnt s
Wi thin t henRldiHaTeht $3irdRed RRE (G hydPbechied ni Q8 REd) i@%t&?éﬁﬁf&&ﬁﬂérﬁ?ﬂin@l%n be
mai nt ai ned by any nmeans known i1n thHe art such as water-jackets, etc. The

pr essur e reage Wdramdhtoaidfed 6RC trds orellfisorkdtwn 136 ot hE0°&rpirics tie heamntagtipgimps,
etc. In certain enbadinents, .the first m xed feed i s heated or coole rior
CoC ent or 1P RANGTUBREFIG: (1bACHERCTHOOREIHH B Ry SHBegPr gy o

cat al yst .oligBnRAatRMeEtSER tmaihfdfhcl iat & telihor@rd f8ChiCR thdEIQFafM A Th XRd
feed) is at a tenperature within the range of from40 or 50 or 6Q0C to 95

or 110 orfirsRefflgent1i8dessrthas OFC wi% dyy weighhel dentcgend myxddnfepfeand in particular
ol i goneri zati,on %{tain eanghﬂﬁnt

enl odlrinenrtse ﬁl%tc%gltatcéirg%ger aeIéatt%I‘F ni‘, §v1 hin th éa?ﬂ eg)}%g O(I;Ig @gﬁ%g@ 0t %Tgre{&)t ure

in the fitTst oligonerizati ure a
whi chist heorl @8edr DO biS OPUHENSO o 200rf1305C. dhfycti@nhotespdréQiart fabodmat, WPo by

wei ght of the second m xed feed, and in particul ar enpodi ments the
cont act i rfgntastpE teangFautcds st Hian k0georr98qs 951 C+ VBhmustesting tp oligenysizghion) oo
or 105 or ¥ : I t r i

erbod morercid Splafladt whatts dhectDL, B camictinund 55 HE LoftplR Rufifiid fHBh or
When r ef allteirmagly,ahd Glongoting teagictamner’eact or tenperature” what is neant is

t he t enper re of the contents within.the reactor, or, alternately, the
"cont act ilﬂﬁﬁﬁe Lt getifie, empe@mspt ﬁp%efﬁrtsamge%%ﬂtwenfe@,ct% rrgey paralic

ol i goser | AgbhRAZARAC ol P bpQhfa€hat BRArliflim pressure at which all the components of
the first mixed feed is a liquid at the desired temperature, and in particular embodiments is at
a pressure within the range of from 1.0 or 1.1 or 1.2 MPa to 2 or 3 or 5 or 10 or 20 or 40
MPa.
[0019] In certain embodiments, the first oligomerization reactor (or other parallel

25 oligomerization reactors) operates at the space velocity at which the level of isobutene in the
first effluent is less than 0.20 wt% by weight of the second mixed feed, and in particular
embodiments the reactor is operated at a space velocity within the range of from 2.0 or 2.5 or
3.0 to 5.0 or 6.5 or 7.0 or 9.0 or 10.0 or 11.0 or 12.0 ml feed/ ml catalyst/hour. In other
embodiments, the space velocity is less than 15 or 13 or 12 or 10 ml feed/ ml catalyst/hour.

30 [0020] The oligomerization catalyst may lose efficiency over time. Thus, in certain
embodiments, the contacting temperature of the first oligomerization reactor (as measured by
the temperature of the reactants therein) is increased from a desirable minimum temperature
at a rate within the range of from 1 or 2°C to 8 or 10°C per 100 hours (or 150 hours or 200

hours or 400 hours) of contacting up to a desirable upper temperature limit. The “desirable
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ol i goneri zation reactors) operates at the mninum pressure at which all the
conponents of the first mxed feed is a liquid at the desired tenperature,
and i n pawDi2euearsenbodi nents is at a pressure wthin tkreTnsegeoediifrom 1.0
or 1.1 or 1.2 M\Pato 2 or 3 or 5o0r 10 or 20 or 40 MPa. [0019] In certain
enbodi nents, the first oligomerization reactor (or other parallel

ol i goner i ZAlh@R EAAGHRES) inQRARAL @S RIMENE SSPRED MRILGIithin lc MRLCHE irbg 4eevel
of isobutene in the first effluent is |less than 0.20 w % by werght of the

second nitre®’€eed,’ d@ﬁdahlmupmrttuemml@tur@ﬁmdl meptrtain kebpdiaemey 1 1s| @tmmrdwd at
a space vel 00|t Wit hi

o *025° or T g/ rall B Bob§orEABAS0%  UnB M uchio®isniin 2 hipu whhr vty
enbodi mentrsit, ﬂlb%l@@ﬁﬁﬁzéﬁﬁiﬂoﬁnﬂ?’ stirBay BSSubjbasd 1& adkgdidraionlptotdss, 1uchlasfiged/
m catal yst/ hour [0020] The ol igonerization catalyst may | ose efficiency

over t5i neontpgiiag the Céfélf}‘tsh“ﬁthehﬁ@mg%rgﬁ% or Feplacentaidh ifirght eafplyptat JReccHpin he
first ol
Irst o '&?@‘3%&&% ' Rgur{)g C §§S a8 nﬂﬁéﬁw ‘gq %| Qﬁgﬁl?eﬁpﬁﬁ "ffe %Er{lﬁllaa%eo s

react ant erein rom a ni-mum rrpera ure a
rate w t hiontattiee oénige cafalyfstr oiith 1fiiet n20€d fa&d8oroﬁrsﬂ ol aydrb@éhanalifedf ar th1e50

hours or 200 hours or 400 hoLf]a ?1 of contacting iﬂg to.a desiraple U%E
t enper at igoMeHzationTRgaciqt e S1¢, K %tnftnncﬁﬂWF‘tseF&?ero PRETZatQN SRR YSh one

enbodi Meni,qdfiméht! SIERSIRIHIS! ﬂ&@tlﬂg e hends Rydrlrr% QP h§&0§@$ _buftadicne

"desirabl e upper tenperature in‘certain e dinments iS a tenperature
within tl{moﬂeahgmoo’fltlﬁmdmramﬂfmmzm@to BPon50 each| ng such a desirable

upper te tur h zatlon cat ma ubjected to a
ebener atBBApr ofb st sehodiotis A PLERIHEAHRE Rl portoaEn RS sEotryas.
or repl acRdsividdoff NIQBW. famdlly 3bstks, ahd nfiQiutithertD AdicABRT MWW RGIGLcRSs S
continual l'y supplied (supplied durlng t he sinul taneous contacting of the

cat al yst (@i {'matariak of o &WiVe damdy” foir r snoledukes dsi¢nedeio fenbVEW fareidy )t as ubesl

ol i goneri Ze?'etlllolﬂcl act or such that it contacts the oligomnerization catalyst.
In one e%b dlnen “such addi ti onal contacting step includes hydrogen at a

hydr ogen- t o- lpyt aﬁhoedmlaf sdvas Jmddat frémw chinfonhrst @vgec afydtalim buﬂ’dhn@ Bleck30
or 50. [0021] In certain enbodinents, the oljgonerization cataly i's

sel ected from t helt selh hewme dei NpVBE frmsrroskitrpologel i tedimitagr]! rlﬁ %t %Haé‘%l
her ot T Ler AT LusePy S el Lo, e WALLOR b
nmol ecul ar si evesciysge dsr (almmbed)mmnhé i AstAsdegr @EomrrysFmAME\meRlbuTYmsnngI ock
“unit cell havi n%au?@a KM/\Y?/EI’ %hi; nsker &OB%IJ Og%gon 6@‘ U(P 5007%I ‘[heI esntl?'esc atterlltalof
20 which is incorporated as reference;
(i) molecular sieves made from a common second degree building block, a
2-dimensional tiling of such MWW framework type unit cells, forming a
“monolayer of one unit cell thickness,” preferably one c-unit cell thickness;
(iii)) molecular sieves made from common second degree building blocks, “layers of
25 one or more than one unit cell thickness,” wherein the layer of more than one unit
cell thickness is made from stacking, packing, or binding at least two monolayers
of one unit cell thick of unit cells having the MWW framework topology. The
stacking of such second degree building blocks can be in a regular fashion, an
irregular fashion, a random fashion, or any combination thereof; or
30 (iv) molecular sieves made by any regular or random 2-dimensional or
3-dimensional combination of unit cells having the MWW framework topology.
[0022] The MWW family materials are characterized by having an X-ray diffraction
pattern including d-spacing maxima at 12.4+0.25, 3.57+0.07 and 3.424+0.07 Angstroms
(cither calcined or as-synthesized). The MCM-22 family materials may also be characterized
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arrangenment of atonms which is tiled in three-di nensional space to describe
the crystal as described in the ATLAS OF ZEQOLI TE FRAMEWORK TYPES ( Ch.

Baer | ochewQ 2b10/4958c Cusker & D.H. O hon 6th ed., 2007), pChasSeswion@icont ent
of which is incorporated as reference; (ii) nolecular sieves made froma
common second degree building block, a 2-dinensional tiling of such MW

franmewor kyyt N%%Jm X -&$! diffracfiOf Phikdn anclMAL|dANEEINS fmANa WRiT D 4200k, 6.9+0.15,

t hi ckness,” preterably one c-unit cell thrckness; (iii) nolecular sieves
made from . ZeMdn andcdrid+08gr dagktamsli (aghdsl celkined " payesrsyniiesiesd. okhendy-tayt han
one unit |l .thickness " wherein. the |ayer .of more. than one uni el |

i cknes< tCHiaBUaEISEP o RIS ORolsSYEE s R oy AR HERER A fycifiabes

monol ayengingfthe rIKBaI%Bh tdoGiglkd oft dupplr & thyhdid&r rhdiatiBvanida TR adWéder agmEpmidk
t opol ogy. The stacki ng of such second degree buil ding blocks can be 1n a
regul dr  feiéhiaoseintdlption reognichrant aaspeicd £OPRHERH ST B HGodlactiany septgm.c Mekarisdt i on

t her eof ; i g%a&, Leve e 4l ar. o

2-di nensib%iloelfl(gﬁng td;%dﬁe nensi o%gﬁ &cglﬁg‘?d%a]t\mﬁg? ((Legl e?elinl gj %12'5# %g‘zé %iePW

f r amewor Kdeésepbtd gy US[DOPLI0IThSS BARSV (Hletibyd US4, 8566 cERBalr aleb@iticdan By
havi ng an_X- iffraction pattern_includi -spaci n i_na 12.,.40. 25,
575 70-07 Baa0 Dab o daneaBrs b el ThaR o e BaxePes &r Wi onage Gy forte
MCM- 22 f ?tﬂbécﬁbé‘@hﬁﬁﬁ@‘h@(?m84ﬁ)§19{c@@-3%'taés%%é‘c{ irzed tsyzsia?mg%@m.& (@%cribed
diffraction pattern 1ncluding d-spacing nmaxi ma at 12.40.25, 6.90.15,

3. 5701007 iandS 3,200 717, BAY48r elescribeil tiheldS o@l 1,000, and MCKlyHG Hdsscrled) in Thee

X- di f | ta,. d. t teri th | | ar. si
ot & ned DSt ana4TE CUERYUR LGP HES RGP EHACHOUHIGTn g KORRET 48 4 he
i nci dent. gadivdl o balithct DU oHEbATRLRlone AHBRECOMLRAssBRIdI loF akic.22

counter and associ ated conputer as the collection system Materials.
bel ongi ndmeaninge VG dey nigychaupissMOROniRigss M 1 m ustlrambodpagnt.

PSH 3 (descrihed i S 4,439 409 SZ- 25 (described in US 4. 8 7
trny (G ehbREEPifels So6aBua0 e dRpriRah i S moblss Bdu Bt Mbs
(descrsi betd i(meMhQ7d 1MRIOp: Biddar 30af des redert bn MRS MBAZE) , inVEMbEE:

(described in US 5,250,277), MCM 49 (described in US 5,236,575), UZM 8
(descri beibodingts 756, 030), and MCM 56 (described in US 5,362,697). The

o1 £ A RPSE, BRLERLS 208, LRSI HARLRIA, BerLeticend o
MCM 22 ( nigstimignghed frbini @nhvattionhhideye poay zaditpalkgridon canlysenpich a8 sndviiddi22in n
anot her e:[Hatl)‘[otﬂie Iﬁ&}\V materials have 12-ring surface pockets which do not communicate with the
20 10-ring internal pore system of the molecular sieve.
[0024] The zeolitic materials designated by the IZA-SC as being of the MWW topology
are multi-layered materials which have two pore systems arising from the presence of both 10
and 12 membered rings. The ATLAS OF ZEOLITE FRAMEWORK TYPES classes five differently
named materials as having this same topology: MCM-22, ERB-1, ITQ-1, PSH-3, and SSZ-
25 25.
[0025] It will be understood by a person skilled in the art that the MWW family material
may contain impurities, such as amorphous materials; unit cells having non-MWW
framework topologies (e.g., MFI, MTW); and/or other impurities (e.g., heavy metals and/or
organic hydrocarbons). Typical examples of the non-MWW family molecular sieve(s) co-
30  existing with the MWW family molecular sieve(s) of this disclosure are Kenyaite, EU-1,
ZSM-50, ZSM-12, ZSM-48, ZSM-5, Ferrierite, Mordenite, Sodalite, and/or Analcine. Other
examples of the non-MWW family molecular sieve(s) co-existing with the MWW family

molecular sieve(s) of this disclosure are molecular sieves having framework type of EUQO,

MTW, FER, MOR, SOD, ANA, and/or MFI. The MWW family materials of this disclosure
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I n anot her particul ar enbodi nent, the oligonerization catal yst consists
essentially of MCM 49 (neaning a filler or binder may be present) or

conpri seswbiZMoa24958 anot her enbodi nent. [0023] It is toproe/tsp@eeiiat ed t hat
the MW fam |y zeolites descri bed above are distinguished from conventi onal

| arge pore zeolite al kylation catal ysts, such as nordenite, in that the MW

mat eri al sir&av@erhBhyr §ubStafitidIfy2E8c BOGKEINWWI fafhildOmeialeOMMUNI&GAT esudbkiahtidie
10-ring internal pore system of the nol ecul ar sieve. [0024] The zeolitic

mat er i al Stagedfi npnavV@dWhiantilyemptznalGQ” ascdoledreig ragans tiee MNAM Epailyoptesiakof this

or esence O Bu rb I R 08 B 1 EE: ST st e bl e

TYPES cl aasd§ nhdtotealdinfthe Meww Yaﬂﬁmdteﬂialseﬁfhﬁh&f@@ht erte MY withd) Sai@§Bre based

topol ogy: MCM 22, ERB-1, I1TQ I, PSH 3, and SSZ- [0025] It wll be

under $t oot thy C@nblél?@ Bisighkpf Iepuritigs prbpwe ﬂoh@&@&{lww&am@u\w\mﬁ@ﬁaﬂw nat eri al may
t t t I

P anour TP eSS0 RTIRGRRRLS: TRLGH B Sy d0ld 6l Lonla¥, 08 Betighil

net al s antdllgOmanmbnasa{’aMt bsuatabmnﬁ))f coi[gapmm@bvnhxtaermrmmm‘edtfeed (mnﬁﬂb‘t/\ﬂwﬁieﬂn | y
nmol ecul ar, si eve(s) .coexi wi.th the no u sie S
this di sdVg&seRat a@ el ﬁ%t puixed S Rk%ee o M ?@ﬁhﬁ@ﬂy 1?(8 dan e
Ferrierit I r

sﬁﬁgélﬁ%ﬁ)ey'vm vainge oT@Qpéu)c?cngéég. 1 \B&H Bﬁ’lb Bt %ﬁmlﬁﬁy ‘?ecm o

non- MWWV f a nol ecul ar st ev co-existing vvlt t he MAV

si eve(s) tbé farm of @Ipewd@‘smlgematee onalrmdd¢chproslh@\wsh e ngtrlidaambfwmmga pypieleof
EUO, MIwW fam| i al this
i scl osuriaruTan s By BB E e (1 st Gt WA g § i 1oL
The ter mgcgdh$0.887 hth bﬁeﬁlﬁ@e I&Eas@@%%é%hé baly¥t ﬁﬁﬁ@lﬂédﬁ'sﬁéﬁ as by egrnRede i

means the MAW fam |y matertal of this disclosure pref erably contains |ess
t han 50 \m%tal@rceﬂ éqeamtwdleésl@fqrhadrym ot Pgrtiekly rd@wdmnm/fham gxjruged- erlnaqestalnn

E Eg mr ﬁ‘ergéod}/mgﬁ%% S ]ph'gC)rnerlzat%on ca{agfd; C r%r & ntM Vfg/l uel%ﬁte%;at%g“ o

wer ghit uritres”a phas

[ 0026]s Thel M8V aoi dr)QOZ\@t% itd @8 o030 dr&SIOEbrCBO) Wy bmﬁlt@akzelgmrcmtas catagzst f1d
part of the, "oligonerization catalyst" suitable for contacting with the

first mxiedareday(siatle ngdewwdmﬁwrlag@mt Buyfeaiscdniichas patust! osyrBetic
scrubb e_dc({ %@d)and -I;H&GI\/IW%&? aily, ySll?{%&OJ&{utﬂ% %ﬁ{bat}ﬁa%i%gigegﬁllcytz&ccﬁll gﬁca\f &L Y

of parti i zes cer rments, the particles can In the form
of a powddica-lmrgtiansilies-tiniaaasroicied fermady compugtionss swah axslhua;lammlﬂmmong,
particle silica-alumina-zirconia silica-alumina-magnesia and silica-magnesia-zirconia. It may also be
20  advantageous to provide at least a part of the foregoing matrix materials in colloidal form so
as to facilitate extrusion of the bound catalyst component(s). In one embodiment, the
oligomerization catalyst is in the form of 0.2 or 0.5 to 3 or 5 or 8 mm diameter extrudate.
The bulk density of the oligomerization catalyst is within the range of from a lower limit of
0.400 or 0.410 or 0.415 to an upper limit of 0.490 or 0.500 or 0.510 g/cm’ in certain
25 embodiments.
[0027] In certain embodiments, the step of contacting the oligomerization catalyst with
the mixed feed also includes contacting hydrogen at least every 500 hours of run time for a
time of at least 1 hour during continuous run. In one embodiment, such additional contacting
step includes hydrogen at a hydrogen-to-butadiene molar ratio within the range of from 1 or 5
30 to 30 or 50.
[0028] The oligomerization catalyst may be replaced at any time to maintain optimal

conversion and economics. In certain embodiments a step of replacing the oligomerization

catalyst occurs at a rate of less than or equal to one time per week, and less than one time per



size sufficient to pass through a 2 nesh (Tyler) screen and be retained on
a 400 nesh (Tyler) screen (0.037 mmopening). In cases where the catal yst

i s nol dedvoomim2agssby extrusi on, the crystals can be extcmasdodeiane dryi ng
or partially dried and then extruded. In certain enbodinents, the

ol i goneri zation catal yst conprises MW famly zeolites and fromO or 0.1 or
5 or 10 qhodR W %adtRerdOmBEdim@nOran@01cR¢ 1B Wh&otRhOdRT twod YnoBisOtH yef ahétBer
catal yst and binder. Any suitable binder as is known in the art "may be
used, sucimbtedimentignd| lesthaneneians o feveapenthamdyatrenethgraambodinent] vy,

silica-alymda, silica- nesj.a, silica-zirconia, silica-thoria

St ca odIBdIR Relerifls BRAER IS oo AR EME 6B  bishistotbhDas tien my

si | i ca- alingfud@imt dtetalnfembddimeits @butad g tht fieNmhifed fdet GAthAd HydrogernaEan sty send
silica-magnesi a-zirconia. It may al so be advantageous to provide at |east a
part &f tdHd HydraggBiing Metrogonatier sar@rswhae dg regri@alis meiyaied alsa fgnperature

facilitate t I E t,
the ol i gonary 2at Taie AR R DS ISBTEORERG Blpsery 4B gRIRESIET
di anmet er callystidaipriscthendaill dlodedSidny thef grotiecaisisgogef Gzaip o Gatual Iy shetals,

within the range of fraoma lower |imt of 0.400 or Q.410 or .0.415 to an
upper |i A fB’rX%H.e%@f???ﬁ 0. el HEMOOEIEI) cIsaoheE bt Hhh g EFrEs 2 Bn 2 7]

| cer t aideabodhfent S mddIReRERA M BRGG! &&gggggaggww @RhHID rFakR! VSt

with the m al so includes contacting h east every 500
hour sioof andmmixitures flerecd. thlydrogdn mt proeidsd td theobydrdgenatign ceavtarrhyoarsy switabld n

one enbodi nent uch additional contacti step include drogen at a
v ogen BBy batito e HbIboREhords o BiavieHiE FapgBTr R S SR ey o
50. [ 0028jytatinehcQhblaP FRib! ig Hithd tHearhAgY St oM. D@r DSPAL &5 &k 8adty1dt | IEcck@in

mai ntai n opti mal conversion and econom cs. In certain enbodinments a step of
r epl aci ngmbedin¢rtydhehydragingror artalyyisis conlacied vath angtatab (wfregang gas pizganoio
equal toroneellel';ali n& er Wegai,onacg%l Isgss than one tinme pernonth in another
enbodi ment® SHE PELIOFERSASPIE in two nonths in yet anot her enbodi nent,
and | gss [0030] on&h¢ ideEirddnprodv@®, & tsutdnds,yald angdrii@ilarg Minaénsenin. bd Q0Rd
Referring back to the optional hydrogenation step, the hydrogenating. step
may i ncl d&an ithe fust efdpenteqp datimbht kick spncsptatiy. tIRong iembpdlm%ghef Bestpyified 3

hydr ogena 0, & ALY A AN ARA0E MR I ARAPRNAL bOD SR 9 or IHRT Gadle
reactor is nmaintained at a tenperature within the rangé of from 10 or 200C
to 120 orisdm€d€, bywetighprofsbatfirsttdfBudny.driogantict embodineiny She cenvndimesd desiet al
selected fromth roup nsi sting G o 8,to Goup. 11 netal and

mi xt ur es CHEFESY fes? a8 eimoapaar s W Anbe TG R G et thepygcond
hydr ogenahixes feed.

[0031] In another embodiment is an apparatus for recovering linear butenes from a mixed

hydrocarbon feed. The apparatus is consistent with carrying out the methods as described
herein in its various embodiments. The apparatus may be constructed as an original unit, or
constructed by converting some other type of unit such as by converting a MTBE-production
25 unit to the apparatus described herein. Thus, in certain embodiments, prior to providing the
first mixed feed, a reactor comprising an ether-conversion catalyst used to convert isobutene
to an ether compound is converted into at least the first oligomerization reactor by at least
replacing the ether-conversion catalyst with the oligomerization catalyst. Stated another way,
the oligomerization reactor is a converted isobutene-to-methyl-t-butyl ether (“MTBE”)
30 reactor in a particular embodiment, “converted” meaning that the basic structure of the
reactor is maintained but the reactor interior is adapted for the use of the oligomerization
catalyst for the purpose stated herein.
[0032] A more particular embodiment is an apparatus for recovering linear butenes from

a mixed feed comprising at least one polars-scrubber unit having an inlet and an outlet; a
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catal yst conprises a netal selected fromthe group consisting of Goup 9 to
G oup 10 netals, and m xtures thereof. Hydrogen is provided to the

hydr ogenawoaniwearssor by any suitabl e nmeans, and in cer tarruSesmbodiinents i s
provi ded in an anount such that the hydrogen-tobutadiene nolar ratio is
within the range of fromO0.2 or 0.5 or 1 to 5 or 8 or 10. In certain

enbodi menfydrodeRidnYErASERALAO BN GRéEINSI diftlef AR ﬁ?&@@eﬂ&hbﬁ réacRAtMhPrisingra
regen) gas streantto regenerate the hydrogenatlon cat al [ 0030] The
desired prdgenatidn; wé@lystbwtlemes thealndinpgt:npmtt retzlgtoarmletlls ltlélyecqmnctb@ to the

| sol at ed fIiaC%rU érﬂ fl r lrll ondeTiZat ﬁa%l ! or h 1n GRAGS ﬁ]n reac 0P €
embodi medt® ¥t ReE Burl ea %ﬁ?ﬁﬂ IOl ERY % |rst PP

conpri seanlee&mlleatbxﬁeéth Qab ﬂhes't@yd%gdﬁatz&l @éadtbrlsutwt Yatics @bgﬁirﬁé‘[&atlbﬂ M@dt@ht

of the first eff uent I n. anot her enbodi nent, the second ni xed feed

conpr i5s e<CONPESIngHarolEoNBTiEMtiq Ggalyyt, thexptadyst gl quf% gasbundne Tuids todaght

of the seg Jor
Fecoveri N NGt [Ede dodmeaR [blor STRET HAERE bR AL GHAH Blthhe ¢
consi st entatalyst thee@abetyicoy Oudta sdparatiap hmias hsvidgan rlnlbedlmm eutiet] theistgaratéirg ous
enbodi ments. The ratus may be constructed as an jnal unit

const r uctrg%ﬂnsynlebﬁv@f FoRJicE5Ao dhhekeqmgiratien tiictor oy f- ol %@%ﬁﬁbf&t@% a
MIBE- pr odygti Ry i ﬁtofeotﬂaﬁeoﬁ%p{?@étaéd&so&% Gh| é&%ﬂ ﬂ&?tr Sf Bhe IPWSatud. N 1GEEE@ID
enbodi ments, prior to providing the first m xed a reactor conprising
an etmer<m@nﬂan@umnmcaﬁhh¢smnmsmdntosdbmmghU1c@uhﬂtémaﬁha'awwmthemdmmd@Dund
is converted into at st th ri.zati on react.or

opl act gt Bipers RTa i sl e dhe I of B BT abhREStk: Pl B5sc
Stated anpichgypam@ds, mhy8e SLbBANE buALHhall iy i bRile JFQRYIEd 6&n letely from

i sobut ene- tgﬁ%%thyl-t butyF ?ﬁ tpI\/TI'BE&Qﬁir%eacE, in a partlcu? Y
enbodlneﬁﬂeex@bmyeﬁﬂeﬁﬂﬂﬁehndﬁ@ﬂmﬁ@thhe baS|c structure of the reactor is
mai ntai n f_ﬂt tit a%g:teor 1Jnt 5 Jdrsé atl 11 1C c'tort hseo &G of taht?at ral as
oligonerlz Hon caf4 ystnP8 the purp% 8g at'e 5£here|n Tﬁ@gﬁf e
parti gul dnlce@paduiertor teactdd gad) Peloatitis for dlic fegey@tonnd thd Mﬁﬂd&gdﬁuﬁi@ﬂ@&alizgtom a
m xed feed conprising at |east one pol ars-scrubber unit having an |nIet and
an out | et[003Hy dr bysaddin gimbasimenss, thatﬁ Kgnamerd fat aghulregenatien step. thyes, the

hydr Ogengaﬁa%turs fﬂhh&o r{%bﬂ aﬁe@%&grbgfg%%ﬁc? Iﬁl%ht?chyﬁ&m tti‘é‘]g&%‘s!lc §?r

hydr ogen on reactor I"ul nnecte ol ars-scru

outl et; ato fthe shg@hezrgaatmm lrmtdrothus ehc\t/mlg tha\s'cmgb@hnmxddefbedamjemet tiedctlytihe
reactor IeI fluidly connected to the h drogen ion reactar outlet, the
ol i gorrerl af I%Wn?ré@EP%rre?’&&tpr NN sk thy %; T BRt CQPANIYRSta Weplmeans

cat al st @il 0y R 70InsIRIERaiR MRk irhdid, %e‘t&n R#S&rying means comprising a drying

agent. During operation, the polars-scrubbing unit also comprises a mixed feed comprising
diolefins, linear butenes and optionally isobutene.

[0035] There is at least one oligomerization reactor, and each reactor may be operated

independent of the other. The oligomerization reactor may take on any suitable form,

25 preferably such that allows for optimal contacting between the oligomerization catalyst and

scrubbed mixed feed. In certain embodiments, the first oligomerization reactor (or other

oligomerization reactors) is a tubular reactor comprising a plurality of tubes associated with a

heat transfer means. The plurality of tubes typically run parallel to one another and allow for

heat transfer by providing a continuous flow of fluid such as water (at a desirable

30  temperature) around the tubes. The tubes are maintained at a temperature that will maintain

the catalyst and reactants within at the desired temperature as described above. In any case,

the oligomerization catalyst is placed in the oligomerization reactor as a fluidizable bed in

certain embodiments, or as a porous solid allowing gas/fluid to flow there through in another
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fromthe reactor inlet to the oligonerization reactor outlet, making
reacting-contact wwth the catal yst there between; and a separati ng neans
havi ng arworbsro2assd an outl et, the separating neans i nl ecTfusaeodioysiepnnect ed
to the oligonerization reactor outlet. In other enbodi nents, there nay be
nore than one inlet and outlet in each part of the apparatus. In certain

enbodi mendpshodiiént. TG GRANREIIFARC appardthy, IMIBligore@REHb rdaSfor AlsBROnIPBRES
suitable for transporting gases and/or |iquids) between the outlet of one

part and linger buignss, Gf olanmt dndrhighor pligdhersappar at us may be originally built,
partially i.gi ngl 1y buil t (. derived ¢ | etel,y from.pre-existin
9017 iy st bt £ oBe Mo Teomie U A RO pyqdtet or

reactors flui a

hydr ogenakiiey) preRedboy idlpamllenIhe s@orl BAthiFdbr gﬁ’c&eidlic%@hleﬁaﬁd)nowabt@f tha3r
reacted gas), allowing for the regeneration of the hy rogenati on catal yst.

[ 0034]5 | Preeate aimulanpsineriths the HEst eoligomesizafiand rgagtor.a ohplewaehat ilBreestiadp,
thus, th f : ' - .
conmect | SRR S SBhd HILRRHRAIAS, Ayl dAbh Rl iy

al | owi ng doheecsat ubbibd jdketnb@d réatantear byasexdt iy nho polwes-edrublseretol ziat i on
reactor. In any case, th o] ars-scrubher unit conprises a wash. ns.and a
dryi ng né%wgmeﬁzwnt Eﬁaﬁwgn@ﬁd?’}%ﬁﬁe}oww EIMAHBEHIYIN Y R e sy a
dryi ng Ao meMt A% ARG! Bikt! iR Trui N8 1aPiBh A= SGHURNRH Rigkt Y0k T LA nLRR fisgs a
m xed feed conprising diolefns, [inear butenes and optionally I sobutene.

[ 0035]0 Thédigemicszaitonl cetudyst oamebaoprogidr® wiithatti shnttmgalotvorthe sméd each react or may
be oper at i ndependent of the other. The oligoperization reactor y .t ake
on oy <UB0H e REr RO, e or s duimprtes aPPolE. PORBRLAHEN OGS Hiy
bet ween tdigoRlchigRRIesAbl RIkheRERhPEks Mg dRsEn BREMIX Qektfif @thbodiGaY t RN
enbodi ments, the first oligonerization reactor (or other oligonerization
r eact or s)hydsogan ap lazbe seprlicdrto damisascter eantimupisly duing oligomayizadornerasaticas.ed
with a heat draneLelomEannoJig dhinalddynelykuges typically run paral lel
to one another “and afl Sw' 3r aC transt'er By provi ding a continuous flow

of fluid[9088] asThatfkid C@incatidiBStoraaldl feorh @hP eligbrdErelatiah @etttbrigy belpesvidcthe
tubes are maintained at a tenperature that wl|] mintain the catalyst and
react ant SVl fENPErEre pNtepd dnedny (heatper ardprecepdingeeshe dnapisy embedingpyy a

case, the, 81iﬁ%ﬁ1'3§%§ ié%%d'v?&bd%} meﬁﬁﬁ%tﬁln%kﬁﬁleﬁetwe&ﬁg h%riog&{ﬁ%h%?"atci 21 {1%“ or
as a fluidizabl 6 bed’in certain enbo I'ments, or as a’ porous so id Al oW ng
gas/ f | ui abligonmictiomionhea@ot hfnoarghhdr rengrdirhart eathodingemtans Dy pravgd@pfor ahé Anidof

t he apparatus,. the oligonerization reactor also conprises |linear butenes, C
ol efins ér‘?&fl?ﬁtlﬁﬂé?f’t"%ﬂﬁl Pg:?.mefléﬁf%ﬂ readoiangttag SRBEAN "9RBY-e may be nore
than gne [gh3gomeni gatirREniRAThA! dfthPahRdiR! iOdescribed with reference to Figure 1.

The first mixed feed 103 comprising linear butenes is fed to a polars-scrubber 105, which
comprises a washing means. The washing means subjects the first mixed feed 103 to a step
of intimately contacting the feed with water and/or a polar solvent, followed by passing the
feed 103 through a drying means, in one embodiment a first drying means 109 and/or a
25 second drying means 111. The scrubbed mixed feed is then transferred through a fluid
connection to a hydrogenation reactor 113. Alternately, the scrubbed feed is transferred
directly to a first oligomerization reactor 115 and/or a second oligomerization reactor 117
through a fluid connection that by-passes the hydrogenation reactor.
[0040] The resulting second mixed feed is then transferred through a fluid connection to a
30  first separation means 119 such as a fractionation unit. After being subjected to a separation
process within the first separation means 119, a second effluent of Cs olefins and higher
oligomers is obtained where it can be stored in 123 and/or used directly as an additive to

enrich a gasoline mixture with higher levels of octene. A first effluent of first purified linear
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series, preferably in parallel. The second or third or nore oligonerization
reactor may operate sinmultaneously with the first oligonerization reactor,
or alternababw/o2kes8cert ai n enbodi nents, a second ol i goneCirAske9n461@nCt OF
conprising oligonerization catalyst is fluidly connected to the

hydr ogenati on reactor (or bypassed fromthe pol ars-scrubber to the

ol i goner iZadne® M2 I RARER irhnFaeed fochacthi@RhdRNok KEP 3N RePardtdintmednl 125,
parallel with the first oligonerization reactor but in fluid isolation

t her ef r orwhate g pufifiedi-butsae strgpm h2 Bisrsmated, anfl irsshhysireagoress il 23 aiconcavgte y st
can be prayjded w thout shutting dowthe unit. [0037].Te allow for in situ
egener atlthlor AreSRMR T, AR bR shp OGRS onhe At sl

further ok Besrdr,hydrnpger gasd fket (J)nomphhRkdusdaotixanfeed, @)eodiivdaiogen
gas may be supplied to the reactor continuously during oligonerization

oper atsi orfydregengipé mixped feeda dttbseqond; mixed oficed. i Gn firptopifiupet fineludingthedinfeed.
[0038] T | LN ' " »04 i rizati : be
rovi tied STher DYTET ARG HRch R AR e A P oTERRS W
one enbodirsedftluca @adici segamaednfartha jpto@h) depurffond t-betchd wirehne and €€t 2-batenes

bet ween t he hydrogenation reactor_ and the oligongrization reactor. |

anot her éﬁ%ﬂ%ﬁén@?ﬂg‘yﬂ’é?&f‘ﬁbﬁas hedhe g Sy drprerdan oYhaf fremerRi e BHRBEDPN
bet vieen 113 raLliGOBEAE SRIdAHARSELAN Ik Fyeeparation means. [0039] A
speci fic enbodi ment o he apparatug is described with reference to Figure

1. The fi[0842]m x@&tud, eed pafidulkoambodimegt the npparatos f@resoviesing ddedrdugenes from

pol ars-scrubber. 105, which c ri ses a washi ng neans., The washi means
DUb; ect 5 A HEHI 7 I B F 8 rwa igT A PRRNG RN e He 3 KBt TG e
feed W t hey@bEhava}dPnl@ 4Bladrouslel, YRNhydrb@InkhQUYE tbabior ReSBISiEg hh@d@@@ﬁmﬂ&ﬁ
through a drying neans, in one enbodinent a first drying nmeans 109 and/or a
second dropfahypt.nelaareinithg hydiegeragion bectorniniceds fleidly penncpied to tkmpdlamsrsetibber
through a_flui de.connection.to a _hydrogenation.react 113. AlLternatel.y, the
scr ubbed gt 4 CRTIES e Pl R G ER 2 Pl BRCORlssF b i ity

115 and/ aonfed&L aNthcohydrog@iatiddtreior’ @atet,othe loligohferigah featiotlicdm@EIBIAECon ON
t hat by-passes the hydrogenation reactor, [0040] The resulting second m xed
feed is tHgAMCrzHioNSRIabSLitAe stiglstallopingifor gases @i/ fluils 4o prssdtons Hiwdeadtoion

means 11 i ' il : | D ]
separ at | qthiS (B oPect ARt BTRLRR JRI e herBhEdo R PRL T bt e e
of C ol efticnsccandndiaghpirathg geary havisg abtiaicnend whendet, thecsupatagng tnogaas inlat 123

and/ or used directly as an.additive to enrich gasol ine, mxture w.th
hi gher | uty carnssiaddndne lisomesizatam gt owsket  The oW &F hy T8RP st BUP Shfes

#é i . 'Sz%ltz glﬁl%t b BRSJoRE-8eubBr A thRulsh Yhda GRBAGS ki R8BI A ARHABG, SARALALON
feed is scrubbed, followed by being dried, the feed then leaving the outlet of the scrubber (or
drying sub-unit) to enter the hydrogenation reactor in one embodiment. In certain
embodiments, the hydrogenation reactor may not be active (such as not being heated and/or
not exposed to hydrogen gas) yet allowing feed to flow through. In another embodiment, the

25 hydrogenation reactor is bypassed through a fluid connection from the outlet of the scrubber
to the inlet of the oligomerization reactor. In any case, the feed then flows into the
oligomerization reactor inlet from the hydrogenation reactor outlet. The feed then contacts
the catalyst within the oligomerization reactor and the reaction product leaves the
oligomerization reactor outlet to enter the separating means through the inlet of the separating

30  means. Inany case, there may be more than one inlet and more than one outlet in each unit.
[0043] In one embodiment, an inert hydrocarbon recycle feed 100 is provided, and in yet

another embodiment an inert hydrocarbon start-up feed 107 is also provided, either or both of

which may be run continuously to provide inert hydrocarbons, or only upon startup of a new
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where a purified 1-butene stream 127 is isolated, and inert hydrocarbons
129 are recovered. [0041] An exenplary flow schene of reactants and
product s wo 2btm2messhods descri bed herein, in order, is @Cx/uUseems4sriked
feed, (2) optional scrubbed m xed feed, (3) optional hydrogenated m xed
feed, (4) second m xed feed, (5) first effluent (including the |inear

but enes) ARGnkhlatRACBEARE finueither( PO 08B s fiRC | HiBbR@rifatRInetfforandcdliqgher
oligonmers). The first effluent can be separated further into (7) a purified
1- but ene digemanraivd r¢@foretout enes (and ot her "inert hydrocarbons"). By

"inert h ar bgn, " at _is . neant are.hydr.ocarbon t reacti,ve to the
of [ oomer HHALAST PBivigddlR 3 i BB oo dinfid 57 SHmaER, Aol BRRL Rat Suloh

enbodi nerftorh ae?ia@cp&reatcu% fioihg ﬁ)ﬁﬁu@dﬁiﬁghm"@sﬂrhiﬂ_@calfeeblébﬁgﬁﬁng niaealraaufs'nwahd lesyd
- t t tlet;

hydr ogonahifoh) Fthe bio MR O gheairst W (80 O HOBUINS(Con BN (ariBRemaer dred

react or 1110] Y r E rein.t i

Feactor Faoah BV ARRN B b Shah WS E B ARRIRA G

ol i goner ipradicon sceact mixch dvddn@ngmising tat liaod battnketCs dléfnsranddiigiter bhig@hers,

fluidly connected to the hydrogenatjqn reactor outlef, the oligonerization
react or cfigt PRy %mowiogdw%fatrﬂw%aq cyldpt mi¥ed %acﬂ,a\iv%?marﬁﬁ SRRAL Tor

gases andhial eﬁléééi Sy TchpRARS R e rdn@@ G Forh R0&b 108°d RRd A iaqgggger {A8tityon
reactor outlet, making reacting-contact wth the catal yst ther et ween;
and aiosepaitlat itihgramgeao$ fioay 8 Ago 20 imifetd/mhdatalmstdut het seputaéing elpascavnd quineans
inlet flud connect to.th |d gonmerd zati on, reactor ,outlet. [The flow of
ydr ocar B BRI & TEHTTHTGO O S RE 50 gt SR Er drietsnd#BAGH dfe
appar at uléfsnspinehesRPbNediRdt i nuous, wherein the feed is scrubbed, foll owed
by bei ng [t(j“ryiﬁsd, ij%ﬁf eejf(il11 theg@(;q_eavi ng tgg (gtfjtlet of t?{;ﬂscr uaber or l;ilr i ng
sub-unit) ent &r ye¢thaotyrem achion armael8e® ForiracQygeng df pieatcing arapehqdai n
embodi ment s, e vdrOgenAt) AR, L ERSL O BB (10 DS AGHI Y ey (SHSh A%. 0LenRET N
heat ed and/Or Hot egpos%a RN H%/ar ogen g%s%/ yetmparﬂ]l&/\n ng ]?egae 8 oW "

t hrough. dontaafigt ey figwipeidedresdd, withenhyltioagenatidobatil§acinog firg dljpasiestion
through a fluid connection fromthe outlet of the scrubber to the in|let of
the ol i gdR¥tPrZatNredce daeeid mixedfpgd eqmprising,derlser uietess Corlstinharyd higher

ol i goneri i I r en i eact . I e
Feeq t nert ot pEEF pefuckd b PRI AT, A PERS RLa il BharmlP
reacti on tpe ssboad nlieaiviesd tdgrodiidegofist ciflabntaf firetquirdicd dintdrdiutdnes,emtlersctdrel
separ ati ng_neans t hrqugh e inlet of the separating means. In, case,
Chr e may THES) & © Y ane mi&hﬂet)h%ﬂ%erﬁnwléﬂ?lﬁé T heegHeT e 3 %%@%Wlﬁﬁt

[ 0043], | n,ronesLBRPERAL of 2R, 4-REhdhNYApAR&ILAME §C¥04 AfRRA BPOblafched Cs

provi ded, and in yet
olefins,” what is meant are olefins that comprise 8 carbon atoms, wherein there is at least one

secondary carbon (a carbon having three other carbon atoms bound to it), and optionally at
least one tertiary carbon. In another embodiment, the ratio of 2,4,4-trimethyl-1-pentene to
2,4, 4-trimethyl-2-pentene in the second effluent decreases within the range from 12.0 to 3.0
25 when (i) the contacting temperature within the first oligomerization reactor increases within
the range from 50°C to 105°C, (ii) the space velocity decreases within the range from 12 ml
feed/ml catalyst/hour to 2 ml feed/ml catalyst/hour, or (iii) both. A hydrogenation reaction
step may also be present, and the oligomerization reactor temperature, velocity, and other
parameters can be varied as described herein. When stating “within the range from,” what is
30  meant in this embodiment is that, for example, the ratio may decrease from a high value of
8.1 to a low value of 4.2 when the temperature is increased from 61 to 93°C, and/or the space
velocity is decreased from 11.2 to 5.7 ml/ml/hr, or any other upper and lower value within the

ranges.
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anot her enbodi nent an inert hydrocarbon start-up feed 107 is al so provided,
either or both of which may be run continuously to provide inert

hydr ocar bwo2pioanr4msl y upon startup of a newol i goneri zat iPom/usatoloya&t1 i n
either or all of a first oligonerization reactor, second oligonerization
reactor, etc. [0044] Provided in a particular enbodinent is a nethod of
recoveri ngo4d|nealn RydtRACSnbIPMLR, MrE ek %&@Qr GRARPAQ %lt%g\kpr@éﬁgﬂﬂ HOthR debdi

m xed feed conprising |inear butenes and |ess than 40 wf % wei ght of the
first m xeged éd, 0o}, 4idstoiettand -pantane ae thongcensectfluenst and Wémnftéetﬁngi: phiram MWV
famly zeglitge old.goneri zati talyst .in.g first igomerjzatipon.reactor
o or oduct 4 el oHa8 Mo P2l i B W het B e el iR IRRLAPGRUEEAS
hi gher olTigomgiosnt aifd 2¢4 4-adiedl- BforiBic Qfani BODIHcRRAGD alidt | v eddcteatdr€inf ittfest

m xed feed, wherein the contacting takes place at a tenperature within the
r ange Sof GligemcHpation rEagoCtaRReratcanshcan 1sraes of tha sivice velpsity.agpgdesefibdd om
8.0 to 2.f feed/mM catalyst/hr; and separating the second m xed feed to
produce a PT¥st effluent of first purified |inear butenes, and a second

ef fl uent [00470g olreédrtasn anbodimghisr thelappraatms & bild O] al Bxiytedg @riotdedrfor other

enmbodi nrent is a nethod. for reﬁ?c&/,eri ng and/ or produci ng branched Cg ol efi ns,
conpri si AYTRASEY i TBFARG Ll PR PMRPLENE B@H 1R d1pr 18FIRE #1° ¢, GFuROdaty the

| sobut eneupGARkaCkiGolSE highShurfll HadlulkCol hindy o LRNENI AR Giuicata) yst
in a first oligonerization reactor to produce a sécond m xed feed
conpriosi mgetthg duchearfriutaesiesn cCgkeal ef finisl etaytnd ghekerotdqgueetist 1dnmtena be

d d t of i hut el i tao the, fi t 1. xed d; d )
onar ot aEpi Jb g gk BTy Sl i badBiETn e, Mbke spgeies
puri fi ed dah NRAkcrAMANBS  frRABnRicReC ok b, | iusHkerf isCaer9! @fficu andeiabeasy

ol igomers, wherein there is greater than 30 wt% by weight of the second
ef f | uent ,frastiopatipng A egrmmmphyhethodrierremapee isabethec Femohtiutend fagdsiock Byio ‘cheptiched

Cg ol ef i r{ﬁee i;sg%}gﬁeatitoﬁv%ﬁﬁml"h?‘sr c%n(%)le%fﬁiagisn atlpwaot-%t%ge"frroiceisg,ri% gvchal‘rlp:on at ons,

wherein t i east orne seco ry car a n havi ng three ot her

carbop atons bouwad tHe fiebd is ANEJORH @Nmhitdd @holrRdFIm@RMol 8hid tALKdAEPRRin | N
anot her enbodi nent, the ratio of 2,4,4-trinmethyl-|-pentene to

2,4, 4-trimet hyl - 2- petlyshéo ponveHeursiocanut 8% £ géihe ed teiobatend. tlin o thiee erange
fromi12.0 to 3.0 “%Qrg(%&ct%ﬁecgno%%a&te' 4 %ﬁf@@{fgﬁ & ﬁ}réc’)“r%ta@&glctt{bgﬂ%g%éors

ol i goneri zation reactor 1hcreases within . (1)
the space vel ocity fdRewedbesnaitdd bedirbetdrangertdin dsigad;, M feed/ m
catalyst/hour to 2 mM feed/m catalyst/hour, or (iii) both. A hydrogenation
reaction step ma$ aloparagag gredddBE pradust fee BF (gdeasi i zati on react or

tenpeyature, vel Qpil\t/l}’xi and ot her. gar anet grfsﬁ%(fan be vari ed as deéstﬁri l?ed
0

herein. When stati ng I\llﬁ% elrnen%aﬁneln élﬁéegc‘[fe “(/ﬁ%la laluge cXcess of mictHianof 10 a

second stage single fixed bed reactor to achieve an overall conversion of at
least 99.5 %, and
e Separating the remaining unreacted feed for further purification of 1-butene.
[0048] The apparatus described herein may be built by retrofitting, for example, existing
25 MTBE units to produce high octane Mogas blending or specialty chemical components with
minimal unit upgrades and/or modifications. In one embodiment, no new reactor is built or
provided to the apparatus described herein.
[0049] MWW zeolite catalyst can be used as a catalyst for dimerizing/oligomerizing
olefins, including C,4 olefins. These catalysts convert isobutene to octenes and heavier
30  oligomers at advantageously low temperatures, allowing them to be easily fractionated away
from the 1-butene feedstock. The required isobutene conversion may be achieved in just one
reactor at temperatures and pressures within the vessel designs (designed for other uses such
as MTBE production). This allows a second tubular reactor to be used as a spare reactor to

allow a rapid transition to a new bed of catalyst when the catalyst in use becomes spent.
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meant in this enbodinent is that, for exanple, the ratio may decrease from
a high value of 8.1 to a | ow value of 4.2 when the tenperature is increased
from6 1 wo2080Cs95and/ or the space velocity is decrease@crruseoodbscdito 5.7
m /m/hr, or any other upper and |ower value within the ranges.[0046] In
anot her enbodi nent, there is greater than 40 wt% by wei ght of the second

m xed feqgos®f 2Féad4tot tHBlightherla RGN AR st & pRersfs Adebl predtt  waRd gt hi n
the range of from30 or 40 or 50 to 70 or 80 or 90" Wt % by wei ght of the

second efifhihgimg thmdmmépombmn narthe castiod agetaftit twafidled fixed bed reactors can be
2,4,4-trinet ent en ncr.eased rease i.n

of 1 gorer i DAY A PeREPG FRF el Qe ABLREREP: M BB ReRTr RebBdf Sainee e
vel ocit y,olgsnféﬁmfdnhe@bt@b@p&atei 0¢igherl pregerct thium a VIDBEI SYBIHeSis rédtorappEdt Us
is built froman existing unit used for other gur poses, neaning.in one

enmbodismeftighds aressureriesd PEEEs-or Ecss 62t be Inroidedaby sanbigHaing hRecksie diolafin
R fi d C
ecovery sgiur{}brggq@pﬁfew W @H;‘f@?%@{(g&&% ! eé\y noﬁ gﬁ{} p}eﬁﬁﬁe PL %a&féﬁ‘ﬁ%

streans, suc om a s ea or f I'C cra requires
that 1- deiﬁEﬁ'zdhiﬁnseqmrrat ed in high yield and hi gh effl ci ency from al |l other

species in .. Mpst species can be renov by fract ation, However,
i sobut enéﬂpéﬁver §eeﬁu@$ ?Qulﬁ%e@éﬁéfeé?rébeéyﬁﬁoﬁﬁt@%%’é‘ﬁ|TSHOEA &H0IP Mo
to remvechhﬁé%@%ﬁn?ogsﬁﬁ?] 3 rHHfoF%‘g {06 GF AE KhchS s&&c&?&vﬁ{et débﬂ%niz%?%‘&v&“ﬁ) to
MIBE. This can be done In a two ?age process, I n which feed 1s m xed

with @ | iachicedsamstetiry ofmored bé o froanthe (aad¢fon andémgheeshgoma‘salAylsrtrem@mmg
convert uB nto z_ L{t 95 % of the feed tdo stobutene 5 %Il ee or t
react or s ‘ST HUOREIE PCE. PHFLES & Faged dShBIPLPRRAIUPT T MNP MalEE Pepgation
fol | owed tByec0Bsh bd 2askdI8duriRaFafiondte e dimédol R8s ProductSaRahrkifRgtibhe MIBE
pr oduct fromthe C feed; M xi ng the remai ning unreacted feed wwith a | arge

excess of net Havoberithe eanyemog&somgenmtsdglrmm’imxzed lhlédlerreameqr, to achieve an
overal |l conver :1.0[]1 of ?"I[ar | east % % and S .ng the r hnln

unreact ed 1 &ach FIgR! TARIHSHSHT SRS far SROte 20 fadin gosmsrieHGhepiar s
descrisbed her gjsas:RY/oPe built by retrofitting, for exanple, exi Stl ng MIBE
units to produce "hi gh octane Mbgas bl endi ng or specialty chenical

conponent s wi tA heavyi mraphtha nir¢any pgtabtiefor dreddld)ﬂenltturg drispatialgnehentical omé uses.

ﬁg?g?hﬁer}hosﬂo n%ﬂ’e %oq o(\:x;[lr(l)é 1sI asnol% I1rnltt1n(g§rexg ! Ol\élo b081rnen S oafr%gea {n%ter%lsonc.iescr | bed

EXAMPLES
[0053] The apparatus and methods were tested in a demonstration pilot-scale plant using

20  about 80 ml of MCM-22 oligomerization catalyst (65 wt% zeolite with 35 wt% alumina
binder, 1/16 inch diameter cylindrical extrudate, having a bulk density of from 0.416-0.497
g/em’, available from ExxonMobil Chemical Co., Houston TX) in an oligomerization reactor
volume of about 250 ml. The “feeds” or “mixed feeds” in Table 1 are an average of 10
cylinders of steam cracked Css, all having been water-scrubbed and dried to remove polar

25 impurities. The mixed feeds in Table 1 were passed through the oligomerization reactor only
once at the indicated rate (ml/hr), and all of feeds A through F were run over a period of
about 5 months. The data in Table 2 are representative samples from those runs. The
pressure in the oligomerization reactor was about 1.55 MPa, the oligomerization reactor
temperature and space velocity varied as indicated in the Table 2. The amounts of isobutene

30 and the Cs and higher oligomers (“Cgt”) are those in the reaction product from the
oligomerization reactor (“second mixed feed”), and were normalized against the measured
amounts of components that are non-reactive with the oligomerization catalyst MCM-22 that
were measured before and after the reaction. An indication of “yes” under “DIOS” means

that a selective diolefins hydrogenator was used, typically at a temperature within the range
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[ 0049] MAW zeolite catal yst can be used as a catal yst for

di meri zing/oligonerizing olefins, including C4 olefins. These catal ysts
convert iwohlutoenesso oct enes and heavier oligoners at ascantsageowahly | ow
tenperatures, allowng themto be easily fractionated away fromthe

1- butene feedstock. The required isobutene conversion may be achieved in

j ust one Jreaghpu4atot aFasy ﬁbW@tSh&JTk@l & 888 UrBHINEt finindiRs RS X§! ardeRighAS
(desi gned for other uses such as BE production). This allows a second

t ubul ar radigemers pl@@ltmg%ﬂ)rélyrear@p@c@tahwwmlew@qaurerdowdar diffsrant corthigonsi on
to a new bed of catalyst when %ﬂel q@g‘g(#yged(#ompg)%ﬁ,m conmes spent.[0050] Feed
to the oligonerization catal vst IS preferably dried to prevent water from

i nhi bi tijngCdnmenemsi r edle@okver sFend B | n tFedcase dfeedDr ef r dierd E t o Heell Ed

fixed bed-r eaﬁ—be—eeﬁvefbed—tﬂ—dﬁ—e%ﬁﬁd—ﬁewﬁ—k?ﬂfed—dpst—ﬁemof
the ol i c#’é‘?z}“fati on| r E88%or ([s) 338 %ce t A83BI i gonerfO2at | on’P83ct pr viFet atfes
at hi ghegri-htaesur e th@f\g(ﬁz BE3§%aji hasi @7r3§3act 0r34 1big n(=ec§§ ahisgher 3@g@§sure

feed pu nr v And hy arridna +hna h]l A~t o e Hi ~l

o
II Ub I \ALA%AYA"] Uy \lUIIIIuUII Ilu LSLILAYZ \)4' \CA VR | T Ulbllll

ps—these ¢
sat ur at dr - BYE D ent|, WHRER tlypRtERE y |opdrittes | at23d0En hi gAGHOpr bs 2660
upst r eam igd-bhadiead NEr I Zat) or r@aghor . [9%4%] Reusipg the @g}ghpmegto_ﬁgo

describe_d_a_b_g#e lEmts the rletroftt ahanges—to nl nl nn thanges—a

L I S o —OoT 1t g Tarrgeco—afrro

possi bl yj,P-Butang, of upgaa@P@SOf t Wes3beat] StURER fl orIStRe d¢=bu163811i22er il@mp t
achi eve &a;_t_b@h@ctory r@fgag of, &d ramfhe, C ol efjing and A ol, gomer
Any r endi ni ng ] fraction flnn fzn\/u: rs, leh as _a Qm‘wndlfq ||f ani zZer
and/ or 3 %PW&%I - Wat €r35%epar at7iser t ques.ssisan |be7.8®ased to3F5urt hers.0914
fracti onag@et N i ner/0|1bggoner Jprodugt i nt o three frac |on§10}1 nco¥ %9tne
remai ni ng_C conponent s ximze 1-lbufené recovery; |A t _nap

stream suitable for nmotor gasoline blending or speci al ty cheni cal end uses;
and/ or; A heavy napht ha gb; e;&mtﬁemﬁoﬂbﬁaﬁhnhleﬁﬂgl ng or specialty

chem cal _end uses

o

[72)

enbodi mgnime.dpyst he MPSent|i PIIESp'0053] SIte apphebatns ani metfods
were tested in a denonst rlat i pi llot - scal e I‘%’r?f“yum ng “dhout 8(9_f§3f°“§f
MCM 22 agHgorerization—catalyst {65 wlzeolite v%%—@—%—&l%—ﬁ?—b nder,
1/ 16 indh di'anetler &\KPI i ndri cg‘? extrudége, havﬁn%fva bul ©-Gensi ty3§711 from
0.416-0.{497 39/ cm , awall dbl egd3r om|{ExxegmMobill CGhgm cal L0001 Housgg)ag TX in
an ol i gguerizatiion reactgrvolune tof about 1250 W . The “feeds” “mxed
feeds" ijn Table |1 af¥® an ave?la]ge of 1(§lcyl iinddis? of | st ddn? cracké?i”iﬂ al |
havi ng heenywat er-sejubbed apgh drijed @ renovg;ppl al 2394 28 03

30 No 489 72 6.12 0.298 3291

45 No 495 77 6.18 0.906 3431

51 No 486 82 6.07 0.493 36.15

53 No 470 93 5.88 0.119 37.21

56 No 434 93 5.43 0.019 38.37

91 Yes 491 93 6.23 0.086 37.30

93 Yes 495 93 6.19 0.018 46.02

95 Yes 440 93 5.50 0.017 47.18

96 Yes - 94 6.26 0.041 44 44

98 No 441 93 5.52 0.039 40.71

102 Yes 503 93 6.28 0.037 40.85

110 No 494 71 6.18 0.263 3241

115 Yes 505 88 6.31 0.143 32.24

120 Yes 241 93 3.01 0.028 37.14

122 Yes 235 93 2.94 0.026 37.36

131 Yes 236 93 2.96 0.029 36.17
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[0054]

herein in numbered embodiments is:

1.

“consisting essentially of”” in another embodiment):

a polars-scrubber unit having an inlet and an outlet;

Having described the various elements of the apparatus and methods, described

An apparatus for recovering linear butenes from a mixed feed comprising (or

a hydrogenation reactor having an inlet and an outlet, the hydrogenation reactor

comprising a hydrogenation catalyst, wherein the hydrogenation reactor inlet

is fluidly connected to the polars-scrubber outlet;

a first

oligomerization reactor having an inlet and outlet, the reactor inlet fluidly

connected to the hydrogenation reactor outlet, the oligomerization reactor

comprising an oligomerization catalyst, the catalyst allowing for gases and/or

fluids to pass from the reactor inlet to the oligomerization reactor outlet,

making reacting-contact with the catalyst there between; and
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transfer neans. 4. The apparatus of any of the previously nunbered

enbodi nents, wherein the hydrogenation catal yst conprises a netal selected
from t he woaom/eessi sting of Goup 8 to Goup 11 netal sPCAU$200908a11ES
thereof. 5. The apparatus of any of the previously nunbered enbodi nents,
wherein the oligonerization catalyst is selected fromthe group consisting

of MW fam |y zgohiatifs mans hBis Whaslct Bed 8Rfoutlét, tHh&paRBag ahdigs HlcemyidRf
t he previously nunbered enbodi nents, wherein a cooling nmeans is providéd

for the fluid conneonhetediettheelgontrsizhijelr isgetanouttsh react or and t he

ol i gonerizati reactor. 7. The apparatus of. any of t.he previ.ously,nunbered
orbodi e o it RS inr o RIRE ALY, SRS e tRe MR BE RS,
between the oltypedsahiid abrn@btidrefeinakc polarstdaibbepartad oli®niRixdton Bactéhe
apparatus of any of the previously nunbered enbodi nents, wherein the

pol ar $scriubberThemnpatagmpet weaboged grsbodipgnls lasidl 2 whereingthadlpisoligomerigatianng

means conpri si r p / f Y, . eyi |y
nunber ed enbogfg%é%tg, él\l}\%rlafe}?%g{t 1re%% ]&g%%%% @gfaﬁl nO?eué%{goarsg)ﬁICé&tg&ggﬁlv%rht%g&sj
i sobut ene-t o- neinbf¢l atcalnut yl et her reactor. 10. The apparatus of any of the

previ ously nunpered enbodi nents, erein a second ofi rization reactor
conpri si n%_ ol i GEMEPRFELS off Ay aqu\g?e ipge‘?@%#YdlwW@)&mﬁ*eé gg@&?n%ewﬂerem the
hydrogenati on Hﬁ%gteﬁéﬁﬁr&tm% céﬁpﬁegta' & MR RREd d?nﬂ?erg}&llﬁ&odéﬁlsﬁ]ﬁ% Bh@r(tdge st

ol i gonerization reactor but” 1n f isolation therefromunti rst u

11. Aonet hod df tor@@oop él inmgalb,iand arixfontsehasoff rom a m xed feed conpri sing:
providing a figrst mxed feed conprising.linear hutenes.,and isobufene;
Cont act i gt hel i ABRAT R 8 PGP Initton PATV IO P SHBHICS St FORORERaRy SERTITa e r st
ol i goneri zat i QligbfRELAont BatMyQAUC SeldctSE TN tHE X268 %sﬂsimgpaf NNVt Pighily
| i near butenes, Cg ol efins and higher oligoners, and a reduced anount of
i sobut ene r el acpltestapd mhistur¢srtBereah. xed feed; andseparating the second mi xed
feed to oducjf:nafir t eéfluep]&hof f.irs1t urified |i buﬁenes

n

a arn T HlbetddSimbddiads e A aricljna
second efTtl ue eo?fpp&rg 01 & s %and I?ne\(jlf*)nlelsryéll i &Sﬁgres.b .enltﬁ’ewrreefahodc 7e
nunbersed enmbodhem®Blis grbvided for the fluid connection between the hydrogenation reactor and the

oligomerization reactor.

7. The apparatus of any of the previously numbered embodiments, wherein a heating
means is provided for the fluid connection between the oligomerization reactor and
the separating means.

20 8. The apparatus of any of the previously numbered embodiments, wherein the polars-
scrubber unit comprises a wash means and a drying means, the drying means
comprising a drying agent.

9. The apparatus of any of the previously numbered embodiments, wherein the
oligomerization reactor is a converted isobutene-to-methyl-t-butylether reactor.

25 10.  The apparatus of any of the previously numbered embodiments, wherein a second
oligomerization reactor comprising oligomerization catalyst is fluidly connected to
the hydrogenation reactor and the separating means, in parallel with the first
oligomerization reactor but in fluid isolation therefrom until first use.

11. A method of recovering linear butenes from a mixed feed comprising:

30 providing a first mixed feed comprising linear butenes and isobutene;
contacting the first mixed feed with an oligomerization catalyst in a first

oligomerization reactor to produce a second mixed feed comprising the linear
butenes, Cs olefins and higher oligomers, and a reduced amount of isobutene

relative to the first mixed feed; and
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the first mxed feed additionally containing diolefins; hydrogenating the
first mxed feed to produce a hydrogenated m xed feed conpri si ng

hydr ogenawedodvakesBi ns, |inear butenes and i sobutene; ceotrastemgsdine

hydr ogenated m xed feed with an oligonerization catalyst in a first

ol i goneri zation reactor to produce a second m xed feed conprising the

| i near but enesepfra@hE & caitf itk @hREd b IRGIRE % fiRPEfeat BY it @grpdkedincar

di ol efins and a reduced anpunt of isobutene relative to the first m xed
feed; and separ ati rigtanss and esaepndiotdent eeds olofips antlidigher oligewersef f | uent of

purlfled I|ne but d._a, second effluent of Cg ol efins and higher
oli gorrers all:hlp"he tﬁ%fﬂf%}lm er%ch g Odl ments 11 and 12, wherein the

purified Ii neahe Atk efies Re€additiddadly caﬁﬂaaﬁ@g@dletﬁas provide a purified
1- butene stream_ 14. The nethod of any of the grew ously nunbered

enbodiment s 11hydmgeppiedhe franixed E,qedrw Redueee gyidogpmsited wixed fegshednmising: t o
contacting (or hydrh&%ﬁ%@ﬁ%@@d oﬁ‘eéﬁ@r Plﬁt@@?ﬁhﬁ?&%ﬁ%ne 15. The nethod of any

of the previously n whereinthere is no
dehydr ogenat i aensgicep did kydrogmad| lﬁb@deedfde«bﬁhn@l sliggmeriAtior letatyst od fakt any

of the previously nynbered enbodinents 11-15, erei o] ar sscr.ubbi ng
conpri ses contact i rfy'SPAETIFIORICRINE HrRBFC\ Steﬁo%@é?iﬁg fp?fl ?W&P“E%/R‘ Thear

contacting the firgfy eé“t% Jl@f?rf& A thf h%r Qﬁgfdrﬂ&s aagﬁ%e hﬁdzﬂ%e-fl'af%dfﬁ%lm Al aané

of the previously nunbere nbodi nen wherel n t firrst mxed f
(or hwdr ogenat ed mm@d:eﬂeam)mtldlmbuaenteﬂp@vmmhceﬁwmmetd ft:d:rbandmge of from

50 to 15Q0C prior to the contacti iin the oli (4 ctor. 18. The
mothod of any SR [ oS hiRedr Bip B GTETsE at AR Eea! bucs
first ol igomerizatif@g arse@sldUrileRR 6ateslctihs %@ﬁ%ﬁ&lﬁl@ow&sﬁ' n the range of
from1l.0 to 40 MPa. 19. The nethod of any of t Erew ously nunbered

enbodi menit3s 1iflm8nethh<éﬁémﬁanr@d emb@dln@niSermiddiaw onirthaoroticd bagsebuicoese i s

i ncreased froma.d S|rabl n| rmmter‘rlptee(ff?lg| a rate within the range
{ac

e at
of from1l to fﬁ)@ pelF Sef@ff rov“fleaglrll I(jteﬁ%St s desirable upper

t enpersat uide | iTHetmetBOd off igy @ﬁﬂlb@ﬁ%v@ﬁuSW@éer&d\&nMcﬁﬂi@ﬁﬁsﬂﬂwmmﬁi@t;he first
enbodi nents 11-19, wherein the contacting in the first oligonerization
reactor takes pradefcad in Rodarpesabbsde PRiCE HPncanfsting (or hydrogenation in- certain

embodiments).
15.  The method of any of the previously numbered embodiments 11-14, wherein there is
no dehydrogenation step after the polars-scrubbing step.

20 16. The method of any of the previously numbered embodiments 11-15, wherein polars-
scrubbing comprises contacting the first mixed feed with water, followed by
contacting the first mixed feed with a drying agent.

17.  The method of any of the previously numbered embodiments 11-16, wherein the first
mixed feed (or hydrogenated mixed feed) is at a temperature within the range of from

25 50 to 150°C prior to the contacting in the oligomerization reactor.

18.  The method of any of the previously numbered embodiments 11-17, wherein the first
oligomerization reactor operates at a pressure within the range of from 1.0 to 40 MPa.

19.  The method of any of the previously numbered embodiments 11-18, wherein the first
oligomerization reactor temperature is increased from a desirable minimum

30 temperature at a rate within the range of from 1 to 10°C per 100 hours of contacting
up to a desirable upper temperature limit.

20.  The method of any of the previously numbered embodiments 11-19, wherein the
contacting in the first oligomerization reactor takes place at a temperature within the

range of from 40 to 105°C.
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range of from40 to 1050C. 21. The nethod of any of the previously nunbered
enbodi nents 11-20, wherein the oligonerization catalyst is selected from

t he groupwoanmvetsdsag of MW fam |y zeolites, and m xtur @sTiusesoeofic1iR2. The
met hod of any of the previously nunbered enbodi nents 11-21, wherein the
hydr ogenati on catal yst conprises a netal selected fromthe group consisting

of Goup 8. to fHOHRhb sreARl 8F t&ﬂﬁreﬁid&&l?rﬁﬁnﬁé?@d eRfbodidntsT NE20B LRSI khany
of the previously nunbered enbodi nents 11-22, wherein butadiene is Fresent

in the first rdligethefiedtipn eaielysthss bsletedydrom chegrawtt eaesisiisigapt MWW Tagnily
wi thin the ra&%ehtof afnrorp gﬁezs\&hor 1@. 24. The nethod of any of the previously
nunber ed enbodi Rent’s Qfgﬁ , @rein the contacti ng al so i ncludes hydrogen

at | east @ver yTrtkOfethodrs afy ofithe bféﬁioh@l?f durhbeied @fmbaline@as1-21haherethltheng
continuous run. 25. The nethod of any of the %revi ously nunbered
enbodiment s 1hydmgeppimegaiplysh sompriscs@tnetal slosiedifrrm theedowy ennsisting af Ggoup

hydr ogen-to-b } r.ati it . e range of from1l to 50. 26. The
nmet hod of anyL%) ctlf"rﬁ){elﬁgglilleﬁ%ﬁsaﬁghﬁﬁ%éesﬁgﬁe%ﬂbodi ments 11-25, wherein the

first purd3i edrht- mettene o€fdnlyuefitthe oprpvibsdy hesiseréhamiddfcnid %1-E)bwherm

27. The nmethod of . .any of the previously nunbered enbodiments, 11-26, wherein
the first ni xgﬂl%@& 1% BRSP4 crifreed §ecdoeti B hagioar i DU SESTTE A E o
of any of the i?%ﬁi@&l@kéﬁ(g@%mmz%&wdi ments 11-27, wherein a second

ol i goneri zation reactor conprising oligonerization catalyst is fluidly
conneot ec?4t o al'teyohcthgd neft amgnof dac pevioasly @iskEped ambondimenist 1128, paemil ¢he

with the first oligonerization,reactor, .but in fluid isolation_.therefrom
it st esaRlasgoE e PR RO R GRESRY 15 evely ShEbfh oF p iR SRt O AR
enbodi ment s 14281 hohedRing doinfRaegh.t i me velocity in the first

ol i goneri zation reactor is less than 15 m feed/m catal yst/hour and the

cont acti iiy-t akde picthod oft any ok tpepwyiouslyofumbosed eimdadingntsot 1-2500¢ere80 theThe
WP T e RS
the fisrst effli@ftof from 1 to 50.
26.  The method of any of the previously numbered embodiments 11-25, wherein the first
purified 1-butene effluent comprises less than 0.20 wt% isobutene.
27.  The method of any of the previously numbered embodiments 11-26, wherein the first
mixed feed comprises from 5 to 60 wt% isobutene.

20 28.  The method of any of the previously numbered embodiments 11-27, wherein a second
oligomerization reactor comprising oligomerization catalyst is fluidly connected to a
hydrogenation reactor and a separating unit, in parallel with the first oligomerization
reactor but in fluid isolation therefrom until first use.

29.  The method of any of the previously numbered embodiments 11-28, wherein the

25 space time velocity in the first oligomerization reactor is less than 15 ml feed/ml
catalyst/hour and the contacting takes place at a temperature of less than 100 or
105°C.

30.  The method of any of the previously numbered embodiments 11-29, wherein there is
less than 0.20 wt%, by weight of the second mixed feed, of isobutene in the first

30 effluent.

31.  The method of any of the previously numbered embodiments 11-30, wherein there is
greater than 30 wt%, by weight of the second mixed feed, of 2,4,4-trimethyl-1-

pentene in the second effluent.
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31. The nethod of any of the previously nunbered enbodi nents 11-30, wherein
there is greater than 30 wt% by weight of the second m xed feed, of

2,4, 4-triwetzhlo2kgsent ene in the second effluent.32. TheproEtuseahoniiciany of

t he previously nunbered enbodi ments 11-31, wherein the space tinme velocity
inthe first oligonerization reactor is within the range of from2 ni

feed/ m cat al ysle hethodt et &% 8F tﬁeeﬁfé/vmuslﬁfugh%?&d Rebdintats 1181 MRhBRsth e any

of the previously nunbered enbodi ments 11-32, wherein the contacting within
the first ol i goaes iimatvclogity émdicofirst akgamgsizatien sacter iewpbmatharengsi afhremtZhe
range of from 4Q0C,ta 95 or, 1050 h t hod of any of the previously
nunber ed enbocﬂl%re‘&/rsn?fi@%@{/h%g g‘l"ﬁl%?%eg)-rpg‘fai?agy%@oﬁr;4, 4-trinmethyl -1-pentene

to 2,4, 4-33 i merteyhrethopedtt &fieof thd prviasgnthebdrtdenibodietneases2 wWivhbicih tHhe
range of from12.0 to 3.0 when (i) the contacting tenperature within_the
first Sol i gomerdoRteciiegwitbacthe firstpdigemeezatignirpicion tAkes grgert prigRpTenes pathos or

1050C, (ii) t (o] oY S wthin the range from 12 nl
feed/m cat al 3@?%g§§f¥§&zﬂor§¥?gg§ﬁ§5&§ata| yst/hour, or (iii) both. [0055]
I n yet arBdt herTierhatlodrefinyi & thé provfmsigfnuatbeaqipanaddiaciiton 1438coliarinndge kitivear

butenes froma m xed feed conprising a pol.ars-sgrubber unit having i nl et
and an outl et ;szg&%)%y“d‘frgﬁf‘é]?ﬁélt]i'n%t?@aé‘? ShA RAUSGEAIORISEE Hin dhoaoaua] ki ieRhe

hydr ogenat i on r L Sj r at : S i
v ogenat i on S eact e TR Pt AR O Aot Pk om A NEE e

out | eto; [ 0056]withifiithesfirsobligroneizatian ientor eactases Witkinrthe samge fitost SQGH00U dret |,
the reactor inlet .fl.uidly connected to the hydr.ogenati on reactor outlet,
the of gomer i 2851 Gn (el SFREOTTS! HGFrEM<D Y GUReF Ao Ca: 1 Yt Tl
catal yst al | oviafgyst/Rburda2aa] REEHA Cathlydi/ksur! & (AABStH.r om the reactor inlet to
the oligonerization reactor outlet, nmaking reacting-contact with the

cat al yst [00%fle bét yesenothahembodmpatriathenige o amspiastintpr agcovatieg lisgad bajgnes
out | et tine, separal ifnd 1EANS LR Chobl Ul At cOMCRLEE LR LRe oli gomspization
reactor outlet. Various asBec?% of ]tﬁe appgra us ar e 4 desd el O'h tfhe
enbodisme iydraameon @R hawild bn itéiemdnmeodtiet, aRe hedrbgeliatien trca@fortddgprising a
appar atus, when the apparatus. is said to "consist essentially of the naned

el enent s,hydppgenationqeaiglyst; whereiy theplsrdsogenationoresetee inlgtajsofiuidyngromesied & than as

a dehyd”}%‘?ﬂ?—%&ﬁﬂ%&r%ﬁﬁ%or’ or other catalytic reactors; the other optional
features ‘described in the specification may be present as well as m nor

conponent[80%6]l ui d first oligomerization reactor having an inlet and outlet, the reactor inlet fluidly
connected to the hydrogenation reactor outlet, the oligomerization reactor comprising an

20  oligomerization catalyst, the catalyst allowing for gases and/or fluids to pass from the reactor
inlet to the oligomerization reactor outlet, making reacting-contact with the catalyst there
between; and a separating means having an inlet and an outlet, the separating means inlet
fluidly connected to the oligomerization reactor outlet. Various aspects of the apparatus are
as described in the embodiments above.

25 [0057] With reference to one embodiment of the apparatus, when the apparatus is said to
“consist essentially of” the named elements, what is meant is that there are no other major
components such as a dehydrogenation reactor, or other catalytic reactors; the other optional
features described in the specification may be present as well as minor components (fluid
lines, pumps, heaters, heated/cooled jacketed fluid lines, etc.) that are well known in the art

30  for effectuating the desired operation.
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| i nes, punps, heaters, heated/cooled jacketed fluid Iines, etc.) that are
well known in the art for effectuating the desired operation. CLAIMS 1. An
appar at uswbaniweewsseri ng | i near butenes froma nm xed feedTasa@ioséiny: a

pol ars-scrubber unit having an inlet and an outlet; a hydrogenation reactor
having an inlet and an outlet, the hydrogenation reactor conprising a

hydr ogenatj apv&at al yst, wherein the hydrogenation reactor inlet is fluidly
connected to the pol ars-scrubber outlet; a first oligonerization reactor
havi ng anl.i nl etn aprdrasus fosrecovereng lamer butenas|fem f miked \eed opmpidtiegt to t he

hydr ogenati on g eoellé:rtprmg érl ett,hatlhe oIiIilgpa ra{nzatﬂi gn reactor conprising an

ol i goneri zat i on’ caﬁgfy T Yhe Xéltgﬁflys]t al ovﬁunﬁ for gases and/or fluids to
pass from the 4 aadiogénatidh &tadt®r hiEn@langidreerdndaid eatlétealed aydoptagibn WEkoMNY
reacting-contact with the catal yst there between; and a separating neans
havi nd an inl et andorwrisingl ehydrpgraten satatyish gvhetamshg hydsegamptionrepciop et ed

to the oligoneri zagg @Pidﬁ}?g&ﬁl%te&)'fbt1!hg§3R1ea?S-?c¥u%e?8%tat us of any of the

previ ously nunbere ai s, ereln ol 1 gonerization catalyst is
sel ected froma Kest giligometgatinsicactgr dhviNWANT mibdtl andzealedt,t éas, reasior mlett flvidsy

thereof. 3. The apparat us, of ané &‘9 t he. Er evi ouslé nunber.ed cl ai.ns, wherein
the ol i goneri zati orfOPREEEbFO (RS AYEORTEATIOR LB QP Ete T OHBYRGIZHIOB UFAt her

reactor. 4. The ap%hﬁﬁq‘éﬁltggafg A nRbizAdih &a"tﬁﬂt%%'cﬁtaﬂ!éﬁ?l%v@iﬁg?&?%ﬁ%g alfIGr ei n

a second ol igonerization ctor conprising oligomerization-catalyst is
f1 ui dioy connected tftuidhéo Ippsh gendtei mactoeacleoto dnd otipemsepépaticagomeaths, i n

parallel with the first oligonerizati. reactor. but in fluid isolation
therefromuntil fi r@?klﬁ%@.ac%g' "ﬁ%‘?%@‘qgﬁfc%%?,wg?r?ﬁ?@mﬁeﬁew_ butenes froma
m xed feed conpidpatafidy nfaQY haViRg ad ihict $hd TheRded @RdsHarmBnk $hdads idloepsidly
but enes and i sobutene; contacting the first mxed feed with an

ol i gomeri zati on cat@hyested ta the ligosmerghiigporeaetoreuticbn react or to produce a
second m'2<ed feed cor‘rpri i.n %{he
(0]

. . ¢ apparatus of an e l ie\plgl?' | burglger}e(i la(%gs Qxlz %];eiin%hea 9 ohie 'rz]a?t{on
ol i goners; and a PEaGced dnbant T Y onut ehe' T Fah ve l% O RE TIPSt e
feed; 1sand sepasnalysng dchet@iekandhdbuag corgdidgVndncRmilyfcotes, @l Intigfresof
first purified |inear
thereof.
3. The apparatus of any of the previously numbered claims, wherein the oligomerization
reactor is a converted isobutene-to-methyl-t-butylether reactor.
4. The apparatus of any of the previously numbered claims, wherein a second

20 oligomerization reactor comprising oligomerization catalyst is fluidly connected to

the hydrogenation reactor and the separating means, in parallel with the first
oligomerization reactor but in fluid isolation therefrom until first use.

5. A method of recovering linear butenes from a mixed feed comprising:
providing a first mixed feed comprising linear butenes and isobutene;

25 contacting the first mixed feed with an oligomerization catalyst in a first
oligomerization reactor to produce a second mixed feed comprising the linear
butenes, Cs olefins and higher oligomers, and a reduced amount of isobutene
relative to the first mixed feed; and

separating the second mixed feed to produce a first effluent of first purified linear
30 butenes, and a second effluent of Cg olefins and higher oligomers.
6. The method of numbered claim 5:
the first mixed feed additionally containing diolefins;

hydrogenating the first mixed feed to produce a hydrogenated mixed feed comprising

hydrogenated diolefins, linear butenes and isobutene;
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but enes, and a second effluent of C olefins and higher oligoners. 6. The
nmet hod of nunbered claimb5: the first mxed feed additionally containing
di ol ef ms;wbydroogessat i ng the first m xed feed to producepaThisdeogesat ed

m xed feed conprising hydrogenated diol efns, |inear butenes and isobutene;
contacting the hydrogenated m xed feed with an oligonerization catalyst in

a first oli go%hiaéﬁﬁéc% hEA6EHatc Omed K& withSAL BREbrsatoh %ﬁﬁlg@@ﬁpﬁiﬁi&ﬂg
t he |inear butenes, ol efins and hi gher oligomers, and the hydrogenated

di ol ef s and a r edudigdmgneaiion redctorstomreduse arssbend mexeddeecheomprisang hicXmdar

feed; and separati t he secgond m.xed feed to pr c first effluent, of
pur 1 1 ed 11 near - bur e Gt BrdieheL pisrhfts Mo 0 By Brsdrh o it

ol igomers. 7. The redied ambuitdtigiebng réhtivge 1o tedhfrsbmivddet&d; and he puri fi ed

| i near butenes are further separated to provide aﬂi}uri fied 1-butene stream

8. Thé met hod ssParaiiig b seepadpniacd HuedIlgy Piadhees Sast effaersobpurifiodhiscai hptenser e
i s no dehydrogenatin .step, fﬁ‘%néE’Eﬁg?%@ﬂ%?%éﬁi\r%ﬂg%@gﬁ%ﬁep' 9. The net hod

of any of the previously nunbere erern e first
ol i goneriZzat i ¢fher mathodroft mmplesrad ulaéms $ amic6eahedin thenpaifibasiinabbatants iareum

tenperature at.a rate within the range of from1l to 100C per 100 hours of
contacting up PEhS sgRapied %roﬁ’pﬁiﬁé‘rp“l“g‘ﬁﬂért&{tiﬂﬁemle?rﬁit. 10. The method of any

of the previ ougley nfauzleseghye baiis ?év?ous}/wmgear@aiﬁlsi 99Ner7al 11RGe GRLRY VSt

is selected fromthe group ‘consisting o amly zeolites, and m xtures
thereof. 11. Trebydegtradonstepnitenthe phlarspscenhibogsstyp.nunber ed cl ai ns 5- 10,

wherein the contacting also ingcludes hydrogen.at |east every,500 urs of
i ¢ e For ol AUER B a8t Reur THGEtH: PRS- i Hpdis
nmet hod of any gMgohREzRI0RVireMsdry teHpheiRd i dldidset 1idm \WhekSidbla S8R0
ol i goneri zati on reactor conpri si n%gol i gonerization catalyst is fluid

¢

connect ed to demperrbigeniat raih withictherargedofdreregaieal®d’ Geund@ hoim of spatpcielg
with the first oli izatio reac[torhntl)- t in fluid isolation therefrom

until first us®©f .eg%ge H%Reﬁge&npoefa ahy''Of the previously nunbered cl ai ms

5- 12, 1swhelei n THee B@ReE &f nmyVelodict Ypréviodshe hinisdred! ¢lgianeri-gatwitmcihedat or

's less than 1051igg1mef‘i§§t{jolnmcatgl?lgtalisy getlécquu I’frorn the group consisting of MWW family
zeolites, and mixtures thereof.

11.  The method of any of the previously numbered claims 5-10, wherein the contacting
also includes hydrogen at least every 500 hours of run time for a time of at least 1

20 hour during continuous run.

12. The method of any of the previously numbered claims 5-11, wherein a second
oligomerization reactor comprising oligomerization catalyst is fluidly connected to a
hydrogenation reactor and a separating unit, in parallel with the first oligomerization
reactor but in fluid isolation therefrom until first use.

25 13.  The method of any of the previously numbered claims 5-12, wherein the space time
velocity in the first oligomerization reactor is less than 15 ml feed/ml catalyst/hour
and the contacting takes place at a temperature of less than 105°C.

14.  The method of any of the previously numbered claims 5-13, wherein there is greater
than 30 wt%, by weight of the second mixed feed, of 2,4,4-trimethyl-1-pentene in the

30 second effluent.

15. The method of any of the previously numbered claims 5-14, wherein the ratio of
2,4, 4-trimethyl-1-pentene to 2,4,4-trimethyl-2-pentene in the second effluent

decreases within the range of from 12.0 to 3.0 when (i) the contacting temperature

within the first oligomerization reactor increases within the range from 50°C to 95 or
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and the contacting takes place at a tenperature of |ess than 1050C. 14. The
nmet hod of any of the previously nunbered clains 5-13, wherein there is
great er twenoBl2ws®, by wei ght of the second m xed feedpcwofUs2009/046111
2,4,4-trinmethyl-l-pentene in the second effluent. 15. The nethod of any of
the previously nunbered clains 5-14, wherein the ratio of

2,4, 4-trimet hylgsbe p@@t%es a%e vé}oéh’yt ﬁb@f@aslaylw&nﬁeﬂ%eﬁﬁ érfrérﬂelﬁ%ﬁlo%éd/ml
ef fl uent decreases with he rangé of from12.0 to 3. % when (i) the

cont acti ng terﬂ@tﬁﬂm/homtw%rhl figed/mé cétlyst/hapir; tgdn‘éﬁmﬂatl on reactor increases
within the range from50C to 95 or105C, (ii) the space velocity decreases
within the range from12 m feed/m catalyst/hour to 2 m feed/m

catal yst/hour, or (iii) both.
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