WD 2010/ 024958PCT/ US2009/ 046111 METHOD OF | SOLATI NG LI NEAR BUTENES FROM A
M XED HYDROCARBON FEED FIELD OF THE | NVENTI ON [0001] The present invention
relates in general to an apparatus and nethod of renoving isobutene from
hydr ocar bon f ®€0010/@#38 nore particularly to the productiRiT/TSe@d0sipm of

| i near butenes, especially 1-butene, and Cs ol efins and hi gher oligoners.
BACKGROUND [0002]Recovery of hlgh purlty 1- butene fronrreflnery or

chemical plant cracked C4 MB Hh6 HING i pAldcracker or fluid
catal ytic cracker, requrresF )\ NEBABYDROCE 4FEHDi n high yield and
hi gh efficiency fromal |l other specres in the feed Most species can be
renmoved by frPﬁﬂHPg?#ﬁEHN%gﬁTﬂﬁ%the difficulties in recovering |linear
butenes is th oiling point very close to that of the
desired 1-but Biell Thihs mreskeisnyosodyutctipe v ggngradjof 4nj appdratug endsregibadadlacthyving
fracti onati onyeftb 8y BlockBlidiee, SAMRINIRLIRY B RMUE gotvérggf%gpe

from 1- buteneh?eedstoc I's to convert the |sobutene et her
("MIBE") . Howewaes, cepstipldy MrBgheasndLsgesios mdéu@dd@hgpmem S becom' ng | ess
comon, as regNtRldidsnpRY phase out such production. Thus, other neans for
recovering |inear pbutenes i s needed. EOOOS]It has been knomn to use certain
catal ysts to @P9&ri Zkecowrry gbighi waityot-boiehe FrainsielixoE enveamicad | pddnt geckes €n US
3, 531, 539, Uss“téar;rs?%uaﬂéls firde a QtcarhCorfbked orURuid céltg m é@ckep$eqﬁlrgbg@1a1213§ute&sbe .
2002/ 0103406, US 2004/ 0030212, and US 2007/ 021 her ol efi n conversion
processes ar escowated Indigh vialdlagd high zifickney fro alf 09@6 5195“&1429 inge @eilM%SQ’eClémd us
2007/0185359. Cd}{\y@@trerh&leIg@%glohe?ﬁoﬂn dn@@yﬁlterdlﬁtdlbfcsl*lﬁ ?ﬁchJ/erﬂgthHQag bﬁ’lfcndsqplhgg Ing
and purifying linear butenes from hydrocarbon feeds contai ning |inear

but enes and i'sBpishebss 2 bating ppiat wrugdosese Aatofdmdesiradti-iuiere Exip gepkaggsobutene
facilities de&%?gﬂi@ﬁjcuﬁr}g/ %re&@ g4l ﬁfa&ronawaermmghpg%% WOl hnchoR End¥Rdt doGHnddd ¥
useful . SUMMARY OF THE | [ 0004] Descri bed herein is an apparat us
for recovéti ngPbrichedionputbefes fﬁ‘?detﬁ?l"a it spVeE ele debpienss it gnegy1-t-butyl ether

pol ars- scrubhegrrapit having Bhel MITBE aaradgda(rrmetahhen@ Py U8R abmAfdn! SACt OF
30 having an inlet and an outﬁ t he hydrogenation reactor conprising a
hydr ogenat i orfS&4HaNy/ By PRAFEPUE S tm@uﬁwr ogenaticorene detreroveiHigdincirduienes dl y
connected to it headpp! ars- scrubber outlet; a first oligonerization reactor
having an inlet and outlet, the reactor inlet fluidly connected to the

hydr ogenat i orl®¥®act df hwﬁ%rno“ﬁlﬁe us PeBiveTeiabAlsite Hlmeélaetoagoeer%ﬁror 8ihaGViten

ol i goneri zat |c@ﬁ‘ve§tal)l@h¥ssﬁs nt rng @@B amstusilslr@wmg 1916, 08595 BRI/ 43 dshuigs to
pass fromthe reactor inl %(%orrerl zati on react or out I’ et maki ng

react i ng- cont/alf-2i-t HS twazfeé&%r@sws t2H%‘r/ Betineah; U0 H02Iyg6.  Other olefin

2010/024958PGE&M§&QQ§6&4@4&&<§§E@&ﬁhﬂm§4WEa@ﬁsWEM4@ﬂﬂﬂﬂ‘UQ%Qﬁlaﬂda&DUs
outlet, the segaratlng neans inlet fluidly connected to the oligonerization

reactor out| efV79¥5ee Whtiddinmeke s %%‘éd‘é‘ff&éﬁyélf’?f%l Pehed esistlptim a4 pyrlvart ed

MIBE product ij@Barfbachdsitioys h))d/hﬂﬁrﬁbrﬂfe@db coeamingling: MlBkes heABSKienb SAR @ppaesidsed to
t he ollgonerlzatlon rgactor by replacing the NWBE—producrng catalyst with

the ol i gotfer iFAtTUR EAFaIYSHNE [5005] APLEtestri et o8 dhsetyeesorould be
recovering | ipagiadladuisenes froma m xed feed conprising providing a first

m xed feed copnprising |linear butenes and isobutene; contacting the first

m xed feed\MSﬂ&gﬂi5ﬁﬁ¥%ﬁﬂﬁi§%¥ﬁeﬂygataIyst ina first oligonerization
reactor to preuyce @escelceﬂ@brmmd afppﬁducmwcbwrmg lthbre bl AFonPMU nRE Feed CB

ol efins and hi gher, ollgoners QP a reduced obut ene rel ative

to the first “WXEYELE “efﬁ'db‘%cédﬁrt 'Hg AHé leL ﬁ’doﬁ‘ﬁ%‘ce‘d hy e Y Rice a

first ef fjouemavr@g arf ﬁrﬂLSﬁndpiﬂl‘dufld:tElde hjdi@@hatlou treReS corafiding aS8a0Achatsd Latgpt, of

Cs ol efins an f oners I n one _emnbodi nent,, the onta%%in t akes
Sr e P e

pl ace at a t SHEER ftg)ggeicf‘%ﬁnlitdB&m y connected to the polars-scru tlet; 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 rcactor outlet, making reacting-contact with the catalyst there between; and a
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[ 0006] The various descriptive el enents and nunerical ranges disclosed
herein can be 15 conbined wth other descriptive elenents and nuneri cal
ranges to describe preferred enbodi nents of the invention(s); further, any
upper numneri c¥O 20102495%f an el enent can be conbi ned w t PCAAP2G0HHeT11
nunerical limt of the same el ement to describe preferred enbodi ments.

BRI EF DESCRI PTI ON OF THE DRAW NG 20[ 0007] FIGURE 1 is a schematic

repr esent at i osspobtingrecaanbodigrennleofndan oappathataperafiey meass gvelrtiuplly Fonmecied

but enes from tn¥ %Tlg&?éngafbn%gc?(ﬁrgutl&nef S&r%perﬂjodt’r‘fmnp hd §pptafyfﬂs d%frw&efrf)rg rgni ng
sel ective isobutene ol gonerization and its Isolatlon from unreact

hydr ocar bons mmcrruéatét%nlogmydméqcéwy, DEFRIILEDrpRSCN [BE ©petars Wcrrcnvemn ON
25[ 0008] Descr r
but enes. 1 om 5 ot ey e s R M AP RN e Bl R ARl |
the m xed hyd@@@ﬁfbon feed is selectively ofigonerized to octenes and

hi gher ol efi ngops! oA RS dgtch&%rreu #ito rbfcr?éo@erYr%t tindah SGLRSEbrh B Aikardqoul ar
enbodi ment is a neth recoverin or producing) branched Cs

ol efins; the wawHping eve@\rbm hgrst rmesa«rh?qq cerisingHieca heicpegnh P biiencewairelined i s
part of a 30 gqi rtgernﬁmangd mﬁ €S 11Bbm B QML Lyt R ﬁ;e@mrrrgorrgnatmtah& RREGI BS
bei ng recovered is forned fromone or nore conponents of a mxture. In
certain enmbodipdie 8 sgtestmixbe ot soraprivingtthrelingpy lg'tﬂ&e? Cz alefigsrng dteapiadigomers,

sel ected fif omuliRg. GEOUR AN RblA r@fatnMW}{caﬁFktl ix&PRbd: LRBsep@Rchoth& bR
thereof The phrase "linear butenes” includes 1-butene and 2-butene; and

"oct enes" (ormixgkfeed wfnrerkicq a figge pfflaent af firs§ wgfed Gineay busgngy. peba prAIHgTesing it
carbon atons ¢n§&ﬁﬂlaﬂ.m,M%(ﬂgﬁanW)%Q&Q/Q&ﬁ%ﬁ&%@ﬂhy$&QQ%AQ4§él%mkbﬁh%ed
to, 2,4, 4- trrnethyl-l- ent ene, 4, 4-trinmethyl-2-pentene,

2,3, 4- tr|netH?@PQMEEﬁfgnéhﬂQM@(arnethyl 2- hexene, and mi xtures ther eof

100091The " i 6] hy@trh@%ﬁ&gruet&@qve (0 entdThntetlinfeBed hnddBWishBscd Qe tBhe
raffinates (e.g., raff-1 and/or raff-2 feeds), and in certain enbodi nents

conpri ses ¥ r gRinBIneG with arhcrsdcsrlpts@ geignds .d%fbblﬂtl@frfel #EEMIS deRsrilg PETCRY wt %

1-butene, frambadihRnBGf e HPen@bn(HP ft\’f"fhe/ia RnPYpRABumEA@MiRitlo? a3 QlcPlendEin0fe S0
Wt % ci s- and trans-2-butene, and from1l to 10 or 20 wt % i sobutane, each by

wei ght of t heomPwed il am( 10T vivoericat Hamitiof die samel sRmenk e sleteabe PhsfrRd
anounts (0. OknedimeMt ¥9 of pol ar nol ecul es or nol ecul es conpri sing pol ar
noi eties. [0010 In one enbodrnent |s.a met hod of recovering |inear butenes
(or, alternatEREEF RESGRIDIIQN OCLHE DR roma mixed feed conprising

provi di ngx@a f[O(f()S’] mrxeofRfEeﬁct d d%ﬁérﬁtﬁﬂc NEpr@bnth @A ohd BEBIdirRH: enesa@mtqu for
i sobutene, followed by contacting the frrst m xed fe

ol i gomer i zat i"6iTVEHEANYE OUIFRESATN ¢+ BYIrQSRTDYRHER Mz 3t SR © ?éva“%%thtt&f BrEYTE a
second m xed stig@Hc Ci9dMtchS Ioligorh&iatidnn@@r iDUELARS, fréd Bhk@bdNhyaRddarborgher
ol igoners, and a reduced anmount of isobutene relative to the first m xed
feed. The sed®SMECTAREESf eed can then be subjected to a 15 separation

process throyghrg lmlzg(ckgnnm\aosmﬂpmmmﬁm exanpl e, a fractionating

means, to pro e afir t effluent ified |Linear butenes, and.a second
or Tl uent ot QUIGT of Pha Bt irigier oy BHEHE o Gr TN Ol LAt POt o
the first m xacd BREbEBHPFIes Shafati0ied i®thal BobuterdOnWhPont:@d 40drosarld REd BO Wt %
i sobut ene, by mer%nt of the first n1¥§3}feed 2010012 In certain |

enbodi ment s, SHOFIFEOIFPREGCL doQCiRS igfsh okdaT 'Bnd Wg%rrtzaﬁ% frgHyst

di ol efins Sumscaﬁecﬂ.m:i -patticaldi @ﬁiﬁ)dmhdht Buatktenhodicorning ,(anfdh)e prodtidigg) bednched
recovering |i bu enes further, conprrs s the ste of hydro enatrng t he
first mxed ée° F SUc &Ry Hr JhERgee™ %é&“"fcé §'""€a uyfr§ AP ©
hydrogenamedndmﬂke&Mnscuhhn@ammbutene@n@nﬂtmse@mbenengKhemhmdsﬁgﬁnaﬁad

m xed feed is subsequently contacte ation ca in a
05 Tirst ol | QB T COERRTE e t5 i oal e SRS i T REa B oSt ng
the |inear butignesizatloB cohftiinscland fhinghergrabicgmiens of MYEWHil iy geniass ehd
diolefins, and a reduc unt. of isobutene r tive e f| st ntx
feed. This sgﬁﬁﬂﬁb eﬁaﬁdfﬁggmeadmﬁﬁ$ﬁmwe gﬁﬁm% {‘8mFanégtEp ?aP ol ?ocess
such as by fn&ctkomaﬁwmgmhhemseemedoﬁb%éd;mea@e@mtpnmmumenemﬂumsgtmfﬁ&uent
of purified |linear butenes, and a second effluent of Cs ol efins and higher
oligoners. 30 100131 In certain enbodinents, the purified |inear butenes
are further separated to provide a purified 1-butene stream This
separation step nmay take place using, for exanple, one or nore
fractionators as is comonly known in the art, or other nmeans suitable for
separating |liquid and/ or gaseous hydrocarbons into individual conponents.
In certain WD 2010/ 024958PC T/ US2009/ 046111 enbodi nents, the second m xed
feed is heated to within the range of from50 to 200C before the separating
step, and/or before the further (second) separatron step 100141|n certarn

o g, . a .y I




5 reactant (e.g., first m xed feed) passes through one reactor, then
another, is not used in the linear butene recovery nethod descri bed herein.
In certain enbodi nents, however, there are two or nore oligomerization
reactors pres®@201092¢98 apparatus used to recover the |ilgdS29¢p®hds, t hose
two or nore reactors being parallel working reactors such that the reactant
w Il be divided prlor to entering the reactors then feed in such fashion to
each reactor imitgshfoa|24et-trimethyl-drpentere. Relctrmsthyl-3-peenct 8. 3ghnirynedwe2-perdetcor |
the ot her onezgguﬂyﬁﬁoqgggkq&gnﬂhg&gh%mgpnnected (but in isolation) for use
when t he ollgonerlzatlon cat al yst first reactor is being regenerated
or replaced. PAMY, ihhco ﬁexcérﬂfs@mi?mtfchs (Qi ‘e fgd Daraytbhpe epllcgagtinates (c.g.,
ol i goneri zati Q. I £A%k -8 QY Sldnd okdiI OB di A3k Ahptikal %St t§ hdbr 5God g dl'y
connected to a hydrogenation reactor and a separating means such as a
fracti onat or, Wi’n sphutenct &pmi to {0t &0 fittesk-bwstricgiena S te 30106 A0 e 8¢ Yo Higtantsi n
fluid isolatigi,hes@hr B wotid, dd bt S 0:bul-RO 1R fibmagh t 8bMEIROdLRMES
the first mxed feed Is polars scrubbed prior to hydrogenation. By

" pol ar s- scr ubtselby wojgkitofithy misethiced €09 We/ot i Thstmipgdileesl haedso hive whjosemerts o a
process to rQ@QN%;PQ%%JMHE&?&H&&ﬁaQ&nﬁﬁkﬁ&ﬁb%énﬁﬁgﬁﬁ%ﬂﬁﬁ&mpo'ar hoi et i es
such as al cohol s, carboxyl ates, nercaptans etc, or nol ecul es containing
het er oat ons (18010, Sn qae ccmbogimeanip a pothed b rrewpRERelnch Aytenpayorm @fteraaely,

catal yst pgi S@aqchtmcgoa@rremm 'arﬁ‘ﬁ%d fotdt&m%bag ﬁro%ﬁafn%thmr&gn&&f%éd B8R ding at
contacting the first mxed feed with water in a water/feed contacting

neans, fol | oviedt hyeas duicaest i“ﬁ‘g‘S?Wéﬁ“ﬁ fodowed Redortedias i Arsh nirsd ffed N, 1 n
ot her enmbodi r@fRbSeridahiéh Edudiph i 68 ofi8Gferlz8tidnORERG 8 rotubda BecBhX tibtc@ Odd

wat er and ot her pol ar sol vent such as_an al cohol or ether in the water/feed
cont acti ng meERAETISING thepdeanpbdicndnt defith epé higher eligemers. oul hisduerdsaspayny of

pol ar s- scr ubhgurchhR 1516 WoRed:sf 8add RY. PR fddbddnBike 1B @iﬁttﬁ& BeQuBjedtdiond
step to renove any water or water/solvent present in the feed. I'n one
embodi ment? twepaéewm@@éeﬁ*Ffée%ghuas@ctfé«é@é&wrﬁrsaﬂgﬁ fer &ivypliga ﬁ@%ﬁgateéwﬁtbswng a
solid drying R@fBS « il e@ﬁfeﬁ@é%tﬁﬁ@@ﬂhé@'ﬂﬁt%mestﬁﬂ AE¥biC-FAGRNDE TS okahestied
fromthe group consi sting of oup 1-2 netals, Goup 1-2 sulfates, Goup
1-2 hydri des,NgRbdRBFBUs pent oxi de, al umina, alumina-silica, silica, 30

activat ed car[bm; noh e&utrﬁermb%umeﬂ@, th@ Nkt A6l W@ SorhBELOEm 5 TR B 30 WG, fFeans
may be physically renoved fromthe wat er(lf*?ed contacting nmeans, or may be

| ocat ed di rec@l%g%ﬁﬁ Dt by ieBR &Y Atishhedrhe froigiasd iieter t ai n enbodi nent s,

there is no dededr ogenratdi0BmsddRead, taefirst Me@qtsar13-prcs@deumamﬁgndslt/%mainnlgot her
enbodi nment s

e IS no hydr ogenat i gn ste e _of the

2010/ 024958Pé‘l€pﬁ§20®§7 Mé%W@gieﬂga#n Bt e RO ewe%? Haber iOBé?fc’Wé‘t“éllerBy

?ehyd][ Ogenatblﬁeges Fu‘l‘di%t cdntﬁmtaaamt sk tm@dt(f%mmg B fiadaniREd n’@?eo mlf%t%?g%nm
al ons roma rocar naon orm npn erin | -0l erl etc e
ol i goneri zat ingfropRatet Gpxey ({)ﬁe?fé‘t“’é‘gg’ﬁg‘égen\?‘ﬁa)?ioﬂ‘@c‘“&&ﬁ‘&fr&%‘?ﬁ‘é‘ gd isobutenc.
t enperat ure, Tt @gEUERaBN/MISPELE lbvﬁb@qhdnﬁy ca-r{ﬂ&tddm%aﬂlgérﬁelQﬁndnl‘tata[}@ﬂﬁfaant S
within the 05% rlzatton 5 reactor (or the (ﬁpiactln e%a]tjure) can
be mai nt ar’ned by %Wrﬁ%é?ﬁsre%%\}t?tptoﬂmteﬁe”e&?“td Bath™s C?/%Hr@ “?fc 5PV, The
pressure can dgeomﬁtg ruéqal mgtr hbjﬁg(ﬁcﬁkys ntﬁaMSdrbm(&jMa?Id”kg&m& afd a&gﬁhccaemb?(mgafrrps
etc. In certai enpodl.nent s, _.the Xe ee. eated or cool e rior
S0 entor i ng. CHBEH Ealier b o unrebierh, oy BrbcalFonernosion”
cat al yst. | nsgnetienpoctisieith,as bj@adtionsinghxedoddasided f2ed hydodge ndtediitxed
feed) is at ate 65 atuevvlthlnth or 50 or 60C to

95 or 110 or *1B8 G 1%h 18?“1%%"‘ “rcf"bdr fgl‘b‘“‘f e c%ﬁj‘t“éé‘t‘ﬁ“ﬁfémf RIEoms™S:
ol i goner i pat i|@M3f eadt otrtaid Rmbeditnaits) manmdﬁadamhsar tttttrms:ertt acthtmgepharpenat ur e

inthe first oligoneriz actor, is nalnt nper at ur e gt

whi chthe + eD@MER TREEEEHRE FEfha Thi PaPPLps RebRR Ple Put Ut%ﬁol’d@zﬁ%% by
wei ght of thensecand:ﬁmxedn&eedﬁsanﬂnmnymﬂmM1ﬁuﬁﬁﬁnenbodmnenms\mhﬁﬂeﬁn
contacting te ature is within t ran or 50C to 95 ar.

15 or 105 or gir’ptj‘{‘“ L"‘ﬂ%‘ “‘“rd 15656 é‘éit)“’%‘”‘%é‘%d@o “ﬁ‘“fel% C"mrt%?“%““parlt‘ﬁc”f‘ar
enbodi ment, the contacting tenperature is |l ess than 105 or 100 or 95C. Wen
referring to "oligonerization reactor tenperature” what is nmeant is the
tenperature of the contents within the reactor, or, alternately, the
"contacting tenperature.” [0018]In certain enbodi nents, the first

ol i goneri zation reactor (or other parallel 20 oligonerization reactors)
operates at the m nimum pressure at which all the conponents of the first

m xed feed is a liquid at the desired tenperature, and in particul ar

enbodi ments is at a pressure within the range of from1.0 or 1.1 or 1.2 Ma
to 2 or 3 or 5or 10 or 20 or 40 MPa. [0019]In certain enbodi nents, the
flrst ollgonerlzatlon reactor (or other paraIIeI 25 ol i goneri zati on



consisting of MW famly zeolites, and m xtures thereof. The term "MW
famly zeolites" (or "material of the MWVfam |y" or "nol ecul ar sieve of
the MW fam |y"), as used herein, includes: 15(i) nol ecul ar sieves nade
froma comonMO2P{028&8gree crystalline building bl ock "UKTItUSB@PP46HAVI ng t he
MAV framewor k topology.” A wunit cell is a spatial arrangement of atoms
which is tiled in three-dimensional space to describe the crystal

doscribod i n ¢S ATAShOR PEONITE FRNVENERR VIVPES [ of Sasy 1006 OB bofre. B

Mk- Cusker O s@p&hfigtep, gtg%z)oefoPehﬁe ﬁﬂﬁér'ﬁ%c&l@%e@ﬂhhdﬁkt Owhich is
i ncor porated as ref erence: (ii1) nolecular sieves nade froma common second

degree bui | di W8I oclk copimerahadiprsisorearentinl OpaCtaR SiSRicHe Nawts Moremiskoleglype
uni t cells, fQragdd GnbolRRAkaxenHIRimNSr Ubjubnia®loligdirCkASR actorB! RAGE ARI ¥
one c-unit cell thickness; (iii) nolecular sieves made from conmmon second
degree bui f di T8 Eckstitst g fasdopassc Birenel F I6E OB It tiscdan the
thickness," whRkaifenk %o%@y%&h&f dEBiRd hRaR. 9NEerd dmbo@inlents MAKNES ek SrdTRAE
fron1stack|ng, packi ng, bi nding at | east two nonol ayers of one unit cel

t hi ck of uni ttweecrllrgorﬁa\»%wgcrtZH@nMﬂﬂvt@rP RFEROIR opBraly Sthe seaek gt such

second degr eeypihid, olOiwBl R Eles € RRrDBidgbatulleBBHkiRf rda@SRIsOh tha Bhel rEdcRELHAr
fashi on, a random fashi on, or any conbi nation thereof; or 30) nuol ecul ar

si eves nmade b3 Grijedrmsiguiosntesing theriersiarothen freh iy wetafashipn to cach reactor in parallel,

3- di mensi gnal or G chAt is 8l 195nyBhd ret@dd Hie BAYI Y of ABreMANGES AIBWES Hhcdi@PBLOJY -
[0022] The MWV fam |y materials are characterized b havi ng. an X-ray

diffraction daﬁols:'%lﬁn>|f?fcuba&|hﬁgthangrlﬁagmﬁﬁ%ﬁlﬁﬁ inyihe st eagjois beigg RIS and
3.420. 07 Angsdriroiocd eithhielin 6 ehhREhak 128 s&yid e shizedik.) oliRemMMidlrchasd | y
materials may al so be characterized W 2010/ 024958PCT/ US2009/ 046111 by
havi ng an X- riPEiiRg Plieometinn catudysh thetis IHIGnRectsp &bt mrorssition regpton3nd4p. 25,
6.90. 15, 3.5% &imgraﬁta& 420 a0 1rANGBAtE O MBpalALL WieH thé dk bAGePikation reactor but
as- synthe5|zed ? X-ray dlffr@Qtlon ata used to characterize the

nol ecul ar 3 ”Qﬁ wiaype deirdampptidttsiidar d t echni ques using the K-al pha

goubl ﬁt of cqpm;slq asnt&ecamnsrh@tﬁmenmdhatfﬁr@mngm feedli { fsfpcﬂm@@f&mallﬁwl pped
Wt a scinti ati.on counter an SSOCI ate conp ter e CO ection
system Mat erV4P8BE b AGT Y'Y SosClelzg Waftawﬁl?c\yt P i ff}aténwwaf/feégh(sa@g%ﬂ Béd in
US 4, 954, 325)p,rooE>§Ho Senfdle 961l Bedcilts ddDndtccd R cdfing &a—@&cﬁaaamasmhma us
4,826,667), ERB- described in EP 0293032), I T 1. des Hg US
6,077,498), I° *2/ lotefe SEFRBEY: £ ROTEPF Gﬁz@éﬁam“} ' 5Oy
2005118476) , oiflcMs@0ick GRS afaly hedhsi d’lcaltﬁys'f)p&ﬁﬁl, 2ih79ne dﬂﬁi&(ﬂx‘ﬁ&nﬁ d&smanbﬁdubbﬂ:@ in
US 5, 236,575), UzZM 8 édescrh ? %if @ 030 ggm4 %QescrLbed in
US 5, 362, 697) M SATHFEE ¢ BNt REh g %%{femvgfe SO BBIE B Rer ei n
by reference.follawea bpaﬁﬁtadﬁug & feghadddnfeat with zherymlgrmmerlmz)atet ernbddahaitby gie
consi sts essentia aning a filler present)
o i Soe Treurss! (R insHER SRRSO S ot BERY sl SeaRh R

enbodi nent , Uhﬂhﬂkk@dﬁEhi&ahhmﬂﬁﬁﬂhﬂhM&ﬁgOﬂﬂﬁtSmsﬂﬁ&ﬁﬁmﬂmﬁhkMMQh:ﬁENkﬁl549

(meani ng a fil.ler.or. bind B sept) or.c IS n anothe
brbodi ment. - PO Pame seru R BT s RR i mat of RER T Py Db 108
descri bed aboasovarey watdi @tWalttgAﬂd)lsé’ieﬂrefsd‘nomtﬁ@fé’tvd?thoﬁdflahbddaﬁgﬁtmmmﬁb%édéddt e
al kyl ation cataly ts

1Y no sur § Soe3 el ity BR rah SR e A kRt M He BT P gt

i nt ernal pordmsysmgngaﬁ1£haeﬂniﬁomhaeg&u@W@nm@&@Zﬁhﬁh&pzebhwmbccmmmebaals
designated b ng e are, mul ti red
mat eri al s V\:hI¥C atc'ha &Olfp g ijlsnlye SV's errgﬁ%(r)uss %nto’%lr“Orﬁq e p?lélg]énﬁ‘cbgwél)’f ¥’g 6th 10
and 12 nembeaedardn@ﬁmnThemAHMAScﬁE ZEChhﬁEnFE%&ﬁNIPMhJMRE& nhassemyﬂmve

demeMIynrmaneH a hi s mmto ol o
170 1, Psit 3 AR S e sl i SHelted MR BT AER Y B MRS RS
skllled in th@m&nﬁobmammﬂhe NMWVfanlly mat eri al nay contain |npur|t|es
such as anDr erials;. u ce f r ogles
(e.g. . W rr?dfo ain eppboci1 nt hex.se hb ¥ '&th'&%{}%e#m d nFmat!ﬁalp%PaQ
organic hydr swarbidENsp. I?fpmecahbcemam@ e‘sreol‘s nb rdélydmgiamw ftagmid anyrspige ofithar
si eve(s) co-
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30 existing with the MW fam |y nol ecul ar sieve(s) of this disclosure are
Kenyaite, EU-1, ZSM 50, ZSM 12, ZSM 48, ZSM5, Ferrierite, Mordenite,
Sodalite, and/or Analcine. Qher exanples of the non-MWVWfam |y nol ecul ar
sieve(s) co-eWNGWIHZGMBth the MW fam |y nol ecul ar si evek&lyUB#0o0#i1 &

di scl osure are nol ecul ar sieves having framework type of EUO, MIW FER
MOR, SOD, ANA, and/or MFI. The MAWWfam |y materials of this disclosure WO
2010/ 024958 PClindspoos/rg9say desgrieed pewine Bablshydigseaten. T whdtys heaakis dfc roperaMV
fam ly materi Mf Y
material (s)" gg(é%%r gggﬁghﬁégﬂnaé&&%gﬁ%éﬂé%ﬁ Eorer%{ng%lloa 5llce) el bseé osure
preferably cof04fins Texsdigomerzagon iwrdgr oanepmtabmcvr V@’S@gvmloz@()f/\ne%m@tm
non- MWV f ami | [ N r ent
R AR oo t PR L
phase MMV fanforgfontat 8 adnsactipOEReITHE” MV eandintyingdely| 4nyaseaga knavakia tenarany
physi cal f OF My o Deer Atk Ghe bRGwre OhiMAG! b0y GALAL kithin RULd #D! ©
for contacting with the first mxed feed (or first i xed hydrogenated feed
and/ or first mctzéﬂbssw%bé@ Insegin CWImmwﬁlarﬁrﬂtyn@é@Odtwélsca@éﬁr peolodipsiped

into a wide varig rbﬁgoffle Qﬁ%&rbe@{zﬁmﬁ' %Qéor dohpeising %@OWQQ%Htcﬁbaly@@eln one
particles can be iIn form of powder, a granule, or a nol ded

product such %E%boéﬁn@kﬁlrelﬁi&tf@xq’daﬁwq*@f bydﬂmetht%! raixed feed) dudtfaitenremature @mb@gge
through a 18 ”ﬁﬁ@e SFROhEI0 or S8R B CaRNYs BEl 108t #0&d 308: ?50“'@%6}?% er(c'{a{tb&x %m
screen (0.0 nm opening). In cases where the catalyst Is nolded, such

by extr usi on th‘e REsERyistiongeasion HeccsRinrambedimsat dhe caapiingeap el fnghq 9rstjr| ed

and then ext rudb@&enédno&%&@a 9 n@tmmcimem&npe;me ol WIgQNRE il at dribbehdih Wed
conprises MW famly zeolites and fromO or 15 0.1 or 5 or 10 or 20 wt%to

40 or 50 or 60soFHIBEE hit Bsshi#HRL0 WY 'We?"@‘ﬁlﬂt Oéfth@c reoaiREy §tedatd Bindeisklar Any

sui t abl e bi ndgkbo@Snens tllfsr‘&)\ﬁﬁcﬂlr{“’ tErH,I?erﬁﬁJe 1§T@Mh19ﬁ1el!§r%€ of %Uxﬁmo%% sorat igodlor oo
synthetic clays, and articularly, ca alum na, silica- rragne5| a,

silica-zi r‘ton‘?ra105s°ifI“Q8f tl Pi B0 @300 %@‘Kw oy yet agpqry @éﬁwlﬁramt& HEenipdhq s

ternary conpoghiat@RSempedtudss Bisl th&armslnb®mar nor lva)en%fieﬂrﬁgt@‘ldh RaiAfigconi a
silica-al um na- naqne5|a and silica-nmagnesi a-zirconia. al so be 20

advant ageous F¥'Pr uCcErdurs t Whddseapt iR tegmeiepEs ‘ffdP“e&&tqﬁ‘& ‘ﬁ‘ﬁ’c“f* fe reAgtoerqtal s
in coll oidal Ju@[rnaac@othasc&lgcﬁ‘l@qbr{]b&@&@ 'extrusion of the bound cat al yst
conponent (s). I n one enbodi nent, the oligomerizatiaon cataly is in the

form of 0.2 dPVSI5 (B esrigip gnbadingentiy, the ﬁ%t@%@@ﬁwﬂ%t@cwh@r ik RIES] ¢y
of the ol b@“&l@b@&{z!aﬁﬁh @actt@k)y@hm a‘d\/thtshinﬂlrﬂulﬁﬁpt’és%ﬂl@%t %mhramh@cdnqm&td b t
of 0.400 or 0,410 or é an upper of 0.490 or 500 or 0.510
g/enB in certl {soBxehEs Frfabed o Ft%issrﬁefiﬁe%wfﬁ? ﬁ%}%&&i%ﬁ@fg odfpRaip 8l of
contacting thepredsing B ®atkdn@d o 8b@l IyEbr WM bh1 bhepaioxest sesloal e 10ng odes
contacti ng hy‘g‘!}ﬁ(’)gen at | east every 500 hours of run tine for a tine of at
| east 1 hour ing continuous run. In one enbodi nent, such additi onal
contacting stiegoi nclmdeadlhyaﬁmmn@; tide Myﬁr@@emeﬁzan@utradioer(er rmiearpdfaﬂt:li 0
wi thin the range of froml(g 30toh30 or %002%}]%ﬁl oI| rlzatlon
catal yst may O BOPLBM IR QRSFAET el Warfay© ﬁY [ e ev F’B’dn Hd
economi cs. | Mirgeffl@hnisaede aetinn®BId %8 bstvepeghdfof lﬂepdeaﬁ]ungx&m&ewldngolﬁr@nmzmrl on

cat al yst occur t arate of . less than or e to er. week, and
Coee ¥ han  ordmdpdineds I bt ot S s Cas008/ 0a DL 1 ORI ot ffar
errtd)o?ji ment h 3rdetol €& sr b5am 7cm@f 4.0 I‘o’El%ﬂ ob Wo.0rne. b&nlLﬂaecyeﬁl oafagfcsM&;rur.e[d)@tdd:rnent ,
an ess t han n N S.INn et er. e odl nment .

T00201ret o ceREo Bt T i EBeom S R LT aaar P o T ko bygnat i ng

step may ioncliente] i nTtheroh@ambremthmd&atmm $na@ dbicadticiagyt dver flhletTHIfb)(fhdccfmeﬁd

with a hydro ata roge ion re

where t ot oSEPakmeEs. I Aehned uR BRHEHET bl R “FRET b R 7 om
10 or 20C. tdlcllé’xﬁp@:lituﬂ:%@le r\i%eilﬂtspheeﬁerhk inctdagedhyat @ gestabl a@finig@takiyigdrature
conprises a t al ected fr consd f 0 to up 11
netal s, and rrllPx ltfrve‘”‘s%hl ¥ HET8¢ 0??}8 ]g?'tg{a?ﬁ[ '?g Csn% go Q?Lﬁ%)ﬁg?%g?m o3
enbodi ment, thhes hydrogenaot m’mm@t@hy@ta &oimghid G@sr mrmhtaie I8eil. eTheedicfirabim t he
group consisting of Goup 9 to Goup 10 netals, 10 and m xtures thereof.
Hydrogen is provided to the hydrogenati onsreactor by any suitabl e neans,
and in certain enbodinents is provided in an anmount such that the

hydr ogen-t obut adi ene nolar ratio is within the range of from0.2 or 0.5 or
1to5or 8 or 10. In certain enbodinents, the hydrogenation catalyst is
contacted with a natural (or regen) gas streamto regenerate the

hydr ogenati on catal yst. 15100301The desired product, |inear butenes, and in
particular, 1-butenc can be isolated fromthe first effluent at a desirably
h| gh concentratl on. In ~one enbodl ment , the f| rst purified 1-butene effl uent

o, o o " o o " ~ NN - ~ NN o ~ AN 2 N7



[ 0031] I n anot her enbodi nent is an apparatus for recovering |inear butenes
froma m xed hydrocarbon feed. The apparatus is consistent with carrying
out the nethods as described herein in its various enbodi ments. The

appar at us mayweeopeawsy ucted as an original unit, or corsiTYU$2eeeHoby
converting sone other type of unit such as by converting a MIBE-production
25 unit to the apparatus described herein. Thus, in certain enbodi nents,
prior to provingimgntdnepefiturst invired chslénents is e &otpsragorphinghaygngeref from 40

et her - conver sj 0 at al. s A dis
converted into ghtél egs%(&%rﬁﬂféﬁ 5% ot ?e“gigayo%ﬁltzgl?:d%r%ﬂr?g&ag%dg?m% R teﬁ@@iﬁ&%ﬂ
repl aci ng t hewihihdre-reeaeoé fiomot) € &t bﬂ%t Upitt tyaching sothi i};dﬁmﬂblczalmcowrlmalta&ll%/st

St at ed anot he r e

"sobut ene-t o et PEER AR TRab AT ERELG G k3 ReRERbER, ek
enmbodi ment; " corvers td"cambanivig hideeer lges, bagtracsd rvidt fesh, chtalykie hea@tacnr is
mai nt ai ned bu ri.or. i ,

o1 1 gomer i zat i Rt ey ot Aper FRe oiriaedy SPRFE] RiARe HAG by K bunous
particul ar entoditnenet the canlysippitl Atsusnifadr feedeeiofist rrn@dlhyri@a?nawmféméo fthoom a
m xed feed CO%Bh@hﬂgo@tree{cﬁﬁsgucgn@latpqg {bRacks rﬂ'lg)Qﬁ&od‘ﬂé}lzgn&a\édt@@stan I'nnl)t?et and
an outlet a 2010/ 024958PCT/ US2009/ 046111 hydrogenati on reactor havi ng
an inlet and ambodindnetsucht diditiagal cojeiag issn incdulet brdregspt b b drgecy-to-butadiene

hydr ogenat,j on& ﬂ]aé(é&nhl}é"ﬂ% %g@o%h‘&ﬂ hyde aonathon reactor inlet is fluidly
connected to pol ars-scr ub er outlet; a first oligonerization reactor
havi ng an i nl [@fménd TgugEttan cmppdimensn dheopligomedtatipn gatelly it eriesisst e ths grpw

hydr ogenati on,ea %%mww Shily &éagteeldwmrkszﬁ&b&ﬂ ThERGH oMWW GRMPLRIHY an
ol i goneri zation ca he catal yst all ow ng ases and/or fluids to
pass from t heof eamatedn qfﬁh%MWW famdlyo|or g@ﬁ‘éﬁlil*zra‘tl?"érpfrtg%é’i‘bw &uilyeb 28 iggé ng
reacting-contagh, Wdhedhe catalyst there between; and a separating nmeans
having an inlet and an outlet, the separating neans inlet flujdly connected
to the ol igoneri £ht imcquiacsionts Bidcl @em a spmspdiefissi Aesaes Fretitline buiding blesk be
more than one inlet apd QWihhehe ik SAGW ﬁ%&w&ﬁ tgl%}lﬂog@fppa;&adinﬂseelllﬂ £8fkidi n
10 enbodi nents, the "fluid connection” hr ou conduit (or other means
suitabl e for transpdfergsgeaaedomnyhish | 1% illﬁwfﬁﬁﬁccb@?@@éﬁd% faceoigtdeeribptheone

part and the inlet QfysanokhgsscRaut in The ARRArAEt UsorrBy FREMEOVHIE Nadkky (BRI T t,
partially originally built, or derived conpletely fromﬁee existin

reactors and fluid coRHEEET s, MAODRI 1% - depﬁbaiir‘? &b ad?P FJPLCsc,m“tchct-ﬁmtg‘]:nt of

hydr ogenatj on react Qfhichl i$ Qc&pomich 8&sfcenbat ural gas isinlet (and outlet for
reacted gas), allowing for the re eneratl on of the d%;drogenatl on ﬁat al yst.

[0034] In certai i) emieientes (hEf eff98 heopawa 1569 drgfeh SyEHas i Metkstep,

thus, the apparatus Z@MeﬁsWnE]hﬁTm%%m%bﬁa\/[W'W atdnRfaad @yey Ras gelfs Ubghing a
connection fromthe polars-scrubber to the ol [%fgonerlzatlon reactor, thus

al l owi ng the scrubbeBoRRIEHOFWeYN eplldhckiesti efeEply opne-gnif il BEFYSrer i zat i on

reactor. In any G@senoldchRr mwearn&dg@lmb&ﬁrmdﬁme&ormﬁ@ﬂeb %@1$dn@g weah, Meansof20
and a dry| ng neans in certain enbodi wherein ans

i ment.s
conpri sing a dryi ng “Ag@ntor Ifﬁj‘Floﬁb"“Btp‘gﬁé}E‘FIiﬁ]ﬁ“’ t‘?‘hé?rebrbﬁ 8 dé/ers‘{f rLg’meFn‘inl‘t al so
conprises a nm xed feedhcRAgsE | ksSrhzﬂE fQ)hDJtz&ﬂdn@Spacﬂuh@Q)ﬁlbmblﬂlgaﬂe&tMm@ﬁﬁl&y@ﬂal |y
i sobutene. [0035] There is a

t one ol i orrer react or ach
reactor may be oper &t 8% FWH&%‘e‘E&EﬁF ugt C‘Flﬂ‘n‘ déf’t“ﬁé{“ wygfq@%f@? Yo
reactor may take onsatingSuf uaklseoh®dEBree aﬁidmrg&ﬂ@kaladuyb@mchregbat fahibQws f or
opti mal contacting bet\/\ﬁéﬂ?the oll(?g :Ire i zation cgl talg &n‘ scrubbed m xed
feed. In certain eny&ERERTON ¢ fmdpm faspiop) 9r ganeam Py ierdiagt or (or ot her
ol ibgorrer I wat | ond(rl@a@towcsl)ar I Scvas t uiawd aby I 88CtOFulaorepr irSidog - cphlumsginalt yorof
t ubes associ ated wi nsfer _nmean tu
Lypical Ty run par al PRImEORoHoBRBEIG A Pt B VREN Rt
provi di ng a ¢@nej nuaus MWow tghilyf hdictlals uehclasicweitelr by aivias dlesq lraabhf@rdct&(a

t t d t t.ub The tub t
Lhat il | PRI A AR 6 PANE  Ro Bhee TRl At ore WCTvad o ©

t enper at ur e asthdestiichodaniamesizedn TaaM@ALe farhihemektigoney alzabd ﬂiametatlaldyst
is placed in the oligonerization reactor as a fluidizable bed in certain
enbodi nents, or as a porous solid allowing.gas/fluid to flow there through
in another WD 2010/ 024958PCT/ US2009/ 046111 enbodi nent. During operation of
t he apparatus, the ofigonerization reactor also conprises |inear butenes,
Cs ol efins and hi gher oligoners. 100361As stated above, there nay be nore
than one oligonerization reactor in parallel or series, preferably in
parallel. The second or third or nore oligonerization reactor nmay 5
operate sinultaneously with the first oligonerization reactor, or
alternately. In certaln enbodlnents a second ollgonerlzatlon reactor

-, = . Y



ol i goneri zation reactor further conprises a hydrogen gas inlet in certain
enbodi nents. The hydrogen gas may be supplied to the reactor continuously
during oligonerization operations, or when the reactor is in isolation from
the first m x¥® PEed4258.5100381The fl uid connections to aid/yseemdichia

ol i goneri zation reactor nmay be provided with tenperature control neans
(heating and/or cooling nmeans). In one enbodiment, a cooling neans is

provi ded for b)h@Wﬂ&ﬂlﬁxﬁﬂ’nﬁgwﬁl@npdﬁémw@éwﬂtéh@*H#Wig oyemt 4tdA-4H-dastet0dAd t he
ol i goneri zat i 987 BACLAY - 342@0@60%%%0&&&9%@&@%@ heal Lphaeans 1he Rigyi ded
for the fluid connection between tThe oligonerization reactor and

separati on medfgcti@ofay0so] & @p@@pmzcdheml@mlmmc oF Obﬁelcébbatﬁmatﬁstc?@lqu%
described wi t t@kep@scrogbralcg% ot as tHBGncldef Shaifflonfla et GG

| i near buteneslrggnfe 0 a polar sﬁgc?bu : 505, 1Whr ch éorrp??tsegs a wgs
means. Thes waslit ngscimBtionsigpjiet pil @ne:lrttdr gqmnntqrera theedllerdd stean. ﬂlegwdﬁ

i ntimat el v Copaehing hBHEEhi Mk ouchol e diaelialusaluents) boliloned

by passing the f hr ou rying neans, I n one enbodi nent’ a first

dryi ng neans (ﬂ%ﬂaﬂr@dﬁdrs a43 gé@éér?é (érsytillr?é IRBEE 2687, FRB-scewbbetindiRed

feed is then §nansh et*TQ%'(d%é%hQ&&'ﬂt?S £ by @899@@%@5&%&%%V@Yﬁh@gﬁﬂaﬁrb%
reactor 113. Alternatel he scrubbed ransferred directly to a

first ol i gomeldpseapdon W%é&‘tbét84ﬁ5%ﬁ%‘dr3ér(deacr§3éém3 oL Py oMerVE -+ bideseabret or
117 through anfusllsdvzgemeekwgl (aétatbehxnrwg@% 638 J?M%@%S'@t(de%m"e@%mf
100401The resul ti ng second m xed feed is then transferred through a fluid
connection t 0>¥2.630) f Thestiseionicnit obRotrarfra’s PIONsIRHaES hereinrbacetethen i lort
unit. After Dbeind.subiRehed: t@e aor%enatatlbmdamp%@alsw telleRtidiipeof iNiGH1-22
separation neans 119, a second effluent of C8 olefins and higher oligomners
i s obtai ned VRErENY ¢ fiflgrpribendst Brebe piscRD DT sprapiaes WS 2diin srotey embodipent.
additive to efkh&iherdagRea) én%dﬁﬂe&{ ‘tHeeol bih&i A gh&lalysedmbists efsemligoeMoM f i r st
effluent of first purified |Iinear 010/ 024958PCT/ US2009/ 046111 but enes
121 is thén tYafféfdigey tlhr dtrghm%PrfW dechiifabt Pokoteyisgs Mednt? depardst on
means 125, wheidigiepuri fied 1-butene stream 127 is isolated, and inert
hydr ocarbons 129 are recovered. 100411 An exenplary fl ow scherre of

reactants and"bdudt & i bf rerieipiad et dhe é\flmcfdrﬂ‘é‘r &ralitesi deseribiyd raboyss afey)

first mxed fRedguidd f@ntdo@rtahonapra?btpert Ablxedihiedh calaBktsORkh 8N@brdedic, in
hydr ogenat edﬁ@txed f eed gslsecon

fe d, (hr%} first effluent
(i ncl uding t |ﬂrbn%‘X%W6tﬁt%n Vah%rﬂ{l%ym cta phictlnof eppmprale with the
i ncl udi ngC8 1011ﬁitgl1ﬂt&nar@drehygétﬂ6ftﬁé tnglétmtirss)eve The first ef fluent can be

separ at ed fur er in urified 1-butcne eam. and 2- but
(and ot her "il @r“ 55‘? 6??:51?168}‘?%“5”.5 de‘ygnﬂteﬂgrthwér%%atw of %&WW Wi%t are
hydr ocar bons amhulﬁ&@@{etl\{@tdn@ls Wlh&h%hi/dlﬁ«%bie%%télﬁsrhr@ﬁg a&loyﬁhe pretcaw JkBBG. 10

10[ 00421Thus, n a rticul ar. enbodi nent th ara ecove
Irhear butené' H}‘?F'gcrﬁ‘ii Kag- %@ AES MhrAELEE g““}ﬂ” §8‘F§J§ffé?‘ f%r’ﬁr fr?’i%ﬂ%‘lyng an

inlet and annewtd ehterids by BHvOGERRshoN tohHEIBET: ercrhraw mgBan ITQliepsandaansswit | et

t he hydro%enggi on reactor conprising a hydrogenation catal yst, wherein the
hydr ogenat’i ofi“reactor inlet is fluidly connected to the pol ars-scrubber
outlet; a fineRspli gome bk zadd@ebdrigacicton BiaNddig tidari hhtahe MINWTrthil eiatetih e
reactor inlet fl wc?ﬂ“i/ 15 connected to the rlrll%/grgjgenatr on reactor (;\%\ﬁt

the ol i goncr M9t FORT dRBYTISSc S¥r 15 it RG AR PTG HEY i"9%ht 500 g jued

catal yst all WO&O@DO@)@%E{C gnd}’Fﬂ)erFW}r /ol Othlaﬁﬁs@)uﬁﬁ@rfbtghﬁeef@éh@dtﬂ{ aididret to
the oligonerizat.i eact or outl et %%r ea taclt g/i_t‘h t he

catal yst thef&" ‘B‘&t YSﬁa W TEPSH AR an&fn ans ﬂa i PPIRTYEY SN Safp-

outl et, the sdpaigavithnehcnaans thmil;etnotolcumdhyvc@ormlﬂetet ddclbﬂtrd: e IOJning[TEUi- gation

reactor outl I rbon fe i nto

boi ar o- sor ubBSM-Thrs v 48R R e SuaRRre Rhoal S sbiit iy Mokt rmer
wherei n the teedgldssofshy udbeidy wf feinitp\mﬂiecbw bievatg drdxadng itk thebidv Whizmily

| eaving the qutl et er (or d n subs uni 0 en
hydrogenatloﬁm%eaé&%?ﬁtﬂogﬁb %ﬁﬂ%ﬁm‘HhPm(¥ ag“‘?%#ﬂ”%n%'ﬁ?ﬁbl%?eoﬁﬁéo’
hydr ogenat i oMTVéadiRo MORySOtANES, @dior WEFT( SiuchWag foolly heterigs bedtsetiscangé or
not exposed to hydrogen gas) yet allowing feed to flow through. In another
enbodi nent, the 25 hydrogenation reactaryis bypassed through a fluid
connection fromthe outlet of the scrubber to the inlet of the

ol i goneri zation reactor. In any case, the feed then flows into the

ol i gonerization reactor inlet fromthe hydrogenation reactor outlet. The
feed then contacts the catalyst within the oligonerization reactor and the
reaction product |eaves the oligonerization reactor outlet to enter the
separating nmeans through the inlet of the separating 30nmeans. In any case,
there may be nore. than one |nIet and nmore than one outlet in each un|t

NN AN A I o 0l AN I N |



15 contacting the first mxed feed with an oligonerization catalyst in a
first oligonerization reactor to produce a second m xed feed conprising the
l'inear butenes, C8 ol efins and higher oligonmers, and a reduced anount of

i sobut ene rel MQPEEHFhe first mixed feed: and separ at | Hg/¥He98&dnd i xed
feed to produce a first effluent of first purlfled | i near butenes, and a
second effluent of C8 olefins and higher oligomers, wherein there is

greater than 86 REEfSreblguREngHty ff%(’fb‘?ont}ﬁwvgé%%%ﬁmé‘feflﬁlﬁ‘én—[hc tgpm “substantially
2,4, 4-tri met hyke dr RRNIRVE fdnﬁllyt rﬂﬁe@a@@?ﬂgeoeﬁefrén\l@l@ﬁns tl@/l\/l\&b\ﬁ%‘rﬁh)egla'@ﬁal@f @ﬁll; ns,

V\/nat is neant are olefins that conprise 8 carbon atons, wherein there I1s at

| east one secORUSTHF REFBBY coaaiasfpohamal Ve trHerally fishben e&pBeriacem Vb und

to it), and ophiignakdriisak thbww ﬁanﬁymf&lmamymm&gn pcﬂcéht?ﬂt@ﬂ)h ehcembodbarent
the ratio of 2,4,4-trinethyl-1-pentene to 2,4,4-trimeth entene in the

second effFueﬂ%fhaé@?@a@e%m%%ww% apchpige PR MVTY. B0 25 whon (i)

the contacti ngotgnperiat MMewWhhil DeoliR€ chd faBd 019111&39 6&12@% khE ERGRRTOf the,
increases within the range from50C to 105C, (il t he space vel ocity

decreases Wt rﬂ*ﬁ%ﬁ&aﬁiﬁh@f&bﬁf oftitatie r qoRiaelng Wighathg ygtrsuwaccci @rﬁf?ﬂm*P‘%d/ ml

cat al yst/ hour hydadgefdtéd feed@bidlor fxsthiBe®gQTRIH ABLd). €ahE INDW WS FRRIyRY1iRL 841 Be
present, and the oligonerization reactor tenperature, velocity, and other

paramet ers caii®bd Wrd wide &g ottt siFrsr i Syrtaipwehodnghts. iiee PWO(“ﬁl AN PpEn
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Feed B Fe%d gmlt: & &16 lza)pd: ?a?tg a%sm 1%§cghe|?eir|1.- I?Httts?‘ﬂlecertain 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 rcactor is a converted isobutenc-to-methyl-t-butyl cther (“MTBE”)

30 rcactor in a particular embodiment, “converted” mcaning that the basic structurc 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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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 connccted to the hydrogenation rcactor outlet, the oligomerization reactor
5 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 a scparating means having an inlet and an outlet, the separating
means inlet fluidly connected to the oligomerization reactor outlet. In other embodiments,
there may be more than one inlet and outlet in each part of the apparatus. In certain
10 embodiments, the “fluid connection” is through a conduit (or other means suitable for
transporting gases and/or liquids) between the outlet of one part and the inlet of another part.
The apparatus may be originally built, partially originally built, or derived completely from
pre-existing reactors and fluid connections.
[0033] In certain embodiments, the hydrogenation reactor also comprises a natural gas
15 inlet (and outlet for reacted gas), allowing for the regencration of the hydrogenation catalyst.
[0034] In certain embodiments, there is no need for a hydrogenation step, thus, the
apparatus may further comprise an alternate bypass fluid connection from the polars-scrubber
to the oligomerization reactor, thus allowing the scrubbed mixed feed to enter directly into
the oligomerization reactor. In any case, the polars-scrubber unit comprises a wash mcans
20 and a drying means in certain embodiments, wherein the drying 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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embodiment. During operation of the apparatus, the oligomerization reactor also comprises
linear butenes, Cs olefins and higher oligomers.

[0036] As stated above, there may be more than one oligomerization reactor in parallel or
scrics, preferably in parallel. The second or third or morc oligomerization rcactor may

5 operate simultancously with the first oligomerization rcactor, or altcrnately. In certain
embodiments, a second oligomerization reactor comprising oligomerization catalyst is fluidly
connected to the hydrogenation rcactor (or bypasscd from the polars-scrubber to the
oligomerization reactor) and the fractionation (separating) unit, in parallel with the first
oligomerization reactor but in fluid isolation therefrom until first use. In this manner, fresh

10 oligomerization catalyst can be provided without shutting down the unit.

[0037] To allow for in sifu regeneration of the oligomerization -catalyst, the
oligomerization reactor further comprises a hydrogen gas inlet in certain embodiments. The
hydrogen gas may be supplied to the reactor continuously during oligomerization operations,
or when the reactor is in isolation from the first mixed feed.

15 |0038] The fluid connections to and from the oligomerization reactor may be provided
with temperature control means (heating and/or cooling means). In one embodiment, a
cooling means is provided for the fluid connection between the hydrogenation reactor and the
oligomerization reactor. In another cmbodiment, a heating means is provided for the fluid
conncction between the oligomerization reactor and the separation means.

20 [0039] A specific embodiment of the apparatus is described 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 mixced feed is then transferred through a fluid connection to a

30 first scparation 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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butenes 121 is then transferred through a fluid connection to a second separation means 125,
where a purified 1-butene stream 127 is isolated, and inert hydrocarbons 129 are recovered.

[0041] An excmplary flow scheme of reactants and products in the mcthods described
herein, in order, is (1) first mixed feed, (2) optional scrubbed mixed feed, (3) optional

hydrogenated mixed feed, (4) sccond mixed feed, (5) first effluent (including the linear

w

butenes) and (6) second effluent (“bottoms”, including Cs olefins and higher oligomers). The
first effluent can be separated further into (7) a purificd 1-butence stream and (8) 2-butenes
(and other “inert hydrocarbons™). By “inert hydrocarbon,” what is meant are hydrocarbons
not reactive to the oligomerization catalyst below 100°C.

10 [0042] Thus, in a particular embodiment the apparatus for recovering linear butenes from
a mixed feed comprises a polars-scrubber unit having an inlet and an outlet; 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

15 connccted to the hydrogenation rcactor 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 a scparating means having an inlet and an outlet, the separating means inlet
fluidly connected to the oligomerization reactor outlet. The flow of hydrocarbon feed into the

20 inlet of the polars-scrubber unit through the apparatus is preferably continuous, wherein the
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 rcactor outlet to cnter the separating means through the inlet of the separating

30 means. Inany casc, there may be more than one inlct and more than one outlct 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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oligomerization catalyst in either or all of a first oligomerization reactor, second
oligomerization reactor, etc.

[0044] Provided in a particular embodiment is a method of rccovering lincar butencs
from a mixed feed comprising providing a first mixed feed comprising lincar butencs and less

than 40 wt%, by wcight of the first mixed feed, of isobutenc; contacting the first mixed feed

wn

with an MWW family zeolite oligomerization catalyst in a first oligomerization reactor to
produce a second mixed feed comprising the lincar butenes, Cs olefins and higher oligomers,
and a reduced amount of isobutene relative to the first mixed feed, wherein the contacting
takes place at a temperature within the range of from 40 to 105°C and at a space velocity
10 within the range of from 8.0 to 2.0 ml feed/ml catalyst/hr; and separating the second mixed
feed to produce a first effluent of first purified linear butenes, and a second effluent of Cg
olefins and higher oligomers.
[0045] In yet another embodiment is a method for recovering and/or producing branched
Cy olefins, comprising providing a first mixed feed comprising linear butenes and isobutene;
15 contacting the first mixed feed with an oligomcrization catalyst in a first oligomerization
reactor to produce a second mixed feed comprising the linear butenes, Cg olefins and higher
oligomers, and a reduced amount of isobutene relative to the first mixed feed; and separating
the sccond mixed feed to produce a first cffluent of first purificd lincar butenes, and a second
cffluent of Cg olcfins and higher oligomers, wherein there is greater than 30 wt%, by weight
20 of the second effluent, of 2,4,4-trimethyl-1-pentene in the second effluent. By “branched Cg
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 (1) 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
paramcters can be varied as described herein. When stating “within the range from,” what is
30 meant in this cmbodiment is that, for example, the ratio may decrcase 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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[0046] In another embodiment, there is greater than 40 wt%, by weight of the second
mixed feed, of 2,4,4-trimethyl-1-pentene in the second effluent, and within the range of from
30 or 40 or 50 to 70 or 80 or 90 wt%, by weight of the second cfflucnt in other embodiments.
The amount of 2,44-trimethyl-1-pentene can be incrcased with a decrcase in  the
oligomcrization reactor tcmperature and/or an increase of the space vclocity, as described
above.

[0047] In certain ecmbodiments, the apparatus is built from an existing unit used for other
purposes, meaning in one embodiment that no new reactors are built to accommodate the
apparatus. Recovery of high purity 1-butene from refinery or chemical plant cracked Cy
streams, such as from a steam cracker or fluid catalytic cracker, requires that 1-butene be
separated in high yield and high efficiency from all other species in the feed. Most species
can be removed by fractionation. However, isobutene is very difficult to separate by
fractionation. A common method to remove isobutene from 1-butene feedstock is to convert
the isobutene to MTBE. This can be done in a two-stage process, in which:

¢ The feed is mixed with a limited amount of methanol and reacted over resin
catalyst to convert up to about 95 % of the feed to isobutene. Up to three or
more reactors can be used in a first stage, two parallel tubular reactors
followed by one fixed bed reactor in certain designs;

e Separating the MTBE product from the C; feed,

e Mixing the remaining unreacted feed with a large excess of methanol in 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
MTBE units to produce high octane Mogas blending or specialty chemical components with
minimal unit upgrades and/or modifications. In onc embodiment, no new rcactor is built or
provided to the apparatus described herein.

[0049] MWW zeolite catalyst can be used as a catalyst for dimerizing/oligomerizing
olefins, including C4 olefins. These catalysts convert isobutene to octenes and heavier
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 usc becomes spent.
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[0050] Feed to the oligomerization catalyst is preferably dried to prevent water from
inhibiting the desired conversion. In the case of a retrofit, two idled fixed bed reactors can be
converted to dricrs and reconfigured upstrcam of the oligomerization reactor(s). Since the
oligomerization rcactor opcerates at higher pressure than a MTBE synthesis reactor, it needs

higher pressure feed pumps. These can be provided by configuring the selective diolefin

wn

saturator equipment, which typically operates at even higher pressure, upstream of the
dimerization reactor.
[0051] Reusing the equipment as described above limits the retrofit changes to piping
changes and, possibly, a minor upgrade of the heat source for the debutanizer tower to
10 achieve satisfactory removal of C, from the Cs olefins and higher oligomers. Any remaining
idle fractionation towers, such as a second debutanizer and/or a methanol-water separation
tower, can be reused to further fractionate the dimer/oligomer product into three fractions:
e Recover the remaining C; components to maximize 1-butene recovery;
¢ A light naphtha stream suitable for motor gasoline blending or specialty chemical end
15 uses; and/or
¢ A heavy naphtha stream suitable for diesel blending or specialty chemical end uses.
[0052] The following is a non-limiting cxample of embodiments of the invention.
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 impuritics. The mixed feeds in Table 1 were passed through the oligomerization rcactor 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 rcactor was about 1.55 MPa, the oligomerization rcactor
temperature and space velocity varied as indicated in the Table 2. The amounts of isobutene
30 and the Cg 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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Table 3 summarizes the Cg and higher

oligomers compositions for three representative samples acquired under different conditions.

Table 1. Mixed Feed Compositions

w

Component Feed A Feed B Feed C FeedD | FeedE | FeedF
Ci-butane 29423 | 53180 | 42352 64693 | 70693 | 62825
i-butene 27.9032 33.4577 32.7363 34.1978 29.4108 30.6018
| 1-butene 26.8029 23.7748 26.8046 237737 25.3130 26.6140
ﬁlﬂ;bu‘t&d‘iehé‘ 0.1337 0.1660 0.1846 0.1750 0.1732 0.2140
 n-butane 23.6995 18.6358 15.1489 15.5295 16.9812 15.1900
| t-2-butene 10.7245 10.6429 11.7044 109191 11.5565 12.2375
Cc-2-butene | 73578 7.5379 8.8536 7.8099 8.3859 8.0914
Other 0.4128 0.4668 0.3325 1.1256 11101 0.7689

Table 2. Representative Oligomerization Results

~Time, days | DIOS Feed Rate, Temp, °C Space isobutene, Cy+, wt%.

g mb/he Velocity, wt% (ot second

. mlfmlhr - mixed feed)
1 No 421 52 5.26 <0.001 35.16
3 No 427 61 5.34 <0.001 33.69
19 No 911 61 11.39 1.359 30.92
22 No 900 61 11.24 2.394 28.03
30 No 489 72 6.12 0.298 32.91
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 32.41
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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131 Yes 236 93 2.96 0.029 36.17 WO 2010/ 024958PCT/ US2009/ 046111 Tabl e 3.
Representative C8 oI efi ns and hi gher ol igonmer conpositions Tinme, days 48
21.5 104 : D OS No . Feed rate; m/hr 498 916 499 Te "C 60 60 93

Space Vel oci t)‘i“”ﬁi‘"/“ﬁf*? hr 6.22 11.45 PCT/US2009/046111

Table 3. Representative Cg olefins and higher oligomer compositions

Time, days 48 - us | 104
DIOS No | No | No
“Feed rate, mi/hr 498 916 499
- Temp, °C : : 60 60 93
“Space Velocity, mUmbhr 6.22 11.45 6.24

Isobutene conversion, % - 78.8 92.0 99.8

weight percent components (of Cs+ products):

" Cy content 87.2 797 73.7
 Cppcontent I 10.8 16.1 20.0
 Cistcontent 2.02 42 63
v weight percent particular components (ot Cg and Ciz products)
24 d-trimethyl-l-pentene 74.9 547 | 372
' 2,4,_4-t-nmethyl>—2-pentene- i 6.5 9.5 11.4
- 2,3 4-trimethyl-2-pentene 0.3 - 4.8
2;3-dimethyl-2 -hexene 0.2 - 1.6
“Other Css. ' ' 53 15.3 18.8
- 2,2,4,6,6-pentamethyl heptene 1.8 3.7 6.8
Other Cys 9.0 12.4 13.2

[0054] Having described the various elements of the apparatus and methods, described

herein in numbered embodiments is:

(%

1. An apparatus for recovering lincar butenes from a mixed feed comprising (or

“consisting essentially of”” in another embodiment):

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

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

10 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

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

making reacting-contact with the catalyst there between; and

17 -



6.24 - |sobutene conversion, % 78.8 92.0 99.8 weight percent conponents
(of G+ products): C8 content 87.2 79.7 73.7 content 10.8 16.1 20.0 C18+

content 2.02 4.2 6.3 weight percent particular conponentslgof C8 and C u,
pro(lucts): . W2RINHPY nethyl - 1-i entene 74.9 54.7 37.2 PCT/US2009/046111

2,4,4-trinmethyl-2-pentene 6.5 9.5 11.4
a separating means having an inlet and an outlet, the separating means inlet fluidly
connected to the oligomerization reactor outlet.
2. The apparatus of numbered embodiment 1, further comprising providing an alternate
bypass fluid conncction from the polars-scrubber to the oligomerization reactor.

The apparatus of numbered embodiments 1 and 2, wherein the first oligomerization

W
(5]

reactor is a tubular reactor comprising a plurality of tubes associated with a heat
transfer means.

4. The apparatus of any of the previously numbered embodiments, wherein the
hydrogenation catalyst comprises a metal selected from the group consisting of Group

10 8 to Group 11 metals, and mixtures thereof.

5. The apparatus of any of the previously numbered embodiments, wherein the
oligomerization catalyst is sclected from the group consisting of MWW family
zeolites, and mixtures thereof.

6. The apparatus of any of the previously numbered embodiments, wherein a cooling

15 means is provided 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
mcans is provided for the fluid connection between the oligomerization rcactor and
the separating mcans.

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 mcthod of recovering lincar butenes from a mixed feed comprising:

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

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

relative to the first mixed feed; and
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. 2,3,4-trinethyl-2-pentene 0.3 - 4.8 2, 3-dinethyl-2-hexene 0.2 - 1.6 O her
Co 5.3 15.3 18.8 2,2,4,6, 6-pentanethyl heptene 1.8 3.7 6.8 Oher Cl.2s 9.0
12.4 13.2 100541Havi ng described the various el ements of the apparatus and
met hods, descMA8YB*¥¥%erein in nunbered enbodi nents is: PCIAR2MHP%HAt us for
recovering linear butenes froma m xed feed conprising (or "consisting
essentially of' in another enbodi nent): a pal ars-scrubber unit having an
inlet and an out | efParating haserigdalied G5d e afere MV Hgues of Ardouahed Wvar
outlet, the hydrogenat h@ének &a€h MeodQGONRT 60:RE MR Idi@eenabmen. cat al yst,
wherein the hégroaﬁgation reactor inlet is fluidly connected to the

pol ar s- scrubb&r oultF 8tcthod of ymbered epbesheit 24t i on react or having an inlet and

out : et, t Ee rleact alic firld iked et QliiiocORRERLIBH HRIRE Ihydr ogenation react f)r
outlet, the oligonerization reactor conprisin n ol i gonmerization catalyst,
t he cat al y§t al ? O\}Wﬁggqn@tlmgggggg 'Qh“ﬂ?l &ccrint)o producga%ydrogongtcd mixed feed comprising y

hydrogenated diolefins, linear butenes and isobutene;

contacting the hydrogenated 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 the hydrogenated diolefins and a

10 reduced amount of isobutene relative to the first mixed feed; and

separating the second mixed feed to produce a first effluent of purified linear butenes,
and a second effluent of Cg olefins and higher oligomers.
13. The method of numbered embodiments 11 and 12, wherein the purified linear butenes
are further separated to provide a purified 1-butene stream.

15 14,  The method of any of the previously numbered ecmbodiments 11-13, whercin the first
mixed feed is polars-scrubbed prior to contacting (or hydrogenation in certain
embodiments).

15.  The method of any of the previously numbered ecmbodiments 11-14, wherein there is
no dchydrogenation 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 1 1-16, 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 rcactor temperature is incrcased 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.

- 19 -



15fluids to pass fromthe reactor inlet to the oligonerization reactor
outlet, making reacting-contact with the catalyst there between; and WO
2010/ 024958PCT/ US2009/ 046111 a separating nmeans having an inlet and an
outlet, the s¥OHFEONG means inlet fluidly connected to RHESHPYEHEri zati on
reactor outlet. 2. The apparatus of nunbered enbodi ment 1, further
conprising providing an alternate bypass fluid connection fromthe

pol ar s- scrubb@r t oFherHeethnd eformrqfztBe ipeiopdnppbered smbodingiss 4 R% whegen ghe
nunber ed embodi MenfisoreBAEhn2ca ML €isfledid fibint & RbipIeuiBikiiZAbf AWKNeRGHIQS 1S
a tubular reactor conprising a plurality of tubes associated with a heat
transfer nmeans. 4.7 #paratcadcsrlany of the previously nunbered

enbodi ments, wher eind hdiedWQAINAL HRYIGAT alinblrcL oPBsdiaass al-TBt @hcr§gligct ed
fromthe group consisting of oup 108 to Group 11 netals, and m xtures

thereof. 55 The appaiPetnadongpialisicogprisaid e wlestrdipmlinBiope o nsirieht s |
wherein the ol i gorgas iGEabh 10Metdd Aldisikiuks tgelogct ed from the group consisting
of MW fam |y zeolites, and m xtures thereof. 6.'%1;1|hgﬁg(§)(§ar atus qf any. of

the previousl 3 nurtierBehedhsbdnmett & RRdeusiyn numbss Bifsand s "WESH ded

for the fluid conngglicns bRIMERNKd he: HiXel RELARL 1he Bydreaa @ butadiéhetoRar ratio
ol i goneri zation reactor. 7. The apﬁarat us of any of the previously nunbered

embodi ment's, wher & Witin g zmenel Fahks 9 Y- provi ded for the fluid connection
bet ween t h«af ot4, gorr:caé inzeatddh ld Q¥ a_rngaﬁltt@é p@ﬁ%ustmgu@enﬁad _a;hbmmﬁmszs,?@h&eﬁﬁ hig:
apparatus of any of the previously nunbered e nts, wherein the

pol ars- scrubber GHtclag e ingludesdygges %ﬁﬁ?’%g&iﬁgﬁﬁfﬁbﬂ HRQIRS 2 UM QT At yi ng
means conprisi ng &atryiongda@eBéntinGoullaen. appar at us of any of the previously
nunber ed enbodi ments, wherein the oligonerization reactor | converted

i sobut ene- t o-Met hy s b\ et Rt el IB}T‘&Y B K RN el:‘i*ﬁ%“ﬁ%‘atlglzﬁgswwe“éﬁl? of
the previously nugbgicgdy eRdadivaeiyslrogeh e £hyiir@et-acansli@k ingoirattiZ &iihio Mhe
reactor conprisin o[igf(ﬁ)({jrneﬁi zﬁabti on catalyst is fluidly connected to the
hydr ogenati on realtsf® e’'separating neans, in parallel with the first
ol i goneri zat imn r &aemethod bt anlydf tHelpirdidusighainbeaed trhidehanon 1L03t ivhertinniss fiise.
11. A net hod of recover,i réygltl I nrgﬁé%butenes fr mtgg/e.d feed conpri sing:

es from
30provi di ng a fir 8RN EHIEE r‘fﬁ‘f“ﬁ’%ﬂehlﬁbsltﬁaﬁeoa 0 Wit SRS Snd i sobut ene;
contacting thg. fi maé meihseaf nged thsipidviaanly almbeaeemibdiman datcalviigtinitie fast i r st
ol igonerization reactaqr to produce a secqnd m xed feed conprising the
| i near but enes, Cgmbcflgcfoldﬁgmg?fas ﬁ?‘aﬁé‘?g@}&@&ﬂg‘}tg{c‘ and a reduced anount of
i sobut enexr el2st | v&h¢ methbeoffany 8T therbixedudl emdybeasddmbWiments 11-27, wherein a second

2010/ 024958PCT/ U82$09/ ngaglll stg)gar at i ng Oﬁ,ige second pily>§teg e(ﬁ:d to ‘I%doduce a

first effluent of “P§FE“HGP i F8G T THELE PRA EatOn CatIVAl IS UG CUPF ' TRt of

Cs ol efins and hi gheégcaitiogaemtos andl2 sepdiagngnatit) 0dpasdlichwith éreadst@iipoddirivemin 11:
the first mxed feed,Addl!AoNRbhonRALAINLAG il QLT T ns:
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 wecight of the sccond mixed feed, of isobutenc in the first
30 cfflucnt.
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.



S5hydrogenating the first m xed feed to produce a hydrogenated m xed feed
conpri sing hydrogenated diolefins, |inear butenes and isobutene; contacting
t he hydrogenated m xed feed with an oligonerization catalyst in a first

ol i goneri zati 89 PV42P%8Y to produce a second m xed feed JSAPSPYPPGIthe

| i near butenes, Cs ol efins and hi gher oligonmers, and the hydrogenated
diolefins and a 10reduced anount of isobutene relative to the first m xed
feed; and sep#rat g tHkodsefcapd b @i viordy nredErbaubdigety 58 Levigrgigike of

purified |inear bupgaesi. RRMitRinSBE ARE oRfchlcHeibn AacEBisaligfid ms raRd ohhoher
ol igoners. 13. The net hod of nunbered enbodi ments 11 and 12, wherein the

purified |inear butldprddnlgpalysiiopniar 2 gd fed/at! stfaly/hptovi de a purified

1-butene stregm 49l4ncliR seihod ©f pR96uQ) nhRBerld eMboMiatys MUIBEKRin the
enbodi ments 11-13, wherein the first mxed feed is pol ars-scrubbed prior to

contacting® (or hydPHadRariBiR haieeelitampishpburiitis) PlaasatpHeMPREFHE VB any
of the previously gpugheiedoanpadimert sostd- 14, wherein there is no
dehydrogenati on step after the polars-scrubbing step. 2016. The net hod. of

any of the pr&vi oUdrPoanBeiw @ drvatiateiirymacrehgnboginenisilh-3gor birer hseititbbi ng
conprises contaction® 4 n@ihdikysll-gehed 1f @eh-Wnldhyhaipekencl @l lIQWEEoRY cffluent
contacting the first mxed feed with a drying agent. 17. The nmethod of any
of the previously dAtifber PR Msoansrett ©m 124 67 3 HHErRI(H hheorfires CRPXaYS eed
(2 or Ohydr Ogg gat ed mimdhéh 8Rd)lidofmeAtatidn te@a&ﬁm@;%aluésewwm BieRarlgd GrofrBsI0E 1995 &g om
550 to 15 prior to the contacting in the ol]jgongerization reactor. 18.
The method of any '8% Gt A® BrreteeruSF)C U ATFERE %ﬁ%&gﬁ%éﬁﬁs1%¥@f%,mhﬁéﬁévh t he
first oligonerizati@Rstheaad 0| GRemdtaslyathod, r@sswhe W thin the range of
from1.0 to 40 1VIPa. 19. The ne%hod_gf any Qf,thiﬁﬁ%eViOUSHY nungﬁred
enbodi ments 19938, UR&FIENANETEOPTIFSRE bibF g AT RETER P B EE & it e i s
increased fromna ad@sdell atddecdipiisiiin 3OLEAPAbRE Wik Blind dnainet Whi Rhnotlee ar ange
of from1 to 1H$:Eer 100 hours of .cont gting ug o _a desirable %5 er
t emper at ufe YAIOESIADRN rotHiRr HRIR G Ft ARAY™ SEIEHES IHUERESRST yeahBupE e
enbodi ment s Ihildib@enanibie eRilyht t higer &0 fHcagidiogenation tdagof infedtis DhitigaiRidc@altd G
reactor takes %%9pe gt a tenperature within the range of from40 to 105C
W2010/ 024958BET 982609 846111 21. The nethod of any of the previously
nunber ed enbqdessent s flidt-o2i@omiiati@i Radidrehating o ¢t andbutten thatcattySihict Huidly
selected fromthe gro onsi sting of fam |y zeolj.tes, and m xtures
Cheroof . 22, PSCHEIPOL BRAGHIBE TR SHEY Do ORI SR e CUTHBHE S
11- 21, wher eidigbheizbiyndrnagen aiiconlysallal g forgasp b BeSluidsne pab fisal ticicadof r om
the group Coqaletsttol tﬂg oﬁéom%“i%%g)n%egc?or%ruggp m%lging?gagtlinsg’—co%{;g \Ar/rllt}%(ghl'elrcea alyt[srI %rereeOf '
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, cte.) that arc well known in the art

30 for cffectuating the desired operation.



23. The nethod of any of the previously nunbered enbodi ments 11-22, wherein
butadiene is present in the first m xed feed, and the hydrogen-to-butadi ene
nolar ratio is within the range of fromO0.2 to 10. 10 24. The net hod of any
of the previously nunbered enbodi nents 11-23, wherein the contacting al so

i ncl udes hydrogen at | east every 500 hours of run tinme for a tine of at

| east 1 howr gwigng continuous run. 25. The nethod of any of the previously
nunber ed enbodi ments 11-24, wherein the contacting al so includes hydrogen
at a hydrogen-to-butadiene nolar ratio within the 15range of from1 to 50.

26. The method of, ?é{%@% 3o %rﬁ?lﬂn‘é%%t&‘é@%ﬁ%&@f&ﬁ% E&g&rzs l-25, wherein

the first purifie ene e ent conprises 1ess %

i sobut ene. 27. Tipelapetchddbeafnitdnyingfnitie apdevbates] y nunber ed enbodi nent s
11-26, wherein the first. m xed feed conprises f 5,10 60 wt % i sobut ene.
20 28, The. mot hodl 'SR It e BB aRAaneel e sSasstaive 11727,
wherein a second ol i gaoRf ica@aptidng & egdio@enatioNRhalkt Gvhotcig thidetyidzathan
catalyst is fIU|dIy_connec5e¢ éodﬁ hydr o $n§t!o rea orlgnd a separating
unit, in parallel w fRECABIITSHAYCPYBHEN [ REPBASTEHOPYTOUBEE in f1uid

i sol ation ther efFgMolRdhdrizhlidrSleadiSiEhay 3 an Th& MBLHRA, 8¢ reatt¥r Rict HORIY _
previ ously nunbered enbodi ments 11-28, wherein the 25 space tine velocity
in the first ol i gonefePaetrdip theaydragenayon egator prilet 1 ofigomeriggtion reactor

100 of 1050 30, The Rerhod of Cay PR AR 1B BRI B s ent o
11-29, wherei n t her eaidior fsés tofrns GoRChardigtobinlatdd gt oligbmetientive ceantbrii xed
br ovi ousl y number ed Siibar kg teatlntEl il 1P TLOBRRe WGiEh 50°
W% by weight of th&l@S(ﬁ@hﬁl‘iﬂdtbOﬁdCd@;éd,comlfprii’csll(;nfk- bﬁmmhylrll\éww-fﬁmgpt?ne in
of the. previously nufSUFSu ENOATARTE ERS SEOHOr S L T e
velocity in the firstorebitgorsutendlé-aRtHyeablilktHebreattbRland t he range of from 2
51Tl SRR S, 1 uor S 5oR e
any o e prev . : . > 41§ SPp] acting
within the first ol i gongrbat,if0 tﬁ@%mﬁn%%@ﬁs RIAGRIn@ 1 AdI) RBRRLAHUS €
within the range of from40Cto 95 or 105C. 34. The nethod of any of the
previ ousl y nunber ed @giobgimeivadonreada;ouffpler ein the ratio of
2,4,4-trimethyl-1-pentene to 2,4,4-trinmethyl-2-pentene in the second

ef fl uent decreases within the range of from12.0 to 3.0 when (i) the
contacti ng2-t egpﬂreathauppaaratuiooi:‘c/vianhi m:) tct:he ;ﬁd;vistslyol mlgnbmerc d mmﬁ,n wheeedit ouheI

i ncreases within.the.range om5 t 5.0r 105C . (ji)..t space velocity
docr eases w ¢ hi bR ARG +IBR ag s RadRu ety bbbt BRG5  eea
catal yst/hour, or (iii) both. [0055]In yet another enbodi nment is the use of

an apparatus for recovering |linear butenes froma mxed feed conprising a
pol ar s- scr-ibber AT APRAT Y [ gecaeriig leeas Ryieass %ﬂmaé?l,xeé?eeﬂwmva%@énat i on

react or havi ng AflhRlsetubBad ARt Slinlc Bs1 fydipgenat i on reactor compri sing
a hydrogenation catal yst, whereinthe hydrogenation reactor inlet is
fluidly connectedydmwgedrtiopoicactsr davinpbar imet hed ;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

-22 -



100561a first oligonerization reactor having an inlet and outlet, the
reactor inlet fluidly connected to the hydrogenation reactor outlet, the

ol i goneri zation reactor conprising an 20 oligonerization catalyst, the
catal yst allow ng for gases and/or fluids to pass fromthe reactor inlet to
the oligonerization reactor outlet, making reacting-contact with the

catal yst there betwegpqlyanfleR REREMAWHBERIABRNT BRI AtatdyLLoRPHsAN
outlet, the separating neans inlet fluidly confected to the ol i goneri zati on
reactor outlet. Varioos aspert of oYW We faapipazaelites, saanel guxigesscihictrod and t he
enbodi nents above. 2§[0057%§thfreference to.one enbodi¥$§t.oL t he

appar at us, when the 5‘8%9% g PUEClGTRa Y e 4§ % SOBRKTIRS) W BF"4%e naned
el ements, what is meafthyls-buliaéthé@aoRvehoidin Of e6ndTBIi M EVARON efdctorsuch as
a dehydrogenation reactor, or other catalytic reactors; the other optional
features described i s RraEidedarparpléad tvidrthaaystiobigpmnedetion seacigs|but gstlwdnor

[ines, ote.) that ar bopue YRBRATAN R NEZ B RENPleA B FHE el et ca

operation. CLAI M loligdgmappadoatésstor s proetledes ahgwlfonmasitubegaresiohradm a

m xed feed conprising: a polars:scrubber gnit having an inlet and an

outl et; a hydrogenat ﬁﬂﬁégﬁﬁﬁﬁuﬁéﬁpgﬁﬁéﬁ inlet and an outlet, the

hydr ogenati on r : L $l @% i : in the

hydr ogenat i on rg%%%%?“%ﬁﬁgﬁhﬁgggﬁﬁﬁaEg&gg%ﬁgé?ggnﬁggﬁée %gﬁgﬁgﬁgcrubber
outlet; a first oligbweng zatinleh ané ant artlehaaridntheasepamtieg nagads onlet betingt he
reactor inlet quidIﬁ gﬁnnected h?hth? q¥dto enati?n rﬁ ctor outlet, the

ol i gonerization reactBICHMBFTET IythaRTTgPPGAHERT S4B R HSY al yst, the

catal yst allow ng for gases and/or fluids to pass fromthe reactor inlet to
the oligonerization reactor outlet, making reacting-contact with the

catal yst there between, wherein the oligonerization catal yst conprises one
or nore of MMWfamly zeolites, and m xtures thereof and wherein the

ol i goneri zation reactor is a converted isobutene-to-nethyl-t-butylether
reactor; and neans for separating normal C4 nol ecul es, the separating neans
having an inlet and an outlet, and the separating neans inlet being fluidly
connected to the oligonerization reactor outlet. 2. The apparatus of any of
t he previously nunbered clains, wherein the oligonerization reactor is a
converted isobutene-to-nethyl-t-butylether reactor. 3. An apparatus for
recovering linear butenes froma m xed feed conprising: 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 hydrogenation

catal yst, wherein the hydrogenation reactor inlet is fluidly connected to

t he pol ars-scrubber outlet; a first oligonerization reactor having an inlet
and outlet, the reactor inlet fluidly connected to the hydrogenation
reactor outlet, the oligonerization reactor conprising an oligonerization
catal yst, the catalyst allowing for gases and/or fluids to pass fromthe
reactor inlet to the oligonerization reactor outlet, making
reacting-contact with the - 22 - catalyst there between; wherein the

ol i goneri zation catal yst conprises one or nore of MW famly zeolites, and
m xtures thereof and wherein the oligonerization reactor is a converted

i sobut ene-tonet hyl -t-butyl ether reactor, wherein a second oligonerization
reactor is provided in parallel with the first oligomerization reactor but
in fluid isolation therefromuntil first use, and a hydrogen gas inlet to
each oligonerization reactor is provided to allow for in situ regeneration
of the oligonerization catalyst; and a separating neans for separating
normal C4 olefin, the separating neans having an inlet and an outlet, and
the separating neans inlet being fluidly connected to the oligonerization
reactor outlet.

-23 -



