2 6 DEC 2006 WO 2004/009518 PCT/ US2003/ 011378 OLEFI N OLI GOVERI ZATI ON  FI ELD
OF THE I NVENTI ON [0001) This invention relates to a process forj 5 OEC 2006
oligonerizing olefin. In particular, this invention relates to a process
for ol i gomeo HohHehesg ol efin stream cont aining a rel ati yetyshb#ah 1378
concentration of oxygenated hydrocarben-contam nants. BACKGROUND OF THE

| NVENTI ON [ 0002] The oligonerization of olefin conpounds is conventionally
acconplished by catalytic reaction. Aigonerization catalysts are typically

ni ckel based catal ysts or S3EFINGBHGOMERIZATEION.eneral |y, oligonerization
processes - which use nickel based catalysts are carried out by formng a

honogenous suspensi on of cat al olefin feed and product, whereas the

aci d based Wcarrl ed out using a rovv-through fixed bed

type of arr tigmis generally

much nore tg@ﬁm cal | ymg“ %@8&?&%0 op gt{%g%k)g{}gﬁe? céﬁsaﬁn advant ages

in its abil ipayticutar,ghie dnvestion glatastten prabegrferoligoni eﬁmmgahlolaﬁarstrea)ﬁl gomer

products. These,sem -l inear..nroducts .are u I|mted br anches,

and can be BORBIIRE aaﬁe\qt‘l’fel@é’l’é}’a‘ic’ﬁcﬁg@g%%@ﬁﬁ?mﬁhﬁ’fl PEactl on to form

pl asti ci zer sgonfafline@tat S or di esel type fuel s in which limted branching is

desirable. 100031 Cosyns J. et al., in "Process for upgrading C3, C4 and C5
&

olefinic stre 7/, No. 4 (1995), describe a nickel
based cat al y4 rsol (r) process. This process is

useful for dipggi zi ”QT‘BE ollgé:h&%ﬁ‘éﬁ &f d)firPeoitfoldis Sénveh@drally f €eds. I'n
particular, the process is useful for dimerizing or ollgoner|2|ng

propyl ene, rsegmmisbeddticataltioeedtions Qligamsrization carylysss re tppicallytnicksl 6, 143, 942,
to Verrel st 2 ol efins
using a m xtbﬁ%eedaégyfalyf%&%%&g%?eg%f@ géﬁf}%ﬁl’xgl}rg %E?'gﬁﬁ %gs he particul ar
conbi nat i on wlficlcasealicksl lsasgd cthlgasara cbnr@dinoutyaydbdnmg athbmmsge:nops oducts. [0005)
U S Patent No. 5,874 1 Verrel st SCr i em for

reduci ng br aHHFPHEP Bﬁdagq%'%&ﬁfg}“i @8%“@!5%'?‘? %W]'*ie’FFaf ef“’éia’?f fa?(@é\er ol efins,
such as 2 6 dlem2QRarried out using a flow-through, fixed bed type of arrangement. The

homogeneous suspension type of system is generally much more technically

difficult to operate, but offers certain advantages in its ability to produce a greater
degree of “semi-linear” oligomer products. These semi-linear products are
products with limited branches, and can be beneficial in certain uses such as
further reaction to form plasticizers, solvents or diesel type fuels in which limited
branching is desirable.

[0003] Cosyns, J. et al., in “Process for upgrading C;, C4 and Cs olefinic
streams,” Pet. & Coal, Vol. 37, No. 4 (1995), describe a nickel based_ catalyst
system known as the Dimersol® process. This process is useful for dimerizing or
oligomerizing a variety of olefin feeds. In particular, the process is useful for
dimerizing or oligomerizing propylene, butylene and pentylene streams.

[0004] U.S. Patent No. 6,143,942, to Verrelst et al., describes the
oligomerization of C; to Cj; olefins using a mixture of ZSM-5 and ZSM-22, and
ZSM-57 and ZSM-22, The particular combination of catalysts produces a high
yield of trimer products.

{0005] U.S. Patent No. 5,874,661, to Verrelst et al., describes a system for

reducing branching of oligomerized olefins. In this system, lower olefins, such as



WD 2004/ 009518 PCT/ US2003/ 011378 -2- propene or butene, are oligonerized to
an oligoner or higher olefin using an acid based catalyst such as ZSM 5.
The higher olefin is then isonerized al so using an acid based @adtEly0E
such as ZSMW6 2am/o0@68M 22, to isonerize the higher olefin t he
degree of branching. The isonerized hphgher olefin is thg%‘fﬂﬁz@?ﬂﬂgﬁwl at ed
to formsurfactants and pol yol efn stabilizers. [00061 U S. Patent No.
5,762,800, to Mathys et al., describes a process for oligonerizing C2to
Cl12 al kenesprapénagr butersy hietadigomierjesdetp ian ali gaprer onbigherstlefimhing aeacid ytic |ife of

the catal ysg, 1§l y i : is

ol i goneri za %S%(f]cal}%gsggg?&gfg%s] q@é%’.gﬂ%a I%JQ@L l%ﬂ&gg‘g%&go {l{f'gg Pora et al. ,
descri bes tudd badedwtdlysatsuoln a0 Sel- o8V atotisomenizb tHeyHighee otefintaad ni ng f eed
stream The B butyl ene feed strgamis uIt'[@tel derjived froman olefin
stream cont® ‘t’ﬁeﬂge greg Hf pEAnghipg. ?VP@E‘%@dbﬂ’ Bh@gﬁn & et hanol to ol efins

react i on UniydsofShe 106 ¥ 8RR suBid@markiTelch sEBiRarol to olefins unit is
pretreated by a conbi nation of parti al gédrogenatl on of dienes and
o

i sobut yl enel0B@ftoval BYySvRajensNoad, 768880, pr Mebys et al pdesoribessamaeagforhe resul ting
n-butyl ene fi}groﬁﬁmihgct tbecd'a%éészﬁsﬂaﬁ ze‘dpfetoii %}Bgﬁz%lim%ﬁt?@st qfL! ciency of the
a e3s T'¥ Teduce S TERe

ol i goneri zat1/o0n pro ue presence’of ‘greater than
desirabl e oeatahgtictlifesf thé catalystis dnerpasad by Bydratirightbe bleBd feedtto dm@m f or exanpl e,
par affins SLiCh as{iﬁ.g)g ane and butane. These inert components, in essence,

take a free®t8°HE™ Fhe reaction system taking up valuable reactor

vol ume wi t hppe7ibei ng U .S aed&f Noo6 489,01 Bl PoRlepdl deseribdd@eef ore,  nmul tiple
separation processes to renpve inert conponents are often required. [0009]

A efin feedlBeErzafs otapredpRipaptnpdLtyiens soumrivgieed sam. dde ras  poi sons to
ol I gomer i zafyrAth LBl sk uﬁ%atfﬁfﬂ%egrfrogin%@éﬁrpﬁ&% QhtagfFEsL | zat i on

catal ysts are quite sensitive to s nitrogen. Such tontani nants can
have a partarieiyl dbbtylesegyprioflicedriy 2 mgthaw] wrelefing repctiovenit.i The batyleree cat al yst,

shortening the life, of .the c .10 LNt wher he reaction process
IS not feassittrl:? ef%mc}] tgﬁénreg%agsl to%g%f%]%lltfs Rréstrf%% eﬁ%?’ gfcg}ng?na?géﬁf%agff% to find
ol i goner i zahtjdesgesaion by dicaed dndtisdbueylene easovabbys vty wviart M TdByrocesé,eeds havi ng

e O St 05, L 0SS S COML AT IE b P 20 ool T (o

cont am nant @oég)om cagFieAdefFcndyf 6fanNbli@RRIiAdtioA@rocess is reduced due to
the presence of greater than desirable quantities of inert components in the feed
stream; for example, paraffins such as propane and butane. These inert
components, in essence, take a free ride through the reaction system, taking up
valuable reactor volume without being reacted to desirable products. Therefore,
multiple separation processes to remove inert components are often required.
0009} Olefin feed streams can also contain contaminants that act as
poisons to oligomerization catalysts. For example, nickel based oligomerization
catalysts are quite sensitive to sulfur and nitrogen. Such contaminants can have a
particularly significant impact on the active life of the catalyst, shortening the life
of the catalyst to the point where the reaction process is not feasible to operate.
[0010] It is, therefore, desirable to find oligomerization catalysts that are
less sensitive to olefin feeds having higher concentrations of oxygenate
contaminants. It is also desirable to operate such processes to prevent higher
concentrations of olefin feed contaminants from causing significant operating

problems. In this regard, it would be particularly desirable to take advantage of an



problens. In this regard, it would be particularly desirable to take
advant age of an 2 6 DEC 2006 WD 2004/ 009518 PCT/ US2003/ 011378 B:!)j 8' Efi n
feed stream which needs little to no pretreatnent for use in a% EL 2005

ol i goneri zawpemsgyssigm SUMMARY OF THE | NVENTI ON [ 00111 _Thi.s..lnvention
Péjl{'?séﬁﬁ@f‘ami ally

provi des a nmethod for oligonerizi ng_rﬂsn olefin feed wtho
adversely affecting catalyst life. e ol i goner product can be obtained
wi t hout having to treat the olefin feed to renove contam nants such as

sul fur and ok@intfeddstrexi Sk Reds e acRy Remeatmdiigoralsk @oaer product is _
optionally _converted to a hydrofornylated product with desirable branching

char act er i $ligemerizaigpsysem. n one enbodi ment, the invention provi des a nethod
of oligonerizing olefin which conprises providing an olefin feed stream

conpri si ng suniM AR OIPPRERVENTI@NO! ef i n and oxygenat ed hydrocar bon,

wher ei n thmggmm‘ed_—fh‘yﬁrwa‘r‘bp‘n is provided in the olefin streamat a
concent r at (#31bf fr oFhis jroestignmrevitdes aipetped foz pligtyenangyn olefihfeedl ef i n f eed
streamis C i i i i i atal yst at a
terpor at ar &pusEB AR sl A Lot RE. Pl URBRELAARR ST PTTT Teed.
[0013] In &aaobthmed eithodihaeing o fréue tHerolei feadtoaempyd cmtandaaitanichag an
oxygenate w.th a,nmol ecul ar sigve catalyst tqg forma l.efin stream

cont ai ni ngs‘g%"" apd gerfain,gxy eeaatedhy, iofaéﬂ"@%l'iﬁ?e %@ﬁ’éﬁ%{f’g‘dgﬁ?‘&ﬁtwﬁﬁmons showi ng

up in the teHveREd 1o IRfdkdTombylIRedprRESCt WISl Obraidhtd cHardcRAWERdD Ooxygenat e
olefin feed stream conprising fromabout 1,000 ppmto 10 percent by wei ght

oxygenat ed [009Hr ocar omme embedimenty thednvsrjige pepvidesp afethpdiafed streamis then
contacted Ww: : ' : i ' | an olefin

o gorer . PUpipd S} DRRA b BE RN FAL MWIeRPB Kol Crb e 2

oxygenat e atlesshone Gploddybkfin shdweygeadted ywlrodatbohpwherain the exfyiganaed eam
containing,at | east. one.C2. [0 | efin, drocarhb i parated fromthe
ol efin st rgya‘isﬁo‘faég%f B "gﬁ ubf'h&&%% s?rggg a{;% ?ogé%%aglﬂ? 3?%95@’@% HP8st one C3 to
C6 ol ef i n, tOXyEREEt B wiiplit. OTiRrdkdih faéd areamdpdentombdtedwith af aeith 1, 000 ppmto

10 percent b ight, and a.total olefin ont ent at |l east 50 wt % The
ol efin feeaa%il\ﬁg&?ﬁ’?rézail?fb?ﬁt@bsﬁf‘%’tegﬁ’emﬁo 1%?&%%?09‘%&5%&081@?5%@“ zation

cat al yst athedldBIReKASILGETRd. at | east 250C to ol i goneri ze
[0013) In another embodiment, the invention comprises contacting an
oxygenate with a molecular sieve catalyst to form an olefin stream containing at
least one C; to Cy; olefin. Oxygenated hydrocarbons showing up in the formed
olefin stream are removed to obtain a reduced oxygenate olefin feed stream
cofnprising from about 1,000 ppm to 10 percent by weight oxygenated
hydrocarbon. The reduced oxygenate olefin feed stream is then contacted with an
acid based oligomerization catalyst to form an olefin cligomer.
[0014] An alternative embodiment comprises contacting the oxygenate
with a molecular sieve catalyst to form an olefin stream containing at least one C;
to Cyz olefin. Hydrocarbon is separated from the olefin stream to obtain an olefin -
feed stream containing at least one Cj to Cg olefin, oxygenated hydrocarbon at a
concentration of from 1,000 ppm to 10 percent by weight, and a total olefin
content of at Jeast 50 wt %. The olefin feed stream is then contacted with an acid
based oligomerization catalyst at a temperature of at least 250°C 1o oligomerize

the olefin in the olefin feed.



the olefin in the olefin feed. 2 6 DEC 1006 WD 2004/ 009518

PCT/ 1JS2003/ 011378 -4- [0015] In yet another enbodi nent of the mve&}tﬂ on
the acid based oligonerization catalyst is a zeolite oli gorrerl

catal yst. Wieaf@bsise ol igonerization catalyst is desig %/i@g'{]%ged from
the group consisting of TON, MIT, M-I, MEL, MIW EUQ, H-

ferrierites, offretites, HZSM4, H dSMlS MCM 22, Zeolite Beta,
faujasites, zeolite L, mor deni tes, erionites and chabazi tes. Preferably,
the zeoli te[ﬁﬂlﬁpOWErI]Z‘xa}tdt aﬁbtﬁateaibﬁeIimdnSonEMxﬁan%SMhzAc:ﬂrbaseBSM 57, nore
preferably tPe zeolite oI| onerization cat al g, ﬁe é The aC|d based
ol i goner i zaPH&MReEEAUAN calalysl ps s peoltaflisgmerizatig ﬁ?fﬁ Bh ¢ d catal yst.

10016] It '%llgﬁﬁérfzﬁt%xﬁcaﬁﬁ¥ﬁ@é/€esﬁaﬂlﬁ§§&fm&nQ&@%}Bﬁﬁc‘lon@ifstn@é@ff'FON' n the olefin

feed stream for better efTicienc Pr ef er abl he ol ef.in feed contains | ess

than 50 w MAHMES MEL, %WGEMQfI‘bZ§M 7, f‘trﬁefﬁé‘ﬁ,@ﬁ"frﬁltﬁe@dz%rﬂ, H-ns at |east
50 wt % ol e 123 "2581?% ﬁ??%ﬁ% zec{l rggl%gﬁ{e@ | Qflireaye of the
Sé a

catal yst can e]éggcre 0 accéo tional concentration of
oxygenat es. chabaziteex Brefidrebly cthie keolité anzatmng;etahrsomm&t ZBM-22 about 70

days 0018 not her _e the.inventio life is
oot onged - BSMIAPRT RS ERAY hegep e latmgisanen gt SEHERS Thet h ¢ he
ol i goneri ZahéxeBas%ébﬁédﬁﬁérazan@ﬁ&éth gfhtlcaﬁ bi¥o Be & 6Qlld ﬁ}ﬁsﬁidneqerarchtaw on catal yst.
Preferably, the hydrated olefin has a water content of 0.005 to 0.5

wei ght per céti8] DETAI It EDlovEsdRIATAvER regsonpbie QURRAENTPE ofsfip dotho pl efiRi s i nvention
provides a Z%H@ﬁ?&npfor%leﬁ&%?ﬁ&k%ég?Qfé?éﬁlgl&rkhp}ﬂlepﬁqggd%%hfaﬂﬂ1&9319%36' n feed with

an acid bas I gonmeri zation an -acl ased
ol i gorrer i zawit Ynpacaffia) yste preferablie ﬂzaa:llcfm @trbgmtmns at leasti I wekoalefmt s  and

ze_ol ite oli g@’gﬁrl zat O%e%%b@é@qt@élgé %:?mh%ﬁ%é“’ﬁ’ﬁ% QL Q%\éﬁe found that the

aci d based ner i P S RVEnt T on g?'e adversely
sensitive t demasedd bavcdmmelae tie addmygﬂma:ﬁcmdud{tyﬂruf@aygmmS iFort he ol efin feed.

Thi s sensi ti vity is denonstrate gnifi reduction in catalyst
life in the® %ﬁ&ﬁeafne&@f%ﬁ%@@ogt@ @n‘%ﬁ% hydrocarbons. The
exhi bited seuaBfi Vit Yinl sholiet Exﬁbéﬂ?ﬁéﬂ@ﬁ‘i}f&dnve‘iﬂuﬂﬂQ:aia!yst sfek Féaat addi tion
of low | eveI s _of water (a non-hydrocarbagn oxx enate) to t ofefin feed

by hydrating the olefin feed prior to contacting with the oligomerization catalyst

particularly a zeolite oligomerization catalyst. Preferably, the hydrated olefin feed

has a water content of 0.005 to 0.5 weight percent.

DETAILED DESCRIPTION OF THE INVENTION

[0019] This invention provides a method of oligomerizing olefin by

contacting an olefin feed with an acid based oligomerization catalyst. Examples
of an acid based oligomerization catalyst include solid phosphoric acid catalysts
and zeolite oligomerization catalysts.

{0020] The inventors have found that the acid based oligomerization
catalysts used in this invention are adversely sensitive to even low levels of
oxygenated hydrocarbons in the olefin feed. This sensitivity is demonstrated by a
significant reduction in catalyst life in the presence of certain levels of oxygenated
hydrocarbons. The exhibited sensitivity is quite unexpected, since it is known that
addition of low levels of water (a non-hydrocarbon oxygenate) to the olefin feed

can actually increase the catalytic life of the zeolite oligomerization catalysts.



can actually increase the catalytic |ife of the zeolite oligonerization
catalysts. 2 6 DEC 2006 WD 2004/009518 PCTI US2003/ 011378 -5- See, for
exanple, U S. Patent No. 5,672,800 which shows that hydration cam gipEpngye
zeolite ol hapoRibhipals on catalyst life. [0021] The inventors have further
found, however, that the acid based .ajigomerization cal&FYSI3A¥E in this
i nvention can tol erate higher levels of oxygenated hydrocarbon in the

olefin feed when the oligonerization reaction is carried out at appropriate
oper ati ng c&mfmiemle,&é%r Byentdie 5672880 whishsbens hadhsirationstmude hi gher
tenperature [ . g h:cappropriate catalyst regeneration
cycle Iengt%’?pr&e%%tte%?igg@%%ﬁgggﬂ%%gﬁ{d to increase the density of the

f eedst ock. [0021]easi ndglliehavabenrs hive fofthdr fenrdekatedver; khat theraoiddmsddne sol ubility

of coke precursors.and thus increases catalyst stabilit 0022] Exanpl es
of oxygenat &W&Fﬂt"_&roﬁ Stsgs I”ctﬁ‘stl%‘@nﬂ%r?WB%@&h]&qré%%P}zation catal ysts
are adver sebyoe@iéd Rydyetafiof iRt UdinSee PWHANYE 8B gonkiz@M@Sreactidh ier s and
carboxylic acids. Oxygenated hydrocarbons which particularly affect the

aci d based eAiefor et snprensiateceperatips cenditnasy Aepieptiata eperatipg goprlitigptohol |

di rethyl e . d i ]aag'hg : ionic acid.

[ 00231 In t%?@ﬂ? 1r]11 e%]r'??%ﬁ%h{aﬁés’ légfé%‘ggesgtﬂgsgghn%g t'h Hjlpglg{é%a%g@gl i goneri zed
conpri ses oxggermipadytly dmgtha flvoduct tenydaneandrehoell twendrease tiee dehefyiof f eed stream

that is to pe_ oli rized c rises.at st. about 00 m by wei ght of

the  oxygerBESHOHGGR deurBons DRREEY 26y et PEFPres e iR « hat °I's Lo

be ol i gonegdka prkcGROMIHNE Bfus fincpeasesratllysi sl@Bifiyppm t o about 10 percent by

wei ght of the oxygenated_ hydrocarbon, nore preferably from about 1,200 ppm

to about 5 [98cent dy*amwieiof ovyeensied bydrecsrhonde tBeahBased [ 0024] The

hi gher concgpiohRbib Al @lalROLIERREREY YA AE3 DR A alleny dedlkeloated by the
ol i gonmerization catalysts at higher operating tenperatures. Hi gher

operating tehpeant wreaxylinetiddOxxsaprecidressihons whicheagiculadpaffect50C. A
preferred rﬁ?%&i{j%Qsep%ggglé@fiéffigﬁgﬁggﬁ]s E‘J%fudg.lxﬂeﬁ'%ﬂglr b&tgﬁﬁ%&hﬁ%@?ﬂ eds

containing a eas y Weig oxygenate carbon is
from about @b@Gntihyl @lydketode mcptix0RE], ai plopionpeidat i ng pressures are al so

preferred altOOEl:;]gher In this invention, the olefin stream that is to be oligomerized
comprises oxygenated hydrocarbon. In one embodiment, the olefin feed stream
that is to be cligomerized comprises at least about 1,000 ppm by weight of the
oxygenated hydrocarbon. Preferably, the olefin feed stream that is to be
oligomerized comprises from about 1,000 ppm to about 10 percent by weight of
the oxygenated hydrocarbon, more preferably from about 1,200 ppm to about 5
percent by weight of the oxygenated hydrocarbon.

10024] The higher concentrations of oxygenated hydrocarbon can be
tolerated by the oligomerization catalysts at higher operating temperatures.
Higher operating temperatures include temperatures of at least about 250°C. A
preferred reaction temperature range for oligomerizing olefin feeds containing at
Jeast about 1,000 ppm by weight oxygenated hydrocarbon is from about 250°C to
about 325°

[0025} Higher operating pressures are also preferred at higher

concentrations of oxygenated hydrocarbons. In one embodiment, the operating

pressure is at Jeast about 50 bar, Preferably, the operating pressure is at least



concentrations of oxygenated hydrocarbons. In one enbodi nent, the operating
pressure is at | east about 50 bar. Preferably, the operating prg;s%ezubs at
| east 2 6 DEC 2006 WD 2004/009518 PCTI US2003/011378 -6- about b ¢ i s

desi rabl e, wwysmymeisighat t he operating pressure not exceggw%gﬂ,u;, 1 0 bar.
[0026] It is also desirable in the irl\gqntion that the steampartial pressure
within the reactor be kept at a level 'so as not to inhibit or damage the
catalyst. Preferably, the steampartial pressure is not greater than about
10 bar, norsboupTEbzr 2k Yedh@bleghicvadver thattaa opddaiing presddre nobexdedinboupr ef er abl y
not greater ét@{r\ about 3 bar. [0027] In one enbodi nent of the invention,
the oli gome? 0% on cat al yst is regenerated after producing at |east about

500 units ofgo@é)i gomery F%?Jlscﬁﬂr;éisﬁalﬂgin hétnRbntdh thatthedstd fdsgurgei ght hourly
O.

space vel oci ggim(V\HS\/) 1 hr' and 90 % conversion, a catalyst cycle length
of 500 unitwit

the teaipiebe kept atalevel o6 acrt 40 ipbibit or damags the eatalyst. about t hree
weeks. Pref i ] I: I ! I ted after

pr oduci ng ff’%?ﬁl?% d&%yﬁﬁ%bg%gﬁghéggglggﬁ%ﬁ%% @%ﬁ"@‘f‘ilé’g"gnﬁ?&%%r unit of

catal yst; nmefergblyefirgndsier thancaboatfober, £dndsoprafeedily Rotpdétarthanabolt ol i gomer
per unit of3$at al yst. Preferably, the regeneration cycle tine is not shorter
than about” Y¥days, nore preferably the regeneration cycle time is from

about 7 to pgyt 70 1dane embO&2Rht dfiheaAnoddtien, BEBREni@RhL @ catdl@t isnvent i on,
the reaction is carried out. at about 0.2 to about 10 units of product per

unit of cat¥BSpsratggafien praducipg atlsppbant SPhuniisod sligmenpsT erit of ed out at about
0.5 to abOU%at AN T o@éfﬁ)dwaéhtﬁ;%&éygﬁatce Qélocit‘ya@ﬂhs.vj oﬂoleﬂr"*%gtf@)o [0029] The
C I'n th n e any

sol i d phosphor acid catal ysts use I's I'nvention can
convent i onate wobdrsopompiist cyclaehgtheoft@0 ysts of hbgome pacenivef datalyst ef i n

ol i goneri zation reactions. Such catalysts,comprise phosphoric acid on a
silicon balgé@m%@ ﬂ%?t’?“QEYSWFEQ‘é ?ﬁ’? ré@g, LB%@@%WHZ%‘?%’&& ¥hSsilica gel ,
di at omaceougerepatédafied pebdatiag Sogidbout Morte abqe 6j000 anigxefgdgemerges found in

AORCES i o e R

per unit of catalyst. Preferably, the regeneration cycle time is not shorter than
about 7 days, more preferably the regeneration cycle time is from about 7 to about
70 days.

[0028] In another embodiment of the invention, the reaction is carried out
at about 0.2 to about 10 units of product per unit of catalyst per hour. Preferably
the reaction is carried out at about 0.5 to about 2 units of product per unit of
catalyst per hour.

[0029] The solid phosphoric acid catalysts used in this invention can be
any conventional solid phosphoric acid catalyst that is active in olefin
oligomerization reactions. Such catalysts comprise phosphoric acid on a silicon
based support. Examples include phosphoric acid on silica gel, diatomaceous
earth, and kieselguhr, More specific examples are found in U.S. Patent Nos.
2,586,852; 2,713,560; and 4,675,463, the descriptions of which are incorporated
herein by reference.

10030] The zeolite oligomerization catalysts can be any catalyst that is
active in olefin oligomerization reactions. Such catalysts include, for example,
zeolites of the TON structure type (for eﬁtamp]e, ZSM-22, ISI-1, Theta-1, Nu-10,
KZ-2); zeolites of the MTT structure type (for example, ZSM-23, KZ-1); zeolites



100301 The zeolite oligonerization catalysts can be any catalyst that is
active in olefin oligomerization reactions. Such catal ysts incluofl 108
exanple, zeolites of the TON structure type (for exanple, ZSM 22, |SI-1,

Thet a- 1, 'W%%bwo zeolites of the MIT structure tpymmsé(fo@mue-)garrpl e,
ZSM 23, KZ zeol | tes 2 6 DEC 2006-7WD 2004/ 009518 PCT/ US2003/ 011378 - 7-

of the MFJ structure type (for exanple, ZSM5); zeolltes of the MEL

structure exanpl ZSM | 1 zeolites MIW structure type
(for exarrpl‘%}l gM‘FPE ure EY@B%P'E "é‘é‘“\ﬂ?@t’%—’spﬁé EFJ@“%%?‘IJE FYHNIE f or exanpl e,

EU-1); zeoltj(ﬁee(fo;%%mélz , ZOK1- BN YeOREDSF hO MTWanlihrd §pd (tf@f e%hﬁaH}Et ure famly.
QG her exanpl es of sul table <Catal ysts are offretités, ZSM 18, MOM 22

or zeol iteZ5M-42); Switt?ﬁewlﬂsﬂ@ﬂEUQ stesture Bipal(fos exanple, EiééhrzﬁfbiédZSM-Synt hesi s of
Hgh-Sil i C%?'AEL nOSI]?fé%%g{% erl t%?ctuxg rall%'sbth‘gpg)ggfp e%%? l%ablb‘ Mar t ens

(publi shed“as"vo Pi s ace Ccl eénce and
Cat al ysi s) caﬂalyetsdrésaﬁﬁ@ﬂtts €7 M- 4y\D$Mh18 MECMe2d prosealite defae Senthesiyof 1 ef er ence.

[ 0031] Additional] |y t used thi.s ipventijon n be a zeolite
synt hesi zeéhfaﬁf EHEHS %?T@ﬁ‘? h@@ﬁﬁfé’“ gé? fraosiliaale %l"FSauj asites,

zeolite Lpy @tqdmbt%d JeA' Mkt paRthedabaghhess ﬁﬂﬂ@sétegyﬁtﬁét% of whi ch
are descrlbed in the Atlas of Zeolite Structure Types by WM Meier and

D. H. O son Serfaes Seimesd ang Calysis)k thastisdesuesrofiydtieh s inforpoptedhareiobbir e Conmi ssi on
of the Integ fﬁl%{’ sonal Zeolite Association). Zeolite catalysts having crystal
structures 't are essentially the sane as the crystal structures of the
above- nent i[{@34H zeol Atdénmaalazl, Qnstcst,alybmseddhﬂtﬁseini'myioslcwgﬂ)ﬁd zeoliteer ef rom i n
chem cal cq siti.on so.b d. zealites include
zeolite caf %st@dd’ﬂthzgflﬂ%d&%ﬁﬁofgmﬁ F‘X%{nﬁg PdSFauJaﬁt ‘ifn‘?ei‘?ﬁ}ﬁ ions from or
by st eam ng, Alordenkies, @ovites ARdEHabaYds, ZOdthictiresadfavhict fie dest:nbetiaﬁl ite catalysts
obt ai ned by addition of different elenents, for_exanple | hpregnati on or

cation excHenglassf Zefite SeuspgTapssdy Worli Mgier ped D) Glpon @VWtSH%‘H’% (for

exanpl e bo'HﬁﬂeMJr@;Q oﬁ%@hﬂ%ﬂtﬁéﬁﬂucﬂr@@%@ﬁm?ﬁ&t fitRe RhdAAREAI ZRji{eon catal ysts
can be made by any suitable thod. One conventional techni que includes

heating a ﬁémat@n) nzfsctll!ﬁ@talﬁtﬁﬁtaalnﬁlcﬂ@wéS%'W@éﬂ’@f argiesspritplly 8bd de, a source
of al um nug.0 3 os ﬁ%sgtal bifuct PR AR 3l € meRlloWdIRMIE RAQHBRf - for exanple, a

ni trogen or
differing sh ghtly therefrom in chemical composition, can also be used. Examples

of such zeolites include zeolite catalysts obtained by removal of a number of
aluminum ions from, or by steaming of, the above-mentioned zeo]ite catalysts, or
zeolite catalysts obtained by addition of different elements, for example, by
impregnation or cation exchange or by incorporation during the zeolite synthesis
(for example boron, iron and gallium).

[0032] Zeolite oligomerization catalysts can be made by any suitable
method. One conventional technique includes heating a reaction mixture
containing a source of silicon oxide, a source of aluminum oxide and, if
appropriate, an organic promoter, for example, a nitrogen or phosphorus-
containing organic base, together optionally with an alkali metal base, and
separating the porous aluminosilicate crystals (zeolite precursor crystals) formed.
The precursor crystals are then calcined in air or oxygen at a temperature
exceeding 500°C; for example, at a temperature of 550°C for about 10 10 about 20
hours. In one embodiment, the calcined rﬁateria] is exchanged with ammonium

ions (NH4+) and subjected to conditions under which the ammonium ions



cont ai ni ng organi c base, together optionally with an al kali netal base, and
separating the porous alunmnosilicate crystals (zeolite precurs®ftCiist al s)
formed. The precursor crystals are then calcined in air or oxygen at a

terrperatu‘? @g‘%ﬁ g ng 500C, for exanple, at a tenperapgrasghosbad@ for about
10 to abodt®? ours. In one enbodimgnt, the calcined material is exchanged
w th ammonium ions (NH4+) and subjected to conditions under which the
anmoni umions 2 6 DEC 2006 WO 2004/ 009518 PCT/ US2003/011378 -8- deconpose,
with the foﬂmmpgrﬁ,@»ﬁthéhmfonnwm aalwmanrhm, thvsopiaduaing awecidié dic  form

of the 260l it colld SEAR! IRL Vi EEL B FolPLINER iR aBtayned by aci d

exchange w hy roc ori¢c acrd &“¢al ci ned materi al
can be useekdhange widi Bydrsdhlodctaoiaiutlf Besirad, hberem‘, ¥ cdleingdthatatiblncapnmoni um i ons,

since the terral th n al.rea Qsses ci.dic sites., The activity of t he
material is°% Hséﬂasgicﬂfﬁ merg%rﬁweﬁ grhge? Amopiydens; speether has been

exchanged vwnra{enararrr&pﬂréaaypéaaessmlch@erbssm gafad of Be 7OAGKA {sQAg under whi ch
t he ammoni um i ons deconpose. The olefin feed streamthat is to be

ol i gomer i zedighificamiiydowent arttih@trpf armerwé@t has hegmexchapgededtht 0 C12 ol ef i n.
Prefer 00 o fofls A BRANCIILAAGS ol hSAShe SRRyl Bac3 o o1,
ol efin feeddez:bm@md. hat is oligonerized contai ns at | east 50 wt % ol efin.
Preferably, ol efi eam c st ,about 55 w % ol efin,
nore prefer B‘E‘}B@ 'E%et qgfdﬂ'bjts‘ffé %‘fﬁ%t%}}) 6} Slfer Wgoﬂqﬁ%ﬂ n g PVER8ncent r at i ons

include at ineRgés m@s@ret@ 1682, GIEBA.I Prefeddblpihy olefiiiftdiaire@n compaseRof |
particularly at |east one of the C2 to C8 or the C3 to (6 olefin ranges,

i ncl udi ng aftyeasbons CrdPiCarmlalin: wore mslerablnsidenst usdady Cr Hlegﬁot her embodi ment,
the ol efin fipeq) StreameBRbbARRNI, %%]éfﬂ?f@ed @r&ﬁ’z‘:‘{haﬁ@ oNkoreagaf fin. Mre

preferably, the olefin feed stream conprises [ ess than about 45 wt %
paraffin, m@alm%ﬂmeiﬂ\yt%@é@m Hueferabbitheadefin feed srgamicomprisesSbme par af fin

|5 ZOCEP At ARSI, Rl AR S B SRIGL HIRROIHIH], Yoo P22 T

such as et hane an pane acce ara Thits are
preferred bﬂeﬁevm:entFaﬁoneinamﬂéet,leaast boav€y tol C;polef m‘oranwcox%malon %or 1w %

particul arly CORCehiidy SHEANS.E0RhOL, B GPENSs ¢} & CR P lastasr " e¢
including any combination within each range.
[0035] In another embodiment, the olefin feed stream comprises less than
about 50 wt % paraffin. More preferably, the olefin feed stream comprises less
than about 45 wt % paraffin, more preferably less than about 40 wt % paraffin.
Some paraffin is acceptable, however, For example, greater than about 10 wt %
paraffin, such as ethane and/or propane, is acceptable. Lower paraffin limits are
preferred, however. For example, a lower limit of 5 wt %, 3 wt % or 1 wt %,
particularly concerning ethane and/or propane, is more preferred.
[0036] In yet another embodiment of the invention, the olefin feed stream
that is oligomerized in this invention is predominantly derived from an oxygenate
to olefins unit; meaning that at least 50 wt % of the olefin feed, preferably at least
60 wt %, and more preferably at least 70 wt % of the olefin feed, is derived from
an oxygenate to olefins unit. Such a feed stream should be low in sulfur, nitrogen
and chlorine, to the extent that essentially no pretreatment will be required for
remova) of such components. In addition, such a feed stream should have a

relatively low concentration of paraffins, compared to such sources as olefins



[0036] In yet another enbodi ment of the invention, the olefin feed stream
that is oligonerized in this invention is predom nantly deri veg f[LElcEn?rﬂﬁﬁn
oxygenate to olefins unit; nmeaning that at |east 50 wt % of t é efin

feed, pr e%g@ Yool 1 €ast 60 wt % and nore preferabl ychiusloesaisg0 w % of
the ol efi , 1S derived from an g@xygenate to olefins unit. Such a feed
stream should be low in sulfur, nitrogen and chlorine, to the extent that

essentially no pretreatnent will be required for renoval of such

conponent s fropneracked hydracarbensh Hoviexen suahradaed sierm vl iggnesally condgimit i vel y | ow

concentrati LS, ﬁﬂag : l.ef 2 6 DEC 2006
WO 2004/ Ooé)gg%e%;&q ?@E%%@b}oaﬁg%?%%%ﬁruac egﬁ %91'5{5 %?éﬁ%gﬁscgal—yg%ever, such a
f eed st r eanifewf the gehiter digbyned zattoaicatalysk yjereddredeingeal @f audhon at a | evel which
woul d |i kely adversely i npact alytic. li.fe of the zeolite oligomnerization
catal yst . FHEPGGEe Hebarret Dot i BTRR rLONRE s ReeiFequi rod. The
benefit instHednnB that 1O¥HIQRRLST Pt @nffonBrits, sl 8pRapasie hitPbuthnae | evel s of

i nert conponents, such as propane and butane, are present. [0037]

Desirabl y, Prasentol efin feed streamis obtained by contacting oxygenate with

a mol ecul anggypve capalivsly, INFAMLBPIALS i€ QIRRLEEPchadiBgS! ONe | OF gani ¢

conpound Ich’contains a east one oxygen atom aliphatic

al cohol s, ekjgenste vdtrdonolgtulacigye wadlys( AMdekyghasie ckaprmsst leastiobexyl i ¢ aci ds,
carbonates, esters and thelal ilgeh% tﬁ\hep t he oxygenate is la%@ﬁl cohol, the

al cohol i REEHEEOMRRUNG YA ForHathy, AtdEa5t PREARNECTF Y PP 85 PPal¢ bon at oms, nore
pref er abl y alcbhélf)ethets) cb6rdil bOHRpaIndsTalddReMsCRttteddartdxplicalidd, s i ncl ude but
are not necessarily limted to_|ower st raight and branched_chain aliphatic

al cohol s a_ﬁEFbPIF?é‘?Sr esterm angd the Hked W%PW’E‘ ¢ ispp alpehels theraleohiek apl e oxygenat e
conpounds iGlddgign aéizémc ﬁseﬁm%iﬂgm&qqoﬁ@eaﬂmﬂ@a@,lmo@k%a@if@ n- propanol ;

i sopropanol ; C4 - 0 .al cohols; methyl ethyl ether; diethyl”ether; diethyl
et her; di - fwopt typd¢arbantasoms. Represghidvsaecholsiindedptiut exernisd neaessarilyi et hy|

ket one; acefl. ci d; i t . ygenat e conpounds
are net han?ﬁlggﬁorrg)g" ﬁ§/§ﬁ2%]ﬁ13¢4 H%ga]aed Cir}n%(t?1 f&éh@tlfhl‘g%]ﬁog%%%ltgg%& A nol ecul ar

si eve cat ahysiuraisd oeexkrparst kixsmpley efituitable iorygdehate caxpgaratrehide, ol ef i n

roection el Sl AL ar LSl s Rerlnct s ani il geylor - of eve capanl o
alcohols; methyl ethyl ether; dimethyl ether; diethyl ether; di-isopropy! ether;
formaldehyde; dimethyl carbonate; dimethyl ketone; acetic acid; and mixtures
thereof. Preferred oxygenate comipounds are methanol, dimethyl ether, or a
mixture thereof.

10638] A molecujar sieve catalyst is used in this invention in the
oxygenate to olefin reaction. Such a molecular sieve is defined as any molecular
sieve capable of converting an oxygenate to an olefin compound. Examples of
these molecular sieves include zeolites as well as non-zeolites, and are of the
large, medjum or small pore type. Small pore molecular sieves are preferred in
one embodiment of this invention, however. As defined herein, small pore
molecular sieves have a pore size of less than about 5.0 Angstroms. Generally,
suijtable catalysts have a pore size ranging from about 3.5 to about 5.0 angstroms,
preferably from about 4.0 to about 5.0 Angstroms, and most preferably from about
4.3 to about 5.0 Angstroms.

[0039] Zeolites which are particularly useful as an oxygenate to olefins

catalyst include the ZSM type zeolites. Examples of the ZSM type zeolites



t hese nol ecul ar sieves include zeolites as well as non-zeolites, and are of

the large, nmediumor snall pore type. Small pore nol ecul ar Sif?’ﬂ?tﬁ]ﬂﬁ
preferred in one enbodi ment of this invention, however. As deffned herein,

smal | por gy 'ERMEEJA?@V si eves have a pore size of |ess tphansadsviize 0
Angstrons. %eneral y, suitable cataljsts have a pore size ranging from

about 3.5 to about 5.0 angstrons, preferably fromabout 4.0 to about 5.0
Angstrons, and nost preferably fromabout 4.3 to about 5.0 Angstrons.
100391 Zeolinthede ZHV cdh ZEMe SpaSME Cu LEM-12, ISM-UB, ZEBM a3, 8YodhaSd1-84, ol ef i ns

cat al yst H%gf%g t?g SM type zeolites. Exanples of the ZSMtype zeolites 2
6 DEC 2006 34 18 PCT/ US2003/ 011378 -10- include ZSM 4, ZSM 5,

ZSM 11, ZSNB04)] ZSM Bhothébivipd 3f o BiViciming/Sadddusefid Y invastiontiiA.  10040]
Anot her type of ol efin_ foa useful in this invention is one

1 Nng catalys
cont ai ni ng WeEPPRRBSI2 598 %%W&f@a%‘é ) Rofeshlar SiFvesi eve.

Si'licoal UmS]Héﬁaﬁz%ﬂﬁtﬂ}h%sﬁﬁﬂeerﬁb%éﬂar%ii&w&egé&rﬂﬁrrl%s@ilﬁle& a§b@agi fied as being
m croporous material's having 8, 10, or 1Z nenbered ring structures. These

ring struobigropsrosamatenials haningBel@ge 1D oembsied eing atnyttwigsf These sibput 3.5 to
Aot 1 WSS TR L S SIGH AE bOR SR bon PR TR pE U ar o eves

havi ng an "avéerage pore sizé ess abou angstrons, preferably an
aver age poraagsionss. Prafagedigre thewmatilpount SAPG nicdecahosievé laningtanons, nore

preferably from about 3.5 t?] g,.il?oug 4.2 ang;%:ogr. These Eore, Si zes are
typical of aﬁﬁﬁaﬁ‘%mrﬁﬁlzng\?é%t RAGTHY - 8nesHeRbeY EaraPIAiE Ve T§B BYE S&Ecor ding to
one enbodi FRiing H6RaboIBL LG BN arzakorad, sRrdS sl frbi Myt e to ol efin
reaction processes. These conpounds are generally known _as MeAPSGCs or

net al - cont AbAMy Figsireranl Thashppesirshere égicarpbmplsedlpr Sevgs Bavingf kal i net al
i ons (GrougnémégeT Ahlal ine earth nmetal ions (Goup I1A), rare earth ions
(Goup I'l'lIB, Tncluding the | anthanoid el enents: |anthanum cerium

pr aseodym Uf§4lheodymAgeordsgrapneiembalimen] whstitgrad SAPRIswap alsebbiser

Gy, 0o U EIATAT SR Mkl ST, Y -BRARR L b BT S5 e

VIIB, VIIIdBMeP$OsBr metal-containing silicoaluminophosphates. The metal can be
alkali metal ions (Group 1A), alkaline earth metal ions (Group IIA), rare earth ions
{Group IIIB, including the lanthanoid elements: lanthanum, cerium,
praseodymium, neodymium, samarium, europium, gadolinium, terbium,
dysprosium, holmium, erbium, thulium, ytterbium and lutetium; and scandium or
yttrium) and the additional transition cations of Groups IVB, VB, VIB, VIIB,
VIIIB, and IB.
[0642] Preferably, the Me represents atoms such as Zn, Mg, Mn, Co, Ni,
Ga, Fe, Ti, Zr, Ge, Sn, and Cr. These atoms can be inserted into the tetrahedral
framework through a [MeO;] tetrahedral unit. The [MeO-] tetrahedral unit carries
a net electric charge depending on the valence stale of the metal substituent.
When the metal component has a valence state of +2, +3, +4, 435, or +6, the net
electric charge is between -2 and +2. Incorporation of the metal component is
typically accomplished adding the metal component during synthesis of the
molecular sieve, However, post-synthesis ion exchange can also be used. In post
synthesis exchange, the metal component will introduce cations into ion-exchange

positions at an open surface of the molecular sieve, not into the framework itself.



[0042] Preferably, the Me represents atons such as Zn, My, Mi, Co, N, G,
Fe, Ti, Zr, Ge, Sri, and C. These atonms can be inserted into thg§ pEC 2006
tetrahedral framework through a [MeQ2] tetrahedral unit. The [ Me02]

t et r ahedr alygHabdnosikri €s  a net el ectric charge dependi p@rfehobdif 148 €NCe
stale of the netal substituent. \Wen-tlhle netal conponent has a val ence state

of +2, +3, +4, +5, or +6, the net electric charge is between -2 and +2.

| ncor por at i the getal ¢ nent .is., typically.acconpl.ish ddi ng the
met al corrpoi@"‘fgi duri ngg’é‘aﬁlft ﬂﬁ&?‘g’nm‘jﬁhﬁ@ha gee rSIQF%%.“dﬁgﬁggéi ,

post - synt hesiapQ-9/8 AFGNaNgLPOARB, SABO-I7esHPEd 8, SAPORSS, SAPOS NSAPD-eXchange,
the nmetal conponent will introduce cations into ion-exchange ositions at
an open sur PACRARP-35n8ARE 0 SARP-F §6@p“4ﬂ3§‘4ipﬂ'61,t9ffé’9‘ﬂ&:r%§&9'ﬁ itself 2 6
DEC 2006 Q09R1.8¢R - o ] j

silicoal um'\/\%%ﬁg%hat e ﬁgﬂ t%&%%%@é%§@é Iutqj%eeo ) %tlﬂgék%%fg SAPO- 11,
SAPO- 16, SAPG{drTed $APAPLR] 8, SAPO-2) SASARES, A PGARPQNndSAPBARO- 35, SAPO- 36,

SAPO 37, SAPO- 4 SARPO- 4 4 SAPO- 4 SAPO-47,. SAPO-56, the netal
cont ai ni ng PW’W@@%SA@&# sfﬁd@%?f’ﬁ’r’ é“&i%ﬁ&’d?“?ta BRELips L8 o' SAPO- 18,
SAPG- 34, SAiered®, andMRihdds thebst. PARE:dHereinPBE tdrmUhBtdry isSiéydfduand SAPO- 34,

including the netal containing_ forns thereof, and m xtures thereof. As used
herei n, the YBCAMPINatign ang is cansidsiAAtPIIPORIUCR Of BIEETEVINGAWA RETPE consi dered a

conposi tion ' r Ln.varying proportions,
regardl ess Sﬁ?ﬁgﬁsqgﬁg‘)‘?ﬁ% 0@?@?@’. re%g%iﬁ ﬁiﬁag urr?c%{)%ﬁg'sphat e (ALPO

mol ecul ar sil®dd] can abseluminophesphattdd LiPR) mirdealrgisvat@ alw Il ef i ns cat al yst
compos 1o ARy R TR 5T TP oo o

oxi des whi ch can have a can i onal elenents
wi thin the todsrelasikyestaypirgathllive mhavgrous dxideswidehecadihrenai APO4r angi ng from

about 3 angstrons .tq. about 10 ngstrons, angd.are capable of ki ng size

sel ecti ve si’ﬁ?FﬂPTko?E‘eﬁfcaﬁbff%@G&agné§%€t‘?f’_§§’f’]ﬂ%m§ f?ﬂ%ﬁ”c’fw gn structure
types have heRNmifRAR pbRMAimknGdldGdidphg @R kLb&R JtARAIAN tedaboiinel ogues. A nore
detail ed description of the background and , synthesis of al um nophosphates

i s found i nawgstommaand apg,capable oHmaking sigmpedertive senaptiopp el meleelder ein by

reference iQodefes Rt ffahY¥wo BoRhSHGG NTOnald bikch WRBed ifudid O 5. ALPO-1 1,
ALPO 18, ALBG 31, ALPO 34,  ALPO 36, 5%37, X ehreporedifciud
zeolite topological analogues. A more detailed description of the background and

synthesis of aluminophosphates is found in U.S. Pat. No. 4,310,440, which is
incorporated herein by reference in its entirety. Preferred ALPO structures are
ALPO-5, ALPO-11, ALPO-18, ALPO-31, ALPO-34, ALPO-36, ALPO-37, and
ALPO-46.

[0045] The ALPOs can also include a metal substituent in its framework.
Preferably, the metal is selected from the group consisting of magnesium,
manganese, zinc, cobalt, and mixtures thereof. These materials preferably exhibit
adsorption, ion-exchange and/or catalytic properties similar to aluminosilicate,
aluminophosphate and silica aluminophosphate molecular sieve compositions.
Members of this class and their preparation are described in U.S. Pat. No.
4,567,029, incorporated herein by reference in its entirety.

{0046} The metal containing ALPOs have a three-dimensional
micrbporous crystal framework structure of MO3, AlQ; and PO, tetrahedral units.
These as manufactured structures (which contain template prior to calcination) can

be represented by empirical chemical composition, on an anhydrous basis, as:



ALPO-46. [0045] The ALPGs can al so include a netal substituent inits
framework. Preferably, the netal is selected fromthe group ohBi&tllhg of
magnesi um  nmanganese, zinc, cobalt, and m xtures thereof. These materials

preferabl y,gx%tiBidsig @dsor ption, ion-exchange and/ or catpiniishdspiamerties
simlar to alumnosilicate, aI um noppposphate and silica al um nophosphate

nol ecul ar sieve conpositions. Menbers of this class and their preparation
are described in U S. Pat. No. 4,567,029, incorporated herein by reference
inits entirety. [00461 The netanRe@vitAiMi®m ALPOs have a t hree- di mensi onal

M Cropor ous, et ystgh ? Q;thvg{] as? bhdSH b € 1¢ %pv%p%ﬁg?%g%m nql% Q2 tetrahedral

units. These as mand ured strucfures enpl ate prior to
cal ci nat i onhtrcaystallve poepsystent ‘el riyreenysithd males oh'&Rii padentpempmds 6 on, on an

anhydr ous basi ; 6 DEC 2006 WD 2004[009518. PCT/ 82003/011378 -12- nR
(VA yace REALPAR aad bk Mt id o 218 420 >RE TG HR PR RSSL 775, agent
present in deb@ldmgﬂﬁoﬂﬁﬁdﬁbﬁhﬁlwmeﬁ)f&S%Yﬂie&%pfaﬂh% iRAf #gané s the noles of
"R' present per f (MA Pl)Q and has a_value of fromzero to 0.3,

the maxi nurdveiaipevaidhvelymeg Oéél?éor?j%ﬁ@ﬁbﬁfﬁbe pAsisilarpeetdlol ecul ar di nensi ons of
e, oMbl a6 30RRt A bAE Y- ABhE YOl fh oKk YL thERyPE feSYSt em of the

particul ar nmeta um nop osphdt & 'invo represent the
mol e fract imeia “d”, (ikee mageesaim, mAh,galqﬂse,ezmcrmgme@ln),mlunmngmnése zinc and
cobalt), m_Aum and phorus, .re t v I Ly, pr esent as tetrahedral

oxi des. 10633’9 PROHIS TrEResT fv g%rﬁr%?eﬂtlaﬁée%%%%@ S sonetimes referred to by the
acronym as [MWPO Al Sme nfetd] h@:ﬁ@mﬁ@mm{wé gorhdiBnaetfatred Moty ther t he

corrp05|t|on|sma cronym MAPO i s applied to the conposition.
Simlarly ZRS&M A&AP’%"&‘? EASEHYS ‘?I%H‘et’%etﬁ é/l sitions which

contain zi ngmp aﬁﬁ&aﬁ @mncmbaérbn}rrﬁw@p@hsv@lpmed%%e@tﬁﬁﬁ&sﬁmnt he various
structural speC| es whi ch nmake up each of the Subgeneric classes MAPO ZAPO,

CoAPO and I\ﬁﬂ\lﬂﬂ@l)f 2AER, MpadiQand GoARG prgrrpplied tadkmrempepitionswhiglent i fi ed, for
| Th
exanpl e, ﬁ %ﬁﬂyﬁgﬁe%&and%ﬁﬁge%&c% S0 &EEH} th%%%ﬁle g e

S|I|coalumn ate~nolecul ar sieve 1S typica
stmcmral species which make up each of the subgeneric classes MAPO, ZAPO,

CoAPO and MnAPO, each species is assigned a number and is identified, for
example, as ZAPO-5, MAPQ-11, CoAPO-34 and so forth. '

10048) The silicoaluminophosphate molecular sieve is typically admixed
(i.e., blended) with other materials. When blended, the resulting composition is
typically referred to as a SAPO catalyst, with the catalyst comprising the SAPO
molecular sieve.

10049} Materials which can be blended with the molecular sieve can be
various inert or catalytically active materials, or various binder materials. These
materials include compositions such as kaolin and other clays, various forms of
rare earth metals, metal oxides, other non-zeolite catalyst components, zeolite
catalyst components, alumina or alumina sol, titania, zirconia; magnesia, thoria,
beryllia, quartz, silica or silica or silica sol, and mixtures thereof. These
components are also effective in reducing, inter alia, overall catalyst cost, acting
as a thermal sink to assist in heat shielding the catalyst during regeneration,
densifying the catalyst and increasing catalyst strength. It is particularly desirable

that the inert materials that are used in the catalyst to act as a thermal sink have a



(i.e., blended) with other materials. Wen blended, the resulting
conposition is typically referred to as a SAPO cat al yst, vm'th%é'ng @?1}0 gl yst
conprising the SAPO nol ecul ar sieve. 100491 Materials which c % bl"ended

with the npleculal,si eve can be various inert or catalpgirj@adobpafit i ve
materials, Of varl ous bi nder materi al % These materials iInclude

conpositions such as kaolin and ot hed3¢l ays, various fornms of rare earth
netal s, nmetal oxides, other non-zeolite catal yst conponents, zeolite

cat al yst Cﬂ@&?@%@ftﬁofﬁbﬁﬁ@bﬂﬁ s B BNABRLC, hbleFMBrabh] £58 TR MBINES] 2,

thoria, beryllia, ~quartz, silica or silica or silica sol, and m xtures
t hereof . Thdse abm@ﬁbrwty@t@ Bost pxtfsmbb'fffcen:aboneml rlo abaudisngl/gi*Gt er al i a,
i st in _heat shielding

overall ca t cos actin as a, t hernal k t

the catal yi@sﬁﬁrl ng @Eﬂﬁqléi‘?q]%?ar 5’8%’??*9‘?‘1?@% %Qa%ffilfsatpaé‘ﬁ’é i ncreasi ng
cat al yst Stt}ﬁeeﬁlﬁi(ﬁlcatb]srsﬂo%nﬁéﬁhbr%hl 1BEy yandﬁ%gédaéglseparétta%olédaﬁr kjgggt materials
that are used in the catalyst to act as a thermal sink have a 26 DEC 2006

WO 2004/ oogsilsstpmct;szmmhﬂ@?%Aquatalm%aﬁdE@a@acﬁtwhw typesf st 0. 05 to

o ef er abl y PP giEtestBl SieBE A BE kable B RO s bbb SRR, REE01 O T o Cob
Si evE mat e AiP4), QTMELTHQATN;IAWM HK, é‘,A[SaCHAQCHI,t]hACSBm ERIAERIS t dcorrp05| ti onh
or t ey Ca S t \/ ystsmamxture Wi t
t he SAPO cg}tcgf&?eﬁ?edlé g@ﬁ %{ﬁf@ﬁl %@sﬁg‘(’cm pore nol ecul ar

si eves tha%uiﬁﬁﬁteﬂﬁbﬁﬁélh@reﬁprsmﬁﬁlra]fi\y Bbﬁmhd]wﬁ rOMoledtlapdeveiBlat AFT, APC,
ATN, ATT, ATV, A Bl K, CAS, ED. . ER GO, KFI, LEV,

LOV, LTA, ReoNuitablq for PWmq’?ﬂ@"emm‘liP@Mghd”’lE%tMgW’tW@d“f JrHEUs her eof .

Structural FEKFRPOOAEEE@OW%RPsrﬁsWeS%fhﬁ'ihe?éo?v?ﬁesre@ﬁltal] 288 Sedidhi abl e for use
in this invention’include’ U  FER AFO, AEL, TON,

and subst i pm@w1¢cglan§1€tf¢ﬁe&r@é¢86rlhwesgr@mﬂﬂa}hmhnﬁdmmﬁ Zeobtee ol ecul ar si eves

o 1 S0 Sy BB IO b B LB, Topgt e TvPes
det ai | ed desaw, thptdenileddesabiptixin dfsvidedpik explicltly mmpusrpmdmtﬁﬂa her ei n by
reference. Prefer no, eclul Si eve ich can.be conmbined with a

si | i coal unf$\Ip6s %ﬁ%‘f’ée 5?"3%’1517Vﬁ§}”§’&£hmq§mqﬁ9ﬂ? Berionite, and
chabazi t e. silit&ffdihopHeepifaad @ltalPst IRDTRTSM- smMm@rmﬁgmﬁmnamhzﬁabodl nent,
preferabl y[OOS]] The catalyst composition, according to an embodiment, preferably
comprises from about 1% 10 about 99%, more preferably from about 5% to about
90%, and most preferably from about 10% to about 80%, by weight of molecular
sieve. It is also preferred that the catalyst composition have a particle size of from
about 20 microns to about 3,000 microns, more preferably from about 30 microns
1o about 200 microns, most preferably from about 50 microns to about 150
microns.

10052] The catalyst can be subjected to a variety of treatments to achieve
the desired physical and chemical characteristics. Such treatments include, but are
not necessarily limited to hydrothermal treatment, calcination, acid treatment, base
treatment, milling, ball milling, grinding, spray drying, and combinations thereof.
[0053] A preferred catalyst of this invention is a catalyst which contains a
combination of SAPQ-34, and SAPO-18 or ALPO-18 molecular sieve, Ina

particularly preferred embodiment, the molecular sieve is a crystalline intergrowth

of SAPQ-34, and SAPO-18 or ALPO-18.



conprises fromabout 1% to about 99% nore preferably from about 5% to about
90% and nost preferably from about 10%to about 80% by wei ght D m?ul ar
sieve. It is also preferred that the catal yst conposition have particle

size of frQE@hessis 20 mcrons to about 3,000 microns, pwipRIGFAPIY from
about 30 mcrons to about 200 m'crogi, nost preferably from about 50

mcrons to about 150 mcrons. (0052J" The catal yst can be subjected to a
variety of treatments to achieve the desired physical and chem cal

charact eri plos£js. Sucho béfat TR Ratt NEHIBER forué add1efin HRl, BEFRESANI |y |1 nited
to hydrothermal treatnent, calcination, acid treatnent, base treatnent,

m I 1ing, bERHCRsYsIeRsEan fe Reedi Mgludiop fixpd bed, it bedpa moyingibedt i ons t her eof |

0053] A [ S | on i - i ch t ai
Conti nat | bR TSGR SR P bre 3L b bddER Bl el 2% akishs i N PoTtal e
parti cul ar $horipoefaertinee, centitextumen tiree-filkbreatbsc Mesiratdy, ehereactords ong/st al | i ne
intergrowth .af. SAPO 34 nd SAPO- 18 or, ALPO-18. 6. DEC 20 WO
2004/ G005 o Bagomants FRucto bF pokadied 6 AIAs T RSYEHIAE o of ef i n for
use as ol edtiatvdigathoud P AyRB I EIRER (WHSWS b4t |&¥EiteTB]l BA)pReradet 1 ncl udi ng

fixed bed, fluid hed or noving bed stens. Preferred reactors of one

L sy X
enbodi nment tharares 61 Fapyabept ¥ s gp 19%@? omeregreferablyopthepgeadtron ne,

count et cur it od 960 bgbd 1060GHOAR mbR HHrERbIY in ISR dduoRe 1 whi ch

an oxygenate Teedstock can be ¢ontact a nol ecul ar sieve catal yst at
a wei ght hiind gbeps6@ hvel WHSWis (vligdherin at the maight obexygenttehrrdl, pr ef er abl y

in the ra of, from.about h 0. 100 r-1 r ! bly in the range
of from af?}%?ca%nk@”df Eaﬁﬁg%?"aq%fiﬁmﬁgi%egﬁﬁr H%%&eg}vglﬁgi%ﬁ? in the range of
f r om about maRculk siévetd@nahDoftthoCHtalint.- BecaWiS¥e kstalgelf oriedfebdtoek mags t he wei ght

i.ch may, f eed, per hour

of oxygenate, .an hydr.ocar bon whi, .,option einth

per wei ght “fag ﬂ'ger ‘?%"Ieaélﬁl“éﬁ’&ﬁcb‘?ﬁén%r?f QHP%&’ ﬂi‘%&? ‘élcﬁlg‘l‘]?“’%@ﬁause t he
catal yst OfhetRht BRKSEARK t€f04,23h8 AEbSWRLE maibeh act as inerts
or dil uents:3 tﬁge VHSV i s g)g%ﬂal‘ at ed onag%;ﬁ?raei ght basirdgpof t he oxygenate

feed, and BASEnhyad Bednelesrivitsicvh corgingsin thy eadadyst. and t he nol ecul ar si eve
tai ned | h t ; : di
cont al ne (’(\}P?ﬂ € ca ﬁ'%%f:{?i ; h%nquﬁéen{gﬁ%é‘d JQ%MactEchﬁ’xtﬂ?EWegc%&%{awﬁ&e IS

cont act ed the ca e oxygenate is in a por phase.
Al t er nat el $he okygente dc@ssvapayphaee. cltarnaely abe piogess may be carried outina

liquid or a mixed vapor/liquid phase. When the process is carried out in a liquid
phase or a mixed vapor/liquid phase, different conversions and selectivities of
feed-to-product may result depending upon the catalyst and reaction conditions.
{0056] The oxygenate 1o olefins process can generally be carried out at a
wide range of temperatures. An effective operating temperature range can be
from about 200°C to about 700°C, pfeferab]y from about 300°C to about 600°C,
more preferably from about 350°C to about 550°C. At the lower end of the
temperature range, the formation of the desired olefin products may become
markedly slow. At the upper end of the temperature range, the process may not
form an optimum amount of product.

[0057] Qlefins obtained by cracking hydrocarbon streams can also be used
to form the olefin feed stream of this invention. It is preferable, however, that
such olefins be combined with the olefin product of the oxygenate conversion
reaction. This is because the olefins obtained by a cracking process are generally
high in non-reactive hydrocarbon components such as paraffins, are high in

branchiness, and are high in other undesirable by-products such as sulfur, which



liquid or a m xed vapor/liquid phase. When the process is carried out in a
liquid phase or a m xed vapor/liquid phase, different converzi s -Zaaghd
selectivities of feed-to-product nmay result dependi ng upon t g catal'yst and

reaction &9891%05}0@%8 [ 0056] The oxygenate to ol efi ns presRsssAdsgeneral |y
be carried out at a w de range of t?g’peratures. An effective operating
0

tenperature range can be from abouf 0C to about 700C, preferably from
about 300C to about 600C, nore preferably from about 350C to about 550C. At

the |ower aitafée dofiersiof FRBIAIsUR heBPINS oldiGed@bAPIdceR. Thetkftpe,desired ol efin
products may beconme  markedly slow. At the ug&gr end of the tenperature

range, theadsiitipnakpurificptionef sughor siream wpeldbameedebunt of product. [0057]
a efi biakaed b } : d tof
erins o ggg y fﬂ@cﬁ%‘ﬁr{‘ﬂﬁed‘éfﬂﬁﬁ%\?éﬁ‘ﬁﬂn ﬁ%{ f&%ﬁaﬁﬁ?ﬁg?ﬁ%@g&ﬁ%ﬂ?e o rorm

the olefin streamo I'sS I nvention. I'sS pre oviever, that
such ol ef i nitropen adidrichbtinewdnkent.nA calréing o prnoenistdiménti the olefy femdat e conver si on

tion. This is b th | ef I, bt ai ned . Ki
Gencr al |y S SR ROREPE LD YR UL ATBh A HB RS CGERVAS par af {1 e

are high iéffecbﬂ@ﬂﬁlhhﬁﬁﬁty ofehea¥zed bi @igdnfer@&dw%bdmdsﬁéﬂ Bdt by- products such
as sul fur, which 2 6 DEC 2006 WO 2004/ 009518 PCT/ US2003/ 011378 -15- can

cause convensiigTEngrgibnoiefiniand mesofhraiched HPad-piefip duprovioR dprvtiass. Therefore,
addi i onal el iatARy ers 6 o HRASATMN Ry AREKAA 00581 The ol efin

feed of th?s Invention has a substa y reduce ur, nitrogen and/or

chl ori ne chsttralerivatives drodi thgdimer emdolégryaatipnetcts of this inveftion Widd al so

cont ai ns isﬁ(]),f]a(lmzf'knuatt 2 gqlncgsntlésgiiop t hat does not substantially adversely

affect thePTI'h %Iyﬁﬁghtf)f S ¥ Her1Zed or ol i gorneri zed product. Such product
cont ai ns ejgosgh n- ol Hid sulfandnrRner1he akthdecdrognits diveiton sheulpbevi de derivative
product s, ticularly esters, that .are highly desirable for, i ndustrial end

uses. Estgﬂ.%?i%?trx}&’t"l W&S‘F‘r‘g‘i’w‘?"cﬁr’(&y d’f ﬁ\?rcaﬁ‘ﬁﬁt B%éfié‘b the ‘E)‘H{Rf’é“%f this

i nvention widiigoRRr iskRE gdbgﬂdi_]t?amwn}ﬁmédahir_@fe;agry, HRQuESr dhRstihthezers. [00591 The
sul fur content” of the olefin feed of this invention should be sufficiently

| ow such t¢lgfin faed inmratigtdatey thep apaws 18@pamy T relgrably. petressattdbast ef i n di mer  or
0oL, | el STk bt e Pl gaabim s Content
gr eat er t heafculated on an atomic basis.

[0060] The nitrogen content of the olefin feed of this invention should also

be sufficiently low such that the catalytic activity of the catalyst used 1o form the

olefin dimer or oligomer is not substantially inhibited, Preferably, the nitrogen

content in the olefin feed is not greater than about 1 ppm; more preferably, not

greater than about 0.5 ppm; and most preferably, not greater than about 0.3 ppm

by weight, calculated on an atomic basis.

[0061] The chlorine content of the olefin feed of this invention should also

be sufficiently Jow such that the catalytic activity of the catalyst used to form the

olefin dimer or oligomer is not substantially inhibited, Preferably, the chlorine

content in the olefin feed is not greater than about 0.5 ppm; more preferably, not

greater than about 0.4 ppm; and most preferably, not greater than about 0.1 ppm

by weight, calculated on an atomic basis.

[0062] Tt is also desirable, according to one embodiment, that the olefin

feed stream of this invention be high in linear mono-olefin content so as to

maintain a sufficiently high conversion to higher olefin product having few

branches. Preferably, the olefin feed stream comprises at Jeast about 50 wt %



about 10 ppm and nost preferably, not greater than about | i)gn Eg wgl ght,
cal cul ated on an atom c basis. 10060] The nitrogen content of et dWis i n
feed of this invention should also be sufficiently |ow such that the

catal ytic yagbiMjobotOf the catalyst used to formthe olpgfthR2¢dbaRs780"

ol i gonmer is not subst antially inhibi giﬁd Preferably, the nitrogen content
inthe olefin feed is not greater th about | ppm nore preferably, not
greater than about 0.5 ppm and nost preferably, not greater than about 0.3
ppm by welighat mof®blefihahe@ ppeferablyodt Qaastabbasiosvt % G0&ek Inokasolefm;or i ne cont ent
of the olefin feed _of this invention should also_be sufficiently |ow such

that the caddngst preferbly §legst apowt {8 va 4p hrsps mopgalefipo Predemablynide ol efin di ner

or oli gomanealsme% o]%ﬂmstaaesioaég ¥neaPHbRo- Bﬁgnal?cfﬂs%r@sbin}ﬂ’h Hep chlorine
content in the olefin f I's not greater than about 0.5 ppm nore

pr ef er abl yhydmmarbogucemcrérof mmagreabmlwn ghomt %Q)Wt %anmrmsferqhhefnet ably, not
gr eat er tggaaatgrqg%[ﬁb%m 1901 Qde\n% fbragﬁrbno lgzriéa?e?th%fmhﬁ? t '& basis. [00621

is als daccording P Hohe e e'ifefin feed
st ream of 0063 i nventiokefindedd greains of thisiavention areebafatted 0dthtteeit so as to

maintain a sufficientl [ nver5|on 0 hjgher oqlefin product havi ng few
br anches. qﬁi“g]i"’é? %Irg)pmc%ﬁgmgchﬁ ¥t feaderdp QéH‘rFI %ﬁa??ﬂf‘r‘?’ ad/on east about 50 wt
%2 6 DEC éigggﬁaer H}@dw4.4@95%§%§reﬁgﬁliﬂa§?z99§t{ %%ﬁ&nenéa@ohb%@éseﬁvno ol efin,

nmore preferably at |east about 60 wt % |inear nono-olefin; and nost
pr ef er abl yargeorsigged I@Ibr@h%ngmblmermﬁl iThe BrocersesaroMled klwwa&SéTid?eabl y, the

| i near no f C6 and hi gher
hydr ocar b(r}ﬂ @ﬁ)sﬁjtrenfgé ﬁ;ng%éﬂo&rgﬁéétg 511%%&%@&081&\,\% %Iégﬁ%?%gg?referably, not
gr eater th:ﬁafimb"mmingﬁromss%araaﬂphmsdzstbmdéﬁmaibt;}unamaanogumdioer t han about 10
% 10063) The ol efj.n f streans. o h5|nv tion.are contacted with
the aci d @%’NTIEIPQBMWT?E%STP%?@%& {:hO]S‘?’Efe g’l“ﬂ?rd’ém rabl e di ner
and/ or ol $igRfRf proteAUBE Srodda a%&éfehedﬁizfs,a}ﬂgmblbﬁﬁll on and ol i gonerization
processes _are considered interchangeabl e teens. The @gocesses are al so

known as HOB§Hr ol dhe AEYREHaEeR process K8 IS IRYSIHAD FHLOEIYE QUS| | gonrer i zat i on

processes. japtlcdHeeiiibfionslrohy Bhal AMTHALABERESRSARLA CHEbRNT ARpS (hal define
the dinerization and/ or ifgonerization of light olefins, particularly

C3- C6 ol efterdesirable inseme gasgh tastemsve some oxygenated hydrocarbon from olefin
streams which contain extremely high levels of the contaminants, In such cases,

conventional processes for removing oxygenated hydrocarbons from olefin
streams can be used. Such removal processes include water and alcohol washing,
caustic scrubbing, distillation, extractive distillation and fixed bed adsorption.
Other desirable methods, such as those found in Kirk-Othmer Encyclopedia of
Chemical Technology, 4th edition, Volume 9, John Wiley & Sons, 1996, pg. 894 -
899, the description of which is incorporated herein by reference, can also be
used. In addition, purification systems such as that found in Xirk-Othmer
Encyclopedia of Chemical Technology, 4th edition, Volume 20, John Wiley &
Sons, 1996, pg. 249 - 271, the description of which is also incorporated herein by
reference, can be used.

[0065] In one embodiment of the invention, olefin feed streams that are
oligomerized according to this invention can be derived from a main olefin ’
source, and various components can be separated out to provide a particularly

desired olefin stream. For example an olefin stream containing a mix of a wide



ol i gomer product, the product also referred to as a higher olefin. [00641
The ol i gonerization process of this invention can tolerate quite high
concentrations of oxygenated hydrocarbon contam nants. However,? 6 BE(CVENE be
desirabl e iwph mefRes@ses to renove sone oxygenated hydr opafpeRedidigisol efin
streans which contain extrenely highkevels of the contam nants. In such
cases, conventional processes for renoving oxygenated hydrocarbons from
olefin streanms can be used. Such renpval processes include water and

al cohol washiiety of hydhosrbassen bdfEnhe,a adpzsatidnlcahinunandea(desired okfBndi stillation
and fixed bed adsqrptiqn. rdesir hasth sefoundln
Ki r k- Ot hi néP® Eﬁ‘héﬁ}% %ﬁe‘gﬁ kS %f%g}e@férﬁ?le PllnﬁPBté gd'ﬁcﬂ’% > Vol ume 9,

John W1 ey [6068pns, 19‘9ﬁmlmem88&]mrenﬁﬂ%e ﬂ’%ndﬁ%@fdﬂﬂ%t&n of which is
incorporated herein by reference, can also be used. In addition,

purificati @Hg@%r@?éﬁﬁn %@hsté%'e,tpﬂa{culﬁﬂmﬁw lif%Oﬂ@epkte@Bﬁ@ﬁm%ﬁveym opedi a of
Ch | | iy ; 1996, pg.
em ca %@9&3 QAfincrhdadd ¢ 'h%rﬂr\?\ﬁ? g, ¥e o}éﬁﬁ 3 strd 2R ?r W tlo%af%ﬁté@gﬁﬁ by PY

249 - 271, escription’o 'S a SO I ncorporate
reference, stream bih twealisB0EEE mcangthet apnrouitmd watasfelffetiéveiinvent i on, ol efin

feed strea hat..are oli or, nt on can be
derived frgﬁ?gnﬁﬁlymfﬁe%??%gggeﬁll elsag‘ﬁg Péﬁf?“g\?} %’%Tnpgr?gﬁ?cg be separated
out to provlefig feedprielmeudiathhithe stasing @ehppkaffion soueD0s basgie aﬂéﬂte an ol efin
streamcontalnlngsa m.x of a wide_ 2 6 C 2006 WO

04/ 0
PCT/ US2003/®3beat&s weight pereerdinptess Mayeipes e Aha &\eoie@na separati on

col um and f&d@ﬁé&xﬁ?&h%ﬁﬁhé‘sﬁeﬁﬁurc%ﬁﬁhse%%& z?o%u?ﬂ 6B wk h@ﬁer@érﬁ‘ftd n streamor a
CA+ ol efin stream can be recovered. [0066] In anot enbodi ment of the

i nventi on, abeutd. %&@@Mmrqegbwmz%dm@ﬁmﬁ@rablyﬁom ahog‘,foﬁam phowt@lly the life
f lit : ing the ol efi
of zeoli eu%%h?ﬁél?@{dt% e'ro‘i‘h a8} ﬁ%bén%ﬁ@fﬁ&%f@ﬁ?tﬁﬁle&éﬁ%ﬁ@j hg the ol erin

feed stream Eont act rng t streamw Thi s neans
that an arrmtmtahmgthwdeadratexﬂﬁmbpnﬂee fempestins & gntfioal dhout A6 tasbnyg catal yst life
i s added. P e g .wat e s added to the olefin feed stream such that
the stream® nE{’rﬁ CIP%WEBH’& 008 Mwei ght percent to about 0.5 weight

percent wat@e67) I\/bre ﬂbe:fcﬁ‘roaéﬂnyfeed/mmghuﬁoﬁg@la&;iamﬁ?@cwreﬁdumbé eed stream
such that the stream conprises frgm about /0.01 weig Percent to about 0.2
wei ght per EWEienitp S7ITY apict Thesopably Biehcamyersiqn, B\‘ﬁ%?fb ovpthgbtherg axghout 0. 1

significant amounts of undesirable side reactions. In general, the reaction is
carried out at a weight hourly space velocity (WHSV) of from about 0.1 k! to
about 20 hr”, preferably from about 1 hr” to about 10 hr™, and most preferably
from about 1.5 hr! to about 7.5 hr™'.

[0068] The oligomer or higher olefin product obtained by the present
invention typically has from 6 to 36 carbon atoms, preferably from 6 to 18 carbon
atoms.

10069] Following the oligomerization reaction, the oligomer or higher

olefin product is optionally recovered, and further converted to desirable
derivative products. These derivative products can be paraffin mixtures, obtained
by conventional hydrogenation processes and optional blending and/or additional
distillation, The paraffin mixtures can be used as hydrocarbon fluids and/or .
solvents in many applications, including paints and coatings, process fluids, metal
cleaning, dry cleaning, cosmetics, pharmaceuticals, agrochemicals, degreasing,
aerosol propellants, adhesives, cleaners, inks, and other industrial and household

products.



wei ght percent water. The desired proportion of water may be incorporated by
saturating the feed at an appropriate tenperature, e.g., fro\rzﬁafﬁjgn 25C to
about 60C, or by injecting water through a punp. [0067) Flow'of-0 g in feed

t hrough t ' i zation reactor should be suffici out a
AR PRI %

reasonabl y version, but not zg) | ow that there are significant
amounts of undesirable side reactions® In general, the reactionis carried
out at a weight hourly space velocity (WHSV) of fromabout 0.1 hr" to about

20 hf1, pr ﬁ)mtgably fomer mERrolckind Hdridatvaliatidd Bidié tofteaRalld@oSt preferably
fromabout 1.5 hfl to _about 7.5 hr-". $0068] The, ol i gonmer or higher olefin

product ob®&IcABENshPr EHBdgs ehishere nradusad Pyreeeys with pyulRsompewnds to 36 carbon
at oms, pr el Al i8R0 Bk ﬁgtcﬁﬁg ?&rﬁﬁria}lfﬂ? 'chérgﬁglg]phgﬂkécgﬁ\ﬁ%ﬁ the
the o or higher olefl

ol i gonmeri zation reaction, I gone n produtt is
opt i onal | ycosmety mgeadjengs dntiaxidants; fregyance comgoneantdagipobtshididesidheyat i ve

products. These derivative. product,s can araf.fin mxtures, obtained by
convent i onafl aﬁ?H?‘%gaéﬁ&iﬁ%eﬁ’zg‘r‘%’c’&%%‘gfsdﬂE”%E’S{JW?PA?S“BT ’é’ﬁlalilfﬁl%fmﬁnd/ or additional
distillati@o71]The pabahiples ofiortieti@bative iRdudestiylasd hiveiadequliag fl ui ds and/ or
solvents in many agq[illfi cations, including paints and coatjngs, process
fluids, meteventiopalalifgpongrgeessesahhtgikylasd gramaties cambeEbd Ut i cal s,

agr ochem cglSess4@G1RASBGcant SRSt Bf QPR etiva®RSsH eFas o£| €aners, inks,
and ot her ﬁjr?dtfsétri al and %agusehlgjl%d}lspr oduct s. 2’\% DEC 2uOOfai‘5aV\D 2004/ 009518

PCTI US2003hwitaceiten fluidas i$00701 Ot her hi gher ol efins derivatives include
thiols (of cal |l ed [.C S r. sul fi.de Ch.ar oduced by reacting
1S5 o BEE AR Bk S e 0 P R

with a sul conpound. e are va eriars for
agri cul t ur érbaigktios & genepdhar bbb efoimdatie, in paisniat.i Thdse groeekseyies]

anti oxi dants, .fragr.ance conponents a | ysu) fi des. They _are_al so used as
pol ymer i za'toiV&HO‘?Sé%UP’%t.E‘é?F’s‘.n&ﬁ&PEBﬁ?F’ aggrf&l?%lsa@ﬁ qleo l‘ff’?‘b hreY _°f 100711
Exanpl es  ofatfyheindgdedctivatchy@forstf hjpdlsfoahkmtial SbcasBhives forusi ng
conventional al kyl ati on processes. The al kyl ated aromati cs can be further

processed ©8mpkdiyiBelishet dant/owmapeifdeleaiarCyaysiact (1 3YiRrges ves, or used
as a hydr Pﬁ%,%eﬂiﬂ'o@uﬁﬁcﬂ ate incorporated herein by reference. See also

Ullmanns Encyclopedia of Industrial Chemistry, Vol. A5 (1986), pages 217 to
233; which is also incorporated herein by reference. ,Further description is found
in J.Falbe, Carborn Monoxide in Organic Synthesis, 1967; and J.Falbe, New
Synthesis with Carbon Monoxide, 1980.

[0073] Hydroformylation involves the contacting of the higher olefin
product, carbon monoxide and hydrogen with the hydroformylation catalyst or its
precursor. Hydroformylation catalysts are organometallic complexes of the
metals of Group VIII of the periodic system, optionally used in combination as bi-
or tri-metallic systems, and optionally with salts of other metals as promoters, for
example tin chloride. The catalytic organometallic complexes are combinations
of catalytic metals with various ligands. Preferred metals are cobalt, thodium and
palladium.

[0074] The organometallic catalyst can be introduced as the active
organometallic complex, or the complexes can be made in situ from catalyst
precursors and ligands introduced into a reaction zone. Suitable catalyst
precursors inciude, for example, the respective metal hydrides, halides, nitrates,

sulfates, oxides, sulfides and salis of organic acids. Such acids include formates,



[00721 A particularly desirable conversion process for higher olefins is
carbonylation in general or hydrofornylation in particular. These processes
lead to various derivatives, including esters, al dehydes, ahtiD&ldWhols. An

over Vi ew C\Loz&ﬁhﬁ’ﬂﬁtfts and reaction conditions of hydregritydodhnidm processes
is given for exanple by Beller et aig in Journal of Ml ecular Catalysis, A

104 (1995), pages 17-85, the details”0of which are incorporated herein by
reference. See also U I nmann Encycl opedia of Industrial Chem stry, Vol. A5

(1986), pagRmcdldr hedvied aRylciBbE/liciatiddbid dsBERlR oF MppcheiRELI Omby reference.
)Further description is found ’'in J.Fal be, Carbon Mnoxide in Organic

Synt hesi s, orgay acidmwhichman beusedepludeyalithadiosicwir ery!ifonisicibnoxi de, 1980.

[ 0073] Hyd ryl at i i i ol efin
product, cg)r%fl%%n mno&%}gc‘éd]éa}weﬁ@%rl%%%nnﬁ \%‘%ggﬁthgﬂ%@;ﬂo&?@?ﬁéf?%ﬁﬁ%n catal yst or
its precukigher.oldfirdrodtios mybaionare thatabysil sompeurds ghthemsdtiald | | ¢ conpl exes of
the netals of G oup |1, of the periodic system .optionally used in

conbi nat | oegonsaGyelt 5 hRe e P B ey SRtsn SOV SSHURBAPTy i th sal ts o

ot her net aﬁb@sﬁmrmsg BREME 81 adtdony Ske raRp&tive Bxiabd 6théle derdtiiveat al ytic _
organonetal | ic conpl exes are comhi nations. of catalytic netals with various

li gands. Prsioapibefmaidenalisedip enake Bigm solubio i Rbassaikpt updariceiium  10074] The

or ganoret Aldfich3bA Yo lepiata By ML bAANESEhcR 11, acti ve  organometallic
conpl ex, or the conp exbs can be rade In siturom catal yst precursors and
| i gands i ni0d&luced iHydroformglation vdedmhly. caBikdt el biea aipatayst rangingcur sor s

i ncl ude, f I t i t hydrides, .halid itrates,
01U, B SRR ] DSl SRAECEI T BB g a7 e
formates, #°6 PRGOS C;\Warta4ly GBOH DB PLRTAHOH2(¥YS. 011378 -19 acetates, or

heavi er al kyl carboxyl.i ¢ acids such as o] eates or nagphthenates. O her
organi c acliﬂégﬂwm ch Iélé‘ﬁ"’gémﬂé"é‘ﬂl taR e Garied oKL ALSARYsHPRal or  aryl sul foni ¢ aci ds.

[ 0075]  Pargyjaedibahy1utistesredsah! ren e g%ast@%]e,fh9amg&}ﬁaylkmgg9memb@é a@n of the

hi gher ol efins of  this invention are carbonyl conpounds of the netals
ment i oned, Pressuigapigesef framoslout bta 2ot 4l barigenas, Mediwn gadibighderi vati ves of

e (R T R Lo S
under cer tranges are considered to be in the range of about 40 to about 400 bar gauge, more
specifically in the range of about 50 to about 320 bar gauge. Within these general
pressure ranges CO-liganded catalyst processes are particularly useful.
[0078] A high pressure range is generally considered in the range of about
175 to about 400 bar gauge, more desirably about 190 1o about 310 bar gauge.
Rhodium and cobalt carbony] catalysts are particularly useful in these high
pressure ranges.
(0079} A medium pressure range is generally considered to be in the range
of about 40 10 about 175 bar gauge, more desirably about 50 to about 150 bar
gauge, and with certain catalysts it is desirable to be within a range of from about
60 to about 90 bar gauge. As an example, a triphenylphosphineoxide (TPPO)-
liganded rhodium catalyst is particularly desirable in the range of from about 50 to
about 150 bar guage. As another example, a trialkylphosphine-liganded cobalt
catalyst is particularly desirable in the range of from about 60 to about 90 bar
gauge.
[0080] Bydroformylation can also be carried out in low pressure ranges.

In general, the low pressure range will be in the range of from about 5 to about 50



conditions can be separated fromthe organic reactor liquid. 100761
Hydrofornylation is desirably carried out at a tenperature rang'bnrbg‘ M_om
about 40C to about 220C. Preferred is a tenperature ranging fr 5d8%  soc

to about Z98GesRgdsid cul arly about 90C to about 180C. 1Q@fAk4dydi@fsor nyl ation
can be carried out at conventional _hydrofornylation pressure ranges. In

general, hydrofornylation is acceptable at a pressure range of from about |
to about 400 bar gauge. Medium and high pressure ranges are preferred
ranges. | nbgegmealaljthonehi apressoe rimgghof froesawnel 0 toahgesS0daegagrss dered to be in

Fange of - aBBUETRHY pEsraln ot SapeIe A Ry AR FReBrEB ks al b essure
ranges CO bphgfanldgrlueilah yist loppoeess emga iephossiinecligadtd rhodiii)inord 00781 A hi gh

pressure range | enerally considered in the range of about 175 to about
400 bar gab C‘ﬂ?rfsh‘g‘@é&ﬁP%W‘“ﬁ%&%ﬂdei@@dﬂw'about 310 bar gauge. Rhodi um and

cobal t car gy} cat BOUR By ORIl LAY ciIRTld WinhIRSSCRh pressure

ranges. [0079]" A nedi um pressuré range Ts generally cmons.i. ere be in the
range of sdpges desorihed. Suchtatalyss sradegabedin Hok-Otidesi 4 aBdiiombout 50 to about
150 bar ¢ dwith certaln cat@lysts it i.s-desiraple.to be within a
range of f?é%?%eb%t ch\%%’rchs%a S&t g@ %ﬁa‘]&zﬁ’é”e".’f Sﬁg’gciﬁiq@eijé)% e, a

t ri phenyl piresphich€beshidey,(STARGon, Moancle s, “OadiSyntheds, Apyet 3253particul arly

desirable in th nge of fro bout, 50 to bout 150 bar guage. As anot her
exanpl e, a' eﬁﬁﬁéaﬁgﬂgmﬂsﬁéﬁ%}éﬁ’@éwo%%ﬁﬁ ﬁer&’&tbé’lr§ fe0fE particul arly
desirabl e ygsbfie T ange aksiskNIOTH hihsibed GsaRAOSYIAGY bedag. [ 0080)
Hydr of ornmyl ati on can al so be carried out in I'ow pressure ranges. In

general , t Rt atgkarhpeawnpude pagal mEIshrepot greatetiban ahnyk S of therivtabout 5 to
about 50 2, REC AAGUEBA0HLAR3R 18, BGHL UPARMAR LI, 520 bar gauge.

al t hough a“pressurer from out 30 bar gauge is
parti cul ar hydrofoahylationor excamplie avthedotegoing prsswidsare desireldyal yst which i s

par ] cul o s SELEL, &I BB SRS U0 00055, SR Ml hgRa oot um

hydr of or nylt a$ htsoat 88l ¥ sd HafrobeabesiEidiowbbhitias idl €6 Jirefesblyefrom
about 10 to about 90 mol %.
[0083] The hydroformylation reaction is conducted in a batch mode
according to one embodiment. Allernatively, the hydroformylation reaction can
occur on a continuous basis. In a continuous mode, a residence time of up to 4
hours is useful. If a plurality of reactors is employed, a residence time as short as
1 minute is advantageous. Alternatively a residence time in the range of from
about 1/2 10 about 2 hours is useful.
[0084] Since the hydroformylation process of the invention takes place in
the liquid phase and the reactants are gaseous compounds, a high contact surface
area between the gas and liquid phases is desirable to avoid mass transfer
limitations. A high contact surface area between the catalyst solution and the gas
phase is obtainable in a variety of ways. For example and without limitation,
contact surface area between the gaseous reactants and the liguid phase is obtained
by stirring in a batch autoclave operation. In a continuous operation, the olefin
feed stream of one embodiment is contacted with catalyst solution in, for example,
a continuous-flow stirred autoclave where the feed is introduced and dispersed at

the bottom of the vessel, preferably through a perforated inlet. Good contact



ranges described. Such catalysts are described in Kirk-Othnmer, 4 h Edition,
Vol une 17, "Oxo Process," pages 902-919 and U |l man's Encycl opedi a of
I ndustrial Chemistry, 5th Edition, Volune Al 8, "Oxo Synthesi %,B'DEE;:;{@J&S

321- 327, ‘Jv‘% 3@{19:;,1*4 ed descriptions of each being incopperRbtRsn{isfei N by
reference. ‘B) Tt is desirable i_nzf_orre i nstances that hydrofornylation be

carried out at a carbon nonoxide partial pressure not greater than about

50% of the total pressure. The proportions of carbon nonoxi de and hydrogen

used i n t heetwésndhe taalyyt aat therpasfeed xoom@aatioby ditpdarding & eolegai ofyhpr essures are
t o _about. 50, nol %

desi r abl intainedq as.follows: CO.from gbout .|
pre:‘erab?/ycafﬁg%o’éhg’ﬂﬁq’ Suffafeoar%ﬁa%’BPO%SSWéla ‘%E}méﬁ%alwwe SHEEd P to about 98
ol % prefsanpiiredigam pakQdatalykts, theaR@lykt i8 Brovled % ph@6831 The

hydr of ormyl ati'on reaction is conducted in a batch node according to one
enbodi mentpermeatde gelt i vel y, the hydrofornyl ation reaction can occur on a

cont nuousylgsy - | MR 15 QR MS, TBRon R bASEARNGS hifBicglion Lo 4 hours

is useful. a plurality eactors 1s enploye esi dence time as short
as | m nuiceoridmgadwaetmbebment. Axtmpleadf snilklie acactss ateficendtin KES.i n t he range of

L;g;nof g?ﬁ#aé‘%%snagﬁzgggém@’%ﬂ @\%ﬁ@?@# Pigg@éfl)agé%ﬁﬁi P ﬁe i qui d phase

and the re@gitsabishi)AS. BASNOUSATDOMEHIED. A d 1 h6Uh(RENBASE); B Aace area
bet ween t he _gas an i qui d g)hases is desirable to_avoid nass transfer

d |
linitationd3: AOWPG@PC’I%%]{%@% $bath floschsiBuhiplamig and HeS-Fat-29yst sol ution and
the gas  piesLs sYERREAD BRI o nidie RealBf 1 &L &Lrey@axsschfrﬂésc%ﬁ EipANd W t hout

limtation, contact surface area between the gaseous reactants and the

| i qui d phaxealiebargised megothprendiadiméntgln additiopas plug flevoeckeioredesigey ation. I n a
cont i nuous fl e ol ef i eed. eam.of o e ient is contacted
with catal$ 21{8 ggs@I ‘hh Bﬁlnfiﬁfq%fdgjrméhxcék%%lﬁké P%@ﬁ?ﬁﬂ?ﬂ%g%‘i‘g’?%% ‘gfi rred autocl ave
wher e t he esedr vodurhéit r oduced and di spersed at the bottom of the vessel,

preferably ough erforated iplet. Goo ont act ﬁ&‘;G DEC 2006 WO

2004/ 00951@6%{/ Uszgf)g/%ﬁ%acc-o_ “gtﬁﬁnﬁﬁ@go‘?’ﬂ’&%i}e‘é st and the gas feed is
obt ai nabl enydyofBinsy1SHcH ragkctidn 5O tAHiEPButGh roRethal Shelel@onGn@ohiegitl sur f ace area
support. Such ,a technique is cormmonly referred to as supported |liquid phase

cat al ysi s.nPeiEEsc FUHPYIS feapisr eanbigpatiensase fhisglpseds fop example, by Fowler et
al in British Patent Specification No. 1,387,657, by Bunning et al in U.S. Pat. No.

4,593,127, by Miyazawa et al in U.S, Pat. No. 5,105,018, by Unruh et al in U.S.
Pat. No. 5,367,106. and by Beckers et al. in U.S. Pat, No. 5,763,678. Specific
examples of hydroformylation reactors are described by Denbigh and Turner in
Chemical Reactor Theory, ISBN 0 521 07971 3, and by Perry in Chemical
Engineers' Handbook, ISBN 0-07-085547-1, Such examples include continnous
stirred tank reactors and plug flow reactors. Plug flow reactor designs or
configurations can include means for partially backmixing the reactor product
liquid. See, for example, Ellichausen et al. in EP-A-3,985 and in DE 3,220,858.
{0087] i{ydrofonny]ated products have utility as intermediates in the
manufacture of numerous commercially important chemicals, with the invention
further providing processes in which hydroformylation is followed by reactions
producing such chemicals. The reaction products will typically be a mixture of
oxygenated compounds, since the higher olefin components used 1o make the
products will generally include a mixture of components. The higher olefin

components are generally a mixture of components, because the olefin feed stream



per neabl e gel. 10085) The hydrofornyl ation reaction is perfornmed in a single
reactor according to one enbodi nent. Exanples of suitable reaigod@ @ﬁbe
found in U S. Pat. Nos. 4,287,369 and 4, 287,370 (Davy/ UCC); ULS "*at’.” No.

4,322,564 6%& @H%i%hl ); U S Pat. No. 4,479,012 and ERAvikdéhsialzs bot h
BASF) ; EP—‘X\- 6 , and EP- A- 144, Zﬂ;_(both Hoechst/ Ruhrchem e); and U. S.

Pat. No. 5,763,678 (Exxon). Two or nobre reactor vessels or reactor schenes
configured in parallel are used in another enbodinment. In addition, a plug
f1 ow react thit id@sédyn make el cdigaikeyic viefih ppaiuti &l dehepdilylinehdd u@hixtwae km xi ng,
rovides an.efficient use of  reactor. volupme. 1008 It Is preferred,
gccordi ng ?%O?Eftﬂfg' é’ﬁ’b‘ﬁalﬂ t"?su’ll‘H’ﬁtal’yfiFPéomﬁi}ﬂ}onpé? 153‘]["%“”:11@&@?’? be carried
out in norge higRd iR NRedBagstd REIZEMBe Righ MESSEbS lideRriSTitRSoligatietiabl e react or
configurations are disclosed, for exanple ower et al in British

by F
Pat ent Spe®lefin aad plgfin KEIPOSItDEY LEE TPSERETRYThE grgdreﬂonaylaﬁﬁn 1asionPat . No.
4,593, 127,p YoM yazawa et a] in U S Pat. No. 5,105,018, by Unruh et al in
US  Pat. .5,367,106. and by Beckers et al. in U S Pat. No. 5,763, 678.
Speci fic [088pl es dEitheythribéiopung fatm,@n as patoicheminteredeser i bed by Denbi gh and

Turner in em cal .React or ory, .I.SBN 0 521 07971.3,. a Perry in
e cal | B REER e CEAGDSb el et il b geaisedrre aiap i BHBVES. i nol ude
CONt i NUOUS, tefh WHiGFintidBs hEad BfaBioR BEthRlalid] EdridensaRas fgrhan Pl ug f1ow reactor
designs or configurations can include neans for partially backm xing the

reactor prsagratedaldehiyde. Begaldplization sabbeperfarmedwhdheother al . in EP- A-3, 985
and in DE : Fé:p%r | ity as

i nt er medi a%gé%?ﬁéﬁﬁ%em %’gﬁégfiﬂaegﬁ%re‘g%?g%}bf@fgglgp&g@n#e még%}é@a’ é|rHr=il%'ortant

cheni cal s, andiarhradded t¢ theenginelelddhyde belydpefomndrtan podmessmm.i n whi ch

hydr of or ny bon i s | | owed. by r.eagii,ons I.o I ng_such .chem cal s. The
reaction pllrogg@cts vmlli‘]:aoit%rf) u(?ﬁsloﬁi){lglé‘ﬁ% %ﬂ&%{?aée%tg %eox gc(%oﬂjgl& conpounds,

si nce t he dleghemiabef Ifdeshed) diramssutasedchidehydaiextir Eronpalddliration Wi | | general | y

include a m xture of conponents. The higher ol efi conponent s, are general |y
a mxture @Pybééﬁhﬁﬁhvgiﬁ’yfgpﬁéeﬁffz@ OB the SRy ied AePvSe PR ATVSEC 2006 WO
20041009518 Bsnl/aldd200838lh i3 ies, ditherlabafadé By He@EhAylBBéEotje Ol i goneric

ol efin product wil|l generally include a m Xxture
selective hydrogenation of an aldol product, can have special value when they are

oxidized to their corresponding carboxylic acids, or condensed with formaldehyde
1o polyols, or with ammonia to imines which can be hydrogenated to amines. The
acids and polyols are valuable intermediates for esters, polyol esters, metal salts,
amides, and again for imines and amines.

[0090]) Under circumstances where the olefin feed is ultimately derived
from a Jow-value feedstock like natural gas, i.e., in cases where methane from
natural gas is converted to methanol and the methanol to olefin, the products or
product mixtures may have value as liquid transportable fuels, optionally after
dehydration to the olefin, and if desired hydrogenation to a paraffin or paraffinic
mixture. Particularly valuable compositions produced according to this invention
are isonony! alcohol mixtures, made by hydroformylation and hydrogenation of
octene mixtures. The invention also provides a valuable process for the
manufacture of isooctanoic acid, wherein the aldehyde from hydroformylation of
a heptene mixture is separated from the hydroformylation product and

subsequently oxidized.



of olefins. However, the resulting hydrofornylation product streamw |
general |y be hi gher inlinearity as a result of the high degnegeymf s
linearity of the oligoneric olefin and ol efin conpositions used upstream of
the hydr of @&y i reaction process. [0088] Either i form or
as part of theb“r?(nfoggtigre in the hydr ogg)r nyl ation pr oductﬁbf[?%b¢1§0giekZEM| ch are
produced are optionally al dolized, term whi ch includes the dehydration of
the al dol condensate to forman unsaturated al dehyde. This al dolization can
be perfornpdow th thea aﬁbthafemlﬁidﬂﬁélﬁ@ﬁﬂqeﬁﬁﬁﬁﬁéﬁ thehydhFoshigam or with

al dehydes that were, prepared separ at and are added to the original

al dehyde oFTORYH# ﬁﬁtbﬁsﬁ‘}‘fe&fl?lbﬁeﬁpg %éfgﬁoé%ﬁﬁe drto sewptes| alrspolsr oduct i s
optional | YFMEQHSP@%] aﬁe@afchﬁbl 'onﬂlf@ésﬁah%we Jhglse, I desired,

t he unsaturate yde m xture roma ol rzatron” can be sel ectively

hydr ogenat though afsewmhtdrwd@aﬂmmauledSlagldeh\gdw the settwreted algoliolpin whitke sat ur at ed

| dehyd f |
nydr ogenat o ar Seredl Beforf 3 ARied Harhs Rk SRR E. e Bahal® Rey are

oxi di zed tareh}kmldpusﬁaﬁ@&snaﬁﬂeu Rhefificd @ Yorined BRé BcetalObr cuebumersed Wi th

f or mal dehyde, oly g or . with ?ITTYDI’II a to im nes which can be

hydr ogenat %’B’CF aara as plagticizers, garfaghtsps syiheicptncpnis, dBe &15tRt er nedi at es
for eSterSand%lxéf%ftﬁéiﬁéﬁmn”&tﬁbdﬁh%?fthe p’i‘&!egseéf thédeRR Kef or imnes and
am nes. 100901 Under circunstances where the olefin feed is ultimately
derived fsuabla forowe ensaleentse paist apglesterk plastinizerspdhpsives,isudactanta cases where
nmet hane fr 10 met hanol to
olefin, t hggaosgg ct )gln?)‘%%ré %&&B%‘Y&%ﬁ&n niffe th]%(\(jl)iems\?a lﬁlecprgs liquid
transport atﬁn@ohaﬂls,sanuomar agbatsL yychéularﬂm@bahgxdmampmvetspdmlﬂmg dfbelkj n, and if

desired h t ff f t Particul arl
val uabl o CORRTTEIGE PURaREa aA aP b crsraly XPMRHRe are i conany

al cohol mmm%mamg@s lp)é]yhﬁ/dﬂirzﬂileiﬁmbﬁﬁs%d&ﬁ ahdedr ogenati on of octene
m xtures. The invention also provides a val uabl e rocess for t he

manuf act ur 00831 i soodisemidicationds accoprpliskadbyrrrsting H’@H‘}‘d’éo thifhydrof or nyl ati on

a heptﬁ@&tﬁh@;ﬂ{a%lds%r%ﬁ%ﬁé&s‘?drﬂerr%lwgr Pé’ﬁ'ﬂ@&ﬁb Ligdsl on product and
subsequent oxi di zed 6 C 2006 WO 2004 009518 CT[ Us2003/ 011378 -23

advantage of conventional processes. In these conventional processes, it is

desirable to react the alcohols and acids at elevated temperatures and pressures,
and to drive the reaction toward completion by removing water that is produced as
a by-product.

[0093] Catalysts may be employed in the esterification reaction. Suitable
catalysts include, for example, titanium containing catalysts, e.g., a tetraalkyl
titanate, in particular tetra-iso-propyl or tetraoctyl ortho titanate, or sulphonic acid
containing catalysts, e.g., p-toluene sulphonic acid or methylsulphonic acid. Also
sulphuric acid catalyst may be used. Alternatively, the esterification reaction may
be preformed without the addition of a dedicated catalyst.

[0094] Catalyst present in the esterification reaction product may be
removed by alkali treatment and water washing. Advantageously, the alcohol is
used in slight, e.g., from 10 to 25%, molar excess relative to the number of acid
groups in the acid.

[0095] The acid of the ester may be inorganic or organic; if the latter, a
carboxylic acid is preferred. Aromatic acids or their anhydrides are preferred for

plasticizer manufacture, although aliphatic acids are also employed. Additional



[0091] In another enbodi ment of the invention, the hydroformnylation
products of this invention are optionally hydrogenat ed to saturated
al cohols. Formation of a saturated al cohol may be carried out6 DEC d#bir ed,

in two st gh a saturated aldehyde, or in a sigeghR.abap87d 0 the
sat ur at eda‘gﬁégﬁgp{swn which case it .is desirable to forma saturated

al dehyde as an internedi ate. The al c6hdls are then optionally esterified,
etherified, or formed into acetals or carbonates, which can be used as

pl asti ci ZeEﬁampﬁéMf@@'Hﬁﬁicﬁ:d@rac‘éﬁ@tpﬁ’(ﬁférﬁc Wellerié GﬁﬁfhﬁncTﬂlﬁeﬁﬁoﬂf g- and ethers of
the invention, Cgroduced by the process of the_ invention, are suitable

for use as°§@|’%r’i‘t CATIAG, REQ %E?Oé%(]:?éﬁf@g“ﬁlﬂaslﬁ‘? slegtis, 8161 aREKH ves, surfact ants,
viscosity kRdex. bﬁ‘fﬂﬁl@é’@@berﬁé’ﬂ%}dﬂg}ﬂoﬁylﬁdzgé RANNE, tefe AR, cdants, | ubri cant
rau 1'ds,” ce

conponents, antT-wear agents ane 1np oVers drilling
fluids, t tﬁanampamklim@ raﬂhylpemandue 2plrd1mﬁlslhngtaarbid,sz 4.p0l ymer, es peci ally

Vi nyl chIorLd st.ahilizers nd fragrances.
T0002) © Bt SpPihaBRNR] il AedohE e B PR R Berdba rraRen ot thrs

i nvention vuntdal Avhétsasieror aifayidich lelexarldig néﬁﬂﬁdm@&dpfapﬁmsﬁna%br ably takes
advant age of, conver]tl onal roces&w In these conventional processes, it is
desirabl e g% eabenie.Hatrigy &PhogF @ad pliosehargus and thedniBior at ur es and

pressures, anmu§ QcidlE thd?CL ibet:{ %QSEr'ad)ﬁleo aew@r FEaRRL eﬂhewaﬂd renoving wat er
that is produced ‘as by- [ 0093] Catalysts nay be enployed in the

esterifi caﬂsp@ﬂalbe@eﬁmaico wab Imeo anglatealagids areieppsiciadly useffo]raseixxélml e, titanium
cont ai ni NYnGAk §/+ci/ }?0 Qms%lgril hﬁ}d% aﬁljl ﬁate ésketr? at grt:c'.lﬁﬁg%gstlragfé” ar

tetra-iso-prop raoc ana nirc acid containing
cat al ysts, aeflame remrdants,lwhﬁe phé@hmmsmerammhdewmybtmwwqw:ﬁm c acid. Also

sul phuric ac“i catal yst may be used. Alternatively, the esterification
reaction WHES-preformed without the addition of a dedicated catal yst.

10094] Cat fdo%]t pre%ﬁ'érsMhhﬁtﬁuo%ﬁ@iddfdzﬁh@fcla@ﬁs& tfe@Bd pfroduct may be
removed by al kali treatnment and water washi ng. Advantageously, the al cohol

is used i Wbsrangrand hgbrigant qorrm?mroswéd@g%e yhe rc,eﬁ\él@@smrt@,rﬁ 89018 to t he
number of %fn%tgﬁ@&%ol? E‘tto{?g. a a&’es JzQﬂ%Janlgxth%ﬁkegafgeébl g,fter may be

i nor ganl C Oor organi c carb y | C acl eferred.
Aromati c apxeﬂesrecbrforthhlmqanmwmdtdes Eam thhem@arm@ebdfcerboxnllica@ndscl zer

manuf actur gy Ak NEYAL oA hRRALD fc 355150 Mol A8 SR AYBSherfdllbjconal  26BECL b

as sole or co-monomer in thermoplastics manufacture, or in polymers used in or as
- adhesives, VI improvers, and coating resins.
[0097] The esters of the invention may be used as a plasticizer for
numerous polymers. Examples include cellulose acetate; homo- and copolymers
of aromatic vinyl compounds e.g., styrene, or of vinyl esters with carboxylic acids
e.g., ethylene/vinyl acetale copolymers; halogen-containing polymers, especially
viny] chloride homo- and copolymers, more especially those copolymers with
vinyl esters of carboxylic acids, esters of unsaturated carboxylic acids e.g.,
methacrylates, and/or olefins; nitrile rubbers; and post-chlorinated vinyl chloride
polymers. Poly(vinyl chloride) is of particular interest.
[0098] The proportion of plasticizer ester to polymer may vary within
wide limits. A desirable range is from about 10 to about 200 parts by weight p‘er
100 parts of polymer, preferably from about 20 to about 100 parts per 100 parts of

polymer.



WO 2004/ 009518 PCT/ US2003/ 011378 -24 exanples of acids include, acetic,
propionic, valeric, isovaleric, n-heptanoic, n- octanoic, n- dggat][qgi 106
neodecanoic, lauric, stearic, iso-stearic, oleic, erucic, succinic,

phthal i ¢ (Wodnf@idggedi carboxylic), isophthalic, tereph i hi C,
fumaric, azelaic, 2-nethyl pentanoic, 2,4-dinethylheptanéﬁ?%thﬂ, -

trimet hyl nonanoi ¢, sebacic, benzoic:2¥rinellitic, pyromellitic, acrylic,
nmet hacrylic, tall oil, nonobasic or dibasic cycl ohexanoi c, naphthenic and

napht hal engdgbe  aCk et AEAAD b idyhe y3t] BOHE L:piadiiRSP O © and

phosphor ou d their thio- analogous, 0X0 and neo
aci ds. Theadeskmreswith ohbendiBeraordn adsipent aith pthehpla@k2zead, dartesbaplej t h oxo and

neo aci ds e ecj al ].y usef.ul .drill.in f] ui.ds. and power transni ssion
f1uids. Ph@é‘b‘ﬁgﬁ e@@ie‘:{’geng’ ‘}ﬁﬁtryﬁisd ‘1&?%4“9}’“3&9?4%& ‘“n‘gi“y’f?l ane retardants;
whi | e phosghbdeeyle 8ft@ddtyPpraNdlstes, imdllitakh bPhdiged) 8F WUHRT bengflabi | i zers. 10096]

Esters wi th nonobasic and di basic acids are preferred for [lubricants and
| ubri cant BEkal¥acFmaixtusephereely by may else, ardasigad; brusedmdtha contain  from 15

to 40 car b%g?ﬁ%ﬁ@astﬁ%ﬁ%@%} cHigHaith %%aff%[‘%%ﬂ%bﬁhgétea&ea especi al | y

preferred I cant ‘manuf acture. "Esters w th unsatufated carboxylic

aci ds, e.mgocessing biladfysed o ainaixmwes, ftacthy kital paepodtjiorpeiplastieizprabatier i zabl e
nononer s, %Ji ttabl e , as.sol.e or co-nmononer in thernoplastics nmanufacture, or
in pol ymerSVELagFoiFly St the anees Ve abOVE. | oy oyers, and coating resins.
100971 Thejoesgler s ofTHehBastibieedpolpmeraoniipstisedofaie tvehtedimal Fer for

numer ous pol yners. Exanples include cellul ose acetate;, honb- and copol yners
of ar omat | Badf RN NUBIEBIT ferEnseing havetapipund-i5es: drongraiplectbemay wi t h

car boxyl i coe8gkKStorR o a drffidhdl £pte by +la§fs‘§f, aéﬁngﬂg%}iﬁ@éﬁde of the
hal ogen-cont ai ni ng po%Kners, especially vinyl chloride honp- and

copol yner stesingmplayspedhey gy bhiussd, fovpremphe escagtipgs, ivdippingest er s of

carbony| ! CoBfilzinfah ST (luPR AL ST SRR BB i
chloride gmdishents, and Polyy¢adilnpk fednedr Eriajses miclufle flaotingmbrials,wall est . 10098)
AT R AT N A Y T
parts of pabWiRk, ePeahRy ahrkY¥nd £4D8, akuadd faBikest @yaadtudRibiepds. per 100 parts
of  pol yma[rOiOIJ The invention also provides a composition comprising an ester of
the invention and a refrigerant, especially a fluorocarbon refrigerant, and more
especially HFC 32 (difluoromethane) or HFC 134a (1,1,1,2-tetrafluoroethane).
More especially, the invention provides such a composition also cdmprising at
least one of a hydrolytic stability enhancer, e.g., a hindered phenol or an aromatic
amine, an antioxidant, corrosion inhibitor, and a metal deactivator.

{0102] Having now fully described this invention, it will be appreciated by
those skilled in the art that the invention can be performed within a wide range of

parameters within what is claimed, without departing from the spirit and scope of

the invention.



2 6 DEC 200b WO 2004/009518 PCTI US2003/ 011378 -25 [00991 The esters of the
invention may be used al one as plasticizer, or in admxture w tﬂ} BE[? 0
another, or in adm xture with other plasticizers, for exanple, ;ﬂ ;

di pentyl, dihexyl, dibeptyl, dioctyl, dinonyl, didecyl, diundecyl,

di dodecyl, ditridecyl phthalates, trinellitates or adi pates, or butyl benzyl
pht hal ate, or nmixtures thereof. They mayfal so, or instead, be used with a
secondary plasticizer, e.g., a chlorinated paraffin, Texanol isobutyrate, or
a processing oil. If used in adm xture, it is the total proportion of

pl astici zerctAsi s advantageously within the ranges gi ven above. 101001
The pl asti Ccirzed pol yneric conpositions of the invention nmay be nmade up in
nunerous forms and have various end-uses. For exanple, they may be in the
formof a drybl eth&d Q@a@meﬂgi @oféfﬁ?téor% L ing,ependi ng on the grade of the
resin enpl oyed. ey nmay useéll, or ’exa%‘p?e,' as coatings, in dipping,
spraying, injection provididigdn cdefi feedkttkangcongeisingsl-an ,Cpolefiss &wll dxygenaedr t i ng
films and sheets, and may readily be f . .En ses,include flooring
mtori ar e, wal | WBGEobere et Sy S ee st Grinam Somarises The her
substitutes, el gehblotdins hits UlREdiRNsai @ SIRRE ahdnb-Vkfis 3ade CARE L and ORLRS
fabrics, toys, and autonobile parts. [0101] The invention also provides a
conmposi ti on conpydrecatepmeonsest exf not greatse thanvabaut 20Peamed whersin thgeaxagenated

(a1 uor onet hantorarecl g ALbsn AR hC o FRRRENEN of AL %0 g oy,

t he invention prolipiesnsbgvezhganposi tion al so conprising at |east one of a
hydrol ytic stability enhancer, e.g.., @a hindered phenol or.an aromatic

amine, an anti oxi danfO"REpE dé‘i BIﬁ_ﬁg riffidoVitR A _aﬁ‘t‘ﬁ_’aéecﬁﬁlt‘%%med@%‘fﬂ ?Fé‘ggsrt.at f01021
Havi ng now ful | yengReire Redt it 507V &I 4 PRssubd of¥rdrh aBSUIAPRIaE & MoRE &Y bart hose
skilled in the art that the invention can be performed within a w de range

of paraneters i eligomeyipaithejodelin iaithrelefinfeehout departing fromthe spirit and
scope of the invention. 2 6 DEC 2006 -26 CLAIMS 1. A nethod of

ol i gomerizing ohfif ir{c}%odco?%fbriﬁsli, Werein the acid based oligomerization catalyst is a zeolite

oligomerization catalyst.

3. The method of claim 2, wherein the zeolite oligomerization catalyst is selected from
the group consisting of TON, MTT, MFI, MEL, MTW, EUO, H-ZSM-57, ferrierites,
offretites, H-ZSM-4, H-ZSM-18, MCM-22, Zeolite Beta, faujasites, zeolite L, mordenites,

erionites and chabazites.

4, The method of claim 3, wherein the zeolite oligomerization catalyst is ZSM-5.

5. The method of claim 1, wherein the olefin feed contains less than 50 wt % paraffin.
6. The method of claim 5, wherein the olefin feed contains at least 55 wt % olefin.

7. The method of claim 1, wherein the olefin stream is obtained by contacting

oxygenate with a molecular sieve catalyst.
8. The method of claim 7, wherein the oxygenate is methanol or dimethyl ether.

9. The method of claim 2, wherein the olefin feed is hydrated prior to contacting with

the zeolite oligomerization catalyst.



providing an olefin feed stream conprising C2 to Cl12 ol efi ns and oxygenat ed
hydr ocar bon, wherein at | east about 50% of said olefin feedstreagbgﬁgﬁgkses
| i near nono-ol efins and wherein said |inear nmono-ol efi ns have a

hi gher hydrocarbon content of not greater than about 20% and wherein the
oxygenated hydrocarbon is provided in the olefin streamat a concentration
of from1,000 ppm to 10 percent by mei@ﬂﬂ: and contacting the olefin feed
with an acid based oligonerization catalyst at a tenperature of at | east
250C and a pressure of from about 70 bar to about 500 bar to oligonerize

the ol efin in theeohahbd of @R R.whthan iRf Mafated ofdfidl fetd hayVh &dritohfft aci d
based ol igonerization catalyst is a zeolite oligonerization catalyst. 3.

The net hod $P0%e S hwveighifeescat-n t he zeolite ol i gomerization catalyst is
selected from the group consisting of TON, MIT, M-I, MEL, MIW EUQ,

HZSM 57, THIrTi efiel Rdihod OF biafh 11t Gereli oMt E%@&%a%gcoryﬁ}éegqﬂgg%g & Beta,

faujasites, zeolite L, nordenites, erionites and chabazltes. he net hod
of cl ai m 3,pendeat byt weighteoxygenatadehydracgdwrrr i zati on catalyst is ZSM5. 5. The
met hod of claim11, wherein the olefin feed contains |l ess than 50 wt %

od of cl ol efin feed con _ _
aaet 55wt ol B metpt e Sleth T RE] ShApiRe et Bt ORE B i <

obt ai ned bylpomkdedtiongatatysygarcgtle ofifibin atorvdldagsil ar si eve catal yst. 8. The
met hod of claim 7, wherein the oxygenate is nethanol or dinmethyl ether. 9.

The met hod of cl aim 2, erein the olefin feed is hydrated prior to
contact i ng whﬁ’f"f%@é’ﬁﬁ#&%ﬁ? et iR wn(?&eér%%le{e’%m@” '2006 -27 10.
The nethod of cl ai m Qontabraigeihd okgenbitdiigt 8anMécaidr Ricveeatallastoafonataarolemnt ent
of 0.005 to 0.5 weight percent. 11. The nethod of claim1l, wherein the

olefin feed streHAwEEAANGRLCAoSDeOlHRs Whersin apagabputip el i olefy seasat ed
hydrocar bon. 12.. Ihe fo-6le®hiMds whitbihnEld 1§ S| g eratipg the
acid based oli gcgngr F(gzggir{ggﬁmga? a|eyst atwa&clygﬁed g&gﬁngﬁé ggtﬁ('i)] 9%(1%9% 13. A
met hod of naki ngigher bydrbeanbai doptameof fot grea@nthax yb@nd0%%,; conpri si ng:
contacting the oxygenate with a nol eﬁuAar i eye ca}tlal )ﬁl to forman .olefin
removing oxygenated hydrocarbon from™ the oletin stream to obtain a
reduced oxygenate olefin feed stream comprising from 1,000 ppm to 10 percent by
weight oxygenated hydrocarbon; and
contacting the reduced oxygenate olefin feed stream with an acid based
oligomerization catalyst, at a temperature of at least 250°C and a pressure of from

about 70 bar to about 500 bar to form an olefin oligomer.

14, The method of claim 13, wherein the acid based oligomerization catalyst is a zeolite

oligomerization catalyst.

15.  The method of claim 14, wherein the zeolite oligomerization catalyst is selected
from the group consisting of TON, MTT, MFI, MEL, MTW, EUO, H-ZSM-57, ferrierites,
offretites, H-ZSM-4, H-ZSM-18, MCM-22, Zeolite Beta, faujasites, zeolite L., mordenites,

erionites and chabazites.
16.  The method of claim 15, wherein the zeolite oligomerization catalyst is ZSM-5.

17. The method of claim 13, wherein the olefin feed contains less than 55 wt %

paraffin.



stream containing C2 to Cl2 olefins wherein at |east about 50% of said
olefin stream conprises |inear nono-ol efins and wherein said |] :
nono-ol efins have a C6 and higher hydrocarbon content of not 1 di@gﬁbm’than
about 20% renoving oxygenated hydrocarbon fromthe olefin streamto obtain
a reduced oxygenate olefin feed streamconprising from1,000 ppmto 10
percent by weight oxygenated hydrocarbéf; and contacting the reduced
oxygenate olefin feed streamw th an acid based oligonerization catalyst,
at a tenperature of at |east 250C and a pressure of from about 70 bar to
about 500 bgr tohd QAEMod@Bf kit i 7 v@iel‘@t?ﬁﬁrolefﬂﬂ‘lfeed-raﬁ)tdmstfﬁq’é!tspio Wl Al JRfHS
wherein the acid based ol i gonerization catalyst is a zeolite
ollgonerlzatlon catal yst. 15. The method of claim 14, wherein the zeolite

oI | gorrerl 249 onTeamstisk of lais| s twherein thgnoledin gresup i 6hBInst i bygcoractian,  MTT,
I\/CM 22 Ze%{)\genﬁg@nh'ﬂ‘rﬁ&%ﬁzﬁ’sév@ Eﬂa@l;q tes, offretites, HZSM4, H ZSM 18,

auj asites ite L, nordenites, erionites and
chabazites. 16. The method of claim 15, wherein the zeolite ol | gomeri zati on
cat al yst i 80.zSMBe method Fheaimed $orherdin theakpeehaic inmethenal or danahyfether.f eed
contains less than 55 wt % paraffin. 2 6 DEC 2006 -28 18. The nethod of

claim 17, sher ohl bRoRLELh 1A BONR Mithed S35hRd o 10 AEELR: AR, T

met hod of aim i nCStT eamt S

oxygenat e metzholaerfbg(ﬁﬁﬂlzanorscm?stcat alyst. 20. The net hod of claim 19,
wherein the oxygenate is met hanol or dinmethyl ether. 21. The rret hod of claim
14, whereip,the Ief IS h rate i ,0r tlng th

seol 1 o of Bomerie Bl o eyl Whsgir heiiBiod fefif HtChan Syl Raeal ot ne
hydr at ed ob«gf)sfb(ﬁge,eélgp,@ger@emlat er content of 0.005 to 0.5 weight percent.

23. The method of claim13, wherein the olefin feed stream conprises 1,200
ppmto 5 Eercent by we %ht oxggenat ed hydrocarbon. 24. The net hod of cI aim
13, furthef3-conphs airthgd oégliBdr Wagreinhe glefig fﬁeais%@amcﬂor%%ﬂ%%ﬁn%%ét al yst

at a cycle QEeJthWnghttBx]anQ@ﬂ’ﬁydrgéarbdﬁ met hod of making an ol efin oligoner
from an ox genat conprisin

24.  The method of claim 13, further comprising regenerating the acid based

oligomerization catalyst at a cycle of from 7 to 70 days.

25. A method of making an olefin oligomer from an oxygenate, comprising:

contacting the oxygenate with a molecular sieve catalyst to form an olefin
stream comprising at least about 50 wt % linear mono-olefins with a C¢ or higher
hydrocarbon content of not greater than about 20 wt %;

separating hydrocarbon from the olefin stream to obtain an olefin feed
stream containing C; to Cy olefins, oxygenated hydrocarbon at a concentration of
from 1,000 wppm to 10 percent by weight, and a total olefin content of at least 55
wt %; and

contacting the olefin feed stream with an acid based oligomerization catalyst
at a temperature of at least 250°C, and a pressure from about 70 bar to about 500 bar

to oligomerize the olefins in the olefin feed.

26.  The method of claim 25, wherein the acid based oligomerization catalyst is a zeolite

oligomerization catalyst.



contacting the oxygenate with a nol ecul ar sieve catalyst to forman olefin
stream conprising at |east about 50 vt %/ inear nono-olefins with a C6 or
hi gher hydrocarbon content of not greater than about 20 wt % Z 8§&p&riBii ng
hydrocarbon fromthe olefin streamto obtain an olefin feed stream
containing C3 to C6 ol efins, oxygenated hgydr ocarbon at a concentration of
from1, 000 wopmto 10 percent by wei ght' and a total olefin content of at

|l east 55 W % and contacting the olefin feed streamw th an acid based

ol igonerization catalyst at a tenperature of at |east 250C, and a pressure

from about 770 bametethDut chf) 28afvheteth Me @@merdmgenieheatahecfawnﬁst i sdldigedol ef i n
feed. 26. The nethod of claim?25, wherein the aci based ol omerl zation

catal yst i drofm secrpyneconsisting pleF PDaM Ign M M%tMTW EUSEE-Z8dE57.-fomgiepites, The
rethod of oll20 78RR SIS sz ek, LIROREG) FALLAR, AR USholsEriRe] et ed

fromthe group consisting o
ferrieri teSf:rlontbefoamétchal:@sltesl—l- ZSM 4 H- ZSM 18 I\/CM 22, Zeolite Beta,
faujasites, zeolite L, nordenites, erioni tes and chabazi tes 28. The net hod

of claim 27 8, Wh@lr gln%vé]raeof%?a? ZHeWF ﬂqgezeo c%h om%%za% cat esWP’naZg- The

met hod of calm erein 1he’ 0 in T eed eam co n 50 wt
% paraffin. 30. The nethod of claim?29, wherein the ol ef| n feed contains at
| east 60 wt29% olTékinmethod3df claitne? Sywthemih e obdfmi feed freamhemein edsahal 8§ wn%st r eam
i s obtained a¥' contacting oxygenate with a nolecul ar sieve catalyst. 32.

The net hod P8FE-ai m 31, wherein the oxygenate is methanol or dimet hyl ether.
33. The nethod of claim 26, wherein the olefin feed is hydrated prior to

contacti ng 30l t h The hetERIAficlem@9| FherehitHableM fegatantint at 1345t 60 he Wtefind of
claim 33, wherein the hydrated ol efin feed has a water content of 0.005 to

0.5 wei ght perc Terrethod f claim?25, wherein the olefin feed
stream co rse?hi BEOdh 9t ¢y 250w, Eré’r‘i’t Olﬁgf' g‘fFfFa‘Bx@g@l‘Fd'ﬂeé'dLﬁfﬁPtéﬁ%ﬂgbon

36. The nethoger@fe Wwiktfh Mokulat HET\&KalG@MPr i Sing regenerating the zeolite
ol i goneri zation catal yst at a cycle of from7 to 70 days.

32.  The method of claim 31, wherein the oxygenate is methanol or dimethyl ether.

33.  The method of claim 26, wherein the olefin feed is hydrated prior to contacting with

the zeolite oligomerization catalyst.

34.  The method of claim 33, wherein the hydrated olefin feed has a water content of

0.005 to 0.5 weight percent.

35. The method of claim 25, wherein the olefin feed stream comprises 1,200 ppm to 5

percent by weight oxygenated hydrocarbon.

36. The method of claim 25, further comprising regenerating the zeolite

oligomerization catalyst at a cycle of from 7 to 70 days.



