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I nvention This invention relates to ,IIM r oligonerizing olefin. In
particul ar, Q(} ' ion relates to a or oligonerizing an olefin
stream cont aiIZ @éiogﬁﬁg&ll ow concentrati onGmebxygenat ed hydrocarbon

contam nants. Background of the Invention The oligonerization of olefin
conmpounds is conventionally j F\é }(ﬁ?}&@l Sc reaction.

A igonerization catal ysts ar@ity |cgﬁ y6r11\|mcé e 5? d catal ysts or acid
based catal ysts. Cenerally, oligoneization processes which use is nickel
.based catal ysts are carried out by form’g}gsa qunoagenous suspensi on of

catal yst, ol efin This@pphigrtion shires prigisieHsS thevitiens Peteabdpplinatipy Bo. syst ens
are cakried 86‘/&69?66‘%1@dlﬁéb%rwrmh’ fixed bed type of arrangenment. The
.honmobgeneous suspéensi’on type of systemis generally nmuch nore technically
difficult to operate, but offers certain advantages in its ability to

product a greater_ 2o _degree of "sem -linear" oligonmer products. These
sem -l inear EE&@QEE%HEE_%I Uk oducts with Iinited branches, and can be
beneficial in cer{giRpHsEsn Sa5Bs RS, drdéds Ji G 8he bReEHO agkd ci zers,
sol vents or diesel tSyI;l)e u% s in \%}nérc% FIR{rIT.I t%%ﬁgrlan% |&nlg' Fﬁsq) elgllﬁr abl e.
Cosyns, J. ethisinvention relates ¢es pracess fupgligodiangingsin oBfimsttaiontafingh c
streans," 25 Pet.. & Coal . Vol. 3 No. 4 (1995 descri be a nickel based
cat al ySt syslomq{ﬁm%gOifﬂéy@nﬁ’(?a@éﬂﬂr‘)ﬁ?’rgejégcgl.m&fﬁagtsprocess is useful for
dimerizing or oligonerizing a variety of olefin feeds. In particular, the
process is upgtidrodidordhdBivkdidad or ol i goneri zi ng propyl ene, butylene and
pentyl ene streéans. U S Patent No. 6,143,942, to Verrelst et al.,

descri bes the ol i dbereliganzarizetionof deficpompoundisgioayéntionaldy aggomphshedur e of

ZSM5 and ZSM 2 nd ZSM 54..and ZSM 22.. The ri.icul ar nbi,nat i on of
catalyots probauyBESERM SRR ERNGR fup T F s Thbicail) Al RARCR [ 0" 0

PCT/ US02/ ( 128&&y&9@ﬂ&i@63@8@ta§'3ﬁ GenBatigndlighmeridatbhdproelsestvihidieiisee! st et
al ., describes a systemfor reducing branching of oligonerized olefins. In
this sistem nckoldiasesd eatalyss arggatsied SUBPHIDEMEH haspageAeus wpRensiop@dneri zed to
an ol i goner 1.0 fi i i as ZSM 5.
The hi gher o‘%é? LP %\t’ ?@Fl{lgéeeﬁ a:ng gﬁé&ﬁ@%g@: réf'ﬁ%s;gl%uagﬁl}gg%ﬁ&gﬂg%iﬁgst%gg%8 catal yst,
such as ZSM bartied 5iMsi a flowitlroogl, ifized béktype gharangb@bnt Thied reduce the

degree of branching The isoperized higher olefjn is then hydrofornylated to
for m sur f act BHRISHSAUSTHSYERSONTYRS ofisystemds generplly myeh mate trgfiniagllys2 800, to
Mat hys et al ;4 rd fr ol Li;ganeri.ziq 18 enes
using a zeol |dgt gggft?gdglrgrgd??’ ?gﬁ; onggﬁagifi%vg. ta hgﬁ tdgégé%z’a%ri C cﬁ:%%é@alt) t he
catal y®t is degeeaSsembiinéardohgomey productl dthiese feeadinear firbduotd drgoner i zat i on
reactor. . U.S. Patepnt.No. 6,049,017, to Vora et.al.,. descripes the

i mor § zat | onPBUES SEdBSSHERo BEEH e ER AL ERt el fbam  The
n-butyl ene f agtheptdadh toForth Plaﬁ%i,@éré/ sREntY Of die§ D Wy RTuslk &f Wwhich linaRM
containing a variety of butylenes 15 produced by a nethanol to ol efins
reaction uni brantlneg bdepirde stream from the nethanol to olefins unit is

pretreated by a cenbinati of partial hydrogenati on i-enes and

i sobutyl ene remv§PSW’ i/vggglofma Oﬁﬁlségorp"}%@é@%, G%Q&Pg%gﬂeéﬁhc %Eeﬁ%‘s’r esul ting
n- but ylsene sPeeanTbhba, VOE 30i NB&r4 @8b5)0tesdiibd a nickéldasededatdl st eiesm @howhe

ol i goneri zation process is reduced due to the 20 presence of greater than

desirabl e quahtiiefRigsrsef®prreets. ddwprnests & yseful fr dinerzing pealgontesizingkanl e,
al kanes such,ag; g%?@ﬁﬁﬁ%@sbiﬁ cu@&ég,trééé?sf ift, u &f@ﬁ?ﬂ&&&izmgﬁresse“w
e e reac m u

take a free ri hr oug Ion’syste aking up va e reactor
-vol ume wi t houligheeriwing paptlede, thotydari and ipewtyenediueinss. Therefore, nultiple

separations procetpgs, 9, (&1 al 15V SRR R0 O ST o

30 of C, to Cy, 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

AR

*159159*

products.




25 A efin feed streans can al so contain contam nants that act as poisons to
ol i goneri zati on catal ysts. For exanple, nickel based oligonerization

cat al yst swax@/®bspe sensitive to sul fur and nitrogen. SuchpEpp§@fshggnt s can
have a particularly significant inpact on the active life of the catalyst,
short eni ng tgﬁ h§6§75%( ,l;he catal yst to the point where the reaction process
is not feasi 8 0 eq te. 30 It is, therefore, desirable to provide
olefin feed streans which can tie oligonerized at high efficiency and run
for an extended pert 1.6 ho [ e n generati on of
catalyst. It woul ?E?ﬁ%ﬁtﬁbﬁ%ﬁﬁé?&é&e@%ﬁ ét atl'OBéS%gig%tﬁ%%ns%g 2001B007BPCT
PCT/ US( 12/ 11 2&8h8irgaitenchthgeoftoigemefizaivlefiraf ilntifiegdtesi lewen odbtishsuzhads little
.pretreatment for use, in an olj goma,ridzati on system, Sunmary of the | nvention
Thi s i nvent i BFPRSPHOT Bitienes arrqliggmernged i§)1an phgameLeritehes olstsrusmeragadidy t hout
substanti al | v, ff &ah3Y tad I gl ct can
-be obt ai ned \}?Mafégocﬁga%gﬁcﬁgagt 0 t?ézgh% thﬂ:élﬁégﬁlglf‘llhE@t?g%%@;{ngh?gpn%ﬁusgﬁo%ggm. nant s
such as sul f aciddnseddatalysdesuch ThESM-F goABM-22, dolisometize thpthigheablefin andver t ed

to a hydrofornyl ated, product wth si rabl.e br.anchi .characteristics. 1o
I'n one enboplf%ﬁ?%hetq?_grqeﬁ\ﬁﬁ‘ln\i%lﬂgp&g?/fsaﬁ’fnée‘ﬁ?ég]i%dﬂ%% léihe&orrgri zing ol efin
Whi ch conpri $98rofSHRNAEDoTME SBF BLhtd UM RERISA schBigR@n ol efin stream

containing at | east 'one C2 to C 12 olefin to obtain an olefin feed stream

conprising | ess tRah. Rat@oMNop py6BPO0ED Mrthysxes gbniesetbebugramay foon. The ol ef i n
feed is contacted wi.th_ an acig based oli ri.zation.catalyst to

ol 1 goner | 7. DHECBPEAPECEIP 68 ThaREFns AR R RRi AT o dhRent , ¢ ne

i nventjgon corRkiyeRIife 6fihdhtaliat B NinoreXRE DI IS dMkih D tite JYEHSRel & thei eve catal yst
to forman olefin streamcontaining at |east one C2 to C-2 olefin.

Oxygenat ed hpleosensins regstosi ng up in the formed ol efin streamare renpved

fromthe olefin s t bt al okefl eed stream,conprisi l ess 20
than 1, 000 ppm by%%n%?n?&yégﬂ#g’toiz tﬁb%f%gtﬁfl‘b ?*?Prlﬁ‘?‘fgtﬁ%fhé[ﬁr atl’%pe%%st reamis
then cont act @gedohntiftardly nbitglehasadaiineFosestiednt BB ncRfAkbYSeed Srdagl M an
olefin oligonmer. An alternative enbodi nent conprises contacting the
oxygenat e wi UHimataky| desivedfronamadefiptirgpmsqontaming p fragty of kutylenes r eam
contaijing a ef i n. e {n stream
isr ec{ogver ed&]f‘lr&(;l?hg(% nggeg%n Er)lptg t% ?r %%ﬁe%hgﬂ g@)&'gﬁﬁ%‘f%&gﬁ?%@%%fr@%ﬁﬂ% s renoved
from the ol ehigthsibl geolefig wiiapret@ned behicombaados bf gatialdgdgesdtiog dfess t han
|, 000 ppm by wei ght oxygenat ed hydrocarbon. The olefin feed streamis then

contacted wi éwnahar&hiseb‘gé@%re@}qvab%ww ak MO TSR RIPG8E, begpre sendingqthg| ef i n

ol i goner. 30 ﬁ@q:{_ j oy tion an olefin feed stream
is provided \f\%ﬁﬂg cognlg?]iegggt?gdtn%ggtgfné%\r%gucg&grgﬂmz ol efin and oxygenat ed
hydr ocar bon. Pref @ftdnl gffictehey ofkihgehigomelidation praedsasnrddecqal dueitolée i n t he
olefin streamat a . WO |12/ ( 2 2001B007BPCT 4 PCT/ USI 12/ 02858
co_ncle_ngior aEI_ LOﬁrﬁﬁn@ngfgeré_q%#ééglﬁﬁﬂ?ad%%\;%? prt ﬁ?fafzi&? lgﬁ eqd OIO'Ot ppm by
werglhit. € sRELY) fof alkapkd fMab fdlarfdit Afel $dihgrtad zeolite

ol i goneri zat iSon cat al ystfﬂt 0a (ol i gomerai ?fa&pt he olefin i net hle olefin feed. In
yet anot her enboaienshin eendeetakngbise iign throwgh the repcterswsten, itgkirgun zat i on
catal vat 15 JebRPlte e RIpE AR R R e e R TV
MEL, MW  EUQuidSiVsbparatiosk hreveide® o refloie alert @ipodeivt die ofitvhrdgBiredeol ite
Beta, faujasites, zeolite L, nordenites, erionites and chabazites.
Prefer#bly, the z&Yeiin teedstrepmeranAdia ntameqtyainants thabpetas posepg 93 or

ZSNI -57, to gL -of h j ' ' ' : i,S. ZSM 22
or Zow 23 ThOCGRREEYEh Walsls Bof BEUIR SBCRNPA bEELLARAAGH BilSl o 1)
phosphori c agude sefsatlvgsé 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.

30 It 1s, therefore, desirable to provide olefin feed streams which can be
oligomerized at high efficiency and run for an extended period without causing

early replacement or regeneration of catalyst. It would be particularly desirable to



Surface activated zeolites such as nono-di nensi onal 10-ring zeolites, such
as ZSM 22 or ZSM 23, are also useful as oligonerization catalysts. SlICh
sel ecti valvehoaab®abyst s produce near |inear oligonmers. 15 Igcr/gsod@sdsgabl e to
have a reasonabl e quantity of olefin in the olefin feed streamfor better

efficiency. f the olefin feed contains |l ess than 50 wt all: ane;
nor e preferag{)@l,ﬁoagajé’refi n feed contains at |east 50 wt %ol efin. In
anot her enbodi nent of the invention, catalyst life is prolonged by
hydrating th l.ef i Polg t j Wi th th | i rization
catal yst, 20%6(39 ? ‘T’%:“E‘fé?ﬁ?gn giézﬁglgf’%c{)sgceoﬁi ‘8@%?&?&%‘%@%@%@?&&&%%&? erably,

t he hydr at edawbB§émeriza€ion bgsera,. wat er content of 0.05 to 2 weight percent.
.Brief Description of the Drawi ng Exanpl es of various enbodi nents of the
invention are shown in the 25 attached FI GURE whi ch depicts data derived

fromthe aﬁw;ﬂ&gﬁgﬁspri ption of the Invention Tlus invention

.provi des a gonmerTtzing olefin by contacting an olefin feed with
an aci d based ol i Gbrsanvendibh provides aliyathod fox alipbeearizifig anolafin deed avitimsed

ool 0, L I At A
PCT/ US112/ 0286inkh ‘°w1ﬁ1%|ht &VP{%}%E{?% 1511% ofinde %Mé&fcdﬁ?ﬁrﬂﬁgxg{s bibhs! nventi on

can be any conventional soli osphoric acid catal yst t I's active in
ol efi n ol i gosmfiiraad ngrogesathé olngomespedductis aptistadlyconperiedao phosphori c aci d

il based t., Ex i ncl horic acid ili B
i at onmceous MDY B RP AT GeS ALY EreEed FRRRIRGY o5 are found in
U.S. HFatentNos. 2y58k &Riodient!dd inveaflon pRides a%?e%h&ﬁ?ﬁoh@lbﬁaeﬂﬁﬁgri ptions’ of

whi ch are incorporated herein by.ref erence. The zeolite oligonerization
cat al ysts canlebig velngh camprisgs temdvang oxygasated bydrocasbaf fromah iofgfimstieazat i on

reactions. Such catalysts include, for exanple, olites of the.io TON
structure tyﬁ%nqﬁlflg’ig aéi%‘f“@f‘&f@;#]?%eﬁ?g? étlatgl?"ﬁﬂé’tlejﬁ‘l ,ee(s\ﬂgefgl, CRRIBITE zeol i tes
of the MIT sidsylfiaHNeO00NRE b FeigBXatipeRated BMrdchrbdl-The oldBPfebd RS Of the M
structure type (for exanple, ZSM5); zeolites of the MEL structure type
(for exanpl ecomtsied with ap @eidibaess aligomesizamion catalyst tauelegompesiae temlefexianpl e,
ZSM 12).; zeol,it Lth the EUO structure type (for exanple, EU-1); zeolite
ZSM 5%‘?5 or a#foi%]%ﬁ%‘er of the ferrierite structure famly. O her exanples
of suitabl e catal ysimoteren®biingint 1B invéSricompbivkslén@dctid€ ah birehka.
Synthesis of these catalysts are ' described in Synthesis

of Hi gh- Si | i c¥ithjaypdiepdas Sigvepatalyss ity formanplelin stigam yapiapunggideast ong Cvar t ens
(publi shed as, qol wiF ' j | & ~dj i ]?atg ' crud

Cc~t c~l ysi s) &) atq’(ﬁé)%g?lsgtﬁxoﬂ%PéetQ%ﬁc\%hl&%ﬁmﬁs?h?%:ngﬁl&)l?:Et e hﬁ%f%?ﬁh g{l}ga?%f erence.
20 Addi ti onahteyembhel frahadhy/slefinseehm to dtais ah oiefintfealstean doepasingdésst e

synt hesi zed without addjtion,of a tenp|ate. ampl es inclyde fauj asites,
zeol i t8 L, nmz‘ﬂgn G b I @gyg&wg@h&%aﬁa@gmmieérn%a@ﬁ%wof_wm ch
are descri beghehRohfiBtediidSanOfcidiSRbd bl’r‘goﬁﬂe‘ffz?a‘ﬁé@é*diﬁ?&)t@?ﬁm% WA Meier and
D.H. A son (published by Butterworths on behalf of the Structure

Conuni ssi on oligarher. | nt er nati onal Zeolite 25 Association). Zeolite catal ysts
havi ng crystal structures that are essentiall he sane as the, crystal .
structures of the Vgl-aﬁl‘éﬁF‘i‘%?\%ﬂleﬁ%ﬂ@&r@%%ﬁﬁq@ggg,le BYERAS VIR 257§ ght 1y
ther ef rom i npf@Alae 3eve MRS thifeth arf BlRfiR k&P Corisifig dElcAfING T, 9 CSHCh
zeolites include zeolite catal ysts obtained by renmoval of a nunber of

al urmi r&dm i onslefinorhhe 8rCsiy Cstodefin stigafis rachecrebion-theolefionseprzaoti t
catal ysts, ¢ gg)x@%%'at'efizly?f@&&i%h%isyr%ﬁl%vé’&’%r&h’lﬁgolgé‘m it o 8h a%%}%&r ent

el ement s, anp regnation or catron exchange or
i ncor por at i ofecdWiredtd cbm@riziag lldsk €hadyNdCIaHIns by veighesamehaedBydidcarbdron and

“gal l'ium. WO 02/ (1G(18-42 | _ _ . L
The olefin feed stream is then contacted with an acid based oligomerization

catalyst to form an olefin oligomer.
30 In another embodiment of the invention an olefin feed stream is provided
which comprises at least one C; to Cy; olefin and oxygenated hydrocarbon.

Preferably, the oxygenated hydrocarbon is provided in the olefin stream at a



2001B007BPCT PCT/ US02/ 112858 Zeolite ol igonerization catal ysts can be nade
by any suitable netliod. One conventional technique includes heating a
reaction wiodhukessgont ai ning a source of silicon oxide, a sQuUiGH2MEssq! UM num
oxide and, if appropriate, an organic promoter, for exanple, a nitrogen or
phosphor us- C%H @O@L]BQ Qr gani ¢ base, tog(ﬁt her optionally with an al kal i

net al base, 01 separ atl ng the porous alumnosilicate crystals (zeolite
precur sor crystal s) formed. The precursor crystals are then calcined in air
or oxygen at i I ature of
5500 T or abor T8 o S SR SRR o nehs bl AT D00 Bpn PR o
material is Ehepangled oldfinstimamunihemconinsted Mih-8)zealitd oligbinerizaidnt 0 t o

.condi tions under which the amo umlon ecoppose, with the formati on of
ammoni a and %F‘t"gl?’%fttﬁﬁﬁg?mﬁfézeﬁ“%{‘}hph’bth& j%?‘gpf ormof the zeolite.

Al ternatively, _th&f&h@étﬁeﬁéﬁﬁ%dﬁﬁ&t%@ﬂ%h@énﬁ%ﬂ 1Y a@i§ belse@xCchange with
‘hydrochloric acid. desired, however he cal cined material can be used
as a catal ys@llmnlﬁmmtloft patalysthen n@léﬁcﬂ@m@damn ¢ntapstodbamedlosns, since the
material then.alread 0ssesses ites. The activit t he
matorial |5 CHEREratet RS SRERRD Seloake Mot o e @puis N Nas been
exchanged wi MTRMIBNMED, MW, 8D, ZA8M-55URneG11ed offtit@ngsM-grsMnder  whi ch
t he anmoni um i ons_deconmpose. 'Ammoni um exchanged and cal ci ned

nonodi nensi oAedlita Beta, Figspsitesozealide L, mredepitess emnlmha@mclmb@lltﬂ@e ZSM 22 and

ZSM 23, can L et ] e 2 el 54 ormng a
sel ecti vat edPreﬁ{xlﬁ?,gtﬁQ %cﬂteos%qr%er{z%%q Fagﬂy% %2%@{3«:%%2% zg%rsrzrous ways.
As ongoexanpmere 15rh&reaﬁpthetzesht@@ng&ﬁeﬂzatnbﬁb@tdlm ik [ZISMM22 @F @8N-23 NThé 0gen
base, such as collidine. See, for exanple, U'S. patent no. 5,026,933 to

Blain et al.acid h@ed@éléﬁmpltlia@ﬁn@ﬂtammﬂ@ﬁ@ leﬁ@hﬁM@rm@m@ucﬁtaw r ef er ence.

Anot h I f 25
ool Tee CAoPl ! SulesdeRPRLLERSA Sl E! Aol Ao 1ML AR 606 O
rati o than theZsvtz2atZ3M2E30bictalso Usef] ad aligoam:mdx@ cathl{sts. pSucdnt no.

6,013,851, the descriptjon of which is |ncorporated herein by reference.
The ol efin f%,f‘é‘ift@ﬁtteéﬁﬁt@lﬁﬁﬁtpf‘i’@c?@eﬁ led qligomsrs. zed in this invention

i ncludes at | east ed stream
corrprlqges at Ieas%tqggesgrﬁblte Ea‘?e %QJO Q'?IE ﬁﬁ{tﬁi BPJ) L{‘lera O?Jﬂn%%(gast one C3
to C6 ol efi nstream\N@baﬁa’rleﬁ(cﬁd:ncs Pré’ét@ﬁlthh@@YﬁﬁCfé’ed?cd?ﬁﬁd leEs(thRni 3a28%8 I n one

enbodi nment , t eoleflnfe IS 0I| z tains at |east 50
wt % ol efin. st gpoge pieferpipy, t&i gﬁﬁ ?‘?é’ecd’n?tmr togr?p é’égnt | east about 55
wt %ol efin, nor eIIPJrf%fdf‘e"r%fﬁledlﬁ{en{ SEAE iRRANGN, @E)taWst i@ ﬁfoldh ed anot her
embodi ment, the olefin feed stream conprises | ess than about 5 %

par af fi n. Ivbhsedrmr@‘ the abdfip, feqdwlcmlt@f:mnacftelgdmﬁtnheahg@umansesatalgsts than about
45 wt % par af f

T vonhe D2 AtiPalTe e 2 RSB E SR AR ety R UBbA rBe L dog 1

tlus inventi maaw@tea@b(ﬁélﬁ@m os@@gl“tdldm pbReven | ow | evel s of oxygenated
hydr ocarbons in the ol efin feed. Thi S senS| tivity is denonstrated by a

significant to reduction in catalyst life in the presence of certain levels
of oxygenateﬁngyggggﬁgggggﬂlIﬁgwgéhlblted sensitivity is quite unexpected,
since it is | ow | evel s of water (a non-hydrocarbon
o>r<]ygena|t e) toltheEmuﬁf)nemofmu@m:nbammtslqﬁhe?maam atelmlo@mtmltbﬁl c life of
the zeolite oli Ion catalysts. See, for exanple, U S. Patent No.

5, 672,%800 whaeiehE Léﬁﬁ?dvfafh depicts Aate dprvrsdrom thedstaminlesy| i goneri zati on
catalyst life. Exanpl es of oxygenated hydrocarbon to which the acid based
ol i goneri zation catal ysts are adversely sensitive are al cohols, al dehydes,

| cet ones, et PDendedbdsaatiboxythiedneatida. Oxygenat ed hydrocar bons whi ch

*particularly affegf. . : . . .. ,
P y sHus invention provides a method of oligomerizing olefin by contacting an

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

oligomeriation catalysts.



the acid based oligonerization catal ysts include nethanol, butyl alcohol,
ditnethyl 20 ether, nethyl ethyl ketone, acetic acid, and propionic acid.

I n one enwodizmeoyu2 of the invention, the olefin feed streamdidngss0 be

ol i goneri zed conprises |ess than 1,000 ppm by wei ght of the oxygenated

hydr ocar bon. 5 &g , the olefin feed streamthat is to be oligonerized
conpri ses Iessl'?r?gzﬁggg‘ut 900 ppm by vvelgght of the oxygenated hydrocarbon,
25 nore preferably | ess than about 800 ppm by wei ght of the oxygenated by
dro carb on. It i$hdQlid SHRAICYH id\Btarfsheusel & s | iop! conpl etel y
devoi d of oxygenated hly rocar blc?n.c An aa}t;r%unt géh%%x{fggrﬁg e%ﬁﬁ%?}gcar bon can
be present, wovkgmgabsolidtphdepimricacidsiatptyst ttmaistdctivatvdefiebgaidreatiocat al yti c

Jife of the 30 olig rization catalyst. In tlus regard, an olefin feed

st ream cont aﬁeﬁcrt}?éls'gsgg? %q%ﬁf"ﬁ%ﬁmﬂmf}f@woﬁﬁ ReBP R ?ﬂnct@ﬁ%%é??’éd

hydr ocar bon Eaniglb€ingllde ph&pRbEE akil Yon siife§ cbeUBlohstes @M d OVer . A | over
dimt of greater than about 100 ppm by \%O (12/ 008~2 PCT/ US02/ 02858
2001BCEY BPCTkigsalgaihghMdre spasific exemiptesiakesfound ithUsS. Potset Nod. 2 386862at | east
about 50 pp [. i even nore desirable, .and a | r.limt of at
| east about n%?}pl)%m %ﬁ \E}\é}i%? {h%%’etﬁﬁae%gpﬁ?@ﬁ?ma“ ?)fleél?cé’ﬁ?oé%f.egﬁeﬁr\%]rbﬂ imts of
oxygenat ed hyfbsr@war bon are not warranted as the ol igonerization catal yst

can satisfactori lﬁ tolerate very low levels, and it is technically

di fficult tolleeplite dligpiyenattion dajadystceanthsrrgy catal ystvbat is evtetesin opefimt | cul ar | y
when the ol efj . St mis rived. fra rocesses such as.oxygenate to
ol efins pr oc(g@ggeg%g&f?nc{?g%qnﬁ sgcne?aa"ﬁysy}s %18%1&“% rS’fﬁ?@%{ﬁF?lng %tgﬁti ties of

oxygenat ed HpONcoacionspe (fot beandllefZIMPROVICK Thét- aNRt e K Z2mpbesiiagnt of the
invention, the olefin feed streamthat is to oligonerized inthis invention

i s predoni nafttheMidr stpustire e (B exapplenatM-3% Kai-&); zealitepnfithe MBEni ng t hat  at
| t 50 wt ¢ i -ahl t w9 d
brefer abl y. tFasd BhstoE kg B A IMEOP B of uft MEE gholh ey, 700 ™

oxygenat e t cexaingld, ASMHIIl}; ze@itehofthé BETWStruemrs b (otlegmplewsive-18y! f ur,

nitrogen and chl ori.ne the extent that essentially no pretreatnent wll
be required ZF’BHte? ylg@hﬁhngo Yruckise bYRedHR SRURPlS, EUnSa%f@ilﬁei I-Syehany f eed

streag shoul Iﬁerﬂﬁé/rl%f?h(l{l f;eh‘;i’ér.ité( @ﬂctﬁl‘%‘g’éﬁﬂgc Otler @Jg%nq eObf ﬁfeﬁ@l fc\a}\%@gtrs%iwp ared to

such sources as ol efi rom crac drocarl sour ce. such a
f eed stream offtetitegifviad, M- B bazevldxyganSymhesiyafithesarchalysatara | evel whi ch

woul d Ii kely, adversely | mac}, catalytic life of the zeolite ol|gonerization
catal yst. Th‘?_rs‘érfbc?tdéfl { ﬁgp\é‘é?} Ié‘g%'s‘ﬁ)é(ryf"yfcf"’é’ ffﬁ@réeé’iéfrVgYﬁléeﬂ%Fop%ﬂlﬂ red. The
benefit in USIANGIARNS WPBENKsHBIRAEST MShSSARR SN Bestih ISP OBk ﬁmg' s of

i nert conponents, such as propane and butane, are pres ént. Desirably, the

ol efin feed G¥pbss, the dbtlasuredl which stnmeeppratedheygehatrefensineh a nol ecul ar

sieve,catal yst. The:;.0x te rises..at.l east one organic 25 conpound
whi chz(gont ai ns atkﬁ?delgg%(aqg’ggm&@gygﬁu%et 6%‘[}“%{?&?%5@ %?Inief)ﬁﬁazg?ﬁteal coliols,

et hers, car hgnesigehwatiostsdiitiod @i ¥ dasplatee BRABPles GRRDOjhfite8 CiedBte
carbonates, esters and the like). Wen the oxygenate is an al cohol, the

al cohol i nclluderdgnites) ergndtes andyehabegitepdhe sigrotureneiivhich a deaerihed imt ons, nore
f bly f t a1t at i hol s, de but
Br e not. necebd iy bPpebIE R 3R L SPUL SRR A Y RC OFBR Tl s

al i phati ¢ alBwtdr@bshaowbéhadof thenStaidura Ceghreiesioh ef teThisrnafs @i Zk6isiec Of

sui t abl e oxygenat e (‘)o%o nds include, but are not limted to; nethanol;

et hand? ; n- PrERIARPD)- | BB?e(fﬁ%Fs; hawing crysse) sHpetyrRs|that appsspentially the U2/ UsUB~2
2001B007BPCkafhe as the crystal structures of the above-mentioned zeolite catalysts, but differ

slightly 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 zeolite catalysts, or zeolite

30 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).



PCT/ USU2/ 1128SR et hyl ether; dinethyl ether; diethyl ether; di-isopropyl

et her; fornmal dehyde; dinethyl carbonate; dinethyl ketone; acetic acid; and
m Xt ures oeeribss2 Pref erred oxygenat e conpounds are met hangyushiasishy!
ether, or a mxture thereof. A nolecular sieve catalyst is used in this

i nvention i nydhgsprppetate to olefin reaction. Such a nolecular sieve is
defined as any ol ecular sieve capable of converting an oxygenate to an

ol efin compound. Exanpl es of these nol ecul ar sieves include zeolites as
wel | ‘as non-zeol | ZS@[ite%ﬂgoﬁéﬁza%nbﬁtﬁlykﬁrcgﬁbe %ﬁélﬂ%ﬂ}?sﬁﬁﬁidmaﬁ&ﬁ type.
Smal | pore nol ecul ar sieves are preférred in one enbodi nent of this

i nventi on, hOwevenventienal ¢é¢cdhnisgie ehwien heatinglal repation miptuee cmdginiggaves have a

-to pore size of | .than.about 5.0.Angstrons. Geperally,. suitable

catal yst s hatRre Garicotrde asgmof dummugbotdeanl f Pamblias O EAEG  r o,
preferably fpRMAGOR: edaflpleOa AROYEN &k PhofPHbTihs-QMainiAP GraMaRi baRs gl y from
-about 4.3 tof)about 5.?8 aAnpst?om;.g nZeol{hiot es whi chauzlarg Barti'cul’ar% useful as
an oxy§enat eoptionglle it kall metal base, and|saprsatingthg gvovy plomieesilicates.  Exanpl es

Tm 3, 25w S35 B TIPS TR el Mepraficthfi e .y 5t ket u

in this invepdltiaed inSaiPBEo@ek ai MefPediturs bkdeeamFtsoi)‘@mcbscaﬁ@Ie@at(aSAPO)
nol ecul ar sieve. Silicoal um noghosghat e nol ecular sieves are generally

classified atemneragrens SaP ¢ BpebanidOfaskaut 20 Sowsy imenermbogiment, the nenber ed

ring structurgs. T ny r : . hore size
rangi ng f romEagg%la H‘%.%“Ela! %%%%%%é’%%ggﬁﬁguﬁg a&gr@%‘%}(%ﬁrﬁ%&@} smal | pore
SAPO npl ecul asndsticiéemdbenwhiel tiegnneneniagcopddeosipdse, @fithl tesforinhtion @bout 5

angstrons, preferably an average pore size rangi n? fromabout 3.5 to about
5 angst r ons, alBYaiIaRsiapratmy thup pradupiseen geidictfgim of tsaeelita. 2 angst r ons.

These pore si t YRI_C: - i Vi rings.
According t o Sae Bl hRabRle B TR, GEMEReSLPED RO i FRERSEA.
oxygenat e t oadleffidesiredhibiveverpthe celsied maldriab san lexowspd analsatalyet widhoatt al | y
known as NEAPSO% or nmetal -containing silicagalu 'no?ho hat es., The net al
cats be al | cHfStbeigsgxehangpdpith @ up jons, sipgehe meteial thep alfeady) i ons (G oup
A, fare egéstsl?ssbéjﬂédfc@i@é‘. PTikd dcBvit) BEMME A idl RAnERNERBOAM Y ISWEFBALS:

| ant hanum cerium praseodym um neodym um sanmariuny europi um gadolinium
t er bi um Whatiaf 4 magBial thaP i3 bse) FRRaTzeloviRCINNIBiURY 1028 881 thys pr osi um

hol mum erbiym thulium. ytterbi umand lutetiu nd scandi um or yttriun
and the addi FYBH Ersanditions e b apingn np Jecongieiey g VIIB, VIIIB,
and | B. Preferabl wmhbfiulMeedcaMoRE 8R4 §al@ih@dr§10§b‘&hleﬁ§ipl¥dl1101\%§s MedliteCO, NI,
Ga, Fe, Ti, Zr, Ge, Sn, and Cr. These atons can be inserted into the

tetrahedral txampeioeiwhish dudideZ NS ANZSM 28 eehndle treated 1o TeleativpigR02]
tetrahgdral uynit rri . el ectri. d i n_ t al ence
ctato B e usufaEs e, ARhin gREleol fud B el TRENCIDR I WlFHY R "0

state of +2, adtdevetidn ninercus wdys. ABeneetang)lechd revlicaayBe tifatodtnighan - 2 and
+2. Incorporation of the netal conponent is to typically acconplished

addi ng the nBfganicBipendse.dueh fiocodhding eges fos exarppleiSe BaPRnos | eve. _
However, posg,-o%@g?%g g?%% Qpaleﬁ%“tfépé}ﬁ)tﬁﬁ%f Hnih ipﬁc'dﬁﬁ') te%ﬂ@reiﬂ%?rt ~synthesis

exchange, the’feta nent I'ntroduce catrons 1nto 1on-exchange
posi tions at refareage nAsethérasem@fe it be depisemg saorystalue Si: Ablayemdnm ¢dreof r amewor k

itself. Suitable siljcoal un nophosphat m)l.e ul a silev S '.‘ncll ude.  SAPO- 5, 15
SAPO- &5 SAPOZS%I,te’SAP@Sl%,ENg%%‘ﬂ%A eredhts dpysphay highes iy rationtbaps,
SAPO- 35, SAP@ieBLﬁltrle%BQeél_Yt& §@€ (f.%lz@:am?l%'?@ & %ateW@lSﬂﬁB,S@ﬁF@e ﬂéscriﬁﬁtﬁp 47,

SAPO- 56, the netal containing forns théreo and m xtures thereof.
of which is incorporated herein by reference.

The olefin feed stream that is to be oligomerized in this invention includes
at least one C; to C); olefin. Preferably the olefin feed stream comprises at least

30 one C, to Cg olefin, more preferably at least one Cs; to C¢ olefin.



Preferred are SAPO 18, SAPO 34, SAPO 35, SAPO 44, and SAPO- 47, particularly
SAPO- 18 and SAPO 34, including the netal containing forns 20 thereof, and

m Xt ures {(lgafRbss2As used herein, the termmxture i s SyngpymEesovdskh
conbination and is considered a conposition of matter liaving two or nore

conponents ip V. I oportions, regardl ess of their physical state. An
al um nophospﬂ%qlg%kgge)w mol ecul ar si eve ‘can al so be included in the
oxygenate to ol efins catal yst conposition. Al um nophosphate nol ecul ar

sieves 25 are cry i ] opar i i . ' 04
framewor k. They cgin@#aévng%% I [Eti %ﬁ%g&l@ltgér?eﬂgﬁn V\nmk %P)rlll gggérlagcr?gl\%ou@lk%t

typi cal | y haleastuith io¥orol¢far. Preferabis itloendefimfegt sgedni compdises tit Bagapaitr ons to
.about 10 anggtrons, and are capabl e of king size selective separations of
nol ecul ar spé%%?;o}ﬁgflemf’ﬁpo{ ef f&é"zaé‘naE’P 6@?"(‘1/@0@‘3%% have been report ed,
including zeolite ' ; I [ I ption of
-t he background ang{ %&%ﬁéﬁgg&ghb ‘gfgﬁ&gg%ﬁ%gﬁﬁgﬁgg?’ H%eglﬂéﬁgq?a%e%sﬁes Pat .
No. 4,3 | 0, 3a0z Ynpareffin. Morquefpabby, the olefil ed jtPdafl adBprive? BB MAO7BPCT 11

PCT/ USI | 2/ 028S8 herein b eference in (ts entirety. Preferred ALPO
UGt ur ot SfRBUA NS BF PREES Tre AR I0oR (5 b0t Ao PRI PO, 56
ALPO-37, and ALPOr46; AR A §0adid 618 SliBoBAkion Whshid uent in its
framewor k. Pr eferaé?iln,v ?ﬁg né,ta‘ﬁfas sel e%:tled fror%g?rﬁg[{grlgup cé’nsi sting of
magnesi um nmesegandse inventen are athadrigly sanditiviexe evendowhesrebsodf.oxypestednat eri al s

preferably exhibit. adsorpti.on, .i gnexchange .and/.or catal ytic .pr.operties

Similar to alUPHBEIHTRMEOIH feflndBROERATD BAgmefiiioied b 4nbHBM s phat o

ol ecupar si %‘dﬁct@(ﬁﬂiﬂs%%htbs@ﬂﬁo inWﬁ?%ﬁe%c@&féq?ﬂaﬁl 1V ASSf MYBehA1& I Preparation
. a .

are described in U . 4,567,029, incorporated herein by reference
in its entirbkydrocarborshdhewxhibitedsanaitivitngs quir@mekpoetedasinger i é-laiowaribitonal

m cr oporous ¢ tal .framework structure ,of 2, Al102 d. P02 .t et r ahedr al
i 1 or ThesesdtgRUPRARTHRH R oS o et OR cedpaied i feabd®af o 1o
cal ci nat i on) capftrhglylieaeReand adalblic BRI HhCRLlIR AT Rl zARBRARsION, On an
anhydrous basis, as: nmR (MXAI YPZ) 02 15 wherein "R' represents at |east one
or gani ¢ t enpbes ifeicexagein, Upb dtant NonS,6hb800whighishewahydraionesndmespyeenm " i
represents the soles of . "R per nole of (M;Al,,PZ)02 and has a

val ueslgf fro?ﬁozhgér)léﬁ%%g%fzﬁgo? %ﬁ?@!&%um val ue in each case dependi ng upon
the nol ecul ar di mBr&mpRS 0ObxjdeRatee hpdratarbeh @oslith tiedcidtased/ai | abl e voi d

vol unme of the pore system of the partjcular net a{c éo ?ﬁl{@en‘i 1rﬂ;opEosphate

i nvol ved, " xoligonerizajigy catalysis gy averelysprsitiy @ plegpels.ghdehgfes; kelongsi al "M
(i.e. magnesj b N i rus,
respectivel y%ﬂ{g}rseagg%tg l%ggaﬁ%%cﬁgshgoﬁ%@ nag%p edg. Ga‘f"ﬂdelﬂyét %@gﬂ%@ﬂg@%}?MP@ are
sonet i mes r efleracetbdsed biigdmhaiatomatalysts ildiAleetidmd butyl lvobel, diasdlsylwher e
the metal "Me" in th onposition.is.25 nesi um.,the acronym MAPO i s
applied to tfE% @iefcl}yé ?tog‘F’r?f’?téﬁqcifE%(gﬂ, PIFARS'4nd CoAPO are applied to

the conpositions yhhgdehBotiment (ﬁ”itl'i@i,nvéfﬁma{h%%%fﬁlrkf@ecpﬁﬁﬁlutthﬁﬁﬁb%r—‘]et ively. To

identify the various structural species whi ch make up each of the
subgeneri ¢ cbhgwreridgdromprisgadessChaP0ethppivibaPeighs of thesppgenated s assi gned a
nunber and is_identifigd. f.or exanpl as 30 ..ZAk , PO-11,, CoAPO 34 and
so forth. Thay SR E‘?‘?ferﬁ%bgﬁ’c?ﬁi)ﬂ%ﬁg?%lsggﬁﬁlg?atéﬁq&%g°1§°Wﬂfdgal |y adni xed
(i.e., bl endgsthpitbdsnesgitingrabdat €0 siins by WeRiht bf ©08ggkenhieg hy@®birbbmg
conposition is WO 02/ UC(18-42 / US02/ U28S8 2001BO007BPCT 12 typically"
referr®dd to awrapsipelydesathagaboyy §09 ppreb weightefithe oxygenatedg t he” SAPO

nol ecul ar si ﬁ\é@mc%{)gri al s which can be blended with the nol ecul ar sieve
can be various inert or catalytically active materials, or various binder
materi als. These it @bt @dcessaryi thad thelolefin fexdsirennds completcdp desadd ofi and ot her
-clays, various fornms of rare earth |lletal5, metal oxides, other

non-zeol i t e EBYSANYEH hydinsament S0 amaypt ?f@wa@%tgﬁshydé%%ﬁ&% © PEPEIH na or
alunina sol of id@ia adeh bEONARCIRG 88ty LRI AR b e duartz, silica
or silica or silica sol, and m xtures t el dof - se conponents are al so
ef f ectiove i noligaluedizagionicatakyst. dnitlis regast, ah blefiatfedd/stcamasniairaeg gregiens a
thermal si nkthan about 500 ppm by weight oxygenated hydrocarbon is tolerable. Preferably,

the level is somewhat lower. A lower limit of greater than about 100 ppm by



lo to assist in heat shielding the catal yst during regeneration, densifying
the catal yst and increasing catalyst strength. It is particularly desirable
t hat the \Wweahlishberials that are used in the catal yst to @eiy&sossgher mal
sink have a heat capacity of fromabout 0.05 to about 1 cal/g-C, nore
preferably f&gmzﬁ%&or 1 to about 0.8 anI/gC, nost preferably from about
0.1 to about "0:5°C ~C. 15 Additional “nol ecul ar sieve materials can be
included as a part of the SAPO catal yst conposition or they can be used as
separ ate nol Leve, s | Vst .Sqq a1 k PO catal yst if
desired. Str Evf:ét h?gtsl Iﬁ!t)%p%gﬁ?#lésvy i %SIO'S%F @%ﬁéﬁ%ﬁ%&é&e@&g%ﬁ%we@ sui tabl e
for use in theisgieverembreodesiratde, e aAfher IART of AREast AINE SAPM by MdMghAVWY Bl | ~,
.CAS, CHA, ,. DAC,. Dﬁg, EDI, ERI, 2?,G£[z KF 1, LEV, LOvV, LTA MXN, PAU
PH, RHO ingpesticy ey Prefersd: Jrawet ligpisol oxrgengted hydrogatban are nojpes of

medi um por e [ : j : ' hS.1nvention
i nclude M-I, WHNE%%%%@@‘?%QE%%‘Q%EE%&I@E%@%&%a&%él_yut% %Eé{lg Vé&é&g ubstituted
forms ther eofevelshwesidt sradhinialiy diffidilt tn eowee ooy geowted hydioearbonsabdow@scr i bed
LI NERE R AL KB C TR T
descri ption gfydehiieho biefia) B%A%'cgggﬁé, Xvﬂiél?@ﬂpéhrn@%aﬁg ﬁ%ﬁgﬁg&&ﬁﬁhﬁ%ﬂ&?-

Preferred nol ecul ar si eves 1 can be conb
si | i coal um nebérygphetedhydroedriats if thel alefen @BNUEG, ZSM 34, erionite, and

chabazite. The catal yst conpqsitio accor.di to.a nbodi ynent
preferably 30 co ?@Z@erf%ﬁg’ﬂf%ﬁqm%‘?&u%%ﬁ019511gﬁ)egﬁ{f?%n tSerably from
about 15 % t OoREMriR8 i%hi@ﬁh@exmlbﬁtis pfealt)ﬁhﬁhhy déﬁmdf%}ﬁ% o{Petnh@ sgbout  80%

by weight of nolecular sieve. It is also preferred that tnhe catal yst
conposi ti on blgfies unifianeaningthat at beasif SO wi¥nof t1efin feedr8ferdblP0dasB6007BPCT

13 PCT/ US02/ 1 58, about 20 .m cron o] 0 3 0. m crons, re preferably
from about 3 %’lééurl%lr?sor?greg%%bﬂ% 3{2]663Z]bé’pg}ggﬂhﬁ@ﬁ%npfféq’ésr%%}vfd%&ﬁ bout 50
mcrons to abotlendtblo bleCihonsit. Jd Lfabdbtva $d01dIR 15Wah e6lfadnit8eén vari ety of
treatnments to achieve the desired physical and chem cal char ac?eri stics.
Such tr eat meftdchlorne, grothesytentihat gspantialy ae eatieptmant will beiraquired/throt her nal
treatnent, c ' i ' e - t L ling, ball
gy gr i AT oBbthas® 3 HiRkun 493, HeANFED A bl o7 e
catal yst of tdhitvelyntoandanoentiasion of parafifins.tcompacdd t6 ndladonsced asolefihat i on of .

SAPO- 34, and_SAPO- 18 ?r AL‘T‘ITFE 18 nol ecular sieve. In a |0 particularly
preferred enﬁB’@icr’r%“i‘F' d hydrocargpr eqires: Ié?‘év@r,isgclaa&%}ﬁrammﬁﬁ genfreliyr owt h of
SAPO. 34, andeoiiiorfediard!yBiobiood 3t £ RRYKicRWERNALE quvﬁgegg%]ﬁ)él pr use as

olefin feed, conventTonal reactor systens can be used,
fluid bed orcatdyiinbfebefahs ystitnsligoRregizatidrechtal gsac Therefoné, ranevatsbadhnent ar e

co-current riser re{act o[.'? and sh&r:r 1€ cantact tine, counteré:furrent
free- 311 reSURPERBEEGkelp FsAuiredo The, ‘?f‘tegFmi‘?m&ﬂél ISR AFfiBxy genat e
feedst ock castreaBfis ¢RAUGFEEEVAN S indt BOhFGHEhA! suthQY Broiah@hiBbutdte, frenel ght

hourly space velocity (WHSV) of at least about 1 hr 1, preferably in the °
range of fropacddsdbut 1 hr 1 to 1000 hr~l, nore preferably in the range of

from about 20 hr'to out 1000 ..and. t. eferably in the range of
from about 20 hi ?e?ﬁa%?%'%%%%lﬁgn é@é SHFa’ﬁ?qugy E‘E'??Cﬁ\éa ORBFLRLE W't he

wei ght of oxygeiluk sRie cAXIFEO CRve g stecddniRide LRI ERNGd otghfici N the feed,
per hour per weight of the nolecular sieve content of the catalyst. Because
t he cadfal yst ConrPaund wiieleenieins sdgast om exvgen elony, suelt asraliphatiotleadiolsact as
inerts or di t j i.aht basis. of the
oxygenat e fg%atg;grgh%(ﬁb%_ $ C%%{lodggsagg%&%ﬁéﬁ&ﬁ%g C%rgg’?g%paglec%’e%atr,ongﬁea’ t he

mol ecul ar si estes anditirilikedl Wheh e cxgbedaysis .anRBioehel, el Alcohbhidclodyganat e f eed

“is contacted wi.ith the cgt al y§t when t he oxygenate is jn a vapor phase.

p
Al ter nat el y, 2liBhatip ety dayigg figm Lig 19 eagbenatomp, morepgrierablyrfrom ditg dd
~vapor /1'i qui doBB@s SomdN RRpfREtRIRGESholsInGREd ﬁlﬁ%é)ﬁ{% n'e&isgarh}r fidqpbase or a
m xed vapor/Iliquid phase, dii~erent conversions and selectivities of 30
f eed- 136- pr odlpoter atEgightemd] brambbpd clchim gliphatio alchkols andithgstunsataratedact i on
conditions. The Oxélr?se teg{lo Ogl efi ﬂés%??r ocess can ene@lé be carried out
at a wide rafJEgp e%@?’ hrof SUitaRle eesRate GAMBRRAIS inclye; BREAEE Btur e r ange
can be from JimWeY dot 2hdikakbB: itanBChL e abd!: 1o . bout 200C
to about 700C, preferably from about 3000%%@%%%?%60@%#2%5%%}&3?& ably
from about 350C to about S50C. At the | ower end of the tenperature range,
the formation of the desired olefin products may becone nmarkedly slow At
t he upper end of the tenperature range, the process nay not forman optinmm

anount of product. O efins obtained by cracki ng hydrocarbon streans can
al so be used to




formthe olefin feed streamof this invention. It is preferable, however,
that such ol efins be conbined with the olefin product of the oxygenate

- conver si oR o RAGEPN. This is because the ol efins obtained dp/deshaski Ng
process are generally high in to non-reactive hydrocarbon conponents such

as al kanes, i I.n, branchi ness, and are high in other undesirable

by- product s quﬁﬁ%ggggg%f ur, which can cguse conversion problems in the

hi gher ol efin reaction process. Therefore, additional purification of such
a stream wou be. ne ol-ef] ed . SNV ' s a
substanti al | %/tq}lleegl&é(:}égﬂlgﬁwl-é?%’ %&ﬁylﬁ%eg’e%dggr%%}p %El}?f’ggﬁf{ég% ﬁ?’e nt.

Accor di ng t odiateth e rcathdinaendimetlid ketoad; iaoeticcill; ahd mictardsahdrsofl Pogbedd N at a
.concentration that does not substantially adversely affect the linear
quality of g?%}l%@bzow‘;ijsmﬂ%?? st ethes, 98 A gpxm@freeént ains enough
n-ol efin and nono 'Q(Rﬂ%'t ucts,
particularly este%\s,a{%ﬁag ére |ag§{1ﬁ?y§‘%gélﬂlrlg%slq}éb%glp ?%gl\ég)?yggqa%tﬁd uses. 20
Ester deri vadlefiasedctiom Sich alinoieulansdewd is gefirsd gprang untlecubdr sidve sapableent i on

will be particularly suitable for u as plastigcizers. T lie sulfur content
of the of of i Pf JUBAETE HIPEETHRER ST SHOUIMOUBG. SArHTles ifbesp ndiFaich t hat

the activitygaf..t: yst ji i i ol igoner is
not substant?lgﬁsiﬁﬁﬁﬁ?ﬁﬂ% .asl‘lé‘\r%g?d gtpgglzg(?lﬂth%teﬁ%g{eﬁglrt&clg}r%%%ﬁ &lhﬁl ('%Ijhe 25

ol efin feed smalhpbregymatBmalt pan neddautar kieppmare prfarquriefore atmbydinreat ofyr eat er
t han about 0.5 ppnm..and nost preferaply, not greater than abqut 0.3 ppm by
wel ght, cal cUNSPEANER, HAMaismie e RS HoEG R bt BRISQEVE Re of of | 1
feed qp thi 5¥¢£¥%tdf%s Qb 20 ARehFordd!f GidetART duitabRWapiivdl HRBh the
catalytic activity of the catalyst tsed to formthe 30 olefin dimer or

ol i goner is pae ssgsnging framl apoivithb b ateat 5 Prapgsroats, preferaldydionr dpah cont ent
inthe olefin_ feed i t greater,than 0 p e preferably, not
VO U2/ U&B~24-966fg‘66%ég%?g%?“ﬁﬁ*}‘ll§£‘ﬁ%§@§§’ %‘?‘g&g‘]é‘ft%‘&ﬁ%%toﬁ 0.5 ppm
and nost prehgpaRin. not greater than about 0.3 ppm by weight, calcul ated
on an atom c basis. The chlorine content of the olefin feed of this

i nvention shoul d Zeelitepwhiphfaré pardenlagy nephilas en oxyeenateie oleding Fafelyet activity
of the_catal yst used th [ i-Yer- Qr i A

oubst a1 ai 1 BT ot B bl 2 Rios ez S Pl ABIRE B isng; o
feed is not grzswies, 23« 1a08M-11). ZSMHIB) ZSMi-T2, ZISRI-23 abldyZ.SMA. great er t han

about 0.4 ppm and npst preferably, not greater than about 0.3 ppm by
wei ght, cal cul at edrgHertypesf olptia fprring catpkyst uselil duthisdayentionds ot cor di ng t o

one enbodi ne - : {0 s invention be high in
| i near rmno-g né?%ao%Pgﬂ@h@@g&&?gﬂﬁﬁ?ﬁ@g@c@&? %l?ecl:els’ent | y high conversion
t o hi gher ol 8flicoajprinaytiospiae nglebelar Hievas ahegencftlgfolassifiey as béieg ol ef i n f eed
stream conpri ses at | east, about 50 %.| 1 near nool efi n, re preferably
at | eaddt aboBYCIPPIRYS %aitqfﬁggabav%-lm%flizr’f?e‘ﬁ‘?ﬁe StHICB4TET ﬂ%??/”gg | east
about 70 Wt @l diR@tadRAR 2Rl aGEiaBe p&@@fz%rraignyg frbRbbitesto 4PeA0IsLS ol efin is
a CZto C6 linear nono-olefin a’nd has a C- and hi gher hydrocarbon content
of not great engstiozns. Xvefetredredhe malhpore SAPEY mpkebilpr sienss hgvimgiaer t1i a. n
about 15 wt % and nost preferabl ot greater .t han about 10 wt.% The
olefin feed SYFEEROBPERT ESf fGBAPIY Aedmlh PIelral A PREPUE P bas

ol i goneri zat tQiiftréhYabbuti 315 & SRt § ndsGoms dastepeieRbH] fidh aBHE/305 10! | goner
20 products. As used herein, dinerization and oligonerization processes are
consi dér ed i Ab@tdhmrpstibms. Thesswporeryizes groypirekef melecuddrsicvienbiings hi gher

ol efins pr 0Cesses. G(H'i Sri zation processes, oligonerization processes and

hi gher ol efins O N processes are all phrases that define the

di meri zati on and/ QccotdigOiRIne2aibodimedt, subghtited® SAPIORTan pBO b Gkddainl y C3- C6
-olefins, to forma diner_or 25 oligoner product, the prodUﬁt al so referred

to as a hi gh@Kygmets ta olefafgasiion Pregessss o dBess SempEYnds dFp NSRS PERAE ed
_ hydr ocar bons \jf QB0 or metal-containing silicoaluminophosphates. The metal can be alkali

30 metal ions (Group IA), alkaline earth metal ions (Group ITA), rare earth ions
(Group OIB, including the lanthanoid elements: lanthanum, cerium,

praseodymium, neodymium, samarium, europium, gadolinium, terbium,



olefin streans can be used to produce the olefin feed streamused in this

i nvention. Such nethods include water and al cohol washing, caustic

scrubbi ngwdizaikedsh at i on, extractive distillation and fixeddegahdaggption.
O her desirable nethods, such as 3o those found in Kirle Olitraer
ET~cyc7opedi g5, i~cc~l Teclri~ol og 4th edition, Volune 9, John Wl ey
& Sons, 1996?0%%00&%%%{10899, the descri i‘?l on of whicli is incorporated
herein by reference, can also be used. In addition, purification WO

02/ OC118~2 2 . [ US02/ 02858 syst e uch as that found in
Kirk Ol zmer 8%2’5‘%3(: gg(g%lll&]ag’o%%e car ¥§8YRH%‘P Grbc{;ﬁltei'flfw 385?(?38 U une 20,
John Wley &yffidma) add®6 adfigiond4Qnsitidd 2ationbef desispk TVBI U8, ofigwhigh i s al so

.incorporated_herein by reference, can be used. I[n one enbodi nent of the
i nvention, oW%@Bnm$¥%% streans that are oligonerized according to this

i nvention can be- 1 r I i t ed to reduce
.oxygenat ed hydrocgr f%rﬁ bﬁlf (;Nr% fep%gﬂg %!é)g{SeS C%?#@Wé’%’a%?&ngﬁﬁ% be
furthes sepalpZedGe,dnpandiGeeTlase atoafsivan be athenéd mipae tétetbaral y preferred
range, e.g.,.CZ to ol efins. |1 n apother enbodi nent of the invention, the
ol efui feed @ﬁ%‘é(ﬂﬂ%ﬁéquggé [R’ff%itﬂi@g%ﬁr? Je lihs BMleDq] telsphtedeal ait serEies di ng t o
a particul arl yed ; t | O is treated to
reduce oxygena(t3 eé&fﬁ@%{ﬂg‘ﬁc’%ér %ﬁdﬁ@ﬂé@%@}&% g@gepog?%‘ﬂng%l ée]flr%ﬁ%rgmt reatnent to
reduce oxygeWateedhdmetab comparentivasteenilenics stattofe] +3, ciall +5 cort-#eethiemeéent i on. I n
anot her enbo%i rrentlof t he invegtzaiggn, ix?i d based o] i gonerization 15 catal yst
life, partic F%IPFW?II%S 1§ We‘a‘f'_ Mt @FE"&%‘?@&?W&W EAVBONPELIS are

i ncr eaged bytyﬁﬁ}t@nﬁtabéwnﬁmﬁe&bd’d‘mgthfe%ial% AR hQhe %;@tﬁég&to?‘fﬁ ng the
streamw th the catalyst. This neans that an anount water effective in
subst ant i al | yolesglee sisvergHowewdrysist-kytieesission exighangdranfatyocid wsed Want st | s added
to the olefin feed stream such that the stream conpr.ises from about 0.05
wei ght per ceﬁiﬂtl{eglsaeﬁ(ﬁ nes %%acl cpRPRRHE %f"é‘i".du%npa%?%mb? O e wat er
is added to pdbﬁi&isfaftbﬁlo{)@fiﬂ]r@bé 8RN Mtébuldrdlevs Mt fhd BRT ik §&3e from
about 0.1 wei ght ge‘r cent to about 1 weight percent water. The desired
proportion of wat avitapdgsibeodlymimophesghate minfecutar siesed ingludt 8APOeH at an

appropki at e € '111€ o 0 r i njecting
wat er HI% hr oug%’gga%ﬁp&@é IT%%P%)I %%gge?@%?f%ﬁgﬂ%m%pg‘%@éi §§)§0€ake
place a.t any4,tSeamE3a} SAPOSE SAPIO487,iISARD-4gBEPO2i1 NYAPOSI RAPeRg t 0

ol i gonmer product. In general, the reaction takes gi ace at a tenperature of
from about 170EOrd, MR-S80hemefyl spripiame formptherepband migtores shesefut  260C,

and most prepfaRlihnd SAPRPOUAPESSY 4 LpGBIUEABGOL: (3PS ABBLALT NO pressures

are not critica e ol i gonmerization reacti n genéral the reaction
process is cparticidarly SAPE-1%apt SABO3, afcludiythe bt cdnthng formbout 10 MPa,
preferﬁbl y from gbogt .6 MPa, to about g MPa. WD 112/ 0608. 12 2001 B 007BPCT
17 PCPf Us112WME8ERNEIyRFEes thereet: At wed hetguy thyemm@ixtands SYI8HBAPY be

suf ficient t@isabmbifakibn @nd RADRNAGEY a leﬂgofi%}’}’ & dtﬁht&@ ha&ﬂ% rt]xgg B{ #rd OW t hat

there are significant amounts of undesirable side reacti n-general,
t he react i oncdmgpangnisiieganyutg propertioes, gégardiess of thegphgsicalataei ty (WHSV) of
from about 0.1 hr

O 200U 1 oL SRR PRl A SRR eonksd © P
oxygenate to olefins catalyst composition. Aluminophosphate molecular sieves
25 are crystalline microporous oxides which can have an AIPQ, framework. They
can have additional elements within the framework, typically have uniform pore
dimensions ranging from about 3 angstroms to about 10 angstroms, and are
capable of making size selective separations of molecular species. More than two
dozen structure types have been reported, including zeolite topological analogues.

30 A more detailed description of the background and synthesis of

aluminophosphates is found in U.S. Pat. No. 4,310,440, which is incorporated



Fol | owmi ng the oligonerization reaction, the higher ol efui product is
optionally recovered, and further converted to desirable derivative
product s. whpsgosder i vative products can be paraffin m xt Ugﬂﬁvué?@ft?’ﬂsﬁed by
conventional 1o hydrogenation processes and optional bl ending and or

addi tional dist.iJlabban. The paraffin njxtures can be used as hydrocarbon
fluids and/ 0?5@340\92]%1?@1 n many appli can ns, including paints and coati ngs,
process fluids, netal cleaning, dry cleaning, cosnetics, pharnaceuticals,
agrochemi cal r Walo e [ , i,ve |eaners, inks,
and other in Jg?‘rl arﬁpegér%gﬁ%gggeﬁ%?@ %{%?ﬁ%%%ﬂﬁ@gtr@ﬂ%? a%ei g léré Sgl efins
derivatives AneOutie AUR®I1S, ADPOEIT, dalPCesY, YEIRABEAAEPO@7, aid ALBOS46 Whi ch are
.produced by reacting with a sulfur conpound. These are val uable starting

mat eri al s fofh@aft-POSIcanplip ichede acmpal subptipeamde i frameworke Jygstably, the

i ngredi ents, £ QX1 ftdes. They are
.al so used asn%{(;élti %/S%e)élreiggegﬁffogﬁh{r%géll?ﬂ;%glﬁfsgﬁ{igggﬁ%@Fﬁgﬁg&%%%d%’gﬁs& manuf act ur e.
20 Exaspl es cadbabf dielrmokeurey ticreo sThese mutkeiabd prypfesdbbdesdiilsinmdsoqsionLishng
conventional al kyl ati g}r} pr i)xc.esses. .The ;TI k(\)/l ated aromatjcs can he further
processed t o®¥diaige angdinricatalitic PEpRsstiRs HaLlyg o alyprmesilicate, gwnyipon ¢ or used

as a hydroca A NTTNG E I i I i-rabl i rocess
For hi her ol arne HaBBRAb el e 6 e B et 00
particul ar. dinktheir prepass®asrd deackiied iuw &l 5. Ras Nbe #|5681029 gacorpoateddieregn est er s,
al dehydes, d al cohals. An overview of catalysts and reaction conditions
of hydroforﬂ%’&ﬁg?%ﬁcedfld@djgg’é’%y'i s given for exanple by Beller et al. in
Journgly of Mol eccr irge mefatahiii APEO$ ik Ree- BRBESork] rBGopdss detail's of
whi ch are incorporated herein by reference. See also 30 UIPr nar ~ns

Enc~~cl opedi erystal frandewsikrstiugturepidviiOat AlD, awd PO, sdrahedsbynitspdhess 817 to 233;
which is also incorporated herein by reference. Further .descriptionis
found | vio UBRMIAGHRTS ERrBar R e Soe e SR Pt gion 50 | e Car bo
| I ~I of ~oxi derdptedesded Bilemphydal BRisal cbHPdsition) @nhnhahPRoudNRRisSHE-t hesis o~ith
Carbon || ~l o~zoxi de, 1980. Hydrofornylation involves the contacting of the
hi gher ol efin product, carbon nonoxi d&@fekd:A8e)6en with the

hydr of Qr myl at i on. caf.al yst i S pr r Hyvd | at i catal ysts
are orlganorref”zslfaﬁeimc%%or%feé)e(%éatolgstt H%g(%%@é{ﬁo?la@%%hﬁ e“?*‘{ t?lﬁe periodi c
system opti pit@ktyytalliRchords el het eprasenss the afoldsrof<REpedskntpes pdleess, and
optionally with salts of other nmetals as pronoters, for exanple tin

chl ori de. " ThEMeAbBd)Qe pd Basyatidtaetidram zere dipr cthe Snaximun yaliedR g3 feseof
catalytic ne i i i . I balt, rhodium
and 10 pall agﬁiu%d%h%og?%éalﬁg%g@%?@?%ﬁggﬁt ﬁ% &g%%ﬂﬁ%%%ﬁ%ga%gd as the
active organavalablelviodd coloeax thegroré systanoofihe paicelanmsal nade iii situ from
CRAVB b chmEoh ot UL LA B bERR AR Sy e,
hali des, ni th?eEﬁSM”Sg!ef RlaBResit| HEbandld] SihdIARI bBa@) it 284 OF gani c

aci ds. Such acids inc¢iude f;r mat es, ace}h%h;?,mgr héavi er al kyl car boxylic
aci ds_ such aph@ﬂpéame,sl‘eqre_Ctia vt ireseat asctetr. _ 0_' gani c a_ci ds whi ch can be
ol exes for t e TS AIGHSRGIRiE SHPBE <ieegererararig BF e Fhvent | on
are the car bpuAP@ oARRUAHR0se adeh vheRi the MefiE e ethe cBmpdditivelsl as those
cont ai ni ng am nes, trf:horgani cé\ggrgbv_at ]ié}gl'e%doih phospgig,roug, &;&eﬂgﬁoor

ant i nodly, t h&agaesgue; ing 8CIORY 1§ ARy Eedde FieQIPPa’ion o pim )
functionaliz t i S: . - C ain conditions
can be separ ﬁ% rqgér%%to e orrggh#ﬁgédﬁgélget%?I?H%Sglgbg%@gﬁg%bnr%%’ati on is

desirably catdangsheseibnditobalttresppetivadyr Fo idantiflynige farivms 2ibuainaligpedi@C t o about
-220C. Preferred is a tenperature rangi 2@ from abozérgoc t o abaut 200C,

particul arl y Wb pakeowp ?thé’ﬁg}i’tsu?%@.ﬂc &ies MY nCeaRO0m@dcarried out
at convent| 0%%9&%9@@1&4% hQ{bndf G hutiber z{rﬂqg?cﬁmtiﬁ&%, Q?HE%& le, as
ptable a 0 rom about 1 to about

“hydrof ornyl ation I's acc a pressure range
400 baso gaugZAMRA) MARM 1 hCohPQrkissurse foringes are 30 preferred ranges. In

OemeL o L M g LR SR AL SRR B L L "
02/ ncosa2 20Q1RAGTIRRAE olr RETHAS] 1Plcl 78281 ohe RGN B0hesiaRoRL 320 bar

gauge. Wthin these general pressure ranges COiganded catal yst processes
are particularly useful.




A high pressure range is generally considered in the range of about 175 to
about 400 bar gauge, nore desirably about 190 to about 310 bar gauge.

CA i gangegvg dadigimn and cobalt catal yst processes are partigudgéohdgigef ul in
t hese high pressure ranges. A nedium pressure range is generally considered
to be in the out 40 to about. 175 bar gauge, nore desirably about
50 to about %@%@?Eggﬁge, and with cer{%i n catalysts it is desirable to be
within a range of from about 60 to 1o about 90 bar gauge. As an exanple, a

destrabl e i nOPRaY SASE oA Q BRRREG Wi (R g hink SRR OC ot e

exanpl e, a tmobdclhat pleesphi ne-1i ganded cobalt catalyst is particularly
.desirable in the range of from about GO to aboyt 90 bar gauge. .

Hydr of or nyl at i on ]E/QFF%’#%UIHB oy ‘i"&éﬂd’%ﬁidf”ﬂi‘ Hleln&b/lvﬂ?ﬂl%fs%fiYFéa?Qﬁ&%%Qusl n 15
general , the; : 4 1 | : 1.5 to
Sbout 50 bar "Ehgsc ARHNE ASRYGy PEviTue BREARSRT TRREARBISL L 50
bar gadge i singhudeicompasitipnsusieh as kackin and s elag$, varibyfoahs ofitayd erihon

catal yst which is rticylar useful in the | ow pressure range is

phosphi ne- | | GAIffea1era) Ga s CLhts SRR i cHin SPrRamBHer P it seBihe- | | ganded
rhodium 2o & R daiIh @ Alch 2R sGatiah4s bid ol Bérrighe
pressure rangengﬁﬁneesc’ri bed. Such catal >}ts%ts’arceO(ﬁganég%:%1 P%‘Zzg‘i'l?dr‘%ﬂak:b\f&rril_l1 hrer, 4~
Edi ti on, Vol questz]§]ica gxolitr acdss sbl, padmixtons? {igi@fadtiesgtotmonénts are

Encycl opedi a_of | ndz~st~~i crl Chenzj.str 5t1 Edition, Voluynme A18, "Oxo
Sy hes o, " B3 ELckaR i miting, 1Y AUS ov Bl FaSbel Hrsh aRGife 2l alal

i ncor pgr at edichAaiel i WXt SHRdI@ih e MecCoatadst dirih S redBdritdill BedsiFyHBe tASy@nces t hat
hydrof ornyl ati on be carried out at a carbon nonoxi de paftial preSsure not
great er t hanaghseieagageynlystrsrenghallt ip patisuledy detieblertbpdhe insrignasériadar bon
monoxi de-_and, AL 09&Mn R e, A L e G By SERNAT 2 the

n.t
f oregoi ng préessures are des”?’sétbtlfq’gcnal ntar ned as-fot ' Nabout 1 to
about 50 ol at¥6ut PO8fteaB&LY dal/BITCaROEE préfetblpRomtabdutn. Y atféut @B@aBe H2 from
about 1 to about 98 nol % preferably fromabout 10 to about 90 nol % The
hydr of or nmyl at@,onost geeferably fram eomd Gclt todbput. 0. acdlt¥h node according to one

enbodi nent. Alternatively, the hydrofornyl ation reaction ca ccur on a
VO 02/'9c08~2 2001@36*7’8?@%”‘2‘6“3&%%1!&%@%@ ‘&fo‘ﬁfﬁua_?fi)%ﬁsﬂ BALPS 1 o
conti nuous naAeo c%teflﬁs’i!cgﬁﬂéﬁtiéﬂ Hieth(%ta cédfbe_t\ﬁe&aé"%?até Sokeshilievd I 2

plurality of reactors is enployed, residence time as short as 1 mnute'is
advant ageouscat@lyste inadmixgirg vathrthe 8 ABRatalysief desirédh Sthvsturalriggesof siabm about

1/2 to about 2 hours.is.useful. Sin he hydrof.ormyl ati on, pr.oc of the
Fventi on 1 aREE THERUARiSVBEbA frg b i bl Be i bR 8V nd e AR AR s Coue
conpounds, aARCYATOOMELIABYI AWOR, BIIET AStORANCHD gesDRR] BDIGERY phases is
desirable to _avoid imtations. A hg%gbcont act surface area

t f |
botwedh the SRGKE: LEY, kONbH TinMONeP 445 PBRRE0; ROSHIMGaBle i n a vari oty
f . F 1 im i t .
Dot wamn t ho! SEXBIRAANE <Rl all HBEd e A mbicBllf LA BRER L
in a batch ameqaitablefapse at ihiwinvdntioa indhinde MEDQ MEDTEY | B0, M, BiREf i n f eed

stream of ong_enbodi nent is contacted with catalyst solution in, for
exanple, a cEﬁB{TREglug\-%ﬁa JONand pebstigiisdtoray theggoby @hﬁsﬁéWH@&dP%ediWroduced
and di sper se 01@111519&11&9‘%'év@ghﬂfdeg({%ﬁ)eﬁﬁgﬁ%%tg{ Bitgi &1 RBL4vIaL by 20 3 perf or at ed

inlet. Good contact 15 between the cat and t gas I s obtainable
by di 95er si nftractawil dypeon VoM. tMe ecarddD ¥ Olsn, Buthérglorth iidimenenadmaedsupport .

Such a techni IS, cQ ly. referred.to as. s orted liquid phase

catal ysis. Th%&%‘i%@@?%?&f)?&é&’%é@ li)gfpﬁm&#'p C?{B?mdﬁ%ée% . The
hydr of or ny| atdfgrandec FebfiefBd hivldRlak SleBAvhith Barsbd\Entbih&P&itRh according 2o to
-one enbodi nent. Exanples of suitable reactors are found in U S. Pat. Nos.

4,287, 369 ansiligoghgpimypbogpbaieycaiabysy includs Z S, ZEM-34 egonite @ad ¢habezitshi shi ) ;

P AL44, 745 (bot n FoceRat) rutpeefioh St Sh dntatilen Jreidlls: c7g (on)

Two or3onor e t&aptises fioas skdus 199 torabast I % Siebeieefethf froabout Sopaabhiliel are
used in 25 anot her enbodinent. I n addition, flow reactor design,

a plu [

optional ly % a /05 ci ent

i onal 'y wP? e 3af mogt prefesehly fiomobent | Badraont §g°9 by Bieiedee! malegyler ci
use of Teact gy of Wiltso blefdribd i Y dablfyst B6MBENAINIR ANGHALROL R, L hal
t he hydrofornylation reaction be carri out 1 n nore than one reaction zone
or vessel in series. Suitable reactor configurations are disclosed, for
exanple, by Fower et al ire British Patent 30 Specification No. 1,387, 657,
by Bunning et al in US. Pat. No. 4,593,127, by Myazawa et al in U S. Pat.
No. 5,10S,018, by Unruh et al in U S. Pat. No.




5,3G7, 106. and byBeckers et al. in U S Pat. No. 5,763,678. Exanples of
WD 11210@G08. 12 2001B007BPCT 21 PCT1USU2111285g i ndi vi dual hydrof ornyl ati on
reactors a@nakodspe standard types described by Denbi gh angrludiB@ssskn
Chezi cal Reacto~ Theory ISBN 0 521 07971 3, by Perry et al in Chef~rical
Engi nzee~. r' > higipaPpe SBN 0-07- 08554741 or any nore recent editions,
e.g., a continuous stirred tank or a plug flow reactor with adequate
contact of the gas and the liquid flow ng through the reactor.

Advant ageous hpiou R $icRInk %o A3 088 Hiondl &8 ?Fegé}ﬁbl‘}?fbfxﬂ 8o Hﬁ'&obppl ude
ways of partial baclanixing of the react’or pfoduct’l'iquid, as explained,
for exanpl e, togboBt PO@méerens; nwist prefarablERor dp08% mimonsrto BEow, 1320, 858.

‘Hydrof ornyl at ed products have utility as intermediates in the nmanufacture
to of nuner oﬁ’émﬁ)gsrrmsr cially inportant chemicals, with the invention further
provi di ng processggel i ; f ctions
.produci ng such chem gg‘tla}SM'Qt %%e%%ggfg%?gnwé)?%%ég%?gﬁﬁﬁﬂaﬁt?%%g%%;t/]&ﬁe a mxture
of oxydenat edeséiodpbusicd and icherpicahehatagtghisticsolSech fregtorepsnedude, bstedte t 0 nake

t he products_w || neral Ly, inclu a mxture of .conponents. The, hi gher
olefin 15 co#onr?g%stgg“&rlgmé%dntg?‘é’firggeénﬁaf{%?wgmo?al%ﬁ%n%%@ irgatglgetdagg t he
olefin feed gtatgam, nhifling] Ballg@ling Qrimake, §sy SlyidkOWRd édmth&{dnd tHEQAuUCt Wi ||

Qr
generally include a m xttue of o%gj‘i,ns. However, the resulting
hydr of or nyl ati on Privéiesied setelyaholithisiinveation ifl 4 satpst highecontainsd nearity as a

I f th L ah faq | [ ic.olefi d ol efi
composi 11 ons IRRAAEH EEpOr WESR LB AL SRR SIS b o ocess.

Ei t her1oi n t hparticplarlg ptefemrd @nb@Bmpay the dfolédiarRievt W Lcriytalline intergrowth
hydr of or nyl at j on Br oduct, al dehydes_whi ch are produced are optionally

al dol i zed, a%% 48nd BAEOL&%er ARBOddhydr ati on of the al dol condensate to
fonn an unsat ur at i i i b [ ith the
ot her al dehydes p?gscglrllf&lp% ﬁ%éggkof%l%l??&égé %zrlé @mg?%%a}%%ﬁlg%{etgog?%gdgﬁere
prepar ed sepsystined ganzrechsad, énclddiag fixed bék floid gddrealmatitieheddestaims.

hydr of or myl agi an product stream Al dol product is optionally |iydrogenated
to the corriﬁg?{&%)d{fﬁa‘ﬁ?r&ﬂ%éﬂwﬁ’?’ Pqjmgnt 4rF CoraurTFd diser 5getons @ad shodt ed al dehyde
m xtung fromalise ltih?é‘%bxﬁﬂer%@r@eﬂ%?re%%l?f‘éagtéﬁl bé@&%@%ﬁ@ﬁég@ﬁrﬁ Qg e the

f the al dehy

saturated al dehyde. m xture. Any of t sat ur at e m xtures,
ei t her as nawbidhantpxygerfade fepisiodkorande coptastetl edthi ameclepdacgeraniabyst af an

| dol duct h ial. th i di t.o t hei
cor respondi nb "B SRt eaciod VES YIS SUaER A e IF reareferendks - W o
112/ 11 1118- 4 d0BHRORTBBETI 2 BIDOVEHR ridk2BRAuB R b ralle dflo ASTIRNI a 10

i mines which can be hydrogenated to ami nes. The acids and polyols are
val uabl e i nt 29 hedicarbeyt FQI0 he'stasdgmosp prefesablp én thesangewt flomsations20 bl des, and

agai n for in i nder. cif cunst ances re the olefin feed is
i mbely opugh B AT D SR e A B el et | T 7
cases wher e hdrbedibod vafohiadyuslongidsbd th tOTeR! fee Holrpeffielpppef thand t he
nmet hanol to olefin, the products or product m xtures nma ave val ue as

li qui d transBelecalsr sieve epngent obthesiatalys). Beqaupe thelgtglyat orghe fesdstoek mhefin, and

el ob] e onU ARSI fer B, BnPRR LiflrorRARBIL TOWHISY W ot o 2| Y

val uabl e conpositions produce accordin 's’inv 1 on ci”%ononyl
al cohol m xt theessightrdeis by theyckyoérmteriebd tand anphpdrbydb@gwhi@h ingsy bef oct ene
m xtures. The invention aiesolégr.ovi des .a val ]gabl e process for the

manuf et ur e BESTILATEthnmioleculer gieverratained indae eatgfgty de from hydr of or myl ati on
of a heptene m xt preferhflySMRAKRE QM QI BB BUE LRMAR YA AL faduct and
subsequent |y oxi di ze%.. YS I n g%ot her elnbodiament of %éeﬁgﬁ\%hﬁ?it%, t he
hydr of or ny| atxygengie aslnca wapof phdse.s Alltangtety, dre @Eroeese ptay beahiried bydinagenat ed t o
"saturated al oh8I s. Forpmati ({){n of g}asat‘g{at%g al cohol rr.aX be carried out, if
desired, in tHE°StAGEE°T hHS é‘ﬂw_gp tur AP EHEPIRATT S C5C PHE B 359t e st age
to the saturgi®éonhaakel vapoﬂli?ﬁﬁ%a&?&@feként tSnvdaSodsalal Selb&iviidspra sat ur at ed
"al dehyde as an internediate. The al cohols are then optionally 20
esteri}fi ed, feefiterpredustimapresplsdapendingupon deq catalys ané seapiénraccaditionhi ch can be
used as plastici2¢hs oAb Blkbiis BlocS Ul B etarl PR LB St o 'iRST €7 S AN
range of temperatures. An effective operating temperature range can be from



i nvention, or produced by the process of the invention, are suitable for
use as solvents, paint coal escers, plasticizers, adhesives, surfactants,

Vi scosi t ywig\@®godesprovers, synthetic lubricants, flane retpddsbssss
| ubri cant conponents, anti-wear 25 agents, hydraulic fluids, cetane

i i nprovers, %Mlﬂd’}@ﬁd]“i ds, thernopl astljtc and textile processing aids,
pol ynmer, especially vinyl chloride polyrner, stabilizers, polynerizable
nononers and fragrances. Esterification is acconplished by reacting the

al cohol s of &g 200ME R A0t YHOE, ekdishl isiee: B84 inPhkePY OCESS
desirably takes advantage of 30’@%nveng:’frgﬁgb\é‘gﬁ%@ggégggﬁt@m%@&e
convent i onal prefere®s Sean abqut B§0Wktsiabatnl £5006. Ke Hotlotveeemi «fololemparneiraci ds at

.el evat ed tenperat,ures and SSur.es,, d tqQq drive the reaction toward
conpl etion b nlg&r?ﬁ?/? 1%?&&'?@8?“?‘1501%&0@8 ks may fespmesparkgdly slow.ywp
02/ 11G | B- 42 A2 Q4B BRCH tR3teRGE 30 24 kb 285 r&e&s%%;ls%og é‘&'ﬁ%’arp&tﬁﬁ’ﬁhoy ed in

the esterification reaction. Suitable catalysts in or ‘exanpl e,
titani dm contmpwited peedugt.ysts, e.g., a tetraal kyl titanate, in particular

tetra-iso-propyl gr tetraoctyl ortho tifanate, or suiphonic acid containing
catal ysts, e.g., %—1? St?gﬁaéne%tiyp‘%%ulg 'éyccfrﬁcag]?onﬁé‘ieﬁw %f {Jﬁbﬁﬁ?l@e &d. Aso
sul phuri ¢ acifimcit 8leftfesmitred® of 986 invBhGiGH NRLd prefedabld Bﬁw@sﬁe}ﬁg&fsha?t ion

e

reaction may be prefornmed without the addition of a dedicat catal yst.
Cat al yst pr eslefins becembined withithe olafin produetafitheomxygenae convesyoneastmmoved by

all~ali trea I.ng., Advant ageousl t he cohpl. is used in
slight, e.g. ,ng}%%&%gser%g g{-‘?@% ﬁgﬁag{r%dg%@ecg%ctkfz%lpé??e\?%arlﬂ(ge??{gﬁ)h@ﬁgé? of acid
groupsioi n t heor-Beaaivelhydibertag @nPonthe s@si R alEBYs, B HiBOmIHMhirREs, OF gani c;

if the latter, a i\arb,oxyl ic acid is preferred. Aromatic acids or ‘their .
anhydri des af¥! 3¢ Sty inidher ypdesralle byrpredpcirasugh axsulfus, which panueghisaal i phat i ¢
acids are al kit i HrYe .acetic,

pr opi oni c, vgc?hevr% IIKE(E:HIP%( Igglveg@gfr; :tlée',lﬁg‘l?éﬁgge@ﬁg%cgﬁnﬂog%%sa%%e?o ﬁ’ua%(éiu Y f(?moi C,
neodecanoi c, puraiation of swhra streamsoodd banegledol ei ¢, erucic, succinic,

phthalic (1, 2-benzenedi.carboxyl.ic), isophthalic, terephthalic, adipic,
fumaric, azelaic, i‘g% ﬁf}&%eélrﬂ)%élﬁéﬂ vengom hag; aupsigntialbyiradused sulfur,

2,4, 6-kri met ANANHI ' b i ' i1k jtic,
seryl e, ot Pyl fapbchiiisRichfent DERERNTe 1 i iddh i, YRR i
napht heni ¢ aslso pashink woeleéintay p eormeitistjonchathioes oot snbdtadtially advessdlphur i c,

phosphoric a hosphor ous., and .t hei r, t hi.o- anal ogous, agids and C~ to C13
oxo and neo %g‘?cggl.e %}?&r ‘é‘éa?l@f gid%’fn_e’flﬁeed w1§8@685ﬁ§£9§+qt-y§$q%@f@wt al cohol s

Wi th oxo andcdiRfinREhdigh A SeBSs BRFinshd-Yranskdddhomsolfih kd br‘&gidfe!diéfi%ﬁiv%”d power
transm ssion fluids. Phosphate esters are particularly desirable as flane

retardants; ROApEs,paesqtatyeestess, dlras arsriuglilg desiiahle for hidustiieleend okssmer

st abi I,j,zers. ! - ' ' nd di basi.c i.ds are preferred for
ubr i it s Rt drop el Sentrdrd uERABAT Sl Folinet RS of it B BLBaRlE coter s
cont ai n fr onpakficilarlyBuicdldfonusd igastifdegat es, azel ates, and phthal ates are
especially preferred for lubricant manufacture. Esters with unsaturated
carboxyl i c aci ds, The gulfurgpaigniofthe olefim fred o thinimvention shewld bepr ovi de

pol yneri zabl [ e - o LNt her popl astics
manuf act ur e,ﬁgﬁ?ﬁﬁ%gﬁ%&ygﬁﬂﬁ% Gﬁgltgg%glg%étgﬁ’gts'?s\%gé? P({?ﬁg%ﬁ?r%lfg{}gf’tg?r and
coati ng resiorsoligomdPig i khthsiOBialy 20 PrdEERly2the BATuShicd! h1R8~8 The
esters of the[ én\fe t.i on nggl E‘—E used as a plasticizes for numerous pol ymers.
Exanplf@s i ncPlEdR eed| i peiggeaterdapnsnout | gres meruptetsirhily, met gregfer thamat i ¢ vi nyl
conmpounds €. ghout 515)ﬁ;ﬁﬂ%d9{089f)reiférm*r], fof kRhRr Wah RpGitiot bgrew% s €. 9.,

et hyl ene/ vi nyl acetate copol yners; hal ogen-cont ai ni ng pol yher especially
vi nyl chl or i ehécuigpd on andtootpbhsiners, nore especially those copol ymers with

-vinyl esters of carboxylic acids..es S. 0 saturated c oxylic acids
e.g., nethacryl at 2@6 mi‘ry?gflb?ong?ﬂgf)fﬂ?;otﬁhﬁeﬁ %ﬁﬁ}{fﬂﬂ‘é on ]FFBI?‘E)%%‘P E;Ehl ori nat ed
vinyl chl ori gefigiehtyyRissucRahat v vakal i A HE bf ihe cafalyRBsel §Hodh that erest . The
“proportion ofl gl asticizes ester to polyner may vary within wde limts. 1o

&

A desi3Pabl e 9lgHEEimer or ofgempois notwbstenégbinhiboed. phiefesaby; thehitthgerper 100

ol e TR PRI RL oY [P ARRY thaf Bob% 10 merd b5, R 100 parts



The esters of the invention nmay be used alone as plasticizes, or in
adm xture with one another, or in adm xture with other plasticizers, for

exanpl e, Wiglbsy2 di pentyl, dihexyl, diheptyl, dioctyl, diggny idecyl ,
di undecyl ' 15 di dodecyl, ditridecyl phthal ates, trimeliitates %)rz/og!é?pat es,

or butyl ben e, or mxtures ereof . They may al so, or instead,
be used wt hfidlégg)@gﬁgéﬁf/ pl asti ci zes, e“’;. , a chlorinated paraffin, Texanol
i sobutyrate, or a processing oil. If used in adm xture, it is the total
proportion o LG ol u it hi h nges given
above. 20 Théregqeg’g}%gkég?'%%h@?inggs\@%%g@? 1 %(Jr'ﬁ?re\é#etr{%ag afoﬁgteqi?f’glﬁl may be
made up in nbyreehs chluhBedoithmhav@ictasisous end- uses. For exanple, they may

.be in the formof _a dryblend, a paste,_or a@lgtl astisol, depending on the
grade of the resi hhepdpayeepntery el thewleldeedelthisfipyentionghpudd alsabeoat i ngs, in
di ppi ng, sSpraw i ) i : i US| r as self
.supporting fi f%@g%tld%géépgf’?at.% %ﬁ%%n%%%?gggﬂhg thglyfsgaéstﬁgg(?lf N gses i ncl ude
fl oori ng mat eefiakdimenaloligomereis nogsibstantiaBdnhibited) CPreferabdyiahstidonmerat eri al s,

| eat her substitutes, electrical insulation, especially wire and cable,

coat ed fabr i catent &g the Oé‘r‘fgl f:ﬁ&‘fﬁﬁﬁﬁgqeéteb‘éh"’fl@o“lt e PRiYnPiednesTaBlY. BPbvi des a
conposition S| I, Qf J t r i t,

capoci ol 1y 2o B BB e R BLM P PR 5,

(di f 1 uor onet braweight rcaldbBtetiptean(omic bagist et r af | uor oet hane). Mre especi al |y,

the invention proyvi.des suclji,a conposjtion also c risi a WO

02/ (1 G08~2 2001 B0l e 194 . Rphra P smbeder %t&e‘ag%t?él ytic
stabiljhty enfansess thR-iflventién Be AEANE UnBReYo- QLA RBRERIEhE © B 22N
antioxidant, corrosion inhibitor, and a netal deactivator. The follow ng
exanpl es r epsudBeinntly highsosvesibnth mgherlain prhdudt hadng fewnbrangliesi n t he overal |

scope of the,inventi.on scribed in the clajns. anple 1 An olefin feed
conpri si ng &reaﬁfg@é' ’o@? 8ﬁe§1§q’§ gy C\?Plp%smt ??é{ "H%HEE?;&F%% AP si ng
propane and glefRYheRer¥faabRyAlakethody sS4 Mekat ARnSbRFinadE@Estat a
tenperature of about 39C through a thernostated water saturator prior to 1o
i ntroduci ng PisEeratdy gt leptt gbawt 78I Wige dsearimonmoleBacPrsferadntthe Hnepg ookt 22. The
hydrat.ed fee all OAt aj Q [ st hen cont act ed
wih the zovp o E Py B BhOE hoBg HBRRalE abo WBE Bl

conversi on. Jdigent @S ubf gregecthahabt 0w P ndrSpRFeratllp, ot apgke thnAbeti ¢ aci d
was added to a portion of the hydrated olefin feed in Exanple 1 to obtain

an acetic aclUWéanaamast pisteraily. 300 sisaier BypnabowHO wtbhe ol efin feed was then
A e oS ; PP rant. . .

cotalyst 1iTe ar Soe61eaR a0 ontofhithi S0Pk At BRd bR aphi bl B 00

Exanpl e 3 Bublaguaheramatomredthlylt iebhder td foeh alesirabhddinenarsd/adslgdnte® an ol ef i n

feed conprising 64 W % putenes and 3 $ vvt, % butane, the bal ance
conpr i*8i ng pPré’a‘éﬁé éﬁ&s‘ﬁﬁb&ﬁ Pe‘ﬁ@ef%at%ta&ﬁﬁilg?fngll@@ﬁ PFASetfes #ifeam cont ai ni ng

2wt % but angdnsRfaFkdAntbchargddbMms! el pedtkdcs A Qéoeﬁdo@m‘; R4k bRAM Was then

contacted with ZSM22 in an oligonerization reactor to determne catalyst
life at 92 9processes. sDmerizEhen prosessess onganerivation procedses FdGElEr olfims dat a of
Examples 1-3, as shown in t | QU nopsteate t.hat oxygenated

hydr ocar bon Eogﬁnggjne,fg?eggﬁﬁrg?ff Blézrtaseég&g!(gg’[w &iefdémﬁtfza%‘% F‘T“EJ/BIYSO

ol i goneri zat pigsorsetizativs bf light WRfihd, 3ab{dulkBiylC,-POLBAS tRRER 2@imer or

25 oligomer product, the product aiso referred to as a higher olefin.

Conventional processes for removing oxygenated hydrocarbons from
olefin streams can be used to produce the olefin feed stream used in this invention.
Such methods include water and alcohol washing, caustic scrubbing, distillation,
extractive distillation and fixed bed adsorption. Other desirable methods, such as
30 those found in Kirl-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



PCT/ US(12/ 02858 Havi ng now fully described this invention, it wll be
appreci ated by those skilled in the art that the invention can be perforned
within a wWeRomige of parameters within what is claimed, githadldgparting
fromthe spirit and scope of the invention. WO 112/111118 12 PCIT/ U

S02/ 02858 208603%&7)%% 27 CLAI M5: What clainmed is: 1. A nethod of

ol i goneri zin (Torrprl sing: 5re I ng oxygenat ed hydrocarbon from an
ol efin stream contal n| ng at least one C2 to Cl2 olefin to obtai n an ol efin

feed stream SRS A, Jch%flﬁwhﬁ?}EK%kQQ P By loé\%?{z’%@ZC%éM aseglogy

hydr ocar bon; e ole n acl
ol i goner i zat 4thredit@mmnaVphimd 20, Gd)hrgmykﬁzﬁoﬁshe%ﬁ ki MM9i-1271 hvhe deetiptiof eed. to

2. The nethod, of. claim1l, wherejn the acjd based oligonerization catal yst
is a solid p%‘gkb‘ﬁ}éﬂﬁ @S%{ﬂca‘l’eéﬁt%d %3 reg?ﬁéc?ré%%us@ﬁ claim1, wherein the

aci d based ol | gonﬁfarﬂegegﬁ@fauﬁgm%@hgé ¥¥dntiof, cﬁe fé'eﬂtsfr‘ A tﬂ%t{?ré' zati on

catalyst. 4. The net erein t e ze0lite I goneri zation .

catal yst is slegoawmdfacmdingm thissimperdonshas be derivadd fio@Na mdfil plefr sourbEL, MIW
EUO, ZSM 57, rrle({lte offretltggl ZSM 4 ZSM#@ ZSMZf Zeolite Beta,
fauj asi tes, eaigd togeduice ouy gruateddydrosadgp cpuent, Fhe tisalgd pldfinstregm 1o

met hod of cl g\,ﬁpr(h s ZSM 22,
ZSM 23 or zsﬁngl%é‘% 6. %trhé)m%dztgg’k%%u%ec Iléub%ﬁg? éévﬁlhz(gra |a%uﬁ£h§d fRire de

ol i gorrer i zat fange, e ALywtCadefisSM 22 or Z SM23 . 7. The rret hod |n cl ai m 6,
wherein the zeolije ol ri.zat catal yst is I at al yst. 30
VO 02/ (1 Q08~2 S OTOTET E@“ﬁ&#?ﬂéii‘?ﬁﬂ%%éh@lg%ge ﬁé{‘ istPRPm 1,

wher eijp the &hwlmhdhza‘emise@mtealaesoﬂdﬁfg&ohpa?mﬁﬁﬂwpr%@éd@ﬂge apd e 15 20 25 30

9. The method of claim$8, wherein the o in feed contains at |l east 50 wt %
olefin. 10. Saperaaskolefin ffeddy weated to redse oxyganhted diydfocarbenr Fheider ot ai ned by

contacting Og(%gt%rﬁgﬁ %né%} Hezﬁm@?tl tg%lcll& o%r Sohiitel %ﬁllo\é%m content is not

critical to the invention.
In another embodiment of the invention, acid based oligomerization

15 catalyst life, particularly the life of zeolite oligomerization catalysts are increased
by hydrating the olefin feed stream prior to contacting the stream with the catalyst.
This means that an amount of water effective in substantially increasing catalyst
life is added. Preferably, water is added to the olefin feed stream such that the
stream comprises from about 0.05 weight percent to about 2 weight percent water.

20 More preferably, water is added to the olefin feed stream such that the stream
comprises from about 0.1 weight percent to about 1 weight percent water. The
desired proportion of water may be incorporated by saturating the feed at an
appropriate temperature, e.g., from about 25°C to about 60°C, or by injecting
water through a pump.

25 The oligomerization reaction process can take place at any temperature
effective in oligomerizing olefin feed to oligomer product. In general, the reaction
takes place at a temperature of from about 170°C to about 300°C, preferably from
about 170°C to about 260°C, and most preferably from about 180°C to about
260°C.

30 Operating pressures are not critical to the oligomerization reaction. In
general the reaction process is carried out at a pressure of from about 5 MPa to

about 10 MPa, preferably from about 6 MPa to about 8 MPa.



11. The method of claim 10, wherein the oxygenate is nethanol or dil nethyl
ether. 12. The nethod of claiml, wherein the olefin feed is hydrated prior
t o cont aciiong/vbdul t he aci d based ol i gonerization catal ystperhoéies et hod
of claim 12, wherein the hydrated olefin feed has a water content of 0.05
to 2 wei ght BEL G BP The net hod of aim1l, wherein the olefin feed
stream conprises greater than 5 ppm by i ght oxygenat ed hydrocarbon. 1 S .
A nmethod of maliing an olefin oligomer froman oxygenate, conpri sing:
contacting the ox i I i o forman olefin
stream cont ai ni ngiég)?‘p ﬁéggﬁhg%g%@ﬁ%%ﬁ%{ga{@g@ﬁﬁg %rgé@rggé?esﬁtg&ocfgﬁgﬁ}a? ed

hydr ocar bon faasenablyehigh ebiversion, datmdtao dbow dianthare ok efgnificheetn Gintesm
.conprising less than 1,000 ppm by wei ght oxygenated hydrocarbon; and

cont acti ng t“’é&éirgﬁf* ﬁ‘JaFé%%PUQESr-eré}rﬁewf?]ht@fﬁﬁ%@%ﬁ EadedOu1af yuigight zat i on

catalyst to ki i A 108~ B 29
P e 02ghSiY GhcLyabL (WHARTEE from %6%6@\% o it FORCOBCLR |
ol i gomér i zat from abattl hist toi aboat KO danploeyy praféreblgdioth ataduall \Ssitr! td bouThe

met hod of clziégqg_lS, wherein the acid based oligonerization 5 catalyst is a
zeolite oligomerization catalyst. 18. The nmethod of claim 17, wherein the

zeolite oligoneri Ealidwihgans &l 178ti e8GR tHe hPsRet DRAAY nsi sting of
TON, MIT, M-I, MEL, MI EUO,gO%%I{AZS%, feerri’erit]:ﬁe)é’sn,e of fr ﬁﬂtﬁgf;@ ZSM 4,

ZSM 18, ZSM olionzby r¢qozeRds and fushdrgoneesietl ¢s deszrableidedvativerppodietsi t es,
erionites and,chabazites. 19. The netheod of clai,m.18 6 wherein the zeolite
ol i goner i zat ?g?ﬁecdgflgﬁ%vsetprf’éu%. PaZS) E%’.{tﬂ es’ﬁ%e/d. bﬁ%"“ﬁ’ﬁ‘.meﬂz} net hod of
cl ai mid9, Wheydbgertatin paeises atl d);gibﬂﬁlrbléxﬁﬁﬁ%)éhd%ﬁ{aﬁhﬁﬁﬁal' distdfabr2TRE ZSM 23.
21. The method of claim 20, wherein the zeolite oligonerization catalyst is
a sel ect i vat Baraxmaiiaes capbeogsed Thhydreediben Bfide and/on sobentstienwiog t he ol ef i n

feed contain h 9 . . Th t hod ;of claim?22, wherein
the ol ofim { ZEors Anid baints 3hd B0Bne Progti Ty sy Mool B2, ot
claim 15, V\helbaiiﬂg,tcbeméﬁ%gphtﬁhﬁcé&icﬂ@,tdgmbmwalsgﬂ?éﬂm eébgyl. 30 25. The
met hod of claim 15, wherein the olefin feed is hy ratec% prior to contacting

with the ol i BoReNanspribesivest dpapsts, inks \andothep insvsirighmdivysdodyBrdiiso
PCT/ U§412/ 112858 g)%erﬂ%me(%?fe@ﬁ%%&kaﬁ%@s‘ imzla&:? th\fagzene;a ctctggd E,\I(.%é%ng ﬁglde];:c .

feed has a water conte to 2 welg per

clai m 15, whaslfdes, whechadre produteids ehatmgrwidonpiifus esmpowrde dihese orban 5 ppm by
wei ght oxygenat hydr ocarbgon. 28. A nmethod of maki ng an ol efin oligoner
from an oxyg‘é‘ﬂ'&‘&g‘? SRE RS e f‘?f(ﬁ‘ﬁf%‘@f‘i@&%ﬁé’%ﬂ}‘@éﬁé@é‘uﬁﬁdﬁzwoémﬁféﬂ ecul ar

si eve cat al y§lord@entO LA d € i adrad ﬁ(ﬁm’ [Kal e CZto
Cl12 ol efin; rtgcr:ovélr i’rellgla (6] %e’o a%%ag g‘%ﬂﬁ st{r%%g%??&gl?nﬁgﬁ%%ﬁgﬁﬁ%gtream
renovi ng oxygedas @dlymetizeten tegnlafaroim rwbleer@hé plasticstmaarfadnareobt ai N an ol ef i n

e Shream comr el it e85l Ao OO0 MR BN S aenat ed
ol i goner i zat té@Hventional alkylation processes. The alkylated aromatics can be further .
processed to their lubricant components or surfactant derivatives, or used as a
hydrocarbon fluid as is.
A particularly desirable conversion process for higher olefins is
25 carbonylation in general or hydroformylation in particular. These processes lead
to various derivatives, including esters, aldehydes, and alcohols. An overview of
catalysts and reaction conditions of hydroformylation processes is given for
example by Beller et al. in Journal of Molecular Catalysis, A104 (1995), pages
17-85, the details of which are incorporated herein by reference. See also
30 Ullmanns Encyclopedia of Industrial Chemistry, Vol. A5 (1986), pages 217 to

233; which is also incorporated herein by reference. Further description is found



catalyst to forman olefin oligoner. 29. The nethod of claim 28, wherein
the acid based oligoneriza.tion catalyst is a solid phosphoric acid

cat al yst .wp®286u8+4Xhe net hod of claim 28, wherein the acidppagR@snlsss

ol igonerization catalyst is a zeolite oligonerization catalyst. 31. The

met hod of clz2i0yR¥A7BROGT €i n the zeoli t'(la']&ll i gonerization 25 catalyst is

sel ected fromthe group consisting of , MIT, MFI, MEL, MIW EUQ
ZSIVI-57, ferrierites, offretites, ZSM4, ZSM 18, ZSM 23, Zeolite Beta,

fauj asites, ndatalbe CarbdORBROMEES: O12hhRT i : IS Ne32- _The nethod
of claim 31, wherein the zeolite o??é%ﬁe@%@gﬁlgg%?ﬁggﬁa yé(ve?s ZSM 22,
ZSM 23 or zS\ypsis with Gombop Maraxide, ¥802001B007BPCT 31 PCT/ US02/ U28S8 33.

.The met hod of cl a rei.n the zeolite ol gonerization catalyst is
ZSM 22 or ZSM 23%@3“%‘?&%‘@{‘%‘6&“&” § e %’Ot\ﬁ‘ézg%h’?f plelinpeuct e

ol i goner i zatdasborEmonrdxadey sid ﬁ}&it@@h@ﬁﬁhith@h?d}oﬁ@ﬁlyla%ﬁcatzﬁéﬁ ﬁ%hod of claim
27, wherein the olefin feed contains less than"50 wt % al kane. 10 36. The

met hod® of cIRIFFHS. Hydeefermylatien eatalysthare eegtnomatalliowngtletesafthe50 Wt %

ol efin. 37. ' 28 4 rein.the. oxygenate, is.dinethyl
ether. 15 SBJ&%%?? Frjta}t8 ﬁ%g&%?) k@%eg%erangggws\?ﬂlé’ro |uﬁn?elWeu%ﬁé"r Fombigalipn ag‘?%‘fydr at ed
prior to contradtmetgllivisydteimbeandlopdemly ot aff of &thal Mstats :3Bronldiers Bt hod of

cl ai m 38, wher ei %tugghlgf%&%at ed olefin feed has a water content of 0.05 to 2

wei ght per céff™P Hhst qatdy tisrorganamet lic campplexdsrare pemighaiang' f eed

st ream conprdremlHceAtSls Wi ' nat ed_ hydr.ocarhbon. 41. A
net hod of makin }gr? oItefsi‘%ng‘fl}%g%ga@go%ﬁg%&tgg%égg{ee(fo‘%i]% Iﬁ?)‘i’rﬂ‘ini‘ﬁ'élang:

cont aé? i ng tHadadiupgenate with a nol ecul ar sieve catalyst to forman olefin
stream cont ai ni ng..at | east clge Cé to CéZ. ol efin;, renoving oxygenated

hydr ocar bon f r om tPISHMGRILE catalyst cap beintiadrepdzas the acsiveorganemptallist r eam
fromthe ol ebidpisd bEMD cohDldxR¥ERD f t ed hydrocarbon,
to obtain an g{pefj n feed .fs?)t ream v(cﬁg?deeﬁﬁgﬁkgo%l C@#ﬁﬁt?%e%‘ggg "8am cont ai ns

| ess than | l@eadpipirodycedentghtreatipgens ethitalyidcanbsbprecurand inchi¥e, 2/ OC( 18~2
2001B007BPCT 321 EC‘[/ US02/ 028i 8 orh&igcsmnﬁdt he olefip feed witli an acid
based ol i gorsBF DSt (16 SPePtayS uptat by drigpsnhalides) nifrates, spifyfsrmoxides suififee net hod

of cla m 41 anuReEedforkiifc aGid gh%ﬁ%@id@tﬂcﬂﬁ@?&égfai%s}ﬂ?%iées\chgf Alyff 1s a solid

phosphoric acid catalyst. 43. The nethod o erein the acid
based ol i godsileagkaxydic eatdasyalt asiodeates pe ohplttleenates g Oear iorgenicoavids avteibly st . 10
44. The net l.al.m43; rein th ealit.e oligonerization catalyst is
sel ect ed fr%%QP%SCS‘H%@%g‘%ﬁ@?‘i’fﬁg%ﬁwg ,“‘fi/ﬁgs-wﬂ, MEL, MW EUO, ZSM 57,

ferrierites, offPattidutaly dsivhble caimpledd folBbhgdof#aRNHR BRietigiali asites,
zeolite L, rgg{denites, erionites and chabazi?es. 1S 45. The rlr%teﬁod of claim

44, wher ei n OtHES PEBS imyeptionpile c2Ehonphcomoangsef the mesls @epticASIfR3 or

ZSM 46. wHe, : .m.45.. in the zeglite oligonerization
cat al%ost i's ZéMSggé%%gE%ﬁ\ﬂl%sﬁl%S’it}@éﬁlﬁé%%gg‘mtglgas fp BRYTPUS ASGHEPEI n t he
zeol i te ol i gotimony,ahé mspemitvalbyises ofthesesielioaiviey Iptidnalit fhYisdnali4d 1o The net hod
of claim 41,Hgngrei n t&e .0l Ffi n feed contains |ess than 25 50 wt % al kane.
49. The met AtFCSen palPRledn phiime et pndepeeripingonditions gan basaparsedfrom east 50 wt
% ol efin. 3%@&garﬁb%a@ﬁ}rﬁ‘iﬂdidﬁ)f claim 41, wherein the oxygenate is nethanol
or dinethyl ether.

Hydroformylation is desirably carried out at a temperature ranging from

25 about 40°C to about 220°C. Preferred is a temperature ranging from about 80°C
to about 200°C; particularly about 90°C to about 180°C.

Hydroformylation can be carried out at conventional hydroformylation
pressure ranges. In general, hydroformylation is acceptable at a pressure range of
from about 1 to about 400 bar gauge. Medium and high pressure ranges are

30 preferred ranges. In general, medium and high pressure ranges are considered to

be in the range of about 40 to about 400 bar gauge, more specifically in the range
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wherein the olefin feed is hydrated prior to contacting wth the

ol i goner i wetoz@poseat al yst. 52. The net hod of claimb51, whernpgifydohgdaydr at ed
olefin feed has a s water content of 0.05 to 2 weight percent. 53. The

met hod of cl ghdigbby ein the ol efi ui 1‘% eed stream conprises greater than
5 ppm by wei ght oxygenat ed hydrocarbon. to 54. A nmethod of oligonerizing

ol efin, conprising: providing an olefin feed stream conprising at |east one
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hydrocarbon is provided in t In stream oncentr ofi” of greater
than 5 ppm blhigandiedeetabystipioessestanaparticlédy pgefulby wei ght; and ' 15 contacting
the olefin feed wi,th an acid based ol i Homari, atjon catalyst to oligomerize
the olefin in the’d I?pwsqtgggl_ngg@_geipﬁr@ Yré??%‘ér?ﬁméh%ﬁﬁagsﬁtfabméréﬂ@ the acid

based ol i go j i I i i i i a t. 20 56.
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The met hod of clai m 54 erein the acid based ol igomner ion catalyst is
a zeol fte ol liggmged ihaskiyroand setmityostalyssprocaises are phuiulafly akefuhindhesewher ei n t he
zeolite olig rization 25 catalyst is selected fromthe group consisting
of TON, NWT,R‘%Ip,reS%EE?% EUO, ZSM 57, ferrierites, offretites, ZSM4,

ZSM 18, ZSM 23, ZachtdigmBaésurelrantieds bbsallyZ@akitib@dko baRY WERIkESF €rionites

and chabazites. 58. The net hod of claim57, wherein the zeolite
ol i goner i zat #kont 40 ot y43 bargagsnnmre dagrblyabout 0SMabdut 150\ gA2£0C1182
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zeolite oligonerization ca

cl ai miB9, whatoat O blxezauge) it an @kdn@ﬂ&ﬁirt;k,\iﬁl@éﬂy%o KiAsAiJetTPP®) Aigafdegct | vat ed
catal yst. 61. The nethod of claim54, lerein the olefin feéd contains |ess
than 50 wt obh@fianeatalyst igpartivplarlydeswghledn the ranga affromalousish te sleusl ef i n f eed

contains at {fpst 9 i .. R BL . claim.b erein the
ol efin st reaim IS (%@tg %%%séﬁ@;l?%gg%@g i antg-mg‘giﬁglg n@g%él&ﬁuﬁﬁg Cﬂ%ﬁ[ffe%mﬁ si eve
catal yst. 15is@drticTileelyndesingide of the FaigarobBomwbensdontotabeutdtae aige. i s net hanol

or di nethyl et herH 5. Thi met hod, of claim54, wherein the olefin feed is
hydrated prior 207F8rofyMyARtion;f3n alse he caraied PPGadRViPFss S Mangss alnyst . 66. The

met hogs of cl .nﬁh@ﬁthe e Pfaeisﬁlré RELO%AT L £dn l‘a?l]:gg Br E:6hbB85s B ABLE4o cont ent . of

0.05 to 2 weight percen
. AYr . Au” 9. Ashahigad, aBouRh% pressireQarPe. ok fnABouAlLQ tAhbods 36 Bardzaffe A& A % ALL. A
9 ALY A Aspa'?\t%éuﬁ\gr\l)? l'lsAélfﬁlA%nAeg)iaél\}ﬂeABL%\aL}iyﬁgfbr%ll_ylﬁt\ic{nlzéa/‘:eﬁ%?%Nhi'(ch 18
particularly useful in the low pressure range is phosphine-liganded rhodium, more
particularly triphenylphosphine-liganded rhodium.
20 Other hydroformylation catalysts can be used within the pressure ranges
described. Such catalysts are described in Kirk-Othmer, 41 Edition, Volume 17,
“Oxo Process,” pages 902-919 and Ullman’s Encyclopedia of Industrial
Chemistry, 5™ Edition, Volume A18, “Oxo Synthesis,” pages 321-327, the
detatled descriptions of each being incorporated herein by reference.
25 It is desirable in some instances that hydroformylation be carried out at a
carbon monoxide partial pressure not greater than about 50% of the total pressure.
The proportions of carbon monoxide and hydrogen used in the hydroformylation
or oxo reactor at the foregoing pressures are desirably maintained as follows: CO
from about 1 to about 50 mol %, preferably from about 1 to about 35 mol %; and
30 H, from about 1 to about 98 mol %, preferably from about 10 to about 90 mol %.

The hydroformylation reaction is conducted in a batch mode according to

one embodiment. Alternatively, the hydroformylation reaction can occur on a
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reactor configurations are disclosed, for example, by Fowler et al in British Patent
30 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. Examples of
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editions, e.g., a continuous stirred tank or a plug flow reactor with adequate
5 contact of the gas and the liquid flowing through the reactor. Advantageously
these plug flow reactor designs or configurations include ways of partial
backmixing of the reactor product liquid, as explained, for example, by
Elliehausen et al in EP-A-3,985 and in DE 3,220,858.
Hydroformylated products have utility as intermediates in the manufacture
10 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 to make the
products will generally include a mixture of components. The higher olefin
15 components are generally a mixture of components, because the olefin feed stream
that is used to make the oligomeric olefin product will generally include a mixture
of olefins. However, the resulting hydroformylation product stream will generally
be higher in linearity as a result of the high degree of linearity of the oligomeric
olefin and olefin compositions used upstream of the hydroformylation reaction
20 process.

Either in their pure form, or as part of the mixture in the hydroformylation
product, aldehydes which are produced are optionally aldolized, a term which
includes the dehydration of the aldol condensate to form an unsaturated aldehyde.
This aldolization can be performed with the other aldehydes present in the stream,

25 or with aldehydes that were prepared separately and are added to the original
aldehyde or hydroformylation product stream.

Aldol product is optionally hydrogenated to the corresponding alcohol
mixture. If desired, the unsaturated aldehyde mixture from aldolization can be
selectively hydrogenated to form the saturated aldehyde mixture. Any of the

30 saturated aldehyde mixtures, either as made by hydroformylation or by selective
hydrogenation of an aldol product, can have special value when they are oxidized

to their corresponding carboxylic acids, or condensed with formaldehyde to
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amides, and again for imines and amines.

Under circumstances where the olefin feed is ultimately derived from a
low-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 produce according to this invention are
isononyl 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.

In another embodiment of the invention, the hydroformylation products of
this invention are optionally hydrogenated to saturated alcohols. Formation of a
saturated alcohol may be carried out, if desired, in two stages through a saturated
aldehyde, or in a single stage to the saturated alcohol, in which case it is desirable
to form a saturated aldehyde as an intermediate. The alcohols are then optionally
esterified, etherified, or formed into acetals or carbonates, which can be used as
plasticizers, surfactants or synthetic lubricants. The esters and ethers of the
invention, or produced by the process of the invention, are suitable for use as
solvents, paint coalescers, plasticizers, adhesives, surfactants, viscosity index
improvers, synthetic lubricants, flame retardants, lubricant components, anti-wear
agents, hydraulic fluids, cetane improvers, drilling fluids, thermoplastic and textile
processing aids, polymer, especially vinyl chloride polymer, stabilizers,
polymerizable monomers and fragrances.

Esterification is accomplished by reacting the alcohols of this invention
with acids or anhydrides. The reaction process desirably takes 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.
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e.g., from 10 to 25%, molar excess relative to the number of acid groups in the
10 acid.
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 examples of
acids include, acetic, propionic, valeric, isovaleric, n-heptanoic, n-octanoic, n~
15 decanoic, neodecanoic, lauric, stearic, iso-stearic, oleic, erucic, succinic, phthalic
(1,2-benzenedicarboxylic), isophthalic, terephthalic, adipic, fumaric, azelaic, 2-
methylpentanoic, 2,4-dimethylheptanoic, 2,4,6-trimethylnonanoic, sebacic,
benzoic, trimellitic, pyromellitic, acrylic, methacrylic, tall oil, monobasic or
dibasic cyclohexanoic, naphthenic and naphthalene-type acids, carbonic, nitric,
20 sulphuric, phosphoric and phosphorous and their thio-analogous, acids and Cs to
C3 oxo and neo acids. The esters of the Co and especially the Cy, alcohols with
oxo and neo acids are especially useful as drilling fluids and power transmission
fluids. Phosphate esters are particularly desirable as flame retardants; while
phosphite esters provide vinyl chloride polymer stabilizers.
25 Esters with monobasic and dibasic acids are preferred for lubricants and
lubricant components. Advantageously the resulting esters contain from 15 to 40
carbon atoms. Adipates, azelates, and phthalates are especially preferred for
lubricant manufacture. Esters with unsaturated carboxylic acids, e.g., with acrylic
and methacrylic acid, provide polymerizable monomers, suitable as sole or co-
30 monomer in thermoplastics manufacture, or in polymers used in or as adhesives,

VI improvers, and coating resins.
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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 acetate copolymers; halogen-containing polymers, especially vinyl

5 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.

The proportion of plasticizer ester to polymer may vary within wide limits.

10 A desirable range is from about 10 to about 200 parts by weight per 100 parts of
polymer, preferably from about 20 to about 100 parts per 100 parts of polymer.

The esters of the invention may be used alone as plasticizer, or in
admixture with one another, or in admixture with other plasticizers, for example,
dibutyl, dipentyl, dihexyl, diheptyl, dioctyl, dinonyl, didecyl, diundecyl,

15 didodecyl, ditridecyl phthalates, trimellitates or adipates, or butyl benzyl
phthalate, or mixtures thereof. They may also, or instead, be used with a
secondary plasticizer, e.g., a chlorinated paraffin, Texanol isobutyrate, or a
processing oil. If used in admixture, it is the total proportion of plasticizer that is
advantageously within the ranges given above.

20 The plasticized polymeric compositions of the invention may be made up
in numerous forms and have various end-uses. For example, they may be in the
form of a dryblend, a paste, or a plastisol, depending on the grade of the resin
employed. They may be used, for example, as coatings, in dipping, spraying,
injection or rotational molding, extrusion, or as self-supporting films and sheets,

25 and may readily be foamed. End uses include flooring materials, wall coverings,
molded products, upholstery materials, leather substitlutes, electrical insulation,
especially wire and cable, coated fabrics, toys, and automobile parts.

The invention also provides a composition comprising an ester of the
invention and a refrigerant, especially a fluorocarbon refrigerant, and more

30 especially HFC 32 (difluoromethane) or HFC 134a (1,1,1,2-tetrafluoroethane).

More especially, the invention provides such a composition also comprising at
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Example 1
An olefin feed comprising 64 wt % butenes and 35 wt % butane, the

balance comprising propane and propylene was hydrated by passing the olefin
feed at a temperature of about 39°C through a thermostated water saturator prior to
10 introducing the feed into an oligomeriztion reactor containing ZSM-22. The
hydrated feed, which contained 600 ppm by weight water, was then contacted
with the ZSM-22 in the reactor to determine catalyst life at 92 % conversion. The

results are shown in the FIGURE.

15 Example 2
Acetic acid was added to a portion of the hydrated olefin feed in Example

1 to obtain an acetic acid concentration of 300 ppm by weight. The olefin feed
was then contacted with ZSM-22 catalyst in an oligomerization reactor to

determine catalyst life at 92 % conversion. The results are shown in the FIGURE.
20

Example 3
Butanol and methyl ethyl ketone (MEK) was added to an olefin feed

comprising 64 wt % butenes and 35 wt % butane, the balance comprising propane
and propylene to obtain an olefin feed stream containing 2 wt % butanol and 2 wt
25 % MEK. The resulting olefin feed stream was then contacted with ZSM-22 in an
oligomerization reactor to determine catalyst life at 92 % conversion. The results
are shown in the FIGURE.
The data of Examples 1-3, as shown in the FIGURE, demonstrate that
oxygenated hydrocarbon can adversely affect catalyst life of zeolite

30 ~ oligomerization catalyst.
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1. A method of oligomerizing olefin, comprising;
5 removing oxygenated hydrocarbon from an olefin stream containing at

least one C; to Ci; olefin to obtain an olefin feed stream comprising less than
1,000 ppm by weight oxygenated hydrocarbon; and

contacting the olefin feed with an acid based oligomerization catalyst to
oligomerize the olefin in the olefin feed.

10
2. The method of claim 1, wherein the acid based oligomerization

catalyst is a solid phosphoric acid catalyst.

3. The method of claim 1, wherein the acid based oligomerization

15 catalyst is a zeolite oligomerization catalyst.

4. The method of claim 3, wherein the zeolite oligomerization catalyst
is selected from the group consisting of TON, MTT, MFI, MEL, MTW, EUO,
ZSM-57, ferrierites, offtetites, ZSM-4, ZSM-18, ZSM-23, Zeolite Beta, faujasites,

20 zeolite L, mordenites, erionites and chabazites.

5. The method of claim 4, wherein the zeolite oligomerization catalyst

is ZSM-22, ZSM-23 or ZSM-57.

25 6. The method of claim 5, wherein the zeolite oligomerization catalyst
18 ZSM-22 or ZSM-23.

7. The method in claim 6, wherein the zeolite oligomerization catalyst
is a selectivated catalyst.

30
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10. The method of claim 1, wherein the olefin stream is obtained by

contacting oxygenate with a molecular sieve catalyst.

10 11. The method of claim 10, wherein the oxygenate is methanol or

dimethyl ether.

12. " The method of claim 1, wherein the olefin feed is hydrated prior to
contacting with the acid based oligomerization catalyst.

15

13. The method of claim 12, wherein the hydrated olefin feed has a

water content of 0.05 to 2 weight percent.

14. The method of claim 1, wherein the olefin feed stream comprises

20 greater than 5 ppn1 by weight oxygenated hydrocarbon.
15, A method of making an olefin oligomer from an oxygenate,
comprising:

contacting the oxygenate with a molecular sieve catalyst to form an olefin
25 stream containing at least one C, to Cy; olefin;
removing oxygenated hydrocarbon from the olefin stream to obtain an
olefin feed stream comprising less than 1,000 ppm by weight oxygenated
hydrocarbon; and
contacting the olefin feed stream with an acid based oligomerization

30 catalyst to form an olefin oligomer.
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10 f&s10% catalystis a solid phosphoric acid catalyst

17. The method of claim 15, wherein the acid based oligomerization

5 catalyst is a zeolite oligomerization catalyst.

18.  The method of claim 17, wherein the zeolite oligomerization
catalyst is selected from the group consisting of TON, MTT, MFI, MEL, MTW
EUO, ZSM-57, ferrierites, offretites, ZSM-4, ZSM-18, ZSM-23, Zeolite Beta,

10 faujasites, zeolite L, mordenites, erionites and chabazites.

2

19.  The method of claim 18, wherein the zeolite oligomerization
catalyst is ZSM-22, ZSM-23 or ZSM-57.

15 20.  The method of claim 19, wherein the zeolite oligomerization

catalyst is ZSM-22 or ZSM-23.

21. The method of claim 20, wherein the zeolite oligomerization

catalyst is a selectivated catalyst.

20
‘22, The method of claim 15, wherein the olefin feed contains less than
50 wt % alkane.
23.  The method of claim 22, wherein the olefin feed contains at least
25 50 wt % olefin.
24.  The method of claim 15, wherein the oxygenate is methanol or
dimethyl ether.
30 25, The method of claim 15, wherein the olefin feed is hydrated prior

to contacting with the oligomerization catalyst.
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26.  The method of claim 25, wherein the hydrated olefin feed has a

water content of 0.05 to 2 weight percent.

27.  The method of claim 15, wherein the olefin feed stream comprises

greater than 5 ppm by weight oxygenated hydrocarbon.

28. A method of making an olefin oligomer from an oxygenate,
comprising;

contacting the oxygenate with a molecular sieve catalyst to form an olefin
stream containing at least one C; to Cj; olefin;

recovering a Cs to Cg olefin stream from the olefin stream,

removing oxygenated hydrocarbon from the olefin stream to obtain an
olefin feed stream comprising less than 1,000 ppm by weight oxygenated
hydrocarbon; and

contacting the olefin feed stream with an acid based oligomerization

catalyst to form an olefin oligomer.

29.  The method of claim 28, wherein the acid based oligomerization

catalyst is a solid phosphoric acid catalyst.

30.  Themethod of claim 28, wherein the acid based oligomerization

catalyst is a zeolite oligomerization catalyst.

31.  The method of claim 30, wherein the zeolite oligomerization
catalyst is selected from the group consisting of TON, MTT, MFI, MEL, MTW
EUO, ZSM-57, ferrierites, offtetites, ZSM-4, ZSM-18, ZSM-23, Zeolite Beta,

2

faujasites, zeolite L, mordenites, erionites and chabazites.

32, The method of claim 31, wherein the zeolite oligomerization
catalyst is ZSM-22, ZSM-23 or ZSM-57.
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catalyst is ZSM-22 or ZSM-23.

34, The method of claim 33, wherein the zeolite oligomerization
5 catalyst is selectivated cat.
35. The method of claim 27, wherein the olefin feed contains less than

50 wt % alkane.

10 36. The method of claim 35, wherein the olefin feed contains at least

50 wt % olefin.

37. The method of claim 28, wherein the oxygenate is dimethyl ether.

15 38.  The method of claim 28, wherein the olefin feed is hydrated prior

to contacting with the oligomerization catalyst.

39.  The method of claim 38, wherein the hydrated olefin feed has a
water content of 0.05 to 2 weight percent.
20
40, The method of claim 28, wherein the olefin feed stream comprises

greater than 5 ppm by weight oxygenated hydrocarbon.

41. A method of making an olefin oligomer from an oxygenate,
25 comprising;:
contacting the oxygenate with a molecular sieve catalyst to form an olefin
stream containing at least one C, to C, olefin;
removing oxygenated hydrocarbon from the olefin stream;
recovering a Cs to Cg olefin stream from the olefin stream, following
30 removal of the oxygenated hydrocarbon, to obtain an olefin feed stream, wherein
the olefin feed stream contains less than 1,000 ppm by weight oxygenated

hydrocarbon; and
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42, The method of claim 41, wherein the acid based oligomerization
5 catalyst is a solid phosphoric acid catalyst.
43. The method of claim 41, wherein the acid based oligomerization

catalyst is a zeolite oligomerization catalyst.

10 44, The method of claim 43, wherein the zeolite oligomerization
catalyst is selected from the group consisting of TON, MTT, MFI, MEL, MTW,
EUO, ZSM-57, ferrierites, offretites, ZSM-4, ZSM-18, ZSM-23, Zeolite Beta,

faujasites, zeolite L, mordenites, erionites and chabazites.

15 45, The method of claim 44, wherein the zeolite oligomerization

catalyst is ZSM-22, ZSM-23 or ZSM-57.

46.  The method of claim 45, wherein the zeolite oligomerization
catalyst is ZSM-22 or ZSM-23,

20
47.  The method of claim 46, wherein the zeolite oligomerization
catalyst is a selectivated catalyst.
48. The method of claim 41, wherein the olefin feed contains less than
25 50 wt % alkane.
49, The method of claim 48, wherein the olefin feed contains at least
50 wt % olefin.
30 50. The method of claim 41, wherein the oxygenate is methanol or

dimethyl ether.
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10 54. A method of oligomerizing olefin, comprising:
providing an olefin feed stream comprising at least one C; to C), olefin
and oxygenated hydrocarbon, wherein the oxygenated hydrocarbon is provided in
the olefin stream at a concentration of greater than 5 ppm by weight and less than
1,000 ppm by weight; and
15 contacting the olefin feed with an acid based oligomerization catalyst to

oligomerize the olefin in the olefin feed.

55. The method of claim 54, wherein the acid based oligomerization

catalyst is solid phosphoric acid catalyst.

20
56. The method of claim 54, wherein the acid based oligomerization
catalyst is a zeolite oligomerization catalyst.
57.  The method of claim 56, wherein the zeolite oligomerization
25 catalyst is selected from the group consisting of TON, MTT, MFI, MEL, MTW,

EUO, ZSM-57, ferrierites, offretites, ZSM-4, ZSM-18, ZSM-23, Zeolite Beta,

faujasites, zeolite L, mordenites, erionites and chabazites.

58.  The method of claim 57, wherein the zeolite oligomerization
30 catalyst is ZSM-22, ZSM-23 or ZSM-57.
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61. The method of claim 54, wherein the olefin feed contains less than
50 wt % alkane.

10 62. The method of claim 61, wherein the olefin feed contains at least

50 wt % olefin.

63.  The method of claim 54, wherein the olefin stream is obtained by

contacting oxygenate with a molecular sieve catalyst.

15
64.  The method of claim 63, wherein the oxygenate is methanol or
dimethyl ether.
65.  The method of claim 54, wherein the olefin feed is hydrated prior
20 to contacting with the oligomerization catalyst.

66. The method of claim 65, wherein the hydrated olefin feed has a

water content of 0.05 to 2 weight percent.



