16 MAY 2005 1 OLEFI N OLI GOAMERI ZATI ON This application clains priority
to U S. Provisional Patent Application No. 5 60/265,700, fileq e 1085 v
1, 2002. Field of the Invention This invention relates to a process for
oligonerizing olefin. In particular, this invention relates to a process
for oligonmerizing an olefin streamcontaining a 10 | ow concentration of
oxygenat ed hydrocarbon contam nants. Background of the Invention The

ol i gonerization of ol efin cORREMNOLICOMBRIZATION y acconplished by
catal ytic reaction. Aigonerization catalysts are typically nickel based
catal ysts or acid based catal ysts. Cenerally, oligonerization processes

whi ch use is nickel based catalysts.are rgied.out by formng a :
honogenous suspet@ﬁsgﬂp@?a%ogaéaéﬁﬂl?n Itgflﬁﬁ' ?ré’é'ifl%{}%l)ﬁ%@d‘&ﬁcaaﬂ%was t he
aci d based empted Y80, MySF&margie20ar ried out using a flow through, fixed
bed type of arrangenent. The™ honpbgeneous suspension type of systemis

generally much nore technically difficult to operate, but offers certain

advant ages E .nl !i tfs] agi | i t.g to product a greater 20 degree of "sem -linear"
ol i gomer pr & em -linear products are products with limted
branches, and ca Pershirsi ' AP ] eaction
to formplastici ?léilrggn so%ééﬁlthg& (t)dr Qﬁﬁgégesﬁb{]?féé‘ﬁ’?%e ?lgﬁl\}\hl C &pﬁ%allt” ed
branchi ng ithisiesemninl relatdsas wisoceds forloligbmerizing aRolef@strehmrconpgiiagang C3i
C4 and C5 o] efinic streans,” 25 Pet. & Coal, Vol. 37, No. 4 (1995),

desciPbe a Witkacenzatian o sraespateddpdressriansnmtaniganthe D ner sol (r)
process. This process is useful for dinerizing or oligonerizing a

variety of glgfi Jde&%e Ivinhidn t icular, the process is useful for
di meri zi ng m—%ﬁ-goneﬁ—zw—ng—pr opyl ene, butyl ene and pentyl ene streans.
U.S. Patent No. ©hd4BgSmerizdtion\fblefinTompounds is copemtibhfB; idsémplished
oligonerization 30 of C2 to Cl2 olefins using a_ m xture of ZSM5 and
ZSM 22, andPyeNelync seastion. Oligomerization catalysts are typically nickel based
' catalysts or acid based catalysts. Generally, oligomerization processes which use
15 - nickel based catalysts are carried out by forming a komogencus suspension of
catalyst, olefin feed and product, whereas the acid based catalyst systems are
carried out using a flow-through, fixed bed type of arrangement. The
homogeneous suspension type of system is generally much more technically
difficult to operate, but offers certain advantages in its ability to product a greater
20 degree of “semi-linear” oligomer products. These semi-linear products are
products with limited branches, and can be beneficial in certain uses such as
further reaction to form plasticizers, solvents or diesel type fuels in which limited
branching 1s desirable.
Cosyns, J. et al,, in “Process for upgrading Cs, C, and Cs olefinic streams,”
25 Pet. & Coal, Vol. 37, No. 4 (1995), describe a nickel based catalyst system known
as the Dimersol® process. This process is useful for dimerizing or oligomerizing
a variety of olefin feeds. In particular, the process is useful for dimerizing or
oligomerizing propylene, butylene and pentylene streams.
U.S. Patent No. 6,143,942, to Verelst et al., describes the oligomerization
30 of C; to C,; olefins using a mixture of ZSM-5 and ZSM-22, and ZSM-57 and
ZSM-22. The particular combination of catalysts produces a high yield of trimer

products.



ZSM 22. The particul ar conbi nati on of catal ysts produces a high vyi %Lﬂ o{
trimer products. 6 MAY 2005 2 U.S. Patent No. 5,874,66 1, to VerbeMA% 08
al ., describes a systemfor reducing branching of oligonerized ol efins.
In this system |ower olefns, such as 2ropene or butene, are oligoneTi zed
to an oligonmer or higher olefin using an acid based catal yst such as
ZSM5. The higher olefin is then isonerized also using an 5 acid based
catal yst, such ad.Sz8medt No. Z874,061, 1o ¥ emeister dlZ desdidebh gh@émabef i n and

d th . f hi.ng. The i i zed high fmis th
hyar of or 'S0 BUTE BYaPRABSLPH BRI S50 ClSPap AP b YRt dower blehos Schas.
Pat ent No. , : . ' . f .
o 1 gomrer 1 zifngr &8 % Sepls P Plig¥RefleaRt an IERet B iRy BRin Sse 8h st ol yst.

The 10 cattabsd ¢atalystisachbs ZBR-5aTak Highet S1eFRGE BR5 S8bnkdfiay dal he ol efm
feed o0 the qo‘IE)Zigggmari zation reactorghu. S- Patent No. %Oggsaf)dfi}%a%]o Vor a

et al®>, dedft caialyat sueh 354 5Mrd> of Z8M-p2,dd avvimreaize e kighertoléfimend
containin -butyl ene feed,streamis. ultimtely derived
from an o?er%lglﬁgstﬁ%{eig c&@g}’%l‘ﬁ% ﬁ%g??‘&{?‘%ﬁ‘%&&%}#&&&ﬁ&%' pr odﬁced by ,
| et hano! HydrsfbahyReedt6 i antdétinls anRIRIED SAGiISELeam from the

nmet hanol to olefins unit is pretreated by a conblination of partial
hydrogenat i on of U.SdiPeteat Nan®) 762800 tty Malzys etrby ddsciilyesvigproodss dor MIBE

rocess, befqore sendi the .resulting n-putylene streamto the
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inert conponents in the fee stream r “exanpl e, a h as propane
and but ane.oligegmeizathen teactonnponents, in essence, take a free ride through

react ed to des! rd Boispbhace 0.41E 16 Moret o misseriprhs diaersmationsf pr ocesses
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ultimately derived from an olefin stream containing a variety of butylenes

15" "produced by a methanol to olefins reaction unit. The butylene stream from the
methanol to olefins unit is pretreated by a combination of partial hydrogenation of
dienes and isobutylene removal by way of an MTBE process, before sending the
resulting n-butylene stream to the dimerization unit.

Often, efficiency of the oligomerization process is reduced due to the

20 presence of greater than desirable quantities of inert components in the feed
stream; for example, alkanes such as propane and butane. These inert
components, in essence, take a free ride through the reaction system, taking up
valuable reactor volume without being reacted to desirable products. Therefore,
multiple separations processes to remove inert components are often required.

25 Olefin feed streams can also contain contaminants that act as poisons to
oligomerization catalysts. For example, nickel based oligomerization catalysts are
quite sensitive to sulfur and nitrogen. Such contaminants can have a particularly
significant impact on the active life of the catalyst, shortening the life of the
catalyst to the point where the reaction process is not feasible to operate.

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

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



ol i goneri zation catal ysts. For exanple, nickel based oligonerizatégﬁ
catal ysts are quite sensitive to sulfur and nitrogen. Such contH &ﬂmﬁ
can have a particularly significant inpact on the active |life of the
catal yst, shortening the |ife of the cgtalyst to the point where the
reaction process is not feasible to operate. 30 It is, therefore,
desirable to provide olefin feed streans which can be oligornerized at

hi gh efficiency and run for an extended period w thout causing early
repl acenenty,pL 2 ABRNR FlanUlefh féedlsHedmi which needs MB?;matmanlfafhsein _
desirable to MAY TO05 3 take advantage of an olefin feed stream which
needs |itt|an pliggmeridationAystem. use in an ol i gonerizati on system Surnary
of the Invention 5 This invention provides a nethod for oligoneri;drig an
olefmfeed without substantially adversely affecting catalyst life. The

ol i gomer prgguct Eggl]gi V%Ei"gi ned wi thout having to treat the ol cfmfeed
to renove i sulft and nitrogen. The oligoner product
| s opgional |y comyarnognich froviaedbehanon fitigonieriting!ansitfin fed withde

branchi ng characteristics. In one enbodi nent, the invention provides a
met hod of okulgtatially wilversely affecting catalysblifer iTheligomsy pragusksansbmt ed

hydrocarbon from an ol efin stream contaipi at | east_ onc to ,Cl2o0l efin
to obtain aﬁbﬁ-lmﬂi%ﬂ?%bﬂméﬁmb%@{m%eg?%@qw&? ; SRSl vei ght

oxygenat ed hydrocarh The, O f ' Wﬁﬁt‘:%'&%@ n acid based
ol i goneri zaf&%‘ﬁ@gt'ﬁﬁggﬁn'?@eolrﬂ? _ r‘ﬁggt_“ift%seo efirnin Q?%e olefin
feed. In angyBRfordifiadd Pestuct With degitatile bfshchinguhameterstos.act i ng an
oxygenate w th a nolecul ar sieve catalyst io forman al &_f m stream

cont ddni ng af | eadn opeembdedimentshe invention proyidesamethedigf BXHEHE showi ng
up in the fo d pl eft stream are renpv fram [ < o]
obtain an OP%]W&S FOSREEHTTUNIPE 8F %géng)ﬁﬁdg ‘%ﬁr y wei ght
oxygenaW hy ﬁﬁﬁﬁﬂgﬂtlehétfanelcaftbmaﬁcﬁn&brmwoleﬁ@mmmpm an
acid based oli1gonerization catalyst to forman alefin .

less than 1,000 ppm by weight oxygenated hydrocarbon. The olefin feed is

contacted with an acid based oligomerization catalyst to oligomerize the olefin in

15 the olefin feed.

In another embodiment, the invention comprises contacting an oxygenate

~
=

with a molecular sieve catalyst 10 form an olefin stream containing at Jeast one C;
to Cyz olefin. Oxygenated hydrocarbons showing up in the formed olefin stream
are removed from the olefin stream to obiain an olefin feed stream comprising less
20 than 1,000 ppm by weight oxygenated hydrocarbon. The olefin feed stream is
then contacted with an acid based oligomerization catalyst to form an olefin
ohgomer.
An alternative embodiment comprises contacting the oxygenate with a
molecular sieve catalyst to form an olefin stream containing at least one C; to Cj;
25 olefin, The Cj to C; olefin stream is recovered from the olefin stream, and
oxygenated hydrocarbon is removed from the olefin stream to obtain an olefn
feed stream comprising less than 1,000 ppm by weight oxygenated hydrocarbon.
The olefin feed stream is then contacted with an acid based oligomerization
catalyst to form an olefin oligomer.



oligoner. An alternative enbodi ment conprises contacting the oxy 05
with a nolecular sieve catalyst to forman ol efin stream cont ai1$ﬂ§ gq

| east oneC2 to C12 25 olefin. The C3 to C(, olefin streamis recovered
fromthe olefin stream and oxygenated hydrocarbon is renmoved fromthe
olefin streamto obtain an olefin feed stream conprising |ess than 1,000
ppm by wei ght oxygenat ed hydrocar bon. 3fe olefin feed streamis then

;f’?é‘é‘ﬁéff’ 6 iy Tosttios KrpRRiEAGR e myatR LI SERA (Hal risdm f&%{n?ﬂ%ﬁﬁf '?!efei n
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provi ded i%ﬁ%amy%&exggmwalﬁdra&:msqﬁ@amimmmm stréamnabf gr eat er
than 5 ppm by wel ght and | ess than 1,000 pprn by weight, The provided
olefin streamis then contacted with a zeolite oligonerization catalyst
to oligonerize the olefinin the olefin feed. In yet another enbodi nent
of the invention, the acid based 5 oligonerization catalyst is a zeolite
ol i gonerization catalyst. The zeolite oligonerizatioD catalyst is
desirably selected fromthe group consisting of TON, MIT, NEI, MEL, MIW
EUO, ZSM 57, ferrierites, offretites, ZSM4, ZSM) 8, Zeolite Beta,
faujasites, zeolite L, nordenites, erionites and chabazites. Preferably,
the zeolite oligonerization catalyst is ZSM 22, ZSM 23 or ZSM 57, 10
nore preferably the zeolite oligonerization catalyst is ZSM 22 or ZSM 23.
The acid based cligonerization catalyst can also be a solid phosphoric
acid catalyst. Surface activated zeolites such as nono-di nensi onal
10-ring zeolites, such as ZSM 22 or ZSM 23, are al so useful as

ol i goneri zation catal ysts. Such selectivated catal ysts produce near

| i near ol i goners.



15 It is desirable to have a reasonable quantity of olefin in the olefin
feed streamfor better efficiency- Preferably, the olefin feed p@m@}ailﬁ%
| ess than 50 wt % al kane, nore preferably, the olefin feed contains at
| east 50 wt % ol efin. In another enbodigqrent of the invention, catalyst
life is prolonged by hydrating the olefin feed prior to contacting with
the ol igonerization catalyst, 20 particularly a zeolite oligonerization -
cat al yst. Prafcenwitiop,oftgneatéryiblaras pgmdiyeheighf @ddesshbsn 8000ppm BPWeRAt. Of
0.05to 2 wg,hght percent. BfiefDescriptio oftheDraw ng Exanpl'es of
various enboff REidedoletimuraam s ancroniactedswithng zealite pigomerizatioached FI GURE
whi ch depic ' r he | @s., Detail ed Descriotion of the
Fl'aﬁalg'?ttt@ o‘ﬂgﬁﬁl\éﬁge {gl\t; ?)Z@é't? i3 tﬁ%ﬁlﬁga ‘ta%ﬁd

| nvention This”I nventron pr ol i goneri zing ol efin by

contacting an oledétanbdetersbédimht Sahe iRR56sh, Yhd APABAJedat i on catal yst.
Exanpl es of an acid 30 based oligornerization catalyst i1nclude solid

phosphori c 8bgamerizatipy satalyanid azeolietadigonierigaiardatalyson Thazedlitst s. 6 MAY
2005 5 The i d. phosphoric. aci.d,catalys used in this invention can be
any conyen?lﬁgﬁ?négp? 8%&8‘5‘6%8”@%5‘?#@2&%@ % BPOHBCOPESIRE ?f\[}tha ol efin
ol gomeri ZaMPN MFEAEE] QUTW 00, 284A5Y St ARIPSRaRIESPIOrAyafd d on a
silicon based support. ' Exanples’include p]hosp‘norl c acid om’silica gel,

di at omaceoué€eeiieBeta, imgasitek izeskledy mordébies, espaites dmt chabazitees are found in
U. S. Patent S.,2,Hh86,852-.. 2,6713,560; and 4,675,463, the descriptions
of “whi oh_ar ENTFABpBEEe S RUBRRR B ion bRb M te Z8Mb 2P 06 ZSM-57, |

011 9QUer | ZahiddlpfeRlritly MeSzdofilk ApoRbYi AP bu {IRSM.82 BFE SNLE NTRL O 1 1

ol i gonmeri zati on reactfons. Such Tat Y ysts In T e, tor exanple, "zeolites
of the 10 T@Nd$asadodligomerippéon davalystaapbleo bZ SVbRE phdsphbrid Beidaathlyshiu- | 0,
KZ-2)-1 zeolites %I t he, I\/ﬂ'g structure typedﬂ&for .exampl e, ZSM 23, Kz-

1), - zeolites of SURacastivateg zeplitgs wuchyas gianprfimensional d 0-rmmrenlitessuishi ¢ es

of the MEL g yuri-v8 6r Z¥RE25 P also useful as oligomerization catalysts. Such

selectivated catalysts produce near linear oligomers.

15 It is desirable to have a reasonable quantity of olefin in the olefin feed
stream for better efficiency. Preferably, the olefin feed contains less than 50 wt %
alkane; more preferably, the olefin feed contains at least 50 wt % olefin.

In another embodiment of the invention, catalyst life is prolonged by
hydrating the olefin feed prior to contacting with the oligomerization catalyst,

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

has a water content of 0.05 to 2 weight percent.

Brief Description of the Drawing

Examples of various embodiments of the invention are shown in the
25 attached FIGURE which depicts data derived from the Examples.

Detailed Description of the Invention

This 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,



exanple, ZSM1 1); zeolites of the MIWstructure type (for exa gM ;%I
2), zeolites with the EUO structure type (for exanple, EU-1); z Ate
ZSM 57, or any 15 menber of the ferrierite structure famly. O her

exanmpl es of suitable catalysts are offsretites, ZSM4, ZSM 18 or zeolite
beta. Synthesis of these catalysts are described in Synthesis of

Hi gh-Silica.4lumnosilicate Zeoliles by P. A Jacobs and J. A Mrtens

(published as v 2334 ' ' R ; ' e and
Catal yai o), the HISHgRolpicpR s cafyet Uideia thid gl B Sanbl SRY S, Sl ece.
20 Addi ti onahlentidnBEsclidtpHoyptioricaeill tatalyditbatiinaaivieiin olefaroligpneerizaton t e
synt hesi zed without addition of a tenplate. Exanples include faujasites,
zeolite L remmionenSvehscatalysts GpmpEsaphpsEherascid s a stirondapedhuppes. of whi ch

are descrihed i the Atlas.of. Zeoljte.Structur M Meier and-
D.H O sonbfyﬁﬂqu%Wﬁﬁ’dﬁfhoﬁ?Pp@rw s l%rﬁege‘#léfj%agw%g%%ct ure

Commi §si on 19fselhifhr! Mtk IpédiROlandRe drk Endid iALPSCP AL NS, 2586/850e cat al ysts
having crystal Structures that are essentially the same as the crystal
struct ur es 713,560;aind Wb 1eAtd] tealgsaripsions of whichlayeincornpmated beeyby sl i ght |y
therefromin_chem cal conposition, can also be used. Exanples of such
zeolites: iGEIEREE zeolite catal ysts obtai ned by renoval of a nunber of

al um num i%zéoﬁi?ﬁléﬁ%%aﬁﬁ @mﬂ?&s Qhn bE Ay BRAYE HEYS aeieCinZfétid t ©

catal ysts, or zeol catal ysts obtained by addition of different

el ements, feligueaivation réagtiomypriaghattatysts includg forexample, zaokies of the

I ncorporatign during the zeolite s i f e I on, .iron and
gal | b m . 15ORksHrustis typs @'cﬂxr*?lelf@é%gﬁir@& %ﬁa'ﬁgﬁﬁfﬁsl@@aﬁ%‘gehde by
any suitabl i '69@)% hai | fiNg a
reaction m %tﬁrgté@?gﬁ%rg%&ntgﬁg%g%*ur e ’césqgir%ai’ ggﬁ”é)%‘lwd}e{?segnggmle of

al um num oxstelenaedypd foredxarmpix, ZEM>-S)aeolites afihe MBLatrottrg tybeffoexanpl e, a

an Al kel netmpbae Moo e e rponmurs e AR DS Ll
(2901112 b1 SAANAENELAER SRl (FErdige Ecs) Soimptm merien |
at ais member of the ferrierite structure family. Other examples of suitable catalysts are
offretites, ZSM-4, ZSM-18 or zeolite beta. Synthesis of these catalysts are
described in Synthesis of High-Silica Aluminosilicate Zeolites by P. A. Jacobs and
J. A. Martens (published as volume 33 in the series Studlies in Surface Science and
Catalysis), the disclosure of which is incorporated herein by reference.
20 Additionally, the catalyst used in this invention can be a zeolite
synthesized without addition of a template. Examples include faujasites, zeolite
L, mordenites, erionites and chabazites, the structures of which are described n
the Atlas of Zeolite Structure Types by W.M. Meier and D.H. Olson (published by
Butterworths on behalf of the Structure Commission of the International Zeolite
25 Association). Zeolite catalysts having crystal structures that are essentially the
same 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).



tenperature of 5500C for about 10 to about 20 hours. In one enbodi nent
the calcined material is exchanged with amoni umions (NH4+) aridg MAY 1“05
subj ected to 10 conditions under which the amoni umions deconpose, wth
the formation of anmonia and a proton, thus produci ng an acidic form of
the zeolite Alternatively, the acidic formcan be obtained by acid
exchange with hydrochloric acid. If desired, however, the cal cined

material can be B&fHe ahg@mémiatiby Thtalistshatbe nflddefﬂg 4§ishfatsly edeteied Wi th
anmoni um i ons, since the material then already 15 possesses acidic sites.

The acti vi t §netonvestional ¢echaique snalides herteng 4 resatinn miXtargenontairing at hat of a

mat eri al that hasf een exchanged V\ﬁh amoni mi§n§ and then subj.ected to
condi ti ons & ONIT R > ARRYAT A lPH‘l’l%urﬂ%{ijlﬁﬁB ! 2PRRBRG A ER Y iged and

cal ci ned | AENR] 0; f.i | BT 8] | ude
ZSM 22 ango%%%dg%f m({ %ﬁﬂggﬂet ¢ gﬁ?’gg"‘ talgﬂgsd(g?)g%ﬁ; \(/sgt e &g&%ﬁc%% ??éace ,r

t hereby f oroptivpatly sethent dlvalt @dtal Bidepyad sepdiating gel prdusvabmbiosilatebe

achi eved i n nunerous ways. As one exanple, the zeolites can be titrated
with an orgaRRls (Aeqlite gracusas erystalsd formed c She precHEsor exytalsrase thefanpl e, U, S.

pat ent no. . i 9 |_ai { Hod 0 jch.s

I ncor por at e%ﬁ%’gg@mﬁﬁg?} 8§3§F§Pgﬁge§p%kaﬁ%%e%g?ge§%qbgti @r%{&/wﬁ@f&gﬁi ng a
crystal | i netefipefdtuteddf &S50 fc abtE1 0ab aBout2etour e, InDie Rmdd dbft ABeor  ZSM 23,
where this layer has a higher Si: Al ratio than the untreated zeolite-

See, for "apptimed magriabas exchanged vethoargmesivm ione (WHstrandispbiectedfio whi ch i s
i ncorporated herein by reference. The olef.in feed styeamthat is.to be
ol 1 gdlfer i zeGOTST et YBIeH (B mop i 0 deornier. Witk HopBaorsShy o i .
Preferably mml-aesﬁma@m,ge% ARAHEN R B GABE zectle.One C2 Lo it

olefin, nore preléerabl at one C3 to C6 olefin. 16 MAY 2005 7 In
one enbodi nddternativelyl tfei acidiefamsian dsobtainedi by aid exshangerwdh bpdroghlpsic at

| east 50 wt %.,0l.efin.  Preferahl the ol ef.i,n feed siream conpr.,ses at
east shout 2o 1Edesied Tiokisn e el ime Baghiaiiah SR e A TR, 0,
Olbefitn- I #pQRAT SERaH-080h arhM8niahfibhe siReEhShERARM henRIéaa9s | ess than
abou -

15 possesses acidic sites. The activity of the material is then significantly lower than
that of a material that has been exchanged with ammonium ions and then
subjected to conditions under which the ammonium ions decompose.

Ammonium exchanged and calcined monodimensional 10-rings zeolites,
examples of which include ZSM-22 and ZSM-23, can be treated to selectivate

20 their surface, thereby forming a selectivated catlayst. This selectivation can be
achieved in numerous ways. As one example, the zeolites can be titrated with an
organic nitrogen base, such as collidine. See, for example, U.S. patent no.
5,026,933 to Blain et al,, the description of which is incorporated hereinby
reference. Another example is by depositing 2 crystalline Si:Al layer on a core of

25 zeolite, such as ZSM-22 or ZSM-23, where this Jayer has a higher Si:Al ratio than
the untreated zeolite. See, for example, U.S. patent no. 6,013,851, the descnption
of which is incorporated herein by reference.

The olefin feed stream that is to be oligomerized in this invention includes
at least one C3 to C); olefin. Preferably the olefin feed stream comprises at least

30 one C, to Cg olefin, more preferably at Jeast one Cs to Cg olefin.



550 wt %paraffin. More preferably, the olefin feed stream corrpﬁiﬁs]ﬁ%w5
| ess than about 45 w % paraffin, nore preferably | ess than about

% paraffiri. The inventors have found that the acid based oligonerization
catalysts wused in this invention are aglversely sensitive to even | ow

| evel s of oxygenated hydrocarbons in the olefin feed. This sensitivity

I s denonstrated by a significant 10 reduction in catalyst life in the
presence of cer thiond ensddimeht, hewdematead el ReAk nliol Led
sensitivity is %ui te unexpect ed, since it Is @n@&%ﬁgﬁ%lfﬁgegj U8/ aht | ow
level s of wWEelA0va %helefiy drefenatdnrtheriefinrfesdytrdam tomepriveshi Radt@®eyt can
actual ly in%'&'flg/e tPe catalgfti% life of the zeolite oligonerization
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affect  t he?PRut 40 Whsepaaifingsrase preferably lesstthiry attont #Ooht 96lparafihanol , butyl
al cohol , di net hyl, 20 et her th et hyl ketone, acetjc acid, and
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an ou

of t oxygenated .hydrocaypan, 25 nore preferably less t 800 ppm
by V\anght %Fd‘f%'é’nd&%‘éﬁ’éﬁé@ mh‘wrsmcboﬁcenmn leyelsof ornpgemardry t hat the

lefin f . devoi d of. d hyd bon. A
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catalyst. In this regard, an olefin féed stream i ning grea t han

about 500 BMasialleingrease hegatalyteullifeyod thxczeotiteoligontepizatiabtal yis ef er abl y,

the | evel i I GA Lovwer .l pm ot reater than abpout 100 m

by 16 \I\//I\/I Zg%g,sl%%%le, 8¢ Patent Noy\géﬁ,h(% whﬁ: sgows hydration can improve PP
15 zeolite oligomerization catalyst life.

Examples of oxygenated hydrocarbon to which the acid based
oligomerization catalysts are adversely sensitive are alcohols, aldehydes, ketones,
ethers and carboxylic acids. Oxygenated hydrocarbons which particularly affect
the acid based oligomerization catalysts include methanol, buty] alcohol, dimethyl

20 - ether, methyl ethyl ketone, acetic acid, and propionic acid.

In one embodiment of the invention, the olefin feed stream that is to be
oligomerized comprises less than 1,000 ppm by weight of the oxygenated
hydrocarbon. Preferably, the olefin feed stream that is to be oligomerized
comprises less than about 900 ppm by weight of the oxygenated hydrocarbon,

25 more preferably less than about 800 ppm by weight of the oxygenated
" hydrocarbon.

It 1s not necessary that the olefin feed stream be completely devoid of
oxygenated hydrocarbon. An amount of oxygenated hydrocarbon can be present,
so long as it does not significantly adversely affect catalytic life of the

30 oligomerization catalyst. In this regard, an olefin feed stream containing greater
than 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



weight is nore desirable, with a lower |imt of at |east about 50 ppm by
wei ght being even nore desirable, and a lower linit of at |east &ﬁdﬁ)ﬂ 805
ppm by wei ght being particularly preferred. Lower linmts of oxygenated
hydrocarbon are not warranted as the digornerization catalyst can
satisfactorily tolerate very low 5 levels, and it is technically
difficult to renove oxygenated hydrocarbons to |ower |evels;
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cat ajgyst. T . . renoval.. of. sugh 20 conponents are likely required.
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al cohol , the al cohol includes an aliphatic noliety havin roml to 10
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from cracked hydrocarbon source. However, such a feed stream will generally
contain oxygenated hydrocarbon at a level which would likely adversely impact
catalytic life of the zeolite oligomerization catalyst. Therefore, removal of such

20 components are likely required. The benefit in using an oxygenate to olefins
stream is that Jower levels of inert components, such as propane and butane, are
present.

Desirably, the olefin feed stream is obtained by contacting oxygenate with

a molecular sieve catalyst. The oxygenate comprises at least one organic

25 compound which contains at least one oxygen atom, such as aliphatic alcohols,
ethers, carbonyl compounds (aldehydes, ketones, carboxylic acids, carbonates,
esters and the like). When the oxygenate is an alcohol, the alcohol includes an
aliphatic moiety having from 1 to 10 carbon atoms, more preferably from 1 to 4
carbon atoms. Representative alcohols include but are not necessarily limited to

30 lower straight and branched chain aliphatic alcohols and their unsaturated
counterparts. Examples of suitable oxygenate compounds include, but are not

limited to: methanol; ethanol; n-propanol; isopropanol; C, - Cyp alcohols; methyl



30 | ower straight and branched chain aliphatic alcohols and their
unsaturated counterparts. Exanples of suitable oxygenate corrpouhﬁsMAY 2005
i nclude, but are not |imted to: methanol; ethanol; n-propanol;

| sopropano] ; C4- C20 al cohols; nethyl 16 MAY 2005 9 ethyl ether; dinethyl
ether; diethyl ether, di-isopropyl ethér-, fornaldehyde-, dinethyl
carbonate-, dinethyl ketone, acetic acid; and m xtures thereof Preferred

oxygenate ¢ oynds,.ar hanol . .dijethyl ether. . or.a mxture thereof A
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capabl e of converting an oxygenate to an olefin conpound. Exanpl es of
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of the large, nediumor snall pore type. Small pore | ecul ar sieves are
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hereipn, s re.aol I i : I | . an
about’ 5. 0 AlGLT REBICP SR AnoREUEReuB Belloft s B I el Raffien Sadal 0]
rangi ng fr ajpcahestiing aft okPgenaettdb ah olefaN@eipound, ERauBpRs abihesé remecaheut 4.0
to about 5.0 Angstrons, and nost preferably from about 4.3 to about 5.0

Angst rons. Siexsinchedeseobtes as weflas mootzeolitey, and afeof the lasge, axgdyemare t o
olefins catal yst 15 i | yde the ZSM type zeolites,. Exanpl,es.,.of t ZSM
Cype zeol | (] arp . Feyalf ore Roufsler sty 3 Profetid ineAgrodiBentaly 5
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this invention is one containing a silicoal umnophosphate (SAPO)
nmol ed¢l ar e eize ofldss tmalaboutfo Amgptherhe Geherally, anitahilevaslysisdageaer al | y

classified as being 20 m croporous terials havin , .10, or 12 nenbered
i g St uctTEsize THGARE FPRGUORt S 5ie Bt SOATEAHTES Fe/E A PABET SRR o) 2o
rangi ng frOJTP%)Q?But%-.@Ahgs%Bndléxos@ﬁ}gﬁ}ib@ynﬁompib%ﬁﬁé.ﬁQ@a\?&fi sthe smal |

pore SAPO nol ecul ar si ev I Nng an ~ average pore size o ess than
about 5 angAthgstroms. preferably an average pore size ranging from about

3.5 to about 5 aﬂgoﬁgtg:so gﬁichrra?er ]? _Iélﬁg.l' }E %sbelfgl Jsragrgx?ggn%tte t%'o?efgn% catalyst
15 include the ZSM type zeolites. Examples of the ZSM type zeolites include ZSM-
4, ZSM-5, ZSM-11, ZSM-12, ZSM-13, ZSM-22, ZSM-23, and ZSM-57.

Another type of olefin forming catalyst useful in this invention is one
containing a silicoaluminophosphate (SAPO) molecular sieve.
Silicoaluminophosphate molecular sieves are generally classified as being

20 microporous materials having 8, 10, or 12 membered ring structures. These ring
structures can have an average pore size ranging from about 3.5 to about 15
angstroms. Preferred are the small pore SAPO molecular sieves having an
average pore size of less than about 5 angstroms, preferably an average pore size
ranging from about 3.5 to about 5 angstroms, more preferably from about 3.5 to

25 about 4.2 angstroms. These pore sizes are typical of molecular sieves having 8
membered rings.

According to one embodiment, substituted SAPOs can also be used in
oxygenate to olefin reaction processes. These compounds are generally known as
MeAPSOs or metal-containing silicoaluminophosphates. The metal can be alkali

30 metal ions (Group 1A), alkaline earth metal ions (Group IIA), rare earth ions
(Group IIIB, including the Janthanoid elements: lanthanum, cerium,

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



25 about 4.2 angstrons. These pore sizes are typical of nolecul ar, Sj
having 8 nenbered rings. According to one enbodi nent, substitut éosgg%@s
can al so be used in oxygenate to olefin reaction processes. These
conpounds are generally known as MAPS@ or netal -containing

si | i coal um nophosphates. The netal can be alkali 30 netal ions (G oup

| A), alkaline earth nmetal ions (Goup HA), rare earth ions (Goup RM
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i1 coal um Euay RE Bl el 880 b P ALE bpPiers T loteris ot 5 sapo1
1, SAPO 1 6md#ROrbikveSHe@eled poSARDHREIs iGABRh3nde caBARO-bedshed SAPE3sB5,

SAPO- 36, SAPO- ﬁ?,. SAP040, SAPO- 41, SAP042,. SAPQ44, SAPO-47, SAPO 56, the
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and SAPO-34, including the netal containing fdrns
Suitable silicoaluminophosphate molecular sieves include SAPO-5,

15 SAPO-8, SAPO-11, SAPO-16, SAPO-17, SAPO-18, SAP0-20, SAPO-31, SAPO-
34, SAPO-35, SAPO-36, SAPO-37, SAPO-40, SAPO-41, SAPO-42, SAPO-44,
SAPO-47, SAPO-56, the metal containing forms thereof, and mixtures thereof.
Preferred are SAPO-18, SAPO-34, SAPO-35, SAPO-44, and SAPO-47,
particularly SAPQO-18 and SAPO-34, including the metal containing forms

20 thereof, and mixtures thereof. As used herein, the term mixture is synonymous
with combination and is considered a composition of matter having two or more
components in varying proportions, regardless of their physical state.

An aluminophosphate (ALPO) molecular sieve can also be included in the
oxygenate to olefins catalyst composition. Aluminophosphate molecular sieves

25 are crystalline microporous oxides which can have an AIPO,4 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



20 thereof, and m xtures thereof As used herein, the termmxture is
synonynous w th conbination and is considered a conposition of rhitMAY 2005
having two or nore conponents in varying proportions, regardl ess of
their physical state. An al um nophosphatle (ALPO nol ecul ar sieve can al so
be included in the oxygenate to olefins catalyst conposition. :
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i ncor gor at edotidt, kad/nfigWEes thereefl MTheye materratsrureferably exhikinadsoeptyon, Roref er r ed
ALPO structures are ALPO- 3, .ALPO-1. 1, ALPO- 1. 8, ALPO-3 1, ALPO 34,

ALPO- 36, ALBEISRES ARR{ONGIBYUGPTOPPIIES AR 12 Alymipeslicate aliqpingphesphpte
substituent ahd siiics ainBREHRY BharE iR ol sbve LhRpof bR, MEmBELHRLAY cf4s0™ ¢ he
group consisting of magnesium nanganese, zI nc, cobal't, "and m Xt ures

t her eof Thesaad tedirprepdratiqar &k desdpibed éx Ui D iPat. ANt d[567]020, incorportedhadime

and/ or cat al Kti properties simlar to alum nosilicate, alum nophosphate
and silica ZVJEISTENGHHOYLFRIEY Dl ecul ar sieve conpositions. Menbers of
this g ass and tRhgi r Fouly jhed in. . :
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represents tr]]e noles of "R' present per nole of .
15 wherein “R” represents at least one organic templating agent present in the

£33 »

intracrystalline pore system; “m” represents the moles of “R” present per mole of
(M AL P,)O, and has a value of from zero to 0.3, the maximum value in each case
depending upon the molecular dimensions of the templating agent and the
available void volume of the pore system of the particular metal
20 aluminophosphate involved, “x”, “y”, and “z” represent the mole fractions of the
metal “M”, (1.e. magnesium, manganese, zinc and cobalt), aluminum and
phosphorus, respectively, present as tetrahedral oxides.
The metal containing ALPOs are sometimes referred to by the acronym as
MeAPO. Also in those cases where the metal “Me” in the composition is
25 magnesium, the acronym MAPO is applied to the composition. Similarly ZAPO,
MnAPO and CoAPO are applied to the compositions which contain zinc,
manganese and cobalt respectively. To identify the various structural species
which make up each of the subgeneric classes MAPO, ZAPO, CoAPO and
MnAPO, each species is assigned a number and 1s identified, for example, as
30 ZAPO-5,MAPO-11, CoAPO-34 and so forth.
The silicoaluminophosphate molecular sieve is typically admixed (i.e.,

blended) with other materials. When blended, the resulting composition is
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or various binder materials. Thesé nateria ncl ude conpositions such
as kaol i n aalsb effdvtive ¢ sedacingamten aliafoverad] catalysircesteaoting asmtthérmal sinkal

oxi des, other non-zeolite catal yst conmponents, zeol|te catalyst
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These conponents are ive'rnre l'a, overa
cat al yst cothbt &xe usetinake aathlyertomakt &i sdherfalisinkeatsave atheatcapeeity sfifr@hdi ng t he
catal yst duri ng?rﬂg eneration, densifying the catalyst and increasing

catal yst st3beH ¢ abowt 1 £akgi°Cumere Prefrzably romeabqyit 0. 1 tnabpwtd). & cali-er i al s
°C, most preferably from about 0.1 to about 0.5 cal/g-°C.

15 Additional molecular sieve materials can be included as a part of the
SAPO catalyst composition or they can be used as separate molecular sieve
catalysts in admixture with the SAPO catalyst if desired. Structural types of small
pore molecular sieves that are suitable for use in this invention include AE] AFT,
APC, ATN, ATT, ATV, AWW, BIK, CAS, CHA, CH], DAC, DDR, EDI, ERI,

20 GOO, KF]1, LEV, LOV, LTA, MON, PAU, PHI, RHO, ROG, THO, and
substituted forms thereof. Structural types of medium pore molecular sieves that
are suitable for use in this invention include MF1, MEL, MTW, EUQO, MTT, HEU,
FER, AFO, AEL, TON, and substituted forms thereof. These small and medium
pore molecular sieves are described in greater detail in the Ailas of Zeolite

25 Structural Types, W M. Meier and D H. Olsen, Butterworth Heineman, 3rd ed.,
1997, the detailed description of which is explicitly incorporated herein by
reference. Preferred molecular sieves which can be combined with a
silicoaluminophosphate catalyst include ZSM-5, ZSM-34, erionite, and chabazite.

The catalyst composition, according to an embodiment, preferably

30 comprises from about 1% to about 9% %, more preferably from about 5 % to about

90 %, and most preferably from about 10% to about 80%, by weight of molecular

sieve. Itis also preferred that the catalyst composition have a particle size of from



that are used in the catalyst to act as a thermal si nk have a heat
capacity of from about 0.05 to about | cal/g-'C, nore preferablyﬁfMMriﬂl]S
about 0. 1 to about 0.8 cal/g- *C, nost preferably fromabout 0. 1 to
about 0.5 cal/g-'C. 15 Additional nol e¢sll ar sieve materials can be

I ncluded as a part of the SAPO catalyst conposition or they can be used
as separate nolecul ar sieve catalysts in adm xture with the SAPO
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20 m crons 6f0SAPOA4, AndOAP-TE oNSLPOoIsE preferably from about 30 mcrons
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treat nent, PBPafaradatiqaots ofone einb&ditnﬁﬂarelwaﬁrrem riser reactors and short

15 contact time, countercurrent free-fall reactors. Desirably, the reactor is one in
which an oxygenate feedstock can be contacted with a molecular sieve catalyst at
a weight hourly space velocity (WHSV) of at least about 1 hr!, preferably in the
range of from about 1 hr”' to 1000 hr', more preferably in the range of from about
20 hr”’ to about 1000 hr”', and most preferably in the range of from about 20 hr’’
20 to about 500 hr'!. WHSYV is defined herein as the weight of oxygenate, and
hydrocarbon which may optionally be in the feed, per hour per weight of the
molecular sieve content of the catalyst. Because the catalyst or the feedstock may
contain other materials which act as inerts or diluents, the WHSYV is calculated on
the weight basis of the oxygenate feed, and any hydrocarbon which may be
25 present, and the molecular sieve contained in the catalyst.
Preferably, the oxygenate feed is contacted with the catalyst when the
oxygenate is in a vapor phase. Altemately, the process may be camried outin a
liquid or a mixed vapor/liquid phase. When the process is carried out in a liquid
phase or a mixed vapor/liquid phase, different conversions and selectivities of
30 feed-to-product may result depending upon the catalyst and reaction conditions.
The oxygenate to olefins process can generally be carried out at a wide

range of temperatures. An effective operating temperature range can be from
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15 nitrogen and/or chlorine content. According to one embodiment, the olefin feed
also contains isoolefin at a concentration that does not substantially adversely
affect the linear quality of dimerized or oligomerized product. Such product
contains enough n-olefin and mono-branched monoe-olefin to provide denivative
products, particularly esters, that are highly desirable for industrial end uses.

20 Ester derivatives from the dimer and oligomer products of this invention will be
particularly suitable for use as plasticizers.

The sulfur content of the olefin feed of this invention should be
sufficiently Jow such that the activity of the catalyst used to form the olefin dimer
or oligomer is not substantially inhibited. Preferably, the sulfur content in the

25 olefin feed is not greater than about 1 ppm; more preferably, not greater than
about 0.5 ppm; and most preferably, not greater than about 0.3 ppm by weight,
calculated on an atomic basis.

The nitrogen content of the olefin feed of this invention should also be
sufficiently low such that the catalytic activity of the catalyst used to form the

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

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



preferably from about 350'C to about 550'C. At the | ower end of tﬁhe
tenperature range, the formation of the desired ol efin product$ n‘é&”ﬁﬂﬁ
beconme markedly slow. At the upper end of the tenperature range, the
process may not forman optinmm 5 armggt 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 olefins be
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15 olefin is a C; to Ce linear mono-olefin and has a C and higher ﬁydrocarbon
content of not greater than about 20 wt %; more preferably, not greater than about
15 wt %; and most preferably, not greater than about 10 wt %.
The olefin feed streams of this invention are contacted with the acid based
oligomerization catalyst in order to form desirable dimer and/or oligomer
20 products. As used herein, dimerization and cligomerization processes are
considered interchangeable terms. The processes are also known as higher olefins
processes. Dimerization processes, oligomerization processes and higher olefins
forming processes are all phrases that define thé dimerization and/or
oligomerization of light olefins, particularly Cs-Cs olefins, to form a dimer or
25 oligomer product, the product also 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 Kirk-Othmer Encyclopedia of Chemical Technology, 4th edition,
Volume 9, John Wiley & Sons, 1996, pg. 894 - 899, the description of which i

incorporated herein by reference, can also be used. In addition, purification
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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 § MPa.
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15 Other higher olefins derivatives include thiols (often called mercaptans) or
sulfides, which are produced by reacting with a sulfur compound. These are
valuable starting materials for agricultural chemicals, pharmaceuticals, cosmetic
ingredients, antioxidants, fragrance components and polysulfides. They are also
used as polymerization regulators in rubber and plastics manufacture.

20 Examples of other derivatives include alkylated aromatics, using
conventional 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 1s |

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 incdrporated herein by reference. See also

30 Ulimarns Encyclopedia of Industrial Chemistry, Vol. A5 (1986), pages 217 10

233; which is also incorporated herein by reference. Further description is found
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an appropriate tenperature, e.g., fromabout 25 C to about 60*C,
injecting water through a punp. 25 The oligonerization reaction process
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example, the respective metal hydrides, halides, nitrates, sulfates, oxides, sulfides
15 and salts of organic acids. Such acids include formates, acetates, or heavier
alkylcarboxylic acids such as oleates or naphthenates. Other organic acids which
can be used include alkylsulfonic or arylsulfonic acids.

Particularly desirable complexes for the hydroformylation of the higher

olefins of this invention are the carbonyl compounds of the metals mentioned, as

20 well as those containing amines, tnorganic derivatives of phosphorous, arsenic or
antimony, the respeétive oxides of these derivatives, optionally functionalized to
make them soluble in phases that under certain conditions can be separated from
the organic reactor liquid.

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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catal yst precur spRard#8énylation can also be carried out in low pressure ranges. In
15 general, the low pressure range will be in the range of from about 5 to about 50
bar gauge, although a pressure range of from about 10 to about 30 bar gauge is
particularly useful. An example of a hydroformylation catalyst which is
particularly useful in the low pressure range is phosphine-liganded rhodium, more
particularly triphenylphosphine-hganded rhodium.
20 Other hydroformylation catalysts can be used within the pressure ranges
described. Such catalysts are described in Kirk-Othmer, 4" 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
detailed descriptions of each being incorporated herein by reference.
25 It 1s desirable in some instances that hydroformylation be carned 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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about 150 bfie bBAYASS the vessel, preferably through a perforated inlet. Good contact
15 between the catalyst and the gas feed 1s obtainable by dispersing a solution of the
catalyst on a high surface area support. Such a technique is commonly referred to
as supported liquid phase catalysis. The catalyst is provided as part of a
permeable gel.

The hydroformylation reaction is performed in a single reactor according

20 to one embodiment. Examples of suitable reactors are found in U.S. Pat. Nos.
4,287,369 and 4,287,370 (Davy/UCC); U.S. Pat. No. 4,322,564 (Mitsubishi); U.S.
Pat. No. 4,479,012 and EP-A-114,611 (both BASF), EP-A-103,810 and EP-A-
144,745 (both Hoechst/Ruhrchemie), and U.S. Pat. No. 5,763,678 (Exxon). Two
or more reactor vessels or reactor schemes configured in parallel are used in

25 another embodiment. In addition, a plug flow reactor design, optionally with
partial liquid product backmixing, provides an efficient use of reactor volume.

It is preferred, according to one embodiment, that the hydroformylation
reaction be carried out in more than one reaction zone or vessel in series. Suitable
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



and with certain catalysts it is desirable to be within a range pf MAY @005
about 60 to 10 about 90 bar gauge. As an exanple, a

tri phenyl phosphi neoxi de (TPPO)-1iganded rhodiumcatalyst is particularly
desirable in the range of from about 52 to about 150 bar guage. As

anot her exanple, a trial kyl phosphi ne-1 ]ganded cobalt catalyst 1is
particularly desirable in the range of from about 60 to about 90 bar
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L L
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902- 919 andhédelpiwmgilowheaysl desiphia optdnfibusitionalincladewaystof\partidhd Edi ti on,

Vol unme A] 8, "Oxo Synthesis," pages 321-327, the detailed descriptions
of each beittigkmivang pbihsreastoraresust hguideasexplaiaed, foy example, B¥sirabl e i n

sone instar]ﬁ%h&urg%%gh%%g QA-@V%@AH%H%E%%’JS% out at a carbon nonoxide

partial pressure reater “than abo the total pressure. The

proportions of CHy@foriM¥d gfbdade hayeheme s iednddiatbdia thy dizahfacmid at i on
O OXO reactor at the foregoing pressures are desirably maintained as

fol | #hs: COf umprPesmmerciadlyampanasEhamicals, withahe inyghyort fusthenbout | to

about 3 5 mpl 9% and 30 H2 fr.omabout | .to ab 98 ,.mol % preferably
from about BB rERGE P ri RR ISy AiRart it Berakel on | <
conduct ed ifloduéiag Shchnahemiads OTHE Ractich pr@mﬁ;@mpﬁ;ﬁmn beAlhixhiabfvel y,
t he hydrofornylatron reaction can occur on a 16 Y 2005 20 continuous

basis. |n ao%ygenited compennds, siace tbs higher elefin vemppnents vssd4o make dhe s
soet il L1 RS o] SRR BRI hesd, TR R oo 2
ranges of fr@mpdiedis abé 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



to about 2 hours is useful. 5 Since the bydrofornyl ation procesiﬁawmﬁ
S

I nvention takes place in the |iquid phase and the reactants ar
conpounds, a high contact surface area between the gas and |iquid phases
is desirable to avoid nmass transfer limstations. A high contact surface

area between the catal yst solution and the gas phase is obtainable in a
variety of ways. For exanple and without |imtation, contact 10 surface
area betwee int; L QLA i_s_.obt aj,ned by
tirring | nPabay SheAR AR GRE ARk AeDch O bt A RIS BRI (he
ol efi n feedacid¢ amhpolgbls arevaindbielint@nicdlSesqonéert geblyvltebtesa kAl Shirs 0l ut i on
in, for exanple, a  contjnuous-flow stirred autoclave where the féed is
i ntroduced &mHe8i opiminehandhyningm of t he vessel, preferably through

a perforated inlei. contact. 15 between the catalyst .and_ the gas feed
i s obtai nabl e by |d§%?%ﬁ§gﬁﬁ&sgpﬁteit %Olgmﬁn ggd 1s B&’ﬂﬁ?&t‘feﬁ‘ﬁe IRy surf ace
area suppor low-Saieh féedseR Nk HSuEA ghOTRD M YaskehBbfeGHeththe ﬁé?n%ﬂf}ﬁ’lgéﬁd

i quid phase catalysis. The catalyst is provided as part of a perneable
gel . The hythronvemsd tatmnethanodand thermétbanmd té olefiepthie pradusisngipeoduzact or

according 20 to one enbodj nent. anpl es .of suitable reactors are found
in U S Pat TXYLes may hays va %h’@“’%ﬁ@??@?@?‘t pplegnally afierdetpyarationo .
4,322,564 (M thehisbid ird - A AT - A-1. 14, 611 (both
BASF) : EP- A-103, 810° and. stred lﬁ’i‘?ﬁ@“?%’t eéf@%ﬂﬁgﬁ?lgh %%’é‘}; and U.S.
Pat. No. 5, P&gdic6lagly(vMakmeble)conipositions produee dcanding tordisial éntivn dreact or

schenes confi ﬂurﬁd Qi?ﬁpfar allel are used in 25 another enbodinment. In
addi t'Pon, a'ssPoRyia BRwISs, raads lynhydseformaplatiosy ang hydrogenatioaiof | i qui d
product backmi.xi oW ] | Gl.eF reactor. volune. It is
preferred, g?glgérﬁl%\tg&tgb‘fgggﬁlg %%%I%E{O%eﬁgﬁg {lﬁélwgg%F S?T Fation
reacti on bemzaaofactule ofiisoddtania scid Neliereinehe ﬂd@ﬂg‘d@fﬁo&ﬁ) RgdrefortR$&Rin dfn

seri es. Sui t%bl e reactar conf i(?urat ions are di

i scl osed, for "example, by
Fow er et aP PFPfeRs MiXture 1pggnarated fomdpe bydrofasmylationproducsemd 657, by '

Bunni ng et ghyek : No. 4,593,127, by Myazawa et al in U S. Pat.
No. 5, 105,0%&3,S @iﬁuﬂﬁr"ﬁﬁ‘ﬁ%ﬁd' al inUS Pat. No. 5,367,106. and by Beckers

et alls in U S. Paiandiber embo@inénf3f tHeqavgties, ®E 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

20 esterified, ethenfied, 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

25 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

30 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.



6 MAY 2005 21 individual hydrofornylation reactors can of the standard
types described by Denbigh and Turner in Chenical Reactor AeorY bl NG
521 079713, by Perry et al in Chem cal Engi neers' Handbook | SBN
0-07-085547-1 or any nore recent edit e.g., a continuous stirred
tank or a plug flow reactor with adequgt?e 5 contact of the gas and the
liquid flow ng through the reactor. Advantageously these plug flow

react or desi ns fi t of X t' I . Kk f
the reactor gr o] Con(ﬁlﬂﬁ%’ rea%_rgp 8%8 gllth%(ﬁs el}ll\ﬁga%lé)Qe{ﬁ%ﬁ%r I Vlta@(fglcl thuggnoet
a] in EP-A3idf% intRlde foPbxan 300113151&1'1’1 O Al Al Bt € gh o gdiRyIhave

utility as intermediates in the manufacture 10 Of numerous comrercrally
i mport ant dhanate ah partiviikah tettaeisopvepdl potetfaety hentho maoaﬁamrrsglmmmdas in

whi ch hydrofornylation is foll oywed by reacti dyc su

Cher el o PRI BACHABASF Barbbens RPRGRE cciticy e iphpts 2ar Also
oxygeqat ed l.ghean ke the
it w TIPTRLLACE ol oyl el %J*aﬁ*g%‘r%@&%@ﬁ?@#%&%&ré‘f
olefin 15 %Hmﬁfmﬂhéu&ﬂﬁugﬁlaﬂdﬂtlbn ofia dedicatee caalygpnponent s, because the

olefin feed stream that is used to _nake the oligoneric olefin product
will generally |G@talyatepr&sqﬁtm theeestegficaias repetionHpsadue maytheaemoyed by ng

hydr of or nyl at i.0 ct I i .ghe ' it
2 Fesult oraeEls Rt TRt o PR itobily BF alBRESS SRRl Ly
ol efin corrp@%I FroRNR) t!éSB!V UBSTar @aRtOelative t@%ﬁﬂfnﬂfembf #didl @fodpeagtieon 20
process. Eit in their pure form or as part of the mxture in the

hydr & or ny| &td.on product al dehydes which are produced are optionally
al dolized, a ter

g mcﬁdes t he dehydration ﬁj Ea%gal dol, condensat e
to form an unsat %?‘é RES Y bepQreaniy oF OLganic i 1he IAtsh ABRBYHED wi t h
the other aic‘i’@mﬂﬁﬁnﬁﬂe?@&haﬁé‘aéxﬂ‘@or&héx?ﬁﬁ'ﬁyd?ﬁe@Ere"}dréifénéﬂ ﬁﬁ*ﬂﬁk@i%liehat wer e

prepared separately and are added to the original = al dehyde or
hydr of or ny| manufactorey ditboughtaliphatic adidiodre plsomployes. dpidlmrall eyarhgids ohenat ed
to the cor ra?csr(?sol?mgfugg a%legg hpcr)oplomc valeric, isovaleric, n-heptanoic, n-octanoic, n-

15 decanoic, neodecanoic, lauric, stearic, 1so-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 Ce to
C)3 oxo and neo acids. The esters of the Cs and especially the C;; alcohols with
oxo and neo acids are especially useful as drilling fluids and power transmission
fluids. Phosphate esters are particularly desirable as flame retardauts; 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.



m xture. If desired, the unsaturated al dehyde m xture from al dotlﬁt iugn
can be selectively hydrogenated to forrn the saturated al dehylj e
Any of the 30 saturated al dehyde m xtures, either as nmade by

hydrof ornmyl ation or by selective hydrogenation of an aldol product, can
have special value when they are oxi dikd to their correspondi ng
carboxylic acids, or condensed with fornal dehyde to 6 MAY 2005 22

pol yol s, or vvitlsla]anm)nl o i m nes which can be dro enated t o am nes.
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product s oretiplensivinyl apetate sapelymersHialegep-pontainiag pplymess, teismeqibfr viapl e

fuels opti gnal af ter .dehvdration esi red

nydr ohenat IS0 PTds hois g EFROIGHRls, Prs dshebidfly B LoborlEw ik S0Vt Lo o
conposi t i onstepd GFLAFS3%ie Atids NGterPoft UstrurANESdrbOxyIRIRidb Q. g § SOHOHW al cohol

m xtures, made by hydroformyl ation and hydrogenati on of ~ octene mi xtures.

The i nvent |mclhadrykatqsr md/mwefmsvaitnlabhbbqss ca@éspsastf-dﬁommed mmhthﬂomde e of
i sooct anoi ¢ reJ n t dehyde.from hydrof ornyl ati on of a heptene
mxture is Frét gg Yo ¢ ‘é"%g) l%{t’P@ﬁ EShroduct and subsequent |y

oxi di zed. 15 I n pRObRGnRARE HidEbebtek kﬁaxgmgm 9RantMRnfigiaRalRy ! ati on

products of this i ntion are optional rogénat'ed to saturated
al com| s. FAardesitdbberrange & frmtahm&tl@doabmnli@l) pmybpweughtlpleewmpms éf desired,
in two stages throu%h a saturated ald in a single stage to the

sat ur at ed HLYREN, preierablyi from aba zottOFEO‘HéQPrP&B* per x00 pags of Rolymesr at ed
al debyde as an "Pﬁf e o?{h‘aem\]_é?ﬁ &%llﬁe nk BEPI %&é}n iy 20

esterified, etheri or forrre ace S or' carbonates, which can be
used as plaismumreem on%lanéthelt, aﬂirSadnuaxmymWIn:htdﬂmerlpwsncmm;ﬁ)r eif:lirﬁph:eters and

et hers of the i nvention (Produced b ro of the i nvention, are
suitabl e folibyyl digentyl, dlhexyl 1heptyl, dloct mony[f ecy diundecyl,

15 didodecyl, ditridecy] 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 1sobutyrate, 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 matenals, wall coverings,
molded products, upholstery materials, leather substitutes, 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



sol vents, paint coal escers, plasticizers, adhesives, surfactants,
viscosity index inprovers, synthetic lubricants, flame retardantlsh MAY 2005
| ubri cant conponents, anti-wear 25 agents, hydraulic fluids, cetane
improvers, drilling fluids, thernoplasgtic and textile processing aids,
pol ymer, especially vinyl chloride polyner, stabilizers, polynerizable
nmononers and fragrances. Esterification is acconplished by reacting the

al cohol s ofjeddpbge by Eﬁﬁrbggjc sﬂb‘ilhg%@%ﬂﬁeﬂ rei%ﬁ,rﬁmﬂﬁérg@?henm%r LE AR

process desirably takes vant ag 30 ‘convent 1 onal processes. In these
convent i onamipe.cnessiosidant, cososi@sinhithioe, and areeial deachieatat.cohol s and aci ds
at elevated tenperatures and pressures, and to drive the reaction toward

conpl etion by rehsdoNgwirg erampesrepseseityaueegenkodimgyts of deriaventian, vaY
2005 23 - ed .t i:f ] j.Qn reaction.

Sui t abl e C?é@éﬁ%?%@%%P%ggﬁh%ylﬁgﬁdé%lag,%e%?{bgﬁilém%%gér}%‘gi ni ng catal ysts,
e.g.,5a tetraalkyl titanate, in particular tetra-iso-propyl or
tetraoctyl ortho btanate, or sul phonic acid containing catalysts, e.g.,

p-t ol uene %ﬂg@gﬂé‘ﬁc acid or nethyl sul phonic acid. Also 5 sul phuric acid

catal yst . ed. Alternatively, the esterification reaction may be
pref ormed wi t houtn bhefinafdeld tompriohg &4 dedh bateres anait 3 w¥e bufadeathest present
in the esterification reaction producicﬁnay be renpved by al kal.i

t reat ment NfA CRTIPREESIPREPANA AN RIOPY B8 Y85 hydratedbpassingithe oleBy i n
I i gh~ ) 9 L f i
si1g €. Yeed %tr aofghgpgratn%e%? é.{%clng'%gf’(f Pﬁé‘(}@ﬁéﬂe‘%ﬁ%ﬁ@ &a?erts%rmw@?ér g acid

groups in the 10 aci he ter e |1 norgani c organi c;
if the | attierodeciggthed¥sd ingo arb6lighm&iz068 reict@ tonAMMPEEM-a2] TEeor their
anhydrides are preferred for plasticizer mnmanufacture, although aliphatic
aci ds are avdsatedinedywhichsqaiaimed S0 pprpbpeghpatesyasshemeoniaded acet i c,

br opi oni ¢, gk §fd Fan PPYANEFdafror B HEBLARO LAkl HELADSYC ol ehTofIOFRIO C
neodecanoi c, auri ¢, stearic, Iso-stearic, orelc, erucic, succinic,

phthalic (rksiltsheegesvedincihe FIGYRIES), i sophthalic, terephthalic, adipic,
fumaric, azelaic, 2- nethylpentanoic, 2,4-dinethyl heptanoic,
2,4,6-trimethyl nonanoi ¢, sebacic, .

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 1n 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.



benzoic, trinellitic, pyronellitic, acrylic, nethacrylic, tall cg[vymnﬁ
nonobasi ¢ or di basi c cycl ohexanoi ¢, napht heni c and naphthalené— Be
acids, carbonic, nitric, 20 sul phuric, phosphoric and phosphorous and

t heir thio-anal ogous, acids and C6 to 13 oxo and neo acids. The esters
of the C9 and especially the Cl12 alcohéﬁs with oxo and neo acids are
especially useful as drilling fluids and power transm ssion fluids.

Phosphat e esters i jrable as. fl retardants; while
phosphite esters I—%& g.l\ﬁolgjre‘)s tllﬁﬁquaeEécrﬁqegﬁlﬁﬁ énY)%’I%S?HE’F Wéﬁgg iaPPrfB'raEe%rl?’SthE%ﬂ ers

i t h monobaskitiednckidiahanitahe o euieebformedvidiin 4 WAL faARL 5 and

| ubri cant conponents. Advantageously the resulting esters contain from 15
to 40 car bbaragretars withifi whatas clasmuel, atitet deprtpiy frahahespifit endesppe ofl | y
preferred fa{. IuQ%;cant manuf acture. Esters with unsaturated carboxylic
aci ds, e.g.,gﬁFYﬂ’ C%rylic and nethacrylic acid, provide polynerizable
nonomars, suitable as sole or co 30 nononer in thernoplastics

manuf acture, or in polynmers used in or as adhesives, VI inprovers, and
coating resins 16 MAY 2005 24 The esters of the invention may be used as
a plasticizer for numerous polyners. Exanples include cellul ose acetate;
hono- and copol yners of aromatic vinyl conpounds e.g., styrene, or of
vinyl esters with carboxylic acids e.g., ethylene/vinyl acetate

copol yners; hal ogen-cont ai ni ng polyners, especially vinyl 5 chloride
hono- and copol yners, nore especially those copolyners with vinyl esters
of carboxylic acids, esters of unsaturated carboxylic acids e.g.,

nmet hacryl ates, and/or olefins; nitrile rubbers; and post-chlorinated
vinyl chloride polymers. Poly(vinyl chloride) is of particular interest.
The proportion of plasticizer ester to polynmer may vary within w de
limts. 10 A desirable range is fromabout 10 to about 200 parts by

wei ght per 100 parts of polynmer, preferably fromabout 20 to about 100
parts per 100 parts of polyner. The esters of the invention may be used
al one as plasticizer, or in admxture with one another, or in adm xture
with other plasticizers, for exanple,



di butyl, dipentyl, dihexyl, diheptyl, dioctyl, dinonyl, didecyl,,
di undecyl, 15 didodecyl, ditridecyl phthalates, trinellitates (er MAY 2005
adi pates, or butyl benzyl phthalate, or m xtures thereof They may al so,
or instead, be used with a secondary plasticizer, e.g., a chlorinated
paraffin, Texanol isobutyrate, or a prxjcessing oil. If used in

adm xture, it is the total proportion of plasticizer that is

advant ageougi WIM$:hi n the ranges given above. 20 The plastici zed

pol yneric composrtions of the invention may be made up in numerous
forrns and have various end-uses. For exanple, they may be in the form
of a drybl eWhat & ghairied 3s:0or a pl asti sol, depending on the grade of the
resin enployed. They nay be used, for exanple, as coatings, in dippin&
spraying, injection or rotational nolding, extrusion, or as

sel f-supporting tilns ; 20 B, Llkaobe foanmed. End uses
i ncl ude fl oori ngfl‘rrat eﬁ%ﬁa\%ﬂ?@ggé@g?ﬂﬁgs, ncgﬁ%iélg% foducts, uphol stery
matergal s, |eat hggm bky d Mydesvarbonatrorn aa wiefin stream eonteiniog dty wire

and cable, coated fabrics, toys, and autonobile parts. The invention also
provi des a leastpoeiGsitoiC,g olefiniteiobtpinan olafinfeed stréam compmsing srpm Sppm to

refrigerant especially a fluorocarbon refrigerant, and nore 30 especially
BFC 32 (di flﬂgsm W@thbeW‘fggﬁ’H{ bfnifn%ft etrafl uoroethane). More

especially, the i i i b W‘&jﬂ fgrising at
16 MAY 2005 25 @W‘@?% %%?’@#ly ?%hgﬁ{)a Ity ggﬁgﬁt@lr, e-g., a

hi nder ed phgRgdmerizehc olciiEihithe oRfinfeed.an anti oxi dant, corrosion
inhibitor, and a netal deactivator. The followi ng exanpl es represent

vari dds enbodi ments of the invention, wthin the overall scope of the

invention as descfi bedain I 5. I : fleriDat;

conprising 64 w %% buﬁgﬁégétﬁﬁ%%ggfgﬁwl'&h%%g%é%@%l%gﬂance @g?%?llygtl ng

propane andi{eht¥edEHm 'cRh§iskiny o PON, MI'T,/MFR I MELOMTWs EUD, a

terrperaturelof about 3\éﬁé thrgough a thernostated water saturator prior to
ZSM-57, ferrietites, offretites, ZSM-4, ZSM-18, ZSM-23, Zeolite Beta, faujasites,

zeolite L, mordenites, erionites and chabazites.

15
3. The method of claim 2, wherein the zeolite oligomerization catalyst

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

4. The method of claim 3, wherein the zeolite oligomerization catalyst
20 is ZSM-22 or ZSM-23.

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

is a selectivated catalyst.



10 introducing the feed into an oligoneriztion reactor containi nﬁq Z S\t El
The hydrated feed, which contained 600 ppm by wei ght water,

contacted with the ZSM22 in the reactor to determ ne catalyst Ilfe at
92 % conversion. The results are shown in the FIGJRE. 15 Exanple 2
Acetic acid was added to a portion of. %&e hydrated ol efin feed in Exanpl e
| to obtain an acetic acid concentrati of 300 ppm by weight. The olefin
feed was then contacted with ZSM 22 catal yst in an oligornerization
reactor to determne catalyst life at 92 % conversion. The results are
shown in the FlI QURE. TiglnEhadnRl eladnBywralin thcblefh fadd contuins less tna ( VEK)
was added to an olefin feed conprising 64 w % butenes and 3 5 wt %

but ane, t h&0mal%mll@neonpri sing propane and propylene to obtain an olefin
feed streamcontaining 2 wt % butanol and 2 wt 25 % MEK. The resulting

ol efin feed streamwas t hen contacted vvith ZSM22 in an oligonerization
reactor to deter at aI | hefing are
showd in the FI fh gtolg o g& lfémh%’wn |n§?ﬁé§télowRE
denonstr at %«ft%%] 11oxygenat ed hydrocar bon can adver sely affect catalyst
life of zeolite 30 oligonerization catalyst. 16 MAY 2005 26 Havi ng now
fully described this invention, it will be appreciated by those skilled

h h h fa f
bar amet or s wi £ hifh whele Metiog bk, SPst b AR lfib Wt i obRutedd”, O
scope of  thg LAVLRk] Ahatelwith MRoIEA0E sidé G5

10

9. The method of claim B, wherein the oxygenate is methanol or
dimethyl cther.

10.  The method of clzim 1, wherein the olefin feed is hydrated prior to
15 contacting with the acid based oligomerization catalyst.

11.  The method of claim 10, wherein the hydrated olefin feed has a
water content of 0.05 to 2 weight percent.

20 12. A method of making an olefin oligomer from 2n oxygenate,
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 to obtain an
25 olefin feed stream comprising from 5 ppm to 1,000 ppm by weight oxygenated
hydrocarbon; and
contacting the olefin feed stream with a zeolite oligomerization catalyst to

form an olefin oligomer.



What is clainmed is: 1. A nmethod of oligonerizing olefin, conprising: 5
renovi ng oxygenated hydrocarbon froman ol efin stream cont ai ning&?ms

| east one C2 to Cl2 olefin to obtain an olefin feed stream conpri sing
fromSppmto 1,000 ppm by wei ght oxygenated hydrocarbon; and contacting
the olefin feed with a zeolite oligonmegg zation catalyst to oligonerize
the olefin in the olefin feed. 10 2. The nethod of claim11, wherein the
zeolite oligonerization catalyst 1is selected fromthe group consisting
of TON, MIT, M-I, MEL, MIW EUO, ZSM 57, ferrierites, offretites, ZSM 4,
ZSM 18, ZSM 23, 13eol iThe Bethad of alajmd2{ wherein thelzeokitelolipomenization: s,

322?;? Ifj teefﬂ aolyet iigéﬁéﬁs‘fméiﬁml? %ﬁ%‘&%@ﬂkﬁh@‘%gﬁﬁw  The

, 1 . Nt : \ ) 20 |
T s or BASMeT Tt GEeies, £8Mn, S TR 18 Z8M0%, BhfeBha, 20 '
[ i i I: QU : i : ! heisd itk . 16 MAY 2005 28 6,
'()Tlhggx': Ihégédcﬂ ci’g%ﬂ‘%%’mg@g@ﬁhg%f%ﬁhﬁqf eed c%ﬁ% ains less than 50 wt

% al kane. 5 7. The nethod of claim6, wherein the olefin feed contai ns at

least 50 Wt % olefin_. 8. The thod of claiml, erein the.olefin
streamis obt ai ridd bym%@ﬁthaéﬂﬁ!}l@x@gmf?é“ Wﬁhwwwg? eve

catal ysL 1%at9alysIPseZ§ﬁt-££%§m-ﬁlo%"igl\ﬁ-’-S'ﬂmere' n the oxygmto is nethanol or

10 15.  The method of claim 14, wherein the zeolite oligomerization
catalyst is ZSM-22 or ZSM-21.

16.  The method of claim 15, wherein the zeolite cligomerization
catalyst is a selectivated catalyst.
15
17.  The method of claim 12, wherein the olefin feed contains less thas
S0 wt % alkane.

18.  The method of claim 22, wherein the olefin feed contains at least
20 50 w1 % olefin.

19.  The method of claim 12, wherein the oxygenate is methanol or
dimethyl ether.

25 20.  The method of claim 12, wherein the olefin feed is hydrated prior
1o contacting with the oligomerization catalyst.



di ret hyl ether. 10. The nmethod of claim1l, wherein the olefin fﬁﬁiﬂki
hydrated prior to 15 contacting with the acid based ol i goneri z&abi 005
catalyst. 11. The method of Gaim 10, wherein the hydrated ol efin feed has
a water content of 0.05 to 2 weightspercent 20 12. A nmethod of naking an
olefin oligoner froman Menate, conhprising: contacting the oxygenate
with a nol ecul ar sieve catalyst to forman olefin stream containing at

| east one C2 to C 12 ol efin; renoving oxygenated hydrocarbon fromthe
olefin streamto obtain an 25 olefin feed stream conprising from5 ppm

to 1,000 ppm by J4ei Oty GYEBARF CHlimMIIOAERIDAR hydffled SRTAGEd BRI d1C Of efi n

feed streamw tfi*a zc i'goneri zation catalyst to orman ol efin

ol i goner. JGrdYunteRPsf 0.89 1d 2 welgist pepddaad of claim 12, wherein the zeolite

ol i gonefi 7ation catalyst is selected fromthe group consisting of TON,
MIT, MFI, MEL, MTW EIJO, ZSM 57, ferrierites, offretiles, ZSM4, ZSM I

8. ZSM 23, Zeolite Beta, aLj asd t es, oljte L, rdeni 0. erionites

and 8habazites. 224, %@ﬁé@%gﬂngﬁng@giq]ﬁzﬁ ?ﬁm‘?’ﬁfeﬂ"vﬁ fﬂete’

ol i gomeri z%é&i?g)ﬁgm(gat alyst is ZSM A ZSM 23 or ZSM57. 10 15. The nmet hod of
ng.

claim 14., the zeolite oligornerization catalyst is ZSM 22 or

ZSM 23. 16. The gaptkaflg tic miypenatd withdmioldcalar sizve eatalytst tooformmaneolent i on
catalyst is a selectivated catalyst. 15 17. The nmethod of claim 12,

wher ei n t hetredmicontaining atieasyeneiCade Gipalefinso w % al kane.
recovering a C; to Cg olefin stream from the olefin stream,

10 removing oxygenated hydrocarbon from the olefin stream to obtain an
olefin feed streamn comprising from 5 ppm to 1,000 ppm by weight oxygenated
hydrocarbon; and

contacting the olefin feed stream with a zeolite oligomerization catalyst 10

form an olefin oligomer,

15
93,  The method of claim 22, wherein the zeolite oligomerization
catalyst is selected from the group consisting of TON, MTT, MFI, MEL, MTW,
EUO, ZSM-57, ferricrites, offretites, ZSM-4, ZSM-18, ZSM-23, Zeolitc Beta,
faujasites, zeolite L, mordenites, erionites and chabazites.
20

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



18. The method of claim 22, wherein the olefin feed contains atmmtmszo
50 VA % defin. 19. The nethod of claim 12, wherein The oxygenate is

met hanol or dinethyl ether. 25 20. The nethod of claim 12, wherein the
olefin feed is hydrated prior to cogjacting with the olignmerization
catal yst 16 MM 2005 30 21. The nethod of claim 20, wherein the hydrated
olofin feed has a water content of 0.05 to 2 weight percent. 5 22. A

nmet hod of making an ol efin oligomer froman oxygenate, conprising:
contacting the oxygenate with a nol ecul ar sieve catalyst to forman olefin

st eam cont ai ni gy at {8 HeFofChaln24 Whebbiftheueol RSB atzatioR 10 O8

olefin strewn fromthe olefin stream 10 renovi ng oxygenated hydrocarbon

fromthe olggfﬂ]ystsgzmmzm @SM2B. an ol efin feed stream conprising from5
ppmto 1,000 ppin by weight oxygenated hydrocarbon; and contacting the

olefin feed streamwith a zeolite oligomerization catalyst to formau
T BRI R T et e e A
Zoni 23, ZeoP YRt 2L e L. wor deni tes. crioni tes and
chabazites. 20 24, The nethod of claim 23, wherein the zeolite
ol gomer 2t 1ot e fod o 2 e 2t hea daek 140 e

50 wt % alkane.

10
28.  The method of claim 27, wherein the olefin feed contains at least
50 wt % olefin.

29.  The method of claim 22, wherein the oxygenate is dimethyl ether.

15
30.  The method of claim 22, wherein the olefin feed is bydrated prior

to contacting with the oligomerization catalyst.

3].  The method of claim 30, wherein the hydrated olefin feed hasa
20 water content of 0.05 to 2 weight percent.

32. 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 contaiving et least one Cz to Cy; olefin;
removing oxygenated hydrocarbon from the olefin stream,
recovering a C to Cg olefin stream from the olefin stream, following
removal of the oxygenated hydrocarbon, to obtain an olefin feed stream, wherein



31 25. The nmethod of claim 24, wherein the nolite oligonerization
catalyst is ZSM22 or ZSM23. 5 26. The nethod of claim 25, whefgiMAYt200
zoolite oligonerizidion catalyst is selectivated cal. 27. The nethod of
claim 22, wherein the olefin feed co?%ai ns less than 50 wt % al kanc. 10
28. The nethod of claim 27, wherein e olefin feed contains at |east 50
w %olefin. 29. The net hod of claim 22, wherein the oxygenate is

di met hyl et her. th&blﬁhfeﬁlstremnlaonﬂanfsldsdrmﬁmpmmi,él)ﬁpphebjomighh f eed

i s hydrated prlor to coniac g with the oligonerization catalyst 31.
The met hod @yeenatedh the hydrated ol efin feed has a 20 water

content of 0.05 & Q{ZEH@E
ol igorner from a%&(t)%@@ﬂ?&eaﬁ %t@%ﬂth@ﬂ@%l ng e 0 ygena WI th a

nol ecul ar Weﬁﬁahgém@t to forman olefin 25 stream containing at |east
one C2 to Cl2 olefm renoving oxygenated hydrocarbon fromthe olefin
streafm recovering a C3 tOCG olefin strearn fromthe ol efin su=n,

following renov of he ted ydr ocar.bo to abtain nolcfln
feed stream whefi e Sf tBﬁZ%lg'B gg?'@ ains |ess

](c:(r)gtna(S:t ng]%a{!é oI e?ég ﬁﬂFﬁ%ﬁpzco Irte oI | gon‘erl zaplntb)lomcfél?r’ﬁyst to

form an ol gfJO) ZSM-GQITﬁi'nmtcs, offretites, ZSM-4, ZSM-18, ZSM-23, Zeolite Beta,
faujasites, zeolite L, mordenites. ericnites and chabazites.

10
34.  The method of claim 33, wherein the zeohte oligomerization
catalyst is ZSM-22, ZSM-23 or Z8SM-57.

35.  The method of claim 34, wherein the zeolite oligomerization
15 catalyst is ZSM-22 or ZSM-23.

36. The method of claim 35, wherein the zeclite oligomerization
catalyst is a selectivated catalyst.

20 37.  The method of claim 32, wherein the olefin feed contains less than
50 wt % alkane.

38. The method of claim 37, wherein the olefin feed contains at least
50 wt % olefin.



33. The nethod of claim 32, wherein the zeolite oligonerization catalyst
is selected fromthe group consisting of TON, MN MR, MEL, MIW EUQ
ZSM 57, ferrierites, of Erefitcs, ZSM4, ZSMI| 8, ZSM 23, Zeolite Beta,
faujasites, zeolite L, nordcx)itc& cg%oni tes and chabazites. 10 34. The
met hod of claim 33, wherein the zeolite oligomm zation catalyst is
ZSM 22, ZSM 23 or ZSM 57. 35. The nethod of claim 34, wherein the zoolite
oligonerization is catalyst is ZSM22 or ZSM 23 36. The nmethod of claim
35, wherein the zeolite oligonerization catalyst is a selectivated
catal yst. 20 37.39The Tt ethodfofalaiimi 2 vherdin the oxvgenate ismethanoker cont ai ns
| ess than 50 wt 6 % ancane. 38. The nethod of claim 37, wherein the olefin
feed cont aidimethyl etBelst 50 wt %ol efin. 33 39. The method of claim 32,
wherein the oxygenate is nethanol or dinethyl ether. 5 40. The net hod of
claim 32, wherein the olefin feed is hydrated prior to contacting with
the qligoneri zatggon Snéfodo ; s | sridhe
hydrgt ed ol efi nufo('e)ed as a ﬁggiﬁﬂw?%e.%Eﬁ?ge@mgygﬁsﬁp@%gnt 10
to contacting with the oligomerization catalyst.

4],  The method of claim 40, wherein the hydrated olefin feed has a
water content of 0.05 to 2 weight percent.
10





