2 1 JUN 2004 WO 01/46095 PCT/ US00/ 34840 PROCESS FOR THE SELECTI VE

DI MERI SATI ON OF | SOBUTENE The present invention relates to Se%iﬁ@@ﬁ@

processes for nmaking a reaction product conprising trimethyl és)

.droma C4 olefinic feedstock. It also 5 relates to products obtained by
such processes. |sobutene oligonmers are useful internediates for the

prepar ati ony®f,,:cari ous products of commercial interest,pEurghoasao

i sopar af fins, higher alcohols, aldehydes or carboxylic acids having 8, 12

or 16 carbon atons. Anobngst such products, highly branched

trimet hyl pentanes t hat can i tion of trine
t hyl pent enes £F\9Q§f53ngﬁ'ﬁ]%gﬁgchﬂq&g%@&g%gggé%ﬁégﬁgg ane nunber
enhancers. |ndeed, trimethyl pentanes have high RONs (Research Cctane

Nunbers) and MONs (Motor Octane Nunbers): 2, 2 4-tri -APCen al so
known as i sooct Brrepresgat BYRANPIFAITI AN CWW%&%%&%@%‘ °n

trimet hyl pentane has a RON of 109.27 and a f i e Lok 4t Asdd

trinet hyl p@ﬁ?%cﬂ‘é‘gnamﬁmfhyﬁf@.t?césﬁ%oén R/%}%%%Q &' Ghe route to produce
tsi met hyl pentenes is to dinerise ispbutene. However, efficient production
of trimSet hyleprerip emedurts PRIFHICESH T ERPPE T es that the process be

sel ective for dinmers over oligouiers,. O iqgomerl | falisQBUt ene may
occur under var F%?Gé“%iQﬁigemﬁﬁnadfffﬁﬁémug%ﬁu%gmn%%o%g gﬁ}égagi d, 20
trifluoroboron, alumino-silicate Q! i1 .8-& RN neeakbitshsls, However,
such procedggss ﬁﬁ%‘?tﬁ Dgi:c\’/némrﬁci?lgl?té%&df dinners. trimers, tetraners and
hi gher nol | ar _wel | QTBLSineS8 ! 19041 Mecatlborpatbmat Amangdt susbbut ene
over tri mrggé}yﬁigﬁoékﬁmﬁi\'gﬁer ol i gogrrsﬁri sation is known from USP 3, 325, 465

and DE 3, 542, 17 1< A ionZPb s chd8RrEa 3R pdtaneoitat bai be éhrdinod dhtseed having two
to six carbon atons  are dinerised to the substantial exclusion of trinmers

and hi gher palrypelSicRyi renBtylicnget hes galayheiisiair eh aggasolme 9513 Ssi | i cat es
whi ch have been exchanged 21 JUN 2004 WO 01/ A}'xi&%@?%ﬁ%ﬁ%%ﬁgﬁ 0

oumber enhancers. Indeed, trimethylpentanes

Octane Numbers) and MONs (Motor Octane Numbers): 2,2,4-trimethylpentane,

also known as isooctane, has a RON of 100 and a MON of 100; 2,3,4-

imethylpentane has a RON of 109.27 and a MON of 95.9; 2,2.,3-

15 trimethylpentane has a RON of 109.9 and a MON of 99.9.

One route to produce trimethylpentenes is to dimerise isobutene.
However, efficient production of trimethylpentenes from isobutene requires @at
the process be selective for dimers over oligomers. Oligomerization of isobutene
may occur under various acidic conditions using phespheric acid,

20 trifluoroboron, alumino-silicate oF zeolite-containing catalysts. However, such
processes usually give mixtures of dimers, trimers, tetramers and higher
molecular weight oligomers.

Selective dirnerisation of isobutene over trimerisation and higher
oligomerisation is known from USP 3,325,465 and DE 3,542,171-Al.

25 In USP 3,325,465, olefinic hydrocarbons having two to six carbon atoms

are cirmerised to the substantial exclusion of trimers and higher polymers by

conducting the polymernsaton over aluminosilicates which have been exchanged



with nickel or cobalt ions. Dinerization of isobutene is shown to occur
over a 13X nol ecul ar sieve which has 95.9 percent of its sodiumions
exchanged by cobalt ions with a rate of conversion into dieten 1oy B0
percent,” even approaching 100 percent. However, the exact conposition of
the .dieter product 5 is not given. DE 3,542,171-A discloses selective

di meri sati ogg@fudissobutene into 2,4, 4-t.zimethyl pent - | - eve/UsHER+842- ene,
using a bisnmuth and/or | ead doped zeolite catalyst at 150 0 C. Selectivity

for dinner over triper fornatban.camoher asbukhghs amekoneesesir aThe
processes d?”%%lné%kghgﬁ%bﬁgﬁé%, 395 465 and in DE 3,542, 171-Al are 10 thus

sel ective neaps, for, ot Al QiAG h80PIL GRRHI BAfSsolRamTAn d:siodgke by
f eedst ock. wever, on an industrial scale, it would be nore advant ageous

to wuse i ndg%aﬁg Bhs Anal gtd sl enfaedatifekimasoa@bbaiprednt.regem pet r ol eum
cracki ng. Suc feedstocks are produced in oil refineries, and usually

conprise i 59%5%%&%:1 100 Butene Ratk2r it exet compysitiayofahs dimerprefive

but adi ene. 15 A pro%l em associated with the use of isobutene adm xed with
ot her CAc okefinsvens BE3{SaRIThut ediaclobdsgalretvesdiriconatiamefiisqbuenegriduce
codiners of isobutene with the other normal C4 olefins of the feedstock in
addi tion to2t4)s uidRsiyightilsokundne- dnpehaerdsmytheandy/p g RPPiFent enes.

Sel ective production of trimethylpentenes froma m xed CA ol efbi niSc

f eedst ock t hugite egralysest HQhty Selgcgeteer %rﬁfﬁc‘@%ré‘?}?ﬂﬁ“{of‘dzﬁ% “Gital ysts
used in such process nmust not only be selective for dieters over higher

ol i goners, Wigh &h8y peagstt.al so favor isobutene honodi nerisation over

codi nerisation of isobutene with th r . fi-NSs Of et he
feedst ock. O i gofBe PSFEFTHA Pk SRe T e s¥edi Pl hE
zeolite 25 catalysts has heen discl. I DGUSE: 40454, 3edutehd USP

5,091, 598 2h31 SSTERFYS 3B 01 ‘i‘é‘ﬁb%‘gg%ﬁlf‘lfgom 54840 USP 4, 454, 367

di scl oses a hog. ganyert g, <h:$QRWLENE wiolildOnd AvtepuivinBgsqusitoe. a
m Xt ur e of iggg%sﬁ?cg‘héggfe%’er s, tri r?ers and tetraners, froma C4 olefinic

m Xt ure conpyi.SiadsisPbY RARiAREstoditae BbRincEHeomIPoTelssmUTegiag SUCht al yst a
high silica nordenite having a Si 02/ A1203 nole ratio of 50 to 200

feedstocks are produced in oil refineries, and usually comprise isobutene, 1-
butene and 2-butene; they may also comprise butadiene.

15 A problem associated with the use of isobutene admixed with other C4
olefins is that isobutene oligomerisation conditions produce codimers of
isobutene with the other normal Cq clefins of the feedstock m addition to the
desired isobutene homo&ﬁcrs, i.e. trimethylpentenes. Selective production of
trimethylpentenes from a mixed Cg4 olefinic feedstock thus requires highly

20  selective process conditions. Catalysts used in such process must not only be
selective for dimers over higher oligomers, but they must alse {avor isobutene

homodirmensation over codimerisation of isobutene with the other normal C4

olefins of the feedstock.

Oligomerisation of isobutene from a mixture of Cq olefins over zeolite

25  catalysis has been disclosed in USP 4,454,357 and USP 5,091,590.
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5 and advant ageously forns | ow polyners of isobutene. In the exanples, a
hydr ocarbon mi xture consisting of 26.2 nole % of butane, 1.3 nol @ 194Ubf2004
i sobutene, 7.5 nole % of 1-butene and 65 nole % of 2-butene was fed into a
teactor "packed with the high silica nordenite at a tenperature of 80 C.
Under these conditions isobutene conversion rates of up to 93 percent were
achi eved 1Qowidsfvs! ow n-butene | oss. USP 5, 091, 590 di scIP@%UOé’dé)%-st age
nmet hod for MIBE (nmethyl tertiary butyl ether) preparation froma C4

f eedst ock conpr i fipgqssahHlaRRsesla BlIRI¥SOr gttt Alngdsdiitemeintd lawt he fir st
stage of the process, the C4 feedstock is treated with nethanol over solid
aci d etheri 541%&959&.%@5&%\’%‘&P@'bﬁidﬂe&ﬁméxfsi, trhers eadttboamnds, rome) Ca Thi s
produces an 1 ntermnmedi ate product containing MIBE and unreacted feedstock,

i ncl uding 10-55% U sohut ene.f.ham-thendd esb pfRegstecksand excess
met hanol . T%E%Uﬁtméur‘n&rfg%?%%gn%rgduct ig wi thdrawn fromthe first reaction

zone and f 1 agLionated 4o sEousRe MR « B0, /ofy eichgrsgar Sofo 200

i nternedi até rodu en undergoes the second stage of the process; it is

contacted wt 0 nedi I [ g,n?eq. dr GatabyStinR8k ke ges t0Chi ve a
product conf¥ ﬁlgvﬁéltﬁfg‘és,myl?%?%blg‘tggﬁe ol iggorrer and C5+ al kylglzie. éla'he

preferred catal yst for. this second . st 103 L edsframZosM 5, ZSM 11,
ZSM 50, zeoPV & HEPR ™HENE ﬁﬁnsésrcl%'g Oﬁi%ﬁ%‘?&gg fﬁgﬁlggﬁ' According to this

document, the second st age, [eAGHIQR Ah@KeSmolRkR6e2-Blitehl Wal 2BRG a2 1 JUN
2004 we havéSURBWanﬂ'rsldn%?r{egréle%?ogess condi ?i ons for renoving isobutene from

| ndustri al %ﬁc kr&fdc i EwiiBqHs haeksidabrdsnite sed eaipevarutoo! 809 Gelngkpent enes
over ot her ol’efins and hi gher oligonmers. Accordingly, the present
invention prRVi.desaReRt fe8SEnt @bnvERkioA gatas bRALtd Bhperberprode ethiewdpri si ng
trimet hyl pentene(s) which conprises contacting a C4 definic feedstock

cont ai nifig ivsabuheneusnd isesbut ene(s) with a catal yst conprising zeolite
beta wunder conditions allow ng selective dinerizati of i sobutene to

tri met hyl pent ene{USP,5,0chad@diselopeserl twarsepameties f%‘&&fggdﬁlefké’ P &ure is
below 50 'C and in that the zeolite be%]a %le underigg?qjetc qu_MELIQ@ti on prior
to use. 10 I'mtaldditn BIfPRERUOSJHRIT @rfed FFHAC AR ¢ f eed<t ock used in the

DO Y et e oy ape o the i dresd: hY'EG W6 AN Y s BByt ene-

4

with methanol over solid acid etherification catalyst particles {first reaction

15 zone]. This produces an intermediate product containing MTBE and unreacted
feedstock, including 10-55% unreacted 1sobutene from the fresh feedstock and
excess methanol. The intermediate product is withdrawn from the first reaction
zone and fractionated to recover MTBE. The remaining part of the intermediate
product then undergoes the second stage of the process; itis contacted with

20 medium pore solid acid catalyst particles to give a product containing MTBE,
isobutene oligomer and C5+ alkylate. The preferred catalyst for this second
stage is selected from ZSM-5, ZSM-11, ZSM-50, zeplite beta, MCM-22 and

mixtures thereof. According to this document, the second stage reaction takes

place at 70° to 280°C.

L



contain butadiene. Suitable C4 olefinic feeds include C4 hydrocar bgnI UN?
m xtures obtained in refining, cracking (catalytic cracking or st am} 004
cracking) and/or reformng of oils, butane- buterie fractions obtai ned by
fenovi ng but adi,ene from rod fr i forped. i e

producti on of gt?el%ﬁvgﬁlgwa;%? ‘%é‘}lﬁraﬁ rog‘f%ég%“ﬁgg%s?ﬁgﬁnggvg&?gdl&ﬂﬁ?/%rs%%gr bon

m xt ures pltaiined; byfigeiysisngrtiat a8 sabcthiedboeidiyipétitetiey besr abatGi ni ng

n- but ane and i sobutane. Tl-ie present process advantageously oligonerizes

i sobut eneoifinhift higher ohigedefsor prior separation of isobutene fromthe
feed. Another advantage of the present process IS that it is highly

sel ective for i,sobytene honooligonerizati.qn versus 4 sobut =:hutene 20
cod mer | zat | onA L EUER, S Bl AYSIab ey § BloBks R ARE SR IPH, fe

n- but enespRdes&dmprRingttitctiSgsptepets) ¥hRhQohPpiey dontdtinSu ) odeflrget i vity is
achieved with a catalyst conprising zeolite beta. For the purposes of the
present pfegésiaek consashing dsabateae agd prugsngtsd ithGroalyr FORPHHDE £eHU PEY to as

zeolite I-EJF&%%OM?IE&H &lﬁmg?é) gél%:rn{v?réign%gﬁ%bﬁ 6f %Sﬁeﬁeeﬁo%}n\éﬂ‘lgﬁeln?crng@ pores. It

is 25 avallabl'e conmerci repared synthetic y tn different
Si/ Al at othaeadi@ise@sn tHabgiregtibo tergperamptecs belom 0°G andlib Ghat Ref zrobncteets Basd 21
JUN 2004 WO 01/ 46995 PCT/ JS00134840 nmde to "Synthesis of Hi gh Silica

PJur ni nosPRYEZANE dralbymipgion P 0 WSe. jacobs and J. A. Martens (published as
volunme 33 in the series "Studies in Surface Science and Catalysis") for a

revi ey of the 18SI S. : operAd i { i W th
S ) AT on o Y R BRIy Bty (RBROA St fhe pFESH frBeiS D
met hods suehpas bydens,her dlutehs aadiot 2hhiteaaddmionalp thesalfeedstoeks may elso W

refer to "Introduction_to Zealite Science and.Practice”, H. Va Bekkum et
al., El seWré?mM}enFﬁmf‘l?ﬁ[ ﬁeﬁ’legﬁ’t‘: F‘T‘g l%ﬂu‘gee%‘l @%ﬁ?ﬁﬁ O&Plxgﬂfgﬁgbtmnc n
deal um naj&hizLe} Hel8lyfAc BRKkiak 90 st0sn sRMingN atdI6r RERERRYT of¥ikGBRane- The

Ik
zeolite beta cat e{:1cystg may”be used in the formof powders (including, 10
powder s cbwshe fraetipnaiobiaineddry remopiagtbutadiesi Agine Ce by-pradust fractigas forgsiit e bet a

tal yst i nst i . | l e,
Cabrels, EHpitiToadt PSR By uRh Gl 1 AR CIBURRESh Bty CXAIPI €
zeol i te Wobfirkd HyideBedrop@iation af hidiedarbcn mixeseaodritaihing ri-ngade amidesbutdve.

conditions enployed in the oligonerization process. The zeolite catal yst

may be present in anounts froml ) o .
The present process advantageously oligomerizes isobutene without the need for

prior separation of isobutene from the feed. Another advantage of the present process is

that it is highly selective for isobutene homooligomerization versus isobutene/n-butene
20  codimerization. Less than 10 wt %, preferably less than 5 wt% of the n-butenes present in

the feedstock are oligomerised. Such selectivity is achieved with a catalyst comprising

zeolite beta.

For the purposes of the present process, zeolite beta is in proton form, herewith
referred to as zeolite H-beta. Zeolite H-beta is a zeolite with relatively large pores. It is
25  available commercially or may be prepared synthetically in different Si/Al atomic ratios

ranging for example from 10 to 150. Reference is



15 to 99% by wei ght, based on the conmbi ned weight of the zeolite and binder
material. As binder material there may be used any suitable nateﬁLFI, ﬂﬁ{
exanpl e silica, netal oxides, or clays, such as nontnorillonite, beAQ% e
and kaolin clays, the clays optionally being calcined or nodified
chemcally prior to wuse. Further exanples of such suitable matrix

mat eri al s woolasds silica-alumna, 20 silica-berylia, siP¢@&NGtesia,

silica-thoria, silica-titania,..siljca-alumna- . magnesia,

si | i ca- al UPATHY- CHOTICE® o FPRL S (R AT PO AT S ?i’?i“lcaé?br?aaé]r?esi a-
zirconia. The process . according t he ..or esente..i.gvent i : carried out
in vari oug‘o‘tVﬁ‘%tgn%Fpurbélalg ({)Erlsswg‘ﬂ?}?gg T g‘rPe %egt“%rso%gﬁgébgggﬁ%%gf ei t her

fixed of 18 &oifRi58: £ 8ARLObAme LORHRLOGRR -G CBARL BLtaOUL 11 batch or

cont i nuous™1 8W réactors or accor ng to t talytic distillation

techni que £l 50, 62l edk RGN 53l dhhl R04selLst bl Latiaaly Conversi on of

i sobutene Trom efinic feedstock can take place under 1iquid,

vapor o ”é:.?éﬁﬂnm%ﬁ%nqtﬁ&@s ABSAMNydPEACESS (Salngek) Mal/¥r epavesnt s i sobut ene
present in the C4 olefinic feedstock into a reaction product conprising

trinet hyl peniieRes weidBr & "RpFRSat tdfedieaStice 4ndWradicepiefienabl y 60 wt %
of all oligoners forned, and trinethyl pentenes represent at |east 80 Wt %
of all di nefisaioermad.EiSttdr 1900 ot fusititdr @lstalown tdealmstihgtiqe Buehes may be

achi eved at noderate tenperatures, eg bel ow 50C. Accordingly, the present

i nvent i on dd=sonencohpaseld-beirermpy oléade ssobirathnededspt PLSAtSacting a ¢4
olefinic feedstock with a catalyst conprising zeolite beta according to the
10 process of tThe Zepkiteheforptalgsl BapPoU 8 thalPPeeirryAerd Tt o ot her
products of commercial interest btoq?ge r _sever CQ versitao&té &Ps, e.g.

fracti dhat PO hR VYLt TGN, o RYEH S !Cﬂ?t%lﬁ)'f 0 e!zc?\c/’\etﬁ %V o% tat | on or
hydrogenat | on, s%gr%eﬂ%g?édogﬁbd% Ql?g efdla%?%}ngﬁ:!tes, ?&%5&%‘& L4k, hydrati on.

The present® fVer 0 enconpasses ‘tThe products obtained by these

further tr 9)&?{&&5%1’ %ﬁ‘yen%, Ghicl KaPBS ovdlreal smbalifetit, zeali@ehiyies, epoxi des
or 15 carboxylic acids. For exanple, selective dinerization of isobutene

froma C4 ghgti RiaterfLeaatiockbdtahtally inér@ aptibothe pooditicts coplorédsintleat | east
45 wt % trimet hy_I pentenes, can be imediately followed by hydroqenati on.
Thi s gi vesolydizariroprcespolid jeolit cataiyst imsyrRy riesengisamnggnts from
15  to 99% by weight, based on the combined weight of the zeolitg and binder
material. As bindér material there may be used any suitable material, for
example silica, metal oxides, or clays, such as montmorillonite, bentonite and
kaolin clays, the clays optionally being calcined or modified chemically prior to
use. Purther examples of such suitable matrix materials include silica-alumina,
20 silica-berylia, silica-magnesia, silica-thona, silica-titania, siica-alumina-
magnesia, silica-alumina-thoria, silica-alumina-zirconia and silica-magnesia-
zirconia.
The process according 10 tine present invention may be carried out in
various types of reactors suited for heterogenous reactions, either fixed or fluid

25  bed reactors. The process may be carried out in batch or continuous flow

reactors or according to the catalvtie distilation technigque falso called reactive



wt % trinmethyl pentanes, which are useful solvents for cleaning
formul ations, coating 20 fornulations, adhesive formnulations and? { HEN§0ke.
Di nerization of isobutene fromthe C4 olefinic feedstock nay be carried out

in the presence.of. an alcopol. In such a.case,.etherification. of ]
1 ot nyl BERTRTEY FaRBs TR L aobe RO b S Rl Sieklork 5 bk Bl pmder
I sobut enejigdidevipdl lopWiket fiRed | M ting exanples illustrate the present
invention. 25 6 21 JUN 2004 Selective dinerisation of isobutene from an

industrial C4 olefinic feedstock in the presence of various zeolite Hbeta
catal ysts was Jhegresdnigsofest kdewivelfirenzetd istteitawtpa¢sgst in(tiOCnwobdiofc t he

olefinic feedstock) and .C4 olefinic feedstock.5 (havihg the follow n
Commbal L i GRS a3 praic! Pospriseednany tersoey S iere e 8 ene,
20. 2% 1 sabylepere Rablp &0 Wi 85 8f At &lr%o%h@s ffhed Jind YeimletryfreRithenRprasaitan | oaded
intoalliter reactor equi pped with a heating el enent 'and nmechani cal

stirring. BB} whit efrall dierpioayed: Sugk gelodtivitiesrigomimgshylpenienep aray beThe

m xture was .1 h%ntheaqt;e {o 40C and kg}glt aé%ct hat tenperature for 2 hours.
After realtTon® TAPFEREITGIPURE 56 8a'°dotwn ~and sanpl ed 10 under pressure.
The conposition of product m xture was then determ ned by gas

chromat ogr aphy A dc6fding!¥Sthé PrebdA 10@8HA0ASIsE BfidonBas@d he ProQudtdbIeined by i ner was
filled with a hydrogenation catalyst (0.03 g of 0.5%Pt on A) so that, by

i n-situ hyostaginest Conlefiaid feedstock ovifomenialsst cpmpaising @gelite beig ageorgmede thens
The conversion but enes/ iSO \ 1 img the GC
anal ysi s 8fo¢ %sec%&p%%m:g? 1(?1'14'><St"$1 ﬁ%&%ﬁ%&?ﬁgg%?%ﬁ?ﬁégpgy%ﬁ étrﬁg@g%éfgt ock

under t he csmiRréiaNdicrésdB$ ond beseheatlsinvetsichondsi €18, feactianstican lydreginatiame
which are inert wunder_ the reaction conditions; but ﬁne and i%obﬁt ane were
thus usedhudofornedaion follawedbyexidaynn Fhydinesnating. cBRvBAd oncthsRicQP,) yst s

tested We'égoééatt?cﬁlé o%rﬁ%h%%%@%?i%ﬁ%ﬁ@g@?ﬂfgggﬁeg%%ﬂms dyl)“tﬁni:d\by 20

t he proces ent1on ing mar a 10 " zeolite Hbeta
havi ng Si tiAdse fitrther cransfoimaton, 6.8, dkamesraierhoisakthyrsaaldehyabs, epéxides orZeol yst
Interggtion |; -HBeta 30 : zeolite H beta having SiUAl atomc ratio of 30,
obt ai ned FRONE'Z¥PSte beta in Na formthat has been calcined at 550 C
for 16 hours under air and then exchanged with

For example, selective dimerization of isobutene from a C, olefinic feedstock into a
reaction product comprising at least 45 wt % trimethylpentenes, can be immediately
followed by hydrogenation. This gives hydrocarbon compositions comprising at least 45
wt % trimethylpentanes, which are useful solvents for cleaning formulations, coating

20  formulations, adhesive formulations and the like.

Dimerization of isobutene from the C, olefinic feedstock may be carried out in the
presence of an alcohol. In such a case, etherification of trimethylpentenes takes place at the

same time as dimerization of isobutene.
The following non-limiting examples illustrate the present invention.

25



25 0.5 N aqueous NH4C1(100 ml solution for 1 g catalyst) under reflux for
12 hours, then dried and calcined at 550 C for 10 hours under 7 2 1 JUN
2004 air. The zeolite beta in Na formused in this procedure was ﬁﬂeﬁ@ﬂ&ﬂ
synthetically according to the procedure disclosed in EP 187522; -H-Beta
30 st.* : H-Beta descri bed above which has been steaned at 650C for 16
hours; -HBeta 30 st. reg. * : HBeta 30 st. described above, which has

been regener at egjeafi{Edintigattih of IsdidenP rodlsh £BL&HAAL] ferfk fexadfeck 8f thé 0
hours under air; -HBeta 30 nitric * : HBeta 30 descri bed above, which has

been tr eapedensietoll vaitudNesliwridibeta catdyistexwdsatudiedasuolows.i | t ered and washed
until washing liquids were acid free, then dried at 75C under vacuum

ight; -H Beta 50 : | B ' i/ ' td f. 50
overn e " el 50 U zbe S el IR R em et o gl S0
havi ng; Si Q‘%‘vir%tztgg‘ftﬁkfv@h g%rglgos}r@&l, COPEREA iR bhhY, 299 1sahltane, 1999 n-Bitdnd hand e;

-HBeta 1 olite having Si/A atomic ratio of 150 comercial ly
avai | abl e1fbutmeS2dl 2%Cisehirene, £5. S%-Betse-hBonesand 13.1% iisg-butengovere ieadsd ed

above whi ch has. been steaned ,at. .650C for, 16 hours; .- H Beta .1 nitric *
Cr Bota 150U GBS ORPAIA U § A RGP L L ST AN TRBET oy b
reflux fotyag phasirired Mitl £b&slup a1 0B elhelfixtdre Was fieRGebted td 46°Cratdekepe atd
free, then dried at 75C under vacuum over ni (f:]ht. 20 The Tabl e gi ves the

resul ts oBwhtemperatireforadhuist Aftprosactinngthetreasior was copled dgpmend sppledpans
isobgqnei}nde—rn A geans n- butene; -C8 represents the wt% of diners forned;
25 - 2 repré)sen‘fus'the wt% of trinmers forned; -C 16 represents the wt % of
tetraners formed; 8 21 JUN 2004 '

The composition of product mixture was then determined by gas chromatography
(GC), using hydrogen as carrier gas. The injector liner was filled with a hydrogenation
catalyst (0.03 g of 0.5% Pt on Al) so that, by in-situ hydrogenation, all the components
were identified as paraffins. The conversion of butenes/isobutene was determined by
15  comparing the GC analysis of the product mixture with the GC analysis of the feedstock
under the same conditions. The feedstock contains butane and isobutane which are inert
under the reaction conditions; butane and isobutane were thus used as internal standards

for calculating conversion.

The catalysts tested were as set out below, those that were dealuminated for use in

20  the process of the invention being marked *.

-H-Beta 10 : zeolite H-beta having Si/Al atomic ratio of 10.5, commercially available from

Zeolyst International;

“H-Beta 30 : zeolite H-beta having Si/Al atomic ratio of 30, obtained from a zeolite beta in
Na form that has been calcined at 550 ° C for 16 hours under air and then exchanged with
25 0.5 N aqueous NH,Cl (100 ml solution for 1 g catalyst) under reflux for 12 hours, then

dried and calcined at 550 © C for 10 hours under



-NC8 represents the wt % of diners obtained in the formof octenes (octane
after hydrogenation); -MC7 represents the wt % of di ners obtai ned i1n INDES0L
form of nethyl heptenes (nethyl heptanes after hydrogenation); 5 EN[%J
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(di net hyl heptanes after rogenation); sen Wt % of di ners
obt ai ned ihe roedhwrdinchised miifeidvplhent enes  (trinethyl pentanes after
hydr ogenation); -2, 2, 4-TMP represents the portion in w% of TMC5 in the

formof 2, 2, 4- 1Q trinjethy]pentane (after hydrogenation).; - 3, 4-TWP
represent il Jorteidh Bleh ‘W‘%/&bfﬁg %W*é%‘tlﬁﬁ B Sfeﬁ"‘%ﬁét ‘%gcg)r {%fg‘f 1@‘0“?} 4-
trirnethyl pentane (after hydrogenation); and * indicates a process
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5  drying and calcinating at 550°C for 10 hours under air;

-H-Beta 30 nitric * : H-Beta 30 described above, which has been treated with 6N HNO; under
reflux for 2 hours, filtered and washed until washing liquids were acid free, then dried at 75°C

under vacuum overnight;

-H-Beta 50 : zeolite H-Beta having Si/Al atomic ratio of 50 commercially available from Siid
10  Chemie;

-H-Beta 100 : zeolite H-Beta having Si/Al atomic ratio of 100 commercially available from
Siid Chemie;

-H-Beta 150 : zeolite H-beta having Si/Al atomic ratio of 150 commercially available from Std

Chemie;

15 -H-Beta 150 st. * : H-Beta 150 mentioned above which has been steamed at 650°C for 16

hours;

-H-Beta 150 nitric * : H-Beta 150 mentioned above which has been treated with 6N HNO;
under reflux for 2 hours, filtered and washed until washing liquids were acid free, then dried at

75°C under vacuum overnight.

20 The Table gives the results obtained with each of these zeolites.
In the Table,
-iC4= means isobutene;
-nC4= means n-butene;
-C8 represents the wt% of dimers formed;
25  -C12 represents the wt% of trimers formed;

-C16 represents the wt% of tetramers formed;
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-NCR represents the wt% of dimers obtained in the form of octenes (octane after

hydrogenation);

-MC7 represents the wt% of dimers obtained in the form of methylheptenes

(methylheptanes after hydrogenation),

5  -DMC6 represents the wi% of dimers obtained in the form of dimethythexenes
(dimethylheptanes after hydrogenation);

-TMCS5 represents the wt% of dimers obtained in the form of trimethylpentenes

(trimethylpentanes after hydrogenation);

-2, 2, 4-TMP represents the portion in wt% of TMCS5 in the form of 2, 2, 4-
10  trimethylpentane (after hydrogenation);

-2, 3, 4-TMP represents the portion in wt% of TMCS5 obtained in the form of 2, 3, 4-

trimethylpentane (after hydrogenation); and

* indicates a process according to the invention.

15

20
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1. A process for maeking a reaction product conprising trinethyl pentene(s)
whi ch conprises contacting a C4 olefinic feedstock containing i S?bft &Nr;ﬁ]g
and n-butene(s) with a catalyst conprising zeolite beta under corfd tJ 4
.all ow ng selective dinerization of isobutene to trinethylpentene(s),
characterized in that the reaction tenperature is bel ow 50C and in that
the zeolite beta has undergone dealum nation prior to use. 2. A process
according to.claiml, wherein less than 10 wt % of the n-butene(s) present
in the C4&BIBFinic feedstock are oli goneri zed. 3. A process according to
claims 1 or 2, characterized in that deal um nation of zeolite beta is
performed by, steam d/ or . 4 to
any of cl aF‘rf% PROSEY %9 T%% & rlegacoamrp??‘he ﬁﬁ{fﬁﬁ%ﬁ%ﬁﬂéﬁp%‘[&% sﬁt%f lﬁglggigbp%o
reactor. Sconfadding@ESSolafigio feide@ck %iﬁmﬂlr@fls(ﬂju&inﬁ’ﬁndl nthmté;,c(s\)\ﬁwmhfa dagalgarri ed
out according to the catalytic distillation technigue, 6 process

accor di ng sunpRyIHTeitabeta under gonditigpialloving seleniive SuneiaTher gf ’rS@b‘I“&%eeWt at
| east H [ t
east 80 HaghAbobhe BF ORRLS8TATEL 4R 7Chckibh TBARHRRNL ERBS SI9CTRE BN inal

clains 1 tme&,eolmeiemhnsiuﬁdérgbmadimam:rmesasﬁ, at least 60 w %of all
products formed, and trinethyl pentenes represent at |east 80 % of all
dimers formed. 8. A process accordl ng to any of c

char act er i et PWFeﬁfh@cCOTd@ng oralyey Lovrn s thap 9oy %I?&H?BedhbmﬁWF)(ﬁéﬁgf on,
hydr of or ”Wh@td Neft Ak 'f%’éﬁ%ﬂfe%@@%% or hydr ogenation, carbonylation,
ati

etherificati on epoxi on or ation.

3. A process according to claims 1 or 2, characterized in that dealumination of zeolite beta is

performed by steaming and/or chemical treatment.

4. A process according to any of claims 1 to 3, which is carried out in a batch or continuous

flow reactor.

5. A process according to any of claims 1 to 4, which is carried out according to the catalytic

distillation techmque.

6. A process according to any of claims 1 to 5, wherein isobutene dimmers represent at least
45 wt % of all products formed, and trimethylpentenes represent at least 80 wt % of all

dimmers formed.

7. A process according to any of claims 1 to 6, wherein isobutene dimers represent at least 60
wt % of all products formed, and trimethylpentenes represent at least 80 % of all dimers

formed.

8. A process according to any of claims 1 to 7, characterized in that it further comprises
fractionation, hydrogenation, hydroformylation followed by oxidation or hydrogenation,

carbonylation, etherification, epoxidation or hydration.
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