3 0 JUN 2005 Method for Producing H ghly Reactive Pol yi sobut enes The
present invention relates to a process for the preparation of 5 hi g@lﬁw
reactive polyi sobutenes. The highly reactive polyi sobutenes di scuss 05
t hose which have a high content of, preferably, nore than 60 nol % of
termnal vinylidene groups. Hi ghly reactive polisobutenes are desirable 10
i nt er medi A4@80¢ for Proghuc blyi Raactive Belsfisebuterssf or | ubricants and fuels.
Such highly reactive polyi sobutenes are obtainable, for exanple, by the
process of EP 0 628 575, by cationic polynerization of 15 isobutene in the
liquid phase wwth the aid of boron trifluoride and a secondary al cohol at

fromO to -80C, The prigicfalant AppLLcatio 09 d 80 hpe DE 180 o2
031.3, DE 19 585.6 and DE 100 35 298.77 relate to 20

hl%}:LSZ 030 5{7 DED}O.O §8t

i mpr ovenent s BHYadTART A58 oUR T EMSSH fBRTs of such a process. After reaching
the desired nol ecul ar weight, the polynerization catalyst is deactivated
and t he pol ¥imeriizatlyoneast stoppedisnbthéses ndmrenssefPabe 628 257 hiek ommends
for this puiposg ReRssEAS bhp A% fe@abli PMmslisahamgeci 6D A JEedidRinsuch as

water, an al60h0lsencdGeLARL Mg ya Q'f:fvé)rpl%%s%ﬂﬁggf@%Sé}léﬂ(je%'lrggl@.

m ner al Se su S an_al kal’ tal .or ; .ne_ear tal. hydroxi de
sol uti onPgrl%tesrﬂef? F%ﬁsogmé tléﬁa‘:"r BoTat &= O%Je THEER het Eustfnﬁ%g%ral? e
prepar ati onf¥¥ i ghl y reactive pol yi sobutenes, it is critical that the

pol ynmeri zation catalyst is deactivated as rapidly and quantitatively as
possi bl e afd¢werh tHiehdesieeadt ivlmaytacbuned g ias cheehnseBehethr iefappTer to
prevent i SOIBITZ8kbeRsECREIEONS ¢@hVENY, ROl Y S9RUE ENEo TPACU 8S JdnNowhi ch 35
the doubje DON.A3aUTES, A LIGIIRAYAANLCAl L (I €:6aYOT Z0LE, RATLLLRL N the
i nterior of e nol ecul e. organic-c ?I n-1érninating agenlfs, such "as
acetonitril& r?d.seﬁf’é‘gﬁﬁ:}’s?l‘%%?el Ehet R ahtt&ye ®RGt they are miscible with
the 40 organic reaction phase and cantherefore be readily and uniformy

di stri but edThen rgdiod phaset HovewertiohheyE hifie 4ch@4di Sadvam &2 CRat3t heir
affinity topt epdBE3 pebesyl e ilmoceppREalé valy dmowoanss 19ey; tkeretote | ead
only 10 g6 adudlovedledl¥Sbr ISR 4RELAY - embdlfthert? B50sdUN 2003 c25. 1 hey can

al so act as phase nediators, they conplicate the subsequent extraction with

water for repoval of the catal yst .
After reachgng the Aégared molecular weight, the polymerization

catalyst is deactivated and the polymerization is stopped in this
manner. EP 0 628 575 recommends for this purpose passing the

25 reaction discharge into a medium, such as water, an alcchel,
acetonitrile, ammonia or an agueous solution of a mineral base,
such as an alkali metal or alkaline earth metal hydroxide
solution or a solution of a carbonate of one of these metals.

30 For the preparation of highly reactive polyiscbutenes, it is
critical that the polymerization catalyst is deactivated as
rapidly and quantitatively as possible after the desired
molecular weight has been reached, in order to prevent
isomerization reacticns giving polyisobutene molecules in which

35 the double bond assumes a thermodynamically more favorable
position in the interior of the molecule.

Organic chain-terminating agents, such as acetcnitrile and
alcohols, have the advantage that they are miscible with the

40 organic reaction phase and can therefore be readily and uniformly
distributed in said phase. However, they have the disadvantage
that their affinity to the BF3 molecule is comparatively low and
they therefore lead only to gradual. catalyst deactivation. Since
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deactivation products. 5 Aqueous chain-term nating agents, in particular
water itself, have the advantage that the catal yst deactivation and renova
of the catal yst deactivation or hydrolysis products by extraction ﬁg &%ﬁi
pl ace sinultaneously. The di sadvantage however is that the aqueous % g
immscible with the organic reaction phase 10 and the catal yst deactivation
can take pl ace onIy at the phase boundary. In continuous regions of the

or gani ¢ r eagton. phase,, a&beayogrfgg%r LZALLD gea&tﬁgoeoﬁgflééeé' pgont i nue or

undesired isoherization ace a ni.c reaction phase

has been br UgRELIHt e&Sﬁf“éE’fo%"‘f% Waﬁaﬁe Us EHEA tg n?}?%ﬁaﬁﬁ Y15 agent.
JP- A 71967282@fst1H<ee ara%%%%s for removing a Lewis acid catal yst, used
for carrying out a cationic polynerization, from the organic reaction
phase, inswaggdoddeHgacteoni PSR =gedOs] rﬂﬁtp%&t%ﬁmamﬁero&tééﬂﬂj fied
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not di SCUSSBQun&LS: %%@%&ﬁ?&fé iReS o PELCERS oE%nM@H%a&Qu% gnkiguid 30
pol yrer | zat | 1d:93 00 50 U EMIENERNL A TS Bk blle "D UMey i-68 gral yst

éﬁﬂm? eacll va

resi dues an e mxX ure i s washed
with water Brigafi Ea%n‘ba]%?q@éﬁﬁ§ a%ﬁ%"sethé’r é’rf—‘fﬁﬁﬁc tHeggphase

Oxygen- cont B A W%@rﬁ?@ﬂhﬁsln%(ﬂ?n&?ﬂﬂé@h@l% aq4eelr berdAn t6APSBABER AN/ or
al kyl ene 16xedest. are 35 nentioned as preferred catal yst deactivators,
met hanol being nost preferred. It is an object of the present i nvention to

provide a p[—@c§8$1§60;r24 meep&@&araayr@,eeeé PLONNoLeRET E Ve Ql WigabuUt enes
whi ch permt a%ls a?% subst ant i al y, quat ntl t.at| ye cat.al yst degctl vation
0 E ;\3@
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that this OEPEC‘PI‘??%HP@QEHW aR:bt?’cf’redl ng Yo ethehei nGantiTh PAPeaifr ocess for
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.3 a) isobut epeymerpringaenizedorgeurtilve ppres enck aof agueonpl ghasef containing

the dissolved catalyst is effected. The water or acidified water

is preferably preheated in order to promote the removal of the

catalyst. The amount of water or acidified water is at least 5,

25 preferably at least 20, in particular at least 40, % by volume,
based on the reaction phase. The preparation of highly reactive
polyisobutenes is not discussed.

UsS 4,940,833 describes a process for working up a liquid

30 polymerization reaction mixture which contains olefin monomer,
catalyst residues and catalyst deactivation products,; in which
the mixture is washed with water and the organic and agueous
phase are then separated. Oxygen-containing compounds, such as
alcohols, dicarbomnyl compounds and/or alkylene oxides, are

35 mentioned as preferred catzlyst deactivators, methanol being most
preferred.

It is an object of the present invention to provide a process for
the preparation of highly reactive polyisobutenés which permits

40 rapid and substantially guantitative catalyst deactivation and
simple extraction of the catalyst deactivation products.

We have found that this object is achieved, according to the:
invention, by a process for the preparation of highly reactive
45 polyisobutenes, in which



boron trifluoride and at | east one cocatalyst in a liquid organic phase at
a reaction tenperature of from-60 to -4C, 5 b) the organic phase which is
substantially at the reaction tenperature is brought into intimte gﬁ@hﬁ%%
with a first portion of water whose tenperature is at |east 80C, b
preferably at |east 90C, above the reaction tenperature, wth formation of
an enul sion which contains finely dispgrsed 10 water droplets in the organic

phase, c) aageCQQ&ls el 90 ?{n AlzelaS 1 gdded 1,0 Lhe.epul $i0n, Weth, formtion
of a continubus %gre oni Ean or gani clghage and a cint{nuoﬁs, L

predomi nant |y agtedlus phales 1 4n oS o) LEARE Fiamce apRA%EE i Y Segdfiitd from
t he aqueous phaSEdenIth@NpPesehtd iHRrEHEPBNtEPHRIEdoRTt FECT i-8di 8§ tH4&, for
the substantially quantitative extraction of the boron trifluoride 20

cocat al yst gpnpLeX Hgaefict PRasydiglonsks ohwekais siher eof tfd a@atheon or gani ¢

reaction phase, (Lje E0UB! ; 0, ARUSAUS nPHASE: AN NALALALL AS| QWed, K ni mum

anount, based on the organic rqu? 1 on Epg%e.

.. _however, or gani c
reaction phase BWdt*p 8%Dﬁﬁ?e5fw Neij FAESE Wi 8?‘1\/\?‘8??%5%0%6!5 to the
requi red m ni muPFSIRAELYoRTI 5625 G188t edPAfaf PENE S2BFEOHGHFRE ST YD cont act ,
it is found thavitiheforphases dtven ampdasoulertalihe coendéns yf inelyhdsepersed

separati @o W t hwdhe d-epmetsoim afhed 0egBhiOUMESEQr gani ¢ phase and a

conti nuous aqueous phase. This situation makes it nore difficult to

di sperse the, agqueous phase.finely in the o i.c reaction phase,,which 30
di spersing & naecseescsoé,lrdyp%?l%%h‘#e}/é'i NG APi %é&%éﬁ?t itfe‘ﬁt W/‘éﬂfaﬁ?&‘ Yahlf or m

catal yst deact i ¥2H6roN Afafh ANERICIE PERIQPISRI L HeOr g0 PhESEeaRd idvat i on
using a smal | ercempumoust Paedeminantwasacfernd phiage, comdact of the aqueous
phase w th the reaction phase, which has a tenperature below the freezing

poi nt of \Naaser_,u@@_rbz%%n&esgh&sé N Rephekh ABd | B nkCgeEMS] Fhaswhich lead to
bl ockage of pipelines and/or valves and do not permt satisfactory catal yst

deacti vation. The novel process .avoi ds_all of the problens %gscri bed above.
In 40 part%&%lpérr’s,s‘?infz PRV SPng2ERACThe néégﬁfﬁ%l@ﬁ%o Fi%%ion
reactions o¥eRFtameRILReTtBHCEAEAVBhESE 3¢ IpnoaghtPe MY CokEaElucijden t he
first pokPiorcafalwaterompbze drewgethe urpincvati sl pagdu@B0Cheabofelzdre the
reaction tegpgdmilcduireacdboiPrfeiabliie iheirsimiobgtbeud igisisecandy SEEOFG1L
portions of ,dBalerla kdnikhRBmodr? ,180sed bPaie eubahid NAUREA ohopRlse Yoy
}"’Ie'r gtht’ basgd,Qfr,t B WEL UH: OlrebbEs OF AN G RAASEn JRSuEIgNL tatdL of the
phase which corresponds to the reguired minimum amount or is
25 greater than this are brought into contact, it is found that the
phases have a considerable tendency to phase separation with the
formation of a continuous organic phase and a continuous aqueous
phase. This situation makes it more difficult to disperse the
agueous phase finely in the organic reaction phase, which
30 dispersing is necessary for achieving rapid, quantitative and
uniform catalyst deactivation. In an attempt to carry out the
catalyst deactivation using a smaller amount of water, it was
found that contact of the aguecus phase with the reaction phase,
which has a temperature below the freezing point of water, can
35 result in the formation of ice crystals which lead to blockage of
pipelines and/or valves and do not permit satisfactory catalyst
deactivation.

The novel process avoids all of the problems described above. In

40 particular, it is surprising that no undesirable iscomerization
reactions occur when the reaction phase is brought into contact
with the first portion of water whose temperature is at least 80¢C
above the reaction temperature.

45 rreferably, the sum of the first and second portions of water is
from 5 to 100, in particular from 20 to 90, % by weight, based on
the weight of the organic phase. The weight ratio of the first



3 0 JUN 2005 4 portion to the second portion is preferably from1:10 to
10:1, in particular from1:5 to 5:1, particularly preferably from 1: ﬁs@ﬁ
1:1.5. 5 Preferably, the enul sion obtained by bringing the organic pﬁ 2005
into contact with the first portion of water has a m xing tenperature of
from+5 to +50C, in particul ar from+1to +45C. The first and/or second

portions of gl er, can agnggwﬁug 5alved; 40 rseuib%%ﬁ%ﬂ&egm%%oa% m pey al

bases, car ajt es,
amoni a or é’@ffaécu]sacfcﬁrag‘ h?/d?‘?)csfﬂqu Péraﬁ?ﬂlarétycprgFﬁE%b hdwETet :

further advantla@e is generally associated therewith, the first and second
portions of water preferably contain no significant anmounts of dissolved 15

subst ances; pfapeWaiBf, @hel EMEILs Vi @btla&n@&uEﬁmanghﬂgg@m@r@Ag,ambowﬁ,
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f t le faor th
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from 500 to 5 000 and is particul arIy suitable for the preparatlon of

pol yi sobut efés hiawsth@gnad/nunbecomV grageons| et warerwebaghtofaify diss¢1 88D to 5
000. The pok)petiddadid, 0Buth && eRimdraQf bhhes Navel. RLAEESSmdsel her elviBine
preferably egris %15% h'ryaréiéféﬂeé dNal(:aFcBBﬁat@é %%béhigbb'} eél%d@' g6 65 havi ng

a wei ght aver ullar .wej r 0 ta| ned At
the time of% ggcmh st 9nt constlé\lcfe wg?‘ﬁe‘ﬁr f“o Prt ad% Q %r, the

or gani ¢ pha§§n?§ajsjt}b§t5%ﬁﬁ§??‘§r Hhensd theathd o256 F@ﬂ'p%?%ﬂri?r é’ortl%ns itis
not signifi ¥anet ypIrfered L Ef eentanclo ﬁggnlf@%@slarneénﬁ%wééh@ﬁﬂved
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portion of waiever Therfinkshl posd veReef ivabedrdrs oAl eirae apk Yoadgded thyssreans of
a 35 nozzl e ;iAt 0s & Ry @%&wsn% %P%e%thlﬁ n% %”E?oﬁe@% qQ_phase is

passed. The outlet orifice of the nozzle i1s arranged in the

direction of flow of the organic phase The forrratlon of the enmulsion is

assi sted if TPRe"LGeDFOPERSENES Dtijdhile phases wrereTabitdPiof the addition
of the fiA0sPoppisdlrreagsohavibnera awbeyr dvdeate fiodgwcuMenstaiadtf of freererating
turbul ent fbowso & eddltnensd 19 wepelichlnarikisduechhle the aid .prEperbtist gorti on

of water typbealiéypiiased hedpesal uh@vet (vOMR0 04605 wehiempebat tras of

more than 1G06oHecessiohgl erkeen NoneN8a ol e in YWALE" a7 BE BSRULR VBRI Ch 1S

hi gher than aggéggnléjt %%g%ore preferably carried out in such a way that

25 polyiscbutene molecules having a weight average molecular weight
of from 1 800 to 5 000 are obtained.

2t the time of being brought into contact with the first portion
of water, the organic phase is substantially at the reaction

30 temperature, l.e. it is not significantly heated after reaching
the desired degree of polymerization before the catalyst is
deactivated by adding the first portion of water.

The first portion of water is preferably added by means of a

35 nozzle into a pipeline through which the organic reaction phase
is passed. The outlet orifice of the nozzle is preferably
arranged in the direction of flow of the organic phase. The-
formation of the emulsion is assisted if the stream of the
organic phase in the region of the addition of the first portion

40 of water has turbulent flow. Measures for generating turbulent
flows are known to a person skilled in the art. The first portion
of water typically has a temperature of from 80 to 160°C.
Temperatures of more than 100°C necessitate keeping the water
under a pressure which is higher than ambient pressure.

45



45 3 0 JUN 20D5 5 The addition of the second portion of water can |ikew se

advant ageously be effected via a nozzle into the streamof the enuls
obtai ned by bringing the organic phase into contact with the first %@B‘Q}I’ i
of water. The nozzle for adding the second 5 portion of water is then
arranged a di stance downstream of the gnozzle via which the first portion of
water is a %d. dA.fuilgaObij.(-;G espagwg boettween %he né)rzzcl es .can réaeadily be '
det erm ned 3/ & Sé §0h K19 8§°PR t]?'l_ér art B ‘i’lr%%ns o &il%%‘fje experiments.
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10 phase.  Asmdsighesbiained dychrihaing tthemer gpaic qfhdseoringot eortta@B0withn
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separat ed. shiicdnigsi2laeXpedilentbyetine iof ah80fi@E0Niadle, oE0Bhé MRSy
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the nixture of the 0{ ani ¢ phasé and agueous pﬁa%e sépar at es Under. -t he
action of gt &PePesd Equﬁﬂt ﬂ‘?et?‘ﬁomf)‘?fégg’s PARES 25N SSERECE N EUht i udaESF or m
and subst ardrdliep Of et ftor Ehgnadplikisds ofathe asrRgandoperdvhon oif ¥eterhe

ot her. Wer®as senogeénesr=tdiomo ofr ebtensygticallly ati®s ena@unptes g evven from
separati g af frot Beeammi N anount of the aqueous phase, the organic 30 phase
often al so contains di spersed water droplets which do not coal esce

spont aneous] . | et e..phase .separation on_the basis _ of he density
AT eronce Heseri PaE. 0ot Beo CR Ml BPrtidn o i Bre PAS o gy of

econoni cal &5l PB1S§ RES PAEFCHARIASS GRN SR RBIRCDHASE f SCHAMG0ZETHI 6.
In order tdfaressverehionicfpahsetivgpithsssl end ofpatatesquBbis phase which are
still prasentpedfibetly hbbnandinn aahouitorafait, heoatreatis yhapesatas dieee

separ at ed ofdparkBeon OFARIC +PRAEGH Gl BB Sdidd Hiazpersed yatwsr sdpepl ets
s _advant aggaushy: PRSP INE0UED: AL ARRRLELHSHAIE 1008l geance- promDti ng
i nternals, an t he coal e %ed %guggusmphase 4h | S separ %t ggs r}g)anget he organic
phase. The GAFEscERE &V T35t | 9 ¢ organic phase and agueous p

, separates under the action of gravity so that the two phases are

25 present in continuous form and substantially free of foreign

phases, as lavers one on top'of the other.

Whereas in general no problems at all are encountered when
separating off the main amount of the agueous phase, the organic
30 phase often alsoc contains dispersed water droplets which do not
coalesce spontaneously. Complete phase separation on the basis of
the density difference requires a very long residence time, with
‘the result that economical removal of the final amounts of
agueous phase is not possible. In order to remove the dispersed
35 droplets of the aqueous phase which are still present after the
main amount of the aqueous phases has been separated off, the
organic phase containing still dispersed water droplets is
- advantageously passed through an apparatus having
coalescence~promoting internals, and the coalesced agueous phase
40 is separated from the organic phase. The coalescence-promoting
internals are as a rule packings, coalescence surfaces or
fine-pored internals.

The internals having coalescence surfaces are generally plate

45 packets having corrugated or inclined surfaces on which dispersed
‘droplets accummulate and initially form a film. If this film
encloses the individual plate and is sufficiently thick, large



internals are as a rul e packings, coal escence surfaces or fine-pored
The internals having coal escence surfaces are generally Sﬁ@tﬁ ﬁ@5
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coalescence-promoting internals. The third portion of water is,
for example, from 0.5 to 10, in particular from 2 to 7, % by
weight, based on the organic phase. The temperature of the third
portion is not critical and is usually from 20 to 60°C.

The polymerization of isobutene can be carried out continucusly
or batchwise but is preferably effected continuously. Processes
for continuous polymerization in the presence of a complex of

boron triflueoride and at least one cocatalyst in a liguid organic

phase are known per se. In a continuous process, a part of the
reaction mixture formed in the polymerization reactor is

discharged continuously. An amount of starting materials, in this

case isobutene or isobutene-containing feed, which correspond to
the discharge is fed continuously to the polymerization reactor.
The ratio of the amount of substances present in the '
polymerization reactor to the amount which is discharged is
determined by the circulation/feed ratio which, in the case of
the continuous polymerization of isobutene to polyiscobutene, is
as a rule from 1 000:1 to 1:1, preferably from 500:1 to 5:1, in
particular from 50:1 to 200:1. The average residence time of the

isobutene to be polymerized in the polymerization reactor may be-

from five seconds to several hours. Residence times of from 1 %o
30, in particular from 2 to 20, minutes are particularly
preferred.
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The ratio of the anount of substances present in the polynerization reactor
to the anobunt which is discharged is determned by the circulation/feed
ratio which, in the case of 40 the continuous pol ynerization of |sobygg0§zm9
polylsobutene is as arule from1 000:1 to 1:1, preferably from500:1 to
5:1, in particular from50:1 to 200: 1. The average residence tinme of the
isobutene to be polynerized in the polynerization.-reactor may be fromfive

seconds to%%vgggtmg@fgasclogegkdgﬂ%e dﬂﬁec%n flgr(p %?Bioj)ﬁ ié E]é n particul ar

from2 to are partic erre 7The
bol ymor | et eBl LPTe! EsaCERe TRl PEATEnt ortes . EBNOLTR [iErarors:

reactors, sWEE-B8ndi¢ rTeAFYeErt fRY, LeUbUISAFtPERCt VI repgbeIHuntl% reactors
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Tubul ar f%%%ﬁh x}ﬂﬂ; %%\8; EL O35 st stx‘{‘!ph? da88iot Put i RIeNg

segnents are pa nt ageous. e polynerization is carneg out at
a grgeactl on St@ﬁﬁ& 5t‘?ﬁeep ti58 Ha)%a-cg'@ntt(_—i‘g-e % %/n particular from-25 to
-5C. The heat of polynerization is renoved appropriately with the aid of a .
cool ing apper ablgnedinst ivay ibecapeieat @it boraexsamlieon weibetatguied odrmoni a
as a cool@mtronAneb hes poeSi bhlpidy fanaremdyh N d ke heat. ofhe PRRYNMBEI zat | on
i's evapor a?o‘i?*m@E@Lé@:ﬂm e eenbbeq G- dolbgeal dulésf ifiel ERRVEH Dk opaityal

evaporatio ctlon xture exa ne_an

ot her readi¥yvBIat! | ﬁt%peléﬁtet ngo rf (‘-ﬁ"éﬁho ) aﬁ"g'ﬁﬂf‘?y
vol atil e didSuénfoclarlot ﬁé‘PﬁﬁPchﬁ%ﬁ%l?J&ﬁétYaif@rp’f%?@rlélﬂl Fhenptdyed, i.e. the
t enper at ur ecdfmehdzetpi dsoryanvratreacidoohippaskieden tthe RGapolimeseitzdti on
react or 1ms sarenoséarty \talrteaandvaparddsnodk yehs |l de@htitiyn hixairel Eprduri ng
the operatignmghet b2 #122GERbutdhe &:Qm&mortﬁéf Ofveéﬁmtyh%ong@pyé% oRehbe

iaiud eagtd 00cPhass, i 35ea Bl £ T 900s £yt 01l 0 gl pLabl ¥ FFom 0.5 1o
mier ol §ﬁe“'§8?ﬂa% SO ﬁ%”ﬁi@@?fpr}#”& =P Lo TRHE Contafni HF G- hyar ocar bon

materi al s
streans, fOrTEREAPFES rf ithedlienid rerErdhsreTAL M oheEEiD h’éh%lehydr ogenat i on
of i soblRGnrelandrC4at B cwestbromsteamnstatkerslwyw aRGCcheagkeranlff | ui d
cat al ysed anaelibg) ,ipraviaded haind ey baeeabben substantaeddy. freed from
1, 3- but adi ene contai ned therein. Suitable C4-hydrocarbon streans

The concentration of the isobutene in the ligiud reaction phase

is as a rule from 0.2 to 50, preferably from 0.5 to 20, % by

25 weight, based on the liguid organic phase.

Suitable starting materials are both isobutene itself and
isobutene-containing Cy-hydrocarbon streams, for example refined
Cy fractions, C; cuts from the dehydrogenaticon of iscobutane and C4

30 cuts from steam crackers or FCC crackers (fluid catalysed
cracking), provided that they have been substantially freed from
1,3-butadiene contained therein. Suitable Cy-hyvdrocarbon streams
contain, as a rule, less than 500 ppm, preferably less than
200 ppm, of butadiene. The presence of l-butene and cis- and

35 trans-Z2-butene is substantially uncritical. The isobutene
concentration in the C;-hydrocarbon streams is typically from 40
to 60% by weight. When C,; cuts are used as starting material, the
hydrocarbons other than isobutene play the role of an inert
diluent, as explained below. The iscobutene-containing feed may

40 contain small amounts of contaminants, such as water, carboxylic
acids or mineral acids, without there being any critical
decreases in yield or selectivity. It is expedient to avoid an
enrichment of these impurities by removing such pollutants from
the iscbutene-containing feed, for example by adsorption onto

45 solid adsorbents, such as active carbon, molecular sieves or ion
exchangers.
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are those s ents or gly m xt ur es ar e ég he reagents
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but ane, penfaRRlCIRTIEARENE 19F HepChter eRebRange 2n6. @1"%11?%3(;9%*5 Esooct ane or
cycl opent anebovérmggenatedi hairtscarions , wisiah naseratdyls glergirdésrly.

di chl or onet paageed.r Bebbos aireiyhare, vasd, Nihd @iesents the paevesasnt i oned

di | uent s ; sarPAGs W Rh iRpheXaNS | Subar ki ol ! Y carBbeF £1d edicBeborpiddhey are
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carboxyllc aci ds’ or sorption‘onto solid
adsor bent s, 2SHEH £87° 88“’\‘}%19&&&@5 SIEEPR W &Pnsieéglégn%err ‘'on ‘exchangers.

Boron trifluoride is expediently used in the formof gaseous 20 boron
trifluorideporén beiidfguposée bie cxpedsent behrsedalingtbdef dyor @f gheeddaiori de
still conbabsidg SELhoap@INtis eleisyl boss HiexitdevaddeSirficahuyrhdghlordgaur e
boron trifluptide, Naw 8818 WY nQhg a&@éatl a%%ué%bafwmtr kS oR{& %@pl y

used, 25 SuLlobls cormial s dhecatca e 0 sbeeon giio] Comode

oxygen- cont 3?n1r’hd’ycéi’ﬁ}38%d%5 |3Fe§&5iaf°i¥5 ?%j'wat er are or ganl C corrpounds of
up to 30 carbon atons. Exanples of these are
25 Suitable cocatalysts are as a rule oxygen-containing compounds

which preferably contain at least one divalent oxvgen atom.
Suitable oxygen-containing compounds in addition to water are
organic compounds of up to 30 carbon atoms. Examples of these are
C1-Cip-alkanols, C:;-Cap-cycloalkanols, C3-Cig-diols,

30 C;~Cop-carboxylic acids, C,-C;s;-carboxylic anhydrides and-
Cy-Cop-dialkyl ethers. Preferred among these are monohydric
alkanols of 1 to 20, in particular 1 to 4, carbon atoms, which,
if required, can be used together with the C;-Csp-dialkyl ethers.
Particularly preferred cocatalysts are monochydric secondary

35 C3-Cap-alkancls. Examples are isopropancl, 2-butancl,
sec-pentanol, sec-hexanol, sec-heptanol, sec-octanol and the
like. 2-Butanol and in particular isopropancl are particularly
preferably used.

40 The molar ratio of boron trifluoride to cocatalyst is preferably

from 1:1 to 1:10, in particular from 1:1.1 to 1:5, particularly
preferably from 1:1.2 to 1:2.5.

45



Cl- C30- al kanol s, C1-C33-cycl oal kanols, C2-C10-diols, 30 Cil-C20-carboxylic
aci ds, C4-Cl2-carboxylic anhydrides and C2-C20-di al kyl ethers. Pr effﬁ 5[?7‘9
anong these are nonohydric alkanols of 1 to 20, in particular 1 to<4 2005
carbon atonms, which, if required, can be used together with the

Cl- C20-di al kyl ethers. Particularly pgeferred cocatal ysts are nonohydric
secondary 35 C3-C20-al kanol s | es, are i r opano ut anol ,

sec- pent anotig’he SECCRBRANOISD é’éScEﬁggP‘é%ex dc ! 8EP%n1blfl rtl & 259 ke,

2- But anol aCFRFaitﬁlfééFt%%Lﬂ% neSGpPBEpahaAs dr &upar freml Grlly toplefdrabl y used.
40 The nol grartacudanf Lok dh 02r ithl 607 ) derittdcadeal gl yrstfarsbpyefesmll. .3 tpom
1:1 to 1:10p.5,nspapt iy, e@@ulod. dnd ailjula BAEAKLAIEMsY. preferably from
1:1.2 to 4:2. 5. 453 0 JUN 2005 9 The concentration of the conpl ex of boron
trlfluorlde octal n the reactor i,s as a from0.01 to 1, in
par ti oul ar Yok S0BoRt s debaeer el T pesiarbran| 4T FERPOS SRS 0%, o6 by
wei ght, basEdrsénPeRelP? fifi Fedeganf caffrbe as SepgrEped hdodEspr edIaiEgr ee of
pol yneri zatplarsehabibkeis redchedrialif iatstthportaoniof twaperaktsradded, aas
descri bed, dd&rdnleporgadi G Mase Wi eherd ScselBstanthaldmiiat oh hentLaeti.on
tenperatyye, and a second porti on of water is then added to the enul sion

obt ai ned. The. i sobut ene ner_contains, as a rule, re than 60, in
particul ar :#beréspﬁgﬁe%% poﬁﬁmp %Pn{'@r’?ﬁ m&° & h i‘i? g{l’%‘ﬁ s80

di sper si ty MAFHTULET ppedfe Aty Sﬁotm%re qfh&ﬁrTlBal i ALYAACRRe| %ﬁ?oum%ot Ther e
than 1.6. I1&i<Feesiory kiwghupsobrefmraplyanot pérasaHameddsf riompsreiaglaous

phase, forndiS@oati enawfitdhe desired pol yi sobutene, is carried out in a
conventi gnal manner. The pol yi sobutene is freed, as a rule by distillation,

from unconv ats% §8§‘k§ﬁ?”o% th%ef:»&clgghig%]}as%”?ré&( %Oom %%%“55”&0195' '[p‘%g”grs and

i s obtaine | & uct of a

distillatioffcord l%e Id§§l‘é‘ﬁ éPBPF‘% efasrrﬁlaé?@\ﬂl% £8 Bow
i | | ust rat e YHFENtAQBAL iTARNEZS Eiaarm%%lsobutene is freed, as a rule by
distillation, from unconverted isobutene, inert diluent and any

20 isobutene oligomers and is obtained as a distillation residue,
for example as & bottom product of a distillation column.

The examples and comparative examples which follow illustrate the
invention.

25
Examples

For the preparation of a polyisobutehe, +he procedure according
to EP-A 628 575, example 1, was followed: The
30 isobutene-containing feed used corresponded to the following

compesition:
Isobutane < 1% by weight
n-Butane < 1% by weight
35 1-Butene < 1% by weight
trans-2-butene < 1% by weight
cis-2~butene < 1% by weight
Iscbutene ahout 45% by weight
Hexane about 54% by weight
40 Buteadiene < 50 ppm
Water about 2 ppm

In the course of one hour, 6 000 g of the above feed was fed to
the suction side of a loop reactor which was equipped with an

45 integrated circulation pump whose tube diameter was 30 mm and
whose volume was 1 000 ml. 1.6 times the molar amount, based on
the boron trichloride (7.1 mmcl/l), of isopropanol was added. The



For the preparation of a polyisobutene, the procedure according to EP-A 628
575, exanple 1, was followed: The 30 isobutene-containing feed used
corresponded to the following conposition: |sobutane < 1% by wei ght3 A 7005
n- But ane < 1% by weight 35 1-Butene < 1% by wei ght trans-2-butene < Q& w
wei ght cis-2-butene < 1% by wei ght |sobutene about 45% by wei ght Hexane
about 54% by wei ght 40 Butadi ene < 50 pgm vvater about 2 ppmIn the course

of one hour 6 000 0 e abov e vas fed.to the suction.side
| oop react of “ihi &h “Wa W%S COOE th%gﬁ PR EGF at 2 d rr(‘:ﬁ’ufcgthrdnmEA)lr“?f)“

whose tube HPaneter- mﬁgeﬁv‘?ﬁﬁ%ﬁeﬁh%%c%éﬂlﬁﬁeoﬁagh% TR AP MG d¥s t he
mol ar anpunthe begra-ognvwas he. hariomtesi.chl oride (7.1 mmol /1), of i sopropanol
was added. The 3 0 JUN 2005 in reactor was cooled so that the tenperature

in the r e%%h@f‘ee[@é@xumthlé’a:?eaéﬂl%n Eﬁgcﬁéﬁ%@%sr e3k-denes.dd,"eieh {he Jieaction

medi umin e react.or u ereaft he 'rea tlon |scharge
was first mxed nozqzt 't e d?O %%8 tlflorou i |ﬁ§%us % ﬁ oroughly wth

X g per houFaBgr 3faf@rc ?mécfé?uén(?rt’ﬂ%t b‘?%@gﬁ@mﬁ"ér%ﬂfréﬁ“rﬁ’ér A{Gr fORVAERGAN
average tehpepetanugeobit hiee respsttiion dischmrapefwaeernintane efoE°BFasas t hen
reached i n thenreachednidi sodafgeiwaheti sahdyedwatbermpbaite 20td42 drars by

continuoyy agdidi.en ef cant thidey 2RERYAL, Off & FuReher NAMLRS WAL ey @ 60C. In
a conti nuoug 500 wa;%@gsg Sg, ation vessel, the aqueous phase Wwas then

separ at ed from t he ‘organi ¢ phase and a t hi rd portion of 15 water anounting
to Z g per hour and having a tenperature of 40C was added continuously to

the |atter, Inneecqydintchy pehmsl phage sepatatiocThwertkt urtde hdseobt dhese was
passed contwasotisdry sebroaged af rd20 th@0ondawiar tphizdgeafid |4 ethiaddpartimt kdr 500

n phaseiseparat iHduntesgeto i rg \WoirC o el 2816 g 08 Jadtife fARaseScyeI (P conce
agai n SeD%Qgeﬁddéﬁf fc%tm?% rodge f {14! s%chhggiiﬂ‘%y pRasg senaration

25 descri bed e organic was corrpTete

The mixture thus obtained was passed continuously through a

20 100 ml cartridge filter and a further 500 ml phase separation
vessel, in which aguecus and organic phases were once again
separated.

After the cartridge filter and the final phase separation
25 described, the organic phase was completely clear.

Analyses of the reaction discharge treated in this manner were
carried out for assessing the separation of fluorine from the
reaction discharge.

30 )
Farthermore, those analytical data of the pelyiscbutene cbtained
after removal of the volatile components by distillation which
are relevant for assessing the product quality were determined
and are listed below in the form of a table.

35
Table
Ex. A B X Y Z F Mn D vin
oC oC g/h g/’h g/h pPPm ' %
0| 1 2 32 700 | 1700 | ©0 | 38 | 2236 |1.766] 86.2
2 1 35 700 | 1500 0 37 | 2229 |1.763| 86.5
3 6 38 | 800 | 1900 0 34 | 2270 |1.756] 85.9
2 2 32 700 | 1700 | 50 | 26 | 2287 |1.759] 86.3
5 4 32 700 | 1700 | 100 21 | 2281 |1.773]| 86.9
06 [ & | 32 | 700 | 1700 | 150 | 17 | 2278 [1.698 | 87.1




Anal yses of the reaction discharge treated in this manner were carried out
for assessing the separation of fluorine fromthe reaction di schargg Jﬁ%
Furthernore, those analytical data of the polyi sobutene obtained Q 2005
removal of the volatile conponents by distillation which are relevant for
assessi ng the product quality were detﬁm ned and are |isted belowin the
formof at 35 Tahle Ex.. A B XY ZE M D Vi~ f‘nlh nlh nlh nr*ml
4 32-700 1 6@“@ -38 2234 1.76% 86. 2 40 2 4} 35 70D 1900{ 0 37 0229 1 763 86 5
3 6 38 800 [19%0 d 34 2470 1.456 85.9 4 4 B2 700/ 1700 B0 26 12287 1. 759 §6. 3
5 4 32 700*1700 100421 12281 1.7643189. 9 045 b 40 32| 7R0E)1[7Q03150 .BA12278. 21.|1698
87.1 3 0 J EX T (44 PO —07 07,32t ARTE 4 8
-17 32 0 26002) 4559118%1 400 %o 'JLQGQOE{P ¢ 3%\ h 40 4) 5 e0% 5.3})?3 her e
10 A = Tenqer & urle o t|he3% edc? PN dil98RAY je/Yat br mi xture |after Jthe first
addition of water B = Tenperature of the reaction discharge/water m xture
after the second addition of water X = Anmount of first addition of water

15 Y = Anpuf#®Xt second addition of water Z = Amount of third addi tion of
water M = Nunber average nol ecul ar weight D = Dispersity Vin. = Vinylidene
content 20 A)= 26&fbeg/zhuet vatere atea?28Con 201806 gg//hadér walanrat 54C 3) 700

g/h of water atabQ the 1900: Hdk:Qf oWaberyAle65C
B Temperature of the reaction discharge/water mixture after the
second addition of water

¥ = Amcunt of first addition of water

15 Y Amount of second addition-of water
P 2Amount of third addition of water
Mn = Number average molecular weight
D = Dispersity
Vin. = Vvinylidene content

20 1) 2600 g/h of water at 23°C
2} 2600 g/h of water at 54°C

It

fl

3) 700 g/h of water at 50°C

4) 1900 g/h of water at 65°C

3) The pipe between the first and second water metering became
25 blocked with ice in the course of 4 hours. The plant could

not be further operated at these feed rates and temperatures.
6) Substantial turbidity detectable in the organic phase.

30

35

40

45



5) The pipe between the first and second water netering became 25 bl ocked
with ice in the course of 4 hours. The plant could not be further ?ger%ﬁﬁ%h
at these feed rates and tenperatures. 6) Substantial turbidity dete a{)
the organic phase. 30 35 40 45 3 0 JUN 2005 12 we claim 1. A process
for the preparation of highly reactivk2 5 polyisobutenes, in which a)

i sobutene is polynerized in the presence of a conplex of boron trifluoride
and at |eagt ongfocatalyst in a liquid organic phase at a reaction
tenmperature of from-60 to 10 -4C, b) the organic phase which is
substantially at the reaction tenperature is brought into intimte contact
with a firdt PRIIGTSofOhatlts BATESE2EEMHATatHIBIY st F8st 800C above 15
the reachi on tpojickswbycenesi tin fdvight i on of an enul sion which contains
finely dispersed water droplets in the organic phase, c) a second portion
of water is added {Qien8MikSHONMMiBea2fn FOdTRIQBNOL & GORLIBUOHSE
predom nantly or gani corpr%ggglugrn{jdea Santinyous, pr edog‘l Qa%glty ;aqueous hase,
and d) the organic p%as_e i STSEparate romt the a(‘1;3u88u'§l % ge ! 35U
process as cl ai med®iHPECaPHREe 3t WFCRRTLPR WiRedPtERR ©F ifom aRf %R cond
portiondOof water t#Chrom5 to 100% by weight, based on the wei ght of the
organi ¢ phase, and the weight ratio of the first portion to the second
portion is frem 1¢HO drgah®c lphadd FhibhPioCaTE A5 tehal oLk ivheCkabdmbOr 2,
' n which the emul sige,Quhabned iodiinghDg £19.35030b6: AAARELHNL O SN act
with the first portian of water ‘“ﬁ" a mxing tenperature o rom+>5 to
+50C. 35 4. A procd¥ie8 8f aV e iMio&fy ToTP% PedBdihg %5 #E7C i3PWRi ch

t he cocdPal yst usetl§ Fe3°seeBNERIBPIAIEER0| Y HTh ForgabporRhan emp biken

which contains finely dispersed water droplets in the
organic phase,

c) a second portion of water is added to the emulsion with
20 formation of a continuous, predominantly organic phase
and a continuous, predominantly agueous phase, and

d) the organic phase is separated from the agueous phase.

25 2. A process as claimed in claim 1, in which the sum of the
first and second portions of water is from 5 to 100% by
waight, based on the weight of the organic phase, and the
welght ratio of the first porticen to the second portion is
from 1:10 to 10:1.

30

3. A process as claimed in claim 1 or 2, in which the emulsion
obtained by bringing the organic phase into contact with the
first portion of water has a mixing temperature of from +5 to
+500°C.

35

4. A process as claimed in any of the preceding claims, in which
the cocatalyst used is a secondary alcochol of 3 to 20 carbon
atoms.

40 5. A process as claimed in any of the preceding claims, in which
polymerization is effected in step a) until polyisobutene
molecules having a number average molecular weight of from
1 800 to 5 000 are obtained.

45 6. A process as claimed in any of the preceding claims, in
which, in order to separate the organic phase from the
aqueous phase, first the main amount of the agqueous phase is



40 5. A process as clainmed in any of the preceding clainms, in which

polyneri zation is effected in step a) until polyi sobutene nolecul ez hﬂjﬁi @[g
a nunber average nol ecul ar weight of from1 800 to 5 000 are obtain (9 52 .
A process as clained in any of the preceding clains, in which, in order to
'separate the organic phase fromthe Xjueous phase, first the main anmount of

the aqueous phasgies,3tle JbMN2(05 phide r &MAGKIingheL 01 DatiispeRBag 8y L ai ni ng
still disperseg -yater ;dropl étiﬁgggﬁsﬁg agggasaﬂa@ﬂ%ar atus havi ng
e

I - t I h '
separated front THEPBERTE: PEES ary=tnity S08. Ehg SoTosred PRICTS m 6, in

whi ch the or gaPfRS§HHESESPRFHRS from the FREa®18nBBAES of the aqueous phase is
m xed wiBh a third portion of water before the passage through the
appar at us havi agpreeekesaenErie@nhi Alainter Aal #hidk the ArRkAceSshaze cl ai med
inclaim?7, ingvbiLh-bReckdiga PARbhep onth\é’afagﬁebés FommBe0i2 hoxdP%ilRW
wei ght, based a(.)ntl';[lr}: Broxg‘g:lr.]tlar(l: ofpg\?%%gi‘ t:!'eSforzeoth% paggageSSChr%%gh4§he

apparatus having coalescence-promoting internals.

10
8. A process as claimed in claim 7, in which the third portion
of water is from 0.5 to 10% by weight, based on the organic

phase.
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