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described, for example, in DE-A 27 02 604. For the preparation of
these additives, polyisobutene / maleic anhydride adducts, in
particular polyisobutenylsuccinic anhydrides, are first produced
by reacting the terminal double bonds of the polyisobutene with
30 maleic anhydride and are then reacted with specific amines to
give the final additive. The proportion of terminal vinylidene
groups in the molecule is one of the most important quality
criteria for this polyisobutene type since, in the adduct -
formation with maleic anhydride, mainly the terminal vinylidene
35 groups react whilst, depending on their position in the
macromolecule, the double bonds present further toward the
interior of the macromolecules do not react or react to a
substantially smaller extent, without the addition of suitable
activators.
a0
The generation of the terminal vinylidene groups and the
isomerization of the terminal double bonds in the isobutene
macromolecules to give internal double bonds are described, for
example, in the article by Puskas et al., J. Polymer Sci.: _
45 Symposium No. 56, 191 (1976) or EP-A 628 575. The protonations,
deprotonations and rearrangement reactions taking place there are
equilibrium reactions in which the formation of more highly
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processes for the preparation of highly reactive polyisobutenes
from isobutene which have number average molecular weights and

25 dispersities which meet said requirements and for which boron
trifluoride is used as a catalyst.

Boron trifluoride is used predominantly in the form of donor
complexes, in particular with water, alcohols, phenols,

30 carboxylic acids, carboxylic anhydrides, hydrogen fluoride,
ethers or mixtures of these compounds. Boron trifluoride, as such
or in the form of said complexes, is a catalyst which is '
extremely effective even at low temperatures (cf. for example -
DE-A 27 02 604, EP-A 145 235 or EP-A 322 241).

35
If it is therefore intended to stop the boron
trifluoride-catalyzed polymerization of isobutene after a defined
conversion and/or a defined selectivity with respect to the
macromolecular products has been reached, the boron trifluoride

40 must as a rule be rapidly and completely deactivated. This
deactivation may consist in decomposing the boron trifluoride,
for example in hydrolyzing it with sodium hydroxide solution, or
in complexing it with stronger donors in order to remove it from
the reaction.

45
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discharge usually has to be carried out with heated water in
25 order to be sufficiently rapid and complete and to avoid the
formation of ice in the discharge. In these generally short
heating-up phases, however, undesirable by-products may form,
i.e. the overall selectivity of the reaction decreases.
Particularly for industrial processes, however, this procedure
30 also means that some of the energy consumed for reaching the low
reaction temperature is lost. With the use of water, a larger or -
smaller amount o0f corrosive hydrofluoric acid is also virtually
always formed, necessitating the use of high-quality and hence -
usually expensive materials, in particular special steels for the
35 construction of the downstream parts of the plant.

The deactivation of the boron trifluoride with the aprotic
acetonitrile (cf. for example EP-A 145 235) takes place rapidly.
However, the toxic acetonitrile is generally used in excess and

40 is readily water-soluble, so that large amounts of problematic
waste water result during working-up.

WO-A 99/31151 discloses that boron trifluoride can be separated
from the reaction mixture of the isobutene polymerization in the
45 form of an isopropanol complex, and the boron trifluoride can be
made available again for the reaction in this way. In order for
this separation to take place, not more than 2% by weight of
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25 a) methanol, ethanol or a mixture of methanol and ethanol is
added to the discharge from the polymerization reactor at
from -60 to 0°C in an amount such that a boron
trifluoride-rich alcohol phase separates out,

30 b) the alcohol phase according to (a) is separated off and

c) the -boron trifluoride of the alcohol phase according to (b)
is, if desired, recycled to the process in a suitable manner.

35 The use of methanol is particularly advantageous when carrying
out the novel process.

The alcohols methanol, ethanol and their mixtures with one
another which are used according to the invention for

40 deactivating and recovering boron trifluoride, are referred to
herein as alkanols for short.

Here, terminal vinylidene groups or terminal double bonds are
understood as meaning those double bonds whose position in the
45 polyisobutene macromolecule is described by the formula I
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alternatively the catalyst is produced in situ by passing gaseous
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25 the boron trifluoride. The catalytically active system comprising
boron trifluoride and the complexing agent, which is formed by
one of said routes, is referred to below as catalyst system.

Suitable complexing agents for the boron trifluoride in the

30 reaction of isobutene to give highly reactive polyisobutenes are _
alcohols,  preferably secondary alcohols, with for example 1 to 4
carbon atoms and in particular, independently of one another, '
isopropanol and sec-butanol (cf. EP-A 628 575). A dialkyl ether
(cf. US-A 5,408,018) and in particular a dialkyl ether which has

35 at least one tertiary alkyl group or at least one secondary alkyl
group can also be added as a further complexing agent to these.
catalyst systems. Such catalyst systems are disclosed in WO-A
99/64482, which is hereby wholly incorporated by reference with
respect to the catalyst complexes.

40
In general, the same molar amount, preferably from 2.5 to 1.05,
in particular from 2 to 1.25, times the molar amount, based on
boron trifluoride used, of such alcohols and/or ethers as
complexing agents is present. '

45
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n-butane, n-pentane, n-hexane, isooctane or cyclohexane,
halogenated hydrocarbons, such as methylene chloride, chloroform

25 and other halohydrocarbon compounds having suitable melting
points and boiling points. If isobutene-containing hydrocarbon
steams are used as the isobutene feedstock, the hydrocarbons
contained therein which are inert under the reaction conditions
perform the function of the solvent.

30 - )

The isobutene feedstock may contain small amounts of impurities,

such as water, acetaldehyde, acetone, acetonitrile, carboxflic .

acids or mineral acids, without there being critical decreases ‘in

the yield or selectivity as a result in the polymerization.

35 However it is expedient to avoid an accumulation of these
impurities in the reactor by removing them from the isobutene
feedstock beforehand, for example by means of adsorption onto
solid adsorbents, such as active carbon, molecular sieyes or ion
exchangers.

40
The polymerization of the isobutene can be carried out batchwise,
semibatchwise or continuously. Reactors known per se, such as
tubular reactors, tube-bundle reactors or stirred kettles, can be
employed for this purpose. The preparation process is preferably

45 carried out in a loop reactor, i.e. a tubular reactor or
tube-bundle reactor with continuous circulation of the reaction
material, it being possible as a rule for the volume ratio of
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lower temperatures by means of the catalyst system to give highly

25 reactive polyisobutene, preferably temperatures of from 0 to
-60°C, in particular from 0 to -30°C, particularly preferably from
-5 to -25°C, are employed.

Advantageously, the polymerization reaction is operated under

30 isothermal conditions and, in the case of a continuous reaction,
with establishment of a constant, steady-state isobutene
concentration of the reaction medium. The steady-state isobutene
concentration can in principle be chosen as desired. Expediently,
an isobutene concentration of, as a rule, from 0.2 to 50,

35 preferably from 0.2 to 10, % by weight, based on the total
polymerization mixture, is established.

In general, the polymerization is carried out under atmospheric

pressure or pressure slightly higher than atmospheric pressure.
40 The use of superatmospheric pressure, in particular the

autogenous pressure of the reaction system, may be advantageous

from process engineering points of view with regard to the

operation of the circulation pumps and downstream process stages

but is generally not necessarily required for the result of the
45 polymerization.
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i ncr easi ngbyagrigit cantert yohiuiconsobed errobutaver 81 difee gkachibere t han 99% For
t hese reamarsurd.he i sobutene conversion is as. a rule from20 to 99. 5%
preferably from90 to 99% If it is intended to obtain polyisobutenes

havi ng hlgg @%&éﬁis%%§§8§’ffgﬁathe reactor (referred to below as discharge
25 for short), the major part of the boron trifluoride used is as a

rule present in free form or as a complex with the originally
added complexing agent. However, it is not possible to rule out
the possibility that a reaction of the boron trifluoride with
other components of the reaction mixture has taken place, for

30 example, with the use of isopropanol as a complexing agent, to
give a borane. Owing to the usually small extent of such
secondary reactions, however, they will not be considered further
here, especially since the boranes formed with protic compounds
are highly soluble in the organic phase and are very

35 substantially destroyed in the aqueous washing of the
polyisobutene. Rather, for the sake of simplicity and as a good
approximation to the actual circumstances, it is to be assumed
that all the boron trifluoride used is still intact as such at
the time of the deactivation according to the invention.

40
The deactivation and recovery of the boron trifluoride can in
principle be carried out batchwise, semibatchwise or
continuously. Preferably, the deactivation and removal are
carried out at from -30 to 0°C, in particular from -25 to -5°C. If

45 the polymerization of the isobutene with boron trifluoride is
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t he

For the purpose of deactivating the boron trifluoride, the

alkanols are introduced into the discharge and vigorously mixed

-with it, or they are initially taken and the discharge is added
30 to them with.vigorous mixing. '

The resultihg boron trifluoride complex is.as a rule poorly’
soluble in the reaction medium and, at the temperature of the
deactivation, usually forms a second phase which can be separated

35 off in a simple manner and whose boron trifluoride content is in
general greater than 10, preferably 20, especially 25, % by
weight. Such a separation surprisingly also occurs at high
residual contents of isobutene in the discharge of, in
particular, more than 2% by weight, for example, in the

40 preparation of polyisobutenes having an M, of from 1000 to 5000
Dalton.

In a further embodiment of the novel process, water can be added
to the discharge for deactivating the boron trifluoride, in
45 addition to the alkanol. The amount of water is up to 70,

preferably up to 60, in particular from 5 to 50, % by weight,
based on the alkanols, and, if required, mixtures thereof with



econom ¢ reasons, as far as possible only a small excess of the alkanols is
used, but the greater the excess thereof or the better the nixing fheifolf®
rapidly and conpletely the 20 deactivation generally takes place. Since a
rapid and conpl ete deactivation of tH® boron trifluoride is an i nport ant

precondi t i QN vkaks NSt ARG At thdarate@dust n60MRRId bRl eachedhg the

pol ymeri 2aliafoh 0 A 193k Okedp 11a0GRE EBAN0ES,: URR! BBEOA! I (aR¥, de end of
t he wor ki ng-up, the use o Tar er,_ excess o a ggno s. may. be advi sabl e.
For the pURpGDE BISGIEGE 98R) AL The ol BRCVTS f1Mltr CHES RS - dPRanol s are

i nt r oduced®¥afPdet e RfGhatge 2RRE AXGORBEST yEGH XEFOVRELRD ithe poliey are
initially arslkcgn antkhs eadhedhartanpegagddedab3C ttdret empewdtvrel gorwhuischri Xi ng.
The resul tihegwhesenid rdhkl moktaee camldetreszas misukempesitdure isohsii e in the
reaction nediugpand. qo-at, the tenperature of the deactivation, usually forns
a second phase I ch can be separated 35 off in a sinple manner and whose
boron trifluoride content is in eneral greater than 10, preferably 20,
especi al | ¥™28, fugHier \REPgRLEMeRyc (F1ka88harBY i AT eTuPpri 399RA FogrtBehdcur s at

hi gh rEithealisomegst.s of i sobutene in the discharge of, in particular,
nore than 2% by wei ght, for exanple, in the 40 preparation of polyi sobutenes
having an J¥,.0f+ f£amMHA08 ERsPA0Q aphal LA cdrbiatbunt ek eifeodi-gent, af, t he
novel "ProGass sMOLEL LAR DG, Aol s LRol Ber il Sh30AR, QL dBactiyaling the
boron trifi uoride, 1n A5 adarti on fhe’a anol . € anount Q? ft'er is up
to 70, prdfEredl ¥etipeto280, PYSESTaPtY ciFari S MoressSt 8T s by1ies ght, based
on the H KaWobgen afhldioriifier ey fazdn PRt beren ttrdfdvprive Hns thAYPTEHSicel)

sol vents. d#,efier pdattyicutlhe, wadtesr,i Stnoby dokletbaesthakyats eavdildeangl kanol s have
first beercakhevest ttheaebaoPiddenikenes witH Inserdalsiwvhide adesab@r ge. and:

af ter the JXLULE: LNIS,ARLEINM uoshaE, SYAIRE dIYsHPaN%ithad heal exchanger
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boron tri fdeupeirgeurd@thexadpie, the reaction temperature is also possible;
during the temperature increase or reduction required for this
25 purpose, however, the reaction product may change in an
undesirable manner as described above.

After the total amounts of the discharge, of the alkanol or, if
required, of an alkanol/water mixture have been combined, the

30 mixture obtained is usually kept thoroughly mixed for a further
10 seconds to 20 minutes using suitable apparatuses, for example
with conventional mechanical stirrers and, in particular, By '
means of turbulent flow.

35 The formation of in particular two phases, one of which contains
the main amount of the deactivated boron trifluoride (boron
trifluoride / alkanol phase) and the other contains the main
amount of the polyisobutene (organic phase), is particularly
advantageous for the further working-up of the mixture thus

40 obtained.

Such a phase separation can as a rule be substantially further
improved in specific situations, for example at very high
residual contents of isobutene in the discharge, if water is

45 added to the discharge. The specific amount of water to be added
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25 viscosity reduction of the reactor content by the alkanol occurs.
Moreover, the fact that methanol and ethanol may replace the
alcohol which is part of the catalyst system should be taken into
account. Corresponding concentration operations and, if desired,
purification operations are as a rule therefore first preferably
30 carried out on the boron trifluoride / alkanol phase before it is;‘
recycled to the process.

The concentration of the boron trifluoride in the phase separated

off according to the invention can be effected in various ways.
35 Thus, organic components, for example excess alkanols, can be

distilled off by means of simple distillation from the boron

trifluoride-containing phase separated off according to the

invention. At first the boron trifluoride remains there in the

bottom and, for example when the alkanol used is methanol, can be
40 concentrated to more than 50% by weight.

Alternatively, the boron trifluoride / alkanol complex can be
isolated, for example by freezing. BF3 - 2 MeOH has, for example,
a freezing point of -20°C.

45
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organi c _auponenss ok LheoerigiAablyaused 0gtahypionmex oand any 5

excess waigl ars fempyed by neans, of dlsld 1Lation, or, sheam sliipping. In

Wel ght can
be achi®&ds ‘ﬁe{‘PPe’larle§FBHB CHHA5EF ot S 1PI° 8%?%‘1?9%& &rep ?Fé"s‘é'
obt ai ned irg#lasutite yrorminall §5OUR €RAT PRI FAR becoRpEa §Yahlél s 1t0her mal |y
conpar at i Vel yhss aldye, The ahdwit icf ablesetedeass ihothe tmaaagéonnuittuars por t
t hereof . Gasepu§endr@nomrbmiid u isdeo pfpresAer abiLght poni i Iy teaBobddierief ore be
liberatedp, fbeoByidr ifRoft ¥6M¥o SJoHR, CpPRNMHsNBRNL RETESAR1L Qe BgREIFORKSKI | | ed
25 reaction mixture). If such an ether can also form in the reaction
mixture, it is expedient to consider its initial concentration in
the reaction zone, which can be derived in practice from its
added amount, and its concentration in the discharge.

30 with the use. of methanol as the alkanol in the context of the
present invention, MTBE may form under specific conditions in the
reaction mixture, on termination or at elevated temperatures in
the heat exchanger. Investigations carried out have shown that -
the amount of MTBE formed in the preparation process for the

35 polyisobutene is closely correlated with a molar methanol:boron
trifluoride ratio under otherwise virtually comparable reaction
conditions. Thus, at a molar ratio of from 0.3:1 to 20:1, and in
particular from 15:1 to 1:1, MTBE formation takes place
simultaneously with the deactivation of the catalyst complex, it

40 being observed that the amount of MTBE formed per unit time
decreases with increasing amount of ethanol.

We have also found that the formation of the MTBE in a reaction
mixture in which in general tert-butyl cations and methanol form
45 as intermediates and/or are present can also be controlled by the
choice of the solvent, of the reaction temperature, of the
residence time of the reaction mixture and the reaction zone and



inthe art, for exanple with the aid of oleum 15 we have furthernore foun%
that the presence of nmethyl tert-butyl ether (abbreviated to MIBE ﬂ)élW\X/)m
or, with the use of ethanol, also the presence of ethyl tert-butyl ether in
the reaction Mxture of the boron tr}3|uo-ride-catal yzed preparation of

pol yi sobutgnesel ea6isteReaBohd@iMRd opeLREEL Vit sWink Ank ESRACH hOrdth t he

term nal gofk‘l‘iﬁeﬁhfﬁacteefaercéxgem%oc'i%ke.%gby%c?%%dﬁwpgg Qolfs%héher“' e, _the
term nal gr{oup character gan be | rode g up to"10% 1n this V\%‘K} The
amount of THFEEETEYHAS At HEOH i HABH XY ¥ TeCROPAL R AR F TS0 to
5000, preftd€aBPPPPFigHhoB0°f ot BOEaGtAON PR Xt WIR -aPEf Ebfn PRPAesuZe0dnd mfm ( based
on t he tottdle wppgtatusest hee@5 raacuore mindanr ehe tbndirciprsnoét hiee can al so

formin theiyeaeliadionNbxbtéss fidr iisoBupesk ent to consider its initial
concentration in the reaction zone, which can be derived in practice from

its added anount, and,i.ts cong ration in th L.scharge.. 30 with the
use- of rre%’fgﬁBP.%%e t"‘??ékéf’ﬁa%%lof% ehglﬁé‘l{h“i‘r ’ g’frg‘f:h%r ep‘%é’ eg?rF'h?)fer]‘ﬁ' i on,
MIBE may foSPRFuhdieredpEeFYF et oitithPofes 114 RECUREAER i 1P FFRFEFS, 1O

t er m nalQ grnoeraknairepareset eipeexanpés togethies Webh e lvamgéyst

| nvest i gatdoppseg adr itede@hér havteth shows téddeatlleecanpodntd offBReformed in the
prepar at ! %aeie%@sfﬁit%e_t ?fi&meybgem@ﬁhera@dcb@ﬁ aly &g&g@iﬁﬁﬂlw th a
nol ar ne . bo r i O; r se virtually conparable
reaction @%%ﬁdﬁgi%%%u#h%é,&%tﬂo %F%r‘g}%l??cgleoggwgr%b. 3:1to 20:1, and in
particular from15:1 to 1:1, MIBE formation takes place sinultaneously wth
t he deak® iBvampemrs off tthe Baral yoceshpl Bhe dasirgd pelyiFodysensedcathde t he
anount of pveBErédrivediigker unidldsi med Wich dasperw {yliniemeasongemnount  of

et hanol . \Whahaye @drSentoundl tdidcelsBesf &f natisorypé.the MIBE in a reaction

m xture in.which in general tert-butyl cations and nethanol form 45 as

i nternedi at es._and/.or ,ar.e present n 0 he.conirolled th chai ce of
he sl verceaste e paateFYaT fie, 613, Bridh SReERIbERe 55 BopPRaGH® 1O

reacti P ROHEUPR SR WREIYRRAT SRT6neCHhdosSMAYE NORRY PRYoP1EREr 5580t ene
concentr atfiodf iherhe NPHPLE PRAAREIUTRat CRIFREIOHN 0L sRIFMePAL St RECHTS CPAN
routinel y tand mizah lextestabl i sh the respective desired anmount of MIBE by
correspondi ng adaptation of the conposition of the reaction m xture, of the
procedur e g3ag,06s 5 the apparatuses used - of course under the conditions of
the p merization process for isobutene. During the working up of the

dISChargeThgﬂE%%ég} %EQ¥LgéG¥§iQ%%H¥¥ weights (M) of the polymers prepared

according to the examples were determined by means of gel
permeation chromatography, polyisobutenes having defined known
values M, being used for the calibration. The chromatograms

30 obtained were used to calculate M, according to the eguation

35 ’ Mi

where C; is the concentration of an individual polymer species i
in the polymer mixture obtained and M;j is the molecular weight of
this individual polymer species 1i.

40 |
The dispersity D was calculated from the ratio of weight average
molecular weight (My) to number average molecular weight [lacuna]
according to the equation

45



ether is then recycled in the desired amount to the process in a 10 nanner
known per se, for exanple together with the catalyst conplex or togeghay 7005
wi th those reuseabl e conponents of the reaction m xture which have been
separated off by distillation, such3s isobutene, or together with the
solvent. 15 By neans of the noMeI process, the desired polyi sobutenes can be
prepared in higher yieldspand with, hi gher vinylidene contents than by
conventi onal processes of thisMt{ype. Because the hydrolysis of the boron
trifluoride to hydrofluoric 20 acid and derivatives of boric acid does not
play any significant role in the novel procedure, corrosion of plant parts
occurs Onitpe weightmameragxtrertecuranpeéesht 26 Taeuimsrbdoravkiagmnpoksecul ar

wei ghts (Map ebtdihedpelymetite pegpatefly daoMadbggahd wivh exanpi@Somene

det er m ned by,f®ans of gel perneation chromatography, polyisobutenes having
defined knowmn values M being used for the calibration. The chromatograns

. 30 obtained were used to calculate M according to the equation WM G G

21- 35 ML where G is the concentyatjygn of an individual polyner species

in the 19l ymer m xture obtain¥d &an is.the nolecular weight of this

i ndi vi dual pol ymer species i. 40 The dispersity D was cal cul ated~fromthe
rati o of weight average nolecular weight (M) to nunber average nDIecuIar

wei ght [l ﬁgn&lnte%q‘.cg%di: noalt Q?ngg#% %réﬁp Ydezt ﬁllﬂ&% VM/V Qhe -

bt 1 o Breret pet e krecs r?%?%“%tfgﬁ W eaurr e T Ly S hur g ?mrﬁso i

10 M\ 25 the solvent and tetramethylsilane as the standard.
Example lzﬂPreparation of highly reactive polyisobutene
For the preparation of a polyisobutene, the procedure according

20 to EP-A 628 575, Example 1, was followed: the isobutene feedstock
used was a Cg-cut having the following composition:

isobutane 4.0% by weight
n-butane 9.2% by weight

25 l-butene 29.0% by weight
trans-2-butene 7.7% by weight
cis-2-butene 4.5% by weight
isobutene 45.4% by weight
butadiene <50 ppm

30 water . about 2 ppm

In the course of one hour, 6000 g of the above Cs-cut were fed to
the suction side of a loop reactor which was equipped with' an
integrated circulation pump and whose internal tube diameter was

35 4 mm and whose volume was 1000 ml. 1.6 times the molar amount of
2-butanol, based on the boron trifluoride, were added. The
reactor was cooled so that the temperature in the reaction medium
was -17°C. The average residence time of the reaction medium of
the reactor was 6.6 minutes. Samples of the reactor content were

40 taken via a sampling. apparatus which was located 2 cm before the
feed for the starting materials.

Examples 2 to 8: Continuous deactivation and removal of the boron

trifluoride
45



7- G The content of term nal vinylidene groups was determned with the aid
of 13C-NWR spectroscopy, deuterated chloroformbeing used as 15 th S\ I‘Mﬁl@t
and tetramet hyl silane as the standard. Exanple 1. Preparation of hi gﬁ @ )
reactive polyi sobutene For the prepargjion of a polyisobutene, the procedure
according 20 to EP-A 628 575, Exanple 1, was followed: the isobutene

f eedst ock MegBere ek sa l@ﬁéﬁﬂﬁé’*ﬁh‘?@ ﬂﬁeanﬂqF(ﬂ)Uilﬁg PHEPYTIreaistawbut ane

4. 0% by weilght sampluingneo®tPésh mndrvei @ht ml 2&eniblieukener@hd) %ob g xavep htl

trans- 2- bykengdded %rbyhvetglitse Gfsa2 it avorlisSYrby1 el ghth tseRuigne 45. 4%

by wei ght di i r Uty -2 +RPBH A | o] f one
oY 6%0511995 8 200 PO) S GhotRlg f?t%ﬁ’ 17 gﬁeagudgt Itr{;ethg Uié%c?a T2 Toop

Fenct or RS B0 BRH 0T (1 dhe. ePh Pites

ppe W|t cir atl p =2d whose
i nt er nal Pﬁb’@eﬁsar%ft ér MGERe Ry @Wﬁﬁd %ssetl\%ﬁﬁrr‘éa%va@eméﬁlﬁ?heq 6 tines
t he nol ar odfrpunitesf whichudraewletshased oecarte phesenwere fiisdbilde, Theer e added.
The reachatinvasouniROb€dtre bdwain tche fiesPRdatiasepreséfe ireagki @fogRdisum was
- 170C. Th?aévﬁ—‘tﬁégﬁu{&s%ﬁ@@&ﬁ, tv}H{%hotvei-Qesép?é%%tt'egnofrPd'TH@ Qbmailifnd €actor was
6.6 m Nyt es nSaCrrpIhea% wa% gnc%eo éch}lt\ﬁ/e g740 t@keq: Vi as%arrpl i ng
appar at'us ¢h was o Tor t1iecst &7t
nat eri al smlER%ﬁﬁ)l‘“@é: Zstr%ln‘i?oﬁtfl ﬁﬁoﬁge daéﬁﬁ"iu@aﬂ‘?)ﬁe dhadi Péﬁﬁv%ﬁpaéfatteﬁe bor on
trifluori @éf4sthe Bplyent mawaistiliedpeffansindngsei analyvdlicpltdken in a
cl osabl e, 1psess vire Maedesl amndre gleassmsaerplfiarg thet téejdwndfatd® nl sanpl e
accordi ngdggtﬂ(pem;loa | was added in the course of a few seconds at -170C
W th thgrough mxi ng The m xture was heated from-17 to 200C in the closed
5 gl ass s cour se O, mputes while stirring by nmeans
of a magnzgm rs]f crie]al %Fe?xﬁﬁgf?sn% t WIQ'[Ched of f, after which
droplets of a second phase were visible. The "main amount of the boron

trifluoride was present in the droplets (as the lower phase), which were
separ at ed N9Ff [BFFhe r ensd®FRRPOR0 or garif@tBhas€ wad ¥t hor|8&BhlMani xBd with 167
g of waler for 60
[mmol/1] (g1~ [31 |[[%]1 |[%]
Amount |Amount
[g] [mmol]
2 [7.1 1 31 - 94 |93 |85.6 |2831 |1.741
3 7.1 0.2 6.3 - 95 93 85.4 |2844 |1.788
25 [4 7.1 0.1 3.1 - 94 93 86.0 |2849 |1.788
5 7.1 0.05 1.6 - 94 93 85.6 12855 {1.793
6 7.1 0.02 0.6 - 94 93 85.2 |2773 |1.835
7 7.1 0.5 15.6 0.5 94 93 85.2 12793 11.729
8 7.1 0.3 9.4 0.7 94 93 85.4 12777 |1.802
*Water was added simultaneously with the methanol
30 "
In table 1, the meanings are as follows:
: ‘ |
BF; content of BF3 in the sample: the amount of BF3; added to
the reaction was taken as a basis (see above)
35 C conversion in percent, based on isobutene used
Y yield of polyisobutene, based on isobutene used
Vin proportion of polyisobutene having vinylidene double
bonds, based on the total polyisobutene yield
Mp number average molecular weight (determined by gel
40 permeation chromatography)
D dispersity

Examples 9 to 13: continuous deactivation and removal of the
boron trifluoride
45




mnutes with stirring. After the aqueous phase had been separated Oéf”‘ &@?
solvent was distilled off, and the analytical data |isted in Tabl el W%
determned for the residue of the distillation. 15 Table 1: Further data
for exanples 2 to 8 No. BF3 Methanol fater CY Vin Ma D 20 [nmol /1] [g]*

Amount  AnRuin ddibth tEABDEdedbtbck having e $3136wbn@&bhpbsidion 3aé 1 0.2 6.3 -

95 3 .4 2844 1 788y QselBag 28 Bxample 0-1 3.1 - 94 93 86.0 2849 1.788 5
17.1 0.05 1.%6 - 94 93 ~85.6 285 ~__1.793 6 17.1 0.02 0.6 1- 94 93 85.2

2773 1.835 7 17.1 16:j5 15.6 10.5 94 93 85.2 2793 1.729 8 17.1 9.4 10.7 94
93 85.4 2¥%°Putaggpr *Water was added sinultaneously with the methanol 30 In
tabl e 13 »Hwtamani ngs are as follows: BF3 content of BF3 in the sanple: the
amount of 1Bhiteadded to the reaction was taken as a basis (see above) 35 C
conver si of-d iy -PehLGedie Hased on isobutene used Y yield of polyisobutene,
based on | sobu se hn_praport | f pol yi sobut ene havi ng vinylidene
doubl e b%hsg%,_ggggré% %oggekéﬁ%rt{)]t:a?)&pggf?kg%butene yield M nunber average

nol ecul arlvﬁitﬁﬁF (det er mi ned <b1y’° &YI Weﬁ berneati on chromat ography) D

di sper Pt tradeaapbete®e t 0 13: <dénbynwelghtdeacti vati on and renoval of the
boron trid¢idr-bdeedd 6 MM Mb <1B6 bpnwesgiitit ene feedstock having the foll ow ng

conposi ti pdh@snePol yneri zed mecokdiy@8ggi® Exanple 1: isobutane, 5 n-butane,
1- but ene

'butadiene <50 ppm
water about 2 ppm
15 n-hexane remainder to 100% by weight.

However, in contrast to Example 1, 1.6 times the molar amount of.
2;propénoi,’based'on the boron trifluoride, were added and the
reactor was cooled so that the temperature in the reaction medium

20 was -19°C. The reactor discharge was passed through a tube which
was cooled to -18°C and to which methanol was added continuously
by means of a static mixing apparatus (nozzle). No temperature
increase was observed. In a downstream dwell tank cooled to -17°C
and having a volume of 400 ml, the reactor discharge treated in

25 this manner was separated into two phases, the lower of which
contained the predominant part of the boron trifluoride. This
lower phase was separated off and the content of boron
trifluoride (boron trifluoride recovery) was determined. It was
from 43 to 73% by weight in the individual samples brought to

30 room temperature. Further data on experiments 9 to 13 are to be
found in Table 2 below.

35

40
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trans- 2- butene and ci s-2-butene together <1% by wei ght 1-butene <1% by

wei ght 10 trans-2-butene <1% by wei ght cis-2-butene <1% by wei ght 16 MAY 2005
i sobut ene 45% by wei ght butadi ene <50 ppm water about 2 ppm 15 n-hexane
remai nder to 100% by wei ght. However, i7n contrast to Exanple 1, 1.6 times
the nol ar anmount _of 2- propanol, based’on the boron trifluori de, -wer e added

and the reactor was cool ed so tthat| tthe tenperature in the reaction nmedium
20 was -190C. The reactor di schemﬁm,ﬁaassed t hrough a tube which was
cooled to -180Ciand to which nethdndt|"wds added continuously by nmeans of a
static m xing apparatus (nozzl e)=|Ndg'|tertperature increase was observed. In
a downstream dwel | ‘tank cool ed t®|~&10G~] and having a vol une of 400 m, the
react or di schar 1$e treated in 25|58 |Be@per was separated into two phases,
the | ower of whith _contained thd Pt nant part of the boron trifluoride.
This lower phasg was separated officandt he content of boron trifluoride
(boron trifluorigeerecovery) wascgetesmped. it was from43 to 73% by
. . LS e | [0 o]0,
wei ght in the i rdiv-dual—sanptes—predghts to 30 room tenperature. Further
data on experinents 9 to 13 arejtp |be |fpund in Table 2 below. 35 40 45 16
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Example 14: Recycling of the lower phase from Example 11 to the

reactor

5 The experimental procedure of Example 11 was modified in such a
way that 3 g per hour of 8.7 g of the lower, boron
trifluoride-rich phase (boron trifluoride content 33% by weight)
separated off in the same period were recycled continuously to
the reactor. On the other hand, the amount of fresh boron

10 trifluoride added was reduced from 53.3 to 38.6 mmol/h, i.e. by
1 g/h. The molar 2-propanol:BF3 ratio in the reactor was
furthermore brought to 0.5. The reaction and the polyisobutene
obtained were characterized by:

15 C 963
Y 94%
vin 86.9%
M, 1987
D 1.698

20

(The abbreviations are explained in Table 1.)

Example 15: Working-up of the lower phase of Example 11 by
distillation

25
50 ml of the lower phase (boron trifluoride content 33% by
weight) obtained according to Example 11 were introduced into a
distillation apparatus which consisted of a 100 ml three-necked
flask having a water-cooled distillation bridge and provided with

30 thermometer .and stirrer. The flask was heated from the outside by
means of -a heating jacket. The content of the flask began to boil
at 62°C under atmospheric pressure. The boiling point of the
distillate passing over increased continuously to 105°C. Above-
105°C, slight mist formation occurred. The distillation was then

35 stopped. For the 28 ml (22.1 g) of distillate, analysis gave a
boron trifluoride content of 1.4% by weight; the residue (22 ml,
27.0 g) had a boron trifluoride content of 59.4% by weight.

Example 16: Working-up of the lower phase of Example 11 by
40 distillation with addition of water

The distillation according to Example 15 was repeated but 15 ml
of water were added dropwise beforehand to the reactor discharge,
the content of the distillation flask heating up. The content of
45 the flask began to boil at 62°C under atmospheric pressure. The
boiling point of the distillate passing over increased
continuously to 118°C. Above 118°C, slight mist formation




~4 0 D14 16 MAY 2905 18 Exanple 14: Recycling of the | ower phase from
Exanple 11 to the reactor 5 The experinental procedure of Exanpl e 118 Mk}
nodified in such a way that 3 g per hour of 8.7 g of the |ower, boron
trifluoride-rich phase (boron trifluk®ide content 33% by wei ght) separated

of f in the.saRdRerh@ddvria 1aee¥6| wik aarin BUEESEY. tror tthe fgagtor. On the

ot her han t appu f, {fresh r T ol i d reduced from
53.3 to 3g3.’46'§§§8| i &Z’%llbff’htgﬁh%ﬁ%# élr,f;g %%%ngﬁg%%&lg% o in the
reactor wWad't rfﬁe%ﬁ%?eibroﬁa Fi %L%?fl$ﬁ3 fea@@Vo% agdg HEDE! yi sobut ene
obt ai ned BRFP ERALARPEIIS SPIHFRE1SE CDE% Y ¥atohhjaRdggngo5IaRic1o087 D 1. 698
20 ( TheSapbrhon aphbest al@x pifak dednm braleéght . ) Exanpl e 15: Worki ng-up of
the | ower phase of Exanple 11 by distillation 25 50 ml of the | ower phase
(boron trifluoride content 33% by weight) obtained according to Exanple 11
were introduced into a distillation apparatus which consisted of a 100 ni

t hree-necked flask having a water-cool ed distillation bridge and provided
with 30 thernmoneter.and stirrer. The flask was heated fromthe outside by
nmeans &P-a heating jacket. The content of the flask began to boil at 620C
under atnospheric pressure. The boiling point of the distillate passing
over increased continuously to 1050C. Above 1050C, slight m st formation
occurred. The distillation was then 35 stopped. For the 28 ml (22.1 g) of
distillate, analysis gave a boron trifluoride content of 1.4% by wei ght;
the residue (22 m, 27.0 g) had a boron trifluoride content of 59.4% by
weight.l5 Exanpl e 16: working-up of the | ower phase of Exanple 11 by 40
distillation with addition of water The distillation according to Exanple 15
~was repeated but 15 nm .
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of water were added dropw se beforehand to the reactor discharge, the
content of the distillation flask heating up. The content of 45 the fl|ask
began to boil at 62' C under atnospheric pressure. The boiling poi ntb B! tide
distillate passing over increased cdfinuously to 118*C. Above 118'C,
slight mst formation 6 MAY 7095 19 occurred. The distillation was then
stopped. For the 40 mMl (34.8 g) of distillate, the analysis gave a boron
trifluoride clogm:ent of 1.9% by weight; the residue (23 m, 29.3 g) had a
boron trifluoride content of 60.3% by wei ght and an organic 5 carbon content

(TOO) of 237 ppspdiesweEdhtdeackd via$indOandFecdWer3rg Brord2risbud®le?UA I 20
we claim I 4 RiAcessalor dencld vatl ndand.cecpyering.dor on trifl toride 5
in the preparatjon EO%%IS ut enés‘ by ca |g)n|c pol'yneri,zation of

i sobutene or ¥ eRBEEYNtH iSRGV RV r Yo dPOOH T SEP et 4R PRe | i qui d phase
in the presenexdnsicarbepofitigdns dor fHe hdwigchase| n tthe Poeasrde @fbor on
trifluoride cladmadysticdngptisle asheuchtat yist thenpbex deiangporbnseparated as a
subst anti al | yr#i quicsipbass f1vew tbRptésChafedeathl t&aﬁlprleﬁqsé%:g wherein a)

met hangh, et ra%daaéﬁ%Fé«!{b%_t%tﬁﬁi%f@qggﬁdggé Qo] %hteg&i aIEc‘rBIet he

di schar ge fro)%‘%i ghgol %ITEI’I zatl on reactor rom-6 an
amount such tHE™ &PHoF 53R 195 f "O6FFUB-ri ch al cohol phase separates out, b)

t he al cohol phase according to (a) is separated off and 20 c) the boron
trifluoride of) t eetdlaopohoel epersd @ccer "ixguneo of( hthanol fandesthathl riecycl ed
to the process i ndieslUitbabhe disimaehe 2romd tHe0Qessmasi dtdiofedesdrdd aikm 1,
wher ei pgmet hanol 4,566 +8 025 iRr QRCSRoRteRukR) that a boron

t;ifluoride-rich alcohol phase separates out,

bj the alcohol phase according to (a)“iS'separated off and

20 c) the boron trifluoride of the alcohol phase according to
(b) is, if desired, recycled to the process in a suitable
manner.

2. A process as claimed in claim 1, wherein methanol is used in

25 process step (a).

3. A process as claimed in claim 1 or 2, wherein the separating
out of the boron trifluoride-rich alcohol phase in process
step (a) as claimed in claim 1 is supported by adding water

30 to the discharge from the polymerization reactor.

4. A procéss as claimed in any of claims 1 to 3 for the
preparation of highly reactive polyisobutene having from 80
to 100 mol% of terminal double bonds.

35

5. A process as claimed in any of claims 1 to 4 for the
preparation of highly reactive polyisobutenes having a number
average molecular weight M, of from 200 to 50000 Dalton.

40 6. A process as claimed in any of claims 1 to 5, wherein a
catalyst system which contains isopropanol is used for the
cationic polymerization.

7. A process as claimed in any of claims 1 to 6, wherein a
45 catalyst system which contains methanol is used for the
cationic polymerization.



3. A process as clainmed in claiml or 2, wherein the separating out of the
boron trifluoride-rich alcohol phase in process step (a) as clai nefd§iMaY 7005
claim1l is supported by adding water 2130 to the discharge fromthe

pol yneri zation reactor. 4. A process at clained in any of clains 1 to 3 for
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o] or e A i sobut enes having a nunber

Gt 2nd hggw? % ro ¥ g%&%do\igoggég

aver age nol ecu ar wel ght Dalton. 40 6. A process as
claimed in any of clains ‘1 to 5, wherein a catalyst system which contains
i soprop@ndt i3 REEGSFoRStFerinest ionpRY ey dr F2aifont tP. 8a phewsids ths

cl ai ned i n andeaftickains and cegovehnpref nthe béSouatal fistorsyst @me whi ch

cont ai ns net heqyadidds ousecodimuddaglycati oni ¢ pol yneri zation. 16 MAY 2005 21
B. A process as clai rred inclaim6 or 7, wherein a catalyst system which

furtherno cont ai ns a et.her haV| D | east ong s condary. al kyl
(e AR Aol ST A AR Te bt Cora FESTe o tae

group is T ocess cas e % of%

wher ei A%t he W&éﬁ‘ 5P £id tr“@cé?i%?"}/t%’fe tlﬁeCBBFbﬁ"Fl Ut FLUOFIP%Ie are carried
out conti nuoustesente. oA prayceds tas5ed dinped ofnmahlyy oriersf-butnl rechert o 9,
wherein the d4sqabbynmehé zadight of the teaphubaneixsuwarried out in the
presence of from 20 to 5000 ppm of nethyl tert-butyl ether, based on the

wei ght of  { he, ;&g Jatdtsa 1 cfaﬁ{q%e%aaa?lg@'tﬁq%dmg@ aim 10, in
tekty

whi ch the rret I's forne in the
procesg? BEX e%e%llf %85“‘?% o a}ler‘?“ﬁop%?tlf% Ywh8r B Rﬁ%eﬁrﬁt hyl
ctert-~Uyl et her obtained in the discharge is separated from the discharge
and is pat2i ah|progesbubs ycraioed éd ¢baimhd 020rpi bcegereidbtBO me3hy140. 45
tert—butyl ether obtained in the discharge is separated from
the discharge and is partially or fully recycled to the
20 process.
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