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pol yi sobut enes having a term nal vinylidene group content of nore than
80 #wol % and an average nol ecul ar wei ght of from 500 to 5000 dalton by
cationic polynerization of isobutene in the liquid phase in the presence.
of boron trifluoride conpl exes at from+40[err]Cto -60[err]C. 10
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hal ogens), thedHrdaRtion PRiTALde OPRYPTHENESEr SRAPS ERCRHe nol ecul e i s

t he nost i np59{gﬂﬁpbutenes and the highly reactive polyisobutenes, which

25 have a high terminal vinylidene group content of preferably
substantially more than 60 mol%. Such highly reactive
polyisobutenes have achieved a 10% share of the market and are
used as intermediates for the preparation of additives for
lubricants and fuels, as described, for example, in

30 DE-A 27 02 604. For the preparation of these additives,
polyisobutene/maleic anhydride adducts, in particular
polyisobutenylsuccinic anhydrides, are first produced by reacting
predominantly terminal double bonds of the polyisobutene with
maleic anhydride, and said adducts are then reacted with certain

35 amines to give the finished additive. Since terminal vinylidene
groups are the main reaction sites in the adduct formation with
maleic anhydride (whereas, depending on their position in the
macromolecule, the double bonds present further in the interior
of the macromolecule lead to substantially lower, if any,

40 conversion without the addition of halogens), the amount of
terminal vinylidene groups in the molecule is the most important
quality criterion for this type of polyisobutene.

The formation of terminal vinylidene groups and the isomerization
45 of terminal double bonds in the isobutene macromolecules to
internal double bonds are, according to Puskas et al., J. Polymer



quality critegose/49091i hi s type of polyi sobutene. The formation of
termnal vinylidene groups and the isonerization 45 of term nal ‘doubl e

bonds in the isobutene nacronol ecules to i nt ernal doubl e bonds ar e,
according to Puskas et al., J. Polyner 2 0050/ 49091 _
2 Sci.: Sy osign1hb.,56 (1976) 191° based on_the concepts shown I n

the schenme b, ¢sium No. 56, '(1976) 191, based on the concepts shown
in the scheme below.
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35 R: Polyiscbutylene radical

The polyisobutene cation I formed in the course of the
polymerization reaction may be converted into the corresponding
polyisobutene by elimination of a proton. The proton may be

40 eliminated either from one of the B-methyl groups or from the
internal y-methylene group. Depending on which of these two
positions the proton is eliminated from, a polyisobutene having a
terminal vinylidene group II or having a trisubstituted double
bond III present close to the end of the molecule is formed.

45
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required forany traces of acid present in the reaction mixture, but in

20 particular by the actual Lewis acid catalyst required for
catalyzing the polymerization. The loss of reactivity due to
isomerization can therefore only be counteracted by short
residence times or steric hindrance of the complex anion. Since
only polyisobutenes having terminal vinylidene groups according

25 to formula II react really efficiently with the maleic anhydride
with adduct formation, polyisobutenes of the formula III have by
comparison substantially lower reactivity and other
polyisobutenes having more highly substituted double bonds are
virtually unreactive toward maleic anhydride, the continued

30 efforts of many research groups to find improved processes for
the preparation of highly reactive polyisobutenes or
polyisobutenes having higher and higher contents of terminal
double bonds are understandable.

35 According to DE-A 27 02 604, reactive polyisobutenes having a
terminal double bond content of up to 88% by weight are
obtainable by boron trifluoride-catalyzed polymerization of
isobutene at from -50 to +30°C and residence times of less than
10 minutes. The lowest dispersity found for the polyisobutenes

40 thus prepared is 1.8.

Polyisobutenes having similarly high terminal double bond
contents, but a narrower molecular weight distribution, are
obtainable by the process described in EP-A 145 235, by

45 polymerizing isobutene in the presence of a preformed complex of
boron trifluoride and a primary alcohol at from -100 to +50°C and
a contact time of the polymerization reaction of more than
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polymerization of isobutane by thls process using a boron
25 trifluoride/1,2~butanediol adduct catalyst gave diisobutylene as
the only product. No polyisobutene was formed.

Further quality criteria for polyisobutenes useful for the
abovementioned application are their average molecular weight and
30 the molecular weight distribution, also called dispersity, of the
macromolecules contained in the polyisobutene. Generally,
polyisobutenes having number average molecular weights (M,) of
from 500 to 5000 dalton are used as intermediates for the
preparation of the abovementioned lubricant and fuel additives.
35 But polyisobutenes having molecular weights of from 800 to
3000 dalton, in particular from 1000 to 2500 dalton, are more
effective for this purpose and thus preferred.

The polymerization of isobutene yields polyisobutene products

40 whose polyisobutene components, i.e. the polyisobutene
macromolecules, have a more or less broad, random molecular
weight distribution with the result that broadening the molecular
weight distribution of these polyiscbutenes would lead to an
increasing proportion of polyisobutene macromolecules having

45 relatively low or relatively high molecular weights which are
more or less unsuitable for the abovementioned purpose since they
are relatively ineffective. It is therefore desirable to prepare
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increase the solvent purification costs and reduce the polymer
25 yield.

We have found that this object is achieved by a process for
preparing highly reactive polyisobutenes having a terminal
vinylidene group content of more than 80 mol% and an average
30 molecular weight of from 500 to 5000 dalton by cationic
polymerization of isobutene in the liquid phase in the presence
of a complex comprising boron trifluoride at from +40°C to -60°C,
which comprises polymerizing in the presence of a complex
comprising boron trifluoride and
35
a) a primary alcohol having 1-20 carbon atoms or a secondary
alcohol having 3-20 carbon atoms, or a mixture of these
alcohols, and

40 b) an ether containing no tertiary alkyl groups and having the
formula I

R1-0-R2 I,

45
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0050/ 4909120

where R is the polyisobutylene radical in question. The type and

proportion of the double bonds present in the polyisobutene

prepared according to the invention is determined by 13C NMR

spectroscopy. In the 13C NMR spectrum, the two terminal double

25 bond carbon atoms indicated by « and B8 in formula IIa can be

identified by their peaks at a chemical shift of 114.4 and

143.6 ppm, respectively, and the proportion of terminal double

bonds with regard to other types of double bonds is calculated by

an evaluation of the peak areas in relation to the overall

30 integral of the olefin peaks.

The number average molecular weight or number average molar mass
used herein is the number average molecular weight M, which can be
determined, for example, by gel permeation chromatography,

35 ozonolysis or vapor-pressure osmometry.

The process according to the invention makes it possible to
prepare polyisobutenes having a terminal vinylidene group content
of more than 80 mol%, especially more than 90 mol%, by cationic

40 polymerization in the liquid phase of isobutene at from +40 to
-60°C, preferably from -4 to -30°C, more preferably from -10 to
-20°C.

Useful protic complex constituents, which are also referred to as
45 initiators, include virtually all primary alcohols having 1-20
carbon atoms as well as all secondary alcohols having 3-20 carbon
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Preference is given to using 2-butanol and especially

20 isopropanol.

The ether containing no tertiary alkyl groups and having the
formula I

25 R1-0-R2,

may be any ether in which the groups R! and/or R? are derived from
a secondary alcohol and are primary or secondary alkyl groups
having 3-10 carbon atoms, i.e. alkyl groups which are attached to

30 the ether oxygen atom either as -CH;-R or -CH-(R)2 group, but not
as -C~(R)3 group. Specific examples of R! and R? include the
following groups:

isopropyl, 2-butyl, sec-pentyl, hexyl, heptyl and octyl, and for
35 R? also methyl, ethyl, propyl, butyl, pentyl and hexyl groups.

Particular preference is given to diisopropyl ether, isopropyl
2-butyl ether and di-2-butyl ether.

40 The boron trifluoride/ether/alcohol complexes are advantageously
prepared by introducing gaseous boron trifluoride into the ether
and the alcohol in question or preferably into a solution in a
solvent of the ether and the alcohol in question. These complexes
are usually prepared at from -60 to +40°C, preferably at from -20

45 to +40°C. Although it is also possible to work at lower
temperatures, it is technically more difficult to achieve such
low temperatures. Since the complexing of boron trifluoride with
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and separate out to form an emulsion or suspension. Since the

process according to the invention is catalyzed not only by

20 catalyst complexes dissolved homogeneously in the reaction medium
but also by catalyst complexes disbursed heterogeneously in the
reaction medium, such catalyst separations are usually not
critical.

25 The boron trifluoride complexes may be preformed in separate
reactors prior to use in the process according to the invention,
temporarily stored after their formation and metered into the
polymerization reactor as required.

30 For temporary storage, the solutions of the preformed boron
trifluoride complexes, if desired after dilution with further
solvent, are preferably filled into coolable containers and
stored at generally below 0°C until used.

35 Another, preferred variation comprises generating the boron
trifluoride complexes in situ in the polymerization reactor. This
procedure comprises introducing the alcohol in question and the
ether, if desired together with a solvent and together with the
isobutene, into the polymerization reactor and dispersing the

40 boron trifluoride in the required amount in this reactant mixture
in which the boron trifluoride reacts with the alcohol and the
ether to give the boron trifluoride complex. The in situ
generation of the boron trifluoride catalyst complex can
advantageously be conducted using isobutene or the reaction

45 mixture comprising unconverted isobutene and polyisobutene as
solvent instead of an additional solvent. If the reaction mixture
of isobutene comprising polyisobutene is used as a solvent, the
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required. particularly preferably from 0.2 to 1.0.

The BF3 concentration in the reactor may be significantly higher

25 than the concentrations customary to date and should be in
general in the range from 0.01 to 1% by weight, more preferably
from 0.05 to 0.5% by weight. The molar concentration of the
complexing agents alcohol and ether depends on the BF3
concentration; the molar ratio of the sum of alcohol and ether to

30 BF; is more than 1 and less than 2 and is preferably from 1.4 to
2.

The isobutene concentration in the reactor is generally from 0.5
to 60% by weight, for polyisobutene up to My = 3000 preferably

35 from 0.5 to 20% by weight more preferably below 5% by weight. The
polymer concentration ranges from 10 to 60% by weight.

In a preferred embodiment, the BF3/ether complex is first prepared
separately or in the solvent feed to the reactor and then

40 combined with the alcohol in the complex or solvent feed to the
reactor or in the reactor itself. This makes it possible to
dissipate the energy of complex formation without detrimental
by-product formation during the generation of the alcohol
complex.

45
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preference i Sagﬁf'/aetnedt %ygrocarbons . for example butane, pentane, hexane,

isooctane, cyclobutane or cyclopentane, halogenated hydrocarbons,

25 such as methylene chloride or chloroform, or halocarbons having
suitable melting and boiling points. The isobutene feedstock may
comprise minor amounts of impurities such as water, carboxylic
acids or mineral acids without causing critical yield or
selectivity losses during polymerization. This results in a lower

30 alcohol/ether consumption which alters the abovementioned molar
ratios in favor of BF3;. It is, however, convenient and
advantageous to avoid an accumulation of these impurities in the
system by removing such substances from the isobutene feedstock,
for example by adsorption on solid adsorbents, such as activated

35 carbon, molecular sieves or ion exchangers.

The isobutene polymerization can be carried out batchwise,
semicontinuously or continuously. It is possible to use
conventional reactors such as tubular reactors, tube bundle

40 reactors or stirred tanks, but the process according to the
invention is preferably carried out in a loop reactor, i.e. a
tubular or tube bundle reactor with continuous circulation of the
reacting material, where the feed/circulation ratio may generally
vary from 1:1 to 1:1000, preferably from 1:50 to 1:200 v/v. It

45 will be appreciated that the amount of feed equals the amount of
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chosen by varying this ratio. The optimum reaction rate is a
function of the equipment and depends on the dissipation of heat.
Short reaction times are preferred. The boron
25 trifluoride/alcohol/ether catalyst is usually introduced in an
amount of from 0.05 to 1% by weight, based on the isobutene or
isobutene/hydrocarbon mixture used.

The polymerization is advantageously carried out at below 20°C,

30 preferably below 0°C. Although isobutene can be polymerized to
give highly reactive polyisobutene at substantially lower
temperatures, the polymerization is generally carried out at from
+40 to -60°C, in particular from -4 to -30°C, particularly
preferably from -10 to -20°C. The polymerization is generally

35 conducted under atmospheric pressure, although it is also
possible to work under elevated pressure, in particular under the
autogeneous pressure of the reaction system, although this is
usually immaterial to the result of the polymerization. The
polymerization reaction is advantageously conducted under

40 isothermal conditions and at a constant, steady-state monomer
concentration in the reaction medium. Any steady-state isobutene
concentration may be chosen in principle, but it is advantageous
to choose a monomer concentration of in general from 0.2 to 50%
by weight, preferably from 0.2 to 5% by weight, based on the

45 total polymerization mixture.
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25 polyisobutene having a terminal double bond content of more than

90 mol%, preference is given (at a 50% strength by weight
isobutene content of the feed) to an isobutene conversion of up
to 99%, preferably from 90 to 99%, especially from 94 to 99%,
particularly preferably from 96 to 98%.
30
The reaction effluent is advantageously worked up by introducing
it into a medium which deactivates the polymerization catalyst
and thus terminates the polymerization. Examples of suitable
media include water, alcohols, acetonitrile, ammonia or aqueous
35 solutions of mineral bases, such as solutions of alkali metal and
alkaline earth metal hydroxides, solutions of carbonates of these
metals and the like.

As part of the continued workup, the polyisobutene is

40 advantageously subjected to one or more extractions to remove
residual complex - usually washes with methanol or water -~
followed by separation by distillation into unconverted
isobutene, solvent, oligomers and polyisobutene. The isobutene,
the solvent and the oligomers may be returned to the

45 polymerization reactor. The desired polyisobutene is obtained as
bottom product.
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exanpl e, U2} myecpoled tonmdhi 8PCasBEpa@ndnisopropanol/diisopropyl ether as
complexing agents were directly introduced into the hexane feed
to the reactor. The BF3; feed was set to 23.5 mmol, and the total
amount of the feed of the mixture of hexane, isopropancl and
diisopropyl ether (15:1:4 ml) was varied until an isobutene
30 conversion of 92.0% was obtained. The isopropanol feed was
13.6 mmol, and the diisopropyl ether feed was 27.2 mmol, at a
reactor temperature of -18°C. The reactor effluent was washed with
water and worked up by distillation at 230°C/2 mbar. The molecular
weight M, of the polymer was 1070; the reactivity (vinylidene
35 double bond content) was 97.0%.

Examples 2 - 63

Example 1 was repeated, except that increasing molar ratios of

40 ether to alcohol were used. At an isobutene conversion of from 92
to 98%, the amount of BF; was increased until a molecular weight
of about 1000 as determined by GPC was obtained after workup. The
ether used in Example 7 was di-sec-butyl ether. The results are
summarized in Table 1.
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Anot her way taq diqsfi ate the heat of polynerization is 5 evaporative
y 43‘809

cooling. In t ROs % he heat evolved is consuned by evaporation of
the isobutene and/or other volatile constituents of the isobutene
feedstock or the possibly volatile sol vent such as ethane, propane or
but ane, keeping the t enperature const #4t. However, a disadvantage is the.
volatility 10 ofsthe BF3 conpl exes which nay result in side reactions
occurring in 8he gas phase. Any i sobut ene conversion may be chosen
in principle. It&will be appreci ated, however, that very |ow i sobutene
conversions 15 j@opardize the economic viability of the process, whereas
very hi gh i1 sofput ene|gonver|sipn$ df e [than 99% i ncrease the risk of
doubl e bond shif§s whi ¢/ nakgs prtjer| r¢aqtipn tines, i.e. an i mproved
di ssi pation of hgat, abgol ut.gby|meogsspsk Yo [POf t hese reasons, the
i sobut ene convergion i $pusudl [~ oM@ [aDPy nmore 20 preferably from 90
to 98% Surprisimgly, {Bese t BqBuUtn® || conversi ons, when achi eved
usi ng the catal yst sysh@m acgqoridi pglto tlhel i nvention, result only to a
m nor extent in doubl e{send fds L almdithe resulting polymer still has
a termnal vinylddene Jr ot nt gnt| ot norje than 80 nmol % For the
preparation of a‘“g pol yi-sohy gag e ter m nal doubl e bond content of
nore t han 90 Bot % poel exd S Bi \g}g(& a 50% strength by wei ght
i sobut ene cont erf Wf th % eeq ar isomteqe conversion of up to 99%
preferably from®0_.to §9% ed Ly fromiod to 99% particularly
preferably from®6to p8% 3( ] 1I'he' rleagtijon ef fl uent i s advant ageously
wor ked up by intgdluci g iit infoja Jmedi ymwhi ch deactivates the
pol ymeri zation cgat®lys 3 and jthls |baat8dLdgs the pol ynmeri zation. Exanpl es
of suitable va i Ngl udt |yaiefe |&IPNQlls:| adktonitrile, ammonia or
aqueous 35 sol ut¥ons of2m nenall bpse¢s,| shch gs gplutions of alkali netal
and al kal i ne Baith [wmtal Tydroxi es, poljutfions of carbonates of these
netals and the I3 K. As-part pf itHe Pontilnugsl workup, the polyisobutene
is 40 advantagedls}y sphbjeas¢d fto ortue or|nmjrg exdractions to renove
resi dual conpl exX§ g usupdly ;gl‘%s gm gh gra\grgnol or water - fol | owed by
separation by digtfI| afgon iy \t.d_unegnver .‘_e‘cl'_; i g‘obut ene, solvent, oligoners
and pol yi sobut erf¢.8 The ﬁsotmu erle, tHe pollvgnt ..and the ol i goners may be
returned to the %% pol yaerizatifont readto THe desired pol yi sobutene is
obtained as  bdttpm préduct :')
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0050/ 49091 0050/49091 13 The process of the

i nvention provides an econom cal way to prepare highly reactive

pgl yi sobut enes whi ch have a term nal doubl e bond content of nore than 80

nol-% often even nore than 90 nol % gg very high selectivities and very
es

hi gh conversions, 5 and noreover provi pol *mmnlfwﬂmne preferred
nol ecul ar wei ght range havi ng narrow nol ecull iR DR buti ons.

Al ternati vel ye chaimy ocess of the invention makés ft podsiBle*to conduct
the polynerization at an el evated tenperature or to 10 increase the

reactivity ofithe pebyéssdreirepLepdrAdYCRIGIEMEReact iV PBEY i SSbRANRS! REl iy t he
process of 4JS 5,40 e@xﬂxﬁ%a]]a. n&iidesneEgrg &g, t%@t%?f’%[c}:%%ﬁ% do ot & ML
owing to its | ower solubl |t¥. anp] e eéggg r. used Was a
recycl e reactor COn8Y8tT9% P6rSu e FEAIRT QF, &R th *Ran’! I‘%}&Pﬂ B 7.1 m
and an internal &°4A8RiG RolyBeRisatiopngf \ispbiere dodhe/ kigiid phaserin
content were cirdheapresanrenefing compdéx acqupadspoghordnetrifimcardepatp had a
capacity of 200 rfromThe020tdefda, t wikizardmprigesh polymeriezingNErsSEak i n a

cold bath g§ -233k86hdL of a(EéﬁﬁEﬂkaEﬁmpfiéﬂqﬁtHéfbﬂﬂirggguﬁgibepgnhsObUtene

and 300 g/ h of hexane was dried over a 3 nmol ecul ar sieve to a water
content of | ess than 3 m ng]?fe to the recycle reactor through_a

capi | lary which fdd ﬁnpf’rff‘%&néﬁc &rng1 120 FREDRP \AOmS 50T 1% SE5PRERED
-23.8[err] C. BF[ err] 2Afebek d8vépantt20drrsepn Avpmsetdrerd adxture efptbssag
agents were directlyalathalduceddi nto the hexane feed to the reactor. The
BF3 feed s set to 23.5 mmol, and the total anount of the feed of the

m xture of hexang, i aaP&ORAbnfhi bi HoYal¥d er, . 1, s WWAS
varied until an i s)oblﬂﬁgﬁﬁoﬁ&lg%verlsfligo?llbo?&é%%g& aggﬁo tr g%ﬁ%?ﬁn@ﬁéhw

i sopropanol feed was .o nmdl, and the diisopropyl ether feed was 27.2
nmmol, at a reactor tenperature of -18[err]C. The reactor effluent was
washed with wat er and wor keRf-@pRby dilstillation at 230[err]C/ 2 nbar. The
nol ecul ar 20 weight Merr] of the polynmer was 1070; the reactivity
(vinylidene 35 doubl gh&psndkicand et hr¥desrihar9Yer secoBdarPlOkyd gréips

Bxanple 1 was repeal filyifxaelb Eiior HEBARS WISHTEAS proRi LSl 40 BLIEY 1O

al cohol were used. At_an but conversi on_of to
amount of BF[err] vva‘smgn%%régs%%&{}%tﬁ %sr%f”e‘gﬁ]f%ral\ﬁl\%?]g?ﬁoup'of about 1000 as
determ ned by GPC was obtained after workup. The ether used in Exanple 7
was di - sebityl AepregessTiae ¢laimedsinrelaims dpamvheneds the Tssiopdary

alcohol a) used is isopropyl alcohol and/or 2-butanol.

3. A process as claimed in claim 1, wherein the ether b) used is
diisopropyl ether, di-sec-butyl ether and/or isopropyl
30 sec-butyl ether.

4. A process as claimed in claim 1, wherein the primary and/or
secondary alcohol a) and the ether b) are used in a molar
ratio of from 0.01:1 to 10:1.
35
5. A process as claimed in claim 1, wherein the primary and/or
secondary alcohol a) and the ether b) are used in a molar
ratio of from 0.02:1 to 2:1.

40 6. A process as claimed in claim 1, wherein boron trifluoride,
primary and/or secondary alcohol and ether are combined in
the polymerization reactor to generate the complex in situ in
the polymerization mixture.

45 7. A process as claimed in claim 1, wherein the boron
trifluoride/ether complex is preformulated and is introduced,
together with the primary and/or secondary alcohol or
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15 %~ We cl ai m el process for prepari nglml “ﬂLm l&ml

pol yi sobut enes having 5 atermnal vinylid of nore
t han 80 nol % and an average mol ecul ar wei ght ~of “fr'om 500 to 5000

dal ton by cationic polynerizati of isobutene in the liquid phase
in t he pr 8SBRERLIY ainbeiihex sebrgnt Srngoperesh feed ftadhiedeeactor

from +40[ err] C t or- 80fetlyCintdnitdle ceaptdrses pol ynerizing in the 10 _
presence of a conplex conprising boron trifluoride and a) a primry

al cohol havi g 1#9&@4&%@&%& if SEAMNY2! ¥herein o%ltz(ﬁgﬁ% 1haV| ng
) “an et her® cont TAFER % '{‘e iy arv)} nggkc%ne P50PR %ﬁﬂ}eﬁgv? d“Ofe #han t he

b) an et her cont |n| N
formula | mol% are po lymerigzed 4t @rpﬁ.gppn}tene ponygrsion of up tophere

Rlerr] and R err]95&r‘€5m mapyefarmedcboxtn y al kyl groups havi ng
3-10 carbon at omtrifitudrikiedigspropaaol hdiisvprbp@btether complex,Of8emdfarR] err ]
and Rlerr] is a seeondlafy adbkdl /GhBEP ratio of from 2:1 to 1:5 and a boron

10 trifluoride/diisopropyl ether ratio of from 0.6:1 to 0.9:1.

9. A process as claimed in claim 1, wherein the isobutene source
is a C4 cut comprising isobutene in an amount of at least 6%
by weight.
15
10. A polyisobutene having an average molecular weight of from
500 to 5000 dalton and a terminal vinylidene group content of
more than 90%, obtainable by cationic polymerization of
isobutene in the liquid phase with the aid of boron
20 trifluoride as catalyst at from 40 to -60°C in the presence
of a boron trifluoride complex with

a) a primary alcohol having 1-20 carbon atoms or a secondary
alcohol having 3-20 carbon atoms, or a mixture of these

25 alcohols, and

b) an ether containing no tertiary alkyl groups and having
the formula I

where Rl and R? are primary or secondary alkyl groups
having 3-10 carbon atoms, with the proviso that at least

one of the radicals R! and R? is a secondary alkyl group.
35

40
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25 2. A proppsp/aspehai med in claim1, wherein the secondary

al cohol a) used iIs isopropyl alcohol and/or 2-butanol. 3. A process as
claimed in claiml1, wherein the ether b) used is di i sopropyl ether,
dif--sec-butyl ether and/or isopropyl 30 sec-butyl ether. 4. A
process as clainmed in claim1, wherei nhe primary and/ or secondary
al cohol a) and the ether b) are used in a nol ar ratio of fromO0.01:1
to 10: 1. 35 Préparakignocfdsighdycreacteicrei polyixiobutenedierein the primary

and/ or secondary al cohol a) and the ether b) are used in a nolar
ratio of frogpQefdatl to 2:1. 40 6. A process as clained in claiml,
wherei n boron trifluoride, primary and/ or secondary al cohol and

et her are conpined in t he polynerization reactor to generate the
conpl ex in sFpg prpeess for mrepapivgdiiohdy; ¥ppchive pelyisphuyenesy havingsx as
clained in ctermmal wheykidenehgroup mentent of more| than @ moherandompl ex i s
pr ef or nul at edverabe molatulxduwedght of fromoFet her 5000 Rddlltenpby ratioabs/ or

secondary al gelherdzation of isobutene in the liquid phase in the p¥esence
separatel g b@t,ﬁ d 159'6/&%&5%&‘%%‘5@ £+ 8PhidrQab NG r&%ﬁﬁ $hooc to -60%1 .
directly mtglg1 e.sresact ferizin® i grocess as clarmed.in claiml, erein
pol yi sobut en§& ¥ : Pﬂg’()ﬁ?g‘ A09 Hhithg| PETFRASCA8RC® FBRICE FRRTLSIRY nor e

t han b@@mr%fé?‘én&ﬂ ?ﬁgri zed at an isobutene conversion of up to
95% usi ng a preforned boron trifluoridel/isopropanol/diisopropyl
ether conpl ea) aamatimary alcoholshaweiwipriy-2al caitel/ atbes drahi Se@ndargm 2:1 to

1:5 and a1boron dftohol havidgIQL0elsincnOREORY) o2t Behif@lreOoff tiiddym 0.6:1 to
0.9:1. 9. Aafg&%?l_gs Qr?dC' ained in claim1, wherein the isobutene
source is a Cut conprising isobutene in an amount of at |east 6%

by wei ght. 15 . \
b) an ether containing no tertiary alkyl groups and having the

formula I
20
where R! and R? are primary or secondary alkyl groups having

3-10 carbon atoms, with the proviso that at least one of R! and R?
25 is a secondary alkyl group.

30
35
40
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10. A pol‘ﬁgéﬁdﬁ@r‘?@ihavi ng an aver age mol ecul ar wei ght of from 500

to 5000 dalton and a term nal vinylidene group content of nore than
90% obt ai nabl e by cationic polynerization of i sobutene in the
liquid phase with the aid of boron 28 trifluoride as catalyst at from

40 to -60[ e i‘xﬁr'fhééwv@rﬁ%ﬁﬂ@&es havingOhvéradel syl detildd GREgRKs Compl ex with
a) a pri mrﬁsghgoggé P2t E% ﬁ%dlmgﬁcﬁﬂp% 9%9&1 aanlﬁ] g&ﬂly a

al cohol .hayi.n at ons.
al cohol s, Y’ Hifrow B e%’ﬂ‘agt‘ﬁﬁghgoqﬁ‘&f‘ ?“’ﬁo & gél{}? Efﬁytlh gr oups and
havi ng PIC‘P”“W( FE tofesired  redatively high molecular

ORerr
|, 5 relatipelie IRFanalecuhsr MEEIhY PAL¥igebRenes 4n @@csﬁﬁ;ﬁ}naﬂ(yl !
gr oups product dmal thys ol Ommarvisothen ttoaki tyvof htehprgdurki. so t hat at | east
one of the radicals R[err] and Rlerr] is a secondary al kyl group. 35
40 45 1e was attempted to solve this problem by a process described in

USs 5,408,018 in which highly reactive polyiscbutenes having a '

10 terminal vinylidene group content of more than 80 mol% and an
average molecular weight of from 500 to 5000 dalton by cationic
polymerization of iscbutene in the liguid phase with the aid of
boron trifluoride as catalyst at from 0°C ko -609C are produced by
polymerizing in the presence of secondary alcchols having 3+20

15 carxbon atoms and/or dialkyl ethers having 2-20 carbon atams. The
dialkyl ethers used are preferably ethers containing at least cne
tertiary alkyl group. This process yields very good rasults,
according to Example 6§ of the cited patent, in the presence of a
complex of BF3 with 2-butanol and 2-butyl t-butyl ether.

20
It is an cbject of the present inventiocn to simplify the process
and in particular to reduce the formation of by-products in the
foxm of tertiary butancl and tertiary crganic fluorides, which
increase the solvent purification costs and reduce the polymer

25 yield.

We have found that this cbject is achieved by a process for
preparing highly reactive polyisebutenes having a terminal
vinylidene group content of more than 80 mol% and an average
30 molecular weight of from 500 to 5000 dalton by cationic
polymerization of isobutene in the liquid phase in the presence
of a complex comprising boron trifluoride at from +40°C to -§0°C, _
which comprises polvmerizing in the presence of a complex
conmprising boron trifluoride and
as ’
a) a primary alcochol having 1-20 carbon atoms or a secondary
alcohol having 3-20 carbon atoms, or a mixture of these
alcohols, and

40 b} an ether containing no tertiary alkyl groups and having the
formula I

RL-0-R2 I,

45
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