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We have found that this object is achieved, according to the invention, by
a process f0H0QA52QHteparati on of highly reactive 45 pol yi sobutenes, in

whi ch 0000052056 3 a) isobutene is polynerized in the presence of a
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The first portion of water is preferably added by neans of a 35 nozzle into
a pipel i ne @AQAARROSMi ch t he organic reacti on phase is passed. The outl et
orifice of the nozzle is preferably arranged in the direction of flow of
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exanple, from0.5 to 10, in particular from2 to 7, $ by 25 wei ght, based
on the organic phase. The tenperature of the third portion is not critical
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35 case isobutene or isobutene-containing feed, which correspond to the

di schar ge 0900852605 i nuously to the polynerization reactor. The ratio of

t He anmount of substances present in the polynerization reactor to the
anount which is discharged is determned by the circulation/feed ratio
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exchanggfs nozzPQOQPc%Z%ﬁléeQM]Q:ﬂr%ubﬂewﬁi&h tYabSSPééﬁi/c qfeaBQHMhSﬂP&Eeene It
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di l uents, anrdey annesshHraexXieh jis pagbethhnﬂ prnpiefierpuagsuBetore they are
used, ths diluents are preferably 15 freed frominpurities, such as water,
carboxylic acids or mneral acids, for exanple by adsorption onto solid
adsorbents, such as active carbon, nol ecul ar sieves or ion exchangers.
Boron trifluoride is expediently used in the form of gaseous 20 boron
trifluoride, it being possible to use technical-grade boron trifluoride
still containing small anmounts of sul fur dioxide and Si F4, but highly pure
boron trifluoride having a purity of about 99.5 by weight is preferably
used 25 SU|tabIe cocatalysts are as a rule oxygen- contalnlng conpounds
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40 The nolar ratio of boron trifluoride to cocatalyst is preferably from
l:1 to 1:1@M0000F20%56cular from1:1.1 to 1:5, particularly preferably from
1:1.2 to 1:2.5. 45 0000052056 9 The concentration of the conpl ex of boron
trifluoride and cocatalyst in the reactor is as a rule from0.01 to 1, in
particular from0.02 to 0.7, particul agly preferably from0.03 to 0.5, % by
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equi pped WCEA2BHC 48N35f A9FaplEeY T ARasei 6AP p‘EﬂnPa\Eﬁége“E‘EFb@ Fedienar zers 30
mm and whoderveepmeatien PfOoghe nfwo phasesnesd tsepapetad. dfibimtis based on the
bor on t rioclelkped dent Iiz Homeolih 13 , hafidosepl g pasrad i ntas s g deseraliedl ph@880052056
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-17C. The ag i h i eactor was
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di schar ge/ whbees n x8 Urayegft ene appotopl 0f12hderberby conti nuous addition of a
further amount of Y g per hour of water at 60C. In a continuous 500 mi
phase sepﬁmgk@asvgﬁ merramen@%&%m%magaéeay@%ﬂehaﬁcéﬁa?é@de@htahom Lhe g
organi c O er our an
hagl ng p %% gj?gglﬁg fr%b% {ﬂgilp g%mg%cgﬁ,a{ﬁé ?f@?’ %o&?#e’l SPPePt nJCe
again b q] P con alns isperse water roplets 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

aqueous 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 aqueous 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



The m xture thus obtained was passed continuously through a 20 100 m
cartridge Dolo0E528® a further 500 mMl phase separation vessel, in which
aqueous and organi c phases were once again separated. After the cartridge
filter and the final phase separation 25 described, the organic phase was
conpletely clear. Analyses of the reacgion discharge treat ed in this manner
were carri d out assessing. the se t f _f£Lugr m reaction
di schar ge. §Bp§ %33?][ FRBYe> glsaes’%a%%@té% h% ggagg é(? ¢ an i%ggbutene
obt ai ned aff®r- r@?ﬂi’vélheéf f?ﬁé Y o13Ner| ¥ &Wbr?@s%?dﬂjr%tstqﬂaéta §d @hfch are
rel evant foechssiasdilyy Thetipe othast ofufiineypawade idéeenal hedhendnaee |i st ed
bel ow i n t BerfiefupeOforathableteradllse fhxcéds CEelX igey qiderydidFdrops to
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Ex. 74426001} BoA) 39351 859%Y. 058"?‘7‘ pAY o’c?f)%fz iggi 80982. 3595) 327003) 190
04)0 where 10 A = Tenperature of the reaction discharge/water m xture

after the Buisibladgiackdngsfammttdre Backiegpersatalig véed him rddattildation.
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5) The pi peobtesmeaeet-he first and second water netering becane 25 bl ocked
with icasin the course of 4 hours. The plant could not be further operated

at these fpgghdstiigs 2RULLELIPE! alnd e5rmbds SuUhseanthatridydy dht¥ndet ect abl e

in the orgggh§i§g1a§%r §9a§5&e, of polypropylene have proven particularly
useful.

20 It has proven advantageous to mix the organic phase freed from
the main amount of the aqueous phase with a third portion of
water before the passage through the apparatus having
coalescence-promoting internals. The third portion of water is,
for example, from 0.5 to 10, in particular from 2 to 7, % by

25 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 continuously
or batchwise but is preferably effected continuously. Processes
30 for continuous polymerization in the presence of a complex of
boron trifluoride and at least one cocatalyst in a liquid 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
35 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
40 the continuous polymerization of isobutene to polyisobutene, is
as a rule from 1 000:1 to 1l: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 to
45 30, in particular from 2 to 20, minutes are particularly
preferred.



40 45 0000052056 12 we claim 1. A process for the preparation of highly
reactive 500000520586 enes, in which a) isobutene is polynerized in the
presence of a conplex of boron trifluoride and at |east one cocatalyst in a
|l iquid organi c phase at a reaction tenperature of from-60 to 10 -4~C, b)

t he organi c phase which is substantiaH;y at the reaction tenperature is
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wei ght , baééﬂmﬁﬁt? I‘I%r%éiaﬁﬁtmﬁ]‘a’flr}’e a@?’dgﬁ?ge%‘fﬁse and the weight ratio of
the first portion to the second portion is from1:10 to 10:1. 30 35 3. A
process asTakapakgheém zaltdbm is ararZ;ieidnowhi ath & heaemibsi tsmmehtaaiuredoby

bri ngi ng ot keofr gedi o phaQ? it reqnhast ﬂrdnh betdi Lsic.panki pRaOfomat er haS
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precedi ng gkahPFe 4 tHai ¢Bobh ¥y dQK/bP SERY deadilg WuanRi1e PBASENdLQM the

h t d, th
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er
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aqueous ph&SEPEEAEEPacst 8T AR heTERBARI X2s1H408. PIase iy dbess as cl ai med
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t hrough t he apparatus havi ng coal escence-pronoting internals.
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 liquid organic phase.

Suitable starting materials are both isobutene itself and
isobutene-containing Cs-hydrocarbon streams, for example refined
C4 fractions, C, cuts from the dehydrogenation of isobutane 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-hydrocarbon 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-2-butene is substantially uncritical. The isobutene
concentration in the Cy-hydrocarbon streams is typically from 40
to 60% by weight. When C4 cuts are used as starting material, the
hydrocarbons other than isobutene play the role of an inert
diluent, as explained below. The isobutene-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 isobutene-containing feed, for example by adsorption onto

45 solid adsorbents, such as active carbon, molecular sieves or ion
exchangers.



8. A process as clained in claim7, in which the third portion 15 of water
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30 C;-Cjg-carboxylic acids, C4-Cjiz-carboxylic anhydrides and
Cy-Cpo-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;-Cjp-dialkyl ethers.
Particularly preferred cocatalysts are monohydric secondary
35 C3-Cyp~alkanols. Examples are isopropanol, 2-butanol,
sec-pentanol, sec-hexanol, sec-heptanol, sec-octanol and the
like. 2-Butanol and in particular isopropanol 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.
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The working-up of the organic phase freed from the aqueous phase,
for isolation of the desired polyisobutene, is carried out in a
conventional manner. The polyisobutene 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 a bottom product of a distillation column.

The examples and comparative examples which follow illustrate the
invention.

25
Examples

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

composition:
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
Isobutene about 45% by weight
Hexane about 54% by weight
40 Butadiene < 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 mmol/l), of isopropanol was added. The
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In a continuous 500 ml phase separation vessel, the aqueous phase
was then separated from the organic phase and a third portion of

15 water amounting to Z g per hour and having a temperature of 40°C
was added continuously to the latter, once again by means of a
nozzle.

The mixture thus obtained was passed continuously through a

20 100 ml cartridge filter and a further 500 ml phase separation
vessel, in which aqueous 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
Furthermore, those analytical data of the polyisobutene obtained
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 P Mn D Vin.
oC oC g/h g/h g/h ppm %
40 1 4 32 700 1700 0 38 2236 |1.766 | 86.2
2 4 35 700 1900 0 37 2229 1,763 | 86.5
3 6 38 800 1900 0 34 2270 |1.756 | 85.9
4 4 32 700 1700 50 26 2287 |1.759 | 86.3
5 4 32 700 1700 100 21 2281 |1.773 | 86.9
45 6 4 32 700 1700 150 17 2278 11.698 | 87.1
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where
10 A = Temperature of the reaction discharge/water mixture
after the first addition of water
B = Temperature of the reaction discharge/water mixture after the

second addition of water

X = Amount of first addition of water
15 Y Amount of second addition of water

Z Amount of third addition of water

Mn = Number average molecular weight

D = Dispersity

vin. = Vinylidene content
20 1) 2600 g/h of water at 23°C

2) 2600 g/h of water at 54°C

3) 700 g/h of water at 50°C
4) 1900 g/h of water at 65°C
5) 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.
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1. A process for the preparation of highly reactive
5 polyiscbutenes, in which
a) 1sobutene is polymerized in the presence of a complex of
boron trifluoride and at least one cocatalyst in a liquid
organic phase at a reaction temperature of from -60 to
10 -40C,

b) the organic phase which is substantially at the reaction
temperature is brought into intimate contact with a first
portion of water whose temperature is at least 80°C above

15 the reaction temperature, with formation of an emulsion
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 aqueous phase, and

d) the organic phase is separated from the aqueous 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
weight, based on the weight of the organic phase, and the
weight ratio of the first portion 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
+500C.
35
4. A process as claimed in any of the preceding claims, in which
the cocatalyst used is a secondary alcohol 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.
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