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POELVISOBUTYLENE COMPOSITION HAVING INTERNAL VINVLIDENE AND
PROCESS FOR PREPARING THE POLYISOBUTYLENE POLYMER COMPOSITION
FIELD OF THE INVENTION
f0001] The present invention relates to the production of polyisobutylens. The present invention also
velates to catalysts used in orgavic compound convérsion reactions. More particulatly, the present

mvention the relates to plasticizer compositions baving internal vinylidene molecules.
BACKGROUND OF THE INVENTION
[0007] Polyisobutylene is a conumercially important polymer that finds a great number of applications
exploiting its thevmal stability, good flesibility at ambient temperatures, and impermeability to gases.
Polyisobutylene has many propesties that differestiate it from most other polymers.  First,
polyisobutylene bas & first marketedly low permeability to small molecule penetrants.  Secondly,
polvisabulylene has one of the weakest temperatwé dependencies of structural refexation and
viscosity (i.e., low fragility) and, correspondingly, strong inelastic scattering (boson peak) even at
temperatures much above the plass transifion. Polvisobutyvlene alse has a very small difference
between the temperature dependencies of segmental and chain felaxatipns, which can fead to an
apparent conformance 1o time-temperatore superpositioning, unitke the obvious breakdown seen in
other polymers such as polystyrene, polyvinyl acetate, and polypropylene. Polyisobatylene also has
a mechanical segmental dispersion much broader than expected for such a Jow fragility material.
Polyisobutylene also has a very unusual spectrum of fast dynamics, that is, a "cotstant loss" regime
wheye the susceptibility changes neghigibly with frequency. Polyisobutylene can beviewed as a very
unysual polymer with properties deviating from behavior convmon for many other polvmers.
{8083 Polyvisobutylene is an isobutylene pobymer containing one donble bond perpolymer molecule.
In high-reactive polyisobutyiene, the double bond s at or near the end of the polywer chain making
the product more reactive.. When the donble bond is located at internal positions, polyisobutylene
is less reactive, creating low-reactive polyisobutylene.
{6004} The polymerization of isobwtylens vsing 2 Friedel-Craft type catalyst, mcluding boron
wifluoride, #s a generally known procedure. The degree of polymerization of the products obtained
varies according to which a number of known polymerization techniques is used. Tn this later
comection, it is understood that the molecular weight of the polymer product is directly related to

the degree of polymerization. It is also known that polvisobutylene can be manufactared in at least
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twe different major grades, Le. regolar and high vinylidene, Conventionally, these two product
srades have heen made for different processes, bui both often and commonly use a diluted
isobutyiens feedsiock in which the isobutylene concentration can range From 4 1o 60% by weight.
More recently, ithas been noted that at least high vinylidene polviscbutylene may be produced nsing
concentrated feedstock having an isobutylene content of 90% by \‘ifeigﬁt of more, Non-reactive
hvdrocarbons, such as isobutane, n-butane and/or other lower alkaves, comwnoenly present in
petroleum fractions, may also be mcluded w the feedstock as dilvents. The feedstock may also
contam small qualities of other unsaturated hydrocarbons, such as 1 -butens and 2-butane.

{0005] Regular grade polvisobutylene may range in molecular weight from 500 to 1,000,000 or
higher, and is generally prepared in a batch process at low temperatre, sometimes as low as -50°C
0 -70°C. RAICEL or R,AICT are often used as catalysts. The catalyst is genevally not wotally removed
fronythe final polyisobutylene product due to the processing pecuhiarities. Moléoular weight may be
coutrolied by temperatore since the wolecular weight of the product varies inversely with
temperatyre. That is to say, higher temperatures produce fower molecular weights. Reaction tmes
are offen in the order of hows., Regular gmi}figobutjiylene may be used as a viscosity wodifier,
particularly i lube oils, as a thickener, and as a tackifter for plastic films and adbesives.
Polvisobutylene can also be fusctionalized to produce intermedistes for the manufacture of detergents
ard dispersants for foel and tube oils.

10066} Traditional processes to make high-reactive polyisobutyléne use a liguid polymerization
catalyst. The catalyst is continually fed to the reactor and mixed with isobutylens monomer. The
liquid catalyst is toxic, hazardous, and requires special handling systeros and procedures 1o avoid
exposure and vapor reledse. As the reaction mixiure leaves the reactor, the cafalyst must be
completely neutralized and separated. The sepavation process involves washing the nevtratized
catalyst complex from the reaction mixture with copions amounts of water to remove all catalyst
restdues. Trace woowss are carrosive fo subsequent processing steps and detrimental fo product
quality and stability. The neutralized catalyst cannot be recyeled. Thisprocess substantially increases
plant capital investruent, incteases operating costs, and generates approximately as much waste water
as progduct.

1007] FIGURE [ is an Hluswration of the polymerization mechanism for isohutyiene. Isobutylene is
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made by the catiopic polymerization of tsobutylene, generally by using a Lewis acid catalyst. These
catalysts typically include AICL, BS,, and compleses of BS,. The first step is the initiation step (1)
and tnvolves association of the catalyvst with the isobutylene monomer so as to give the initial
carbocations. The propagation step (P) 1s the second step where additional monomer adds to tnttial
carbocation s0 as {0 generate a neéw carbocation at the end of the growitng chain. Chain propagation
continues until a desired number of monomer units {molecular weight) is reached. The termination
step {T) ocours when carboeation reacts with the catalyst residue instead of another monomer unit,
congequently generating a double bond. The termination step (T} and the propagation step (P) are
competing reactions. The propagation step {(P) is favored at lower reaction temperatures. The
ternmnation step (Ths favored at higher reaction teraperatures. Therefore, the polymer molecalar
weight s inversely proportional (o reaction temperature, Higher reaction temperatures prodace lower
molacniar weight and lower reaction temiperatures produce higher molecolar weights.

{0068] The termuination step (T) can produce two major olefin isomers, namely, alpba vinylidene
{Stracrure 1) and beta sri-substituted olefin (Structure 2). Structure 1 is kingtically preferred singe it
forms wore rapidly. Structure 2, and other substituted olefins, are thermodynarically preferred and
more stable. Accordingly. Structure 1 can isomerize to less desirable Stractwre 2 and higher
sabstitated olefins. To prevent isomerization and “lock " the preferred Stracture | isomer, the
palymerization catalvst peeds to be neutralized or isolated rapidiy from the reaction misture. There
are several ways thas is accomphished. In particular, one of the steps i nentralization with basic pH
media and subsequent removal by conventional means, such as absorption onto active substrates or
through the use of conventional separation sechuniques.

{00091 A great sumber of different fypes of catalydt systems bave been proposed in the past for
conducting organic compound conversion reactions. These systems include the use of {1) metal oxide
BF, complexes, (2} BF, and liquid BF, complexes as catalysts for isobuivlene polymerization, (3)
tiguid BF, methanol complezes as isobutylene polymerization catalysts, and {4) solid sobarvlene
polymerization catalysts. Prior art relevant to these prior art systems is discussed below.

001 0] Inorganic metal okides, such as alumina, have been provided with catalvtic activity inthe past
by contacting the same with BF,, usually in gaseous form. The contaciing is usually followed by

hydeolvsis and calcination or some other post-treatment. These catalysts generally have limited
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activity, ave not stable and release free BF, into the reaction products requiring post reaction removal

~

of these residues,

{811 US. Patent No. 2,804.41 1, assigned to American Ol Company, discloses treattuent of 2 $i
stabilized gelled alumina with gaseous BF . Free BF, is reguired to be added to the reaction mixiure.
{0012] U, Patent No. 2,976,338, assigned to Esso, describey an olefin polvmerization catalyst
comprising a BF H, PO, camplex that may be absarbed onto a solid suppors.

0131 UK. Patent Wo. 3. 114,785, assigned to UOP, deseribes an olefin isomerization catalyst made
by contacting anhydrous ganuma or theta alumina with gaseous BF, st temperatures from about
H00°C 10 150°C for 10 hours or until alunyina is satutated. The process of olefin isomerization using
the BF -alumina catatyst is clahmed; the composition of the-catalvst s not claimed.

j{8014] U.S. Patent No. 4,407 731, assigned to UOP, claims catalytic compositiohs of matter prepared
by pre-ireating & metal oxide, such as aluiiba, with aqueocus acid and base followed by calcmation,
The treated gamms ahuning s then tremted with BF, gas at temperatures of 308-348°C at elevated
pressure to obtain the fmal catalyst usefil for cligomerization and alkylation reactions.

JB0ES] U.S. Patent No. 4,427 79, adsijmed to Mobil Oil Co,, discloses a method for enhanding the
activity of metal oxides, such as alumina, by treating the alumina with NH,F or BF,, contacting this
fluoride-containing product with an ammonium exchange solution and then calcinating the fival
prodoct.

HOEG] LIS, Patent No, 4,918,255, assigeed to Mobil Ot Co., describes an isoparatfin alkylation
catatyst based on metal oxides and aluminosilicate zeolites treated with a Lewis acid, including BF,,
in the presence of a controfted amount of water or water-producing material. Excess BF,, o that
néaded to saturate the metal oxide 1s used requiring post reaction BE, removal.

JO0171 UK. Patent No. 4,935 577, assigned o Mobil Qi Co., describes a catatytic distillation process
using a non-zeolite metal oxide activated with BF, gas. Excess B, above that needed o saturate the
metal oxide, is used requiring post reaction BF, removal. BF, and Hgudd BF, complexes as catalysts
for isobutylene polymerization.

j0018] The homogenous catalytic polyvmerization of olefins using gaseous BF, and liquid BF,
comptexes is well known. The polymers generally so produced are of the highly reactive tvpe wherain

a large percentage of the polymer contains terminal double bonds or has & high vinvlidene content.
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All of these procegses require post-reaction vemoval of the BEY, catalyst.

0019 LS. Paient No. 4,152.499 issued to Boerzel et al., describes the synthesis of polyisobutylene
having a degree of polymerization of 16-100 units using a blanket of BF, gas as the catalyst. The
polyisobutyiene product was then reacted with maleic anhvdride in yvields of 60-90% indicating a
targe portion of vinylidene end groups.

{80201 US. Patent No. 4,605 808, 1ssued to Samson, describes production of & polviscbutylene
having at least 70% unsaturation in the terminal position. An aleohot complex of BF, was used as the
catalyst. The complexing of the BF, seams o give better control of the reaction and higher vinylidene
content.

(0821 1.5, Patent No. 7,411,104, assigned. to Daelim Industrial Co., describes a method for
producing highly reactive polvisobatylene from a raffinate-1 sweam using a Hguid BF, secondary
atkyl ether-tertiary alcobol complex. The process requites low reaction tesiperatures and the catalyst
complex is not stable and must be made Ju situ. The catalyst rust be removed from the reactor
effluent by & post-reaction trealment Pracess.

[8022] US. Patent. No. 5,191,044, issued to Rath et al, disclosés a process for prepaving
polyisobutylene in which the BF, catalyst is completely complexed with an alcohol such tha there
is no free BF, in the reactor or in the reaction zones. An excess of alcobol complexing agent is
required to assurethat no free BF, is present, The reaction times are on the arder of 10 minutes with
resction temperatares of below 0°C.

[0023] Rath, in LLS. Patent No. 5408018, describes a multistage process for preparing highly
reactive: polyisobotene with & coment of termuual vinvlidene groups of more than 80 mol %% and an
average molecnlar weight of 500-5000 Dations by the catiomic polymerization of isobutene or
isobutene-Containing hvdrocarbon feeds in Hquid phase with the aid of baron trifluoride as catabvst
and at from 0°C to -60°C. The polvmerizing is in the presence of secondary aleohols with 3-20
carbou atoras and/or ethers with 2-20 carbon atonms.

{6024] Olefin polymerization, especially isobuitvlene palymerization, is an exothermic progess.
Control of reaction teraperature is critical to product quality, catalyst life, degree of polymerization
and obtaining the desired pre-selected properties. In the pasemts cited above, the reaction tempergiure

was controlied by dilute olefin monomer concentration, complexed catalvst, multi-stage reactions
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and/or long reaction times and low reaction temperatures. Low regction femperatures inerease snergy
requirements; long reaction times or dilute feed streams increase equipment size and equipment cost
{capital expenditures).

[B025] U.S, Patent MNos. 6,525149, 6,562 913, 6,683,138, 6,884 858 and 0,992,152, 1o Baxter, et al.
describe olefin polvmerization processes i which the polymerization is cartied out # the nube side
of a heat exchanger under arbulent flow conditions. The reactor design allows for very effective and
efficient removal of the heay of reaction such that relatively high feed rates and concentrated feed
streams may be used. A BF -methanol complex 1s used as the catalyst and, because this complex is
particulatly stable, igher reaction temperatures may be used. The BF-methanol catalyst complex
may be preformed, formed in-situ by separate Injection of the methanol complexing agent, or a
combination of both.

[0026] The BF, methanol complexes are very stable allowing forhigher isobutylene polymerization
temperatures not possible with other BF, oxygenate complexes, particularly higher alcahols,
secondary alcohols, ethers and the like. Also, because higher reaction temperatares mav be used,
reaction rates are increased. |

10027 However, in all of the patents cited above, the BF,, or at least portions of the BF,, catalysts
are sctuble in the polymer products. Residual BF; is detrimental 10 product guality and must be
removed as quickly as possible. Hence, these processes must employv some kind of catalyst quench
and catalyst removal steps subsequent to the reaction, The guenched BF, streams cannot be recycled
and the BF, is lost.

{0028} Isobutylene and butylene polymerizations have also been conducted using solid catalysts,
particularly Friedel-Crafts type calabysts, suchas AlCL,. The advantage to these processes is that the
catalystis a solid and is not soluble in the product. Caalyst removal and product purification is much
easier than in the BF, catalyzed reactions.

{9629] U.S. Patest No. 2,484 384, assigued to California Research Corporation, LS. Patent No.
2,677,002, assigned to Standard Oil Co,, ULS, Patent. No. 2,957 930, assigned to Cosden Petrolenm
Corporation and U, S. Fatent. No. 3,119,884, assigued to Cosden Petrolewm Corporation, all describe
A, catalyzed butylese polymerization processes using a fluidized bed reactor system.

{6038] US. Patent No. 4306105, assigned o Cosden’ Pewrolewm Corporation, describes a

-n
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chlorinated aluwing catalyst prepared by reacting pore aluming with pure chlorine. A fluidized bed
reactor is utitiesd for butens pelymerization.

JOB31} Solid catalysts have also been used wo produce alefin polymers with a high proportion of
terminal vinylidene groups.

{08321 U5, Patent. No. 5,710,225, assigned t Lubrizol, claims the use of phosphotungstic acid salt
io potymerize C-C; olefing to produce polvimers with molecular weights in the range of 300-20,000.
The uze of phosphotungstic catalyst, ina Bxed bed reactor, 1s also desenbed, bot the flow rate is low
and is generally operated as a plug flow reactor. The resuliing polymer has an undesivable very high
potydispersity. The fived bed reactor as described in the examplewould not be sconomically feasible.
JOO33LLS. Patent No. 5,770,339, assignad to Exxon Chemical Patents, Inc., discloses heterogeneous
Lewis acids polymevization catalysts, such as BF,, immobilized m porous polywer substrates. The
BE. is coniplexed with the atomatic sings of cross-linked polystyrene copolymers.

{0034 ULS. Patent No. 5,874,380, assigned to Exxon Chemical Patents, Ine., claims a solid state
msoluble salt catalyst system for the earbocationic polymerization of olefin monomer in the presence
of polar or non-polar reaction mediun which comprises ar feast one-sait of & strong acid and &
carbocationically active transition metal catalyst selected from Groups HHA, IVA, VA, and VIA of
the Periodic Table of the Elements.

{0035] LS. Patent No. 6.384.154, assigned fo BASF Aktiengesellshafl, discloses a process for
preparing halogen-free, reactive polyisobutylene by vationic polymerization over an acidic, halogen-
free hetevogenepus catalyst comprising oxides and elements from transition or main group 1, 11, T,
BV, V, VL VI or VIII of the Pentodic Table of the Elements. The polymerization is carried out in a
fixed bed reactor.

J6038] The solid, heterogeneous butylene polvioerization catalysts cvted above do solve the problem
of catalyst residoes m the reacior effluent, thereby elininating the need for post reaction treatment.
However, conversions are low, space velocities are low and reaction temperatares are low.

{037} BF, activated metal oxides ave nof described in the prior art as polymerization catalvsis for
the manufacture of polybutene of polyisobutylene. In fact, US. Pat. No. 6,710,140 assigned to BASF
Aktiengesellshafl, claims the use of alumina as a solid deacivator to absorb BF, catalyst residoes
from: polyisobutylene reactor efffpems. The resulting BF-aluming complex is described as not

-
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catalytic.
[38] It is an object of the present invention to provide a polyisobutylene composition and process for
forming the polyisobutylene composition which avoids the use of washing water and produces no
wastes.
{391 It is another object of the present invention to provide a polyisobutylene composition and
process for forming the polyisobutylene composition which is a green process.
[40] It is still another object of the present invention to provide a polyisobutylene composition and
process for forming polyisobutylene composition which avoids the need for recycling.
[41] It is still another object of the present invention to provide a polyisobutylene composition and
process for forming the polyisobutylene composition which produces high yields of high puirty
product.
f421 It is a further object of the present invention to provide a polyisobutylene composition and
process for forming the polyisobutylene composition which is simple and highly effective.
[43] It is still a further object of the present invention to provide a polyisobutylene composition and
process for forming the polyisobutylene composition which involves a significantly reduced capital
investment, low operating costs and low catalyst costs.
[44] It is still a further object of the present invention to provide a polyisobutylene composition and
process for forming the polyisobutylene composition that provides the ability to make anhydride
succinics, succinimide, mapnich, and split-tail surfactants.
[45] These and other objects and advantages of the present invention will become apparent from a
reading of the attached specification and appended claims.

BRIEF SUMMARY
[45a) In a first aspect of the present disclosure, there is provided a polyisobutylene composition
comprising polyisobutylene molecules, wherein a first portion of the polyisobutylene molecules has
alpha vinylidene molecules and a second portion of the polyisobutylene molecules has beta
vinylidene molecules and a third portion of the polyisobutylene molecules has internal vinylidene
molecules, wherein the first portion has less than 75% of the polyisobutylene molecules of the
composition, wherein a total of first portion and the second portion is less than 90% of the
polyisobutylene molecules of the composition, and wherein the third portion is more than 3% of the
polyisobutylene molecules of the composition, wherein said second portion is less than 10% of the

polyisobutylene molecules of the composition.



[45b] In a second aspect of the present disclosure, there is provided a polyisobutylene composition
comprising polyisobutylene molecules, wherein a first portion of the polyisobutylene molecules has
alpha vinylidene molecules and a second portion of the polyisobutylene molecules has beta
vinylidene molecules and a third portion of the polyisobutylene molecules has internal vinylidene
molecules, wherein the first portion has less than 75% of the polyisobutylene molecules of the
composition, wherein a total of first portion and the second portion is less than 90% of the
polyisobutylene molecules of the composition, and wherein the third portion is more than 3% of the
polyisobutylene molecules of the composition, wherein said polyisobutylene composition has a
fourth portion that has tetra-substituted isomers, said fourth portion is less than 5% of the total
composition.

[45¢] In a third aspect of the present disclosure, there is provided a polymerization process for
preparing a polyisobutylene polymer composition comprising:

providing a liquid feedstock containing isobutylene;

forming a solid catalyst that is a reaction product of a boron trifluoride/alcohol catalyst complex that
is supported on an alumina substrate;

positioning said solid catalyst complex in a reactor;

flowing said liquid feedstock through said solid catalyst in said reactor such that said isobutylene is
catalyzed by said solid catalyst; and

discharging said polyisobutylene polymer composition from said reactor, the discharged
polyisobutylene polymer composition having polyisobutylene molecules in which a first portion of
the polyisobutylene molecules has alpha vinylidene molecules and a second portion of the
polyisobutylene molecules has beta vinylidene molecules and the third portion of the polyisobutylene
molecules has internal vinylidene molecules, wherein in the first portion is less than 75% of the
polyisobutylene molecules of the composition.

{46] The present disclosure relates to a polyisobutylene composition that comprises polyisobutylene
molecules wherein a first portion of the polyisobutylene molecules has aipha vinylidene molecules, a
second portion of the polyisobutylene molecules has beta vinylidene molecules, and a third portion of the
polyisobutylene molecules has internal vinylidene molecules. The first portion is less than 75% of the
polyisobutylene molecules of the composition. A total of the first portion and the second portion is less
than 90% of the polyisobutylene molecules of the composition. The third portion is more than 3% of the

polyisobutylene molecules of the composition.
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[47] More specifically, with the polyisobutylene composition of the present disclosure, a sum of
the first portion and the second portion and the third portion is less than 90% of the
polyisobutylene molecules of the composition. The second portion is, preferably, less than 10%
of the polyisobutylene molecules of the composition. The first portion is preferably between
20% and 75% of the polyisobutylene molecules of the composition. The polyisobutylene
composition can have a fourth portion that has tetra-substituted isomers. This fourth portion is
less than 5% of the total composition. The polyisobutylene composition will have a molecular
weight of between 250 and 5,000 Daltons.

{48] The present disclosure also relates to a polymerization process for preparing a
polyisobutylene polymer composition. This polymerization process comprises the steps of: (1)
providing a liquid feedstock containing isobutylene; (2) forming a solid catalyst that is a reaction
product of a boron trifluoride/alcohol catalyst complex that is supported on an alumina substrate;
(3) positioning the solid catalyst complex in a reactor; (4) flowing the liquid feedstock through
the solid catalyst in the reactor such that the isobutylene is catalyzed by the solid catalyst; and (5)
discharging the polyisobutylene polymer composition from the reactor. The discharged
polyisobutylene polymer composition will have polyisobutylene molecules in which a first
portion of the polyisobutylene molecules has alpha vinylidene molecules and a second portion of
the polyisobutylene molecules has beta vinylidene molecules and the third portion of the
polyisobutylene molecules has internal vinylidene molecules. The first portion is less than 75%
of the polyisobutylene molecules of the composition.

{49] In the process of the present disclosure, the polyisobutylene polymer composition can be
distilled after the step of discharging. The step of distilling serves to separate oligomers from the
polyisobutylene polymer composition. In particular, the step of distilling includes passing the
polyisobutylene polymer composition to a first distillation column, feeding the polyisobutylene
polymer composition under pressure in the first distillation column so as to separate isobutane
and isobutylene from the polyisobutylene polymer composition, and discharging the
polyisobutylene polymer composition from the first distillation column. The step of distilling
further includes passing the discharged polyisobutylene polymer composition from the first
distillation column to a second distillation column, feeding the polyisobutylene polymer in the

second distillation column at



atmospheric pressure so as to separate C8 oligomers from the polyisobutylene polymer composition,
and discharging the polyisobutylene polymer composition from the second distillation colamn. The
step of distilling further includes passing the discharged polyisobutylene composition from the
second distillation column to a third distillation column, feeding the polyisobutylene polymer
composition in the third distillation column under vacuum conditions so as to separate C12 and
higher oligomers from the polyisobutylene polymer composition, and discharging the
polyisobutylene polymer composition from the third distillation column.

[50] The boron trifluoride/alcohol catalyst complex has between 10 to 30% by weight of the solid
catalyst. A ratio of the alcohol to the boron trifluoride in the catalyst complex ranges from 0.5 mole
of alcohol per mole of boron trifluoride to about two moles of alcohol per mole of boron trifluoride.
[51] In the present disclosure, the reactor is a fixed bed reactor. The fixed bed reactor has a plurality
of tubes extending therethrough. The solid catalyst is received in the plurality of tubes. The process
of the present disclosure includes flowing a heat exchange fluid around an exterior of the plurality of
tubes so as to control a temperature of the reaction between the liquid feedstock and the isobutylene
in an interior of the plurality of tubes.

[52] The discharged polyisobutylene polymer complex can be passed through a filter in which the
filter has alumina therein. As such, any residual boron can be removed from the polyisobutylene.
The discharged polyisobutylene polymer composition has the third portion of greater than 3% of
polyisobutylene molecules of the composition. A total of the first portion and the second portion
being less than 90% of the polyisobutylene molecules of the composition. The discharged
polyisobutylene polymer composition has a molecular weight of between 250 and 5,000 Daltons.

[53] The process of the present disclosure is based on a novel solid catalyst as used as a fixed bed
reactor system. The solid catalyst is in the form of beads or other convenient geometric shapes and
sizes. The solid catalyst is packed into a tubular reactor forming a stationary, completely-contained
bed. The isobutylene monomer is fed to the reactor at a controlled rate and passes over the solid
catalyst allowing the polymerization reaction to occur. A separate circulation loop is employed to
provide heat transfer. Isobutylene polymerization is highly exothermic so as to generate between 350
BTU/Ib. of isobutylene. The circulation loop provides sufficient reaction temperature control

ensuring that isothermal conditions are maintained over the reaction bed. This is critical to
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controlling molecular weight distribution. The residence time over the catalyst is regulated to
provide the desired isobutylene conversion.
[54] When the polymer reaction mixture exits the reactor, the polymerization and isomerization
reaction has stopped and the crude reaction mixture contains no catalyst residues. As such, no
subsequent washing steps are necessary. The reaction mixture is fed directly from the final
distillation steps. Since the catalyst is contained solely within the reactor, catalyst injection and
handling systems are not required.
[55] Current technology used to produce polyisobutylene has both human and environmental
risks. The present disclosure eliminates waste. The present disclosure recycles the material so
as to minimize human exposure to hazardous materials, reduce catalyst use, and decrease plant
capital, energy, and operation cost. The present disclosure produces no wash water or other
waste. There is no human exposure to boron trifluoride gas or boron trifluoride complexes. The
very high feed-to-catalyst ratio requires only one to two percent of the catalyst currently used.
The cost for building a facility is greatly decreased. Additionally, the energy and operation cost
assoclated with the production of the polyisobutylene in the process of the present disclosure
produces significant annual savings.
[56] This foregoing Section 1s intended to describe, with particularity, the preferred embodiment
of the present disclosure. It is understood that modifications to this preferred embodiment can be
made within the scope of the present disclosure without departing from the true spirit of the
disclosure. As such, this Section should not be construed as limiting of the scope of the present
disclosure. The present disclosure should only be limited by the following claims and their legal
equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS
[57] FIGURE 1 is an illustration of the typically polymerization mechanism associated with the
formation of polyisobutylene from isobutylene.
[58] FIGURE 2 is a flow diagram showing the process of the polymerization process of the
present invention.
{59] FIGURE 3 is a detailed view showing the fixed bed reactor associated with the

polymerization process of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

{00601 Referring to FIGURE 2, there is shown the process 10 of the present invention for the
polymevization of polyisobutylene. In the process 10 of the present invention, a lquid feed stock
containingisobutylene is provided intank 12, A preferred feedstock is high pusity isobutylene which
coutains greater than 99 weight percent of isobutylene. This feedstock is kighly suftable for the
production of highly reactive polyisobutyiene, Another olefin feedstock can be C4 raffinate. The
actual composition of such a stream s varigble depending on the source, bus & typical C4 raffinate
feedstream might consaim about 8.5 weight percent of C3, about 4.5 weight percent of isobutane,
about 16.5 weight percemt of n-butane, about 38.3 weight petcent of 1-butene, about 28.3 weight
percent ofisobutylene, about 10.2 weaight percent of cis- and trans-20-butene, and less than 0.5
weight percent of butadiene and less than 1O weight percent of oxygenaies, The presence of
-oxyeenates may or may not affect the catalytic reaction. The C3 and the n-butane are inért and pass
through the reactor unchanged and ave removed from the reaction mixtare and the downstreams
stripping steps. The isobutylene reacts to s high degree depending on the reaction conditions and the
desived fial product, The 1- and 2-butenes may reatt to varving degrees depending on the catalyst
type and reactor condiions.  The unceacted olefins are removed from the polvmer product in the
downsiream stripping steps. These raffinate fedstocks are particulatly preferred for the production
of polymers in which high reactivity 1s not important,

H061] Anothier type of olefin feedstock provided in tank 101s the effluent from the dehydrogenation
of isobutane 1o isobutviene, referred to stmply as dehvdro efffuent, or "DEE". DHE typically
containg about 42 - 45 weight percent of isobutene, and sbout 30 to 32 weight percent of isobutane
within the balance being sinall amounts of O3, normal butanes and butvlénes, and butadiene. This
feedstock is parsicular suitable for the production of polvisobutylene in location ¥ which the tnent
sobutane may be utilized, for example in cooperation with an isobutane dehydrogenation unit.
16062} Another olefin edstock can be DHE in which most of the inert isobutang has shready been
removed., Tius stream is known as isobutylene concentrase and typically contains about 88 - 90
weight percent of isobutene, and § - 10 weight percent isobutane with the balance being minor
amowns of C3 permal butanes and butylenes, and butabiene, This feedstock is suitable for the

prodaction of highly reactive polvisobutylene.
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180637 As can be seen in FIGURE 2, the liquid feedstock in tank 12 is fod by pump 14 alon

iines

2

16 into a Ime 18, Ling 18 can include a isobutane purge so that the gaseous isobutane can be
removed from the feedstream. A cooler 20 is provided along e 18 so as to feduce the temperature
of the feedstream to a range of between S0°F to 30°F. After the feedstream passes through the cooler
20, the feedstream will flow slong line 22 so as to be pumped by pump 24 into the reactor 26, The
reactor 26 contains the solid catalyst that will be deseribed heretnafter. A civculation loop 28 is
provided in assoviation with the reactor 26 so as to circulate the pradocts of the reaction,

0064} As can beseen in FIGURE 2, recyeled C, from the process 10 can flow to a vessel 30, This
recycled O4 will include isobuiviene and isobutane. Prump 32 will pass this mixture along line 34 to
tine 18, The isobutans purge allows the gaseous dsobutane to flow along line 36 and cutwardly of
the process 19, Theisobitane purge caw be recovered {or use elsewhere, Inthis process, the recycled
isobutylene can then Jow, along with the isobutylene from the feedstock in tank 12 can flow to the
reactor 36 mn the manver described hereinabove.

HIO65] A filter 3% 13 connected to the output from the reactor 26, Under rare circumstances, trace
amounts of boron tmay be part of the oviput of the resctor 26. The fiter 38 can contain alarina
therem so as to react with these trace amounts of boron so a5 to remove the bovon from the
polvisobuatylene of the reactor 36, The output of the reactor 26 flows along line 40 to a heater 42.
Heater 32 can elevate the temperature of the polvisobutylene product of the reactor 26 0 a
temperature of approximately 300°F. As such, this polvisobutylene product will flow o a first
distiflation colunie 44, The fivst distillation column 44 will heal the polyisobutylene product under
pressure s0.48 to separate the lights from the polyisobutylene product. The hights, suchas C4, will
flow outwardly along line 46 from the fitst distillation cohwiin 44, The relatively hot lights flowing
along Hne 46 will pass through conler 48 so as 1o be cooled to a desired temperatire such that the
vapor will condense into a Hguid and flow o a collector 50, The vapor flowing through line 46 can
mchide isobutylene and isobatane |, along with other oligomers of the polvisobutylene praduct. The
4 can then flow along Hoe 52 back to the vessel 30 for use in the process. A portion of the
condensed lights can flow afony line 34 back for use within the first distillation column 44,

[0066] The polyvisobutviene prodncs, as passed from the first distillation columin 44, will flow along

tine 36 by action of pump 58 so as to flow owtwardly therefrom. The pamp 58 will ponip the
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polyisobatylens product from the distillation column 44 along line 6010 a second distiliation colurmn
62, Additionally, a portion ofthe polyisobutylene product produced by the distillation column 44 wil]
flaw back along Hne 62 for use within the distilladon column 44, Fundamentally, in the fiest
distiflation column 44, the low remperature boiling poist procucts will flow upwardly in the firsg
distiflation columu 44 and the higher boiling temperature produets will flow outwardly along line 14,
Ax such, the lights are effectively separated by the first distillation cohunn 44.

{867] The polvisobutylene product from the fivst distillation cotunn 44 will How into the second
distillation coborm 62. The second distillation column 62 is heated and maintained at atmospheric
pressure. The heavier C8 oligomer flows from the second distilation column 62 owtwardly aleng line
64 so as to be cooled by cooler 66 for delivery mio condenser 68, The condensed iquid can then
pass by pump 70 along hwe 72 to & recovered CB tank 74, Another portion of the C8 product will
fow along line 76 back for use in the second distillation colwmn 62. The polyisobutyvlene product
from the second distitlation columm 62 flows outwardly along line 78 by action of the pumyp 80
through Ime 85 and to a third distillation column 84, A portion of the polviscbutylene product
Howing from the second distiation colump 62 will pads back to the distillation colamin 62 along line
6.

H068] The third distillation colunm 84 s maintamed tya vacoom condition so as to separate out the
further oligomers, such as €12, Ci6, €20, €24, ete. As such, these oligomers will flow outwardly
of the third distillation coltunm 84 along line 86 to a cooler 88 and evenwally to the condenser 90,
The condensed Hauid is thea passed by punyp 92 along line 94 to a tank 96 whergbythe C12 and C16
can be recovered. A portion of the C12 and the C16 can How back to the third distilhation coltenn
&4 along 98, The highly pure polyisobutylene product flows onlwardly from the third distillation
column 84 alongline 100, Pump 102 serves to deliver the high purity polyisobutylene product along
line 104 to a cooler 106 and omward to a quality control tank 108, an off-spec tank 110 and a
polvischutylene product task 112, A portion of the high purity polyvisobutylene product can be
recycled back to the third distillation column 84 along Hine 114, The guality control tank 108 allows
for a small sample of the high purity of the polyisobutylene product to bie collected therain. As such,
the high parity polyisobutviene product can be effectively tested for purity. 1f the polvisobutylene

prodoct meets the specifications. it can fow onwardly to the polyisobutylene product tank 112, I
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the polyisobutyltene product in the quality control tank 108 is off-spec, then thwill flow &

tank 110
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JOB69] Any gases collecied from the condenser 90 associated with the third distillation colunm 84
can be removed therefrom by action of the pump 114 and uitimately transimitted cut of the process
103 along line 116 50 as to he Dared.

{676] The reactor 26 in the process 10 of the present invention contains a-unique activated metal
oxide catalyst. Activated metal oxide catalysts of the invention of the present application are
prepared by reacting nonmally hquid BF Jalcobol complexes with anhydrous crystalline aluminum
uxide {aluming). Gamma and theta alumina are the preferred crystalline structares.

{0071} BF-alunvoa compesitions of the prior art are not catadyiic for some organic conversion
reactions, as reported m UK. Pat. No. 6,710,140, Moreaver, in sowe cases # which ¢ BF, levels
nirght be catalytic, the BF, {eaches off and requires additional BF, to be added alongwith the reactant
feed. This, of course, defeats the purpose of a solid heterogeneous catalyst since post treatment of
the reactor effivent is required 1o remove the BF, residues.

[0872] In accordance with the wmvention of the present application, it has been ynexpeciedly found
that i normally liquid BF,/alcohol complexes are used insizad of BF, gas, the resuliing reaction
products with crystalline aluming arehughly catalvtic, stable, have a long life, and are not deactivated
or consumed during the catalviie process. Moveover, high loadings of BF, may be achieved withowt
the problem of BF; leaching into the reaction mixture,

0073] Suitable crystalline alumina types include theta sluming and gamma alomina. The more
preferred erystal strocture is gawma sluming because it has a higher capacity for BF /alcobol catalyst
complexes than does theta alununa, Alpha alemma is least preferred. The alumina must be
essentially dry hefore reaction with the RF /alcohol complex. This may be accomplished by heating
the same at 200°C for 10-20 hours.

{074} The BFdalcokol complex may be formed by passing BF; gas through a solution of pure
anhydrous alochol st a rate that allows the BF, to be efficiently absorbed. The ratic of alcohol to BF,
nway generally range from about 6.5 moles of alcohol per mole of BF to-abowt 2 moles of alcohol per
mole of BF.. A more preferred range is from about 1 mole of alcoho! per mole of BF; v abow 2

moles of alcokiol per mole of BF,. The most preferred range is fomabout T mole of alcohol per mole
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of BF o abount 1.3 moles of aleoho! per mele of BF,,
{00757 Alcohols i the range of C,-C,,, with no alpha hydrogens, are suitable for complexing with
BF.. Alcohols that have alpha hydrogens ave easily debvdrated by BF, 1o form olefins. Even if
BF./alcohol campiesesmay be formed at low temperanies, forexample, the resulting complexes are
ot stable at reaction temperatuges, The move preferred alcohols ave methanol and neo-alcohols, such
as neopentyl alcobol. The-most preferved alcohal is methanel, Glycols and polvhydric alcohols with
no-alpha hydrogens may also be used, for example ethvlene glveol.

j0076] The reaction of the BF /alcohol complex with alumina is highly exothermic and must be
controlied to aveid loss of BF;. The BF Jalcohol complex may be added by any mechanical meaus
that allows good mixing of the complex with the alumina and that also allows for adequate
femperature control. A preferred method is fo add the ahuuing o 4 rotating double cone wixer amd
meler in the BF,/alcohol complex such that the temperature is controlied within the desired range.
The temperature during the mixing should not exveed 50-60°C.

1177 ] The concentration of BF /alcohol comples on the shumning may range from about 10% 1o about
3% by weight, A preferred range &s fom about 20% 10 about 30% by weight. The most preferred
range is from about 253% to about 30% by weight. The actual concentration of F or B in the
BF /falcohol comples-aluming system.depends on the aleobol used.

{0078 The final catalyst composition, which 1s & BF /alcohol-alumina reaction product, may be used
to catatvze organic compound conversion reactions. Thecatalyst coraposition may be contacted with
the reactants in a batch or & continuous processes.

[3079] In the preferred embodiment of the present invention, the reactor 26 can have a shell 120 with
& plurality of tabes 122 arranged vertically theréin, Each ofthe tubes 122 has the solid catalyst 124
packed therein. As such, the arrangement shows in FIGURE 3 is knowa as & fixed bed reactor, This
especially suitable for highly exothermic seacticns, such as olefin polymerization, and, in particular,
polpiscbutylene pelvmerization.

HB088] As can be seey, the reactor 20 extends vertically, a heat exchange media can pass through an
inlet 136 into the interior volwme of the shell 120, As such, the heatexc hange wmedia can be circulated
through the shell 120 and mio the dmerior volume of the reactor 26, The heat exchange media can

flow outwardly along outlet line 128 froth the shell 120, As such, the heat exchange media can be
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ptilized 5o as 1o conirol the temperature of the reaction,

{0081 ] The reactor 126 can be Stted with a recurculation loop 130 5o as o accommodate a volometric
reciretdation flow. The isobutylene-contatning feedstock can enter the reactor along line 132 by way
of a recirculation pump located in a position downstreans.  The recirculation pump will push the
isobutylene stregm through the reactor tubes 122 and retians the stream 10 the suction side of the
pump. In the case ofa two-pass heat exchanger, therecironiation flow may enter through the bottom
of the reactor 26, then pass through the tubes, exit the reactor from the bottom and retom to the
pump. The flow scheme constitutes what s generally considered to be a loop reactor. The pump
speed, or an internal reciveutation loop on the pump itseld] ts used 1o control the flow rate. The flow
rate preferably may be suificient o generate a velocity that censes turbulent, or at least non-laminar
flow, of the isobutylene feedstream over the fixed bed catalyst composition 24 packed within the
tubes 22

{0082] The feedstock Bow can enterthe recirculation loop via a feed pump at a location between the
cutet of the recirculation pump and the bottom of the reactor 26 al the beginning of the first pass.
At equilibrium, the concentrations of the olefin monomer and the polymer products is constant
throughout the reactor so the pomt at which the reaction efffuent leaves the reactor is a matter of
choice. Itis convenent for the efftuent Hoe to be located at the top of the reactar 26 after the first
pass. Assuch, the polyisobutylena can pass from the reactor 26 along line 134, The effluent flow rate
i necessarily equal to the volumertrie fedstock flow rate. The volumetric feédstock flow rate is
independent of the volumetric recircuiation flow vate and desirably may be adjusted so as to achigve
a desived residence thue and conversion.

{6083 The reactor may be fitted with appropriale temperature, pressure-and How indicators, along
with the contrallers necessary to operate under controlled conditions. The size of the reactor 26 is
arbitrary and can be based npon the desired volume of the product, A convenient size s ten ip fifieen
feet in length and fourto six feet in disweter. The number of tubes in the reactor 26 and the diameter
of the tubes depend upon the catalyst type, size and shape and on the desired cutput. A convepient
number of tabes, for the above-stated reactor size, is between 150 and 200 tubes per pass, with an
internal diameter of one-half to one inch. In a two-pass reactor, the tubes extend the full length of

the reactor vertically and are connected by end caps at the hottora and top of the reactor. The
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isobutylens reaction raixture is divected into one side of the bottom end cap and is retiwned through
the other side of the bottom end cap. The intertor of the 1op end cap is open with an sutlet for the
regction efftuent,

[D084] In the preforred embodiment, the reaction pressure may be at least 150 p.s.iyg or at least at
a sufficient Tevel to ensufe that a liquid phase s maintained in the reactor. The pressure may be
controlied by means of a back pressure regulator on the reactor efffuent line. The reactor may be
desirably operated at temperatures and conditions to produce polymer products in the molecular
weight range, i the case of polyisobutylene, ave between 2530 to abow 5,000 Daltons. Other
temperstures and conditions may be used, as requirad for specific organic conversion reactions.
{8085] Anunexpected development with the testing of the present invention is that the wnigue fised
bed reactor 26, as used in the present mvention, along with the boron trifluoride/alcohol complex
thereon, produced a significant amount of ternal vinvhdenes. As described hereinabove, the alpha

vinylidene will have the following stroctwre:

e

2,

SetalSmsiyivindidens

The internal vinviidene presents the following structure:

Sarterectedrs

Sl Laphimidame
{
i
! bl Vingtiders

FOO8G] In the resting of the process of the present wvention, it was indtally believed that the

production of internal vinylidenes were detrimental to the finished polyisobutylene product, As in
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the prior art, it was believed that the best polvisobutylene product would be such a polvisehutviene
product having a maximum amount of alpha vinvlidenes, As such, ose would inttially presume that
the production of tnternal vinylidenes-would be undesirable. As can be seen, the internal vinylidene
is back one carbion on the end of the chain and is disubstitute, Importantly, the integnal vinylidene has
twa carbon ators similar to that of alphs vinvlidene.

{87} Importantly, during testing, it was found that the insernal vinylidene procass the same guality
product and same characieristics as the polvisobutvlene having extremely high levels of alpha
vinylidene. Inparticular, the following examples show the various testings and relationship between
the alpha vinylidene, the beta vinylidene and the internal vinylidene. Additionally, cettain of the other

tests showed the weira-subhstitiied fsomers and the disubstituted isomers.

Alpha Vinyiidene
Beta Viaylidene
hternal Vinviideng
Other

Alpha Vinylidens
Beta Vinyvlidene
Imernal Vinylidene
Other

Alpha Vinylidene
Beta Vinylidene
Internal Vinvhidene
Other

Alpha Vinylidene
Beta Vinylidene

Taternal Vipviidene

2

%

EXAMPLE]
= 50,3% by wiight
w 12.9 3% by weight
= 21 9% by weight
= 149 % by welght
EXAMPLE I

= 43 7% by weight
= 16.5% by weight

= 24.2% by weight

= 18,1 % by weight

EXAMPLE {lI
= 73.0% by weight
= 13.6% by weight

1. 7% by weight

W 2 . 7 O;;j b‘\f W igﬁ t

EXAMPLE IV
71.3% by weghy
= 12, 7% bv weight

= G 0% by weight
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Tetra-substituted Isomers

Alpha Vinylidene
Beta Viaylidene
huternal Vinviidene
Disubstituted Isomers

Tetra-substinuted Isomers

Alpha Vinylidene
Beta Vinylidene
Internal Vinylidene

Terrg-substituted Isomers

Alpha Vinylidene
Beta Vinylidene
Internal Vinylidene

Tetra-substituted Isamers

Alpha Vinylidene
Beta Vinvldene
hiemal Vinvhidens

Tetra-substituted Isomers

{0088} From these examples, each of the above-identified compositions produced results similar to
that of the high vinylidene polyisobutylene. However, the end polyisobusylene was produced with
less cost, fewer epvironmental issues, and through the use of a fixed bed reactor. Additionally, and
iroportantly, the ase of the internal vinviidenes allow the final isobutvlene product to be utilized in
assaciation with a variety of possible new end products, such as maleic hvdride, anlivdride suceic,

and split-tail saefactants. The nnternal stfucrore of the internal vinvlidene allows for unique products

=5 1% by weight

= 74 8% by weight
= 13 8% by weight
= 5 3% by weight
= 1.4 % by weight
= 8 6% by weight
= 77.5% by weight
s 13 8% by weight
= §.0% by weight
= 7 0% by weight

EXAMPLE VI

= 53 8% by weight
= 10.9% by weight
= 24 4% by weight
= 5 7% by weight

EXAMPLE VHI

= 87.7% by weight
= 21.7% by weight

= g Qg b}’ W eight
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that would not be available i the sntemal vieylidenes were not preseni. As such, the present
mvention, by creating the intersal vinylidenes, acteally provides a superior isobutvlens end product
which has the same quality chavactenstics as the high vinvlidene polyisobutylene.

[0089] Within the concept of the present invention, as sapported by the above examples, the alpha
vinylidene should represent fess than 75% ef the polyisobatylene molecules. The combination of the
alpha vinylidene with the beta vinylidene and the internal vinviidene should represent 9096 of the
polyisobutylene molecyles.  The imternal vinyhdene can constitute less than 25% of the
polyisobutyiene molecules.

(8099} The palvisobatylene compositionof the present invention s useful for producing compounds
used in the mannficture of foel and lebricant additives.  These compounds can include, but are not
Himited 1o, polvbutenyl succinic and anhydrides, polybuieny! succinnmides, polvbutenyl amines,
polybuteny! phenots, madnich bases-derived from the polybutanyl alkyl phenols, and polyalkviene
oxides derived from the polybatenyl phenols. The compositions of the present invention can he used
to produce any vompound made from the reaction with the reactive isoimers copiained in the
compositions therein,

0091} The foregoing disclosure and description of the mvention is Ulustrative and egplanatory
thersof Various changes in the desails of the tllustrated consernction can be made within the scope
of the appended claims without departing from the true spirit of the wmvenfion. The present myvention

should only be limited by the folowing claims and their legal equivalents.



CLAIMS
I claim:

1. A polyisobutylene composition comprising polyisobutylene molecules, wherein a first
portion of the polyisobutylene molecules has alpha vinylidene molecules and a second portion of
the polyisobutylene molecules has beta vinylidene molecules and a third portion of the
polyisobutylene molecules has internal vinylidene molecules, wherein the first portion has less
than 75% of the polyisobutylene molecules of the composition, wherein a total of first portion
and the second portion is less than 90% of the polyisobutylene molecules of the composition, and
wherein the third portion is more than 3% of the polyisobutylene molecules of the composition,
wherein said second portion is less than 10% of the polyisobutylene molecules of the
composition.

2. The polyisobutylene composition of Claim 1, wherein the first portion is between 20%
and 75% of the polyisobutylene molecules of the composition.

3. A polyisobutylene composition comprising polyisobutylene molecules, wherein a first
portion of the polyisobutylene molecules has alpha vinylidene molecules and a second portion of
the polyisobutylene molecules has beta vinylidene molecules and a third portion of the
polyisobutylene molecules has internal vinylidene molecules, wherein the first portion has less
than 75% of the polyisobutylene molecules of the composition, wherein a total of first portion
and the second portion is less than 90% of the polyisobutylene molecules of the composition, and
wherein the third portion is more than 3% of the polyisobutylene molecules of the composition,
wherein said polyisobutylene composition has a fourth portion that has tetra-substituted isomers,
said fourth portion is less than 5% of the total composition.

4. The polyisobutylene composition of Claim 3, wherein said polyisobutylene
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composition has a molecular weight of between 250 and 5000 Daltons.
5. A polymerization process for preparing a polyisobutylene polymer composition

comprising:

providing a liquid feedstock containing isobutylene;

forming a solid catalyst that is a reaction product of a boron trifluoride/alcohol
catalyst complex that is supported on an alumina substrate;

positioning said solid catalyst complex in a reactor;

flowing said liquid feedstock through said solid catalyst in said reactor such that
said isobutylene is catalyzed by said solid catalyst; and

discharging said polyisobutylene polymer composition from said reactor, the



discharged polyisobutylene polymer composition having polyisobutylene molecules in which a
first portion of the polyisobutylene molecules has alpha vinylidene molecules and a second
portion of the polyisobutylene molecules has beta vinylidene molecules and the third portion of
the polyisobutylene molecules has internal vinylidene molecules, wherein in the first portion is
less than 75% of the polyisobutylene molecules of the composition.
6. The polymerization process of Claim 5, further comprising:
distilling the polyisobutylene polymer composition after the step of discharging,
the step of distilling or separating oligomers from the polyisobutylene polymer composition.
7. The polymerization process of Claim 6, the step of distilling comprising:
passing the polyisobutylene polymer composition to a first distillation column;
feeding the polyisobutylene polymer composition under pressure in said first
distillation column so as to separate isobutane and isobutylene from the polyisobutylene polymer
composition; and
discharging the isobutane- and isobutylene-separated polyisobutylene polymer
from the polyisobutylene polymer composition.
8. The polymerization process of Claim 7, the step of distilling further comprising;
passing the discharged polyisobutylene polymer composition from said first
distillation column to a second distillation column;
feeding the polyisobutylene polymer composition in said second distillation
column at atmospheric pressure so as to separate C8 oligomers from the polyisobutylene
polymer composition; and
discharging the polyisobutylene polymer composition from the second distillation
column.
9. The polymerization process of Claim 8, the step of distilling further comprising:
passing the discharged polyisobutylene polymer composition from said second
distillation column to a third distiliation column;
feeding the polyisobutylene polymer composition in said third distillation column
under vacuum conditions so as to separate C12 and higher oligomers from the polyisobutylene

polymer composition; and
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discharging the polyisobutylene polymer composition from the third distiliation
column.

10. The polymerization process of Claim 3, said boron trifluoride/alcohol catalyst
complex being between 10% to 30% by weight of the solid catalyst.

11. The polymerization process of Claim 5, wherein a ratio of the alcohol to the boron
trifluoride in the catalyst complex ranges from 0.5 mole of alcohol per mole of boron trifluoride
to about two moles of alcohol per mole of boron trifluoride.

12. The polymerization process of Claim 5, said reactor being a fixed bed reactor.

13. The polymerization process of Claim 12, said fixed bed reactor having a plurality of
tubes extending therethrough, said solid catalyst received in said plurality of tubes, the
polymerization process further comprising:

flowing a heat exchange fluid around an exterior of said plurality of tubes so as to
control a temperature of the reaction between the liquid feedstock and the isobutylene in an
interior of said plurality of tubes.

14. The polymerization process of Claim 5, further comprising:

passing the discharged polyisobutylene polymer composition through a filter, said
filter having alumina therein,

15. The polymerization process of Claim 5, the polyisobutylene polymer composition
having the third portion of greater than 3% of polyisobutylene molecules of the composition.

16. The polymerization process of Claim 5, a total of the first portion and the second
portion being less than 90% of the polyisobutylene molecules of the composition.

17. The polymerization process of Claim 5, the discharged polyisobutylene polymer

composition having a molecular weight of between 250 and 5000 Daltons.



