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POLYISOBUTYLENE COMPOSITION HAVING INTERNAL VINYLIDENE AND
PROCESS FOR PREPARING THE POLYISOBUTYLENE POLYMER COMPOSITION
FIELD OF THE INVENTION
{0001} The present invention relates to the production of polyisebutylene. The presentinvention also
relates to catalysts used i orgamic compound cotversion reactions. More particularly, the present

mvention the relates to plasticizer compositions having internal vinylidene melecules.
BACKGROUND OF THE INVENTION
0002 Polyvisobutylene is a commercially important pelymer that finds a great mumber of applications
exploiting its thetmal stability, good flexibility at ambient temperatures, and impermeability to gases.
Polyisobutylene has many properties that differentiate it from most other polymers.  Fust,
polyisobutylene bas a Hrst marketedly low perreability {o small molecole penetrants. Secondly,
polvisobutylene has one of the weakest temperature dependencies of structural relaxation and
viscosity (Le., low fragility) and, corvespondingly, strong inelastic scattering (boson peak) even at
temperatures awch above the glass iransition. Polvisobutylene alse has a very soall difference
between the temperature dependencies of segmental and chain relaxations, which can lead to an
apparent conformance 1o time-lemperature superpositioning, unlike the obvious breakdown seen i
other polymers such as polystyrene, polyvinyl acetate, and polypropylene. Polvisobutvlene also has
a mechanical segmental dispersion much broader than expected for such a low fragility material,
Bolvisobutvlene also has a very unusual spectrom offast dynanucs, that 15, a "constant loss” regime
where the susceptibility changes negligibly with frequency. Pelyisobutylene can beviewed as a very
unusual polyvmer with properties deviating from behavior common for many other polvmers.
{0003] Polyisobutylene is an isobutyiene polymer contaiming one double bond parpolymer molecule.
In high-reactive polyisobutyiene, the double bond s at or near the end of the polymer chain making
the procuict move reactive. When the dorble bond is located at internal positions, polvisobutylens
is less reactive, creating low-reactive polyisobutylene.
{8004] The polymerization of isobutylene using a Friedel-Craft type catalyst, including boron
trifluoride, is a generally known procedure. The degree of polymerization of the products obtained
varies according to which a mumber of known pelyvimerization techniques is used. In this latter
connection, 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 manufactured m at least
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two different major grades, ie. regolar and high vinylidese. Conventionally. these two product
grades have been made for different processes, bui both often and commonly use a diluied
isobutyiene feedstock in which the isobutylene concentration can range from 40 o 60% by weight.
Move recently, ithas been noted that at least high vinylidese polyisobutylene may be produced using
concenirated feedstock having an isobutylene content of 90% by weight or more.  Non-reactive
hvdrocarbons, such as isobutane, n-butane and/or other lower albases, commenty present in
petroteun fractions, may also be included wi the feedstock as diluends. The teedstock miay also
contain small qualities of other unsaturated hyvidrocarbons, such as 1-butene and 2-batene.

{0005] Regular grade polvisobutylene may range in molecular weight from 500 to 1,000,000 or
higher, and is generally prepared tn a batch process at low femperature, sometimes as low as -50°C
to -707C. RAIC or Ry AICT are oftesy used as catalysts. The catalyst is generally not totally removed
from the final polyisobutylene product due to the processing peculiarities. Molecular weight nay be
controlied by temperature since the molecular weight of the product varres iversely with
teraperature. That 13 to say, higher temperatures praduce lower molecular weights. Reaction times
are often in the order of howrs. Regular polyvisobutylene may be used as a viscosity modifier,
particularly m lube oils, as a thickener, and as a tackifier for plastic films and adhesives.
Polyisobutylene can also be functionalized to produce intermediates for the manufacture of detergenis
and dispersants for fuel and lube olls.

j0006] Traditional processes to make high-reactive polyisobutyléne use a Hquid polymerization
catalyst. The catalyst is continually fed to the reactor and mixed with ischutyiene monomer. The
Ligqued catalyst 1s toxie, hazardous, and regquires special handhing svstems and procedures to avoud
exposure and vapor relesse. As the reaction muxture leaves the reactor, the catalyst must be
completely neutralized and sepavated. The separation process involves washing the neotralized
catalyst complex from the reaction mixture with copious amounts of water to remove all catalyst
residues. Trace eroounts are corrosive to subsequent processing steps and detrimental to product
quality and stalulity. The neutralized catalyst canmotbe recyeled. This process substantially increases
plam capital investment, increases operating costs, and generates approximately as much waste water
as product.

{8007] FIGURE 1 is an tlustration of the polvimerization mechanism for 1sobutyiene, Isobutviene is

Fd



WO 2013/192186 PCT/US2013/046333

made by the cationic polymerization of isobutyviene, generally by using a Lewis acid catalyst. These
catalysts typically include AlCI, BS;, and complexes of BS,. The first step is the inittation step (1}
and involves association of the catalyst with the isobutylene monomer so as to give the ininal
carbocations. The propagation step {P) is the second step where additional monomer adds to initial
carbocation 50 as to generate a new carbocation at the end of the growing chain. Chain propagation
continues until a desired number of monomer units {molecular weight) is reached. The termination
step {T) ocours when carbocation reacts with the catalyst residue instead of another monomer unt,
consequently generating a double bond. The termunation step (1) and the propagation step (') are
competing reactions. The propagation step {P) is favored at lower reaction temperatures. The
termination step (T} 1s favorad at higher reaction teraperatures. Therefore, the polvmer molecular
weight s inversely proporiional to reaction temaperature. Higherreaction temperatures produce lower
molecular weight and lower reaction temperatures produce higher molecular weights.

{0008] The ternunation step (T) can produce two major olefin isomers, namely, alpha vinvlidene
{Stracture 1) and beta wi-substituted olefin {Structure 2). Structure 1 s kinetically preferred since i
forms more rapidly. Structure 2, and other substituted olefins, are thermodynarueaily preferred and
nmore stable. Accordingly, Structure 1 can isomerize to less desirable Structure 2 and higher
substitated olefins. To prevent isomerization and "lock " the preferred Structure 1 isomer, the
polymerization catalvst needs to be neutralized or isolated rapidly from the reaction mixture. There
are several ways this 1s accomphished. In particular, one of the steps'is nentralization with basie pH
nedia and subsequent removal by conventional means, such as absorption onto active substrates or
through the use of conventional separation sechuiques.

{O009] A great number of different types of catalyst systems have been proposed in the past for
conducting ovganic compound conversion reactions. These systems include the use of (1 metal oxide
BF, complexes, {2} BF, and liquid BF, complexes as catalysts for isobutvlene polymerization, (3)
Liguid BF, methanol compleges as isobutylene polymerization catalysts, and (4} solid sobatyvlene
polymerization catalysis. Prior art relevant o these prior art systems is discussed below.

[0010] Inorganic metal oxides, such as alumina, have been provided with catalytic activity inthe past
by contacting the same with BF,, usually 11 gaseous form. The contacting is usually followed by

hwdrolvsis 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.

o011} LLS. Patent No. 2,804,411, assigned to Awerican Ol Company, discloses treatment of a S1
stabilized gelled alununa with gaseous BF,. Free BT, 1s required to be added to the reaction miixture.
{0812] U.S. Patent No. 2,976,338, assigned to Esso, describes an olefin polvmerization catalyst
comprising a BF H, PO, complex that may be absorbed onto a solid support.

[O013] U S, Patent No. 3,114,785, assigned to UOP, describes an olelin isomerization catalyst made
by contacting anhydrous gamuma or theta alunina with gaseous BF, at temperatures from about
HI0™C 10 150°C for 10 hours or yntilalununa s satuated. The process of olefin isomerization using
the BF,-alumina catalyst is claimed; the composition of the catalysi is not claimed.

FE4] ULS. Patent No, 4,407,731, assigned to UOP, claims catalbytic compositions of matter prepared
by pre-treating a metal oxide, such as alumina, with aqueous acid and base followed by calcination.
The treated gamma ahuming is then treated with BF, gas at temperatures of 308-348°C at elevated
pressure to obtain the final catalyst usefil for ehigomerization and alkylation reactions.

jO01S] U.S. Patent No. 4,427,791, assigned to Mobil Oif Co., discloses a method for enhancing 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 final
product.

jO016] LIS, Patent No. 4,918,255, assigned 1o Molsl Ot Co., describes an soparatfin alkylation
catalyst based on metal oxides and aluminosilicate xeolites treated with a Lewis acid, including BF ,,
i the presence of a controlled amount of water or water-producing matenial. Excess BE,, io that
needed to saturate the metal oxide 15 used requiting post reaction BF, removal.

[0017] U8, Patent No. 4,935 577, assigned to Mobil Oil Co., describes a eatalytic distillation process
using a non-zeolite metal oxide activated with BF, gas. Excess BF,, above that needed to saturate the
metal oxide, is used requiring post reaction BF, removal. BF, and liguid BF complexes as catalysis
for isobutylene polymerization.

j0018] The homogenous catalytic polvinerization of plefins using gaseous BF, and liquid BF,
complexes is well known. The polymers generally so produced are of the highly reactive tvpe wherem

a large percentage of the polymer contamns ternunal double bonds or has a high vinylidene content.
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All of these processes require post-reaction rewoval of the BF; catalyst.

{OG19] ULS. Patent No. 4,152 499 wssued to Boerzel et al | describes the syathesis of polyisobutylene
having a degree of polymerization of 10-100 units using a blanket of BF, gas as the catalyst. The
polyisobutylene product was then reacted with maleic anhvdride in vields of 60-20% indicating a
large portion of vinvidene end groups.

{3020] ULS. Patent No. 4,605 808, 1ssued to Samson, describes production of a polvisobatviene
having at least 70% unsaturation in the texminal position. An alcobol complex of BF, was used as the
catalvst. The conmplexing of the BF, seems to give better control of the reéaction and higher vinylidene
content.

{O021] U8, Patent No. 7,411,104, assigned to Dachim Indostrial Co., describes a method for
producing highly reactive polyisobutylene from a raffinate-1 stream using & liquid BF, secondary
alloyl ether-tertiary alcohol complex. The process requires low reaction temperaturés and the catalyst
complex is not stable and must be made m situ. The catalyst nust be rewoved from the reactor
effinent by a post-reaction freatinent process.

je022] U.S. Patent. No. 5,191,044, issued to Rath et al, discloses a process for preparing
polyisobutylene in which the BF; catalyst is completely complexed with an alcohol such that there
18 no free BF, in the reactor or in the reaction zones. An excess of alcohol complexing agent is
required to assure that no free BF| 1s present. The reaction times are on the order of 10 minutes with
regetion temperatures of below 0°C,

[0023] Rath, in U.S. Patent No. 5408 018, describes a multistage process for preparing highly
reactive polvisobutene with a condent of ternuwal vinvhidense groups of more than 80 mol %% and an
average molecnlar weight of S00-5000 Dalions by the catiomic pelymerization of isobutene or
isobutene-containing hydrocarbon feeds in liquid phase with the aid of boron triftuoride as catalvst
and at from 0°C to -60°C. The polymerizing is in the presence of secondary alechols with 3-20
carbon atoms and'or ethers with 2-20 carbon atoms.

{8024 Olefin polymerization, especially isobutvlene polymerization, is an exothermic process.
Control of reaction temperature is critical to product quality, catalyst life, degree of polymerization
and obiaining the desired pre-selected properties. In the patents cited above, the reaction temperature

was controlled by dilute olefin monomer concentration, complexed catalyst, nmulti-stage reactions
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apd/or long reaction times and low reaction temperatutes. Low regction teraperatores inCrease enargy
requirements; long reaction times or dilute feed streams increase equipment size and equipment cost
{capiial expenditures).

[0025] U.S. Patent Nos. 6,525149, 6,562 913, 6,683,138, 6,854 858 and ¢,992,152, to Baxier, etal.
describe olefin polymerization processes m which the polymerization 18 catired out i the tube side
of a heat exchanger under turbulent flow conditions. The reactor design allows for very effective and
efficient removal of the hear of reaction such that relatively high feed rates and concentrated feed
streams may be used. A BF,-methano! complex is used a5 the catalyst and, because this complex s
particularly stable, higher reaction temperatures may be used. The BF,-methanol catalyst complex
may be preformed, formed in-situ by separate injection of the methano! complexing agent, or a
combination of both,

{0026] The BF, methanol complexes are very stable allowing for higher isobutylene polymerization
temperatiges not possible with other BF, oxygenate complexes, particularly higher alcohols,
secondary alcohols, ethers and the like. Also, because higher reaction temperatures may be nsed,
regetion rates are increased.

[0027] However, in all of the patenis cited above, the BF,, or at least portions of the BF,, catalysis
are scluble in the polymer products. Residual B, s detrimental to product quality and must be
removed as guickhy as possible. Hence, these processes must employ some Kind of catalyst guench
and catalyst removal steps subseguent to the reaction, The quenched BF, streams cannot be recyeled
and the BF, is lost.

{0028] lsobutylene and butylene polymerizations have also been conducted using solid catalysts,
particularly Friedel-Crafis type catalysts, such as AICH. The advantage to these processes is that the
catalystis a solid and is not soluble in the product. Catalyst removal and product purification is much
easier than in the BF, catalyzed reactions.

{6029] US. Patent No. 2,484 384, assigned to California Research Corporation, LS, Patent No.
2,677,002, assigned to Standard (il Co, ULS. Patent. No. 2,957 930, assigned to Cosden Petroleam
Corporation and U.S. Patent. No. 3,119 884 assigned to Cosden Petroleum Corporation, all describe
AlCl, catalyzed butylene polymerization processes using a fluidized bed reactor system.

{0030] LIS, Patent No. 4,306,105, assigned to Cosden Petroleum Corporation, describes a

e



WO 2013/192186 PCT/US2013/046333

chlotinated alumina catalyst prepared by reacting pure alunnina with pure chlorine. A fluidized bed
reactor 1s uhilized for butene pelyvimerization.

FO031] Solid catalysts have also been used to produce olefim polymers with a high proportion of
terminal \-"in}fi_idene groups.

[6832] US. Patent. No. 5,710,225 assigned to Lubrizol, claims the use of phosphotungstic acid salt
to polymerize C,-C; olefins to g:sroduie polvmers with molecular weights in the range of 300-20,000.
The use of phosphotungstic catalyst, ina fixed bed reactor, 15 also descnibed, but the flow tate is low
and is generally operated as a plug flow reactor. The resulting polymer has an undesirable very high
polvdispersity. The fixed bed reactor as described in the example would not be economically feasible.
{OO331ULS. Patent No. 5,770,539, assigned to Exxon Chemical Patents, Inc., discloses heterogeneous
Lewis acids polymerization catalysts, such as BY, immobilized w porous polymer substrates. The
BF. 13 complexed with the aromatic rings of cross-linked polystyrene copolymers.

j0034] U.S. Patent No. 5,874,380, assigned to Exxon Chemical Patents, Ine., claims a solid state
msoluble salt catabvst system for the carbocationic polymerization of olefin monomer in the presence
of polar or non-polar reaction medium which comprises at least one salt of a strong acid and a
carbocationically active transition metal catalyst selected from Groups THA, IVA, VA, and VIA of
the Periodic Table of the Elements.

{0035] US. Patent No. 6,384,154, assigned to BASF Aktiengeselishal, discloses a process for
preparing halogen-free, reactive polyisobutylene by cattonie polymerization overan acidic, halogen-
free heterogeneous catalyst comprising oxides and elements frons transition or main group [, IL I,
IV, V, VI, VIl or VUI of the Periodic Table of the Elements. The polymerization s carnied out tn a
fixed bed veactor.

[00386] The solid, heterogencous butylene polvmerization catalysts cited above do solve the problem
of catalyst residues i the reactor effluent, thereby eliminating the need for post reaction treatment.
However, conversions are low, space velociiies are low and reaction temperatures are low.

{0037 BF, activated metal oxides are not described in the prior art as polymerization catalysis for
the manufacture of polvbutene of polyisobutylene. Tn fact, US. Pat. No. 6,710,140 assigned to BASF
Aktiengesellshafl, claims the use of alumina as a solid deactivator to absorb BF, catalyst residues

from polyisobutylene reactor effluents. The resulting BF -aluminag complex is described as not
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catalytic.
H0038] It 13 an object of the present wvention to provide a pelyisobutylene composition and process
for forming the polyisobutylene composition which avords the use of washing water and produces
no wasies,
{6839] It is another object of the present invention to provide a polyisobutvlene composition and
process for forming the polyisobutylens composition which is a green process.
00401 It is still another object of the present mvention to provide a polyisobutylene composition and
process for forming polyisobutylene composition which avoids the need for recyching.
{0041] 1t 1s still another object of the present invention to provide 8 polyisobutylene composition and
process for forming the polyizobutylene composition which produces high vields of high puirty
product,
{0042] It is a further object of the present mvention to provide a polyisobutylene composition and
process for fornung the polyisobutylene composition which s simple and highly effective.
{00431 It is still a further object of the present mvention to provide a polvisebutylens composiiion
and process for forming the polyvisobutylene composition which involves a significantly reduced
capital mvestment, low operating costs and low catalvst costs.
{0044 It s still a further object of the present invention to provide a polviscbuivlene composition
and process for forming the polyisobutylene composition that provides the abiliy 1o make anhydnde
sdccindes, succinimiide, mannich, and sphit-tail surfactants.
[0045] These and other objects and advantages of the present invention will become apparent from
a reading of the attached spectfication and appended claims.

BRIEF SUMMARY OF THE INVENTION
[0046] The present invention iy a polyisobutviene composition that comypvises polyisobutylene
molecules wherein a first portion of the polvisobutylene molecules has alpha vinylidene molecules,
asecond portion of the polvisobutyvlene molecules has beta vinylidene molecnles, and a third portion
of the polvisobutvlene molecules has internal vinylidene molecules. The first portion 1s less than
75% of the polyvisobutvlene molecules of the composition. A total of the first portion-and the second
portion is less than 90% of the polvisobutyvlene molecules of the composition. The third portion is

more than 3% of the polvisobutylene molecnles of the composition.
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[0047] More specifically, with the polyisobutylene composition of the present invention, a sum of
the first portion and the second portion and the third portion 1s fess than 90% of the polyisobutylene
molecides of the composition.  The second portion iz, preferably, less than 10% of the
polyisobutylene molecules ofthe composition. The {irst portion is preferably between 20% and 75%
of the polyvisobatylene wolecules of the composition. The polyisobutylene composition can have
a fourth portion that has tetra-substituted isomers. This fourth portion is less than 3% of the total
compositicn. The polvisobutylene composition will have a molecnlar weight of between 250 and
5,000 Dalions.

{0048] The present invention is also a polymerization process for preparing a polviscbutvlene
polymer composition. This polymerization process-comprises the steps oft (1) providing a liquid
feedstock contaiming tsobutylene; (2) forming a sohd catalyst that 15 a reaction product of a boron
triftucride/alcohol catalyst complex that is supported on an alwmina substrate; (3) pesitioning the
solid catalyst complex in a reactor; {(4) flowing the liguid feedstock through the solid catalyst in the
reactor such that the isobutylene 13 catalyzed by the solid catalyst: and {5) discharging the
polyisobutvlene polvmer composition from the reactor. The discharged polyisobutylene polymer
composition will have pelyisobutylene molecules in which a first portion of the polyisobutylene
molecules has alpha vinylidene molecules and a second portion of the polvisobutyiene melecules has
beta vinylidene molecules and the third portion of the polyisobutylene molecules has internal
vinylidene molecudes. The first portion 15 less than 75% of the polyisobutylene molecules of the
composition.

{0049] In the process of the present mvention, the polvisobuivlene polymer composition can be
distilled after the step of dischargting. The step of distilling serves 10 separate oligomers from the
polyisobutylene polvmer composition. In particular, the step of distilling includes passing the
polvisobutylene polymer composition to a first distillation colunm, feeding the polvisobutylene
polymer composition under pressue w the frst disuliation colunmm so ag 1o separate isobutane and
isabotylene from the polviscbhutvlene polymer composition, and discharging the polyisobutvlene
polymer composition from the first distillation column, The step of distilling further tncludes passing
the discharged pelyisebutvlene polvimer compositien from the first distillation columm te a second

distillation column, feeding the polyisobutvlene polviner in the second distillation columm at
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atmosphetic pressure so as (o separate C8 oligomers from the polyisobutylene pulymer composition,
and discharging the polyisobutylene polymer compasition from the second distillation columm. The
step of distilling further wcludes passing the discharged polyisobutylene composition from the
second distillation column 0 8 third distillation colunmn, feeding the polyisobutylene polymer
composition in the third distillation column wader vacuum conditions so as to separate C12 and
higher oligomers from the pelyizebutylene polymer composition, and discharging the polvisabatvlene
polymer composition from the third distillation column,

H0054] The boron triflucride/alcohol catalyst complex has between 10 to 30% by weight of the solid
catalyst. A ratic of the alcohol to the boron trifluoride in the catalyst complex ranges from 0.5 mole
of alcohol per mole of boron iriffuoride to about two moles of alcohol permole of boron trifluoride.
FIS 1] Inthe present invention, the reactor s a {ixed bed reactor. The fixed bed reactor has a plurality
of tubes extending therethrough. The solid catalyst is recetved in the plurality of tubes. The process
of the present invention includes flowing a beat exchange thud around an exterior of the plurality of
tubes s0 as to control a temperature of the reaction between the liguid feedstock and the isobutylene
in an interior of the plurality of tubes,

{0052} The discharged polyisobutyiene polymer complex can be passed through a filter m which the
filter has ahumina therein. As such, any residaal boron can be removed from the polviscbutviene, The
discharged polyiscbutylene 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 polyvisobutylene molecules of the composition. The discharged
polyisobutviene palyer cotposttion has a molecular werght of between 250 and 5,000 Dalions.
{0053] The process of the present invention s based on a novel solid catalyst as used as a fined bed
reactor systent. The solid catalyst is in the form of beads or other convenient geowetric shapes and
sizes. Thesolid catalyst is packed inte a tubular reactor forming a stationary, completely-contained
bed. The isobutylene monomer is fed to the reactor at § controlled rate and passes over the solid
catalyst allowing the pelymerization reaction to cccur. A separate civculation loop is emploved o
provide heat transfer. Isobutylene polymerization is highly exothermic so as to generate between 350
BTUAL. of isobutvlene. The circulation loop provides sufficient reaction temperature control

ensuring that sothermal conditions are maintained over the reaction bed. This s oritical to
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controlling molecular weight distribution. Theresidence time over the catalyst is regolated to provide
the desired 1zcbutylene conversion.

[0054] When the polver reaction mixture exiis the reactor, the polvmerization and isomerization
reaction has stopped and the crude reaction mixture confains no catalyst residoes. As such, no
subsequent washing steps ate necessary. The reaction muxture is fod divectly from the final
distitlation steps. Sinee the catalyst is contained solely within the reactor, catalyst injection and
handling svstems are not required.

j0035] Current technology used to produce polvisobutylene has both buman and environmental risks.
The present invention eliminates waste. The present mmvention recycles the matenal so as to
minintze human exposure to hazardous materials, reduce catalyst use, and decrease plant capial,
energy, and operation cost, The present mvention produces no wash water or other wasie. There 1s
no human exposure to boron tiifluoride gas or boron rifluoride conplexes. The very high feed-to-
catalyst ratio requires only one to two percent of the catalyst currenily used. The cost for building

a facility 15 greatly decreased. Additionally, the energy and operation cost associated with the

production of the polvisobutylene iy the process of the present invention produces significant annual
SAVIngs.

{0056] This foregoing Section is intended to describe, with panticularity, the preterred embodiment

of the present mvention. It 15 understood that modifications 1o this preferred embodiment can be

made withiy the scope ofthe present invention without departing froni the true spiri of the invention.

As such, this Section should not be construed as limiting of the scope of the present invention. The

present tnvendion should only be linuted by the following claims and thewr legal equivalents.
BRIEF DESCRIPTION (OF THE DRAWINGS

JO057] FIGURE 1 s an iltustration of the typically polymeriration mechanism associated with the

formation of polyiscbutvlene from isobutylene.

{0058] FIGURE 2 1s a flow diagram showing the process of the polymerization process of the present

myention.

[0059] FIGURE 3 is a detailed view showing the fixed bed reactor associated with the polymerization

process of the present mvention.
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DETAILED DESCRIPTION OF THE INVENTION

{0068] Referning to FIGURE 2, there is shown the process 10 of the present mvention for the
polymerization of polvisobutylene. In the process 10 of the present invention, a hquid feed stock
containing isobutylene is provided intank 12, A preferred feedstock is hiuh purity isobutylene which
contains greater than 99 weight percent of isobutylene. This feedstock is highly suitable for the
production of highly reactive polyisobutyiene. Another elefin feedstock can be C4 raffinate. The
actual composition of such a stream 15 variable depending ow the source, but a typical C4 raffinate
feedstream nught contain about 0.5 weight percent of €3, about 4.5 weight percent of isobutane,
about 16.5 weight percent of n-butane, about 38.5 weight petcent of 1-butene, about 28.3 weight
percent of ysobutylene, abont 10.2 weight percent of cis- and trans-20-butene, and less than 0.5
weight percent of butadiene and less than 1.0 weight percent of oxygenaies. The presence of
oxygenates may or may not affect the catalytic reaction. The C3 and the n-butane are ineri and pass
through the reacior unchanged and are remioved from the reachion mixture and the downstreams
stripping steps. The isobutvlene reacts to a high degree depending on the reaction conditions and the
desired final product. The 1- and 2-butenes may react to varving degrees depending on the catalyst
type and reactor conditions. The unreacted olefing are removed from the polymer product in the
downstream stripping steps. These raffinate feedstocks are particularly preferred for the production
of polymers in which high reactivity 1z not important.

0061} Another type of olefin feedstock provided wn tank 1015 the effluent fiom the dehydrogenation
of 1sobutane to isobutylene, referred to simply as dehvdro effluent, or "DHE". DHE typically
contains about 42 - 45 weight percent of isobutene, and sbout 50 fo 532 weight percent of isobutane
within the balance being small amounts of C3, normal butanes and butvlenes, and butadiene. This
feedstock s partricular suitable for the production of polyisobutylene 1n location i which the tnent
isobutane may be utilized. for example in cooperation with an isobutane dehydrogenation unit.
{8062] Another olefin feedstock can be DHE in which most of the inert isobutane has alveady been
removed. This streéam is known as isobutvlene concentrate and typically contains about 88 - 90
weight percent of isobutene, and § - 10 weight percent isobutane with the balance being minor
amounts of C3 normal butanes and butylenes, and butabiene. This feedsinck is suitable for the

production of hughly reactive polyisobutylene.
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[0063] As can be seen in FIGURE 2, the lquid feedstock in tank 12 15 fed by pump 14 along lines
16 into a Ime 18, Line I8 can include a isobutane purge so that the gaseous isobutane can be
removed from the feedstream. A cooler 20 15 provided along line 18 so as to reduce the temperature
ofthe feedstream to a range of between 30°F to 30°F. After the feedstream passes through the cooler
20, the feedstream will flow along Hne 22 so as to be pumped by pump 24 into the reactor 26. The
reactor 26 contams the sohid catalyst that will be described hereinafter. A circulation loop 28 is
provided in association with the reactor 26 so as to circulate the products of the reaction.

{0064 As can be seen in FIGURE 2, recycled C, from the process 10 can flow to a vessel 30, This
recyeied C4 will include isobutvlene and isobutane. Pump 32 will pass this mixture along Hine 34 to
ling 18, The iscbutane purge allows the gaseous isobutane to flow along line 36 and outwardly of
the process 10, Theisobutane purge can be recovered {or use elsewhere. Inthis process, the recycled
isobutyiene can then Qow, along with the isobutylene from the feedstock 1o tank 12 can flow to the
reactor 26 in the manner described hereinabove.

{0065] A filter 38 i3 connected to the output from the reactor 26, Under rare circumstances, frace
amounts of boron may be part of the output of the reactor 26. The filter 38 can contain alununa
therein so as to react with these trace amounts of boron so as to remove the boron from the
polyisobutviene of the reactor 26, The output of the reactor 26 tlows along line 40 to a heater 42.
Heater 32 can clevate the temperature of the polyisobutyiene product of the reactor 26 to a
temperature of approximately 300°F. As such, this polyisobutylene product will flow to a first
distiflation column 44, The first distillation column 44 will heat the polyisobutylene product under
pressure 50.as to separate the lights from the polyisobutylene product, The Hghts, such as C4, will
flow outwardly along line 46 from the fitst distillation cohinn 44, The relatively hot lights fowing
along line 46 will pass through cooler 48 so as to be cooled to a desired temperature such that the
vapor will condense into a liguid and flow inio a collector 50. The vapor flowmng through line 46 can
mclnde isobutvlene and isobutane |, along with other oligomers of the polyisobutylene prodoct. The
4 can then flow alonyg line 52 back to the vessel 30 for use in the process. A portion of the
condensed lights can flow along line 54 back for use within the first distillation column 44.
j0066] The polyvisobutylene product, as passed from the first distillation colunn 44, will flow along

line 56 by action of pump S8 s¢ as to flow outwardly therefrom. The pump 58 will pomyp the
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polyisobutylene product from the distillation colwmn 44 along line 60 to a second distiliation column
&2, Additionally, a portion of the polvisobutylene product produced by the distillation columm 44 wil
flow back aloung hine 62 for use within the distillavion column 44, Fundamentally, wn the first
distitlation column 44, the low temperature boiling point products will flow upwardly m the first
distilation column 44 and the higher boiling temperatare produets will flow outwardly along line 14,
As such, the hights are effectively separated by the first distillation column 44,

0067} The polvisobutylene product from the first distillation columa 44 will flow fnto the second
distillation column 62. The second distillation column 62 is heated and maintained at atmospheric
pressure. The heavier OB oligoner flows from the second distiliation column 62 outwardly aleng hne
64 s0 as to be cooled by cooler 66 for delivery nlo condenser 68. The condensed hquid can then
pass by pump 70 along hae 72 to a recoverad C8 tank 74, Another portion of the U8 product widl
flow along line 76 back for use in the second distillation colwmn 62. The polyisobutylene product
from the second distillation column 62 flows outwardly along line 78 by action of the punyp 80
through lme 85 and to a third distillation column 84, A portion of the polyvisebutvlene product
Howing from the second distilation colummn 62 will pass back to the distillation colamin 62 along hine
86.

{0068] The third distillation colunm 84 is maintained in 2 vacnum condition s0 as to separate out the
further oligomers, such as C12, C1¢, €20, €24, ete. As such, these oligomers will flow outwardly
of the third distillation colunmwy 84 along line 86 to a cooler 88 and eventually to the condenser 90,
The condensed Hiquid is then passed by pump 92 along fine 94 1o a tank 96 wherebythe C12 and (16
can be recovered. A portion of the C12 and the C16 car How back to the thurd distiltation column
84 along 98, The highly pure polyisobutylene product flows outwardly from the third distiliation
colunm 84 alonglme 100, Pamyp 102 serves to deliver the high purity polyisobutyvlene product along
line 104 10 a cooler 106 and onward to a quality control tank 108, an offtspec tagk 110 and a
polyisobotviene product tank 112, A portion of the high purity polvisobutylens prodaoct can be
recycled back to the third distiflation ¢olumn 84 along line 114, The quality control tank 108 allows
for a small sample of the high purity of the polyisobutylene product to be collected therein. As such,
the high purity polyisobutylene product can be effectively tested for purity. If the polyisobutylene

product meets the specifications, it can flow onwardly to the polyisobutylens product tank 112, I
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the polyisobutylene product in the quality control tank 108 is off-spec, then it will flow to the off-spec
tank 110.

D69 Any gases collected trom the condenser 90 associated with the third distillation colunmn 84
can be removed therefrom by action of the pump | 14 and ultumately transmitted cut of the process
10 along line 116 s0 as to be flared.

{3070] The reactor 26 i the process 10 of the present invention contams a unique activated metal
oxude catalyst. Activated metal oxide catalysts of the mvention of the presemt apphcation are
prepared by reacting normally liquid BF/alcohol complexes with anhydrous crystattine aluminum
exide {alumina). Gamma and theta alumina are the preferted crystalline structures.

{0071 BE -alumina compositions of the prior art are not catalytic fov some organic conversion
reactions, as reported m US, Pat. No. 0,710,140, Moreover, in some cases wm which t BE; levels
might be catalytic, the BF, leaches off and requires additional BF to be added along with the reactant
feed. This, of course, defeats the purpose of a solid heterogeneous catalyst since post treatment of
the reactor effinent ix required to remove the BF: residues.

00721 In accordance with the mvention of the present apphication, it has béen unexpectedly found
that if normally liguid BF./alcohol complexes are used instead of BF, gas, the resulting reaction
products with crystatline aluming ave hughly catalvtic, stable, have a long life, and are not deactivated
or consumied during the catalytic process. Moreover, high loadings of BF, may be achieved without
the problem of BF, leaching mto the reaction mixture,

j0073] Suitable crystaliine alumina types include theta alumina and gama alumina. The more
preferred orystal structure 18 gamnma aluminag because it has a higher capacity for BF /alcobol catalyst
complexes than does theta ahwmna. Adpha alumma s least preferred.  The alumina must be
essentially dry before reaction with the BF /alcohol complex. This may be accomplished by heating
the same at 200°C for 16-20 hours.

{8074] The BF/akcohol complex may be tormed by passing BE, gas through a solution of pure
anhydrous alcoho! at a rate that aliows the BF, to be efficiently absorbed. The ratio of alcohol to BF,
may generallv range from about 0.5 moles of alcohol per mole of BF, toabout 2 moles of alcohol per
mole of BF,. A more preferred range is from about 1 mole of alcoho! per mole of BF, to about 2

moles of alcohol per mole of BF,. The most preferved range is from about 1 mole of alcohol per mole
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of BF, to about 1.3 moles of alcohol per mole of BE,.

{0875] Alcohols i the range of C-C,,, with no alpha hydrogens, are suitable for complexing with
BF,. Alcobols that bave alpha hydrogens ave easily dehydrated by BF, to form olefins. Even 1f
BF./alcohol complexes may be formed at low temperatures, for example, the résulting compleses are
not stable at reaction temperatutes. The move preferred alcchols are methanol and neo-alcohols, such
as neopentvl alcohol. The most preferred alcohol is methanel. Glycols and polvhydric alcohols with
no alpha hydrogens may also be used, for example ethylene glycol

{0076] The reaction of the BF /alcohol complex with alunina i3 highly exothermic and must be
controlled to avoid loss of BF.. The BF /alcohol complex may be added by any mechanical means
that allows good mixing of the complex with the alumina and that also allows for adeguate
temperature control. A preferred method is o add the aluminag (o a rotating double cone wixer and
meter in the BF /alcohol complex such that the temperature is controlled within the desired range.
The temperature doring the mixing should not exceed 50-60°C.

{06477] The concentration of BF /alcohol complex on the alimina may range frons about 10% 1o about
30% by weight, A preferred range is ffom about 20% to about 30% by weight. The most preferred
range is from about 25% to about 30% by weight. The actual concentration of F or B m the
BF . /alcobol comples-alumina system depends on the alcohol used.

{0078] The final catalyst composition, which 13 a BF /alcohol-alumma reaction product, may be used
to catalvze organic compound conversion reactions. The catalyst composition may be contacted with
the reactants in a batch or a continuous processes.

{0079] In the preferred embodument of the present invention, the reactor 26 can have a shell 120 with
a plurality of tubes 122 atranged vertically therein. Each of the tubes 122 has the solid catalyst 124
packed therein. As such, the arrangement shown w FIGURE 3 15 knowa as a fixed bed reactor. This
especially suitable for highly exothermic reactions, such as olefin polymerization, and, in particular,
polvisobaiviene polvmerization.

{0080] As can bre seen, the reactor 20 extends vertically, a heat exchange media can pass through an
inlet 126 into the interior volume of the shell 120. As such, the heat exchange media can be circulated
through the shell 120 and into the imterior volume of the reactor 26. The heat exchange media can

flow outwardly along outlet line 128 from the shell 120, As sach, the heat exchange media can be
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utilized so as to control the temperature of the reaction.

{0081] The reactor 126 can be fitted with a recirculation loop 130 50 as to accommodate a volometric
recircudation flow. The isobutylene-contatning feedstock can enter the reactor along line 132 by way
of a recirculation punp located in & position downstream.  The recirculation pump will push the
isobatylene stream through the reactor tubes 122 and retirns the stream to the suction side of the
pump. In the case of a two-pass heat exchanger, the recireniation flow may enter through the bottom
of the reactor 20, then pass through the tubes, exit the reactor from the bottont and return to the
pump. The flow scheme constitutes what is generally considered o be a loop reactor. The pump
speed, or an internal recireulation foop on the pump Hself, is used to control the flow rate. The flow
rate preferably may be sufficient to generate a velocity that canses turbulent, or at least non-laminar
How, of the iscbutylene feedstream over the fixed bed catalyst composition 24 packed within the
tubes 22.

[6082] The feedstock flow can enter the recirculation Toop via a feed purnp at a tocation between the
cutlet of the recirculatton pumnp and the bottom of the reactor 26 at the beginning of the {irst pass.
At equilibriium, the concentrations of the olefin wonomer and the polymer products is constant
throughout the reactor so the pomt at which the reaction efffuent leaves the reacior is a mafter of
choice. 1t is convenient for the effluent line to be lacated at the top of the reactor 26 after the first
pass. Assuch, the polyisobutylene can pass from the reactor 26 along line 134, The effluent flow rate
is necessarily equal to the volumetric edstock flow rate. The volumettic feedstock tlow rate 18
independent of the volumetric recirculation flow rate and desirably may be adjusted so as to achieve
a desired restdence tume and conversion.

{0083] The teactor may be fitted with appropriate teraperature, pressure and flow mdicators, along
with the controllers necessary to operate under controlled conditions. The size of the reactor 26 1s
arbitrary and can be based upon the desired volume of the product. A convenient size is ten to fifieen
feet in length and fourto six feet in diameter. The munber of tubes in the reactor 26 and the diameter
of the tubes depend upon the catalyst type, size and shape and on the desiwed cutput. A convenient
number of tnbes, 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 rwo-pass reactor, the tubes extend the full length of

the reactor vertically and ate connected by end caps ar the botion: and top of the reactor. The
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wobutylene reaction mixture s directed into one side of the botiom end cap and s returned through
ihe other side of the bottom end cap. The interter of the top end cap 13 open with an outlet for the
reaction effluent.

{0084} In the prefecred embodiment, the reaction pressure may be at least 150 p.s.ig. or at least at
a sufficient level to ensure that a liguid phase is maintained in the reactor. The pressure miay be
controlied by means of a back pressure regulator on the reactor effluent line. The reactor oy be
desirably operated at temperatures and conditions to produce polvmer products i the molecalar
weight range, in the case of polyisobutylene, are between 258 to about 5,000 Daltons. Other
temperatures and conditions may be used, as requirad for specific organic conversion reactions.
{0085] Anunexpected development with the testing of the present invention is that the unique fixed
bed reactor 26, as used in the present wveation, along with the boron trifluoride/alcohol complex
thereon, produced a significant amount of tnternal vinyhidenes. As described hereinabove, the alpha

vinylidene will have the following structure:
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In contrast, the beta vinvhdene will have the following stracture:

P

conrersrsrsd]

%
§
i
i
i
§
i
! 3 H
*

The internal vinvhidene presents the following structure:
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j0086] In the testing of the process of the present mvention, it was initially believed that the

production of internal vinylidenes were detrimental t0 the finished polyisobutylene product, Asin
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the prior ari, it was believed that the best polyisobutylene product would be such a polvisobuiviene
product having a maxinum amount of alpha vinvlidenes. As such, one would inttially presume that
the production of internal vinvhdenes would be undesirable. As can be seen, the internal vinylidene
1z back ong carbon on the end of the chain and is disubstitute, Imyportantly, the internal vinylidene has
two carbon ators similar to that of slpha vinylidene.

{H087] Importantly, during testing, it was found that the internal vinylidene process the same quality
product and same characteristics as the polvisobutylene having extremely high levels of alpha
vinylidene. In particuiar, the following examples show the various testings and relationship between
the alpha vinyhidene, the beta vinylidene and the internal vinylidene. Additionally, certain ofthe other

tests showed the tetra-substiinted isomers and the disubsiituted 1somers.

Alpha Viaylidene
Beta Vinyhdene
nternal Vinylideng

Ohher

Alpha Viayhdeng
Beta Vinviidense
Internal Vinylidene

Other

Alpha Vivylidene
Beta Vinylidene
Internal Vinvlidene

Other

Alpha Vinylidene
Beta Vinylidene

Tuternal Vinvhidene

EXAMPLEL

s 50.3% by weight

w 12,9 3% by weight

= 21.9% by weight

= 149 %% by welght

EXAMPLE H

= 43 2% by weight

= 16.5% by weight

< 24.2% by weight

= 16.1 % by weight

EXAMPLE T

= 73.0% by weight

= 13.6% by weight

= 16.7% by weight

< 2.7 % by weight

EXAMPLE IV
= 71 3% by weight
= 12.7% by weight

= G 0% by weight
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Disubstituted Isomers

Tetra-substituted Isomers

Alpha Vinylidene
Beta Vinvhdene
Internal Vinvlidene
Disubstituted Isomers

Tetra-substingted fsomers

Alpha Vmylidene
Bela Vinylidene
fnternal Vinvlidene

Tetra-substituted Isomers

Alpha Vinyhidene
Beia Vinvlidene
Intemnal Vinvhdene

Tetra-substituted Isomers

Alpka Vinvlidene
Beta Vinyvhdene
Internal Vinyvlidene

Tetra-substituted Isomers

[0088] From these examples, each of'the above-identified compositions preduced results sumifar to
that of the high vioylidene polyisobutvlene. However, the end polwnisobuotyvlene was produced with
less cost, fewer environmental issues, and through the use of a fixed bed reactor. Additionally, and
importantly, the ase of the internal vinylidenes allow the final isobutviene product to be utilized in
association with a variety of possible new end products, such az maleic hydnide, anhvdride suceinic,

and split-tail suefactants. The internal structare of the nternal vinylidene allows for unique products

1.8 %% by weaght

w5 1% by weight

EXAMPLEV

= 74, 8% by weight

w13 8% by weight

= 5 3% by weight

w14 % by weight

e :‘:. {3(";} b\} “’ﬁlghi

EXAMPLE VI

s T7 5% by weight

= 13.8% by weight

= §.0% by weight

2.9% by weight

EXAMPLE VH

= 55.8% by weight

= 10.9% by weight

10,
24 4% by weight

= 5. 7% by weight

EXAMPLE VHI

= 57.7% by weight

s 11.7% by weight

= 21 7% by weight

=g QB by weight
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that would not be available if the temal vinylidenes were not preseni. As such, the present
mvention, by creating the internal vinylidenes, actually provides a superior isobutvlene end product
which has the same quality charactenstics as the high vinvlidene polvisobutylene.

0089 Within the concept of the present invention, as supported by the above exanples, the alpha
vinylidene should represent lessthan 75% of the polvisobatvlene molecules. The combination of the
alpha vinvlidene with the beta vinylidene and the internal vinvlidene should represent 90% of the
polyisobutylene molecules.  The imernal vinylidene can constitute less than 23% of the
polyisobutylene molecules.

{6898] The polvisobutylene compositionof the present invention is useful for producing compounds
used in the manefacture of fuel and lobricant additives. These compounds can mclude, but are not
tmied to, pelvbutenyl succinic and anhydrides, polybutenyl succinumides, polybuienyvl amines,
polybutenyl phenols, mannich bases derived from the polybuteayl alkyl phenols, and polyalkylene
oxides derived from the polyvhutenyl phenols. The compositions of the present mvention can be used
to produce any compound made from the reaction with the reactive isomers contained ia the
compositions therein,

0091} The foregomg disclosure and description of the mvention is iHlustrative and explanatory
thereof. Various changes m the details of the lustrated construction can be made withun the scope
of the appended clanns withowt departing from the true spirit of the mvention. The present mvention

should only be limited by the ollowing claims and their legal equivalents.
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CLAIMS
I claim:

1. A polyisobutylene composition compnisinig polvisobutviene molecules, wherein a first
portion of the polyisobutylene molecules has alpha vinvlidene mnlecules and a second portion of the
polyisobatylene molecules has beta vinylidene molecules and a third portion of the polyisobarylene
molecules has miernal vinylidene molecunles, 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
13 less than 90% of the pobvisobutylene molecules of the composition, and wherein the third portion
is more than 3% of the polyisobutylene wolecules of the composition.

2. The polyiscbutylene composition of Claim 1, wherein a swm of the first portion and the
second portion and the thud poriton ts less than 90% of the polyisobutvlene molecules of the
COMPOSItion.

3. The polviscbutylene composition of Clanm 1, wherein the second portion is less than 10%
of the polyisebutylene molecules of the composition.

4. The polyisobutylene composition of Clalm 1, wherein the first portion 18 between 20% and
75% of the polvisobutylene molecules of the composition.

5. The polyisobutylene composition of Claim 1, wherein said polvisebutyvlene composition
has a fourth portion that has tetra-substituted isomers, said fourth portion 1s fess than 5% of'the total
COMPOSiticN.

&. The polyvisobulylene composition of Claim 1, wherein said polvisobutylene composition
has a molecolar weight of between 250 and S000 Daltons.

7. A polvimerization process for preparing a polyisobutylene polymer compostiion
comprising:

providing a hguid feedstock containing isobutvlene;

forming a solid catalystthat s a reaction productof a boron trifluoride/alcohol catalyst
complex that is supported on an alumina substrate;

positioning said solid catalyst complex in a reactor;

flowing said liquad feedstock through said solid catalyst in said reactor such that said
wsobntyvlene is catalyzed by said solid catalyst; and

discharging sawd polvisobutylene polymer composition from said rveactor, the

.
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discharged polyisobutylene polymer coraposition having polyisobutyvlene wolecules in which a first
portion of the polvisobutylene molecules hag alpha vinylidene molecules and a second portion of the
polvisobuiviene molecules has beta vinylidene molecudes and the third portion of the polyisobutylene
molecuies has internal vinvlidene molecules, wherein in the first portion is less than 75% of the
polyisobutylene molecules of the composition.
§. The polvmerization process of Claim 7, fusther comprising:
distitling the polyisobutylene polvmet composition after the step of discharging, the
step of distilling or separating oligomers from the polvisobutylene polymer compasition.
9. The polymerization process of Claim 8, the step of distilling comprising:
passing the polvisobutylene polymer composition to a first distiflation columa;
feeding the polyisobutvlene polymer cowposition under pressure in said fivst
distillation column so as to separate isobutane and isobutyvlene from the polyisobutylene polymer
composition; and
discharging the 1sobutane- and 1sobutylene-separated polyisobuiylene polymer from
the polyisobutylene polymer composition.
10, The polymerization process of Claim 9, the step of disulling further comprising:
passing the discharged polvisobutylene polymer composition from said frst
distilation columm to a second distiliation columng
feeding the polyisobutylene polymer composition 1a sald second distillation colunmn
at atmospheric pressure so as {0 separate C8 oligomers from the pelvisebutyliene polymer
composition; and
discharging the polvisobutylene polymer composiiion from the second distiliation
column.
11. The polymerization process of Claim 10, the step of distitling further comprising:
passing the discharged polyisobuiylene polymer composition from said second
distitlation column to a thad distillation colum;
feeding the polyisobutylene polymer composition in said third distilation columa
under vacuum conditions so as (o separate €12 and higher oligomers from the polyisobutylene

polymer composition; and
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discharging the polyisobutylene polymer composition from the third distillation
colwmmn.

12. The polymerization process of Claim 7, said borow trifluoride/alcohol catalvst complex
being between 10% to 30% by weight of the solid catalyst.

13, The polymerization process of Claim 7, wherein g ratio of the alcohol to the boron
triffuoride in the catalyst complex ranges from 0.5 mole of alcohol per mole of bovon trifluoride to
about two moles of alcohol per mole of boron (riftuoride.

14. The polymerization process of Claim 7, said reactor being a fixed bed reactor.

15, The polvinerization process of Clabm 14, said fixed bed reactor having a plurality ofrubes
exiending therethrongh, said solid catalvst recetved in said plurality of tbes, the polymerization
process further comprising:

flowing a heat exchange fhad around an exterior of said plurality of tubes so as to
control a temperature of the reaction between the liguid feedstock and the rsobutvlene in an mterior
of said phurality of tubes.

16, The polymerization process of Claim 7, further comprising;

passing the discharged polyisobutyvlene polvimer composition through a filter, said
filter having alumina therein.

1 7. The polymerization process of Clamm 7, the polyischutyviene polymer composition having
the third portion of greater than 3% of polvisobutylene molecules of the composition.

18. The polymerization pracess of Claim 7, a total of the first portion and the second partion
bemg less than 90% of the polvisobutylene molecules of the compesition.

19. The polymertzation process of Clamm 7, the discharged polyvisobutylene polymer

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