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POLA1SOBUTYLENE C'ON' POSITION HAVING INTERNAL VINYLIDENE AND 
PROCESS FOR. PREPARING THE POLYISOBUTYLENE POLYMER COMPOSITION 

FIELD OF THE INVENTION 

[00011 The present invention relates to the production ofpolyisobutylene. The present invention also 

relates to catalysts used in organic compound conversion reactions. More particularly, the present 

invention the relates to plasticizer compositions having internal vinylidene riir lecules. 

BACKGROUND OF THE INVENTION 

[00021] Polyi sob utyl ene is a commercially important polymer that finds a great number of applications 

exploiting its thermal stability, good flexibility at ambient temperatures, and impermeability to gases. 

Polyisobutylene has many properties that differentiate it from most other polymers. 	First, 

polyisobutylene has a first marketedly low permeability to small molecule penetrants. Secondly, 

polyisobutylene has one of the weakest temperature dependencies of structural relaxation and 

viscosity (i.e., lbw fragility) and, correspondingly, strong inelastic scattering (boson peak) even at 

temperatures much above the glass transition. Polyisobutylene also has A very small difference 

between the temperature dependencies of segmental and chain relaxations, which can lead to an 

apparent conformance to time-temperature superpositioning, unlike the obvious breakdown seen in 

other polymers such as polystyrene, pOlyvinyl acetate, and polypropylene. Pol)isolautylene also has 

a mechanical segmental dispersion much broader than expected for such a low fragility material. 

Polyisobutylene also has a very unusual spectrum of fast dynamics, that is, a "constant loss" regime 

where the susceptibility changes negligibiy with frequency. Polyisobutylene can be viewed as a very 

unusual polymer with properties deviating from behavior common for many other polymers. 

100031 Rol yisobutylene is arai sobutyl ene polymer cob Mini ng One dou ble bond per polymer molecule, 

In high-reactive polyisobutylene, the double bond is at or near the end of the polymer chain making 

the product,more reactive. When the double bond is located at internal positions, polyisobutylene 

is less reactive, creating low-reactive polyisobutylene. 

[0004] 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 ‘vhich a number of :known polymerization techniques iS used. 	In this latter 

comICC1i011,. it is understood that the molecular weight of the polymer product is directly related to 

the degree of polymerization. It is also known that polyisobutylene can be manufactured in at 'least 
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POI.YlSOBinrYI.ENE COMPOSITION HAVING INTERNAL VINYE1DENE AND 
PROCESS FOR PREPARING THE POLYISOBIJTYLENE POLYMER COMPOSITION 

FIELD OF THE INVENTION 

[0001] The present invention relates to the production of polyisobutylene. The present .invention also 

relates to catalysts used in organic compound conversion reactions. More particularly, the present 

invention the relates to plasticker. compositions having interna! vinylidene molecules. 

BACKGROUND OF THE INVENTION 

[0002] Polyisobutylene is a commercially important: polymer that finds a great number of applications-

exploiting its thermal stability; good flexibility at ambient temperatures, and impermeability to gases. 

Polyisobutylene has many properties that differentiate it from most other polymers. First, 

polyisobutylene has a first marketedly low permeability to small molecule penetrants. Secondly, 

po-lyisobutylene- has one of the weakest temperature dependencies of structural relaxation and 

viscosity (i.e., low fragility) and, correspondingly, 'strong inelastic scattering (boson peak) even at 

temperatures much above the. glass transition. Polyisobutylene also has a very small difference 

between the temperature dependencies of segmental and chain relaxations,- which can lead to an 

apparent conformance to time-temperature superpositioning, unlike the obvious breakdown seen in 

other polymers such as polystyrene, polyvinyl acetate, and polypropylene. Polyisobutylene also has 

a mechanical segmental dispersion much broader than expected for such, a low fragility material. 

Polyisobutylene also has a very unusual spectrum of fast dynamics,, that is. a "constant: loss" regime 

where the -susceptibility changes negli gibly with frequency. Polyi sobutylene can be viewed as a very 

unusoatpolymer with properties deviating from behavior common for many other polymers. 

[0003} Polyisobutylene is an isobiiiyiene polymer containing one double bond per polymer molecule. 

In high-reactive polyisobutylene, the doable bond is at or near the end of the polymer chain making 

the product,snore reactive.. When the double bond is located at internal positions, polyisobutylene 

is less reactive, creating low-reactive polyisobutylene. 

(9904! 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 number of known polymerization 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 polyi'sobiitylerie can be manufactured in at least 
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two different major grades, Le. regular and high vinylidene. 	Conventionally, these two product 

grades have been made for different processes, but both often and commonly use a diluted 

isobutylene feedstock in which the isobutylene concentration can range from 40 to 60% by weight. 

More recently, it has been noted that at least high vinylidene polyisobutylene may be produced using 

concentrated feedstock having an isobutylene content of 90% by weight or more. 	Non-reactive 

hydrocarbons, such as isobutane, n-butane and/or other lower alkanes, commonly present in 

petroleum fractions, may also be included in the feedstock as diluents. 	The feedstock may also 

contain small qualities of other unsaturated hydrocarbons, such as I -butene and 2-butene. 

100051 Regular grade polyisobutylene may range in molecular weight from 500 to 1,000,000 or 

higher, and is generally prepared in a batch process at low temperature, sometimes as low as -50T 

to -70"C. RA1C12  or R2A1C1 are often used as catalysts. The catalyst. is generally not totally removed 

from the final poi yisobiitylene product due to the processing peculiarities. Molecular weight ma be 

controlled by temperature since the molecular weight of the product varies inversely with 

temperature. That is to say, higher temperatures produce lower molecular weights. Reaction times 

are often in the order of hours. 	Regular polyisobutylene may be used as a Viscosity modifier, 

particularly in tube oils, as a thickener, and as a tackifier for plastic films and adhesives. 

Polyisobutylene can also be functional ized to produce intermediates tbr the manufacture ofdetergents 

and dispersants for fuel and lobe oils. 

100061 Traditional processes to make high-reactive polyisobutylene use a liquid polymerization 

catalyst. The catalyst is continually fed to the reactor and mixed with isobutylene monomer. The 

liquid catalyst is toxic, hazardous, and requires special handling systems and procedures to avoid 

exposure and vapor release. 	As the reaction mixture leaves the reactor, the catalyst must be 

completely neutralized and separated. 	The separation process involves washing the neutralized 

catalyst complex from the reaction mixture with copious amounts of water to remove all catalyst 

residues. Trace amounts are corrosive to subsequent processing steps and dettimental to product 

quality and stability. The.neutralized catalyst Cannot be recycled. This pmcess Substantially increases 

plant capital investment, increases operating.  osts, and generates approximately as much wastewater 

as product. 

100071 FIGURE 1 is an illustration of the polymerization mechanism for isobutylene. Isobtitylene is 
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two different major grades, i.e. regular and high vinylidene. Conventionally, these two product 

grades have been made for different processes, but both often and commonly use a diluted 

isobutylene feedstock in which the isobutylene concentration can range from 40 to 60% by weight. 

More recently, it has been.noted that atleast high vinylidene polyisobutylene may be produced using 

concentrated feedstock having an isobutylene content of 90% by weight or more. Non-reactive 

hydrocarbons, such as isobutane, n-butane and/or other lower alkanes, commonly present in 

petroleum fractious, may also be included in the feedstock as diluents. The feedstock may also 

contain small qualities of other unsaturated hydrocarbons, such as l-butene and 2-butene. 

{00051 Regular grade polyisobutylene may range in molecular weight from 500 to 1,000,000 or 

higher, and is generally prepared in a batch process at low temperature, sometimes as low as -50 :>C 

to -70°C. RASCf or R2A1CI are often used as catalysts. The catalyst, is generally not totally removed 

from the final polyisobutylene product due to the processing'peculiarities. Molecular weight may be 

controlled by temperature since the molecular weight, of the product varies inversely with 

temperature. That is to say, higher temperatures produce lower molecular weights. Reaction times 

are -often in the order of hours. Regular polyisobutylene may be used as. a. viscosity modifier, 

particularly in 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 detergents 

and dispe'rsants for fuel and lube oils. 

[0006J Traditional processes to make high-reactive polyisobutylene use a liquid polymerisation 

catalyst. The catalyst is continually fed to the reactor and mixed with isobutylene monomer. The 

Liquid catalyst is toxic, hazardous, and requires special handling systems and procedures to avoid 

exposure and vapor release. As the reaction mixture leaves the reactor, the catalyst must he 

completely neutralized and separated. The separation process involves washing the neutralized 

catalyst complex from the reaction mixture with copious amounts of water to remove all. catalyst 

residues. Trace amounts are corrosive to subsequent processing steps and detrimental .to product 

quality and stability. The neutralised catalyst cannot be recycled. This process substantially increases 

plant capital investment-, increases operating costs, and generates approximately asmuch waste..water 

as product. 

{00071 FIGURE 1 is an illustration of the.polymerisation mechanism.for isobutylene, Isobutylene -is 
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made by the cationic polymerization of isobutylene, generally by using a Lewis acid catalyst. These 

catalysts typically include AlC1;..BSb  and complexes: o1. B$3. The first step is the initiation. step (1) 

and. involves association of the catalyst with the isobatylene monomer So as to give the initial 

carbocations. The propaption step (P) is die second step where additional monomer adds to initial 

carhocation so as to generate a new cathocation 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) occurs when c.athocation reacts with the catalyst residue instead of another monomer unit, 

consequently 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 

termination step (Ti is favored at higher reaction temperatures. Therefore, the polymer molecular 

weight is inversely proportional to reaction temperature. Higher reaction temperatures produce lower 

molecular weight and lower reaction temperatures produce .higher molecular weights. 

100081 The termination step (T) can produce two major olefin isomers, namely, alpha vinylidene 

(Structure I ) and beta tri-substituted olefin (Structure 2). Structure 1 is kineticallyprefemd since it 

forms more rapidly: StruCture 2, and other Substituted olefins. are thermodynamically preferred and 

more stable. Accordingly, Structure I can. isomerize to less desirable Structure 2 and higher 

substituted olefins. 	To prevent isomerization and "lock in" the preferred Structure I isomer, the 

polymerization catalyst needs to be neutralized or isolated rapidly from the reaction mixture. There 

are several ways this is accomplished. tn particular, one of the steps is neutralization with basic pH 

media and subsequent removal by conventional means, such as absorption onto active substrates or 

through the use of conventional separation techniques. 

100091 A great nurnber of different types of catalyst systems have been proposed in the past hit 

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 isobutylene polymerization, (3) 

liquid BF,. methanol complexes as iscibuttylene polymerization catalysts, and (4) solid isobutylene 

polymerization catalysts. Prior art relevant to these prior art systems is discussed below. 

[00101 Inorganic metal oxides, such as alumina, have been provided with catalytic activity in the past 

by contacting the same with BF.,, usually in gaseous form. The contacting is usually followed by 

hydrolysis and calcination of Some other post-treatment. These catalysts generally have limited 

WO 2013/192186 PCT/US2013/046333 

made by the catiomc polymerization of isobutylene, generally by using a Lewis acid catalyst These 

catalysts typically include Aid,. BS3, and complexes of BS;. Hie.first step is the initiation, step (I) 

and involves association of the catalyst with the isobutylene monomer so as to give the initial 

carbocations. The propagation step (P) is the second step where additional monomer adds to initial 

earbocation so as to generate a new earbocation 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) occurs when earbocation reacts with the catalyst residue instead of another monomer unit, 

consequently generating a double bond. The termination step (T) and the propagation step (P) are 

compering reactions. The propagation step (P) is favored at lower reaction temperatures. The 

termination step (Tj is favored at higher reaction temperatures. Therefore, the polymer molecular 

weight is inversely proportional to reaction temperature. Higher reaction temperatures produce lower 

molecular weight and lower reaction temperatures produce higher molecular weights. 

jOOOSJ The termination step (T) can produce two major olefin isomers, namely, alpha vinyl idene 

(Structure I.) and betairi-substituted olefin (Structure 2). Structure 1- is: kineticaOy preferred since it 

forms more rapidly. Structure 2, and other substituted olefins, are thermodynamically preferred and 

more stable. Accordingly, Structure 1 can isomerize to less desirable Structure 2 and higher 

substituted olefins. To prevent isomerkation and "lock in" the preferred Structure 1 isomer, the 

polymerization catalyst needs to be neutralized or isolated rapidly from the reaction mixture. There 

are several ways this is accomplished, fa particular, one of the steps is neutralization with basic pB 

media and subsequent removal by conventional means, such as absorption onto active substrates or 

through the use of conventional separation techniques. 

|0009J A great number of different types of catalyst systems have been proposed in the past for 

cond ucting organic compound eon version reactions. These systems include the use of (1) metal oxide 

BFj complexes, (2) BF, and liquid BFS complexes, as catalysts for isobutylene polymerization, (3) 

liquid. BF-, methanol complexes as isobutylene polymerization catalysts, and (4) solid isobutylene 

polymerization catalysts. 'Prior art relevant to these prior art systems is discussed below. 

[0010} Inorganic metal oxides, such as alumina, have been provided with ca talytic acti vity in the past 

by contacting the same with BF:;,. usually in gaseous form. The contacting is usually followed by 

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

of these residues. 

[00111, U.S. Patent No. 2,804,4 I 1, assigned to American Oil Company, discloses treatment of a Si 

stabilized gelled alumina with gaseous BF„. Free .BF, is required to be added to the reaction mixture. 

100121 U.S. Patent No.. 1,974,33.8, assigned to FASO, describes an olefin polymerization catalyst 

comprising a BF,H, PO4  complex that may be absorbed onto a solid support. 

[00131 U.S. Patent No.1,114,785. assigned to UOP, describes an olefin isomerization catalyst made 

by contacting anhydrous gamma or theta alumina with gaseous BIF at temperatures from about 

100'C to 1 50`'C for 10 hours or until alumina is saturated. The process of olefin isonierization using 

the BF„-alumina catalyst is claimed; the composition of the 'catalyst is not claimed. 

100141 U.S. Patent No.4,407,731, assigned to UOP, claims catalytic compositions of matterprepared 

by pre-treating a metal oxide„ such as alumina, with aqueous acid and base followed by calcination. 

The treated gamma alumina is then treated with BE, gas at temperatures of 308-348T at elevated: 

pressure to obtain the final catalyst useful for oligomerization and alkylation reactions. 

[00151 U.S. Patent No. 4„427,791, assigned to Mobil Oil Co., 'discloses a method for enhancing, the 

activity of metal oxides, such as alumina, by treating the alumina with NI-1„F or BF„, contacting this 

fluoride-containing product with an anunonium exchange solution and then calcinating the final 

product. 

[.00161 U.S. Patent No, 4,918,255„ assigned to Mobil Oil Co., describes an isoparaffin al kylation 

catalyst based on metal oxides and aluminosilicate zeolites treated with a Lewis acid, including BF„, 

in the presence of a controlled amount of water or water-producing material. Excess BF,, to that 

needed to saturate the metal oxide is used requiring post reaction BF r emoval. 

[00171U. S. Patent No. 4,935,577, assigned to Mobil Oil Co.„describes a catalytic distillation  process 

using a non-zeolite metal oxide activated with BF, gas. Excess B F. above that needed to saturate the 

metal oxide, is used requiringpost reaction BF, removal. BF, and liquid BF, complexes as catalysts 

for isobutylene polymerization. 

[00181 The homogenous catalytic polymerization of olefins using gaseous BF, and. liquid BF, 

complexes is well known. The polymers generally so produced are of the hi ghl y reacti ve type wherein 

a large percentage of the polymer contains terminal double bonds or has a high vinylidene content. 
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activity, are not stable and release free BF, into the reaction products requiring post reaction removal 

of these residues. 

[001I.J U.S. Patent. No. 2,804,411, assigned'to American. Oil Company, discloses treatment of a Si 

stabilised gelled alumina with gaseous B F?. Free BF3 is required to be added to the reaction mixture. 

(0012} U.S. Patent No.. 2,976,338, assigned to Esso, describes an olefin polymerization catalyst 
comprising a BF Ji, P04 complex thai may be absorbed onto a solid support. 

[0013] U.S. Patent Ho. X 114,783, assigned to UOP, describes an olefin ispmerkation catalyst made 
by contacting anhydrous gamma or theta alumina with gaseous BF, at temperatures from about 

10Q"C to 15.0 ®C for 10 hours or until alimiina is .saturated. The process of olefin isomerixation using 

the B Fj-ai.umina catalyst i s claimed;, the. composition, of the catalyst is not c laimed. 

[0014} U.S. Patent No, 4,407,731, assisted to UOP, claims catalytic compositions ofmatter prepared 

by pre-ireating a metal oxide, such as ahimina, with aqueous acid and base followed bv calcination. 

The treated gamma alumina is then treated with BF3 gas at temperatures of308-348°C at elevated 

pressure to obtain, the final catalyst useful for oligomerization and alkylation reactions. 

[0015J U.S. Patent No. 4,427,791, assigned to Mobil Oil Co., discloses a method for enhancing the 
activity of metal oxides, such as alumina, by treating the alumina with NH4F or BF:„ contacting this 

fluoride-containing product with an ammonium exchange solution and then calcinating the final 
product. 

[0016] U.S. Patent No. 4,918,255, assigned to Mobil Oil Co., describes an isoparaffin alkylation 
catalyst based on metal oxides and aluminosiiicate zeolites treated with a Lewis acid, including BF,. 

in the presence of a controlled amount of water or water-producing material. Excess.BE?, to that 

needed to saturate the metal oxide is used requiring post reaction BFS removal. 
[0OI7J U.S. Patent No, 4,935,577, assigned to Mobil Oil Co., describes a catalytic distillation process 

using a non-zeolite metal oxide activated with BF, gas. Excess BF,, above thai needed to saturate the 

metal oxide, is used requiring post, reaction BF, removal. BF, and liquid BE-complexes as catalysts 
for isobutylene polynierization. 

[0018] The homogenous catalytic polymerisation of olefins using gaseous BF, and liquid BE, 
complexes is well known. Hie polymers generally so produced are.of the highly reactive type wherein 

a large percentage of the polymer contains, terminal double bonds or has a high vinylidene content. 

-4-
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All of these processes require post-reaction removal of the BF' 3  catalyst. 

100191 U.S. Patent No. 4,152,499, :issued to Boerzel et al., describes the synthesis of po I yisobutylene 

having a degree of polymerization of 10-100 units using a blanket of BF gas as the catalyst. The 

polyisobutylene product \vas then reacted with rnaleic anhydride in yields of 60-90% indicating a 

large portion of vinYlidene end groups. 

100201 U.S. Patent No_ 4,605,808., issued to Samson, describes production of a polyisobutylene 

having at. least 70% unsaturation in the terminal position. An alcohol complex ofBr, was used as the 

catalyst. The comp I exin g of the BF, seems to give better control olthe reaction and higher vinylidene 

content. 

100211 U.S. Patent No. 7,411,104, assigned to Daelim Industrial Co., describes a method for 

producing highly reactive poiyisobutyiene from a ratlinate-1 stream using a liquid BFI  secondary 

alkyl ether-tertiary alcohol complex The process requites low reaction temperatures and the catalyst 

complex is not stable and. must be made in situ. The catalyst must be removed from the reactor 

effluent by a post-reaction treatment process.. 

[0022.1 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 coniplexed with an alcohol such that there 

is no free INF) in the reactor or in the reaction zones. An .excess of 'alcohol complexing agent is 

required to assure that no free BF, is present. The reaction times are on the order of 10 minutes with 

reaction temperatures of below 0CC. 

100231 Rath, in U.S. Patent No. 5,408018, describes a multistage process for preparing highly 

reactive polyisobutene:with a content of terminal vinylidene groups of more than 80 mai % and an 

average molecular weight of 500-5000 Daltons by the cationic polymerization of isobutene or 

isobutene-containing hydrocarbon feeds in liquid phase with the aid of boron trifluoride as catalyst 

and at from O'C to -600C. The polymerizing is in the presence of secondary alcohols with 3-20 

carbon atoms andior ethers with 2-20 carbon atoms. 

[00241 Olefin polymerization, especially isobutylene -polymerization, is an exothermic: process. 

Control of reaction temperature is critical to product quality, catalyst life, degree of polymerization 

and obtaining the desired pre-selected properties. in the patents cited above, the reaction temperature 

was. controlled by dilute olefin monomer concentration, complexed catalyst, multi-stage reactions 
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All of these processes require post-reaction removal' of the BF5 catalyst. 

[0019} U.S. Pa tent No. 4,152.499, issued to Boerzel el al., describes die synthesis of polyisobutylene 

having a degree of'polymerisation of 10-100 units using a blanket ofBFj gas as the catalyst. The 

polyisobutylene product was then reacted with nialeic anhydride in yields of 60-90%indicating a 

large portion ofviaylidene end groups. 

|0020f U.S. Patent No. 4,605,808, issued to Samson, describes production of a polyisobutylene 

having at least 70% unsaturatipn in the terminal position. An alcohol complex of BF:, was used as the 

catalyst. The camp I exing of the BFr, seems to give better control of the reaction and hi gher vinylidene 

content. 

[0021} U.S. Patent No. 7,411,104, assigned, to Daelim. Industrial Co., describes a method for 

producing highly reactive .polyisobutylene ftora a raffinate-1 stream using a liquid BF5 secondary 

alkyl ether-tertiary alcohol complex. The process requires low reaction temperatures' and the catalyst 

complex is not stable and must be made in situ. The catalyst must be removed from the reactor 

effluent by a post-reaction treatment process. 

[002:2} LIS. Patent No. 5,191,044, issued to Rath et at., discloses a process for preparing 

polyisobutylene in which the BFr, catalyst is completely complexed with an alcohol such that there 

is no free; BF, in the reactor or in the reaction zones. An excess of alcohol coniplexing agent is 

required to assure that no free BF5 is present. The reaction times are on the order of 10 minutes with 

reaction temperatures of below 0°C, 

[0023} Rath, in U.S. Patent No. 5,408,018. describes a multistage process for preparing highly 

reactivepolyisobutene: with a content of terminal, vinylidene .groups of more than SO mo! % and an 

average molecular weight of 500-5000 Dalions by the eationic polymerization of isobutene of 

isobutene-containmg hydrocarbon feeds in liquid phase with the aid of boron trifluoride as catalyst 

.and at from 0*C to -60°C. The polymerizing is in the presence of secondary alcohols with 3-20 

carbon atoms and/or ethers with 2-20 carbon atoms. 

[0024} Olefin polymerization, especially isobutylene polymerization, is an exothermic process. 

Control of reaction temperature is critical to product quality, catalyst life, degree of polymerization 

and obtaining the desired pre-seleeted properties. In thepatents cited above, the reaction temperature 

was controlled by dilute olefin monomer concentration, complexed catalyst, multi-stage reactions 
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and, or long reaction times and low reaction temperatures. Low reaction temperatures increase energy 

requirements; long reaction times or dilute feed streams increase equipment size and equipment cost 

(capital expenditures). 

100251 U.S. Patent Nos. 0,525149, 6,562,913, 6,683,138, 6,884,858 and 6,992,152, to Baxter, et al. 

describe olefin polymerization processes in \Ai ich the polymerization is Carried out in the tube side 

ofa heat exchanger under turbulent flow conditions. The reactor design allows for very effective and 

efficient removal of the beat of reaction such that relatively high feed rates and concentrated feed 

streams may be used. A BF„-methanol complex. is used as the catalyst and, because this complex is 

particularly stable, higher reaction'temperatures may be used. The BF,-methanol catalyst complex 

may be prelbrined, formed in-situ by separate injection of the methanol compiexing agent, or a 

combination of both. 

100261 The .B F methanol complexes are very stable allowing for higher isobtttylene polymerization 

temperatures not possible with other BF, oxygenate complexes, particularly higher alcohols, 

secondary alcohols, ethers and the like. Also, because higher reaction temperatures may be used, 

reaction rates are increased. 

100271 However, in all of the patents cited above, the BF.,, or at least portions of the BF:„ catalysts 

are soluble M the polymer products. Residual BF:, is dew imental to product quality and must be 

removed as quickly as possible. Hence, these processes must employ some kind of catalyst quench 

and catalyst removal steps subsequent to the reaction,. The quenched :BF, streams cannot he recycled 

and the 8F3  is lost. 

100281 Isobutylene and butylene polymerizations have also been conducted using solid catalysts, 

particularly Friedel-Crafts type catalysts, such as MCI,. The advantage to these processes is that the 

catalyst is a solid and is not soluble in the product. Ctitalyst removal and product purification is much 

easier than in the BF:, catalyzed reactions. 

100291 U.S. Patent NO, 2,484,384, assigned to California Research Corporation, U.S. Patent No. 

2,677,002, assigned to Standard Oil Co., U.S. Patent. No. 2,957,930, assigned to Cosden Petroleum 

Corporation and U.S. Patent. No. 3,119,884, assigned to Cosden Petroleum Corporation, all describe 

A1C1, catalyzed butylene polymerization processes using a fluidized bed reactor system. 

100301 U.S. Patent No. 4,306,105, assigned. to Cosden Petroleum Corporation, describes a 
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and or long reaction times and low reaction temperatures. Low reaction temperatures increase energy 

requirements; long reaction times or dilute feed streams increase: equipment size and equipment cost 

(capital expends lures ). 

[0025] U.S. Patent Nos. 6,525149, 6,562,913,6,683,138,6,884,858 and 6,992,152, to Baxter, etai. 

describe olefin polymerization processes in which the polymerization is carried out in the tube side 

of a heat exchanger under turbulent flow conditions. The. reactor design allows for very effective and 

efficient removal of the heat of reaction such that relatively high feed rales and concentrated feed 

streams may be used. A BFrmethanol complex is used as the catalyst and, because this complex is 

particularly stable, higher reaction temperatures may be used. The BFrmefhanol catalyst complex 

may be preformed, formed in-situ by separate injection of the methanol complexing agent, or a 

combination of both. 

[0026] The B F, methanol complexes are very stable allowing for higher isobutylene polymerisation 

temperatures not possible with other BF3 oxygenate complexes, particularly higher alcohols, 

secondary alcohols, ethers and the like. Also, because higher reaction temperatures may be used, 

reaction rates are increased. 

[0027] Howev er, in ail of the patents cited above, the BF:;5 or at least portions of the BF:;, catalysts 

are soluble in the polymer products. Residua! BE, is detrimental to product quality and must be 

removed as quickly as possible. Hence, these processes must employ some kind of catalyst quench 

and catalyst removal steps subsequent to the reaction. The quenched BF-, streams cannot be recycled 

and the BF, is lost. 

[00281 Isobutylerte and butyiene polymerizations have also been conducted using solid catalysis, 

particularly Ffiedel-Crafts type catalysts, such as A1C1,. The advantage to these processes is that the 

catalyst is a solid and is not soluble in the product. Catalyst removal, and product purification is much 

easier than in the BF3 catalyzed reactions. 

[0029} U.S. Patent No, 2,484,384, assigned to California Research Corporation, U.S. Patent No. 

2,677,002, assigned to Standard Oil Co., U.S. Patent. No. 2,957,930, assigned to Cosden Petroleum 

Corporation and U.S. Patent. No, 3,119,884, assigned to Cosden Petroleum Corporation, all describe 

AlCl, catalyzed butyiene polymerization processes using a fluiclized bed reactor system. 

[0030} U.S. Patent No. 4,306,105, assigned.to Cosden Petroleum Corporation, describes a 
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chlorinated alumina catalyst prepared by reacting pure alumina with pure chlorine.. iiuidiz:ecl bed 

reactor is utilized for butene polymerization. 

[0041 Solid catalysts have also been used to produce olefinpolymers with a high proportion of 

terminal vinylidene groups. 

10032] U.S. Patent. No. 5,710,225, assigned to Lubrizol, claims the use ofphosphotungstic acid salt 

to polymerize Ca-05  olefins to produce polymers with molecular weights in the range of 300-20,000, 

The use of phosphotungstic catalyst, in .a fixed bed. reactor, is also described, but the flow rate 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 examplewould not be economically feasible. 

[0033111S. Patent No. 5,770,539, assigned to Exxon Chemical Patents, Inc., discloses heterogeneous 

Lewis acids polymerization catalysts, such as BF 3, immobilized in porous polymer substrates. The 

BF, is complexed with the aromatic rings of crOss-linked polystyrene copolymers. 

10034] U.S. Patent. No. 5,874,380, assigned to Exxon Chemical Patents, Inc,„ claims a solid state 

insoluble salt catalyst system for the carbocationic polymerization of o lefin 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 IIIA, IVA, VA, and VIA of 

the Periodic Table of the Elements. 

100351 U. S.. Patent No. 6,384,154, assigned to BASF Aktiengesellshaft, discloses a process for 

preparing halogen-free, reactivepolyisobutylene by cati oni c polymerization over an acidic, halogen - 

fiee heterogeneous catalyst comprising oxides and elements from transition or main group I, II, Ill, 

IV, V, VI, VII or VIII of the Periodic Table of the Elements, The polymerization is carried out in a 

fixed bed reactor_ 

[00361 The solid, heterogeneous butylene polymerization catalysts cited above do solve the problem 

of catalyst residues in the reactor effluent, thereby eliminating the need for post reaction treatment. 

However, conversions are low, space velocities are low and reaction temperatures are low. 

10037] BF, activated metal oxides are not described in the prior art as polymerization catalysts for 

the manufacture ofpolvbutene or polyisobutylene. in fact, US. Pat. No. 6,710,140 assigned to BASF 

Aktiengesellshaft, claims the use of alumina as a solid deactivator to absorb BF3  catalyst residues 

from poi yi sob ut yi ene reactor effluents. The resultin a BF-al mina complex. is described as not 
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chlorinated alumina catalyst prepared by reacting pure alumina with pore chlorine. A fluidized bed 

reactor is utilized for butene'polymerization, 

[00311 Solid catalysts have also been used to produce olefin polymers with a high proportion of 
terminal vinylidene groups. 

(0032} U.S. Patent. No. 5,7.10,225, assigned to Lubrizol, claims the use ofphosphottmgstic acid salt 

to polymerize C2-C3 olefins to produce polymers with molecular weights in therange of300-20,000. 

The use of phosphotungstic catalyst, in a fixed bed reactor, is also described, but the flow rate is low 
and is generally operated, as a plug flow reactor. The resulting polymer has an undesirable very high 

polydispersity. The fixed bedreactor as described in the. example .would not be economically feasible. 

[0O33JII. S, Patent No. 5,770,539, assigned to Exxon Chemical Patents, inc., discloses heterogeneous 

Lewis acids polymerization catalysis, such as BFS, immobilized in porous .polymer substrates. The 

BFj is complexed with the aromatic rings of cross-linked polystyrene copolymers. 

|0034| U.S. Patent No. 5,874,380, assigned to Exxon Chemical Patents, hie,, claims a solid state 

insoluble salt catalyst system for the carbocationic polymerization of olefin monomer in .the presence 

of polar or nob-polar reaction medium which comprises at least one sal t of a strong acid and a 
carbocationically active transition metal catalyst selected from Groups HI A, IV A, VA, and VIA of 

the Periodic Table of the Elements. 
[0035} U.S. Patent No. 6,384.154, assigned to BASF Aktiengesellshaft, discloses a process for 

preparing halogen-free, reactive polyisobutylene by eationie polymerization over an acidic, halogen-
free heterogeneous catalyst comprising oxides and elements from transition or main group 1,11, 01, 

IV, V, VI, VII or VIII of the Periodic Table of the Elements. The polymerisation is carried out in a 

fixed bed reactor . 
[0036} The sol id, heterogeneous butyiene polymerization catalysts cited above do solve the problem 

of catalyst resi dues in the reactor effluent thereby eliminating, the need for post reaction treatment. 

However, conversions are low, space velocities are low and reaction temperatures are low. 
[0037} BFS activated metal oxides are not described in the prior art as polymerization catalysts for 

the manufacture of polybutene or polyisobutylene. In fact, U.S. Pat. No. 6,710,140 assigned to B ASF 
Aktiengesellshafi, claims the use of alumina as a solid deactivator to absorb BE, catalyst residues 

from polyisobutylene reactor effluents. The.resulting BF:j-alumma complex, is described as not 
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catalytic. 

100381 It i.s an object of the present invention to provide a polyisobutylene composition and process 

for forming the poi yisobutylene composition which avoids the use of washing water and produces 

no wastes. 

100391 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. 

[00401 ft is still another object oft he present invention to provide a polyisobittylene composition and 

process f©r forming, polyisobutylene composition which avoids the need fbr recycling. 

100411 It is still another object of the present invention to provide a polyisobutyle tie composition and 

process for forming the polyisobutylene composition which produces high yields of high puirty 

product. 

[00421 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. 

100431 It is still a further object of the present invention to provide a pollyisobutylene composition 

and process for. forming the polyisobutylehe composition which involves a. significantly reduced 

capital investment, low operating costs and low catalyst costs. 

100441 It is still a further object of the present invention to provide a polyisobutylene composition 

and process for forming the polyi sobutyl en e composition that provides the ability to make anhydride 

succinicS, succi ni In ide, niannich, and split-tail surfactants. 

[00451 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 OF THE INVENTION 

[00461 	The present invention is a polyisobutylene composition that comprises polyisobutylene 

molecules wherein a first parti Oil of the polyisobutylene molecules has alpha vinylidene molecules, 

a second portion of the polvisobutylene 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 o 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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catalytic. 

[0038} It is an object of the presen t .invention to provide a polyi sobutylene composi,ti on and process 

for forming the polyisobutylene composition which avoids the use of washing water and produces 

no wastes. 

(0039} 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. 

[0040]: 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. 

(0041} It is still another object of the present invention to pro vide a polyisobtityiene composition and 

process for forming the polyisobutylene composition which produces high, yields of high puhiy 

product. 

[0042} It is a further object of the present in vention to provide a polyisobutylene composition and 

process For forming' the polyisobutylene composition which is simple and highly effective. 

[0043} It is sti ll a further object of the present invention to provide a polyisobutylene composition 

and process for forming the polyisobutylene composition which involves a significantly reduced 

capita] investment., low operating costs and low catalyst costs. 

[0044} It. is still a further object of the present invention to provide a polyisobutylene composition 

and process for forming the polyi sobutylene composition that provides the ability to make anhydride 

succinics,, succiniraide, mannicti, and split-tail surfactants. 

|0045] These and other objec ts and advantages of the present invention will become apparent from 

a reading of the attached specification and appended claims. 

BRIEF SUMMARY OF THE INVENTION 

[0046} The present invention is a polyisobutylene composition that comprises polyisobutylene 

.molecules wherein a first portion of the poly.isobntyle.tte molecules has alpha vinylidene molecules, 

a second portion of the polyisobutyleue molecules lias 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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100471 More specifically, with the polyisobutylene composition of the present invention, 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 polvisobotylene molecules of the composition. The polyisobutylene composition can have 

a. fourth portion that. has tetra-substituted isomers. This fourth portion is less than 5% ©f the total 

composition. The polyisobutylene composition will have a molecular weight of between 250 and 

5,000 Dal tons. 

100481 The present invention is also a polymerization process for preparing a polyisobutylene 

polymer composition. This polymerization processoccmptises the steps of: ( I) providing a liquid 

feedstock containing, isobutylene; (2) forming a solid catalyst that is a reaction product of a boron 

trifluoridefalcohol 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 oftbe 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. 

100491 in the process of the present invention, the polyisobutylene polymer composition can be 

distilled after the step of discharging. The step of distil hug serves 16 separate oligomers from the 

polyisobutylene polymer composition. 	In particular, the step of distilling-  includes passing the 

pol yisobutylene 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 polyisohutylene 

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 COIUMII, feeding the polyisobutylene polymer in the second distillation column at 
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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 is l ess, 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 polyisohufylene 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. 

(0048} The present invention is also 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 

trifiuorideMcohol 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 m 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 vinylidenemolecules 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. 

(0049} In the process of the present invention, 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 
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atmospheric pressure so as to separate CS oligomers from the poi isobutylene polymer composition, 

and discharging the polyisobuty [elle polymer composition from the second distillation column. The 

step of distilling further includes passing the discharged polyisobutylene composition from the 

second distilliation column to a thud 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 pol yi sobutylene polymer composition, and discharging the polyisobutylene 

polymer composition from the third distillation column. 

[0050] The boron trifluoridefalcohol 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 trill uoride. 

[0051] in the present invention, 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 tithes. The process 

of the present invention includes flowing a beat 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. 

[00521 The discharged polyisobutylene polymer complex can be passed through a filter M 1 hlch the 

filter has alumina therein. As such, any residual boron can be removed from the polyisohutylene. 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 Daitons. 

100531 The process of the present invention #S based on anoVel solid catalyst* Used as a fixed bed 

reactor system. The solid catalyst is in the form of beads or other convenient'  eometric 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. Isobittylene polymerization is highly exothermic so as to generate between .350 

BTU/lb. 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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atmospheric pressure so as to separate €8 oligomers .from the polyisobutylene polymer composition, 

and discharging the 'polyisobutylene-polymer composition .from the second distillation column. The 

step of distilling .farther-includes passing the discharged polyisobutylene composition from the 

second distillation column to a third distillation column, feeding the polyi sobutylene polymer 

composition in the third, distillation column under vacuum, conditions so as to separate CI 2 and 

higher oligomers from the polyisobutylene polymer composition, and discharging the polyisobutylene 

polymer composition from the third distillation column. 

[0050 } The boron trifluor ide/alcohol ca talyst, complex has between 10 to 30% by weight of the solid 

catalyst. A rati o of the alcohol to the boron trifluoride in the catalyst complex ranges from 0 . 5 mole 

of alcohol per mole ©fboron. iT.tiIuori.de to about two moles of alcohol, per mole.of boron trifluoride.. 

[0051J hi the present invention,the-reactor is a feed 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 invention iiicl odes 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. 

[0052 J The discharged polyisobutylene poly mer complex can be passed through a fil ter in which the 

filter has alumina therein. As such, any residua! 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 

polyisobuty lene polymer composition has a molecular weight of between 250 and 5,000 Daltons. 

[0053J The process of the present invention, 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, completelyvcontained 

bed. The isobutylene monomer is fed to. the reactor at a controlled rate and passes over the solid 

catalyst allo wing 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/lb. 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 residet ce time over he catalyst is regulate( to provide 

the desired isobutylene conversion. 

[00541 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. 

[0055] Current technology used to produce polyiso b atyl ene has both human and environmental risks. 

The present invention eliminates waste.. 	The present invention recycles the material so as to 

minimize human exposure to hazardous materials, reduce catalyst use, and decrease plant capital, 

enemy', and operation cost The present. invention produces TIO wash water or other waste. There is 

no human exposure to boron trithioride 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 ficili 	s greatly decreased. Additionally, the enemy and operation cost associated with the 

production of the po lyi sob utylene in the process of the present invention produces significant annual 

savings. 

[00561 This foregoing Section is intended to describe, with particularity, the preferred embodiment 

of the present invention. It is understood that modifications  to this preferred embodiment can be 

made within the scope of the present invention Without departingfrotti the true spirit of the invention. 

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

present invention should only be limited by the following claims and their legal equivalents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00571 FIGURE 1 is air illustration of the typically polymerization mechanism associated with the 

formation of polyisobutylene from isobutylene. 

100581 FIGURE 2 is a flow diagram showing the process of the polymerization process cif' the present 

in ,ention, 

[0059[ FIGURE .1 is a detailed view showing the fixed bed reactor associated with the polymerization 

process of the present invention. 

-1f.- 

WO 2013/192186 PCT/US2013/046333 

cQntroilmginolecuIar weight distribution. Thereside.nce.time over the catalyst is regulated toprovide 

the desired isobutylene conversion. 

[0054} When the polymer reaction .mixture exits the reactor, the polymerisation and isom'erteation 

.reaction has stopped and the crude .reaction mixture contains no. catalyst residues. As such, no 

subsequent washing steps axe 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. 

[0055] Current technology used to produce polyisobutylene has both human and environmental risks. 

The present invention eliminates waste. The present invention recycles the material so as to 

minimise human exposure to hazardous materials, reduce catalyst use, and decrease plant capital, 

energy, and operation cost. The present, invention 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 associated with, the 

produc tion of thepolyisobdtylene in ihe process of the present invention 'produces significant annual 

savings. 

[0056} This foregoing Section is intended to describe, with particularity, the preferred embodiment 

of the present invention, it is understood that modifications to this preferred embodiment can be 

made within the scope of the present invention without departing from the true spirit of the invention. 

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

present invention should only be limited by the following claims and their legal equivalents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0057} FIGURE 1 is an illustration of the typically polymerization mechanism associated with the 

formation of polyisobutylene from isobutylene. 

[0058} FIGURE 2 is a flow diagram showing the process of the polymerization process of the present 

invention. 

[0059J 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 

100601 Referring to FIGLIR.E 2, there is shown the process 10 of the present invention for the 

polymerization of polyisobutylene. In the process 10 of the present invention, a liquid teed stock 

containing isobtit'lene is provided in tank 12 A preferred feedstock is high purityisobutylene which 

contains greater than 99 weight percent of isobutylene. This feedstock is hig ly suitable for the 

production of highly reactive polyisobutylene„ Another olefin feedstock can be C4 raffinate. The 

actual composition of such a stream is variable depending on the source, but a typical CA raffinate 

feedstream might contain about 0.5 weight percent of C3, about 4.5 weight percent of isobutane, 

about 16.5 weight percent of n-butane, about 38,5 weight percent of 1-butene, about 28.3 weight 

percent of isobutylene„ about 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 oxygenates. The presence of 

oknenates may or may nOt affect the catalytic, reaction. The C3 and the n-butane are inert and pass 

through the reactor unchanged and are removed from the reaction mixture and the downstreams 

stripping steps. The isobutylene reacts to a high degree depending on the reaction conditions and the 

desired final product. The 1- and 2-butenes May react to varying degrees depending on the catalyst 

type and reactor conditions. The unreacted olefins are removed •ITOM the polymer product. in the 

downstream stripping steps. These raffinate feedstocks are particularly preferred for the production 

of polymers in which high reactivity is not important. 

[00611 Another type of olefin feedstock provided in tank 10 is the effluent from the dehydrogenation 

of isobutane to isobutylene, referred to simply as dehydro effluent, or "[)HIE"_ 	DHE typically 

contains about 42 - 45 weight percent of isobutene, and about 50 to 52 weight percent of isobutane 

within the balance being small amounts of C3, normal butanes and butylenes, and butadiene. This 

feedstock is particular suitable for the production of polyisobutylene in location in which the inert 

isobutane may be utilized, for example in cooperation with an isobutane dehydrogenation unit. 

100621 Another olefin feedstock can be DHE in which most of the inert isobutane has already been 

removed. This stream is known as isobutylene concentrate and typically contains about 88 - 90 

weight percent of isobutene, and 5 - 10 weight percent isobutane with the balance being minor 

amounts of C3 normal butanes and butylenes, and butabiene. This fedstock is suitable for the 

production of highly reactive. polyisobutylene. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0060] Referring to FIGURE 2, there is shown the process ID of the present invention for the 

polymerization of polyisobutylene. In the process 10 of the present invention, a liquid feed stock 

containingisobutylene is provided in tank 12. A preferred feedstock is high purity .isobutylene which 

contains greater than 99 weight per cent of .isobutylene'. This feedstock is; highly suitable, for the 

production of highly reactive polyisobutylene. Another olefin feedstock can be C4 raffinate. The 

actual composition of such a stream is variable depending on the source, but a. typical C4 raffinate 

feedstream might contain about 0.5 weight percent of C3, about 4.5 weight percent of isobutane, 

about 16.5 weight percent of n-butane, about 38.5 weight percent of l.-butene, about 28.3 weight 

percent of isobutyie,ne:, about 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 oxygenates. The presence of 

oxygenates may or may not affect the catalytic reaction . The C3 and the n-butane are inert and pass 

through the reactor unchanged and are removed from the reaction mixture and die downstreams 

stripping steps. The isobutylene reacts to a high degree depending on the reaction conditions and the 

desired final product. The 1 - and 2-butenes may react to varying degrees depending on the catalyst 

type and reactor conditions. The un.react.ed olefins are removed front the polymer product in the 

downstream stripping steps. These raffmate feedstocks axe particularly preferred for the production 

of polymers in. which high reacti vity is not important. 

[0061] Another type of olefin feedstock provided in tank 10 is the effluent from the dehydrogenation 

of isobutane. to isobutylene, referred to simply as dehydro effluent, or "DHE". DHE typically 

contains about 42 - 45 weight percent of ispbuteue,, and about 50 to 52 weight percent of isobutane 

within the balance being small amounts ofC3, norma! butanes and butylenes, and butadiene. This 

feedstock is particular suitable for the production of polyisobutylene in location in which the inert 

isobutane may be utilized, for example in cooperation with an isobutane dehydrogenation unit. 

[0062} Another olefin feedstock can be DUE in which most of the inert isobutane has already been 

removed. This stream is known as isobutylene concentrate and typically contains about 88 - 90 

weight percent of is&buteae, and 5 - 1.0 weight percent isobutane with the balance being minor 

amounts of 03 normal butanes and butylenes, and hutabiene. This feedstock is suitable for the 

production of highly reactive polyisobutylene. 
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100631 As can be seen in FIGURE 2, the liquid feedstock in tank 12 is fed by pump 14 along lines 

16 into a line 18. 	Line IS can include a isobutane purge so that the gaseous isobutane can be 

removed from the feedstream. A cooler 20 is provided along line 18 so as to reduce the temperature 

of the feedstream to a range of between 50"F to 80'F. After the feedstream passes through the cooler 

20, the feedstream will flow along line 22 so as to be pumped by pump.24 into the reactor 26.. The 

reactor 26 contains the solid 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. 

[00641 As can be seen in FIGURE 2, recycled C4  from the process 10 can flow to a vessel 30. This 

recycled C4.will include isobutylene and isobutane. Pump 32 will pass this mixture along line 34 to 

line 1.8. The isobutane purge allows the gaseous isobutane to flow along line 36 and outwardly of 

the process 10. The isobutane purge can be recovered for use elsewhere. In thisproeess, the recycled 

isobutylene can then flow, along with the isobutylene from the feedstock in tank 12 can flow to the 

reactor 26 in the manner described hereinaboye. 

100651 A filter 38 is connected to the output horn the reactor 26. Under rare circumstances, trace 

amounts of boron may be part of the output of the reactor 26. The filter 38 can contain alumina 

therein so as to react with these trace amounts of boron so as to remove the boron from the 

polyisobutylene of the reactor 26. The output of the reactor .26 flows along line 40 to a heater 42. 

Heater 32 can elevate the temperature of the polyisobutylen.e product of the reactor 26 to a 

temperature of approximately 300'F„ As such, this polyisobutylene product will flow to it first 

distillation column 44. The first distillation column 44 will heat the polyisobutylene product under 

pressure so..1s to separate the lights from the polyisobutylene product, The lights, such as C4, will 

flow outwardly along line 46 from the fist distillation. column 44. The relatively hot lights flo wMg 

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 liquid and flow into a collector 50. The vapor flowing through line 46 can 

include isobutylene and i.sobutane , along with other oligomers of the polyisobutylene product. The 

C4 can then flow along 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. 

[0066] The polyiscibutylene product, as passed from the first distillation column 44, will flow along 

line 56 by,  action of pump 58 so as to flow outwardly therefrom. The pump 58 will pump the 
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(0063} As can be seen in FIGURE 2, the liquid feedstock in tank 1.2 is fed by pump 14 along lines 

16 into a line 1.8. line 18 can include a isobutane purge so that the gaseous isobutane can be 

removed from the feedstream, A cooler 20 is provided along line 1S so as to reduce the temperature 

of the feedstream to a range of between 50*F to SO °F. After the feedstream passes through the cooler 

20, the feedstream will flow along line 22 so as to be pumped by pump 24 into the reactor 26. The 

reactor 26 contains the solid 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 C4 from the process 10 can flow to a vessel 30. This 

recycledC4 will include isobutylene and isobutane. Pump 32 will pass this mixture along line 34 to 

line 18, The isobutane purge allows {lie.gaseous isobutane to Slow along line 36 and outwardly of 

the process 10. The isobutane purge can be .recovered, for use else where, In this process, the recycled 

isobutylene can then, flow, along with the isobutylene from the feedstock in tank 12 can flow to the 

reactor 26 in the manner described hereinabove. 

[0065} A filter 38 is connected to the output from the reactor 26. Under rare circumstances, trace 

amounts of boron may be part of the output of the reactor 26. The filter 38 can contain alumina 

therein so as to react with, these trace amounts of boron so as to remove the boron from the 

polyisobutylene of the reactor 26. The output of the reactor 26 flows along line 40 to a beater 42. 

Heater 32 can elevate the temperature of the polyisobutylene product of the reactor 26 to a 

temperature of approximately 300*F. As such, this polyisobutylene prod act will flew to a first 

distillation column 44. The first distillation column 44 will heat the polyisobutylene product under 

pressure so as to separate the lights from the polyisobutylene product, The lights, such as C4, will 

flow outwardly along line 46 from the first distillation column 44. The .relati vely hot lights flowing 

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 liquid and flow into a collector 50, The vapor flo wing through line 46 can 

include isobutylene and isobutane, along with .other oligomers of the polyisobutylene product. The 

C4 can then flow along 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. 

[0066] The polyisobutylene product, as passed from the first distillation column 44,, will How along 

line 56 by action of pump 58 so as to flow outwardly therefrom- The pump 58 will pump the 
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polyisobutylene product from the distillation column 44 along line 60 to a second distillation column 

62. Additionally, a portion of thepolyisobutylene product produced by the distillation column 44 will 

flow back along hne (i2 for use within the distillation column 44. 	Fundamentally, in the first 

distillation column 44, the .low temperature boiling point products will flow upwardly in the first 

distillation column 44 and the higher boiling tempera tare products will flow outwardly along brie 14.. 

As such, the lights are effectively separated by the first distillation column 44. 

[00671 The polyisobutylene product from the first distillation column 44 will flow into the second 

distillation column 62. The second distillation column 62 is heated and maintained at atmospheric 

pressure. The heavi CT CS Oligomer flows from the 'second distillation column 62 outwardly along line 

64 so as to be cooled, by cooler 66 for delivery into condenser 68. The condensed liquid can then 

pass by pump 70 along line 72 to a recovered CS tank 74.. Another portion of the CS product will 

flow alono line 76 back for use in the second distillation column 62. The polyisobutylene product 

from the second distillation column 62 flows outwardly along line 78 by action of the pump 80 

through line 85 and to a third distillation column 84. A portion of the polyisobutylene product 

flowing from the second distillation column 62.1011 pass back to the distillation colUITM 62 along line 

86. 

[00681 The third distillation co um 84 is maintained in a vacuum condition so as to separate out the 

further oligoners, such as C12, C16, C20, C24, etc. As such, these .oligomers will flow outwardly 

of the third distillation column 84 along line 86 to a cooler 88 and eventually to the condenser 90, 

The condensed liquid is then passed by pump 92 along line 94 to a. tank 96 whereby the C12 and C16 

can be recovered. A portion of the C12 and the C16 can flow back to the third distillation column 

84 along 98, The highly pure polyisobutylene product flows outwardly from the third distillation 

column 84 along line 100. Pump 102 Serveg to deliver the high purity polyisobutylene product along 

line 104 to a cooler 106 and onward to a quality .control tank 108, an off-spec tank. 110 and a 

Polvisoblioilehe product tank 112. 	A. portion of the high purity potifisobutylene product can be 

recycled back to the third distillation column 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 ,onw.ardly to the polyisobutylene product tank 112. If
. 
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polyisobutylene product from the distillation col omn 44 along line 60 to a second distillation column 

62. Additionally, a portion of the polyisobutylene product produced by the disti llation col umn 44 will 

flow back, along line 6.2 for use within the distillation column 44, Fundamentally, in the first 

distillation column 44, the low temperature boiling point products will flow upwardly in the first 

distillation column 44 aTKl ille liigbex boiling tempera ture produc ts will flow.outwardlv along li ne 14. 

As such, the lights are effectively separated 'by the first distillation column 44. 

[0.067J The polyisobutylene product from the first distillation column 44 will flow into ike second 

distillation column 62. The second distillation column 62 is heated and maintained at atmospheric 

pressure. The heavier €8 oligomer flows from the second distillation column 62 outwardly alongline 

64 so as to be cooled by cooler 66 for delivery into condenser 68. The condensed liquid can then 

pass by pump 70 along line 72 to a recovered C8 tank 74. Another portion of the €8 product, will, 

flow along line 76 back, for use in the second distillation column 6:2. The polyisobutylene product 

from the second distillation column 6:2 flows outwardly along line 78 by action of the pump 80 

through line 85 and to a third distillation column. 84. A portion of the poMsobutylene product 

flowing from the second distil lation column 62 will pass back to the distillation column 62 along line 

86. 

{0068} The third distillation column 84 is maintained in a vacuum condition so as to separate out the 

further oligomers, such as CI 2, CI 6, €20, €24. etc. As such, these oligomers will flow outwardly 

of the third distillation column 84 along line 86 to a cooler 88 and eventually to the condenser 90, 

The condensed liquid is then passed by pomp 92 along line 94 to a tank 96 whereby the C12 and € 16 

can be recovered. A portion of the C12 and the C16 can flow back to the third distillation column 

84 along 98. The highly pure polyisobutylene product..flows outwardly from the third distillation 

column 84 along line 100. Pump 102 serves to deliver the high purity polyisobutylene product along 

line 104 to a cooler 106 and onward to a quality control tank 108, an off-spec tank 1.10 and a 

polyisobutylene product tank 112. A portion of the high purity polyisobutylene product can be 

recycled back to the third distil lation column 84 along line 114. The quality control tank i 08 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 o.nwardly to the polyi sobutylene product tank 112. If 
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the polyisobutylene product in the quality control tank 108 is off-spec, then i t will flow to the off-spec 

tank H O. 

[00691 Any gases collected from the condenser 90 associated with the third distillation column 84 

can be removed therefrom by action of the pump 114 and ultimately transmitted out of the process 

10 along line 116 so as to be flared. 

[00701 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 normally liquid BFialcohol complexes with anhydrous crystalline aluminum 

oxide (alumina). Gamma and theta alumina. are the preferred crystalline structures. 

[00711 BF,-alumina compositions of the prior art are not catalytic for some, organic conversion 

reactions, as reported in U.S. Pat. No. 6,7/ 0,140. Moreover, in some cases in which t BF;  levels 

might be catalytic, the BF.3  leaches off and requires additional BIT;  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 effluent is required to remove the BF.,„ residues. 

[0072.1 in accordance With the invention of the present application, it has been unexpectedly found 

that if normally liquid BF)alcohol complexes are used instead of BF, gas, the resulting reaction 

products with crystalline alumina are highly catalytic, stable, have a long life, and are not deactivated 

or consumed during the catalytic process. Moreover, high loadings of BF, may be achieved without 

the problem of BE:, leaching into the reaction mixture. 

[00731 Suitable crystalline alumina types include theta alumina and gamma alumina. The more 

preferred crystal structure is gamma alumina because it has a higher capacity for BE/alcohol catalyst 

complexes than does theta alumina. Alpha alumina is 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 10-20 hours. 

10074] The BF,,/alcohol complex may be formed by passing BF, gas through a solution of pure 

anhydrous alcohol at a rate that allows the BF:, to be efficiently absorbed. The ratio of alcohol to B Fi  

may generally range from about 0.5 moles of alcohol per mole of BF to about 2 moles of alcohol per 

mole of BF;. .A triore preferred range is from about 1 mole of alcohol per mole of BF., to about 2 

moles of alcohol per mole of BF,. The most preferred range is firtt about I mole of alcohol per mole 
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the polyisobutylene product in the quality-control tank 108 is off-spec, then .if will flow to the off-spec 

tank 110. 

[0069} Any gases collected from the condenser $'0 associated with the third distillation -column 84 

can be removed therefrom by action of the pump I14 and ultimately transmitted out of the process 

10 along line 116 so as. to be flared, 

[0070J 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 normally liquid BF/aleohoi complexes with anhydrous crystalline aluminum 

oxide (alumina). Gamma and theta alumina are the preferred, crystalline structures. 

[0971. J BF ralumin.a compositions of the prior art are not catalytic for some organic conversion 

reactions, as reported in U.S. Pat. No. 6,710,140. Moreover, in some cases in which t BF;, levels 

mi ght 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 effluent is required to remove the BF;; residues. 

[0072J In accordance with the in vention of the present application, it has been unexpectedly found 

that if normally liquid BFa/alcohol complexes are used instead of BF, gas, the resulting reaction 

products with crystalline alumina arehighly catalytic, stable, have a. long life, and are not deactivated 

or consumed during the catalytic process. Moreover, high loadings ofBF, may be achieved without 

the problem of BF¥ leaching into the reaction mixture, 

[0073} Suitable crystalline alumina types include theta alumina and gamma alumina. The more 

preferred crystal structure is gamma alumina because it has a.higher capacity for BFj/alcohol catalyst 

complexes than does theta alumina. Alpha alumina is least preferred. The alumina must he 

essentially dry before reaction with the BF,/alcohol complex. This may be accomplished by heating 

the same at 200 T for 10-20 hours. 

[0074] The BF^/alcohoI complex may be formed by passing BE,.,gas through a solution of pure 

anhydrous alcohol at a rate that allows the BF3 to be efficiently absorbed. The ratio of alcohol to B F, 

may generally range from about 0.5 moles of alcohol per mole of BF, to about 2 moles of alcohol per 

mole of BF;;. A more preferred range is from about 1 mole of alcohol per mole of BF;; to about 2 

moles of alcohol per mole of BF,. The most preferred 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 BF3. 

[0075] Alcohols in the range of CI-C1,„ with no alpha hydrogens, are suitable for complexing with 

BE,. Alcohols that have alpha hydrogens are easily dehydrated by BF. to form olefins_ Even if 

BF3/0.1c oho I complexes Illay be formed at low temperatures, for example, the resulting complexes are 

not stable at reaction temperatures. The more preferred alcohols are methanol and neo-alcohols, such 

as neopentyl alcohol. The most preferred alcohol is methanol. Glycols, and polyhydric alcohols with 

no alpha hydrogens may also be used, for example ethylene glycol. 

[0076] The reaction of the RFValcohol complex With alumina is highly exothermic and must be 

controlled to avoid loss of BF,, The I3F-3/alcohol complex may be added by any mechanical means 

that allows good mixing of the complex with the alumina and that also allows for adequate 

temperature control. A iffeferred method is to add the alumina to a rotating double cone mixer and 

meter in the Blyalcohol complex such that the temperature is controlled within the desired range. 

The temperature during the mixing should not exceed 50-60cC. 

100771 The concentra ti Oil of BF;: alcoholon the alumina ma y rang from about 1.0% to about 

30% by weight, A preferred range is from about 20% to about 30% b3r weight.. The most preferred 

range is from about 25% to about 30% by weight. The actual concentration of F or B in the 

13F,/alcohol complex-alumina system depends on the alcohol used. 

100781 The final cat41ySt composition, which is a BF,Ialcohol-al umin a reaction product, may be used 

to catalyze organic compound conversitail reactions. The c ata 1 yst composition may be contacted with 

the reactants in a batch or a continuous processes. 

10079] In the preferred embodiment of the present invention, the reactor 20 can have a shell I'  Q with 

a plurality of tubes 122 arranged vertically therein. Each of the tubes 122 has the solid catalyst 124 

shown n FIGURE 3 is known as a fixed bed reactor. This packed therein. As such, the arrang=ementi 

especially suitable for highly exothermic reactions, such as olefin polymerization, and, in particular, 

polyisobutylene polymeriz4tion. 

[00801 As can be seen, the reactor 20 extends vertically, a heat exchange media can pass through an 

inlet 126 into the interior volume of he shell 120. As such, the heat exchangemedia can be circulated 

through the shell 120 and into the interior volume of the. reactor 26. The heat exchange media can 

flow outwardly along outlet line 128 from the shell 120. As such, the heat exchange media can be 
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of' BF:; to about 13 moles o f alcohol per mole of BF5. 

[O075J Alcohols in the range of C,-CKJ, with no alpha hydrogens, are suitable for complexing with 

BP;. Alcohols that have alpha hydrogens are easily dehydrated by BF, to form olefins. 'Even if 

BFj/alcohol complexes may be formed at low temperatures, for example, the resulting complexes are 

not stable at reaction temperatures. The more preferred alcohols are methanol arid neo-alcohols, such 

as neopentyl alcohol. The most preferred alcohol is methanol Glycols andpoSyhydric alcohols with 

no alpha hydrogens may also he used, for example ethylene glycol. 

[0076] The reaction of the BF /alcohol complex with alumina is highly exothermic and must be 

controlled to avoid loss of BF*. The BF?/'alcohol complex may he added by any mechanical means 

that allows good mixing of the complex with the alumina and. that also allows for adequate 

temperature control. A preferred method is to add the alumina to a rotating double cone mixer and 

meter in the BFValcohol complex such that, the temperature is controlled within the desired range. 

The temperature during the mixing should not exceed S0-60*C. 

[0(177] The concentration.QfBFyalcQhol complex on the alumina may range from about 10% to about 

30% by weight, A preferred range is from 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 in the 

BF;/afcohol complex-alumina system depends on the alcohol used. 

(0078J The final catalyst composition, which is a BF,/alcohol-aiumina reaction product maybe used 

to catalyze organic compound conversion reactions . The catalyst composition may be contacted with 

the reactants in a batch or a continuous processes. 

(0079] In the preferred embodiment of the present invention, the reactor 26 can have a shell 120 with 

a plurality of tubes .122 arranged, vertically therein. Each, of the tabes 122 has the solid catalyst. 124 

packed therein. As such, the arrangement shown in FIGURE 3 is known as a .fixed bed reactor. This 

especially suitable for highly exothermic reactions, such, as olefin polymerization, and, in particular, 

polyisobutylene polymerization. 

(00891 As can be seen, the reactor 20 extends vertically, a heat exchange media can pass through an 

inlet 126 into the interior volume ofthe shell 120. As such, the heat exchange media can be circulated 

through the shell 120 and into the interior volume of the reactor 26. The heat exchange media can 

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

1-0081 J The reactor 126.. can be fitted with a recirculation loop.130 so as to accommodate a volumetric 

recirculation flow. The isobutylene-containing feedstock can enter the reactor along line 132 by Way 

of a - recirculation pump located in a. position downstream. The -recirculation pump will push the 

isobutylene stream through the reactor tubes 122 and returns the stream to the suction side of the 

pump. In the case °fa -two-pass heat exchanger, the recirculation flow may enter through the bottom 

of the reactor 26,. then pass through the tubes, exit the reactor from the bottom and return to the 

pump. The flow scheme constitutes- What is generally considered to be a loop reactor. The pump 

speed, or an internal recirculation loop on the pump itself: is..used to control the. flow rate. The flow 

rate preferably ma be sufficient to generate a velocity that causes ..turbulent, or at least non-laminar 

flow, of the isobutylene feedstream over the fixed. bed catalyst composition 24 packed within the 

tubes 22. 

10082.  The feedstock flow carienter the recirculationloop via a feed pump at .a location between the 

outlet of the recirculation. pump and. the bottom of the reactor 26 at the beginning of the first pass. 

At equilibrium,. the concentrations of the olefin laic nomer. and the polymer products is.constant 

throughout the reactor so the point at which the -reaction effluent leaves the reactor is a matter of 

choice. It is convenient for the 'effluent line to be located a.t the -top of the. reactor 26 after the first 

pass. As such, the polyisobutylene can pass from the reactor 26-along line 134. The of 	flow rate 

is necessarily equal to the -Volumetric feedstock flow rate.. The volumetric feedstock flow tate is 

independent of the volumetric recirculation flow rate and desirably may -be adjusted so as to .achieve 

a. desired residence time and conversion. 

100831 The reactor may'be .fitted with appropriate teMperature,.pressureand flow indicators, along 

with the controllers necessary to operate under controlled conditions. The size of the reactor 26 is 

arbitrary and can be Based upon. the desired volume of the product. .A convenient size is ten to fifteen 

feet in lem.4.11-and four to six feet in diameter. 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 output. A convenient 

number of tubes, for the above-stated. reactorsize. is between 1.50 and 200 tubes per pass, with an, 

internal diameter of one-half to one inch 	In a two-pass reactor, the tubes extend the foll. length of 

the reactor vertically and are Connected..by end caps at the bottom and top of the reactor. The 
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utilized so as to control the temperature of the re-action. 

[0081J The reactor 126 can be fi tted with a recirculation loop .130 so as to accommodate -a volumetric 

recirculation flow. The isobutylene-eontaining feedstock can enter the reactor along line 132 by way 

of a recirculation pump located in a position downstream, The -recirculation pump will push the 

isobutylene stream through the reactor tubes .122 and! returns the stream to the suction side of the 

pump. In the case of a. two-pass heat exchanger., the recirculation flow may enter through the bottom 

of the reactor 26, then pass through the tubes, exit the reactor from the bottom and'return to the 

pump. The flow scheme constitutes what is generally considered to be a loop reactor. The pump 

speed, or an internal recirculation loop on the pump itself, is. used to control the flow rate. The flow 

ra te preferably may be sufficient to generate a velocity that causes-turbulent, or at least non-laminar 

flow, of the isobutylene feedstream over the fixed bed catalyst composition 24 packed within the 

tubes 22. 

j0082| The feedstock How can enter the .recirculation-loop via a feed pump at a location between the 

outlet of the recirculation pump and the bottom of the reactor 26 at the beginning of the first pass. 

At equii.ibr.ium, the concentrations -of the olefin monomer and. the polymer products is constant 

throughout the reactor so the point at which the reaction effluent leaves the reactor is a matter of 

choice. It is convenient for the effluent line to be located at the top of the. reactor 26 after the first 

pass. As such, the polyisobutylene can pass from thereactor 26 along line 134. The effluent, flow rate 

is necessarily equal to the volumetric feedstock flow rate. The volumetric feedstock flow rate is 

independent of the volumetric recirculation flow rate and desirably may be adjusted so as to achieve 

a desired residence time and conversion, 

[0083]- The reactor may be fitted with appropriate temperature, pressure and flow indicators, along 

with the controllers' necessary to operate under controlled conditions. The size of the reactor 26 is 

arbitrary and can be based upon the desired volume of the product. A -convenient size is ten to fifteen 

feet in length and four to six feet in diameter. The number of tubes in the reactor 26 and the diameter 

of the tubes depend upon the cataly st type, size and shape and on the desired ou tput. A convenient 

number of tubes, 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 bottom and top of the reactor. The 
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isobutylene reaction mixture is directed into one side of the bottom end cap and is returned through 

the other side of the bottom end cap. The interior of the top end cap is open with an outlet for the 

reaction effluent. 

[00841 In the preferred embodiment, the reaction pressure may be at least 150 p.s.i.g or at least at 

a. sufficient level to ensure that a liquid phase is maintained in the reactor. The pressure may be 

controlled by means of a back pressure regulator on the reactor effluent line. The reactor ma 	be 

desirably operated at temperatures and conditions to produce polymer products in the molecular 

weight range, in the case of polyisobutvlene, are between 250 to about 5,000 Daltons. 	Other 

temperatures and conditions may be'used, as required for specific organic conversion reactions. 

[00851 An unexpected development with the testing of the present invention is that the unique fixed 

bed reactor 26, as used. in the present invention, along with the boron trifluorideialcohol complex 

thereon, produced a significant amount of internal. vinylidenes. As described hereinabove, the alpha 

vinylidene will have the following structure: 

A4100,1ethytvinygdene 

in contrast, the beta vinylidene will have the following structure: 

betzi-Dimethylvinytidttne 

• 

The internal vinyl idene presents the following structure: 

t 	--',...... 	 DitigroVityiftne 

Weatal Virtylidin 

[00861 In the testing of the process of the present invention, it was initially believed that the 

production of internal vinylidenes Were detrimental to the 'finished polyisobutvlene product, As m 
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isobutylene reaction mixture is directed into one side of the bottom end cap and is returned through 

the other side of the bottom end cap:. Tire interior of the top end cap is open with, .an outlet for the 

reaction effluent 

[0084} In the preferred embodiment, the reaction pressure may he at least 1 SO p.s.i.g. or at least at 

a sufficient level to ensure that a liquid phase is maintained in the reactor. The pressure may be 

con trolled by means of a back pressure regulator on the reactor effluent line. The. reactor may be 

desirably operated at temperatures and conditions to produce polymer products in the molecular 

weight range, in the case of polyisobutylene. are between 250 to about 5,000 Daltons. Other 

temperatures and conditions may be used, as required for specific organic conversion reactions. 

[0085} An unexpected development with the testing of the present in vention is that the unique fixed 

bed reactor 26, as used in the present invention, along with the boron trifluorMe/alcohol complex 

thereon, produced a significant amount of internal vinylidenes. As described hereinabove, the alpha 

vinylidene will have the following structure: 

:x;. 

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

"•v. \ v.. j: ' v:v. '-xp-

The internal vinylidene presents the following structure: 

>861 In the testing of the process of the present invention, it was initially believed that the 

production of internal vinylidenes were detrimental to the finished polyisobutylene product. As in 
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the prior an, it was believed that the best polyisobutylene product would be such a polyisobutylene 

product having a maximum amount of alpha vinylidenes. As such., one would initially presume that 

the production of internal vinyl idenes would be undesirable. As can be seen, the internal 	inylidene 

is back one carbon on the end of the chain and is disubstitute. Importantly, the internal vinylidene has 

two carbon atoms similar to that of alpha vinylidene. 

t00871 Importantly, during testing, it was found that the internal vinylidene process the same quality 

product and same characteristics as the polyisobutylene having extremely high levels of alpha 

vinyl idene. In particular, the following examples show the various testings and relationship between 

the alpha vinylidene, the beta vinylidene and the internal vinylidene. Additionally, certain of the other 

tests showed the tetra-substituted isomers and the disubstituted isomers. 

EXAMPLE I 

Alpha Vinylidene 	==, 50.3°41, by weight.  

Beta Vinylidene  	— 12.9 3% by weight 

111 term] Vinylidene 	= 21,9% by weight 

Other 	 ---- 14:9 % by wei 

EXAMPLE 11 

Alpha Vinylidene 	= 43.2% by weight 

Beta Vinylidene 	,==-- 16.5% by we i alit 

Internal Vinylidene 	= 24.2% by weight.  

Other 	 --. 16.1 % by weight 

EXAMPLE 1,11 

Alpha Vin ylidene 	=== 73.0% by weight 

Beta Vinyhdene 	— 13.6% by weight.  

Internal Vinylidene 	=110.7% by weight 

Other 	 = 2.7 % by weight.  

EXAMPLE I T 

Alpha V inyl i dene 	= 71;3% by wei It 

Beta Vinylidene 	 = 12.7% by weight 

Internal Vinylidene 	= 9.0% by weight 
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the prior art, it was believed that the best polyisobutylene product would be such a polyisobutylene 

product having, a maximum amount of alpha vinylidenes. As such, one would initially presume that 

the production of internal vinyl idenes would be undesimble. As can be seen, the internal vinylidene 

is back one carbon on the end of the chain and is disnbsts jyte, Importantly, the internal vinyli dene has 

two carbon atoms similar to that of alpha vinylidene. 

{0G87| Importantly., during testing, it was found that the internal vinylidene process the same qual ity 

product and same characteristics as the polyisobutylene having extremely high levels of alpha 

vinylidene. In particular, the following examples show the various testings and relationship between 

the alpha vinylidene, the beta vinylidene and the internal vinylidene. Additionally, certain of the other 

tests showed the terra-substituted isomers and the disubstituted isomers. 

EXAMPLE I 

Alpha Vinylidene 

Beta Vinylidene 

Internal Vinylidene 

Other 

50.3% by weight 

12.9 3% by weight 

21.9% by weight 

14.9 % by weight 

EXAMPLE H 

Alpha Vinylidene ~ 43.2% by weight 

Beta Vinylidene ~ 16.5% by weight 

Internal Vinylidene ::: 24.2% by weight 

Other 16.1 % by weight 

EXAMPLE III 

Alpha Vinylidene ~ 73.0% by weight 

Beta Vinylidene •" 13.6% by wei ght 

Internal Vinylidene ~ 10.7% by weight 

Other 2,7 % by weight 

EXAMPLE IV 

Alpha Vinylidene 

Beta Vinylidene 

Internal Vinylidene 

71.3% by weight 

12.7% by weight 

9.0% by weight 
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Disubstituted isomers 

Tetra-substituted Isomers. 

Alpha Vinylidelle 

Beta Vinylidene 

internal Viny~li.dene 

Disubstituted Isomers 

Tetra-substituted Isomers 

• 1.8 % by weight 

5.1°./is. by weight 

EXAMPLE V  

74.8%. by weight 

13.8% by weight 

5.3% by weight 

1.4 Qua by weight 

5.6% by weight 

EXAMPLE VI 

Alpha V inylidene 	== 77.5% by weight 

Beta Vinylidene 	 1. -....8% by weight.  

Internal V i ny I i den e 	5.9% by weight 

Tetra-substituted isomers 	= 2.9% by weight 

EXAMPLE VII 

Alpha Vinylidene 	----- 55.8% by weight 

Beta Vinylidene 	 ,----, 10.9% by weight 

Internal Vinylidene 	= 24.4% by weight 

Tetra-substituted Isomers 	:= 5.7% by weight 

EXAMPLE Viii 

Alpha Vinylidene 	= 57.7% by weight 

Beta Vinylidene 	 --... 11.7% by weight 

Internal Vinylidene 	21.7% by weight 

Tetra-substituted Isomers 	— 4.9% by weight 

100881 From these examples, each oithe above-identified compositions produced results similar to 

that of the high vinylidene polyisobutylene. However, the end polyisobutylene was produced with 

less cost, fewer environmental issues, and through the use of a fixed bed reactor. Additionally, and 

importantly, the use of the internal vinylidenes allow the final isobutylene product to be utilized in. 

association with a variety of possible new end products, such as maleic hydride, anhydride succinic, 

and split-tail suffactants. The internal structure of the internal viTelidene allows for unique products 
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D (substituted Isomers 

T etra-substituted Isomers 

Alpha Vinylidene 

Beta Vinylidene 

Intern a I V i nyl i dene 

Disubs tituted Isomers 

Tetra-substituted isomers 

Alpha Vinylidene 

Beta Vinylidene 

Internal Vinylidene 

Tetra-substituted Isomers 

Alpha Vinylidene 

Beta Vinylidene 

Internal Vinylidene 

Tetra-substituted Isomers 

:::: 1.8 % by weight 
:!!! 5.1%.by weight 

EXAMPLE V 

~ 74.8%. by weight 

~ 13.8% by weight 

™ 53% by weight 

™ 1.4 % by weight 

~ 5.6% by weight 

EXAMPLE VI 
:!!! 77.5%'by weight 
:::: 13.8% by weight 

~ 5.9% by weight 

~ 2.9% by weight 

EXAMPLE VII 
:::: 55.8% by weight 

~ 10.9% by weight 

24.4% by weight 

™ 5.7% by weight 

EXAM PLE VIII 

Alpha Vinylidene 

Beta Vinylidene 

Internal. Vinylidene 

Tetra-substituted Isomers 

~ 57.7%-by we _ 

~ 11.7% by weight 

™ 21.7%; by weight 

- 4. 9% by weight 

From these examples, each of the above-identified compositions produced results similar to 

that of the high wnylidene polyisobutylene. However, the end polyisobutylene was produced with 

less cost, fewer environmental issues, and through the use of a fixed bed reactor. Additionally; and 

importantly, the use of the interna! vinylidenes allow the final isobutylene product to be utilized in 

association with a variety of possible new end products, such as ma! etc hydride, anhydride succinic, 

and split-tail surfactants. The internal structure of the internal vinylidene allows tor unique products 
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that would riot be available if the internal vinylidenes were not present. A 	such, the present 

invention, by creating the internal vinylidenes, actually provides a superior isobutylene end product 

which has the same quality Characteristics as tile high vinylidene polyisobutylene. 

[00891 Within the concept ofthe present invention, as supported by the above examples, the alpha 

vinylidene should represent less than 75% of the polyisobutylene molecules. The combination of the 

alpha vinylidene with the. beta vinylidene and the internal vinylidene should represent 90% of the 

polyisobutylene molecules. 	The internal vinylidene can constitute less than 25% of the 

polyisobutylene molecules. 

10090] The polyisobutylene compositi on of the present invention is:useful for producing compounds 

used in the manufacture of fuel and lubricant additives. These compounds can include, but are not 

bunted to, polybutenyl succinic and anhydrides, polybutenyl succinimides, polybutenyl amities, 

polybutenyl phenols, mannich bases derived from the polybutenyl alkyl phenols, and polyalkylene 

oxides derived from the polybutenyl phenols. The compositions of the present invention can be used 

to produce any compound made from the reaction with the reactive isomers contained in the 

compositions therein. 

[00911 The foregoing disclosure and description of the invention is illustrative and explanatory 

thereof Various changes in the details.of the illustrated construction can be made within the scope 

of the appended claims without departing from the true spirit of the invention. The present invention 

should only be limited by the following claims and their legal equivalents_ 
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thai would not be available if {fie internal vinylidenes were not present. As such, the present 

.invention, by creating the internal vinylidenes, actually provides a superior isobutylene-endproduct 
which has the same quality characteristics' as the high vinylidene polyisobutylene. 

[0089} Within the concept of the present invention, as supported by the above examples, the alpha 

vinylidene should represent less than 75% ofthe polyisobutylene molecules. The combination of the 

alpha vinylidene with the beta vinylidene and the internal vinylidene should represent 90% of the 

polyisobutylene molecules. The internal vinylidene can constitute less than 25% of the 
polyisobutylene molecules. 

19090} The polyi sobutylene composition-o.fthe present invention is .•useful for producing compounds 

used in the man ufacture of feel and lubricant, addi ti ves. These compounds ..can-include, but are not 

limited to, polybutenyl succinic and anhydrides, polybutenyl succinitiiides, polyfruienyi amines, 

polybutenyl phenols, mannich bases deri ved from the polybutenyl alkyl phenols, and polyalkylene 

oxides derived from the polybutenyl' phenols. The compositions of the present invention can be used 

to produce any compound made from, the reaction with the reactive isomers contained in the 

compositions therein. 
[0091 j The foregoing disclosure and description of the invention is illustrative and explanatory 

thereof. Various changes in the details of the illustrated construction can be made within the scope 
of the appended claims without departing from the true spirit of the invention. The present invention 

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

I claim.: 

1. A polyisobutylene composition comprising polyisobutylene molecules, wherein a first 

portion of the polyisobutylene molecules ha' alpha vinylidene MO lecules and a second portion of the 

polvisobotylene 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 polvisobutylene molecules of the composition. 

2. The polyisobutylene composition of Claim .1, wherein 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. 

3. The polyi sob utylene composition of Claim 1, wherein the second portion is less than 10% 

of the polyisobutylene molecules of the composition. 

4. The polyisobutylene composition of Claim 1, Wherein the first portion is between 20% and 

75% of the polyisobutylene molecules of the composition. 

5. The polyisobutylene composition of Claim 1, wherein said polyisobutylene composition 

has a fourth portion that has tetra-substituted isomers, said fourth portion is less than 5% of the total 

composition. 

6. The polyisobutylene composition of Claim 1. wherein said polyisobutylene composition 

has a molecular weight of between 250 and 5000 Daltons. 

7. A polymerization process for preparing a polyisobutylene polymer composition 

comprising:' 

providing a liquid feedstock containing isobutylene; 

fortninga Solid cOilyst that is a. reaction product of a boron t'[;itl i loci de/alcohol cataly% 

complex that is supported on an alumina substrate; 

positioning said. solid catalyst complex iti a reactor; 

flowing said liquid feedstock through said solid catalyst in said reactor such that said 

i SON tyl ene is catalyzed by said solid catalyst; and 

discharging said polyisobutylene polymer composition from said reactor, the 
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CLAIMS 

1 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. 

2. The poiyisobittySene composition of Claim 1, wherein 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. 

3 . The poMsobutylene composition of Clai m .1, wherein the second port i on is less than 10% 

of the polyisobutylene molecules of the composition. 

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

75% of the polyisobutylene molecules of the composition. 

5. The polyisobutylene composition of Claim 1. wherein said polyisobutylene composition 

has a fourth portion that has tetra-substituted isomers, said fourth portion is less than 5% of the total 

composition. 

6. The polyisobutylene composition of Claim I, wherein. said polyisobutylene composition 

has a molecular weight of between 250 and 5000 Daltons. 

7. 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 triSuo.ride/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 
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discharged polyisobutylene polymer composition haying polyisobutylene molecules m Which a first 

portion of the polyisobutylene molecules has alpha vinylidene molecules and a second portion of the 

polyisobutylene molecules has beta vinyl i dene molecules and the third ponion of the polyisobutylene 

molecules has internal vinylidene molecules., wherein in the first  portion is less than 7S% of the 

polyisobotylene molecules of the composition. 

8. The polymerization process of Claim 7, further comprisingJ 

distilling the polYisobutylene polymer composition after the step of discharging, the 

step of distilling or separating oligomers from the polyisobutylene polymer composition. 

9. The polymerization process of Claim 8, the step of distilling comprising: 

passing the polyisobutyiene polyiner composition to a first distillation column; 

feeding the polyisobutylene polymer composition under pressure in said first 

distillation column so as to separate isob Li trine and isobutylene from the polyisobutylene polymer 

composition; and 

discharging the isobutane- and isobutylene-separated poi isobutylene polymer from 

the polyisobutylene polymer composition. 

10. The polymerization process of Claim 9, the step ofdistilling further comprising: 

passing the discharged polyisobotylene 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 Cg oligomers from the polyisobutylene polymer 

composition; and 

discharging the polyisobutylene polymer composition from the second dish Ha don 

column. 

11. The polymerization process of Claim 10, the step of distilling further comprising: 

passing the discharged polyisobutylene polymer composition from said second 

distillation column to a third distillation column; 

feeding the polyisobutylene polymer composition in said third distillation column. 

under vacuum conditions so as to separate Cl 2 and higher oligomers from the polyisobutylene 

polymer comp os i tiQn ; and 
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dischargedpolyisobutylene polymer composition having.polyisobutylene molecules in which a 'first 

portion: ofthe polyisobutylene molectdes has alpha vinylidene molecules and a second portion ofthe 

polyisobutylene molecules has beta vinylidene molecules and the third portion of the polyisobutylene 

molecules has interna! vinylidene molecules,, wherein in the first, portion is less than 75% ofthe 

polyisobutyiene molecules of the composition. 

8. The polymerization process of Claim 7, further comprising: 

distilling the polyisobutylene polymer composition after the step of discharging, the 

step of distilling or separating oligomers from the polyisobutylene polymer composition. 

9. The polymerization process of Claim 8, 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 

compositi on; and 

discharging the isobutane- and Isobutyierie-separated polyisobutylene polymer iiom 

the polyisobutylene polymer composition. 

10. The polymerization process of Claim 9, the step of distilling further compr ising: 

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. 

11. The polymerization process of Claim .10, the step of distilling further comprising: 

passing the discharged polyisobutylene polymer composition from said second 

distillation column to a third distillation column; 

feeding the polyisobutylene polymer composition in said third distillation column 

under vacuum conditions so as to separate CI 2 and higher oligomers from the polyisobutylene 

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

column. 

12. The polymerization process ofClaim 7, said boron trifluoride/alcohol catalyst complex 

being between 10% to 30% by weight of the solid catalyst. 

1 . The polymerization process of Claim 7, 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 tri fluoride to 

about two moles of alcohol per mole of boron triflooride. 

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

15. The polymerization process. of Claim 14, said fixed bed reactor haying a plurality oftubes 

extending therethrough, said solid catalyst received m said plurality of tubes, the polymerization 

process fu rther 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. 

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

passing the discharged polyisobutylene polymer composition through a filter, said 

filter having alumina therein. 

17. The polymerization process of Claim 7, the polyisobutylene polynier composition haying 

the third portion of greater than 3% of polyisobutylene molecules of the composition. 

18. The polymerization process of Claim 7, a total, of the first portion and the second portion 

being less than 90% of the polyisobutylene molecules of the composition. 

19 	The polymerization process of Claim 7, the discharged polyisobutylene polymer 

composition having a molecular weight of between 250 and 5000 Dalton.s. 
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discharging the polyisohiUyiene polymer composition from the third distillation 

column. 

12. Hie polymerization process of Claim 7, said boron trffiuori.de/aSScoliol. catalyst complex 

being between 10% to 30% by weight of the solid catalyst 

13. The polymerization process of Claim 7, 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 triiluoride to 

about two moles of alcohol per mole of boron trifluoride. 

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

15. The polyrrierization process of Claim 14, said fixed bed reactor having a plurality of tubes 

extending therethrough, said solid catalyst received in said plurality of tubes, the polymerization 

process farther coropri sing; 

flowing a heat exchange Enid around an. exterior of said plurality of tubes so as to 

control ateraperatore ofthe-reaction between the liquid feedstock and the. isobutylene in an interior 

of said plurality of tubes. 

16. The polymeristion process of Claim 7, farther comprising: 

passing the discharged polyisobutylene polymer composition through a filter, said 

filter having alumina therein. 

17. The polymerization process of Claim 7, the polyisobutylene polymer composition having 

the third portion of greater than 3% of polyisobutylene molecules of the composition, 

18. The polymerization process of Claim 7, a total of the first portion and the second portion 

being less than 90% ofthe: polyisobutytene molecules ofthe composition. 

1,9. The polymerization process of Claim 7, the discharged polyisobutylene polymer 

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


