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PROCESS FOR PRODUCING LOW MOLECULAR WEIGHT
ISOOLEFIN POLYMERS

BACKGROUND OF THE INVENTION

¢

1. Field of the Invention

The present invention relates to a process for
producing low molecular weight isoolefin polymers from a
higher molecular weight saturated iscolefin polymer.

2. Description of Information Disclosures

Processes for producing a lower molecular weight
isoolefin polymer from a higher molecular weight saturated
isoolefin polymer are known and include solution processes,
in which the reaction is carried out in an appropriate
solvent as the reaction medium and bulk or melt phase
processes, in which the reaction is carried out with the
polymer itself as the reaction medium. Because of the high
viscosity of high molecular weight polymers, solution
processes have been the focus of much academic work [e.g.,
L. M. Pyrkov and S. Ya. Frenkel, Russian Chemical Reviews,
32, 140 (1963)]. From an industrial point of view, solution
processes have several disadvantages.

Firstly, the polymer must be dissolved. Polymer
dissolution rates are typically low and the solubility of
the polymer in the best solvents may also be limited,
leading to long dissolution times (several hours) and large
vessels to contain the dilute polymer solution. No such
vessels are required in a bulk phase process. Secondly, as
the polymer is diluted its reaction rate with any reagent is
generally reduced, except for the -nusual case of a reaction
which has a zero order rate dependence on polymer
concentration. Longer reaction times or higher reaction
temperatures are needed to cope with the lower reaction
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rates, in addition to the necessarily larger size of the
reaction vessels compared with those for a bulk phase
process. Thirdly, the presence of a solvent presents the
possibility of side reactions, not possible when the solvent
is not present. Such side reactions not only may reduce
desired reaction yields, but may give side products, which
may present environmental health and safety problems. This
is of particular concern as solvents are typically volatile
and their reaction products may easily escape into the
atmosphere. Fourthly, the polymer product must be recovered
from solution. Again, additional vessels and time are
required, compared to a bulk phase process. The recovery of
polymers from solution is often the major component of the
cost of production for polymers prepared by solution
processes and this last point may often be the most
significant debit for a solution process.

Because of these disadvantages of solution
processes, a bulk or melt phase process for a polymer
reaction is highly desirable.

The terms "bulk phase" and "melt phase" are used
herein interchangeably.

Bulk phase processes for producing a lower
molecular weight isoolefin polymer, such as isobutylene
polymer, from a higher molecular weight saturated isoolefin
polymer, such as a higher molecular weight isobutylene, in
the absence of a free radical initiator by thermal or
mechanical means are known. The product produced by such
processes is often discolored.

U. S. Patent 3,634,381 discloses a process and
apparatus for the degradation of high molecular weight poly-
isobutylene in a specified screw extruder at specified con-
ditions. See also U.K. patent 1,293,671.

European patent application, Publication No.
0,035,677 A 1, discloses a process for the degradation of
high molecular weight polyisobutylene at a temperature of
150 to 400°C in the presence of tocopherol as heat stabi-
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lizer to prevent carbon deposition during degradation.

European patent application, Publication No. 0 111
391 A 2, discloses a process for reducing the molecular
weight of unsaturated isoolefin polymers, such as butyl
rubber, and halobutyl rubber, wherein the unsaturated
polymer is masticated, in the melt phase, in the presence of
ozone at a temperature of 20 to 22°C. The process is
performed in an internal mixer, such as a Banbury mixer or
an extruder. '

U. S. Patent 4,614,772 discloses a process for

"producing a low molecular weight isobutylene-conjugated
diene copolymer, such as butyl rubber, by feeding an unsatu-
rated higher molecular weight isobutylene-conjugated
diolefin copolymer, such as an isobutylene-isoprene
copolymer, into an extruder and contacting the unsaturated
higher molecular weight copolymer, with an oxygen- con-
taining gas, such as air, in the absence of an antioxidant
and in the absence of an added free radical initiator.

European patent application 8530778.2, Publication
No. O 180 446 A2, discloses a process for the production of
a low molecular weight isobutylene-conjugated diene diolefin
polymer by reacting an unsaturated isobutylene-conjugated
diolefin polymer of higher molecular weight with an oxygen-
containing gas, such as air, in a specified twin screw
extruder at specified conditions.

The term "saturated" is used herein to denote that
the polymer is made by the polymerization or copolymeriza-
tion of only mono-olefinic monomers (e.g., isobutylene,
styrene, para-methylstyrene). The term "unsaturated" is
used herein to denote that the polymer is made by the
copolymerization of a mixture containing at 1least one
diolefinic monomer (e.g., isoprene) and that for every
molecule of the diolefinic monomer incorporated into the
copolymer one olefinic double bond is produced in the

copolymer.
U.S. Patent 3,862,265 discloses a process for
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modifying the rheological or chemical properties of a
polymer which is normally solid at room temperature, in an
extruder. A free radical may be introduced into a reaction
zone of the extruder. The process is stated to be suitable
for modifying all classes of elastomers, including natural
rubber, polyisobutylene, butyl rubber, etc. (See Col. 4,
lines 42 to 48). It discloses that many polymers, particu-
larly polyolefins, can be suitably narrowed in their
molecular weight distribution by this process (Col. 5, lines
26 to 32).

It has now been found that a low molecular weight
isoolefin polymer can be produced from a higher molecular
weight saturated isoolefin starting material, in the melt
phase, in the presence of a molecular oxygen-containing gas
or a specified free radical initiator to produce a 1low
molecular weight polymer having a molecular weight distribu-
tion substantially the same or broader than that of the high
molecular weight saturated polymer starting material.

F c ON O WING

Figure 1 is a graph showing Saybolt color versus
penetration in the degradation of polyisobutylene.

Figure 2 is a graph showing the viscosity of poly-
isobutylene degradation product versus the amount of per-
oxide charged.

I ON

In accordance with the invention, there is pro-
vided a process for producing a low molecular weight
isoolefin polymer, which comprises the step of: contacting,
in the melt phase, in a conversion zone, at conversion con-
ditions, a high molecular weight saturated isoolefin polymer
selected from the group consisting of polyisobutylene, a
copolymer of an isoolefin having from 4 to 7 carbon atoms
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and styrene, a copolymer of an isocolefin having from 4 to 7
carbon atoms and a para-alkylstyrene, with an initiator
selected from the group consisting of a molecular oxygen-
containing gas at a pressure of at least about 1 pound per
square inch gauge, an organic peroxide have a 10-hour half-
life temperature greater than about 110°C, an azo compound
having a 10-hour half-life temperature greater than about
110°C, to produce a conversion product including a lower
molecular weight iscolefin polymer having a molecular weight
distribution at least equal to the molecular weight distri-
bution of said high molecular weight saturated isoolefin

polymer.
TAILED DESCRIPTION OF T NVENTION

The high molecular weight saturated isoolefin
polymers suitable as starting material for the process of
the present invention include polyisobutylene, a copolymer
of a C4 to C; isoolefin and a vinyl arsmatic compound such
as styrene, and a para-alkylstyrene, particularly para-
methylstyrene. The number average molecular weight of the
starting material is generally above 100,000.

Suitable polyisobutylene starting material for the
conversion process of the present invention may be high
molecular weight (e.g., viscosity average molecular weight
above about 400,000 or a number average molecular weight
above about 200,000) polyisobutylene which has been prepared
by a conventional method.

Suitable copolymers of isoolefins having from 4 to
7 carbon atoms and a vinyl aromatic compound include a
copolymer of an isoolefin and ‘styrene, and a copolymer of an
isoolefin and a para-alkylstyrene.

High molecular weight copolymers of isoolefins
having from 4 to 7 carbon atoms and styrene suitable as
starting material for the process of the present invention
may comprise from above zero to about 20 mole percent,
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preferably from about 1 to about 10 mole percent of the
styrene moiety. The number average molecular weight of the
isoolefin-styrene copolymers, as measured by gel permeation
chromatography may be above about 100,000. Processes for
the preparation of the copolymer of an isocolefin and styrene
are well known and form no part of this invention.

Suitable copolymers of C4 to Cy isoolefin and a
para-alkylstyrene as starting materials for the process of
the present invention may be high molecular weight
copolymers thereof made by any process which produces high
molecular weight copolymers having a molecular weight,
measured by gel permeation chromatography, of above about
100,000. Preferably, the copolymers of an isoolefin and a
para-alkylstyrene useful as starting material for the con-
version process of the present invention include copolymers
of an isoolefin having from 4 to 7 carbon atoms and a para-
alkylstyrene in which the copolymer has a substantially
homogeneous compositional distribution, such as those
described in European patent application 89305395.9 filed
May 26, 1989 (Publication No. 0344021 published November 29,
1989), which include the para-alkylstyrene moiety repre-
sented by the formula:

1

____Cﬂzﬁ——'*’/—
a
N
Reme C=H

1.

in which R and R; are independently selected from the group
consisting of hydrogen, alkyl preferably having from 1 to 5
carbons and mixtures thereof. Furthermore, the para-alkyl-
styrene moiety is shown as being pendant from the isocolefin
polymer chain represented by the wavy lines.
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The preferred isomonoolefin comprises isobutylene.
The copolymers of a C4 to Cy isomonoolefin and para-alkyl-
styrene generally comprise at least about 0.5 weight percent
of the para-alkylmoiety. For elastomer copolymer products,
the para-alkylstyrene moiety may range from about 0.5 weight
percent to about 20 weight percent, preferably from about 1
to about 10 weight percent. The preferred para-alkylstyrene
comprises para-methylstyrene. Suitable copolymers of an
isomonoolefin and a ﬁara-alkylstyrene include copolymers
having a number average molecular weight (M,) of at least
about 100,000. These copolymers, as determined by gel
permeation chromatography (GPC) , demonstrate narrow
molecular weight distributions and substantially homogeneous
compositional distributions, or compositional uniformity
over the entire range of compositions thereof. At least
about 95 weight percent of the copolymer product has a para-
alkylstyrene content within about 10 weight percent, prefer-
ably within about 7 weight percent, of the average para-
alkylstyrene content for the overall composition, and
preferably at least about 97 weight percent of the copolymer
product has a para-alkylstyrene content within about 10
weight percent and preferably within about 7 weight percent,
of the average para-alkylstyrene content for the overall
composition. This substantially homogeneous compositional
uniformity thus particularly relates to the intercomposi-
tional distribution. That is, with the specified
copolymers, as between any selected molecular weight frac-
tion the percentage of para-alkylstyrene therein, or the
ratio of para-alkylstyrene to isoolefin, will be substan-
tially the same, in the manner set forth above.

In addition, since the relative reactivity of
para-alkylstyrene with isoolefin such as isobutyler= is
close to one, the intercompositional distribution of these
copolymers will also be substantially homogeneous. That is,
these copolymers are essentially random copolymers, and in
any particular polymer chain the para-alkylstyrene and
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isoolefin units will be essentially randomly distributed
throughout that chain.

Various methods may be used to produce the
copolymer of isomonoolefin and para-alkylstyrene, as
described in said European publication. Preferably, the
polymerization is carried out continuously in a typical con-
tinuous polymerization process using a baffled tank-type
reactor fitted with an efficient agitation means, such as a
turbo mixer or propellér, and draft tube, external cooling
jacket and internal cooling coils or other means of removing
the heat of polymerization, inlet pipes for monomers,
catalysts and diluents, temperature sensing means and an
effluent overflow to a holding drum or quench tank. The
reactor is purged of air and moisture and charged with dry,
purified solvent or a mixture of solvent prior to intro-
ducing monomers and catalysts.

Reactors which are typically used in butyl rubber
polymerization are generally suitable for use in a polymer-
ization reaction to produce the desired para-alkylstyrene
copolymers suitable for use in the process of the present
invention. The polymerization temperature may range from
about minus 35°C to about minus 100°C, preferably, from
about minus 40 to about minus 80°C.

The processes for producing the copolymers can be
carried out in the form of a slurry of polymer formed in the
diluents employed, or as a homogeneous solution process.
The use of a slurry process is, however, preferred, since in
that case, lower viscosity mixtures are produced in the
reactor and slurry concentration of up to 40 weight percent
of polymer are possible.

The copolymers of isomonoolefins and para-alkyl-
styrene may be produced by admixing the isomonoolefin and
the para-alkylstyrene in a copolymerization reactor under
copolymerization conditions in the presence of a diluent and
a Lewis acid catalyst.

Typical examples of the diluents which may be used
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alone or in a mixture include propane, butane, pentane,
cyclopentane, hexane, toluene, heptane, isooctane, etc., and
various halohydrocarbon solvents which are particularly
advantageous herein, including methylene chloride, chloro-
form, carbon tetrachloride, methyl chloride, with methyl
chloride being particularly preferred.

An important element in producing the copolymer is
the exclusion of impurities from the polymerization reactor,
namely, impurities which, if present, will result in
complexing with the catalyst or copolymerization with the
isomonoolefins or the para-alkylstyrene, which in turn will
prevent one from producing the para-alkylstyrene copolymer
product useful in the practice of the present invention.
Most particularly, these impurities include the catalyst
poisoning material, moisture and other copolymerizable
monomers, such as, for example, meta-alkylstyrenes and the
l.ke. These impurities should be kept out of the system.

In producing the suitable copolymers, it is pre-
ferred that the para-alkylstyrene be at least 9.5 weight
percent pure, preferably 97.5 weight percent pure, most
preferably 99.5 weight percent pure and that the
isomonoolefin be at least 99.5 weight percent pure, prefer-
ably at least 99.8 weight percent pure and that the diluents
employed be at least 99 weight percent pure, and preferably
at least 99.8 weight percent pure.

The most preferred Lewis acid catalysts are ethyl
aluminum dichloride and preferably mixtures of ethyl
aluminum dichloride with diethyl aluminum chloride. The
amount of such catalysts employed will depend on the desired
molecular weight and the desired molecular weight distribu-
tion of the copolymer being produced, but will generally
range from about 20 ppm to 1 weight percent and preferably
from about 0.001 to preferably from about 0.001 to 0,2
weight percent, based upon the total amount of monomer to be

polymerized.
If desired, the copolymer of isocolefin and a para-
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alkylstyrene may be halogenated. The halogenated copolymer
may be used as starting material for the process of the
present invention. Generally, the halogenation is conducted
in a manner similar to the halogenation of butyl rubber.

Furthermore, the comonomer of any of the suitable

isoolefin copolymer starting materials may be additionally
functionalized, for example, halogenated, prior to the
initiator contacting step of the present invention.
7 A suitable high molecular weight saturated
isoolefin polymer is contacted, in the melt phase, at con-
version conditions, that is, conversion from higher to lower
molecular weight polymer, in a conversion zone, with an
initiator to produce the corresponding lower molecular
weight isoolefin polymer. By the term “corresponding" with
reference to the polymer is intended herein that if the
starting material is a given polymer such as poly-
isobutylene, the corresponding lower molecular weight
polymer will be also a polyisobutylene. It should be noted
that when certain initiators are used, such as certain
peroxides, under certain operating conditions, utilizing the
high molecular weight polyisobutylene, the conversion
product may comprise a mixture of low molecular weight poly-
isobutylene as well as an oxygenated low molecular weight
polyisobutylene, that is, a low molecular weight poly-
isobutylene having oxygen moieties. Suitable conversion
conditions include a temperature ranging from about 75 to
about 275°C, preferably from about 150 to about 250°C.

The contacting step at conversion conditions is
conducted while the starting material polymer is being
masticated and sheared. The mastication and shearing can be
performed in an internal mixer such as a Brabender mixer, a
Banbury mixer or an extruder. Preferably, the contacting
step at conversion conditions is performed in an extruder
which can be a single or multiple screw extruder. The
extruder can be of any type of design suitable to handle

»
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polymer reactions. For example, the extruder can be such as
the one disclosed in U.S. Patent 3,862,265, the teachings of
which are hereby incorporated by reference.

An initiator is introduced into the conversion
zone (herein also referred to as reaction zone) to contact
the fluid starting polymer at conversion conditions.
Optionally, if desired, a diluent such as a hvdrocarbon or a
halogenated hydrocarbon, for example, 1,1,.-trichlorotri-
fluoroethane (Freon® 113, Dupont), may also be introduced
into the conversion zone. The diluent may be a
volatilizable material or the diluent such as, for example,
a hydrocarbon oil may remain with the polymer product.

Suitable initiators include an added molecular
oxygen-containing gas, a free radical initiator, such as an
organic peroxide having a 10-hour half-life temperature
greater than about 110°C, or an azo compound having a
10-hour half-life temperature greater than about 110°C. The
oxygen-containing gas may be oxygen, e.g., commercial
oxygen, a gaseous mixture comprising oxygen and a chemically
inert gas, such as air, and mixtures thereof (e.g., air
enriched with oxygen). The gaseous mixture may be a dilute
oxygen-containing mixture comprising from 5 to 30 volume
percent of oxygen. A preferred oxygen-containing gas is
air. Wwhen a molecular oxygen-containing gas is added to the
conversion zone, it is introduced into the conversion zone
at a pressure of at least about one pound per square inch
gauge (psig), and suitably at a pressure ranging from about
1 to 1000 pounds per square inch gauge and at a rate ranging
from about 0.5 to 25 percent of the polymer throughput rate
in kg per hour.

Suitable organic peroxides for use as free radical
initiators include: dicumyl peroxide; alpha, alpha-bis(t-
butylperoxy) diisopropylbenzene; 2,5-dimethyl-2,5~di (-
butylperoxy)hexane; t-butyl cumyl peroxide; di-t-butyl
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peroxide; 2,5-dimethyl-2,5-di(f-butylperoxy)hexyne, and mix-
tures thereof.

The organic peroxide is introduced into the con-
version zone in an amount sufficient to provide from about
0.0005 to about 0.5, preferably from about 0.01 to about 0.2
weight percent of the active oxygen per weight of starting
material polymer being contacted.

Suitable azo .compounds having a 10-hour half-life
temperature greater than about 110°C include azo ethers and
azo esters, such as 2,2’-azobis (2-acetoxypropane) .

The azo compound free radical initiator is
utilized suitably in an amount ranging from about 0.0005 to
about 0.5, preferably from about 0.01 to about 0.2 weight
percent of azo nitrogen, based on the weight of the polymer
starting material.

The high molecular weight saturated isoolefin
polymer starting material and the initiator are contacted,
in the conversion zone, such as the conversion zone of an
extruder, for a time sufficient to produce a lower molecular
weight isoolefin polymer corresponding to the actual start-
ing material used, preferably to produce a lower molecular
weight isoolefin polymer having a number average molecular
weight, as measured by gel permeation chromatography, rang-
ing from about 1 to about 75 percent, preferably from about
5 percent to about 35 percent of the number average
molecular weight of the high molecular weight saturated
isoolefin polymer starting material. The contacting step is
performed in a conversion zone provided with mixing, masti-
cating, and shearing means so as to mix, masticate and shear
the fluid polymer starting material during the contact with
the initiator at conversion conditions. The mixing is
generally continued for a period of time equivalent to at
least 5, preferably at 1least 15 half-lives of the
initiator’s thermal decompositionf

The conversion product resulting from the con-
tacting step at conversion conditions comprises the desired

54
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lower molecular weight isoolefin polymer and by-products
resulting from the decomposition of the initiator. Solid
particles, such as gel, charred particles or other solid
contaminants may also be present in the conversion product.
Therefore, it is desirable to subject the conversion product
to a devolatilization step which may be conducted, for
example, in a devolatilization 2zone of an extruder. The
devolatilization may be performed in more than one
devolatilization zones. The devolatilization is carried out
by applying a vacuum to the devolatilization zone containing
the conversion product to remove the volatile by-products or
by introducing a stripping agent into the devolatilization
zone to contact the conversion product and strip the
volatilizable by-products from the conversion product. The
stripping gas may be an inert gas, such as nitrogen or
argon, or a gas that reacts with the by-product, for
example, steam, which can form hydrogen bonds when the by-
product is an alcohol or other hydroxylic compound.

DESCRIPTION OF THE PREFERRED EMBODIMENT

For simplicity of description in the description
of the preferred embodiment, high molecular weight poly-
isobutylene will be used as representative high molecular
weight saturated isoolefin polymer starting material.

A bale of a high molecular weight polyisobutylene
starting material having a number average molecular weight
of about 400,000, is comminuted to a particle size suitable
for feeding into a conventional 2-inch screw diameter
extruder-reactor comprising at least three zones, namely, a
heating zone, a conversion zone and a devolatilization zone
(which may be in multiple sections). The extruder may be a
single or multiple screw extruder. The particulate poly-
isobutylene polymer starting material is introduced into the
heating zone of the extruder wherein it is heated to make
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the starting material polymer fluid and to bring it to con-
version (reaction) temperature, for example, to a preferred
temperature ranging from 150 to 250°C. The high molecular
weight polyisobutylene is introduced into the heating zone
at a ‘rate ranging from about 50 to 200 kg per hour, for
example, at a rate of 100 kg per hour. If desired, an
optional diluent such as a hydrocarbon, e.g. hexane, or a
chlorohydrocarbon may be added to the polymer in the heating
zone. This diluent may subsequently be volatilized or if
desired, the diluent may remain with the product of the
process. An organic peroxide free radical initiator such as
2,5-dimethyl-2,5-(di-t-butyl peroxy) hexane, is introduced
into the heating zone to contact the fluid high molecular
weight polyisobutylene polymer. The organic peroxide is
introduced in an amount sufficient to provide from about
0.01 to about 0.1 weight percent active oxygen, based on the
weight of the polyisobutylene starting material.

The fluid high molecular weight polyisobutylene
(with or without diluent) and organic peroxide then flow
into the conversion zone of the extruder which is maintained
at preferred conversion conditions, e.g. about 230°C. 1In
the conversion zone, the free radical initiator is mixed
with the fluid polyisobutylene which is being simultaneously
masticated and sheared by conventional means present in the
extruder. The mixing with the free radical initiator is
continued for a time period equivalent to at least 5,
preferably 15 half-lives of the thermal decomposition of the
initiator. For this specific embodiment utilizing the
specified organic peroxide, this would be at least about 2
seconds, preferably at least about 7 seconds of residence
time in the conversion zone. Contact of the organic
peroxide and the polyisobutylene at conversion conditions in
the conversion zone of the extruder is conducted at condi-
tions to produce a lower molecular weight polyisobutylene
having, for example, a Brookfield viscosity at 177°C ranging
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from 10,000 to 70,000 centipoises (cps). The conversion
product resulting from the contacting step comprises the
lower molecular weight polyisobutylene, volatile undesired
by-products which resulted from the decomposition of the
specific organic peroxide used, e.g. acetone, tertiary
butanol, etc., and solid particles such as gel and charred
particles and/or solid contaminants. An oxygenated lower
molecular weight polyisobutylene may also be present in the
conversion product when peroxides are used as initiator.
The conversion product is passed to a devolatilization zone
of the extruder maintained at a temperature of 200 to 230°C.
A vacuum is applied to the devolatilization zone to remove
the volatile by - products from the zone. The stripped by -
products are remcved from the devolatilization zone through
a conventional outlet means. The devolatilized conversion
product is removed from the extruder and passed to an
external filtration zone comprising filter means to remove
the solid particles from the devolatilized conversion
product. The devolatilized and filtered conversion product
comprising the desired lower molecular weight poly-
isobutylene polymer is desirably passed to a cooling zone,
such as heat exchanger to cool the product to a temperature
ranging from about 100 to 150°C to minimize the possibility
of further chemical reaction or discoloration prior to
storing or packaging the product. Controlled cooling can
also be carried out, in part, during the external filtration
step.

The lower molecular weight polyisobutylene polymer
or mixture of lower molecular weight polyisobutylene polymer
and oxygenated lower molecular weight polyisobutylene
polymer resulting from the prbcess of the present invention
can be used as a component in adhesives, sealants, and pro-
vided it is produced under conditions to meet food grade
requirements, as a base stock for chewing gum.

The following examples are presented to illustrate

the invention. All parts and percentages referred to in the
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examples are by weight unless otherwise indicated.
The following polymers were used in the examples:
Polymer A was a high molecular weight poly-

isobutylene. By gel permeation chromatography, its
molecular weight averages were Ffw = 853,000 and 'ﬁn
358,000.

Polymer B was a copolymer of iscbutylene and para-
methylstyrene. By proton nuclear magnetic resonance, its
para-methylstyrene com':ent was estimated to be about 2.2
mole percent; by gel permeation chromatography, its
molecular weight averages were My = 680,000 and M, =
273,000.

LUPERSOL®, 130, Atochem North America, is a free
radical initiator, comprising from 90 to 95 wt.% 2,5~
dimethyl-2,5-di (£-butylperoxy)hexyne.

LUPERSOL®, 101, Atochem North America, is a free
radial initiator comprising 90 wt. % of 2,5 - dimethyl-2,5
di (t-butylperoxy)hexane.

Comparative Examples I to IV,

These examples were carried out in a Brabender
mixer using thermal/mechanical initiation. Polymer A was
charged to the preheated mixer and mixed for the time period
and at the temperature indicated in Table I.

The extent of molecular weight reduction of the
product was estimated by a penetration test. In this test,
the depth (in mm) to which a needle of standard weight and
sharpness penetrates a sample of the product at 25°C is
measured. Higher penetration values correspond to lower
molecular weights. For attractive commercial products,
penetration values in the range 10 to 20 mm are desirable.
The color of the products was measured by the Saybolt method

o
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using 10 percent by weight solutions of the products in
toluene. On the Saybolt scale, a value of 30 corresponds to
a water white product and lower values to more colored
products. For attractive commercial products, Saybolt color
values in the range 25 to 30 are desirable. The results
show (Table 1I) that this process, relying upon
thermal/mechanical initiation, can produce products with
desirable penetration values, but they are very discolored.
Examples I to IV are not examples of the present

invention.

Examples V to VIII

These examples were carried out in the manner of
Examples I to IV, except that air, at the pressure indicated
in table I, was used as the initiator. The results (Table
I) show that, even though the feed polymer did not contain
in-chain unsaturation, air was an efficient initiator for
its molecular weight reduction. In comparison with the
thermal/mechanical process at a comparable reaction tempera-
ture, (cf examples II and VII in Table I), a product with a
higher penetration value (i.e., lower molecular weight) and
higher Saybolt color value (i.e., less colored) was obtained
in a shorter reaction time.

Examples IX to XII

These examples were carried out in the manner of
examples I to IV, except that a peroxide, Lupersol® 101, was
used as the initiator. Polymer A was cut into about 30
pieces and an approximately equal portion of the peroxide
was injected into each piece so that the total charge was as
indicated in Table I. The results show that the peroxide
was an initiator for the molecular weight reduction at much
lower temperatures than those necessary when air or
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thermal/mechanical initiation was used and that, perhaps
because of the lower reaction temperatures used, the product
color was significantly improved.

Examples XIII to XVI

These examples were carried out in the manner of
examples IX to XII, ‘except that, in addition to the
peroxide, air was also added to the pressure indicated in
Table I. The results show that products with penetration
values and Saybolt color values similar to those of example
IX to XII were obtained, i.e., the presence of air did not
have a deleterious effect on the excellent product color
observed for the products of the peroxide initiated process.

In Figure 1, the penetration and Saybolt color
data from Table 1 is plotted. This Figure shows very
clearly the superior balance of penetration and color
properties for products obtained by the air (examples V to
VIII) and peroxide (examples IX to XVI) initiated processes
as compared to that from comparative examples I to IV.

Examples XVIT to XIX

These examples were carried out with Polymer A as
the starting polymer and with an extruder as the reactor. A
rubber chopper was used to comminute the bales of high
molecular weight polymer. The extruder reactor was a
Welding Engineers counterrotating nonintermeshing twin screw
machine with overall L/D of 54. Provided in the extruder
were in the following sequence, a heating zone (L/D = 11.5),
a reaction zone (L/D = 13.5) and three vent zones (L/D = 7.5
each). These five zones were separated from one another by
screw elements sufficiently restrictive to generate dynanmic
polymer seals when the extruder was operating. After the
final vent zone, the devolatilized degraded polymer passed

a
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through a pressure generating section to force it through
the extruder die. The product exiting the. die essentially
as a liquid was allowed to flow into a drum. Samples for
analysis were collected by placing a suitable container in
the stream of polymer flowing into the collection drum.

The designation of the zones is intended to indi-
cate their major function. However reaction may extend
beyond the nominal reaction zone (i.e. conversion zone) and
into at least the nominal firs® vent zone.

In the heating zon:, there was provision for
injection of the peroxide (Lupersol® 101) into the polymer
at a controlled and steady rate. Each of the vent zones had
provision for the injection of nitrogen as a stripping agent
to aid 1in devolatilizing the conversion product and each was
connected to a vacuum system capable of sustaining a pres-
sure of -100kPa. A pressure of zero indicates atmospheric
pressure.

High molecular weight polyisobutylene (Polymer A)
was fed at 100 kg/h. The peroxide (Lupersol® 101) was
metered as a 50% by weight solution in Freon® 113 into the
heating zone at the rate, expressed as a weight percentage
of the polyisobutylene feed, indicated in Table II.
Nitrogen, at a rate of 1.0 kg/h each, was fed to the second
and third vent zones, which were maintained at as low a
pressure as possible (-100 kPa) via the vacuum system. No
nitfogen was fed to the first vent 2zone, which was main-
tained at a higher pressure than the second and third vent
zones, as indicated in Table II. Samples of the degraded
polymer exiting from the extruder die were collected and
their extent of molecular weight reduction was estimated by
measurement of Brookfield viscosity at 177° (ASTM D 3236).
Lower Brookfield viscosities correspond to lower molecular
weights. The level of tertiary butanol (TBA) in the
products was measured by headspace gas chromatography. The
viscosity and TBA measurements are shown in Table II and
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Figure 2. They show that the process provides a degraded
product with less than 100 ppm TBA, estimated to be suitable
for food grade uses. Gel permeation chromatography measure-
ments shown in Table II indicate broadening of molecular
weight distribution.

Example XX

This example was carried out in the manner of
examples XVII to XIX, except that lower extruder tempera-
tures were employed. Conditions and results are summarized
in Table II and Figqure 2. This example illustrates the
importance of extruder temperatures on venting efficiency.
The lower temperatures used in this example lead to a
product with higher TBA content, compared with the products
from example XVII to XIX.

When operated in this manner, the process does not
provide a product estimated to be usable in food grade
usage. This is still, however, an example of the present
invention, which is not limited to the production of such
food grade products. Gel permeation chromatography measure-
ments shown in Table II indicate broadening of molecular
weight distribution.

Example XXI

This example was carried out in the manner of
examples XVII to XIX, except that the first vent zone was
maintained at a pressure of =-100kPa. The conditions and
results are summarized in Table II and Figure 2. While a
low molecular weight polyisébutylene with a TBA content
satisfactory for food grade applications was obtained, it
will be apparent that the peroxide was used with much lower
efficiency than in examples XVII to XX, in which the first
vent zone was maintained at a. higher pressure. This is

8 ]
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attributed to the stripping of the peroxide itself from
polymer in the first vent zone, implying that it was not
completely reacted at this point in the extruder and that
the reaction continued beyond the reaction zone into the
first vent zone.

Though the peroxide was not used with maximum
efficiency, this example is still an example of the present
invention. Gel permeation chromatography measurements in
Table II indicate a broadening of the molecular weight

distribution.

Comparative Example XXIT and Examples XXIII to XXV

These Examples were carried out in a Brabender
mixer with Polymer B as the feed polymer. The peroxide used
was 2,5-dimethyl=-2,5-di (t-butylperoxy)hexyne (Lupersol®
130). It was fed in the form of a masterbatch, which was
prepared by mixing the peroxide (2.0 g) and Polymer B (98.0
g) on an unheated rubber mill.

The quantities of Polymer B and masterbatch used
are indicated in Table III. The mixer was preheated to
230°C. Polymer B was charged to the mixer and mixed with a
rotor speed of 60 rpm several minutes until the polymer
reached 230°C. The peroxide masterbatch was then added and
mixing was continued for a further 2 minutes. The
discharged polymer was examined by gel permeation chromato-

graphy. The results are shown in Table III.
In Example XXII, in which no peroxide was charged,

there is no reduction in molecular weight. This is a
comparative example and not an example of the present inven-

tion.

In Examples XXIII to XXV, degradation of molecular
weight occurred and was more extensive at higher peroxide
charges. Examples XXIII to XXV are examples of the present

invention.
Gel permeation chromatography measurements shown
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in Table III indicate no significant change in polymer
molecular weight distribution.
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TABLE I

POLYISOBUTYLENE MOLECULAR WEIGHT REDUCTION (BRABENDER MIXER)

Press. L-101 Temp. Time Penetration Saybolt

Exam. psig wt.% deg.C Min. mm Color
I 0.0 0.0 247 30.0 2.7 -2.3

II 0.0 0.0 258 30.0 4.6 -25.8
III 0.0 0.0 275 30.0 11.0 -45.5
IV 0.0 0.0 277 40.0 14.0 -57.8
A" 2.5 0.0 265 30.0 18.8 -19.0

VI 2.5 0.0 264 30.0 19.7 -14.2
VII 10.0 0.0 258 18.0 11.9 0.4
VIII 10.0 0.0 263 24.0 14.8 2.6
IX 0.0 0.4 185 10.5 7.1 26.5

X 0.0 0.5 185 10.5 8.5 27.6

XI 0.0 0.6 185 10.5 9.7 28.1
XII 0.0 0.6 200 5.5 16.9 28.3
XIII 10.0 0.4 210 20.0 10.3 25.1
XIVv 10.0 0.4 200 2.5 7.0 26.7
XV 10.0 0.4 200 4.0 7.0 26.7
XVl 10.0 1.0 194 5.0 16.5 28.3
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TABLE III
Isobutylene/PM8 Molecular Weight Reduction (Brabender Mixer)

Polymer Masterbatch L-130 My, Mn

Example a o wt.% ka  ka_ My/Mn
Feed

Polymer 681 273 2.5
XXTI 45.0 0.0 0.00 684 278 2.5
XXIIT 40.5 4.5 0.20 364 157 2.3
XXIV 27.0 18.0 0.80 257 105 2.4

XXV 9.0 36.0 1.60 170 72 2.4
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CLAIMS:

1. A process for producing a low molecular
weight isoolefin polymer, which comprises the step of con-
tacting, in the melt phase, in a conversion zone, at cohver-
sion conditions, a high molecular weight saturated isocolefin
polymer selected from the group consisting of poly-
isobutylene, a copolymer of an isoolefin having from 4 to 7
carbon atoms and styrene, a copolymer of an isoolefin having
from 4 to 7 carbon atoms and a para-alkylstyrene, with an
initiator selected from the group consisting of a molecular
oxygen-containing gas at a pressure of at least about 1
pound per square inch gauge, an organic peroxide having a
10-hour half-life temperature greater than about 110°C, an
azo compound having a 10-hour half-life temperature greater
than about 110°C, to produce a conversion product including
a lower molecular weight isoolefin polymer having a
molecular weight distribution at 1least equal to the
molecular weight distribution of said high molecular weight
saturated isoolefin polymer.

2. The process of claim 1, wherein said high
molecular weight saturated isoolefin polymer has a number
average molecular weight above about 100,000.

3. The process of claim 1 wherein said lower
molecular weight isoolefin polymer has a number average
molecular weight ranging from about 1 to about 75 percent of
the number average molecular weight of said high molecular

weight saturated isoolefin.

4. The process of claim 1 wherein said high
molecular weight isoolefin polymer is a polyisobutylene
having a number average molecular weight above about
200,000.

(o
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5. The process of claim 4, wherein said lower

molecular weight isoolefin is polyisobutylene.

6. The process of claims 4, wherein said initia-
tor is an organic peroxide and wherein said conversion
product comprises a mixture of a lower molecular weight
polyisobutylene and an oxygenated lower molecular weight

polyisobutylene. .

7. The process of claim 1 wherein said high
molecular weight isoolefin polymer is a copolymer of an
isoolefin and a para-alkylstyrene.

8. The process of claim 6, wherein said co-
polymer is a copolymer of isobutylene and para-methyl-

styrene.

9. The process of claim 1, wherein said initia-
tor is a molecular oxygen-containing gas selected from the
group consisting of oxygen, air and mixtures thereof.

10. The process of claim 8, wherein said molecu-

lar oxygen-containing gas comprises air.

11. The process of claim 1, wherein said initia-
tor is an organic peroxide selected from the group consist-
ing of dicumyl peroxide; alpha, alpha-bis (t-butylperoxy)
diisopropylbenzene; 2,5-dimethyl-2,5-di (t-butylperoxy)
hexane; t-butyl cumyl peroxide; di-t-butyl peroxide; 2,5-
dimethyl-2,5~-di (t~butylperoxy)hexane, and mixtures thereof.

12. The process of claim 1, wherein said initia-
tor is an azo compound selected from the group consisting of

azo ethers, azo esters, and mixtures thereof.
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13. The process of claim 1, wherein said conver-
sion conditions include a temperature ranging from about 75
to about 275°C.

14. The process of claim 1, wherein said conver-
sion conditions include a temperature ranging from about 150
to about 250°C.

15. The process of claim 1 wherein said conver-
sion product is subjected to a devolatization step to remove
volatile products and, thereby, produce a devolatilized
product.

16. The process of claim 15, wherein said devola-
tization step is performed by contacting said conversion
product with a stripping agent.

17. The process of claim 15, wherein said devola-
tization step is performed by subjecting said conversion
product to a vacuum.

is. The process of claim 15, wherein said
devolatilized product comprises solid particles and wherein
said devolatilized product is filtered to remove at least a
portion of said solid particles.

19. The process of claim 18, wherein the result-
ing filtered product is passed to a heat exchange zone to
decrease its temperature.

20. The process of claim 1, wherein said contact-
ing step is conducted in an internal mixer.

W
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21. The process of claim 20, wherein said inter-

nal mixer is an extruder.

22. The process of claim 1, wherein prior to said
contacting step, said high molecular weight saturated
isoolefin polymer is heated to a temperature ranging from
about 75 to about 250°C, and wherein, subsequently, the
resulting heated high molecular weight saturated isoolefin
polymer is mixed with said initiator in a conversion zone
for a time sufficient to produce said conversion product.

23. The process of claim 1, wherein said high
molecular weight polymer is polyisobutylene and wherein said
lower molecular weight polymer is a polyisobutylene having a
Brookfield viscosity at 177°C ranging from 10,000 to 70,000

centipoise.

24. The process of claim 1 wherein said high
molecular weight polymer is a copolymer of isobutylene and
para-methylstyrene and wherein said lower molecular weight
polymer is a copolymer of isobutylene and a para-methyl-
styrene having a number average molecular weight ranging
from 50,000 to 200,000,

25. The process of claim 1, wherein said initia-
tor ‘is an organic peroxide and wherein said organic peroxide
is present in said conversion zone at a pressure ranging
from about 1 to about 1000 pounds per square inch gauge and
in an amount ranging from about 0.0005 to about 0.5 weight
percent, active oxygen, based on the weight of said higher

molecular weight polymer.

26. The process of claim 1, wherein said high
molecular weight polymer is masticated during said contact-

ing step with said initiator.
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27. The process of claim 26, wherein said masti-
cation is performed in an extruder.

28. The process of claim 27, wherein said high
molecular weight polymer is introduced into said extruder at
a rate ranging from about 50 to about 200 kg per hour, said
extruder having a screw diameter of 2 inches.

29. A low molecular weight isoolefin polymer
produced by the process of any one of claims 1 to 28.

o,

-

74



PCT/US91/05879

WO 92/03484

1/2

(ww) NOUWVHLIIN3d

(e} 8l 9l vi zi ol *}
1 1 | | ] 1 1 1 { . | ] 1
IVOINVHIINW/TVNYIHL
0
v
- )
D /
30IX0¥3d
an
oo O =) Bl

NOILONG3Y “IM “TON 3INITALNEOSIATOd

| 914

09—

06—

ov—

oY —

0c—-

ot~

ol

(014

og¢

d0700 1T708AVS




PCT/US91/05879

WO 92/03484

2/ 2

(%) Q3958vHD 30IXOY¥3d

90 ¥ 0 0 0
I 1 1 1 1
wdd Qg [~
XX B
valwdd g/ -
0
XX %3 -
vBi wdd gy |
val wdd sg  HIIAX .
0 o
IXX x3

wdd gg

HAX

NOILONA3Y "IM "IOW 3NITALNBOSIANOd

¢ 9ld

8¢
6°¢

0 4
[ 4
19 4
12 4
S
9'¥
L'y
B¥
6 ¥

()
¢S
€S
'S
S'S
g's

r<
n

(sd> ‘DLLL ® ALISOISIA G1313X00¥8)907




INTERNATIONAL SEARCH REPORT
International Application No PCT/US 91/05879

l. CLASSIFICATION OF SUBJECT MATTER (if several classification symbols apply, indicate all)®

IPC5: C 08 F 8/50

According to International Patent Classification (IPC) or to both National Classification and IPC

I._FIELDS SEARCHED

Minimum Documentation Searched’

Classification System Classification Symbois

IPCS Co8F

Documentation Searched other than Minimum Documentation
to the Extent that such Documents are Included in Fields Searched$

I. DOCUMENTS CONSIDERED TO BE RELEVANT?

Category = Citation of Document,!? with indication, where appropriate, of the relevant passages 12 Relevant to Claim No.13
X BE, A, 726234 (BADISCHE ANILIN- & SODA-FABRIK 1-2,5-6,
AKTIENGESELLSCHAFT) 30 December 1968, 11-14
see the whole document
A EP, A2, 0180444 (POLYSAR LIMITED) 1-29
7 May 1986,
see the whole document
A US, A, 4614772 (EDWARDS ET AL) 30 September 1986, 1-29
see the whole document
A US, A, 3862265 (STEINKAMP ET AL) 1-29
21 January 1975,
see the whole document
* Special categories of cited documents: 10 Ll o Iater.dopun&ent puglisrie_d aﬂerr'l_thte in!':!l;“ﬂiﬂﬂﬁl lil‘i,ng %at‘e
A" document defining the general state of the art which is not citéd o understand the principle or theary Gnderiying the
»g» earlier document but published on or after the international *X* document of particular rel the claimed i .
filing date cannot be considered novel or cannot be considered to
#_» document which may throw doubts on Priority claim(s) or involve an inventive step
which is cited to establish the publication date of another “Y* document of particular rel e claimed inventi
citation or other special reason (as specified) 522",‘?,,',‘},? ~°°“f,i,$,§'{,',gd‘ﬁfi',‘,‘,'°"’° an invreengt\“ee:tep },"}%‘LJ?"
110 % gﬂc‘:::n"e‘gta :{erring to an oral disclosure, use, exhibition or me‘?‘(:'aa,é,’, gombin,,ion be?,','ge g;v'ir:)%s to a ,,:,,“g,, skilled

IV. CERTIFICATION

P f;ﬁ'}'}'ﬁ;ﬁ ,‘,‘3'5:{:,‘-;‘,’,{,’{,‘3{;3,2},‘“';3"'““'°"" filing date but  ,g« ooument member of the same patent family

Date of the Actual Completion of the International Search Date of Mailing of this international Search Report

29th November 1991 1912

International Searching Authority Signatu uthorized Officer / - i
\
EUROPEAN PATENT OFFICE @Q%\/\,@_( %

orm PGT/ISAJZ10 (second sheet) (January 1983}




International Application No. PCT/US 91/05879

ill. DOCUMENTS CONSIDERED TO BE RELEVANT

(CONTINUED FROM. THE SECOND SHEET)

Category *

Citation of Document, with indication, where approgpriate, of the relevant passages

Relevant to Claim No

A

Dialog Information Services, File 350, World Patent
Index 63-80, Dialog accession no.002210068,

NIPPON SYNTH CHEM IND: "Butyl rubber coating agents
mfr. - comprises blending butyl rubber contg. iso-
prene with organic peroxide and masticating in
oxygen contg. atmos. to Tower molecular wt.",

JP 53146732, A, 781220, 7905 (Basic)

Dialog Information Services, File 351, World Patent
Index 81-91, Dialog accession no. 008140329,
SUNSTAR GIKEN KK: "Hot melt compsn. for hot melt
adhesives - comprising denatured butyl rubber whose
molecule is severed by heating in presence of poly-
merisation initiator", JP 1306450, A, 891211,

9004 (Basic)

1-29

1-29

Form PCT/ISA/210 (extra sheet) (January 1985)

o

R

A



ANNEX TO THE INTERNATIONAL SEARCH REPORT -

ON INTERNATIONAL PATENT APPLICATION NO.PCT/US 91/05879

50867
T annex st the Batent o e e e top e o R0 T
The European Patent office is in no way liable for theseparticulars which are merely given for the purpose of information.
Patent document Publication Patent family Publication
cited in search report date member(s) date

BE-A- 726234 30/12/68 NONE

EP-A2- 0180444 - 07/05/86 AU-B- 583065 20/04/89
AU-D- 4908285 08/05/86
CA-A- 1257050 04/07/89
JP-A- 61108609 27/05/86
US-A- 4614772 30/09/86

US-A- 4614772 30/09/86 AU-B- 583065 20/04/89
AU-D- 4908285 08/05/86
CA-A- 1257050 04/07/89
EP-A-B- 0180444 07/05/86
JP-A- 61108609 27/05/86

US-A- 3862265 21/01/75 CA-A- 993592 20/07/76
CA-A- 1020319 08/11/77
CA-A- 1023111 27/12/717
DE-A-C- 2216718 19/10/72
FR-A-B- 2132780 24/11/72
GB-A- 1393691 14/05/75
GB-A- 1393692 14/05/75
GB-A- 1393693 14/05/75
GB-A- 1393694 14/05/75
JP-C- 1021042 25/11/80
JP-C- 1245148 25/12/84
JP-A- 52021042 17/02/77
JP-A- 52024290 23/02/77
JP-A- 54148095 19/11/79
JP-B- 55008525 04/03/80
JP-B- 55041605 25/10/80
JP-B- 59002298 18/01/84
NL-A- 7204685 11/10/72
US-A- 3953655 27/04/76
US-A- 4001172 04/01/77

For more details about this annex : see Official Journai of the Eurcpean patent Office, No. 12/82

EPO FORM P0479




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

