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Abstract

A process for preparing a butyl polymer, the process comprising contacting a Cq4 to
C. monoolefin monomer with a C,4 to Cq4 multiolefin monomer at a temperature in the
range of from about -100°C to about +50°C in the presence of a diluent and a

5 catalyst mixture comprising a monoalkylaluminum dihalide and an aluminoxane.
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FIELD OF THE INVENTION

In one of its aspects, the prosent invention relates to an improved, catalyic,
solution process for preparing butyl rubber polymers. More particularly, the present
iInvention relates to a process for preparing buty! rubber polymers with improvad
yields (catalyst efficiencies) at polymerization temperatures of -100°C to +50°C In low
cost, inert, hydrocarbon solvents. ' '

BACKGROUND OF THE INVENTION

Conventional prior art processes for preparing butyl rubber polymers in
solution (solution butyl processes) mainly empioy aluminum trihalide catalyst
systems, viz., those using aluminum trichloride, or aluminum tribromide alone (ses,
for example, United States patents 2,844,568 and 2,772,255). These prior art
procedures are not wholly satisfactory, because they ara performed at very low
temperatures (e.g. -90°C to -110°C), leading to high refrigeration costs during
polymerization. in addition, at such low temperatures polymer solutions have a very
high viscosity and are difficult to handle. Further, a high viscosity of a polymer
solution causes a very low rate of heat transfer, and also poor and difficult catalyst
dispersion.

Aluminum trichloride has the disadvantage of having little or no solubility in
many desirable hydrocarbon solvent systems, and is often Introduced into the
reaction feed as a solution in methyl chloride. Although aluminum tribromide is
soluble In hydrocarbons, the use thereof can cause the undesirable formation of
substantial amounts of very high molecular weight fractions - see United States
patent 2,772,265 [Emst et al ).

Alkylaluminum dihalide catalysts are generally less reactive than the
aluminum halides, but offer the advantage of excellent nhydrocarbon solubility, To

enhance their reactivity, they are frequently used together with cocatalysts.

Canadian patent 1,018,095 [Scherbakova et al. (Scherbakova)] teaches an
industrial process for manufacturing butyl rubber in solution. The catalyst system In

the process comprises an alkylaluminum halide (e.9. ethylaluminum sesquichloride
((C2Hs)AICI-CLAICHS)), with water or hydrogen sulfide as a co-catalyst, and
isopentane as a solvent. Not many details are known about the process, which most
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probably takes place at -85°C to -80°C, with a content of solids in solution at about
10 weight parcent. |

United States patent 3,361,725 [Parker et al. (Parker)] teaches that mixtures
of dialkylaluminum halides (e.g., dialkylaluminum monochiorides) and
monoalkylaluminum dihalides (e.g.. monoalkylaluminum dichlorides), in which the
latter component is present in small amounts, are effoctive solution butyl rubber
catalysts, operate at far more economical (higher) temperatures and form sxcelient
high molecuiar weight rubbers than then conventional methods. Usually, the rubber
polymerizations using the above catalyst mixtures are conducted at tempearatures
ranging from about -87°C to -57°C, and prefarably at temperatures of -79°C to -68°C,
with excellent results being achieved with temperatures at or near -73°C at
approximately atmospheric pressure.

In the Parker process, the polymers are soiuble in the unreacted monomers,

$0 that relatively minor amounts of diluent can be used. Reasonably small quantities
of diluent can be employed - e.g., from 0 to 50 vol. percent diluent based on total

volume of monomer and saturated catalyst solvent. Usually, howeaver, the
concentration of diluent during polymerization ranges from 0 to 20 vol. percent.
Preferably the Cs to Cy normal paraffins are used - 8.g., n-pentane and n-hexane.

The Parker catalyst mixture consists of from about 2 to about 10 mols percent
of the monoalkylaluminum dihalide and from about 90 to 28 mole percent of the
dialkylaluminum monohalide. According to Parker, this is the preferred way fo
achieve the most advantageous combination of sase of polymerization coupled with
catalyst efficiency and good temperature control over the polymerization reaction.
This latter characteristic is a significant advantage of the method. On the other hand,
the reaction times require from about 50 to 100 minutes within the preferred
temperature range.

In a previous Invention [Canadian Patent Application 2,252 295 (Gronowski)],

Bayer improved the Parker process by the direct addition of minute a'mounts of water
or aluminoxane to the catalyst solution. The use of this improved catalytic system
resulted in higher reaction rates and the formation of a rubber having a higher

molecular weight than that formed using the Parker catalyst. This made it possible to
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carry ou’é polymerizations at even more economical (i.e. higher) temperatures than

with the method taught by Parker, with the resulting rubber still displaying desirable

properties. In addition, good temperature control was maintained during

polymerizations, whilst the isoprene content of the rubbar was higher than that of
5 control reactions using the conventional Parker catalyst.

Dialkylaluminum halides alone do not catalyze butyl rubber polymerization.
Monoalkylalumium dihalides can initiate the polymerizations on their own, but, as
mentioned before, to enhance their reactivity they are frequently usad together with
cocatalysts. To date, such cocatalysts have been organometallic halides or halogen-

10 containing organic compounds of one sort or another.

It would be useful to have a method for the manufacture of butyl rubber
having bettor yiekls (catalyst efficiencies) than those attalnable using a
dialkylaluminum halide and which does not have a negative impact on the molecular
weight of the resulting polymer.

15 SUMMARY OF THE INVENTION

It has been determined that alkylaluminum dihalides can be activated by the
direct addition of a small amount of aluminoxane, and that an efficient catalyst
gystem based on a mixture of these two compounds can be used for the
manufacture of butyi rubber.

20 DESCRIPTION OF THE INVENTION

It is an object of the present invention to provide a novel method for the
manufacture of butyl rubber using a catalyst system based on alkylaluminum
dihalides activated by a direct addition of a smail amount of aluminoxane.

Accordingly, the present invention provides a process for preparing a buty!
25 polymer with improved catalyst efficiencies based on alkylaluminum dihalide as a
catalyst, the process comprising contacting a C4 to Cg monoolefin monomer with a
Cs to Csq multiolefin monomer at a temperature in the range of from about
-100°C to about +50°C in the presence of a diluent and a catalyst mixture comprising

a monoalkylaluminum dihalide and an aluminoxane.
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As’ mentioned above, the present process relates to the preparation of butyi
rubber polymers. The term "butyl rubber”. as used throughout this specification, is
intended to denote polymers prepared by reacting a major portion, e.q., from about
70 to 99.5 parts by weight , usually 85 to 99.5 parts by weight of an ISOomonoolefin
such as iSobuterne, with a minor portion, e.g., from about 30 to 0.5 parts by weight,
usually 15 to 0.5 parts by weight, of a multiolefin, e.g., a conjugated diolefin such as
iIsoprene or butadiene, for each 100 weight parts of these monomers reacted. The
Isoolefin is, in general, a C,; to Cs compound, e.q., isobutylene, 2-methyl-1-butene, 3-
methyl-1-butene, 2-methyl-2-butene, and 4-methyl-1-pantenc.

Those of skill in the art will racognize that it s possible to include an optional
third monomer to produce s butyl terpolymer. For example, it is possible to include a
styrenic monomer, preferably in an amount up to about 15 weight percent of tha
monomer mixture. The preferred styrenic monomer may be salacted from the group
comprising p-methyistyrens, styrene, a-maethyistyrene, p-chiorostyrene, pP-methoxy-

styrene, indene (and derivatives thereof) and mixtures thereof. The most preferred
styréene monomer Is selected from tha group consisting of etyrene, p-methylstyrane
and mixtures thereof. Other suitable copolymerizable termonomers will be apparant
to thase of skill in the art.

The present process is conducted in a diluent. Whiist the diluent may be
conventional within the art (e.g., methyl chloride) it is particularly preferred to utilize
an aliphatic hydrocarbon diluent. Suitable aliphatic hydrocarbon diluents which can
be used in accordance with the present process include, but are not limitad 10, C4 tO
Cg saturated aliphatic and alicyclic hydrocarbons such as pentane, hexane, heptane,
Isooctane, methyleyclohexane, cyclohexane, ofc. Preferably, the Cs to Csq normal

paraflins are used, e.g., n-pentane and n-hexane. The same Saturated hydrocarbons
serve as a "solvent” for the catalyst mixture.

The catalyst mixture used in the present process comprises a

monoalkylaluminum dihalide activatad by the direct addition of a small amount of
aluminoxane. Such a catalyst system is a homogenous mixture.

The monoalkylaluminum dihalides employed in accordance with the present

process may be selected from the C, to Ca monoalkylaluminum dihalides. and are,

4
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preferably, Cq to C4 monoalkylaluminum dihalides. Suitable exemplary preferred C,
to C4 monoalkylaluminum dihalides which can be employed in accordance with the
present process include, but are not limited to, methylaluminum dichloride,

ethylaluminum dichioride, propylaluminum dichlorides, butylaluminum dichloride,
isobutylaluminum dichloride, etc.

The amount of monocalkylaluminum dihalide usad in the practice of the

invention is in the range of from about 0.002 to about 1.0 weight percent, based
upon the total amount of monomer present. More preferably, the amount is in the

range of from about 0.001 to about 0.2 weight percent and, most preferably, in the
range of from about 0.01 to 0.06 weight parcent.

As stated hereinabove, the present process is conducted in the presence of
an aluminoxane. The aluminoxane component useful as a cocatalyst typically is an
oligomeric aluminum compound represented by the general formula (R%-Al-O),,

‘ which Is & cyclic compound, or Rz(Rz-AI-O)nAIRZQ, which i$ & linear compound. In the

general aluminoxane formula, R* are independently selected C; to Cyy hydrocarbyi
radicals (for example, methyl, ethyl, propyl, buty! or pentyl) and n is an integer of
from 1 to about 100. R? may also be, independently, halogen, including fluorine,

chlorine and iodine, and other non-hydrocarbyl monovalent ligands such as amide,
alkoxide and the like, provided that not more than 25 mole percent of R2 are non-

hydracarbyl as described here. Most preferably, R?is methyl and n is at least 4.

Aluminoxanes can be prepared by various procedures known in the art, For
example, an aluminum alkyl may be treated with water dissolved in an inert organic
solvent, or it may be contacted with a hydrated salt, such as hydrated copper sulfate
suspended in an inert organic solvent, to yisld an aluminoxane. Generally, however
prepared, the reaction of an aluminum alkyl with a limited amount of water yields a
mixture of the linear and cyclic species, and also there Is a passibility of interchain
complexation (crosslinking). The catalytic efficiency of aluminoxanes is dependent
not only on a given preparative procedure but also on a deterioration in the catalytic
activity ("aging”) upon storage, unless appropriately stabilized. Methylaluminoxane
and modified methylaluminoxanes are preferred. For further descriptions, see, for
example, one or more of the following United States patents:
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4,665,208 4,952,540 5,041,584

5,091,352 5,206,189 5,204,419
4,874,734 4,924,018 4,908,463
4,968,827 5,328,032 5,248,801
5,235,081 5,167,137 5,103,031

In the present invention it is preferred that aluminoxane is added to the
¢catalyst solution in such an amount that the weight ratio of alkylaluminum dihalide to

aluminoxane is$ in the range of from about $0:1 to about 1:50, preferably from about
10:1 to about 1:10 and, most preferably, in the ratio of from about 1:1 to about 1:5.

The application of the present invention results in the production of butyl
rubber with improved vields, i.e., with higher catalyst efficiencies. In addition, the
rubber displays comparable or higher molecular weights than those obtained using
conventional means. This aspect is also seen from comparing the Example 1 with
Examples 5 & 6, wherein the themmal effects are similar. Further, this rubber has a
nammow polydispersity index (MwWM,). This is surprising, as the use of a catalyst
system comprising a dialkyl aluminum halide, an alkylaluminum dihalide and an
aluminoxane (i.e. the catalyst system disclosad In co-pending Canadian Patent
Application 2,308,257: filed May 5" 2000) vyields a rubber with a broader
polydispersity index than that of a control reaction in the absence of aluminoxans.
That Is, the catalyst system of the ¢co-pending application yields a product having
broader molecular welight distribution than that of a control.

Embodiments of the present invention will be illustrated with reference to the
following Examples, which should not be use to construe or limit the scope of the
present invention.

8l-41°d SLPCESE6T8IE OL 92PS b2 9TPP SINILUd 8 MU N3AUE ¥4 SP:60 00, 22 J3d

W A=t aie ce « . = . - TR b —— T v i

02329552 2000-12-22



10

15

20

25

EXAMPLES

EXAMPLE 1

To a 850 mL Ertenmeyer flask, 8.50 mL of distilled hexana and 0.50 mL EtAICI,
(1.0 M solution In hexanes) were added at room temperature forming a catalyst

soljution.

To a 250 mL 3-neck reaction flask equipped with an overhead stirrer, 20.0 mL
of isobutylene at -80°C were added, followed by 40.0 mL hexane at room

temperature and 0.45 mL isoprene at room temperature. The reaction mixture was
coolad down to -80°C and 0.400 mL of the catalyst solution was added to start the
reaction.

The reaction was carried out in an MBRAUN™ dry box under the atmosphere

of dry nitrogen. The temperature changes during the reaction were fallowad by a
thermocouple. After 10 minutes, the reaction was terminated by adding 5 mL of
ethanol into the reaction mixture.

The polymer solution was pourad on an aluminum tare linad with Teflon and

the solvent and unreacted monomers were allowed to evaporate in a vacuum oven
at 70°C.

The gravimetrically determined vield was 26.9 weight percent, M, = 118 800,
My = 290 900, and isoprene content was 1.8 mole percent.

This example represents the conventional method and is provided for
comparative purposes only.

EXAMPLE 2

The methodology of Example 1 was repeated except that 25 pl of

methylaluminoxane (MAQO, 10 weight percent solution in toluene) was added directly

to the catalyst solution prepared in Example 1, above. After stirrfing, 0.400 mL of this
solution was immediately used to start the reaction. The reaction time was 5 min.

T™M = trademark
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The polymer vield was 40.4 weight percent, M, = 150 500, Mw = 297 100 and
Isoprene content in the rubber was 1.7 mole parcent.

EXAMPLE 3

The methodology of Example 1 was repeated except 50 pul of

methylaluminoxane (MAO, 10 weight percent solution in toluene) was added directly
to the catalyst solution prepared in Exampie 1, above. After stirring, 0.400 mL of this
solution was immediately used to start the reaction. The reaction time was $ min.

The polymer yield was §2.0 weight percent, M, = 142 800, M. = 293 400 and
isoprena content in the rubber was 1.6 mole percent.

EXAMPLE 4

The methodology of Example 1 was repeated except 76 ul of

methylaluminoxane (MAO, 10 welght percent solution in toluene) was added direcily ’
to the catalyst solution prepared in Example 1, above. After stirring, 0.400 mL of this

solution was immediately used to start the reaction. The reaction time was 5 min.

The polymer yield was 40.0 weight percent, M, = 155 000, M,, = 303 200 and
isoprene content in the rubber was 1.7 mole percent.

EXAMPLE 5
The methodology of Example 1 was repeated except 100 pul of

methylaluminoxane (MAQO, 10 weight percent solution in toluene) was added directly
to the catalyst solution prepared in Exampie 1, above. After stirnng, 0.400 mi. of this
solution was immediately used to start the reaction. The reaction time was 5 min.

The polymer yield was 25.7 weight parcent, M, = 165 100, M,, = 321 000 and
isoprene content in the rubber was 1.7 mola percent.

EXAMPLE 6
The methodology of Example 1 was repeated except 150 ul of

methylaluminoxans (MAQO, 10 weight percent solution in toluene) was added directly
to the catalyst solution prepared in Exampie 1, above. After stirring, 0.400 mL of this
solution was immediately used to start the reaction. Tha reaction time was 5 min.

8
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, Thé polymer yleld was 17.4 weight percent, M, = 193 700, M,, = 339 500 and
Isoprene content in the rubber was 1.4 mole percent. '

The results from Examples 1-6 are presented in Table 1. These results
lllustrate the advantageous effect of using the novel catalyst system on polymer

> Yields (catalyst efficiencies), as well as on molecular weights. Surprisingly, adding

MAQ to activate alkylaluminum dihalide does not result in broader molecular weight
distribution.

TABLE 1

Isoprene -
content of | (*C)
rubber

10
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All publications, patents and patent applications referred to hersin are

incorporated by reference in their entirety to the same extent as If each indlvidual

publication, patent or patent application was spacifically and individually indicated to
be incorporated by reference in its entirety.
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What is claimed 1s:

1. A process for preparing a butyl polymer, the process comprising contacting a Cq
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to Ca monoolefin monomer with a C; to C14 multiolefin monomer at a temperature
in tha range of from about -100°C to about +50°C in the presence of a diluent and
a catalyst mixture comprising a monoalkylaluminum dihalide and an
aluminoxane, with the proviso that the catalyst mixture does not contain a
dialkylaluminum monohalide.

. A process according to claim 1 wherein the amount of monoalkylaluminum

dihalide is in the range of from about 0.0001 to about 1.0 weight percent, based
upon the total amount of monomer present.

. A process according to claim 2 wherein the amount of monoalkylaluminum

dihalide is in the range of from about 0.001 to about 0.2 weight percent, based
upon the total amount of monomer present

. A process according to claim 3 wherein the amount of monoalkylaluminum

dihaiide is in the range of from about 0.01 to about 0.05 weight percent, based
upon the total amount of monomer presant

. A process according to claim 1 wherein the monoalkylaluminum dihalide is

selected from the group consisting of methylaluminum dichioride, ethylaluminum
dichloride, propylaluminum dichlorides and butylaluminum dichlorides.

. A process according to claim 1 wherein the aluminoxane 15 methylaluminoxane.

. A process according to claim 1 wherein the weight ratio of monoalkylaluminum

dihalide to aluminoxane is from about 50 ; 1 to about 1 : 50.

. A process according to claim 2 wherein the weight ratio of monoalkylaluminum

dihalide to aluminoxane is from about 10 ; 1 to about 1 : 10.

. A process according to claim 2 wherein the weight ratio of monoalkylaluminum

dihalide to aluminoxane is from about 1 : 1 to about 1 : 5.
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10.A proéess according to claim 1 wherein the aluminoxane is added to a solution of
the monoalkylaluminum dihalide in the diluent, the resulting homogeneous
solution being used to initiate polymerization reactions.

11.A process according to claim 1 wherein the diluent i1s a Cs to Cg aliphatic
S hydrocarbon.

12.A process according to claim 1 wherein the C4 to Cg monoolefin monomer 18 an
isomonaoolefin.,

13.A process according to claim 1 wherain the C, to C14 multiolefin monomer i3 a Cq
to Cso conjugated diolefin.

10 14.A process according to claim 1 wherein the temperature is in the range of from
about -80°C to about +20°C.

15.A process for preparing a butyl polymer, the process comprising contacting a Cu
to Cg isomonoolefin monomer with a Cs to G4 conjugated diolefin monomer at a

temperature in the range of from about -80°C to about +20°C in the presence of a
15 C. to Cg aliphatic hydrocarbon diluent and a catalyst mixture comprising from

about 0.1 to about 0.6 weight percent of a monoalkylaluminum dihalide, based
upon the total amount of monomer present, and an aluminoxane, wherein the

weight ratio of monoalkylaluminum dihalide to aluminoxane is in the range of from
about 30 ; 1 to about 10 : 1.
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