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Description

Technical field

[0001] The present invention relates to a polymerization process for cationic polymerization of isoolefin monomers in
an aqueous reaction medium, and isoolefin polymers obtained therefrom. In one embodiment, the present invention
relates to a polymerization process for cationic polymerization of isoolefin monomers, and isoolefin polymers obtained
therefrom. In another embodiment, the present invention relates to a polymerization process for cationic polymerization
of isoolefins with conjugated diolefins and/or vinyl aromatic compounds, and isoolefin copolymers obtained therefrom.

Background of the Invention

[0002] Cationic polymerization is one of the important processes for synthesizing polymer materials. Homopolymers
of isoolefin monomers (e.g. isobutene), copolymers of isoolefins with isoprene (e.g. butyl rubber) and copolymers of
isoolefins and vinyl aromatic compounds (styrene or derivatives thereof) (e.g. copolymers of isobutene and p-methyl-
styrene) are the most primary industrial products via cationic polymerization and have a great market demand. Since
trace of impurities have an extremely great effect on the cationic polymerization process, the polymerization needs to
be conducted under the conditions of almost no oxygen, no water and protection with high purity inert gases and by the
technological process of slurry polymerization and solution polymerization. Taking the industrial production of butyl
rubber by slurry polymerization process as an example, the polymerization needs to be conducted in the reaction medium
of dry chloroalkane at a temperature as low as -100 °C . The raw materials, such as isobutene, isoprene and chloroalkane
(e.g. methyl chloride) cannot be used unless they are strictly refined and dried. After polymerization, methyl chloride,
unreacted monomeric isobutene and isoprene need to be isolated and recovered, and then further strictly refined and
dried. Moreover, HCl is produced from methyl chloride during the post-treatment, which results in the apparent corrosion
of the equipment. In the production of butyl rubber by the cationic solution polymerization, the heat and mass transfer
are difficult since solution viscosity increases remarkably with decreasing polymerization temperature. Thus the monomer
conversion has to be controlled under 20%-30%. As a result, the production efficiency is low and the product quality is
difficult to be improved and controlled. A great deal of solvents need to be recovered and refined, and the solvent recovery
equipment, rectifying unit and drying system having a high processing capacity need to be constructed correspondingly.
Meanwhile, the water and oxygen content in the polymerization system should be necessarily and strictly controlled to
be several ppm or even lower to synthesize butyl rubber with high molecular weight. Thus the current technological
procedures for preparing isoolefin polymers (e.g. butyl rubber) by cationic polymerization are complicated, have strict
requirements on the equipment and raw materials and have a high production cost. The current similar cationic polym-
erization system uses organic solvents as the reaction medium, and requires that the water content therein is lower than
several ppm. In the current industrial production of cationic polymerization, the conventional cationic polymerization
processes and corresponding continuous polymerization technological procedures require extremely strict dehydration
and deoxygenation procedures, to enable the polymerization system and raw materials to achieve the rigor reaction
conditions of almost no oxygen and no water, and need to be conducted under the protection of high purity inert gases.
It enables the polymerization process and procedures to be extremely complicated and results in rigor requirements on
the operation conditions, high equipment investment, high production cost, great technical difficulties and many chemical
process units.
[0003] During the preparation of butyl rubber, the effect of heat transfer of organic solvents is relatively low. Particularly
for the solution polymerization system having a high viscosity, a great deal of instant reaction heat can not be effectively
removed in a short period of time unless there is a plurality of ethylene evaporating capacities. Then, it requires a complex
reactor and a great ethylene refrigerant circulation, so as to enable the refrigeration system to be bulky and complex.
CN101423579A further discloses a system and process in which the cold energy of liquefied natural gas (LNG) having
a low temperature (a pressure of 0.1-10 MPa and a temperature of -162°C∼-150°C) is used for synthesis of butyl rubber.
However, the refrigeration system is complex, and is difficult to be adjusted and controlled.
[0004] If water is used as the environmentally-friendly reaction medium for cationic polymerization, it may simplify the
polymerization and production process, the equipments and reaction conditions, reduce the production cost and improve
the heat and mass transfer. Therefore, it is significant to use an aqueous medium as the reaction medium for the cationic
polymerization.
[0005] There has been a growing interesting recently in the cationic polymerization using water as the reaction medium,
However, the prior art of vinyl monomer cationic polymerization in the aqueous reaction medium is faced with many
problems, such as high cost of initiating system, complex technological process low polymerization efficiency, low mo-
lecular weight of resulted polymer products and the like, Moreover, these Lewis acids which have a high cost or are
prepared specially are required as co-initiators. These problems in the prior art may refer to WO2004094481A2,
WO2004094486A1, JP10130315, JP11080221, "Cationic Polymerization of styrene in Solution and Aqueous Suspension
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Using B(C6F5)3 as a Water-Tolerant Lewis Acid" (Kostjuk S. V. and Ganachaud F., Macromolecules, vol.39), "Control-
led/living cationic polymerization of styrene with BF3·OEt2 as a coinitiator in the presence of water: Improvements and
limitations" (Radchenko A, V., Kostjuk S. V. and Vasilenko I. V., et al, European Polymer Journal, Vol.43, 2007), "Con-
trolled Cationic Polymerization of Cyclopentadiene with B(C6F5)3 as a Coinitiator in the Presence of Water" (Kostjuk S.
V., Radchenko A. V. and Ganachaud F., Journal of Polymer Science, Part A: Polymer Chemistry, Vol.46, 2008). Thus
the development of a new initiating system having a high activity, low cost, commercially obtainable raw materials and
being easy and convenient to be used in a polymerization process are the key points for solving the problems in cationic
polymerization in aqueous medium in the prior art, and can create conditions for simplifying the technological process,
increasing the polymerization efficiency, synthesizing high molecular weight polymer products, reducing the cost and
the like. However, the technologies and procedures of the cationic polymerization of the cationic-polymerizable monomers
co-initiated directly by Lewis acid such as AlCl3, AlRCl2, BF3, TiCl4, FeCl3, SnCl4, ZnCl2 and the like in the aqueous
medium or even in a reaction medium which is totally water have not been reported yet.
[0006] WO 2004/094486 A1 describes the cationic polymerization of isobutene by using 1,2-C6F4[B(Br)2]2 as a coin-
itiator in the presence of water.

Contents of the invention

[0007] One object of the present invention is to provide a polymerization process for cationic polymerization of vinyl
monomers, and the corresponding polymers obtained therefrom, so as to overcome one or more shortcomings in the
prior art. In particular, one object of the present invention is to provide a polymerization process for cationic homopoly-
merization or copolymerization of vinyl monomers in the aqueous reaction medium by the initiating system of the present
invention. These objects and other objects of the present invention are fulfilled by means of the embodiments of the
present invention described herein.
[0008] The technical solutions of the present invention include:
A polymerization process for the cationic polymerization as defined in claim 1.
[0009] The formation of the initiating system can comprise mixing an initiator, an additive, a Lewis acid and an optional
diluent; or firstly mixing the initiator with Lewis acid, then with the additive; or firstly mixing the additive with Lewis acid,
and then with the initiator.
[0010] The initiator can be directly added into the mixture of isoolefin monomers, optional copolymerizable monomers
and an aqueous reaction medium; or adding a part of the initiator into the mixture of isoolefin monomers, optional
copolymerizable monomers and an aqueous reaction medium, and mixing the remaining initiator with the additive and
Lewis acid and then adding into the polymerization system.
[0011] The initiating system can be formulated into the mixture solution with diluent such as organic solvent in the
aqueous reaction medium, or is directly used under the condition of no diluent.
[0012] The polymerization process can be a batchwise polymerization method, a semi-continuous polymerization
method or a continuous polymerization method. The present invention specially relates to a polymerization process for
cationic polymerization of isoolefin monomers in an aqueous reaction medium, and isoolefin polymers obtained therefrom.
In one embodiment, the present invention relates to a polymerization process for cationic polymerization of isoolefin
monomers and isoolefin polymers obtained therefrom. In one embodiment, the present invention relates to a polymer-
ization process for cationic polymerization of isoolefins with conjugated or non-conjugated diolefins and/or vinyl aromatic
compounds, and isoolefin polymers obtained therefrom.

Detailed Description of the Invention

[0013] The present invention provides an initiating system for cationic polymerization of vinyl monomers in an aqueous
reaction medium.
[0014] The present invention provides a cationic polymerization system comprising the initiating system of the present
invention, vinyl monomers, aqueous reaction medium and optional dispersant.
[0015] The present invention provides a polymerization process for cationic polymerization of vinyl monomers in an
aqueous reaction medium by using the initiating system of the present invention.
[0016] The present invention provides a polymerization process for cationic polymerization of vinyl monomers in an
aqueous reaction medium by using the initiating system of the present invention in the absence of organic medium such
as halogenated hydrocarbons.
[0017] The present invention provides a polymerization process for cationic polymerization of vinyl monomers in a
reaction medium which is totally water by using the initiating system of the present invention.
[0018] The present invention provides a polymer or copolymer prepared by polymerizing vinyl monomers in an aqueous
reaction medium by means of the initiating system of the present invention.
[0019] The following specific disclosure of the present invention is suitable for each aspect of the invention above.
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1. Initiating system

[0020] The initiating system of the present invention is an initiating system for initiating the cationic polymerization of
cationic-polymerizable monomers in an aqueous reaction medium. The initiating system of the present invention consists
of an initiator, Lewis acid, an additive and an optional diluent.

(1) Initiator

[0021] The initiator is selected from the group consisting of the compounds which can provide the cation source,
specifically from the group consisting of the compounds which can provide protons, or from the group consisting of the
organic tertiary alkyl or aralkyl functional compounds which are used as cationogens, or from the group consisting of
the adducts of hydrogen halides and monomers, or mixtures of these substances, preferably from the group consisting
of the compounds which can provide protons and/or of the adducts of hydrogen halides and monomers.
[0022] The compound which can provide protons is at least one selected from the group consisting of H2O, hydrogen
halide, protonic acid, carboxylic acid, alcohol and phenol. More specifically, the compound which can provide protons
is one or more selected from the group consisting of H2O, hydrogen halide, protonic acid, organic carboxylic acids
containing C1-C14 alkyl, aryl C1-C14 alkyl and C1-C14 alkylaryl, phenol, C1-C14 alkyl mono-substituted phenol or multi-
C1-C14 alky substituted phenol, alcohol containing C1-C14 alkyl and aryl C1-C14 alkyl. Said aryl or aryl in the aryl-containing
group may be, e.g. phenyl or naphthyl. In the present invention, water in the reaction medium may partially function as
an initiator.
[0023] The adducts of hydrogen halides and monomers are preferably selected from the group consisting of the
adducts of isobutene, styrene, α-methylstyrene, p-methylstyrene or vinyl ether with HCl, HBr or HI.
[0024] The organic tertiary alkyl or aralkyl functional compounds are one or more selected from the group consisting
of esters, alcohols, ethers, peroxides, epoxides or halides (e.g. chlorides), benzyl halides (e.g. benzyl chlorides) or
benzyl halides (e.g. benzyl chlorides) substituted by one or more C1-C14 alkyl group.
[0025] The molar ratio of the initiator to the monomer is (1.0 3 10-6-5.0 3 10-1):1, preferably (1.5310-6-4.0310-1):1
or (2310-6-3.0310-1):1, more preferably (2.2x 10-6-2.0310-1):1or (2.4310-6-1.5310-1):1.

(2) Lewis acid

[0026] According to the present invention, Lewis acid is a metal halide or an organic metal halide.
[0027] According to the present invention, Lewis acid may be one selected from the group consisting of the substances
satisfying the general formula MXn or mixtures thereof, wherein M is Al, Sn, Ti, Fe, Sb or Zn; X is F, Cl or Br; n is 2, 3, 4 or 5.
[0028] The MXn-type compound is preferably one or more selected from the group consisting of AlCl3, AlBr3, SnCl4,
TiCl4, TiBr4, FeCl3, SbCl5 and ZnCl2.
[0029] The molar ratio of the Lewis acid to the monomer is (9.0310-5-5.0310-1):1, preferably (1.0310-4-4.0310-1):1,
more preferably (1.5310-4-3.5310-1):1, more preferably (2.0310-4-3.0310-1):1, more preferably (2.5310-4-2.5310-1):1.

(3) Additive

[0030] According to the present invention, said additive may be at least one organic compound containing nitrogen,
oxygen, sulfur, phosphor atoms, and preferably have the general structural formula of R-X-Y.
[0031] The moiety R is selected from the group consisting of linear or branched or cyclic C1-C20 alkyl, aryl, aryl C1-C20
alkyl, C1-C20 alkylaryl, C1-C20 alkoxy, aryloxy or aryl C1-C20 alkoxy group, which are optionally substituted by halo or
nitro substituent, preferably from the group consisting of linear or branched or cyclic C1-C12 alkyl, phenyl, phenyl C1-C12
alkyl, C1-C12 alkylphenyl, C1-C12 alkoxy, aryloxy or aryl C1-C12 alkoxy group, which are optionally substituted by halo
or nitro substituent, wherein aryl or aryl in the aryl-containing group may be phenyl or naphthyl.
[0032] The moiety of X requires at least one of O atom, N atom, S atom and P atom, and the structure is preferably
one selected from the group consisting of -O-, -N--CO-, -COO-, -CON-, -S-, -SO-, -OSO-, -P-, -PO-, -PO3-, -PO4- and
-PS-, more preferably from the group consisting of -O-, -CO-, -COO-, -CON-, -S-, -SO-, -OSO-, -P-, -PO-, -PO3-, -PO4-,
and -PS-.
[0033] The moiety of Y is selected from the group consisting of H, halo, linear or branched or cyclic C1-C20 alkyl, aryl,
aryl C1-C20 alkyl, C1-C20 alkylaryl, C1-C20 alkoxy, aryloxy or aryl C1-C20 alkoxy, which are optionally substituted by halo
or nitro substituent, preferably from the group consisting of H, linear or branched or cyclic C1-C12 alkyl, phenyl, phenyl
C1-C12 alkyl, C1-C12 alkylphenyl, C1-C12 alkoxy, aryloxy or aryl C1-C12 alkoxy, which are optionally substituted by halo
or nitro substituent. R and Y, each is independently from the other, may be linked by the chemical bond so as to make
the molecules form a ring. Said aryl or the aryl in the aryl-containing group may be phenyl or naphthyl. Said halo is
preferably selected from the group consisting of chlorine and bromine.
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[0034] More specifically, the additive satisfying the structure of R-X-Y in the current compounds having the known
structure comprises the following types of compounds:
The oxygen-containing compound is preferably at least one of the compounds having the general structural formula,
i.e, ethers having the general structural formula R1OR2, alcohols or phenols having the general structural formula R3OH
ketones having the general structural formula R4COR5, or esters having the general structural formula R6COOR7,
wherein R1-R7 is selected from the group consisting of same or different linear or branched or cyclic C1-C20 alkyl, aryl
C1-C20 alkyl, aryl or C1-C20 alkylaryl, preferably C1-C12 alkyl, aryl C1-C12 alkyl, aryl or aryl C1-C12 alkyl, wherein aryl or
the aryl in the aryl-containing group may be phenyl or naphthyl.
[0035] The nitrogen-containing compound is preferably at least one of the compounds having the general structural
formula, i.e. amines having the general structural formula R8R9R10N, or amides having the general structural formula
R11CONR12R13, wherein R13 is selected from the group consisting of same or different linear or branched or cyclic
C1-C20alkyl, aryl C1-C20alkyl, aryl or C1-C20 alkylaryl, preferably same or different C1-C12 alkyl, aryl C1-C12 alkyl, aryl
or C1-C12 alkylaryl; R8-R12 is selected from the group consisting of H, same or different linear or branched or cyclic
C1-C20 alkyl, aryl C1-C20 alkyl or aryl, preferably H, same or different C1-C12 alkyl, aryl C1-C12 alkyl, aryl or C1-C12
alkylaryl, wherein aryl or the aryl in the aryl-containing group may be phenyl or naphthyl.
[0036] The sulfur-containing compound is preferably at least one of the substances having the following general
formulae, i.e. compounds of thioethers (R14-S-R15), sulfones (R16R17SO2,) and sulfoxides (R18R19SO) or derivatives
thereof, wherein R14-R19 respectively and independently represent linear or branched or cyclic C1-C20 alkyl, aryl, aryl
C1-C20 alkyl, C1-C20 alkylaryl, C1-C20 alkoxy, aryloxy or aryl C1-C20 alkoxy, which are optionally substituted by halo or
nitro substituent, or R14 and R15, R16 and R17 or R18 and R19 are bonded to form C4-C20alkylidene radical or
cycloalkylidene , preferably C1-C12 alkyl, aryl, aryl C1-C12 alkyl C1-C12 alkylaryl, C1-C12 alkoxy, aryloxy or aryl C1-C12
alkoxy, which are optionally substituted by halo or nitro substituent, or R14 and R15, R16 and R17 or R18 and R19 are
bonded to form C4-C12 alkylidene radical or cycloalkylidene , wherein aryl or the aryl in the aryl-containing group may
be phenyl or naphthyl.
[0037] The phosphor-containing compound is preferably at least one of the substances having the following general
formulae, i.e. phosphines (R20PR21R22), phosphine oxides (R23R24R25PO), phosphates (R26R27R28PO4), phosphite
(R29R30R31PO3) wherein R20, R23, R26 and R29 may represent H, halo, linear or branched or cyclic C1-C20 alkyl, aryl,
aryl C1-C20 alkyl, C1-C20 alkylaryl, C1-C20 alkoxy, aryloxy or aryl C1-C20 alkoxy, which are optionally substituted by halo
or nitro substituent preferably H, halo, C1-C12 alkyl, aryl, aryl C1-C12 alkyl, C1-C12 alkylaryl, which are optionally substituted
by halo or nitro substituent; R21, R22, R24, R25, R27 and R28 respectively and independently represent linear or branched
or cyclic C1-C20 alkyl, aryl, aryl C1-C20 alkyl, C1-C20 alkylaryl, which are optionally substituted by halo or nitro substituent,
preferably C1-C12 alkyl, aryl, aryl C1-C12 alkyl, C1-C12 alkylaryl, which are optionally substituted by halo or nitro substituent,
wherein aryl or the aryl in the aryl-containing group may be phenyl or naphthyl; said halo is preferably selected from the
group consisting of chlorine and bromine.
[0038] The sulfur- and phosphor-containing compound is preferably at least one of the compounds having the general
structural formula R30PSR31R32 and derivatives thereof, wherein R30, R31 and R32 respectively and independently
represent H, halo, linear or branched or cyclic C1-C20 alkyl, aryl, aryl C1-C20 alkyl, C1-C20 alkylaryl, C1-C20 alkoxy, aryloxy
or aryl C1-C20 alkoxy, which are optionally substituted by halo or nitro substituent, preferably H, halo, C1-C12 alkyl, aryl,
aryl C1-C12 alkyl, C1-C12 alkylaryl, C1-C12 alkoxy, aryloxy or aryl C1-C12 alkoxy, which are optionally substituted by halo
or nitro substituent, wherein aryl or the aryl in the aryl-containing group may be phenyl or naphthyl; said halo preferably
selected from the group consisting of chlorine and bromine.
[0039] In one embodiment, said additive may be a compound of the structural formula R1-X-Y, or mixtures thereof,
wherein R1 is selected from the group consisting of C1-C20 alkyl, aryl C1-C20 alkyl, aryl, C1-C20 alkylaryl, halo-substituted
C1-C20 alkyl, halo-substituted aryl C1-C20 alkyl, substituted aryl and halo-substituted C1-C20 alkylaryl, preferably from
the group consisting of C1-C8 alkyl, phenyl C1-C8 alkyl, phenyl, C1-C8 alkylphenyl, chlorine substituted C1-C8 alkyl,
chlorine substituted phenyl C1-C8 alkyl, chlorine substituted phenyl or chlorine substituted C1-C8 alkylphenyl, wherein
aryl or aryl in the aryl-containing group may be phenyl or naphthyl.
[0040] The structure of X at least comprises one of O atom and N atom, preferably one of -O-, -N-, -CO-, -COO- and
-CON-, more preferably one of-O-, -CO-, -COO-and -CON-.
[0041] Y is selected from the group consisting of H, C1-C20 alkyl, aryl C1-C20 alkyl, aryl C1-C20 alkylaryl, halo-substituted
C1-C20 alkyl, halo-substituted aryl C1-C20 alkyl halo-substituted aryl or halo-substituted C1-C20 alkylaryl, preferably from
the group consisting of H, C1-C8 alkyl, phenyl C1-C8 alkyl, phenyl or C1-C8 alkylphenyl, chlorine-substituted C1-C8 alkyl,
chlorine-substituted phenyl C1-C8 alkyl, chlorine-substituted phenyl and chlorine-substituted C1-C8 alkylphenyl-, wherein
aryl or aryl in the aryl-containmg group may be phenyl or naphthyl.
[0042] Among the above additives, alcohol compounds may be selected from the group consisting of methanol, ethanol,
propanol, butanol, amyl alcohol, hexanol, enanthol, octanol, benzyl alcohol, phenylethyl alcohol, phenylpropanol, phe-
nylbutyl alcohol, methyl benzyl alcohol; ether compounds may be selected from the group consisting of ethyl ether,
propyl ether, butyl ether, amyl ether, hexyl ether, heptyl ether, octyl ether, anisole, phenyl propyl ether, phenyl butyl
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ether, diphenyl ether, xylene either, dibenzyl ether, dichlorobenzene ether and dichloromethylbenzene ether. Ketone
compound may be selected from the group consisting of acetone, butanone, pentanone, hexanone, heptanone, octanone
acetophenone, phenylethylketone, phenyl propyl ketone, valerophenone, phenylamylketone and phenylhexylketone.
Ester compounds may be selected from the group consisting of methyl acetate, ethyl acetate, ethyl monochloroacetate,
ethyl dichloroacetate, ethyl trichloroacetate, propyl acetate, butyl acetate, methyl propionate, ethyl propionate, propyl
propionate, butyl propionate, methyl acrylate, ethyl acrylate, propyl acrylate, butyl acrylate, amyl acrylate, methyl butyrate,
ethyl butyrate, propyl butyrate, butyl butyrate, meth methacrylate, ethyl methacrylate, propyl methacrylate, butyl meth-
acrylate, amyl methacrylate, methyl benzoate, ethyl benzoate, propyl benzoate, butyl benzoate, amyl benzoate, hexyl
benzoate, heptyl benzoate, octyl benzoate, dimethyl phthalate, diethyl phthalate, dipropyl phthalate, diallyl phthalate,
dibutyl phthalate, dioctyl phthalate, dimethyl terephthalate, diethyl terephthalate, dipropyl terephthalate, and dibutyl
terephthalate,
[0043] Among the above additives, amine compounds may be selected from the group consisting of diethylamine,
triethylamine, diphenylamine, amylamine, diethylmethylamine, N,N-dimethylhexylamine, N-methylbutylamine,
N,N-dimethylbutylamine, N-ethylbutylamine, hexylamine, N-metbylhexylamipe, N-butylpropylamine, heptyl amine, 2-
aminoheptane, 3-aminoheptane, N,N-dipropylethylamine, N,N-dimethylhexylamine, octylamine, aniline, benzylamine,
N-methylaniline, phenylbutylamine, N-butylaniline, N,N-diethylaniline, 2,6-diethylaniline, and triphenylamine. Amide
compoudns may be selected from the group consisting of N,N-dimethylfonnamide, N,N-dimethylacetamide, N,N-diethyl-
formamide and N,N-diethylacetamide.
[0044] In another embodiment, the additive may be one or more selected from the group consisting of sulfur-containing
organic compounds, phosphor-containing organic compounds and sulfur- and phosphor-containing organic compounds.
[0045] More specifically, the sulfur-containing organic compound is preferably at least one selected from the group
consisting of compounds of thioethers R1-S-R2, sulfones R3R4SO2 and sulfoxides R5R6SO, or derivatives thereof,
wherein R1-R6 respectively and independently linear or branched or cyclic C1-C20 alkyl, aryl aryl C1-C20 alkyl, C1-C20
alkylaryl, C1-C20 alkoxy, aryloxy or aryl C1-C20 alkoxy which are optionally substituted by halo or nitro substituent, or
R1-R6 are bonded with functional groups to form C4-C20 cycloalkylidene radical or aryl-substituted alkylidene radical,
wherein aryl or the aryl in the aryl-containing group may be phenyl or naphthyl.
[0046] Preferably, thioether compounds may be selected from the group consisting of diethyl sulfide, dipropyl sulfide,
diisopropyl sulfide, dibutyl sulfide, diamyl sulfide, dihexyl sulfide, diheptyl sulfide, diphenyl sulfide, dinaphthyl sulfide,
dianthryl sulfide, dibenzyl sulfide, xylyl sulfide, dichlorobenzene sulfide, dinitrophenyl sulfide, methylethyl sulfide, meth-
ylpropyl sulfide, methylbutyl sulfide, methylphenyl sulfide, ethylphenyl sulfide, propylphenyl sulfide butylphenyl sulfide,
cyclobutyl sulfide, cyclopentyl sulfide, cyclohexyl sulfide, cycloheptyl sulfide, cyclododecyl sulfide. More preferably,
thioether compounds may be selected from the group consisting of dipropyl sulfide, dibutyl sulfide, diphenyl sulfide,
dinaphthyl sulfide, dianthryl sulfide, and dibenzyl sulfide.
[0047] Preferably, sulfoxide compounds may be selected from the group consisting of dimethyl sulfoxide, diethyl
sulfoxide, dipropyl sulfoxide, dibutyl sulfoxide, diamyl sulfoxide, dihexyl sulfoxide, diheptyl sulfoxide, diphenyl sulfoxide,
dinaphthyl sulfoxide, dianthryl sulfoxide, dibenzyl sulfoxide, xylyl sulfoxide, dichlorobenzene sulfoxide, dinitrophenyl
sulfoxide, methylethyl sulfoxide, methylpropyl sulfoxide, methylbutyl sulfoxide, methylphenyl sulfoxide, ethylphenyl sul-
foxide, propyiphenyl sulfoxide, butylphenyl sulfoxide, cyclobutyl sulfoxide, cyclopentyl sulfoxide, cyclohexyl sulfoxide,
cycloheptyl sulfoxide, isobutyldodecyl sulfoxide. More preferably, sulfoxide compounds may be selected from the group
consisting of dimethyl sulfoxide, dipropyl sulfoxide, dibutyl sulfoxide, diphenyl sulfoxide, dinaphthyl sulfoxide, dianthryl
sulfoxide, dibenzyl sulfoxide, xylyl sulfoxide, and dichlorobenzene sulfoxide
[0048] Preferably, sulfone compounds may be selected from the group consisting of dimethyl sulfone, diethyl sulfone,
dipropyl sulfone, dibutyl sulfone, diamyl sulfone, dihexyl sulfone, diheptyl sulfone, diphenyl sulfone, dinaphthyl sulfone,
dianthryl sulfone, dibenzyl sulfone, xylyl sulfone, dichlorobenzene sulfone, dinitrophenyl sulfone, methylethyl sulfone,
methylpropyl sulfone, methylbutyl sulfone, methylphenyl sulfone, ethylphenyl sulfone, propylphenyl sulfone, butylphenyl
sulfone, cyclobutyl sulfone, cyclopentyl sulfone, cyclohexyl sulfone, cycloheptyl sulfone, cyclododecyl sulfone. More
preferably, sulfone compounds may be selected from the group consisting of dimethyl sulfone, dipropyl sulfone, dibutyl
sulfone, diphenyl sulfone, dinaphthyl sulfone, dibenzyl sulfone, xylyl sulfone, dichlorobenzene sulfone and cyclobutyl
sulfone.
[0049] The phosphor-containing organic compound is at least one of the organic phosphines R7PR8R9, organic phos-
phine oxides R10R11R12P=O, organic phosphates R13R14R15PO4, organic phosphites R16R17R18PO3, or derivatives
thereof, wherein R7, R10, R13 and R16 in R7-R18 may represent H, halo, linear or branched or cyclic C1-C20 alkyl, aryl,
aryl C1-C20 alkyl or C1-C20 alkylaryl, which are optionally substituted by halo or nitro substituent; R8, R9, R11, R12, R14,
R15, R17 and R18 respectively and independent represent linear or branched or cyclic C1-C20 alkyl, aryl, aryl C1-C20 alkyl
or C1-C20 alkylaryl, which are optionally substituted by halo or nitro substituent; wherein aryl or the aryl in the aryl-
containing group may be phenyl or naphthyl; said halo is preferably selected from the group consisting of chlorine and
bromine.
[0050] Preferably, phosphine compounds may be selected from the group consisting of triethyl phosphine, tripropyl
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phosphine, tributyl phosphine, triamyl phosphine, trihexyl phosphine, triheptyl phosphine, triphenyl phosphine, trinaphthyl
phosphine, trianthryl phosphine, tribenzyl phosphine, trimethylphenyl phosphine trichlorophenyl phosphine, trinitrophenyl
phosphine, dimethyl phosphine, diethyl phosphine, dipropyl phosphine, dibutyl phosphine, diamyl phosphine, dihexyl
phosphine, diheptyl phosphine, diphenyl phosphine, diphenylphosphine chloride, dinaphthyl phosphine, dianthryl phos-
phine, dibenzyl phosphine, xylyl phosphine; methyldiphenyl phosphine, ethyldiphenyl phosphine, propyl diphenyl phos-
phine, butyldiphenyl phosphine, tributoxyl phosphine, triphenoxyl phosphine. More preferably, phosphine compounds
may be selected from the group consisting of tripropyl phosphine, tributyl phosphine, triphenyl phosphine, trinaphthyl
phosphine, tribenzyl phosphine, trimethylphenyl phosphine and trichlorophenyl phosphine.
[0051] Preferably, phosphine oxide compounds may be selected from the group consisting of trimethyl phosphine
oxide, triethyl phosphine oxide, tripropyl phosphine oxide, tributyl phosphine oxide, triamyl phosphine oxide, trihexyl
phosphine oxide, triheptyl phosphine oxide, triphenyl phosphine oxide, trinaphthyl phosphine oxide, trianthryl phosphine
oxide, tribenzyl phosphine oxide, trimethylphenyl phosphine oxide, trichlorophenyl phosphine oxide, trinitrophenyl phos-
phine oxide, dimethyl phosphine oxide, dimethylchloro phosphine oxide, diethyl phosphine oxide, dipropyl phosphine
oxide, dibutyl phosphine oxide, diamyl phosphine oxide, dihexyl phosphine oxide, diheptyl phosphine oxide, diphenyl
phosphine oxide, dinaphthyl phosphine oxide, dianthryl phosphine oxide, dibenzyl phosphine oxide, dimethylphenyl
phosphine oxide, dichlorophenyl phosphine oxide, dinitrophenyl phosphine oxide, methyldiphenyl phosphine oxide,
ethyldiphenyl phosphine oxide, propyldiphenyl phosphine oxide, butyldiphenyl phosphine oxide. More preferably, phos-
phine oxide compounds may be selected from the group consisting of trimethyl phosphine oxide, tripropyl phosphine
oxide, tributyl phosphine oxide, triphenyl phosphine oxide, trinaphthyl phosphine oxide, trianthryl phosphine oxide, triben-
zyl phosphine oxide, trimethylphenyl phosphine oxide, trichlorophenyl phosphine oxide, diphenyl phosphine oxide and
diphenylchloro phosphine oxide.
[0052] Preferably, phosphate compounds may be selected from the group consisting of trimethyl phosphate, triethyl
phosphate, tripropyl phosphate, tributyl phosphate, triamyl phosphate, trihexyl phosphate, triheptyl phosphate, triphenyl
phosphate, trinaphtbyl phosphate, trianthryl phosphate, tribenzyl phosphate, trimethylphenyl phosphate, trichlorophenyl
phosphate, trinitrophenyl phosphate, dimethyl phosphate, dimethyl chlorophosphate, diethyl phosphate, dipropyl phos-
phate; dibutyl phosphate, diamyl phosphate, dihexyl phosphate, diheptyl phosphate, diphenyl phosphate, dinaphthyl
phosphate, dianthryl phosphate, dibenzyl phosphate, dimethylphenyl phosphate, dichlorophenyl phosphate, dinitroph-
enyl phosphate, methyldiphenyl phosphate, ethyldiphenyl phosphate, propyldiphenyl phosphate, butyldiphenyl phos-
phate More preferably, phosphate compounds may be selected from the group consisting of trimethyl phosphate, triethyl
phosphate, tripropyl phosphate, tributyl phosphate, triphenyl phosphate and tribenzyl phosphate.
[0053] Preferably, phosphite compounds may be selected from the group consisting of trimethyl phosphite, triethyl
phosphite, tripropyl phosphite, tributyl phosphite, triamyl phosphite, trihexyl phosphite, triheptyl phosphite, triphenyl
phosphite, trinaphthyl phosphite, tribenzyl phosphite, trimethylphenyl phosphite, trichlorophenyl phosphite, trinitrophenyl
phosphite, dimethyl phosphite, diethyl phosphite, dipropyl phosphite, dibutyl phosphite, diamyl phosphite, dihexyl phos-
phite, diheptyl phosphite, diphenyl phosphite, dibenzyl phosphite, dimethylphenyl phosphite, dichlorophenyl phosphite,
dinitrophenyl phosphite, methyldiphenyl phosphite, ethyldiphenyl phosphite, propyldiphenyl phosphite, butyldiphenyl
phosphite More preferably, phosphite compounds may be selected from the group consisting of trimethyl phosphite,
triethyl phosphite, tripropyl phosphite, tributyl phosphite, triphenyl phosphite and tribenzyl phosphite.
[0054] The sulfur- and phosphor-containing organic compound is at least one of the substances having the general
structural formula R19PSR20R21, and derivatives thereof, wherein R19, R20 and R21 respectively and independent rep-
resent H, halo, same or different linear or branched or cyclic C1-C20 alkyl, aryl, aryl C1-C20 alkyl, C1-C20 alkylaryl, C1-C12
alkoxy, aryloxy or aryl C1-C12 alkoxy group, which are optionally substituted by halo or nitro substituent, wherein aryl or
the aryl in the aryl-containing group may be phenyl or naphthyl; said halo is preferably selected from the group consisting
of chlorine and bromine.
[0055] Preferably, sulfur- and phosphor-containing organic compound may be selected from the group consisting of
trimethyl phosphorous sulfide, triethyl phosphorous sulfide, triethoxyl phosphorous sulfide, tripropyl phosphorous sulfide,
tributyl phosphorous sulfide, tributoxyl phosphorous sulfide, triphenyl phosphorous sulfide, triphenoxyl phosphorous
sulfide, methyldiphenyl phosphorous sulfide ethyldiphenyl phosphorous sulfide, trinaphthyl phosphorous sulfide, trian-
thryl phosphorous sulfide, tribenzyl phosphorous sulfide, tritolyl phosphorous sulfide trichlorophenyl phosphorous sulfide,
trinitrophenyl phosphorous sulfide, dimethyl phosphorous sulfide, diethyl phosphorous sulfide, dimethyl thiophosphoryl
chloride. More preferably, sulfur- and phosphor-containing organic compound may be selected from the group consisting
of trimethyl phosphorous sulfide, triethyl phosphorous sulfide and triphenyl phosphorous. sulfide.
[0056] The additive may be the mixture of many compounds above.
[0057] The molar ratio of the additive to the monomer is (1 3 10-4-5.0 3 10-1):1, preferably (2.0 3 10-4-4.5 3 10-1):1
or (2.5 3 10-4-4.0 3 10-1):1, preferably (2.8 3 10-3-3.0 3 10-1):1, more preferably (3.3 3 10-3-2.8 3 10-1):1.
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(4) Optional diluent

[0058] The diluent may be any organic or inorganic solvent capable of mixing with other ingredients in the initiating
system of the present invention to form a solution or dispersion. The organic solvent is preferred, and is one selected
from the group consisting of alkanes, cycloalkanes, aromatics and halogenated hydrocarbons, or mixtures thereof.
Halogenated hydrocarbons are, e.g. halogenated alkanes, halogenated cycloalkanes or halogenated aromatics, Arenes
are, e.g. phenyl and mono-or multi-substituted alkylbenzene.
[0059] In one embodiment, the diluent may be the organic solvent in the aqueous reaction medium as stated in this
invention.
[0060] The initiating system can be in-situ formed in the polymerization system, or pre-prepared before the polymer-
ization. The initiating system may be prepared by various methods and is convenient to use. For example, the initiator,
additive and Lewis acid are mixed according to different feeding manners and then directly used, or used after the
reaction lasts a period of time; or the initiator is firstly mixed with Lewis acid, and then with the additive, and then directly
used, or used after the mixing for a period of time; or the additive is mixed with Lewis acid and then directly used, or
used in combination with the initiator after the reaction lasts a period of time. The initiator may be added into the mixture
of the additive and Lewis acid, or the mixture of monomers and the reaction medium, to in-situ form an initiating system;
or a part of the initiator is added into the mixture of monomers/reaction medium; and the remaining initiator is mixed with
the additive and Lewis acid, and directly used or used after the mixing lasts a period of time. The temperature of mixing
or reaction of the ingredients above may range from -90 °C to 50 °C. The initiating system may be used with the diluent,
or directly used under the condition of no diluent. Any optional diluent may be added into other ingredients of the initiating
system, or any mixture of these ingredients at any time. In addition, the initiating system has the advantage of storage
stability, and even maintains the activity after being deposited for several days or several months.
[0061] In the polymerization process of the present invention, the initiator, Lewis acid or additive may be directly used,
or used after being formulated into the mixture solution with the mentioned diluents.

2. Monomers

[0062] The isoolefin polymers of the present invention comprise homopolymers of isoolefin monomers and copolymers
of isoolefin monomers and copolymerizable monomers.

Isoolefin monomers

[0063] Isoolefin monomers used herein are various isoolefin monomers commonly used in the art, e.g. isoolefin mon-
omers disclosed in US5668232A. The full text of such patent is incorporated herein.
[0064] Isoolefin monomers having the following general structural formula are preferably used in the present invention:

CH2=CR1R2

wherein R1 represents H, C1-C10alkyl, preferably methyl; R2 represents C1-C10 alkyl or C3-C10 cycloalkyl.
[0065] Preferred isoolefins are selected from the group consisting of isobutene, 2-methylbutene, 3-methylbutene, 2-
methyl-amylene, 3-methyl-amylene, 4-methylamylene or β-pinene (referring to US4269955 and US4154916), more
preferably isobutene, 2-methylbutene and 2-methyl-pentylene.

Copolymerizable monomers

[0066] Copolymerizable monomers used in the present invention comprise mono- or multi-unsaturated organic com-
pounds, e.g. selected from conjugated or non-conjugated C4-C20 diolefins, such as those disclosed in US5668232A,
and vinyl aromatics, such as those disclosed in US200400149A1, or combinations of C4-C20 diolefins and vinyl aromatics.
[0067] Said C4-C20 diolefins are one or more selected from the group consisting of butadiene, isoprene, 1,3-pentadiene,
piperylene, 2,3-dimethyl butadiene, 2,4-dimethyl-1,3-butadiene, cyclopentadiene, methylcyclopentadiene, 1,3-cyclohex-
adiene, dimethylfulvene, limonene and laurene. More preferably, diolefins are selected from conjugated or non-conju-
gated C4-C10 diolefins, specially conjugated C4-C10 diolefins, in particular, e,g. one or more from isoprene, piperylene,
cyclopentadiene and 2,3-dimethylbutadiene, more preferably isoprene.
[0068] Vinyl aromatics are preferably selected from the group consisting of styrene, α-methyl styrene, p-methylstyrene,
p-chioromethylstyrene, p-methoxystyrene, p-t-butylstyrene, p-t-butoxylstyrene, p-vinylstyrene and indene, more prefer-
ably one or more from styrene, p-methylstyrene, p-chloromethylstyrene, p-t-butylstyrene, p-vinylstyrene, most preferably
one or more from p-methylstyrene, p-vinylstyrene and p-t-butyisryrene.
[0069] During the preparation of the copolymers of the present invention, any combination of isoolefins and copoly-
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merizable monomers mentioned above can be used. Preferred combinations are selected from the group consisting of,
e.g. isobutene with isoprene, isobutene with piperylene, isobutene with cyclopentadiene, isobutene with p-methylstyrene,
isobutene with p-t-butylstyrene, isobutene with p-vinylstyrene. More preferred combinations are selected from the group
consisting of, e.g. isobutene with isoprene, isobutene with p-methylstyrene and isobutene with p-vinylstyrene.
[0070] Said monomers can be used directly or after being formulated with the diluent into the solution. Said diluent
may be the organic solvent in the reaction medium, which is selected from the mixed solvents consisting of one or more
selected from the group consisting of olefins, alkanes, or cycioalkanes (e.g. ethylene, ethane, propane, butane, pentane,
hexane, octane, cyclohexane, methylcyclohexane, petroleum ether) or halogenated hydrocarbons.
[0071] The polymerization reaction of the present invention includes the homopolymerization and copolymerization
of monomers above. In the polymerization system, the monomers have a concentration of 0.4 mol/L - 7.0 mol/L.

3. Aqueous reaction medium

[0072] The aqueous reaction medium of the present invention is a reaction medium in which water is prominant or a
reaction medium which is totally water. In the aqueous reaction medium, water is preferably from 3.5% to 100%, more
preferably from 5% to 100% by volume in the reaction medium.
[0073] The organic solvent or diluent is any one of olefins, alkanes, cycloalkanes, aromatics or halogenated hydro-
carbons, or mixtures thereof. Preferably, the organic solvent is at least one of linear or branched or cyclic C1-C20 olefins,
alkanes, cycloalkanes, aromatics or halogenated hydrocarbons, preferably C2-C3 olefins, C1-C12 alkanes, C3-C12 cy-
cloalkanes, aromatics or halides thereof. More specifically, the olefins are, e.g. ethylene; the organic solvent is selected
from the group consisting of ethane, propane, butane, pentane, hexane, heptane, octane, nonane, decane, petroleum
ether, cyclohexane, methylcyclohexane, isomers thereof and halides thereof. In the specific embodiments of the present
invention, the aqueous reaction medium may contain no halogenated hydrocarbons.
[0074] Preferably, the volume ratio of water in the aqueous reaction medium to cationic-polymerizable monomers,
e.g. vinyl monomers, is (0.03-25):1, preferably (0.04-23.0):1, preferably (0.05-21):1, more preferably (0.05-19):1.
[0075] In the polymerization system of the present invention, the volume ratio of the organic solvent to monomers may
be (0-12): 1, preferably (0-10): 1.
[0076] The medium may contain additional water-soluble compounds. The water-soluble compounds are one or more
selected from the group consisting of ionic compounds, such as alkaline metal salt IAP or ammonium salts, inorganic
protonic acid, organic acid and the like, or alcohols, wherein IA is an alkali metal of lithium, sodium or potassium; P is
chlorine, bromine or an acid radical. Said alkaline metal salts or ammonium salt compounds are one or more preferably
selected from the group consisting of sodium chloride, lithium chloride, potassium chloride, potassium bromide, sodium
dodecyl sulfate, sodium dodecyl sulfonate, ammonium trimethylhexadecyl bromide. The inorganic protonic acid is one
or more preferably selected from sulfuric acid, hydrochloric acid and fluoboric acid. The organic acid is one or more
preferably selected from C1-C5 saturated or unsaturated acids, e.g. formic acid and acetic acid. The alcohol is one or
more preferably selected from C1-C5 saturated or unsaturated acids, including mono-alcohols or polyols, e.g. methanol,
ethanol, propanol, ethylene glycol, propylene glycol and propanediol The mass ratio of the water-soluble compound to
monomers is (0-8.0):1, preferably (0-6.5):1. For example, the mass ratio of the alkaline metal salt or ammonium salt in
the reaction medium, or protonic acid or mixtures thereof to cation-polymerizable monomers, e.g. vinyl monomers, is
(0-6.2):1. Such compound may reduce the solidifying point of the reaction medium, enabling the reaction to be conducted
under a low temperature.

4. Dispersant

[0077] The present process enables the polymerization system to exhibit a heterogeneous polymerization system in
a homogeneously dispersed state, so as to increase the reaction efficiency and product quality, to obtain the polymer
products having a high monomer conversion and a high molecular weight of polymer resultant and to break through the
current technical difficulties.
[0078] In the cationic polymerization process of the present invention, the polymerization system comprises a reaction
medium, monomers, an initiator, a Lewis acid, an additive, an optional diluent and an optional dispersant, wherein
monomers are cationic-homopolymerized or copolymerized to obtain the corresponding homopolymers or copolymers.
[0079] The dispersant is at least one of amphiphilic compounds.
[0080] The dispersant of the present invention is an amphiphilic compound having the general structure formula W-
O, wherein W is one or more hydrophilic group selected from the group consisting of hydroxyl, carboxyl, alkoxyl, ester
groups, ammonium ion, sulfate ion, and benzene sulfonate ion; O is an lipophilic group of C6-C20 alkyl, aryl, aryl C6-C20
alkyl or C6-C20 alkylaryl, which are optionally substituted by halo or nitro. If any, the mass ratio of the dispersant and
monomers is (0-0.4):1, preferably (1.0 3 10-4-3,0 3 10-1):1 or preferably (2.0 3 10-4-2.0 3 10-1): 1.
[0081] In one embodiment, the more preferred dispersant is at least one from alcohols acids, alkylbenzene sulfonates,
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fatty acid ester sulfonates, alkyl sulfates, fatty alcohol polyoxyethylene ether, alkyl phenol polyoxyethylene ether, fatty
acid polyoxyethylene ether, polyoxyethylene alkyl amine, sorbitan fatty acid ester and epoxy ethanol adducts thereof,
and alkyl ammonium halide. More preferred examples include at least one from dodecyl trimethyl ammonium bromide
octylphenol polyoxyethylene ether, hexadecyl alcohol, oleic acid, sorbitan monostearate, sorbitan oleate, and polyox-
yethylene sorbitol monolaurate.
[0082] In the practical application, the amount of the dispersant depends on the type of the dispersant, the type and
amount of the additive, the type and amount of Lewis acid, the type and amount of monomers, the type and amount of
organic solvents; and water content in the reaction medium. As for the same dispersant and the determined polymerization
reaction system, if the amount of the dispersant is too low, it will not have the effect of homogeneous dispersion and be
difficult in stabilizing the polymerization reaction system; if the amount of the dispersant is too high, the cost will be
increased, leading to increases in the post-treatment procedures and the difficulty of isolation and purification of products
although there is better dispersion effect. According to the present invention, the cationic polymerization of monomers
can be achieved in an aqueous medium by using the mentioned dispersants, and the polymerization system exhibits a
homogeneously dispersed effect, so as to be advantageous to increase the heat and mass transfer and simultaneously
to increase the homogeneity of temperature distribution in the polymerization system, in particular to increase the po-
lymerization conversion and the molecular weight of the product. These effects cannot be achieved by the prior art.

5. Polymerization process

[0083] The present invention provides a process of cationic polymerization of monomers induced with the aforesaid
initiating system in the aqueous reaction medium.
[0084] In the polymerization process, the polymerization system comprises a reaction medium, monomers, an initiating
system, an optional diluent and an optional dispersant. According to the present invention, cationic-polymerizable mon-
omers are homopolymerized or copolymerized with the said initiating system in an aqueous reaction medium to obtain
the corresponding homopolymers or copolymers. The polymerization process is conducted by a batchwise polymerization
method, a semi-continuous polymerization method or a continuous polymerization method.
[0085] The cationic polymerization of the present invention is conducted at a temperature ranging from -120 °C to 50
°C, preferably from -90 °C to 35 °C, more preferably from -75°C to 15°C.
[0086] The polymerization time is a function of factors, such as monomer conversion, polymerization conditions and
production efficiency, etc. The time for the cationic polymerization process according to the present invention is from
0.1 min to 120 min.
[0087] The cationic polymerization process and procedures are characterized in polymerising the vinyl monomers in
an aqueous reaction medium with the initiating system of the present invention, wherein the polymerization system
exhibits a homogeneously dispersed state.
[0088] The cationic polymerization process and procedures are further characterized in the cationic polymerization of
vinyl monomers in an aqueous medium with the initiating system of the present invention, wherein the halogenated
hydrocarbon organic medium may be not involved therein, and the reaction system exhibits a homogeneously dispersed
state,
[0089] The cationic polymerization process and procedures are further characterized in polymerising vinyl monomers
in a reaction medium which is totally water using the initiating system of the present invention, wherein the reaction
system exhibits a homogeneously dispersed state.
[0090] The polymerization process of the present invention can be conducted in the conventional reactor, e.g. a stirred
reactor or a turbulence reactor after homogeneous stirring and mixing.
[0091] The polymerization process of the present invention needs no pipeline, apparatus or procedure protected by
high-purity inert gases, which is different from the prior art.
[0092] In the cationic polymerization process of the present invention, the polymer particles in the reaction system are
homogeneously and stably dispersed, and not easy to agglomerate. The monomer conversion, the molecular weight
and molecular weight distribution of the polymers obtained can be adjusted within a large scope. The polymerization
proceeds rapidly with a high reaction efficiency, and the conversion may achieve as high as 80% within 1 h.
[0093] The present polymerization process with the dispersant, which is different from the prior art, not only can achieve
the homogeneously dispersed polymerization system having fine particles with a particle size ranging from 1 mm to
3,000 mm, but also is advantageous to increase the mass transfer and heat transfer in the polymerization system, or
even can achieve the effect of increasing monomer conversion and molecular weight of the polymer products, and of
mediating the molecular weight distribution of the polymer products. The process of the present invention can enable
the polymerization system to show a homogeneously dispersed state, even under the circumstance of increasing the
polymer concentration or polymerization temperature, and can achieve the objects of increasing the production efficiency
and reducing the energy consumption at the same time. The process of the present invention can also increase the
production efficiency of the equipment and reduce the product cost by further increasing the monomer concentration
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and the monomer conversion during polymerization. In particular, as compared with the currently industrial polymerization
technological process at a temperature of -100 °C, the technique of the present invention can achieve polyisobutenes
having a molecular weight as high as 6 3 105 or higher at polymerization temperature of -60 °C, so as to achieve the
object of saving energy and reducing consumption.
[0094] The present invention provides an economical and easy-to-conduct process capable of initiating the cationic
polymerization of vinyl monomers in a reaction medium containing water by the initiating system in-situ produced or pre-
preparaed from an initiator, a common Lewis acid and a suitable additvie wherein the initiator may be additionally added,
or water is used as the initiator (without adding any additional initiator having other structures). By controlling the po-
lymerization conditions, the polymer products having a low, medium or high moleaular weight can be synthesized. In
particular, the technique of the present invention can increase the molecular weight of the polymer products up to about
1 3 106, which is obviously superior to the prior art and overcomes the techncial difficulty of low molecular weight of the
polymer products therin.
[0095] The polymerization process of the present invention not only can simplify the polymerization process and
procedures, but also can reduce the cost. Water is used as the reaction medium, and as such is environmentally-friendly
and has an appreciable commercial application prospect. Taking the production of butyl rubber as an example, the
improved technological process can be briefly described by Fig.1 with using one embodiment of the present invention.
As compared with the current corresponding polymerization technique, the present invention greatly simplifies the tech-
nological process, minimizes the use of solvents, recovery system and equipment, and even needs no halogenated
alkane and leaves out the use of organic solvents, so as to notably reduce the equipment amount, increase the production
efficiency and reduce the production cost.
[0096] The present invention has the following prominent advantages:

1. The conventional Lewis acid may be used in the cationic polymerization process conducted in an aqueous reaction
medium or even a reaction medium which is totally water.
2. The aqueous reaction medium may behave better dispersion system and high heat transfer efficiency of the
aqueous medium during polymerization; so as to be advantageous to increasing the homogeneity of temperature
distribution in the polymerization system, controlling the product quality, reducing the energy consumption, saving
the energy, decreasing the discharge and reducing the production cost.
3. The technology of the present invention may achieve the effect of using no halogenated hydrocarbons in the prior
art, e.g. methyl chloride, and has the following advantageous:

(1) replacing halohydrocarbons which are not environmentally-friendly and expensive with cheap and environ-
mentally-friendly water, so as to reduce the cost of raw materials considerably;
(2) eliminating the environmental pollution which may be resulted by using halogenated hydrocarbons which
are not environmentally- friendly;
(3) simplifying the technological process, and removing the chemical units of tank-storing, rectifying, recovering,
drying methyl chloride and the like;
(4) avoiding the corresponding expenditure on construction and operation, decreasing the equipment invest-
ments, conserving energy and reducing the consumption; and
(5) eliminating the phenomena of severe corrosion of the equipment producing during the post-treatment, and
the environmental pollution resulted by the tail gas;

4. producing a greater amount of products in the equipment having the same volume by increasing the monomer
feeding amount and the polymer amount in the polymerization system, so as to increase the production efficiency,
and to achieve the object of reducing the production cost from another aspect;
5. polymerizing at a properly increased polymerization temperature (e.g. -60 °C), to reduce the burden of the refrig-
eration system, to decrease the cold source consumption and to reduce the energy consumption and material
consumption;
6. under the conditions of using alkanes or cycloalkanes as the organic solvent in the aqueous reaction medium,
obtaining a homogeneously-dispersed non-homogeneous polymerization system, changing the polymerization proc-
ess, overcoming the shortcomings and problems of the current solution polymerization process, increasing the heat
and mass transfer effects, improving the product quality, and increasing the monomer polymerization conversion
rate and product efficiency; and
7. the present invention fulfilling the cationic polymerization of vinyl monomers in a totally aqueous medium, omitting
the solvent storage tank, drying and refining system and isolating and recovering system, and saving the land
occupation and construction investments of the corresponding equipments at the same time, avoiding the corre-
sponding technological process, reducing the material consumption and energy consumption and saving the pro-
duction cost.
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Examples

[0097] The present application is illustrated by the following examples, but the scopes or implementing methods thereof
are not limited by the examples.
[0098] In the following examples, the microstructure parameters of the polymer products are measured by the common
technical means in the art, i.e. measuring the number average molecular weight, weight average molecular weight, peak
molecular weight and molecular weight distribution of the product with Gel Permeation Chromatograph (GPC). The
molecular weight is represented by the weight average molecular weight (Mw); the molecular weight distribution is
represented by the distribution index (Mw/Mn); the measurement is conducted at a temperature of 25 °C, wherein tet-
rahydrofuran is used as the mobile phase having a flow rate of 1 mL/min. XSZ-HS3-type phase contrast microscope
produced by Chongqing Optical Instrument Factory is used to observe microscopic morphology of the polymerization
system. The microstructure and composition content of the polymers are measured by 1H-NMR, wherein CDCl3 is used
as the solvent; and tetramethylsilane (TMS) is the internal standard.

Example 1

[0099] At a temperature of -60 °C, water, 5g of LiCl, 0.26g of NaCl, 0.1g of sorbitan monooleate and isobutene were
added into the polymerization reactor, wherein the total volume was 35 mL; water in the reaction medium was in a
volume fraction of 100%; and IB in the reaction system was in a concentration of 5 mol/L. The initiating system solution
containing water, triphenyl phosphorus sulfide, di-tert-butyl-p-cumyl peroxide and AlCl3 (the molar ratio of water: di-tert-
butyl-p-cumyl peroxide:triphenyl phosphorus sulfide:AlCl3=6310-3:3.4310-4:0.7:1) was added to initiate the polymeri-
zation and make the molar ratio of AlCl3 to IB be 6.4310-3:1. After 1 h of the reaction, the NaOH/ethanol solution was
added to terminate the reaction, wherein NaOH has a mass percent of 5%. After water-washing, coagulating and isolating
the unreacted isobutene, the polymerization product containing water was then obtained. Upon air-drying with the vi-
bration screen and dehydration by squeezing, a dried polyisobutene product was then obtained. The polymerization
product yield was 65%; Mw was 6,33105; and Mw/Mn was 5.0.

Example 2

[0100] At a temperature of -60 °C, water, 5g of LiCl, 0.26g of NaCl, 0.2g of sorbitan monooleate, isoprene (IP) and
isobutene were added into the polymerization reactor, wherein the total volume was 40 mL; water phase in the reaction
medium was in a volume fraction of 100%; IB in the reaction system was in a concentration of 5.8 mol/L; and the molar
ratio of IP to IB was 0.006:1. Under the stirring condition, the initiating system solution containing water, diphenylether,
and AlCl3 (the molar ratio of water:diphenylether:AlCl3=4.47310-2:4:1) was added to initiate the polymerization and
make the molar ratio of AlCl3 to IB be 3.8310-3:1. After 10 min of the polymerization, the methods for termination and
post-treatment were the same as those in Example 1. The copolymer yield was 70%; Mw was 1.33 105; Mw/Mn was
3.2; and the IP content was 0.9 mol%.

Example 3

[0101] At a temperature of -60 °C, water, 5g of LiCl, 0.26g of NaCl, isobutene (IB), 0,1g of sorbitan monooleate and
0.005g of sodium dodecyl sulfate were added into the polymerization reactor, wherein the total volume was 30 mL; water
phase in the reaction medium was in a volume fraction of 100%; and [IB] =3.9 mol/L. Under the stirring condition, the
initiating system containing water, p-dicumyl acetate, diphenylether and AlCl3 (the molar ratio of water:p-dicumyl ace-
tate:diphenylether:AlCl3=7.4310-3:1310-4:1:1) was added to initiate the polymerization and make the molar ratio of
AlCl3 to IB be 3.8310-4:1, The polymerization system exhibited a milkwhite homogeneously dispersed state. After 2 min
of the polymerization, the methods for termination and post-treatment were the same as those in Example 1. The polymer
yield was 24%; Mw was 2.13105; and Mw/Mn was 3.4.

Example 4

[0102] At a temperature of -60 °C, water, 3.8g of LiCl, 0.2g of NaCl, 0.2g of sorbitan monooleate, 0.01g of cetyl trimethyl
ammonium bromide and isobutene were added into the polymerization reactor, wherein the total volume was 30 mL
water phase in the reaction medium was in a volume fraction of 100%; and [IB] =5.8 mol/L. Under the stirring condition,
the initiating system containing orthocresol , phthalic ether, water and AlCl3 (the molar ratio of waters orthocresol:phthalic
ether:AlCl3=3310-2:3310-2:0.8:1) was added to initiate the polymerization and make the molar ratio of AlCl3 to IB be 5
3 10-3: 1. The polymerization system exhibited a homogeneously dispersed state. After 1 min of the polymerization, the
methods for termination and post-treatment were the same as those in Example 1. The monomer conversion rate was
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48%; Mw was 1.93105; and MwlMn was 3.6.

Example 5

[0103] At a temperature of -60 °C, water, 5g of LiCl, 0.26g of NaCl, 0.12g of sorbitan monooleate, isobutene and
isoprene were added into the polymerization reactor, wherein the total volume was 35 mL; water phase in the reaction
medium was in a volume fraction of 100%; IB in the reaction system was in a concentration of 5 mol/L; and the molar
ratio of IP to IB was 0.017:1. Under the stirring condition, the initiating system containing water, N,N-dimethyl acetamide
and AlCl3 (the molar ratio of water: N,N-dimethyl acetamide:AlCl3=2310-3:0.7:1) was added to initiate the polymerization
and make the molar ratio of AlCl3 to IB be 6310-3:1. After 2 min of the polymerization, the methods for termination and
post-treatment were the same as those in Example 1. The polymerization product yield was 60%; Mw was 8.43104;
Mw/Mn was 2.5; and IP was in a content of 2.1 mol%.

Example 6

[0104] At a temperature of -60 °C, water, 5g of LiCl, 0.26g of NaCl, 0.1g of sorbitan monooleate and isobutene were
added into the polymerization reactor, wherein the total volume was 35 mL; water phase in the reaction medium was in
a volume fraction of 100%; and IB in the reaction system was in a concentration of 5 mol/L. Under the stirring condition,
the initiating system containing water, diphenylether and AlCl3 (the molar ratio of water:diphenylether:AlCl3=3310-3:4:1)
was added to initiate the polymerization and make the molar ratio of AlCl3 to IB be 5x10-3:1. After 5 min of the polym-
erization, the methods for termination and post-treatment were the same as those in Example 1. The polymerization
product yield was 44%; Mw was 1.23105; and Mw/Mn was 3.3.

Example 7

[0105] At a temperature of -60 °C, 5 g of LiCl, 0.26 g of NaCl, water, isobutene, and p-methylstyrene (MSt) were added
into the polymerization reactor, wherein the total volume was 42 mL; water phase in the reaction medium was in a volume
fraction of 100%; IB in the reaction system was in a concentration of 5.8 mol/L; and p-methylstyrene was in a concentration
of 0.36 mol/L. Under the stirring condition, the initiating system containing water, diphenyl sulfoxide and AlCl3 (the molar
ratio of water:diphenyl sulfoxide:AlCl3=4310-2:1:1) was added to initiate the polymerization and make the molar ratio of
AlCl3 to IB be 6.0 310-3:1. After 2 min of the reaction, the methods for termination and post-treatment were the same
as those in Example 1. The copolymerization product yield was 40%; Mw was 8.53104; and Mw/Mn was 4.0; p-methyl-
styrene in the copolymer had a mass percent of 20%.

Example 8

[0106] At a temperature of -60 °C, isobutene, water, 7.6g of LiCl, 0.4g of NaCl and 0.5mL of oleic acid were added
into the polymerization reactor, wherein the total volume was 36 mL; water in the reaction medium was in a content of
100%; and IB in the reaction system was in a concentration of 1.9 mol/L. Under the stirring condition, the initiating system
containing water, diphenylether and AlCl3 (the molar ratio of water:diphenylether:AlCl3=5310-3:8:1) was added, and
used after being deposited for 7 days to initiate the polymerization and make the molar ratio of AlCl3 to IB be 0.011:1.
After 5 min of the polymerization, the methods for termination and post-treatment were the same as those in Example
1. The polymer yield was 34%; Mw was 7.63104; and Mw/Mn was 3.7.

Example 9

[0107] At a temperature of -60 °C, isobutene, water, 7.6g of LiCl, 0.4g of NaCl and 0.4g of sorbitan monooleate were
added into the polymerization reactor, wherein the total volume was 44 mL; water phase in the reaction medium was in
a volume fraction of 100%; and IB in the reaction system was in a concentration of 3.7 mol/L. Under the stirring condition,
the initiating system containing water, diphenylether, benzyl chloride and AlCl3 (the molar ratio of water:diphe-
nylether:benzyl chloride:AlCl3=5310-3:8:2.5310-4:1) was added, and used after being deposited for 7 days to initiate
the polymerization and make the molar ratio of AlCl3 to IB be 0.005:1. After 3 min of the polymerization, the methods
for termination and post-treatment were the same as those in Example 1. The polymer yield was 42%; Mw was 3,83105;
and Mw/Mn was 2.6.

Example 10

[0108] At a temperature of -30 °C, 20 mL of IB monomers and 20 mL of an aqueous solution containing 23% LiCl and
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1.2% of NaCl were added into the polymerization reactor, wherein water phase in the reaction medium was in a volume
fraction of 100%; and IB in the polymerization system was in a concentration of 5.8 mol/L. After homogeneously mixing,
the initiating system containing water, diphenylether and AlCl3 (the molar ratio of water: diphenylether:AlCl3=3310-3:4:1)
was added to initiate the polymerization and make the molar ratio of AlCl3 to IB be 1 310-2:1. After 10 min of the
polymerization, the methods for termination and post-treatment were the same as those in Example 1. The polymer
yield was 89%; Mw was 7.83103; and Mw/Mn was 1.8.

Example 11 (Reference)

[0109] At a temperature of -60 °C, 5 g of LiCl, 0.26 g of NaCl, water, n-hexane, isobutene, and p-methylstyrene (MSt)
were added into the polymerization reactor, wherein the total volume was 42 mL; water phase in the reaction medium
was in a volume fraction of 48%; n-hexane was in a volume fraction of 52%; isobutene in the reaction system was in a
concentration of 1.4 mol/L; and p-methylstyrene was in a concentration of 0.4 mol/L. The initiating system containing
water, tributyl phosphite, diphenyl sulfoxide and AlCl3 (the molar ratio of water:tributyl phosphite:diphenyl sulfoxide:AlCl3=
0.2:0.02:1:1) was added to initiate the polymerization and make the molar ratio of AlCl3 to IB be 1 x10-2:1. After 2 min
of the reaction, the methods for termination and post-treatment were the same as those in Example 1. The copolymer-
ization product yield was 58%; Mw was 1.13105; and Mw/Mn was 6.3; p-methylstyrene in the copolymer had a mass
percent of 61%.

Example 12

[0110] At a temperature of -60°C, water, 5 g of LiCl, 0.26 g of NaCl, n-hexane and isobutene (IB) were added into the
polymerization reactor, wherein the total volume was 40 mL; water phase in the reaction medium was in a volume fraction
of 57%; n-hexane was in a volume fraction of 43%; and isobutene in the reaction system was in a concentration of 1.5
mol/L. Under the stirring condition, the initiating system containing water, HCl, triphenylphosphine and AlCl3 (the molar
ratio of water:HCl:triphenylphosphine: AlCl3=0.02:0.01:0.94:1) was added to initiate the polymerization and make the
molar ratio of AlCl3 to IB be 1.0 3 10-2:1. After 2 min, the polymerization was terminated. The polymerization product
yield was 55%; Mw was 4.83105; and Mw/Mn was 4.3.

Example 13

[0111] At a temperature of -60°C, water, 5 g of LiCl, 0.26 g of NaCl, isobutene and n-hexane were added into the
polymerization reactor, wherein the total volume was 40 mL; water phase in the reaction medium was in a volume fraction
of 57%; and isobutene in the reaction system was in a concentration of 1.5 mol/L. Under the stirring condition, the
initiating system containing water, triphenylphosphine oxide and AlCl3 (the molar ratio of water: triphenylphosphine
oxide:AlCl3=0.028:1:1, which was used after being deposited for 8 days) was added to initiate the polymerization and
make the molar ratio of AlCl3 to IB be 5 310-3:1. After 0.5 min of the reaction, the methods for termination and post-
treatment were the same as those in Example 1. The polymerization product yield was 68%; Mw was 4.93105; and
Mw/Mn was 2.8.

Example 14

[0112] At a temperature of -60 °C, n-hexane, isobutene, 7.6 g of LiCl, 0.4 g of NaCl and water were added into the
polymerization reactor, wherein the total volume was 50 mL; water phase in the reaction medium was in a volume fraction
of 63%; and isobutene in the reaction system was in a concentration of 0.46 mol/L. The initiating system containing
water, sulfolane and AlCl3 (the molar ratio of water:sulfolane:AlCl3=0.05:0.79:1) was added to initiate the polymerization
and make the molar ratio of AlCl3 to IB be 3.8 310-2:1. A homogeneously dispersed polymerization system was formed
under stirring. After 2 min of the polymerization, the methods for termination and post-treatment were the same as those
in Example 1. The polymerization product yield was 52%; Mw was 5.23105; and MwlMn was 7.7.

Example 15

[0113] At a temperature of -40 °C, an aqueous solution having an ethylene glycol mass fraction of 68 wt.%, isobutene,
isooctane and 0.2 g of sorbitan stearate, were added into the polymerization reactor, wherein the total volume was 57
mL; water in the reaction medium was in a volume fraction of 22%; and [IB] in the reaction system=1.6 mol/L. Under
stirring, the initiating system containing water, diphenyl ether and AlCl3 (the molar ratio of water:biphenyl ether:AlCl3=1.5
x 10-2:4:1) was added to initiate the polymerization and make the molar ratio of AlCl3 to IB be 1.0310-2:1. The polym-
erization system exhibited a homogeneously dispersed state. After 10 min of the polymerization, the methods for termi-
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nation and post-treatment were the same as those in Example 1. The polymer yield was 62%; Mw was 2.23105; and
Mw/Mn was 3.3.

Claims

1. A polymerization process for a cationic polymerization, wherein said polymerization process comprises the following
steps:

(1) forming a polymerization system comprising the following ingredients:

an initiating system consisting of an initiator, an additive, a Lewis acid and an optional diluent, said additive
is selected from at least one organic compound containing nitrogen, oxygen, sulfur, or phosphor atom;
wherein the Lewis acid is selected from one or more selected from the group consisting of the substances
satisfying the general formula MXn, wherein M is Al, Sn, Ti, Fe, Sb or Zn; X is F, Cl or Br; n is 2, 3, 4 or 5;
an aqueous reaction medium, wherein water is prominent or a reaction medium which is totally water;
isoolefin monomers and optional copolymerizable monomers; and
an optional dispersant;
wherein step (1) comprises firstly forming an initiating system, then mixing the resultant initiating system
with isoolefin monomers, optional copolymerizable monomers, an aqueous reaction medium and an optional
dispersant;

(2) polymerizing the polymerization system formed in step (1), to obtain a homopolymer of isoolefin monomers
or a copolymer of isoolefin monomers and an optional copolymerizable monomer.

2. The polymerization process according to claim 1, wherein the polymerization process is a batchwise polymerization
method, a semi-continuous polymerization method or a continuous polymerization method.

3. The polymerization process according to any of claims 1-2, wherein the isoolefin monomer is selected from the
compounds having the following structural formula

CH2=CR1R2

wherein R1 represents H or C1-C10 alkyl, preferably methyl; R2 represents C1-C10 alkyl or C3-C10 cycloalkyl; and/or
the copolymerizable monomer is selected from the group consisting of conjugated or non-conjugated C4-C20 diole-
fins, vinyl aromatic compounds and combinations of conjugated or non-conjugated C4-C20 diolefins with vinyl aro-
matic hydrocarbons.

4. The polymerization process according to any of claims 1-3, wherein the aqueous reaction medium comprises no
halogenated hydrocarbons.

5. The polymerization process according to any of claims 1-4, wherein the polymerization system exhibits a homoge-
neously dispersed state before, during and/or after polymerization, and the particle size preferably ranges from 1
to 3,000 mm.

6. The polymerization process according to any of claims 1-5, wherein the polymerization is conducted at a temperature
ranging from -90°C to 50°C, preferably from -90°C to 35°C, more preferably from -75°C to 15°C.

Patentansprüche

1. Polymerisationsverfahren für eine kationische Polymerisation, worin das Polymerisationsverfahren die folgenden
Schritte enthält:

(1) Bilden eines Polymerisationssystems, das die folgenden Bestandteile enthält:

ein Initiationssystem, bestehend aus einem Initiator, einem Additiv, einer Lewis-Säure und einem wahlwei-
sen Verdünnungsmittel, wobei das Additiv ausgewählt ist aus zumindest einer organischen Verbindung,
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die Stickstoff-, Sauerstoff-, Schwefel- oder Phosphoratom enthält,
worin die Lewis-Säure ausgewählt ist aus einer oder mehreren, ausgewählt aus der Gruppe, bestehend
aus den Substanzen, die die allgemeine Formel MXn erfüllen, worin M A1, Sn, Ti, Fe, Sb oder Zn ist, X F,
C1 oder Br ist, n 2, 3, 4 oder 5 ist,
ein wässriges Reaktionsmedium, worin Wasser hauptsächlich vorhanden ist, oder ein Reaktionsmedium,
das vollständig Wasser ist,
Isoolefin-Monomere und wahlweise copolymerisierbare Monomer, und
ein wahlweises Dispergiermittel,
worin Schritt (1) zunächst die Bildung eines Initiierungssystems, anschließendes Mischen des resultieren-
den Initiierungssystems mit Isoolefin-Monomeren, wahlweise copolymerisierbaren Monomeren,
einem wässrigen Reaktionsmedium und einem wahlweisen Dispergiermedium enthält,

(2) Polymerisieren des Polymerisationsystems, das im Schritt (1) gebildet ist, unter Erhalt eines Homopolymers
aus Isoolefin-Monomeren oder eines Copolymers aus Isoolefin-Monomeren und eines wahlweisen copolyme-
risierbaren Monomers.

2. Polymerisationsverfahren gemäß Anspruch 1, worin das Polymerisationsverfahren ein absatzweise betriebenes
Polymerisationsverfahren, halbkontinuierliches Polymerisationsverfahren oder kontinuierliches Polymerisationsver-
fahren ist.

3. Polymerisationsverfahren gemäß einem der Ansprüche 1-2, worin das Isoolefin-Monomer ausgewählt ist aus den
Verbindungen mit der folgenden strukturellen Formel:

CH2=CR1R2

worin R1 H oder C1-10-Alkyl, bevorzugt Methyl ist, R2 C1-10-Alky1 oder C3-10-Cycloalkyl ist, und/oder
das copolymerisierbare Monomer ausgewählt ist aus der Gruppe, bestehend aus konjugierten oder nicht-konjugier-
ten C4-20-Diolefinen, Vinyl-aromatischen Verbindungen und Kombinationen von konjugierten oder nicht-konjugierten
C4-20-Diolefinen mit Vinyl-aromatischen Kohlenwasserstoffen.

4. Polymerisationsverfahren gemäß einem der Ansprüche 1-3, worin das wässrige Reaktionsmedium keine haloge-
nierten Kohlenwasserstoffe enthält.

5. Polymerisationsverfahren gemäß einem der Ansprüche 1-4, worin das Polymerisationssystem einen homogen dis-
pergierten Zustand vor, während und/oder nach der Polymerisation entfaltet und die Teilchengröße bevorzugt im
Bereich von 1 bis 3.000 mm liegt.

6. Polymerisationsverfahren gemäß einem der Ansprüche 1-5, worin die Polymerisation bei einer Temperatur im Be-
reich von -90°C bis 50°C, bevorzugt von -90°C bis 35°C, mehr bevorzugt von -75°C bis 15°C durchgeführt wird.

Revendications

1. Procédé de polymérisation pour une polymérisation cationique, dans lequel ledit procédé de polymérisation com-
prend les étapes suivantes consistant :

(1) à former un système de polymérisation comprenant les composants suivants :

un système d’initiation consistant en un initiateur, un additif, un acide de Lewis et un diluant facultatif, ledit
additif est sélectionné parmi au moins un composé organique contenant un atome d’azote, d’oxygène, de
soufre ou de phosphore ;
dans lequel l’acide de Lewis est sélectionné parmi un ou plusieurs éléments sélectionnés dans le groupe
consistant en les substances satisfaisant à la formule générale MXn, dans lequel M est Al, Sn, Ti, Fe, Sb
ou Zn ; X est F, Cl ou Br ; n est 2, 3, 4 ou 5 ;
un milieu de réaction aqueux, dans lequel l’eau est importante ou un milieu de réaction qui est totalement
de l’eau ;
des monomères d’isooléfine et des monomères copolymérisables facultatifs ; et
un dispersant facultatif ;
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dans lequel l’étape (1) comprend en premier lieu la formation d’un système d’initiation, puis le mélange du
système d’initiation résultant avec des monomères d’isooléfine, des monomères copolymérisables facul-
tatifs, un milieu de réaction aqueux et un dispersant facultatif ;

(2) à polymériser le système de polymérisation formé à l’étape (1), pour obtenir un homopolymère de monomères
d’isooléfine ou un copolymère de monomères d’isooléfine et d’un monomère copolymérisable facultatif.

2. Procédé de polymérisation selon la revendication 1, dans lequel le procédé de polymérisation est un procédé de
polymérisation discontinu, un procédé de polymérisation semi-continu ou un procédé de polymérisation continu.

3. Procédé de polymérisation selon l’une quelconque des revendications 1-2, dans lequel le monomère d’isooléfine
est sélectionné parmi les composés présentant la formule structurale suivante

CH2=CR1R2

dans lequel R1 représente H ou un alkyle en C1-C10, de préférence un méthyle ; R2 représente un alkyle en C1-C10
ou un cycloalkyle en C3-C10 ; et/ou
le monomère copolymérisable est sélectionné dans le groupe constitué par des dioléfines conjuguées ou non
conjuguées en C4-C20, des composés aromatiques vinyliques et des combinaisons de dioléfines conjuguées ou
non conjuguées en C4-C20 avec des hydrocarbures aromatiques vinyliques.

4. Procédé de polymérisation selon l’une quelconque des revendications 1-3, dans lequel le milieu de réaction aqueux
ne comprend pas d’hydrocarbures halogénés.

5. Procédé de polymérisation selon l’une quelconque des revendications 1-4, dans lequel le système de polymérisation
montre un état dispersé de manière homogène avant, pendant et/ou après une polymérisation et la taille des
particules va, de préférence, de 1 à 3 000 mm.

6. Procédé de polymérisation selon l’une quelconque des revendications 1-5, dans lequel la polymérisation est menée
à une température allant de -90 °C à 50 °C, de préférence de -90 °C à 35 °C, plus préférentiellement de -75 °C à 15 °C.
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