Description Isoolefin polyners and process for preparing the sanme
Technical field The present invention relates to isoolefin polyners
and process for preparing the sane. The present invention specially
relates to a polynerization process for cationic polynerization of
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During the preparation of butyl rubber, the effect of heat transfer
of organic solvents is relatively low Particularly for the solution
pol yneri zati on system having a high viscosity, a great deal of

i nstant reaction heat can not be effectively renoved in a short
period of time unless there is a plurality of ethyl ene evaporating
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cost dlfﬁcultwslamklenanﬂomalpmasemhtml ogi es and procedures of the
cationic polynerization of the cationic-polynerizable nononers
co-initiated directly by Lewis acid such as A1C13, AlRCl2, BF3,

Ti C14, Fe(Qb3rinSnkedfpreparetidn aﬂdadt?le ribtee, the éﬂ&t%ﬂﬁ@&SUMéﬂm ofgNen
in a reaction msdl umwhich is totally wat er have not been reported

yet. CofRl¥pRis Hr relpdvelyyiny. ﬁrucularly 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
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One object of the present invention is to provide a polynerization
process for cationic polynerization of vinyl nononers, and the
correspondi ng pol ynmers obtained therefrom so as to overconme one or
nore shortcomings in the prior art. In particular, one object of the
present invention is to provide a polynerlzatlon process for cationic
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are fulfilled by megns of, the enbqdi nents of the_present_invention
descr i bddOWEYEh ﬁhe ISEREION; Tlens af Gemphex. cﬁﬂdtﬁéilgﬁ@%m be radipsted and
i ncl ude: Jrpldpdiment 1: A pol ymerization process for the cationic

pol ymeri zat | on wherein said pol yneri zati on process conprises the
following steps: (1) forming a polymerization system corrprl sing the

i 17 at or, e (e, BV BRSO Bvefion Hediyet Tap cationic

agueous ;fcﬁmbn@mdmdt Wiy smﬂi@f fhe 1?& ﬁi&fzﬁh@qﬁl(anapﬁﬂoaﬂ@ﬁon process, the
copol yneri zabl e nononers; and_an optional _di spersant; 2)

pol yrer CANHYNEHS 86| Kpaeiion &9ﬂ@)‘1ﬁ10§§/ssteélﬁf3¢ dherggoductionesost [and eprone dhe
honopol I

monoer i e Randiel MHERRRE i e HRANBNSS b odiR0R flefhum g the
pol yner ireadticonmpdiooe s thccmmmgpolpnemmtmnl, wherein step (1)
conprises firstly formng an initiating system then m xing the
resultant initiating systemwth isoolefin nononers, optional

copol ymer i Thblech# BESIE aSgroiin S GHE@LALEnEBR RIS R c@@@m@rpaymenzauon

di spersant; or mxing one or nore sel écted fromthe group
using water as the reaction medium. However, the prior art of vmyl monomer
cationic polymerization in the aqueous reaction medium is faced with many
problems, such as high cost of initiating system, complex technological process,
Iow polymerization efficiency, low molecular 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
WO02004094481A2, W0O2004094486A1, JP10130315, JP11080221, “Cationic
Polymerization of styrene in Solution and Aqueous Suspension Using B(C¢Fs); as
a Water-Tolerant Lewis Acid” (Kostjuk S. V. and Ganachaud F., Macromolecules,
vol.39), “Controlled/living cationic polymerization of styrene with BFs-OEt; as a
coinitiator in the presence of water: Improvements and limitations™ (Radchenko A.
V., Kostjuk S. V. and Vasilenko 1. V., et al, European Polymer Journal, Vol43,
2007), “Controlled Cationic Polymerization of Cyclopentadiene with B(CgFs); as a
Comitiator in the Presence of Water” (Kostjuk S. V., Radchenko A. V. and
Ganachaud F., Journal of Polymer Science, Part A: Polymer Chemistry, Vol46,
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
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consisting of an initiator, an additive, a Lew s acid and an optional
diluent directly with isoolefin nononers, optional copolynerizable
nononmer s, an aqueous reaction nedi um and an optional dispersant.
Enbodi ment 3: The pol ynerization process according to claim 2,
wherein the formation of the initiating systemconprises mXxing an
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and an aqueous reaction nmedium and mxing the remaining initiator
with the additive and Lewis acid and then adding into the

pol yer ig@ireRsy oF¥ht Bibenppodi nent 5: The pol ynmeri zation process
according to clarm3, wherein the initiating systemis fornulated
into the mOoeuelieeioptthepresenh imventientis $oqroxiieon golymeseatiam progess Her
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is selected fromthe conpounds having th | owi ng structdral
f or mul a "EPwmRhREhe 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.

The technical solutions of the present invention include:
Embodiment 1: A polymerization process for the 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, Lewis acid
and an optional diluent;
an aqueous reaction medium;
isoolefin monomers and optional copolymerizable monomers; and
an optional dispersant;
(2) polymerizing the polymerization system formed in step (1), to obtain
homopolymers of isoolefin monomers or copolymers of isoolefin monomers

and optional copolymerizable monomers.

Embodiment 2: The polymerization process according to claim 1, wherein step (1)
comprises firstly forming an initiating system, then mixing the resultant initiating
system with isoolefin monomers, optional copolymerizable monomers, an agueous

medium and an optional dispersant; or mixing one or mose selected from the group
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wherein Rl represents H or Cl1-Cl0 al kyl, preferably nethyl; R2
represents Cl-Cm al kyl or C3-Cl0 cycl oal kyl; and/or the

copol yneri zabl e nononer is selected fromthe group consisting of
conjugated or non-conjugated C4-C20 diolefins, vinyl aromatic
conpounds and conbi nati ons of conjugated or non-conjugated C4-C20

di ol efins,_wi t:n _vi - &l t] unds, [ e 1 . .
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aqueous withdsdclefimadontmess, bpendfcdpalyageradtte niotbneas) soAgueous reaction
Enbodi ment .| 9: The pol ynerizati on process according to any of clains
1-8, whdPefdiym ﬁ%f?ﬁ’élo? palAasRessAnty st em exhi bits a honogeneous!y

di spersed state before, during and/or after polynerization, and the
particle size preferably ranges from1 to 3,000 gm Enbodi nent 10: A
honopol yEmbodimdrgod! éftien priymusrezationr peocespacgorlingftoi skamheRj nwherein the
nononer . and.opt i.gnal .copol ri zabl e. mononer s r. red by.t.he .
ol ymor ToAARGE 5F Se i GaREE T PRRIIRy S SR il GRGT. RbARULve, a Lewis
speci fi Geid ¥nd bh®ppicaakailludntveitstly miing € itidep gl LowioAdidEhen aWith
process for preparing the sane. The present_invention specially

rel ates the aéfdpféwn@f ?fzratly dﬁupng)cthgsaCFdwwaanL@wma9lﬁleranziathe@n with the
I sool ef i:n: mers i n an aqueous reaction nmedium and isoolefin

pol ynmers obtai ned therefrom In one enbodi nent, the present invention
relates to a polynerization process for cationic polynerization of

[ | efi d i | ef i | btained th f | X
enbodi miEbOGEns A e pRfRsRzRAR Repeissactarding do iR ZapiITh SPBPESES
for catidgricyPaddimer atihBai intdotefhngu of kebiefidatmshdhers, optional

non- conj ugat ed di ol'efins and/or vinyl aromatic coppounds, _and
i sool ef iCRPpYINGFEFablY BroFomEss and ABfaABAPUS 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.

Embodiment 5:  The polymerization process according to claim 3, wherein the
initiating system is 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,

Embodiment 6: The polymerization process according to any of claims 1-5,
wherein the polymerization process is a batchwise polymerization method, a

semi-continuous polymerization method or a continuous polymerization method.

Embodiment 7: The polymerization process according to any of claims 1-6,
wherein the isoolefin monomer is selected from the compounds having the
following structural formula
CH,=CR'R®

wherein R represents H or C;-Cyg alkyl, preferably methyl; R, represents C;-Cyq
alkyl or Cs-C,q cycloalkyl; and/or

the copolymerizable monomer is selected from the group consisting of conjugated
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Det ai |l ed Description of the Invention The present invention provides
an initiating systemfor cationic polynerization of vinyl nononers in
an aqueous reaction nedium The present invention provides a cationic
pol ymeri zati on system conprising the initiating systemof the present
i nvention, vinyl nonomers, aqueous reaction nedium and opti onal

di sper sg
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medi um if ceahatdder hot-tomjupaed K, sCaiolefink evigh eﬁ@nhrdnmwmxﬁpouﬁdhe
present i nvent ion provides a polynerization process for cationic
pol ymeri zation of vinyl nmonomers in an aqueous reaction medi um by

using tRgnbad e?ltt'S‘g )éSESWn%mtaB%npgﬁ%@%ﬁ a8 EHJ QBT{:{{; tdrecRRRENES,

of organic medi um suc genat e ocar pr esent
i nvent i ovhgreimvthd agueoysalepetion matlion 19,)frec of halfogmaiad ihydracarbons.
pol ynmeri zation of vinyl nononers in a reaction nmediumwhich is
totally water by using the initiating systemof the present

| nvent | @nbdditheRt 63 Thel PYEMidrALiBAOYIEES ACBHIME to OdnyE UFOLMIRE 1-8,
prepared by polynerizing vinyl nononmers in‘an aqueous reaction nmedi um

by meand’hsfeinhgg polymenzaficiy syssoexhidtsppeBemogengasty ¢ispersed state
before, during and/or after polymerization, and the particle size preferably ranges

from 1 to 3,000 pm.

Embodiment 10: A homopolymer of isoolefin monomers or a copolymer of isoolefin
monomers and optional copolymerizable monomers, prepared by the polymerization

process according to any of claims 1-9.

More specifically, the present invention relates to isoolefin polymers and process
for preparing the same. 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 polymerization 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

The present invention provides an initiating system for cationic polymerization of

vinyl monomers in an aqueous reaction medium.

The present invention provides a cationic polymerization system comprising the
initiating system of the present invention, vinyl monomers, aqueous reaction medium

and optional dispersant.



The follow ng specific disclosure of the present invention is
suitable for each aspect of the invention above. 1. Initiating system
The initiating systemof the present invention is an initiating
systemfor initiating the cationic polynerization of
cationic-polynerizabl e nononers in an aqueous reaction medium The

initiati . i - | C |.S LIt R
Lovi s act i PUSBACIHREnOF pROAIE" pbRERETARrBRBES B} AobpPhRgation
i ni tiat @f viaybaloeohess it amagheowy @aptiow msdditimnigy afinkhe daimadupdsysiem of
whi ch caﬂ Br ovi de the cation source, specifically fromthe group

consi st i'RGPEFSCERVEBHPBuUNds whi ch can provide protons, or fromthe
group consisting of the organic tertiary al kyl or aral kyl functional
conmpounds whi ch are used as cationogens, or fromthe group consisting
of the adduptesenifinvgutioyerovidds a pelyanetizasivormosessdior wasionicamlpmetinatgen
subst ancgs,. ferably.fromth ro consj.sti,ng .of the conpounds

ahi ch-odn il By i o Bubs S At Bak MR P uriie by SpBACRE e of
and noneh®rgresdite inveeiotnth wht Cibseade [fO\GrEhi® @GSN | Sicht ab E@AbgOnged
selected fromihe group consisting of H20, hydrogen halide, protonic
acid, caYISAP@Nscid, al cohol and phenol. Mre specifically, the
conpound whi ch can provide protons is one or nore selected fromthe

group consisting of H2Q hydrogen halide, protonic acid, organic
car boxy[The presefy inventiom prayidess- Opdlyahdridatioarprocess-fot 4atibidgl padymberization

Cl- C14 al-kyl aryl henol , C1-Cl14 al kyl nono- tituted phengl or.. ..
i £ - Ot pbgoR R kot ebith R i FO1EEH, platir e B8 e Hisagne
and arybky$ten@#che!ge¥denbiivéndon] or aryl in the aryl-containing group
may be, e.g. phenyl or naphthyl. In the present invention, water in

the reaction nmediummay partially function as an initiator.
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.

The following specific disclosure of the present invention is suitable for each aspect

of the invention above.

1. Initiating system

The initiating system of the present invention is an initiating system for initiating the
cationic polymerization of cationic-polymerizable monomers in an agueous reaction
medium. The initiating system of the present invention comprises an initiator, Lewis

acid, an additive and an optional diluent.

(1) Initiator

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
7



The adducts of hydrogen halides and nononers are preferably sel ected
fromthe group consisting of the adducts of isobutene, styrene,

a- net hyl styrene, p-nethylstyrene or vinyl ether with HCL, HBr or H.

The organic tertiary alkyl or aralkyl functional conmpounds are one or
nore selected fromthe group consisting of esters, alcohols, ethers,

e o B apaLalgbh LA Buthe RS SR e et S iofen

substi t WAHRYand@oabm®es.e Cl - Cl4 al kyl group. The nolar ratio of the
initiator to the nmononmer is (1.0 X 1(16-5.0 X 10"):1, preferably (1.5
X 10-6-4.0 X 10'1): 1 or (2 X1 0-6-3.0 X 104): 1, nore preferably
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group CGAstes sdlasiedl frofkite %@msl coristhifd k¥ |H2(ﬁ Hsadragyﬁ hﬁHHb opﬁitbmc acid,
substituted by hal o substituents, wherein al k{, or —al
y&

al kyl - conganisi ptbgralip aﬁa‘}s t@@ntaenglg €1-Caoally ryle(s)péfz; aillkxfl md @1 Cu
| kyl

or " aphiiy e84 Buaflor, TCE BT oSl BB BB o i &, £ Aty

f rom t hsugsttiged isnsl,i afigohcﬁl BéBtaibiGR3C, -/KE QJa’ikylAth Eb,ryBlﬁI;EL@M Ill@lASaid

TiBr4, Fed 3, ShCl5_.and ZnCl2:. the YR . %%’ EF ishhlI

pref er aBfy! 8h&THr e dydrcontdining SFH‘{PhEmQ'r é'oﬁ 2y} gy ngphthyl. In the

Al (C2HS pederfl {3 BibEClvatdt (h -1hd 1AL G4, néhfdm%ﬁ?)ﬁﬁllauggﬁm&tﬁiﬂmb an

al um num chl ori de, sesqui i sobutyl al um num chl ori de
Sn( C2H5 jiRitEEOT. Sn( C2H5) 3C1 and Zn( C2115) CL.

The adducts of hydrogen halides and monomers are preferably selected from the
group consisting of the adducts of isobutene, styrene, c-methylstyrene,

p-methylstyrene or vinyl ether with HCI, HBr or HI.

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 C,-C,4 alkyl group.

The molar ratio of the initiator to the monomer is (1.0X 10°-5.0 X 101,
preferably (1.5X107°%-4.0X10"):1 or (2X10°-3.0X10™"):1, more preferably (2.2
X 10-2.0X10™"):1or (2.4 X 10-1.5 X 107):1.

(2) Lewis acid
According to the present invention, Lewis acid is a metal halide or an organic

metal halide.

According to the present invention, Lewis acid may be one selected from the

group consisting of the substances satisfying the general formula MX, or
8



The nolar ratio of the Lewis acid to the nononer is (9.0 X1 0-5-5.0
X 104): 1, preferably (1.0 X 10-4-4.0 X 1 0-1): 1, nore preferably
(1.5 X 10-3.5 X1 04): 1, nore preferably (2.0 X1 0-4-3.0 X 10"):1,
nore preferably (2.5 X 104-2.5 X 10-5:1. (3) Additive According to
the present invention, said additive may be at | east one organic

conpoun ontsai ni -0l troge X n . f wy, Sphor, at nd, .

or e e abY oo WPk Biteo TR o} WAl R ROSRS S Ak i B
i s sel eaCedr Brpmit 12¢ 3gA s ;aarisils 2 tg3 oY isi Ak ®n, i ramcRed selecedfriogn
Cl-C20 al kyl, aryl,  ar I@gl- C20 al kyl, C1-C20 al kylaryl,  Cil-C20,

al koxy, BF\8IEXP %}nsasr’fy%/g abg0, amoﬁyyla}ladpﬁlkmrarﬁ optionshty; SHtityted by

substi t rwAbiel: i t: . I

consi st 1 ha0 SRESIELAE WLl ALPELE GO in B AR N InRR FI0 Ui be,
phenyl @1g.CE3-Gickglkyl.Cespegialky |@h€eydlkyll argl Drablkgykyin they bgdycomtaining
aryl Cl1-Cl2 allcox ro whi ch e, optionally substituted by halo
oryni t rngQHBﬁlﬂﬁg%f%‘ \R/ﬁg?%]l%%?@%& gryl in %/he aryl - cont ai %i ng
group may be phenyl or naphthyl. The noiety of X requires at | east

one of Q ator%N atom S atomand P atom and the structure is
pr ef er ablRe SAEnSFPE EUBP PV 1S HECERIebY ChssPEtmeRs selected from, thecgroup

-COO, - s Se O 0SR161.- Prim P -Pﬂot, - - R85
nor e prec erastt)]lnygsﬁésnﬁ’h]gqg?oglpc%brllié]iBsr?’l n@ac(%‘?’ - -1,4’ rlpdg%’;’ ng& %So(a@\ﬁnd
-S-, -S@&nChLpgee YR X ~tPee conf@fmd isRRefcrabhd on®®r. méhe seleicetdyfroin Yhe
[ |l ected f .th isti f..H, 1.Q,. i
or oyol ESER- extrags B AN CIE Gkl Al diFRERLL,
Cl- C20 akkqugthyaralhadiugr cmbyidecée@ﬂis@lbh@yqyalummﬁl ehR R, Sya, By Cl,,
substi tut ed by]ahal o or nitro substituent, preferably fromthe group

5

consi st iSAg Cly, S EeHeh Ol rafohel@55)6kcl i ¢ C1-C12 al kyl, phenyl,
phenyl C1-Cl12 al kyl, Cl1-Cl12 al kyl phenyl, Cl-Cl2 al koxy, aryl oxy or
aryl Cl-Cu al koxy, which are optionally substituted by halo or nitro
subst i t (et mdtapmatity, ofe eh Liesis rebégh etodiret iyorfomoen sh€9 @%a0; -5y be'): 1,

| i nked by the .chem cal ke th I I i NG
sai o ar ettt (bt 10 e ot T Lo bk R cara (re XL priengs 1801,
napht hymorSaipdetiah®lyl 120 &f B0al3. ¢ 56 bRt e dmbk® "pidferabl P up?. § 0Rsliost.- ox
of chlorine and brom ne. Mre specifical [y, the additive satisfying

the strdBtdile of R X-Y in the current conmpounds havi ng the known
structure conprises the follow ng types of conpounds:

(3) Additive
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.

The moiety R is selected from the group consisting of linear or branched or
cyclic C;-Cy alkyl, aryl, aryl C,-Cyy alkyl, C;-Cy alkylaryl, C,-C,y alkoxy,
aryloxy or aryl C,-C,p alkoxy group, which are optionally substituted by halo or
nitro substituent, preferably from the group consisting of linear or branched or
cyclic C;-C,; alkyl, phenyl, phenyl C;-C,, alkyl, C;-C;, alkylphenyl, C,-C;,
alkoxy, aryloxy or aryl C,-C,, 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.



The oxygen-contai ning conpound is preferably at |east one of the
conpounds having the general structural fornula, i.e. ethers having
the general structural fornula RIOR2, alcohols or phenols having the
general structural formula R30H, ketones having the general
structural formula R4ACOR3, or esters having the general structural

of s T Hoiry, IR aliue af Feast BnE RS bftmy APkt Bt Bnar 2, i
% gg gtlhkydtrucﬁmsd 1s)prc£fbra|(m9 @iekgélacwd fﬁ@rn@fthéaérbu %r‘f%ﬁ%rﬁéebyl Ol«';llr-%i-
t he aryl=cont" Qhé &Jy g% pkS rdj/'l -Br '&’a@ 3?3' g4~ and aP§ more

NI L1 0GR 6 R BIy RGN G gﬂpgp graiuiny atfcbea%_o_@ﬁe eonhes. -so-,

conmpounds g the g structlﬁa for am nes “havi ng
t he geneQaBOst iPu,c{Rﬁ)aI PQg P uded ABRORION, or ami des having the
general structural fornmula R ICONR121213, wherein R13 is sel ected
fromthe group consisting of sanme or different |inear or branched or

cyclic QheC28sielylof ¥ W s€lectetD@dti| thea iidup)rcoﬁhrsﬁi?ﬁ af Ky Bﬁw llnear or
pref er ably sane or different Cl1-Cl2_al k aryl Ci1- C12 alk

Cl- C12 rﬁw@dypr cyolac r@z pos Akkal ety Xcﬁ:m pafeaB?Yéuﬁthmsﬂlgi’ aﬁglr df1 Q?.o

SC?me Qnogﬂa%{&}g’ 74)) er ag%@ﬂ&ﬂﬁg a%n%)r/ ﬁ} er e@@@gtem :halo or

aryl Clumiid mlbkl;ztuena,r]ydefmabﬁr fiom aiekgtcum/tonmtmngnﬁ Hrlyieaprorthirenaligd or

th b I thyl ... T

Ul U - SOVER: 2O by REEREh e by SkallaR i BPORRenyl, Ci-Ca
bst |

Chi &?E??"S"’E%ﬁ"%’?‘t 1 BT RCREINERE! ShidOAR Opondll PrulsAITaREl hlo or

(R18R. 19909 smbsHEranfaki m Yo rRachos, mﬂﬁe@@iwthﬁmmgh@ @éb@r@tm%éw limlged

oS5 CRBRIAT Ko S il O Uele iy Bt on e

aryl Cl ag@0ial thexgrylwtonthitang giuuipo madyt ybes wenivi Lmreaiapht}ty:il dand halbr [}
bstit bonded t
For m O+ ESSTRI SIREAED Petih 20 SRS HORTANRG of Gala e pd PEpR 1 Cao”

al kyl, aryl, aryl Cl-Cl2 al kyl, C1-Cl12 al kylaryl, Cl-Cl12 al koxy,

aryl oxy _or aryl Cl1-C12 al koxy, which are opti onaIIy substijtuted
hai o or Mete spegifisally u i ad@mwsnataﬁﬁmnﬁlshe Rrgcune ghR-ErY RPStr!fnGUREQt

b f d
aher o n ShRgi Bl e KSRt s et Ry o
or naphthyipoufids: phosphor - cont ai ni ng conpound is preferably at |east

one of the substances having the follow ng general fornulae, i.e.
phosphi nes (R20131221R22), phosphi ne oxi des (R23R24R25P0), phosphates

(R26R27 mlb%gen@bﬁﬁa@ﬂﬂmfoec&ﬂﬁ%&ﬁﬁ@ g JPrebehblyvaeneadt &0 of RRE cdidponids

R29 may represent H, halo, linear or branched or cyclic C -Cm al kyl,

aryl, ahwlr@ i gearra)| striggtura ofosmpa.af-gf et}@sclfmylag Kbgygengryl stpcatral

v G st ARYIR, cOHoR o PRSI Bal s RS bbAdtaP el Ry} d RO,
al kyl , ®gtomk2 hhhyﬂgatlyd genkraihstvetuogt formilay Re@i3Ri,t ot exbtdrg haviagothe
O YR L SR bor o PR R R, LSRR 0t
aryl, acphsiclinE2é¥ shikl or GifErEAt alrdenk adty branthe@hoic§cBOC 0TB) la¥kyl, aryi

subst it ut ed
C,-Cyp alkyl, aryl or C;-Cyy alkylaryl, preferably C;-C;; alkyl, aryl C,-C;» alkyl,

aryl or aryl C;-Cy, alkyl, wherein aryl or the aryl in the aryl-containing group

may be phenyl or naphthyl.

The nitrogen-containing compound is preferably at least one of the compounds

having the general structural formula, i.e. amines having the general structural
10



by halo or nitro substituent, preferably Cl-Cl2 al kyl, aryl, aryl

Cl-C12 al kyl, Ci1-C12 al kylaryl, which are optionally substituted by

hal o or nitro substituent, wherein aryl or the aryl in the

aryl -contai ni ng group may be phenyl or naphthyl; said halo is

preferably selected fromthe group consisting of chlorine and

brom ne. re d hos r-cC | i conpo i r

at Ieasg Bﬂ L"lof @#@Rﬁp dhds @\?Pnapﬁggggﬁgr g@ %#Eﬂ uB u‘?%f(; ?B#Iﬁula

R30PSR3IFRICCAMR Bg s, walersiasRyhes @efected”lff(ﬁnrth%@; diﬂsa:oﬂsiduﬁ@%f same or

respectlvely and i nde endently repre gé% H halo, |ine r branc e8
20

or cycl idatfefentitnear py branghad orgxql oalkylaryl €= leka'ﬁkwépw

Cl- C20 0 Y, L eox p. a
CLC20, Sy, Ry Ok e (TG0 L epruicpiee e aPigpzkiy o
al kyl , &yC2 aHWIa@l ®s?R ey kwlsr:le@lscbfﬂ)ml ﬂhy,l group, c@m@mﬁgaok&kysame or
aryloxyo ar Cl-Cl12 aIk whi c L.onal | y . sub by
ral oo et it o1, e L BT tie) Sl RV S 991 i kST oPary,
aryl - @&@ﬁeﬁalﬂg HI GdimeeyY diffePhRn@}-CQYL alkephtdiyl |C, S@?Pahé}‘lo at}‘il or C;-Cyz
pref erabl y sel ected fromthe group. consi sting of chlorine and

br oni ne al§anle véerriai arvhor tbauaayla@dﬁhteu a:alﬁapt%@m@ SEMPomAY b pPheryl or
structugﬁ‘b mula RL-X-Y, or mxtures thereof, wherein Rl is

sel ecte r 'the group consi sting of Cl-C20 al kyl, aryl Cl-C20

al kyl, aryl, Cl-C20 al kylaryl, hal o-substituted Cl-C20 al kyl,

hal o- d Cl-C20 al k ted d
nal o surfte SHkrEtcRAtinge, CRpPRPDH. 1s, BETEFAN. At 1 i G oty substances

consi st hﬁgmgf tHe foPovinksydenerfNfstnuléd - zQs @ds dmndmsﬂyﬁme@ermm-s Ris),
al kyl phen chlorine sSubstituted Cl- p‘i{éh chl ori ne substi tuted
wF

phenyl ff@aemenwbbamesum@m (KB dsivatIvGE | thereof, wherein
Subst i g otk 12 33 S| BRANYacobSERD Kl IR b7 lifoned.or i

aryl - ng group ‘may pheny e structure of
at | easC,eOppalkgksaryhearyl @) - @E(paikazﬂ],dCNCab @ﬁﬂ;yllarself &2 abby alkoa yphryloxy or
-N-, nor e

- € and BN R, oyRieh oo G rhstiselea By bl g i svkstinsgt
2Ly 3 TR, o L e o st
radical or cycloalkylidene , preferably C,-C, ai/kyl aryl, aryl C,-C;, alkyl,
C,-Cy, alkylaryl, C,-C;2 alkoxy, aryloxy or aryl C;-C;, alkoxy, which are
optionally substituted by halo or nitro substituent, or R4 and R;s, R;¢ and Ry7 or
R;s and Ryg are bonded to form C4-Cy, alkylidene radical or cycloalkylidene ,

wherein aryl or the aryl in the aryl-containing group may be pheny! or naphihyl.

The phosphor-containing compound is preferably at least one of the substances
having the following general formulae, i.e. phosphines (RyPR32;R32), phosphine
oxides (Ry3R;4R,5P0), phosphates (RisR27R23P04), phosphite (RygR30R3,PO3),
wherein Ry, Ry3, Ry and Ry may represent H, halo, linear or branched or cyclic
C,-Cy alkyl, aryl, aryl C;-Cyp alkyl, C,-Cyp alkylaryl, C,-Cyp alkoxy, aryloxy or
aryl C;-Cyp alkoxy, which are optionally substituted by halo or nitro substituent,
preferably H, halo, C,-C,; alkyl, aryl, aryl C;-C; alkyl, C,-C,, alkylaryl, which
are optionally substituted by halo or nitro substituent; Ra1, Raz, Rag, Ros, Ra7 and
Rog respectively and independently represent linear or branched or cyclic C;-Cyp
alkyl, aryl, aryl C;-Cyp alkyl, C-Cy alkylaryl, which are optionally substituted

11



hal o- substituted aryl or hal o-substituted Cl1-C20 al kyl aryl,
preferably fromthe group consisting of H Cl-C8 al kyl, phenyl C1-C8
al kyl, phenyl or Cl-Cs al kyl phenyl, chlorine-substituted Cl-C8 al kyl,
chl ori ne-substituted phenyl C1-C8 al kyl, chlorine-substituted phenyl
and chl orine-substituted Cl1-C3 al kyl phenyl, wherein aryI or aryl in

adai 11 ve TR ot PR R B FOY £ o FIRRL Al Rl G W,

consi sti@gi aﬂrlejrlhayiolwhﬁhhmobpn@mamarmbsuhué@rtgt hahmat mAtroofuBstituent,
hexanol , enant hol , octanol, benzyl alcohql, phenylethyl al c?hol

pheny! prheisan arﬂh%gheoaty}rlnathe@ﬁﬂrcorﬁatmpg %QHEWaléﬂjédﬂtﬂﬂ Of f@phthyl;

compoun r U CO ¢ ]
or opy| g’j[%h E 1§%Jr€ﬁﬁ§91yf s@f@ctéetfﬁgcélﬁ E]hei ys,?l%'él hg?ﬂmﬁﬁng {S‘f’ chﬂ&ﬂ?é » and

octyl eﬂhennnanrsole phenyl propyl et her, phenyl butyI ether
di phenyl ether, xylene either, dibenzyl ether, di chl or obenzene et her
and di chl or onet hyl benzene et her. Ketone conpound nay be sel ected from

t he gr ourhe eEIFuE! An) pibs @cstﬁauﬁﬂg ume i fﬁt@@bliﬂ%qemeone of the
hept anone, octanone, acet ophenone, n ethylketon phenyl propy

ket one, SPANRYWKISABVAE Htfeﬁ?ﬂ%mi/lskﬂétcéiﬁ iﬁ%h@&bﬁ%ﬁyﬂ%tm deeyﬂeres
COWO””QE@{%’% %e?@il %3(%(1 ﬁfﬂitﬂ@e ﬂz'rsgla’@tr?& hﬁ&'lﬁ?ﬁ;ﬁﬂdﬁ%ﬂl}ytepreseﬂt H,
ﬁDn C

acet at e acet at roacétate
di chl or dm&re,t hnear or Hmmclnecb btm}mﬁceﬂa@o Eﬂkphyaryb,cettsdt@l (hpitafkyl, Ci-Cyp

acetate r te, pro n | onat e
but y! ol L1080 MRS, Siviey R ROR G HIRBX Y SRR P, Stiqnatly
butyl a%ﬁblst@trﬁed Whaﬁ)’lrol"rﬁh@ smtiwéntbqﬂf@my #, Wdlob(BlyC?zt glkyl, aryl,
propyl but rate butly butyrate, net h\éy net hacryl ate, et

)

met hacr @ YL fer Racaliyharyl, Gubys aleana@ryloxyeor |01 -Cj2 alkoxy,

th t
penzoat é""‘ﬁ‘:ﬁ fg%?nﬁéd&a?@%ﬁ@*ﬁrte S BaREDE AR o8 R THERTh Syl the
benzoat a;ryhruretl‘twlamhcbnﬂammb grcm}:hyha]oribdnaplwm',l ol p'rapﬂlyhylpma:dl hale, is
di al Iyl pht hal.at t ht hal at i. met hyl
Ler epht WPt R D aeledlor frdmaBrenGrebBosififE ah i OurEafi haelbdS 20
di butyl terephthalate. Anong the above additives, am ne conpounds may

be sel ected fromthe group, cqgnsisting of diethylamne, triethylam ne
di pheny HBfRifecmBRimARhesaId a8t HiMergralybad ¢RMPRIRE A rﬁh@h%ﬁ‘n‘%%ﬂ dermala

N-met hy h@gXYKL ok y')ﬁtﬁkeég tﬂbf?btprh%lé@MNl?b Qfele!:\t‘eﬂtf?é{ﬁlbﬂ')@’étﬁgg{k’ﬁnSésrt]mrgec’)f

hexyl am 0 yl'am ne propyl am ne
2- ami nolﬁhpﬂmall@lamtytblﬁhpﬁ@nelkyl aryl Ci-Cyo alkylaryl, halo-substituted C;-Czo

N, N-di praﬂ%)il, %atfg-ls%gisﬁﬁityd I\é—r(;, t—E gﬁ(% rstﬁhﬁc arytl’ﬂ K %aio sugétltuted
C,-Cy alkylaryl, preferably from the group consisting of C;-Cs alkyl, phenyl
C,-Cg alkyl, phenyl, C,-Cg alkylphenyl, chlorine substituted C,-Cg alkyl, chlorine
substituted phenyl C;-Cg alkyl, chlorine substituted phenyl or -chlorine
substituted C;-Cg alkylphenyl, wherein aryl or aryl in the aryl-containing group
may be phenyl or naphthyl.

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-.

Y is selected from the group consisting of H, C-Cy alkyl, aryl C,-Cy alkyl, aryl,
C,-Cyp alkylaryl, halo-substituted C;-C,q alkyl, halo-substituted aryl C;-Cyalkyl,
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benzyl am ne, N-nethyl aniline, phenyl butyl am ne, N-butylaniline,

N, N-di ethylaniline, 2,6-diethylaniline, and triphenylam ne Am de
conpoudns nmay be selected fromthe group consisting of

[V, N-di met hyl f or mam de, N, N-di net hyl acet am de, N, N-di et hyl f or mam de
and N, N-di et hyl acetam de. |In anot her enbodi nent, the additive may be
one or

R R e e

and phosig Qp @@ﬂm@uﬂgnngHgamlrcscmlmurﬁlﬁenWbcq @p@@k)ﬁl c?lhényl lope C-Cg

sul fur-cont ai ni ng Qr.gani c coggfund i's preferably at leas

sel ect ed!kylphennk ¢hletipecuhsiiited ot aideo @ﬁé@rlwsvbﬁtaéi%pbenyl Ci-Gs
RLl-S-R2 al%#é]; ﬁﬁ%§ﬂ%t@@d el é{loéh&]e&ﬁgﬁgsﬂvg L}tgg er@ Xﬁ(ﬁilphenyl,

t her eof res ec and 1 ndepen

br anc hedvberenyatylcor@tytﬁﬂtlml dqyrl-,coateymngaglyiupﬁrna%)e piielnyl[ or ﬁizph?ﬂQ(l.
al kylaryl, Cl-C20 al koxy, aryloxy or aryl Cl-Cm al koxY, which are
optionally substituted by halo or nitro substituent, or RL-R6 are

bonded %mbnhwﬁetamlacuﬁﬁv@ss Al dBrfosrds s l@@‘sél)él:te@eﬁ@ni ﬁ@B efdup
or aryl - subsfituted al k yl i dene radi cal, wherein aryl or the aryl In

the ar y|c0@mtt@bn|0ﬁgrrgrtbmpplmqthb@olphempan@l raysndly | ampk erleekol, yhexanol
t hi oet h ou | e

ai ety e, ChiaPEy, Peuafl; FbShor | Sendfafv Beeist Shhiptopanol,
sul fi de,phénglhzdtyls alo‘dmbda, nditlveix pen sl ailicdhol datheptcpknmmhlﬁ's dmay diplselegted
sul fide,. din ht sul fi de, g Etprﬁ’{@SU|fl di b zI ﬁulfldel h
xylyl  sdremqd e g SontaAaL 08 hyt eters By st&ﬁ&nﬁ (ftRgrgmyl ether,
et hyl etayl] st ﬁeptytrfétﬁyﬂ wc@ﬂyé:théw 51&1@81«9 fﬂﬁehyl ?%p&l aublf ']ﬂfbnyl butyl
rnet hyl phenyl sul fid yl phenyl e, phenyl

but yl phé&tar, sliphend, etbw Eﬂ@D?Ielﬂlﬂl'f |dd]éﬁnfé90¢tb%nfﬂlyhlcg'gb¢mme Sffier and
| oh | Lf
cyel ohexrlnopb HERan ek anaRty ki pdue! BISAREXLICSHI i, oMk foup

preferab ounds hay 5
consi st |cngsxstmg| pf oaneltom;l butmx,ond; t]l&nydmmﬂ fhelﬁancnhepﬁamthnmﬂ f bdimnone,

di napht hyl . sul fi de, ant_hr sul fide di benzyl | fi

o o1 o aBtbtoRbEnpRS: (eh Ry g, * FheBRf o GoRYT | kefdhee gfilggpphenone,
consi st ?h&n?famﬂk@ﬁid&y lananﬁ&isuH@xymbﬁiﬂ&yl Eﬁéi-f&?ih nd¥ ﬁszgmﬂe selected
sul f oxi di butyl sul foxide, "di anyl sul foxi de, G%tbfbsm oxid

di hept yirasnl f e d@rowp preampisting f of| d@letwlnapﬁ@mﬂ xi apgtate, ethyl

di ant hr %of&ﬂhl&fﬂa@ﬁaé% %‘ﬁ%ﬁflc}ﬁ%(g LA e)élﬁlyin génfo%ébﬁﬁ ) %’i‘%’%‘ acetate,

di chl or obenzene su nltro enyl f OXI
sul f oxi diﬂtylmat:ht;atqar nwhyb qirbpmmiw, aﬂtyﬂypmpmha&ulIﬁmpyﬂepropmnate butyl

met hyl phenyl s Ifo t.h | f oxi de r opyl henl

Ul f x| BEOVIORELA. SHENE et AL UayY RS Bsbu Do A SRRttt oY cblasyimy)
sul f oxi deyy 1&5@'@&&?1/%@}{4&@)@@?1 bﬁmhﬁh%%yjd Bty @atyl butyrate, methyl
i sobut yl dodecy! f oxid More préfera sul foxi de _conpolnds’ nay

be sel eém%tham'ryéam nﬂl}@rmaﬁla@wigtesmrﬁgybmei naenykaie, Sutsone crﬂfaﬁﬁr vl

sul f oxi I f.0

sul f oxi g[?ethghg}f%téf >1;r?e %{ﬂopom %’Iﬂggﬁ’?? Héstﬁr é!r(g]?ydle ?hﬁl BQPZ ate,
and di chihmylobenzeate, shﬂm‘}dxbdnz@.rte;‘ eheqalnyly baﬁoﬁtmeoct;ﬁpbamﬂmteraydlhmthyl
sel ected, fragmthe. gfoup i Sti di h

sul fonephg?agf“'i?py&%{]yf H]gt% iqtsut ]‘foﬁha&tﬁ’mﬁ%lagﬁffﬁ E#he?&hutyl
sul f onephed 18R ¥ diddty ] Oﬁﬁthaqiét@heﬂﬁheﬁl%f Wrep hef 8RNt HYéth?P' {c2BFhthalate,
di ant hr yI sul fone, di behzyl sul fone, éihla suI fone, dichlorobenzene
sul f onediptiopyl tesppbthplate pnddibutybtanoplahialatesul f one, et hyl propy!

sul fone, nethyl butyl sul fone, nethyl phenyl sul fone, ethyl phenyl

sul f one, propyl phenyl sul fone, butyl phenyl sulfone, cyclobutyl
sul foneAmyﬁ%Qherﬁbsolvesaddmnes a:nhieob@mpbuadk frﬁiiljz? becsetéatbé ey the group

sul fone, cyc ododeﬁyl sul fone. More, f er.abl y, I fone .conmpounds may
be sel eEPBEISHABM £ a@Bﬁ%a st F‘nﬁpﬁet %IEN ABHES, dlaﬁﬂﬁlﬁwmc
diethylmethylamine, N,N-dimethylhexylamine, N-methylbutylamine,

N,N-dimethylbutylamine, N-ethylbutylamine, hexylamine, N-methylhexylamine,
13



The phosphor-contai ning organi ¢ conpound is at | east one of the
organi ¢ phosphi nes 127PR8129, organi c phosphi ne oxi des R10R11R12P=0,
organi ¢ phosphates RI 3R14lt 15P0O4, organi ¢ phosphites Rl 6R17R18P03, or
derivatives thereof, wherein R7, R10, R13 and R16 in 127-R18 may
represent H, halo, linear or branched or cyclic Cl-Ca) al kyl, aryl,

aryl C1-£20 al k .CI- | ar whi ar.e tlonal

Subst ¢ dv A Blp by Bien T Ep ot Pnindy . Falinefeisafly ' fommingheptane,
R15, RL7yvandif o?)y!l&fa?ﬁﬁﬁin\ém y dednﬁéﬂg@n@lﬁylhnﬁ@@resem lhinf@&r Ohniline,
branched or cyc C20 al kyl, aryl, Cl - C20 aIkyI or Cl-C20

al kyl ar ﬁenmﬁﬁr@mear e dbmeshulanilingibst p@l@ﬂ&ﬂ)ﬂtﬁylaﬁuné, or ni t Agbutylaniline,
bstit | t
may be ARAHRAFIEARRE Yo Mot Rudfie, aBd UibnBiydn BT AnlgRlcOkiidfions
group canay sﬂmengsed)écteﬂl cﬁrome thed gboupn nensﬁnﬁgeroefbw N- plhnsﬂiylﬁnrmamﬂe
b | ect i St f t th
bhospht e aime3sreiangtn AL ity BarpRrRfe el thatafec pplantide.

phosphi ne, trihexyl phosphine, triheptyl phosphine, triphenyl
phosphi ne, trinaphthyl phosphine, trianthryl phosphine, trlbenZK
phosphi Aa, artqth&mem;apén@ﬁm tgmdémmmayrha:wmbmnwe Iastied fromdhe group

o ooy e SRS oo TR MRS B A oPRSENL D, orgaic
phosphi mmmpbdm:cstgdd phlfsp hindephadiphberyhtgihiptigaaic doppenytdphosphi ne

chl oride, dinaphthyl phosphine, dianthryl phosphine, dibenzyl
phosphi ne, xylyl phosphine, nethyldi phenyl phosphi ne, ethyl di phenyl

phosphi Mor@%ﬁébihcﬂll?hﬁ%’bu]&ﬁﬂ%@ﬁta’i‘ﬁingbbh@éhﬁjd BB hnm@s;&@fél%bly at least
tri butoxyl phosphine; triphenoxyl phosphine. re refera

phosphi reélecwﬂzs@tﬁddﬁqmytmgwm@pwstmanof e SC@flSﬁliﬂqtﬁgrSORl S-Ra,
tri t

tr1 hapheryPRES BRSO, LU BRC TERASD. & bRIAN G IRRE, Whoreln Ri-Rs
and L ri crlafpfrcmiyhé{l)dndpfmbpbndmtlf’rlﬁ{@lra@ brar]gﬂntedpdm ?ﬁc]imxlle@@aﬁgundsyl

e se e_gr CONSL S 0 Il S

ox! e, BFYECHSH o E eIt HE AT 16 pap g asHo SEPHY. SRa, Cr b BIPRY:
phosphi ﬁ;ﬁn@h'zﬂ@ oﬁtfdlﬁ'.[w subRESRBH N I@eﬂbdﬁt nfftfd e eoSPIR  0R; axé Bsnded
triheptyl phosphine oxide, trlpheny phosphi ne_ oxi de, trlna ﬁ

phosphi netlfaetions]; gioups ip forasEiniCre c&sszloa&yltdqn@ewﬂwalmfo@rwhm stltuted

oxi de, I e 0

oxi de, ;Ilkﬂ?% r opﬁihﬁg Vﬂgés}éﬁphgﬂom {51% a‘&? r%\ielt(::t E%PJISEQSH#[%@%oéwg] fhay be
dinethy@hbhylorphph@hﬂne OXIde di et hyl phosphi ne oxi de, di propyl
phosphi ne oxi de, dibutyl phosphi ne oxide, dianyl phosphi ne oxi de,

di hexyl phosphi ne oxide, diheptyl phosphine oxide, diphenyl phosphine

oxi de, @reﬁa@mmlthmﬁ@;hbaﬁap%hdg msﬂy Y Bl¥bie@N@BRD the (%Qéﬂlﬂebonsmtmg of
di benzyl phosphi_ne oxi de, |netdé henyl phosphi ne oxi
b

di chl or @lpﬁéﬁw siyfidepHlipeopyti sdfi rdumﬁﬁwsukfh%pmbm%ﬁwllﬁde diamyl
t hyl di

or opy G nEny| ABRASE NuaaE Lffept gt T ERen o SR Cofleplfn pyigce

pr ef er adignthpylosuitfide, odibdrzylo ramd)ﬂdd,s 1yl bmlﬁﬁbecﬁmﬁilcﬁmzme gsudfijge,

ot e chbtsnehhcultitne Tasa iy shugier o aBRsL SaHgS et outyl

tri naphfsﬁlrﬁdeph%Eﬂiﬂﬁh@ﬁ(ﬁdesulﬁﬂbanbﬂfyﬂh Spﬁlﬂﬁeoxpﬁ?«?ylbhéwzﬂlﬁde

phosphi ne oxi de, trimethyl phenyl phosphi ne oxi de, tri orog
phosphi batyphesy!l dukfidenydy hishkids epeclapentyl shfige.ceyae exyl sulfide,

phosphi Q?cﬂfﬂeﬂ?yl 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.

Preferably, sulfoxide compounds may be selected from the group consisting of
14



Preferably, phosphate conpounds may be selected fromthe group
consisting of trinethyl phosphate, triethyl phosphate, tripropyl
phosphate, tributyl phosphate, trianyl phosphate, trihexyl phosphate,
triheptyl phosphate, triphenyl phosphate, trinaphthyl phosphate,
trianthryl phosphat e, tribenzyl phosphate, trinethyl phenyl phosphate,

bhosphat ST e TR RRrodisshil ik BRaE HewipesThBhmuae, "BppBppvifoxice,
phOSphatcﬁan@llbbhibfbxﬂbosdlh@kfl, sl Ryxgde, 0 AdEPIGT esulfhxBEXY Idi hatioxide,
di heptyl hosphat e heny hos hat e,. di napht hyl g};s

di ant hr yd ha%foxad%eﬁant ero%lﬂﬁé?fl ge, alm%rtzml P ﬁepmhéhawéomde

chch or QRbERHb BAREN Ao dhct LRRGRIINSRRIANE, TREBMCNIRCBKorice,
but yl di pheﬁgyﬂpmdpqﬂ;ptmﬂﬁ)mﬂee mmhp}’ombjrly splfoxpiaat emetingipheaid nsylftede,

hospnasiahS Ry e B e Rt e ol fsigt. S
phosphatsgifRiddd." theRprhtRhagphate; cHeritRkap! Qillfcﬁﬁ@éph?(él%h%fmobtﬂ‘ﬂémde

may be sel ected fromthé gr.oup consistin trimet hite
triet hy|18<pimiybiﬂcte@yl t $u1§m§9l Mmpmfér £1:'11% bsn1§¢x1§no§pmn0élndsr gy | be
phosphi t t epkY, [i

phosphi tgecit%(lil rqg t %]%%ﬁgépﬁ%n?}eﬁ% pgedﬂﬁﬂilﬁ Hﬁlx%éee CBB %%h sulfoxide,
trinmet h)dlbimnydulfdx@d@hdiq;hsnyl selbridep hlem@hthybsplfbkﬁle, tdiamihrylopiiéoyide,
phosphi t di et hyl .phosphj t di,et h sphite, dipr.opyl phosphite,
B ooyl Gheeofs i afbiorobsneenn RSk tenboc v
phosphi te, di phenyl phosphlte di benzyl phosphite, dinethyl phenyl

phosphi t e, dichl orophenyl phosphite, d|n|trophenyl phosphite,
met hy| difsRéas 9b1yprﬁ3§§met eomponprlai BAERG splestgthiftam Hicogyoun seasigting of

phosphi gﬁmeh‘ﬁl sﬂifB %Hé%[ﬂg?zﬁ]ﬁﬁ{% NQ%JUBB lefsﬁi @ay d1Bp8§PEﬁn1;f§%e diamyl

conmpounds be sel éc onsistihg o
phosphi tsalfone| dittexlyl shtfonb| deheptyl pulbmyd, diphepil twfote, |dmt1y]1thy1 sulfone,

Bnd phoSHHNroREIPRER QBRBa ¢CloRRou SoMfoHEordichfirgbeRsqnzy sulfone,

subst angegithsptend! tshefoden ehéth ﬁthyptsurfahef @ﬁémy £§9P§8%B@1 m@cﬂshbutyl
derivatives theréof, wherein R21 respectlve y

i ndepengBHoneepmgtayiph ﬁnylhaﬁ%for@anétlwﬂpmrﬂflers@lﬁonm nBEIPYdPh mﬁn@n&f@ne
or c cI s

Cl- C>1/2 alﬁkgi) h%gl %%(%/e 0 y‘fty%i‘?‘%i%a ko><]€/é %&%ﬁ%%nmﬁ ﬁ?élﬁr%!ﬁ s}ﬁfone,
opt i onalcbzgzlohqusyh tulfark b;yctmioﬂenyl Isutfnneslsmeipmﬁembly/;m:lﬁjm asmpoonds
the aryl in the. ar contlnln rou b enyl or n hthl; id
hal o |gf$§3éP8rS§%ﬂ°§ch£W°é‘&€ SO ONEORE S aRE s ol rEnst Erraii TG,
br oni ne 4l endfne, cﬁﬁhwﬁ- sﬁlﬁén@hﬂﬁﬁ”ﬂh&hﬂoﬁﬁﬁbﬁb nﬁlwrﬁﬁms(illfﬁi{ép%{,ﬂ?l
may be seleCted fromt rou consi sting of trinmethyl phosphorous

sul fi desutfepet Whlqmmpm%ﬂé and eyclobusylhasifaneshosphor ous
sul fide, tripropyl phosphorous sulfide, tributyl phosphorous sulfide,
tri but oxyl phosphorous sulfide, triphenyl phosphorous sulfide,

tri phen@hel ghkbephcbmcommlmngf bd@nmetdmmpdupdewlatpmmmmuﬁ sto@amc
et hyl di enl.pho s sul fide, i ht hyl. .phosphaqr syl fid
trianth 21 Fatganic  phRBPC o EiaRe, dRpRst pPRD, | Ofganic

tritol A I I
i ?@gﬁsﬁgﬂegaﬁﬁ%&o{a@ae;r.éﬂﬂ@ e RUERIEDS S, fouis
h&

di et hyl tigres oxgan Ry, fR de RigiendtRysl int Ry-dhlhaspnaepresent Hmh@éo h@c@r or

el ect eI HhC g BOS Qonatelt AED et CheR R G e HIOAERY, hich
triethybare hp&ph@ﬂﬂtmbsutdted%yahaﬂot o nﬂm%hbﬂﬁlmnhomum,smht iRis, RT,heRls,

additiv e mxture ny co ounds abgve. nol ar rati o
of the i%a.aﬁiv 18 wwﬁﬁnﬁﬁlﬂo@ in aeprsswtﬂlmreaorlgr Hicdedrapeyclic

Ci-Cyp alkyl, aryl, aryl C;-Cy alkyl or C,-Cy alkylaryl, which are optionally

substituted by halo or nitro substituent; wherein aryl or the aryl in the
15



The diluent may be any organic or inorganic solvent capable of m xing
with other ingredients in the initiating systemof the present

I nvention to forma solution or dispersion. The organic solvent is
preferred, and is one selected from18 the group consisting of

al kanes, cycl oal kanes, aromatics and hal ogenat ed hydrocarbons,

21 Kanes 2rhaFbERPEE YR IEAT Be MERSS O ERRRURT s PSR s

are, e.dromhésyro ?@om@ﬁngrofrﬁhll@ﬂmélab&tbrbﬂilﬂél al kyl benzene. In one
enbodi ment, the diluent may be the organic solvent in the aqueous

reaction nediumas stated in this invention. The initiating system

can be ipefiritly] GSRAnI AiEpRRhAITRIAY? BLIICRIP R (RE o8P RIFRALEL of

before the po rization e Inti system nay par e
vari ous trietlhddghesplins Tiproppl @hbsphnnasénbﬁml ;dxamhhm, trieamyinphosplineg,

dditi d L d ' r.di t, .f eed]

manner & CAGY tholGTERt el oPACSBANSY IPTERY « BROTHIBRE aliganhthy]

period ¢hobkj qﬁaﬁtheylllfhdslpmﬁ ttﬁ)eﬁ dylslsﬁ ﬁ@drﬂfﬁéthyl—[ﬂi&n?l ?ﬁb@bhme
|

and t hen WI]?h t he additive, and then rect used, or used after the

ni xi ng ftap @rgﬂflmd prosphine, tamtrmeawé[pﬂmahm, mm@@y\l\npﬂmsn@w\esdmﬁhw

d th |y

After ' REOSEESE; HibRGHA Shosshot, BGRTP PO RC) "diomif BHdRbhidE, Uin

Irrgtn 8 rr:a P@hgﬁphmeddfe?tyabglﬁamrjr]e}nne/edmhdnybphss;ﬂnmd d1pl;ﬁnyfﬁ>hjtmsphmcezlﬁbnde
. L1 . NI

Cyaton disshey phGHine sifRth: 4 bho Suiflpcibenhrl P bR Bflosphine,

nononer %étﬁglrdlpﬁenﬂqshd@muw%th d?l@éﬁylfljmﬁ phite!, ipRbpY1 aﬁahﬁhyp?hmﬁmne,

t he addltlve and Lew s acid, and rectly used or used after

mi xi ng Pa&ldiphesyl posphing. niributex i em@rpmm,etrw sHouYA gPhesnhenet MNere

of L he bRSIeAIGn pRoShNE DA ANACHTLOR SORCILEUIE T NeohDicbhefliRg of
condi fj i miprIIps?otpri]léisphme f?ﬁuwt Esptzh;mphmd ;;tmp%mglubphaspiﬁdej ntronagthiteyl
ool EbSofine, RibeRi ShiqshRity b mpipiih Mbisthin but AiRBlarophenyt

advant a ﬁo%hmborage st abi I [ ty, and even maintains the activity after
bei ng dep05|ted for several days or several nonths.

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 phosphine 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, phosphine

oxide compounds may be selected from the group consisting of trimethyl
16



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 m xture solution with the nentioned
diluents. 2. Mnoners The isool efin polyners of the present

i nvention conprise honmopol yners of isoolefin nononmers and copol yners

sool r f . .
o 0B BT BB STBLARA BRI TPORER Bhobih 5. wpneny
nmononer sphnspmmi ymude,d ﬁrmaphﬂayir tphosplginel saddesf imaﬁﬂﬁgheplsosjﬂﬁné oseidle,
in 1J8566 232 ul | t of s q is |ncor§ ated%ﬁerel n.
| sool ef itHDRBA SR mengmire Fome g Hﬁ I@ﬁn@haﬁplémﬁue iflea) i aRARRenyl
are prefi{Rbhihd'seide! igHeRyPpRE§Hins BXFAY D dif By HENIBLo phosphine oxide.

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,
trinaphthyl phosphate, trianthryl phosphate, tribenzyl phosphate, trimethylphenyl
phosphate, trichlorophenyl phosphate, ftrinitrophenyl phosphate, dimethyl
phosphate, dimethyl chlorophosphate, diethyl phosphate, dipropyl phosphate,
dibutyl phosphate, diamyl phosphate, dihexyl phosphate, diheptyl phosphate,
diphenyl phosphate, dinaphthyl phosphate, dianthryl phosphate, dibenzyl
phosphate, dimethylphenyl phosphate, dichlorophenyl phosphate, dinitrophenyl
phosphate, methyldiphenyl phosphate, ethyldiphenyl phosphate, propyldiphenyl
phosphate, butyldiphenyl phosphate 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.

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
phosphite, 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.

17



wherein Rl represents H Cl-ClOal kyl, preferably nethyl; R2
represents Cl1-Cl10 al kyl or C3-Cl0 cycl oal kyl. Preferred isool efins
are selected fromthe group consisting of isobutene, 2-nethyl butene,
3- et hyl but ene, 2-net hyl - anyl ene, 3-net hyl -anyl ene, 4-net hyl anyl ene
or 13-pinene (referri ng to US4269955 and US4154916), nore preferably

| sobut e hy, ne and. 2- net ent yl ene, abl e
ononer o b ST A bR OS R et SR o R 6 SPauBA RS A s e or the
conpri sesyhRthce®hdihg | the NSatdislab 8 cRi S0 BbEnEIANRUPEIS, RS, Jand @bﬁ%ﬁdes
from co%ugat ed or non- conjugated C4-C20 diolefins, such as those

di scl osddefepiusdweeinn, Ramanduﬂmreﬁmmﬂscand gmpe@sieﬂhme&m&ﬂob@a

US20 f f
:apomat | é.sés&%%é?ﬁ}f&[%&zﬁgp %Pgwég{s&g?eor(?ﬁ'e or Ell&gﬁll‘ éc?@g aﬁ' or‘r’n"tcﬁ%alky]’
gr gu 8 ccﬂt‘:isci@ afkylafyl b G Ak, atleox yi, saxgicane or Brgk ﬁ.‘qﬁtgdﬂb@uey gropey whécte are
, 3-di ne

24 i metntenaltsSihsaSied by Bela onBitreanRHIRRh YA Bpd R dedtel in the
1, 3- cyclphpxagifnmg sowpthiy el RS ok iaBRENE; il HAY e PeefeMYI§ sclected

preferably
from the group consisting of chlorine and bromine.

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, trianthryl
phosphorous sulfide, tribenzyl phosphorous sulfide, tritolyl phosphorous sulfide,
trichlorophenyl phosphorous sulfide, trinitrophenyl phosphorous sulfide,
dimethyl phosphorous sulfide, diethyl phosphorous sulfide, dimethyl
thiophosphory! 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.

The additive may be the mixture of many compounds above.

The molar ratio of the additive to the monomer is (1 X 10*-5.0 X 107):1,
preferably (2.0X10™*4.5X107):1 or (2.5X10%-4.0X10"):1, preferably (2.8 X
10°-3.0 X 10™):1, more preferably (3.3 X 10°-2.8 X 10™):1.

(4) Optional diluent
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
18



diolefins are selected from conjugated or non-conjugated C4-C10
diolefins, 20 specially conjugated C4-Cl10 diolefins, in particular,
e.g. one or nore fromisoprene, piperylene, cyclopentadi ene and
2, 3-di met hyl but adi ene, nore preferably isoprene. Vinyl aromatics are

preferabhy sedigrteshdisionpt b€ alloinescoppdlotliagesf stomaties and halogenated
ot - net hyl styrene, p-nethylstyrene, p-chloronethyl styrene,
p- et hoRydrgeashensp- or buRiRtBEes eﬂl—ﬁfeﬁf-t -Halesgnaieqr dilrocarbons  are, e.g.

oV ! 0L ST TR B BP0 O AL AP SLEE Rrones

p- vi nyl gte/reepephémdtand ef@iabr meltesdhstiial bllobens@idy| styr ene,
p-vi nyl styrene and p-t-butyl styrene. During the preparation of the

copolynmers of the present invention, any conbination of isoolefins

combi naff ST abediraRREce JfifieL DS BeCHR RIBnRE §pRent ol 1" Gucous
| sobut epgyetldhmedPmhediestated by tidsenwehtioR) peryl ene, is obutene with
cycl opent adi ene, isobutene with p-nethylstyrene, isobutene with

p-t-butyl styrene, isobutene with p-vinylstyrene. Mre preferred

nbi i . | d f h i i .
oonut ol ifEfnBCsERbR cebo e unes il RmieRl th el BoBmedafiion irveme or
wi th IO‘pf@ﬁk@ﬁ%@%foﬁitﬁew(ggﬁrﬁﬁﬁh.Whéiﬁﬂiﬂﬂiﬁgfé}‘si/erﬁrlgﬁ?tl@é prepared
I .

being fornulated wth the d into the solution. Said diluent nay.
be the bygariaussmeileds pndiiReconygoiersrionuss. Jiar exawple, shednitiaten additive

consi st R PV cifica, HighRL 2ecBripd] (ETdiSraEne egting HRdGs hBl then
et hane, dheefignesedd Wrand RRBE ANE refRiAN¢astO pododcyLtias @nthe initiator is

met hyl c¥cl ohexane, petroleum ether) or hal ogenated hydraocarbons. The
pol yner fzstly onixedawithonewis anisl, andsthen Wﬁ\he&ﬁ aiditivel asddhendirectly used,

noropol NTEGA GBS TnE AR R A RETRL: TRERISABISIIEgido iy v
- 7.0 n¢idland 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.

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.
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3. Aqueous reaction medium The aqueous reaction nmedi um of the
present invention is a m xed reaction nmedi um containing an organic
sol vent and water, or a reaction nmediumin which water is pron nant
or a reaction nediumwhich is totally water. In the agueous reaction
nmedium water is preferably from3.5%to 100% nore preferably from
5%to 102,03%13 volune in the reaction nmedium The organic solvent or
di l uent 4 Q\H/ T$% of ol efins, al kanes, cycl oal kanes, aromatics or

hal ogenafigs 1Bdéllemalplamﬁersobfmh>ét Pf@%nﬁ havesfion Pé(ﬁh@h@@'h[omb Slymers of
organi c solvent is at |l east one of |linear_ or branched or cyclicC

Cl- C20 dhedlefis, menpmitss andyeopehymarteal 1spodefin meenypersaansheppelymerizable
hydrocarIHBHé ebd. eferably C2-C3 ol efins, Cl-Cl2 al kanes, C3-Cl12

cycl oal kanes arorratl cs or halides thereof. More speci ficall y, the

ol efins are et hyl ene; the organic solvent is selected fromthe

gr oup c i ng of ethane, propane, butane, pentane, hexane,
hept ane, @MOHBW% decane, petrol eum ether, cycl ohexane,
met hyl ClgbﬂQFﬁﬁﬁﬁnoh%}g%rséd %fé?élﬁoc{reaﬁﬂldiﬂ 1's€81%ﬂﬂ”'ﬁfc§fbfmerb RoifY@only used

speci fic enbodi ments of present invention, the agueous reactlon
medi um Anytheoantaeg. neow@fmgmpwmy@ﬁd@ae%onsUsﬁﬁéS%%&l vhet fidl text of
vol unme I ous reaction nmediumto

cationi cﬁ%%&)??réenrtﬁg %«%ofp:%&tsﬁg%g&% vi nyl nononers, is (0.03-25):1,
preferably (0.04-23.0):1, preferably (0.05-21):1, nore preferably

(0.05-19): n the pol rization tem of the present inventi

Lhe vol JHeolegi gugRofgeY oRgUAE: 1681 JENPWARE 8RR o SrgLIsEl (GHmA | are
pref era?lré(f le%,oaseg in'the predindTh@®iGent ai n addi tional water-sol uble

conmpounds. The wat er;sol ubl e conpounds are one or nore selected from

the group c6H&=ERM’ of ionic conpounds, such as alkaline netal salt

ke, or al SRR Ko BRERRTE AN Rheierp MG R Bltrcohfe
or pot agyi-UgalRyl er (i Oficyeloddkwimi ne or an acid radical. Said

al kaline nmetal salts or ammonium salt conpounds are one or nore
preferably selected fromthe group consisting of sodium chloride,

L it hi UmpGBfFd desoBRIARS 48 Eélka@c'e'dd@rorﬂ()ttﬁésb%ﬂ@ﬂ%ﬂs‘i‘ﬁmﬁoéf Udbbutene,
dodecyl sulfate, sodium dodecyl fonate, ammoni um

tri met hprmestaylbeganenr ord-aethyl t¢1m3r gakimethybwsnylenaci d3-methyl-amylene,
4-methylamylene or P-pinene (referring to US4269955 and US4154916), more

preferably isobutene, 2-methylbutene and 2-methyl-pentylene.

Copolymerizable monomers

Copolymerizable monomers used in the present invention comprise mono- or
multi-unsaturated organic compounds, e.g. selected from conjugated or
non-conjugated C4-C, diolefins, such as those disclosed in US5668232A, and
vinyl aromatics, such as those disclosed in US200400149A1, or combinations of

C4-Cy diolefins and vinyl aromatics.

Said C4-C,¢ 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-cyclohexadiene, dimethylfulvene, limonene and laurene. More preferably,

diolefins are selected from conjugated or non-conjugated C4-C;y diolefins,
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is one or nore preferably selected fromsulfuric acid, hydrochloric
acid and fluoboric acid. The organic acid is one or nore preferably
selected fromCl-05 saturated or unsaturated acids, e.g. formc acid
and acetic acid. The al cohol is one or nore preferably selected from
Cl- 05 saturated or unsaturated acids, including nono-alcohols or

pol yol s, _e. a.,. et hanol.. ;ef-hanol .. pr nol , ethvlene qglycal, propylen
O yaol *REeRb Eoapeed En R, g ABEO T pFRHET e £ Ko BRI oD
t o nononespreng, (QifeBilede, pegtlopamiadidie 6.4nd 12, Fdimeddiph@didies nadse
ratio of the alkaline netal salt or ammniumsalt in the reaction
nediunllﬁﬁﬁﬂﬁbbbwpéﬂaﬁid or mxtures thereof to cation-polynerizable
nononers, e.g. vinyl nononers, is (0-6.2): 1. Such conpound nmay

reduce the solidifying point of the reaction nmedium enabling the
react i onVinyl baronmaithsc tred prefdemblp dedected nfrermthe erodp dinsistingant stiene,

t bles th | i zati tem t hi bi
het or g haRIGy BHHer | PAPF G IyEem PrelISRaRbRuITstRS dr BistpSogptyrene.
state, ynr@%tgtl@t;ireﬁé,eﬁsaadtbgrseﬁ@hépﬁ-xghgm' RAE YarRNth dehe d wedreaprifédably

g i g

to obtain the polymer products "havin nononer conversi on_and a
hi gh nol@€ul £ wangiet JEoRol \siBienees uptagysireans, br eghlenonaetyylstwene,
curt ent A PSISAelL ! | boUirde! LB EROL IR | 81! fikre  from
process*of the présént “i nvent1on, 't he pol ymeri zat'i on system conpri ses
a react ippmetieylistyrenepmoneylstyrane and pi-abuatylsgyreeavi s aci d, an additi ve,

an optional diluent and an optional dispersant, wherein nononmers are

cati oni c- honopol yneri zed or copol ynerized to obtain the correspondi ng

homopol \gfigg Othe OpRpyiRich Jihahei %B?bl%&ﬂérsi ofathé e?fe?seﬁﬂein?fentipn, any
anphi philic conmpounds. The dispersant of the present invention _is an
anphi phicombigatips idispalafiy b cgpabimgriztbladnonemesy mepsioped, above can
wher ei n j r i L]

cons: st Dlg S iR EP OntAAORIN bl B0 BT thE Rrohg PO 5.
i on, sulifethgenon, wathd beoprene, susdbmtente iwith Opiperglenkei papbblifemegr etith

of C6-C20 al kyl ,..aryl. aryl C6-C20 al kyl or C6-020 al kylaryl ich
ar e opt FOREREptidiBad: isaPuing i PomarYlstREney poGRsRe el misbufeiene.
;)(f 1}) hg gs&ﬁﬁéﬁé;\ﬁitﬁgﬁvh?ggﬁiﬁﬁ.ohﬁorg &)f(%e%, cldaﬁsﬁﬁﬁeah YareL§dledied- fofh
- . or rerera . -4- L. -o. 1.
the grlzoup cons%gting of, e.g. isobutene with isoprene, isobutene with

p-methylstyrene and isobutene with p-vinylstyrene.

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 cycloalkanes (e.g. ethylene,
ethane, propane, butane, pentane, hexane, octane, cyclohexane,

methylcyclohexane, petrolenm ether) or halogenated hydrocarbons.

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
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I n one enbodi nent, the nore preferred dispersant is at |east one from
al cohol s, acids, alkyl benzene sul fonates, fatty acid ester

sul fonates, alkyl sulfates, fatty al cohol pol yoxyethyl ene et her,

al kyl phenol pol yoxyethylene ether, fatty acid pol yoxyet hyl ene et her,
pol yoxyet hyl ene al kyl am ne, sorbitan fatty acid ester and epoxy

et hanol duc e .8 kyl ni.um haljde. Mire prefeyr .
exanpl es'ﬂ?en::%qtfl%ghgtfﬂgggg? lg%gﬂlpoﬁf cafﬁggeﬁﬁ e?{]i1%%ﬁt§ﬁn dinBn d r%gctlon
brom de,me¢iuh Rbandhingohy oxyaiibobrent etndewatdicsndaeyttioh eoddihm i &ikGch
acid, sorbitan nongstearate, sorbitan ol eate, ,and pol yoxyet hy| ene

sor bi t ol WSR3 AUPEHRANT ¢ 8 HEACRQE tReHP ML MhIck s tefally: Watdndithe gquenws
di spers SHEB : ] f ty, e prerane.

of Fhe. ader fot el i 1 B Rrably Trpht 899 20 10090 piore preRE B Hon
amount &% rtonldlisk dy tdlemteyipethandaationmediimor gani ¢ sol vents, and

water content in the reaction nmedium As for the sane dispersant and
the determ ned pol ynerization reaction system if the anmount of the

di sper sate |0‘-i‘§§.1@i@ E&Went torWdiihemots haye ohbeor dlefihs, 0hINEBI RERIASkanes,
di spersion and be difficult_ in stabilizing the polynerization

react i oATeYREticH of thalpgengied hydspcerhong; Permizhires sthesepthi Brefexapty, the
cost wi | i vt | i tor i L poStit reagment. o )
procedur0 ggglgiﬁdg(?ﬁgﬁg??ﬁtc% yeg ﬁ%‘ﬁ%‘?@%@%ﬁ%ﬁﬁ’ﬁ C (%llléoncﬁg?m 5'1%f1ns,
pr oduct alledntdso eyhlaalieames| srdmaties odilmpegeariaved dfyfiemdarbdus oprédfergbizo GhHE,

present i nventj.o t he catjonic po ri zation af nono s gan he. .
ehi eve I Catuelaniaa o e R AER e HoRefignes L, Tame Mae
t he pol ¥pBéifzally) the yRFRIY S¥he bl E&ﬁeﬂi@,%ﬁ@ﬁ‘%&ﬁ@ Jo1¢émgrseRetaf froed the
so as to be advantageous to 1 ncrease the heal and mass transfer and

si nul t aBERWR |SPISELINg: PE gtkanch PTRBABYPRIANg. pEntadspdexeng.cheptane, octane,
di stribut. i p i zat] S i.n p i LAcCr:

the pol LoLEe: Hecle ok o, PP S ki, PR G PlgteR ah” i€
pr oduct thélee$ andflfadudes therenht InbtheaspwicHie dnibpdiimenpr obtheapteset invention, -
Pol ynmerization lfr ocer Thed. resent inventi glnwpr ov'hcilfgﬁ ‘? pr &gﬁess of

cat i oni Hp8RYRHEHS FAFNGR Mg BiaY, AR L Jaldaenagrehufroratanny-
initiating systemin the agueous reaction nedium In the

pol ynmeri zati on process, the polynerization systemconprises a _.
react i ORTEREAARIY, WSnyeliBe %11 ok jwalengins JEe caqUeGHSopEAGAN TBPdivant to

and. ar. RHbANAboNRATAA0! mARGRII, "o k0 \RIPT BRANIMLAYOR | 90.03-25)1,

cationic-p rizabl'e nononers aré hofibpo rized or topol

wi t h t hprafarablyr(i0t0428Y: kymefamnbly @h05qiddy momsptefanbie @.06r1D):1.
obtain the correspondi ng honopol ynmers or copol yners. The
pol yneri zati on process is conducted by a batchw se pol yneri zation

net hod, I thepolyaid] AAbeUSs MBS itH&prefenTahheghien, thes 9BliAEQUsio of the
pol yneri zation nethod. The cati onic &glﬁmsrl zation of the present

i nvent i BRSINCSOhRIE e dneRomersemB N he ranpredgradpAP-4Dokc to 50C,
preferably from-90C to 35C, nore preferably from-75C to 15C. The
pol ynmeri zation tinme is a function of factors, such as nononer

conver sThe, poddiver i 2@ay orcombaiai t inddiicared pwathreddlobleef fompuaygs. etThe
The tine for t]PJg cationic

T TRk SRS PRy R LIRSS B HeT R 86 Y08y B g of
ionic compounds, such as alkaline metal salt I,P or ammonium salts, inorganic
protonic acid, organic acid and the like, or alcohols, wherein I, 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
sclected from the group consisting of sodium chloride, lithinm chloride,
potassium chloride, potassiuin bromide, sodinm dodecyl sulfate, sodium dodecyl

sulfonate, ammontum trimethylhexadecyl bromide. The inorganic protonic acid
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The cationic polynerization process and procedures are characterized
in polynerising the vinyl nononers in an aqueous reaction nediumwth
the initiating systemof the present invention, wherein the

pol ymeri zati on system exhi bits a honbgeneously dispersed state. The
cationic polymerization process and procedures are further

characterized in the ca ti of, VI a
adueous et aramene raAPLf sBRACE Fedl b o AU b ARG, 104 ha
wher ei n flishdidd agrharles obyiiocrides dneg@mnmraqﬁemnm séfectedt from C;-Cs
i nvol ved therejn, and the react i on stem exhibits honogeneousl

di sper s S@tuaiad O HHsaREAlegn A dpo g pr@a@ jagHl arléc%%waﬁfa pffé‘&ealspﬁgl is
are furthey Shﬂ{o\% Ig{]e%f&%%tl% tﬂsgﬁét&ﬁmfrbﬁi L) %‘f”é’z{ﬁui&?@&’”@f %dsﬂnﬁated ac1dfs

reaction medi um wat er us e Initiating syste

the pr esentudlmg/enw@-mlca&hﬂs @rrpalbrelsr eagt nmilh&wit ethd®], pxdpdiidls ethylene
hormgenequ ly prop?ﬁarnseedlyc%?ta%d propanetriol. 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

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.

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.
The dispersant is at least one of amphiphilic compounds.

The dispersant of the present invention is an amphiphilic compound having the

general structure formula W-0O, 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 Cg-Cog alkyl, aryl, aryl Cs-Cyp alkyl or Cy¢-Cyp alkylaryl, which are optionally

substituted by halo or nitro. If any, the mass ratio of the dispersant and
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The pol yneri zation process of the present invention can be conducted
in the conventional reactor, e.g. a stirred reactor or a turbul ence
reactor after honobgeneous stirring and m xi ng. The pol ynerization
process of the present invention needs no pipeline, apparatus or
procedure protected by high-purity inert gases, which is different

fromthe prior art. the _cationi [ IO, Process. o

or esent oveReros QLAY Frefa: LR ITEE G IE R0 pETe by 180
homogenqodfspy X@and'stiabl y di spersed, and not easy to agglonerate. The
nonomer conversion, the nol ecul ar wei ght and nol ecul ar wei ght

di stribution of the polymers obtained can be adjusted within a large
scope. 0 e [

T 11 of eRbpTEREPPHIAES, e MARSRTCER ddortiitn 1o B NeAR 482 Ml leghals,
The pr egeitds, pdkylenzamt isolfopatese fattyi adid taseerdswlpenatast allyhi atifates, fatty
different fromthe prior art, not | y, can achi eve .t he ho engousl y.
i sper SBLFHyRIPRAFISIEIE Sthehy KO IELFR e PR ErbdehE (RGP, e
sizer a@gl%tﬂ(ﬁdtﬂﬁkﬁe%@hér?pél)ﬂﬁ@eﬁﬁ@'leﬁé”allé}lls&ni!n%, ehANRERBUSCiH @ster and
i ncreasée t'he 'mass transfer and heat transfer in_the polynerization
syst em eppxpvethangh addurisy thamefl.epndcalkyl ammoaiwnnbaliéaoddere preferred
conver si I o] 0 e . C f :
rodh at; SRR e B T B oot PRI SRS Bm Mt bromice.
The pr ocesdphéndhegiyesgrhyleaeerthan hamadeosbl slcbhel, polgivencikht sorbitan
systemto show a honagene s|ly di,spersed tg“%r even under1 t he

o r cuns FIRRSTATaIc SPEAGI QA A9 RN XYeRY e safp il ronolaurate.

pol ynmeri zation tenperature, and can achi eve the objects of increasing

t he production efficiency and reducing the energy consunption at the
same ti he thapsagiiend spplichtioneths agiennt of feedisperaan dapsads ey deslypened
pr oduct | LGl I - C

Furt hor HARp kR K 1Spe wHE AFRE o o0, RE UG8 kB o Sihine i et
conver saemnl, dive Eyyge pod ymening af inmonomersyaité typd aid 2aouno b @rganiei solbv diite,
currently. industrial polynerization techno]ogical process at a

Ferper afl Vater- oAt T B RO A ek i ety SHPFEVOE pd the
achi evedpRlrtifed pbBARSH PAYON G t1TR SfsbA! iMRleGihost f e @SpbraXnt Bdtoo
or higher at polynerization tenperature of -60C, so as to_achieve the
obj ect BIWsilvimil eolehgye dhel effast 9fnhomessnegns dispersienpand bgt difficult in
i nventi - OV ' 1. r Sq: :
of i ni ¢ FaPPiAtE 8 Aty EeRATLfiTeadfith SIRHLAT IRE iU BRI PERRF s
react i otoorhdglumbzoodsti wilhhenviriaeatnd, tibading td &idragsesyat ¢lne ipestiteatment

duced - f initiator, a i i d
B out ¢ aBrabedhies SngeaE ety enden 5Rd miiRRR o RoGNFY dlatitten
or wat efhdrs 1Y REteAHiiftesioni fifadtOTA dotr8ihlio AédhRGeRNMegion, Phécationic

initiator having_other structures). By controlling the polynerization
condi t | palymemzgatien ghEtonaensctan brechigved inan agugpusmesdiniyhy using the

nol eaul i ait 4. S i : L I i

the. pr e Liat g aiba Ay Al 168 Pl inel 9B sy exnidlfs 4 Rl HiRoRby
pol ymrer dizpeciec sffeqt, 50 aboube ddXadRgeond te ndreasetticohsityarsdi peass drarsber
the prior art and ov$elrcorres the techncial diffigult

f ; |
ey ght ! B e ALy S e ey s MO TSy ey mle e it Bba g tn

the pregfntpé 3R Ofy @y $RN g‘éhﬁ@hhf Ytd NendiehseTeiteZ abd19ierization
process and procedures, but also can reduce the cost. Water i's used
as the eeacrsim @ndi e modecwdsr sueight ofethe protit: dibege fefifeqisll ganaat be

has an reci C ial application prospect. Taking the
productg‘gﬁegga%?t@f: p&ﬁ%ﬁ% as an exanple, the inproved technol ogi cal
process can be briefly described by Fig.1 with using one enbodi nent

of the gr esent invention. As conpared with the current correspondi ng
pol yrer ? ZBPHBRCH R BIREESE he present invention greatly sinplifies

The present invention provides a process of cationic polymerization of monomers
induced with the aforesaid initiating system in the aqueous reaction medium.
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The present invention has the follow ng prom nent advantages: 1. The
conventional Lewis acid may be used in the cationic polynerization
process conducted in an aqueous reaction nmediumor even a reaction
mediumwhich is totally water. 2. The aqueous reaction nedi um nay

behave better dispersion systemand high heat transfer efficiency of

t he aqueous nedi um during pol yneri zation, so as to be advantageous to_

i ncr easiligthehpohanereatdpnpusicessniier polmerizetionbsysteom compises a reaction

4B, S B e, A
reduci ngiiéﬁ@s@ﬁ@%@édrﬂihgﬁﬁlz g%‘es'oéfﬂ? iﬁ%ﬁm,%i&ﬁcﬁg@ggi&ﬁﬁﬁle Monomers

i nvention may achi eve the e using no hal ogerat &d hydrocar bons
in the preoromopohemgrizedt oy icopelymedigedawitthdke t $addf vlitietinggsystem in an

i 1 onREHERI y TRRGtERTH IR exoreP el Wit eRBsgPaRding homopolymers or
envi r ongeRbiymkrd." I PRl %d%?ﬁ&ﬁzaﬁéna,sﬁf&éﬁd%e éd}ﬁmz,@éal Yy " W batchwise

mat eri al s”consi derably; “( elimnatihg the environnental pollution

whi ch npplpmerigationedmieghod,i ng Heintigeontizwoly d potymbozatioh cmethed nar a

environmental | v pfoﬁgfr%%gfz%fion method.

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 -75C to 15°C.

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.

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.

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,

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
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(3) sinplifying the technol ogi cal process, and renoving the chem cal
units of tank-storing, rectifying, recovering, drying nmethyl chloride
and the like; (4) avoiding the correspondi ng expenditure on
construction and operation, decreasing the equi pment investnents,

conser Vie&ﬂiﬁwﬁ?‘%ﬁ@%ﬁ%&g‘%ﬁ 'El%ﬁé}?et?@ﬁié{”pt ion; and (5) elimnating

t he phenonmena o osi'on o e equi pment produci ng during
the post-treatnent, and the environnental pollution resulted by the

tail gas; 4. producing a greater,anmount of products in {he equi pnent
havi ng (The PRRETGBRAREDLRTaasss cafs iy BTEECHHo 1Q%€&Pngea?ﬁfgﬂ{°t£dn the
t he pol ' Q) ynerd kO e o] LOc

t he progg‘éﬁl?gﬁgg% |It:ei%gEnJg§ Qﬁ‘hd?{oétac (?eg%a%%f e g%j éc{E ﬁ%&l?%%cfcﬁ%fﬁleaﬁer
pr oduct homegsteousatirsingtdret ndgpert; 5. pol ynerizing at a properly

i ncreased pol ynerization tenperature (e.g. -60 ), to reduce the

burden of the refrigeration system to decrease the cold source

consunpitSrp Sy ind EAi ot Blocclt HetireSPREHITRER R A0d0SRO HibBline, soparatus
as the orgaocedamd peotectéd daqhéghrgueryt inemredses) witiah nk ndidferent from the

prior art.

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,

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 um to 3,000 pm,
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 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
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honbgeneousl y- di sper sed non- honogeneous pol yneri zati on system
changi ng the pol ynmerization process, overcom ng the shortcom ngs and
probl ens of the current solution polynerization process, increasing
the heat and mass transfer effects, inproving the product quality,
and increasing the nononer polynerization conversion rate and product
efficienc and 7 res vent on fulfilli t he cati qni
ol yrrer TSYRER SR AGF P BRBH SRPRe bR O F PelghaTs o el as ek as 6
om tting (Fhy wighyeat él}ﬂﬁé‘ﬁ@aﬂ@l{‘t‘emﬁéﬂtﬁtﬁ ANGO°ES isDiRAoSHHiSVR EHtdobject
I sol ating and recoverl‘g El!ﬁ'lstem and saving the [ and occupation an

r

const r udHi seNingeRenEYeait CilffeCITRRIRdI ng equi prents at the sane
time, avoiding the correspondi ng technol ogi cal process, reducing the
mat eri al consunption and energy consunption and saving the production

cost. Emlﬁssenfhmwmmﬂtprapme'scahi em)ﬂ(ﬁmchl usdd aiagg-tbycdrthict process
he sco es .or Ienen |n nmet hods t her eof

foll ow n ﬁﬁﬁg% Qut i% .
are not 92p BytiaHage %ﬁﬁtlegcwmré 31N FYSBPRPEETS Hha reaction
m crost rrH&E‘dh? BEhBHRIS SWQL gff pmtey r‘i%'it1£’c'ix?;§'“§§r§teﬁf e 1BAsU Fpesd@a/ed hgr

conmpn technical neans™in t measuring the nunber average
mol ecul anemcganaedv@ogmanametaage, mwmbaernsgmld padla soitaklsl addltwe
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Exanmple 1
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 technological 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.

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 1is totally water.

2. The aqueous reaction medium may behave better dispersion system and
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At a tenperature of -60C, water, 5g of LiCl, 0.26g of NaCl, 0.1g of
sor bi tan nonool eate and i sobutene were added into the pol ynerization
reactor, wherein the total volunme was 35 nlL; water in the reaction
mediumwas in a volume fraction of 100% and 1B in the reaction
system was in a concentration of 5 nol/L. The initiating system
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product yield wad 65% M was 6.3x103;" and M/
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(4) avoiding the corresponding expenditure on construction and operation,
decreasing the equipment investments, conserving energy and reducing
the consumption; and
(5) eliminating the phenomena of severe corrosion of the equipment
producing during the post-ireatment, 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 refrigeration 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,
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At a tenperature of -60C, water, 5g of L1Cl, 0.26g of NaC, isobutene
(TB), 0.1g of sorbitan nonool eate and 0.005g of sodi um dodecyl

sul fate were added into the polynerization reactor, wherein the total
vol une was 30 nL; water phase in the reaction nmediumwas in a vol une
fraction of 100% and [IB] =3.9 nol/L. Under the stirring condition,
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pol ynmeri zati qn and nmake the nolar ratio of AIC13 to IB be 5 X 10-3:1.

The pol yne$ad¥iBg itht PEQARERESPthi t ed a honpgeneously di spersed state.
After 1 min of the polynerization, the nethods for term nation and
post-treatnment were the same as those in Exanple 1. The nononer
conver sixamples was 48% M was 1.9x105; and Al X was 3.6. Exanple 5

A TR A0, o B85 1 e 8 o B RS o Pyt
pol yner o #inplémeeasg fictholie tledrdof A het lidnited! Byrthe/@ardplesl; wat er

phase in the reaction nmediumwas in a volune fraction of 100% IB in
the reaction systemwas in a concentration of 5 nol/L; and the nol ar
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e 390, g S PN, Y BE TR POIRURE ighhe
met hods nidlecilar nveighit oamdindolecular weight distribution of the product with Gel
Permeation Chromatograph (GPC).The molecular weight is represented by the
weight average molecular weight (M,,); the molecular weight distribution is
represented by the distribution index (M,/M,); the measurement is conducted at a
temperature of 25°C, wherein tetrahydrofuran is used as the mobile phase having
a flow rate of 1 mL/min. XSZ-HS;-type phase contrast microscope produced by
Chongging Optical Instrument Factory is used to observe microscopic
morphology of the polymerization system. The microstructure and composition
content of the polymers are measured by '"H-NMR, wherein CDCl; is used as the

solvent; and tetramethylsilane (TMS) is the internal standard.

Example 1
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
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post-treatnment were the same as those in Exanple 1. The

pol ymeri zati on product yield was 60% Mwv was 8.4x104; MV M was 2.5;
and IP was in a content of 2.1 nol% Exanple 6 At a tenperature of
-60C, water, 5g of LiCl, 0.26g of NaCl, 0.1g of sorbitan nonool eate
and i sobutene were added into the polyrreri zation reactor, wherein the
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was 40% Mwv was 8.5x104; and M/ M was 4.0; p-nethylstyrene in the
copol ymer had a nass percent of 20% Exanple 8 At a tenperature of
-60C, | Fushsfee water, 7.6g of LiCl, 0.4g of NaCl and 32

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 sturring condition, the initiating system solution containing water,
diphenylether, and AlCl, (the molar ratio of
water:diphenylether:AlCl;=4.47x10%4:1) was added to initiate the
polymerization and make the molar ratio of AlCl; to IB be 3.8x107:1. 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%; M., was 1.3x10°;
M, /M, was 3.2; and the IP content was 0.9 mol%.

Example 3

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
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0.5nL of oleic acid were added into the polynerization reactor,
wherein the total volune was 36 nL; water in the reaction nedi um was
In a content of 100% and TB in the reaction systemwas in a
concentration of 1.9 nol/L. Under the stirring condition, the
initiating system containing water, diphenylether and Al C13 (the
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After mn of the polymerization, the methods for termnation, and

post - t r palymerizagere arde makee the m@lar ratio of AICl; to IB be 5X107:1. 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 48%; M, was

‘1.9><105; and M./M, was 3.6.

Example 5

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 AICI; (the
molar ratio of water: N,N-dimethyl acetamide:A1C13=2><10'3:0.7:1) was added to
initiate the polymerization and make the molar ratio of AICl; to IB be 6x107:1.

After 2 min of the polymerization, the methods for termination and
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those in Exanple 1. The polyner yield was 89% M was 7.8x103; and

M /M was 1.8. Exanple 11 At a tenperature of -sot, 5 g of LiCl, O.26
g of NaCl, water, n-hexane, isobutene, and p-nethylstyrene (Mst) were
added into the polynerization reactor, wherein the total volume was
42 mL; water phase in the reaction madl umwas in a volune fraction of
48% n- hex ourrefr tlon
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Example 7
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 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
AlCl; (the molar ratio of water:diphenyl sulfoxide: AlCl;=4%107:1:1) was added
to initiate the polymerization and make the molar ratio of AICl; to IB be 6.0
x107:1, 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%; M,, was 8.5x10% and M/M, was 4.0; p-methylstyrene in
the copolymer had a mass percent of 20%.

Example &§
At a temperature of -60°C, isobutene, water, 7.6g of LiCl, 0.4g of NaCl and
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was 40 nmi; water phase in the reaction nediumwas in a vol une
fraction of 57% and isobutene in the reaction systemwas in a
concentration of 1.5 nol/L. Under the stirring condition, the
initiating system containing water, triphenyl phosphi ne oxi de and
Al1Cl13 (the nolar ratio of water:triphenyl phosphi ne
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for termnation and post-treatnment were the sanme as those in Exanple
1. The pol ynerization product yield was 52% M, was 5.2x105; and Man
was 7. 7.Exg 1% 15 At a tenperature of -40C, an aqueous sol ution
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molar ratio of AlCl; 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%; M,, was 3.8x10°; and M,/M, was 2.6.

Example 10

At a temperature of -30°C, 20 mL of IB monomers and 20 mL of an aqueous
solution containing 23% LiCl and 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 AICl; (the molar ratio of water:
diphenylether:AlC1;=3x107:4:1) was added to initiate the polymerization and
make the molar ratio of AICl; to IB be 1 x10%1. After 10 min of the

polymerization, the methods for termination and post-treatment were the same as
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The present invention is detailed el aborated by neans of the specific
exanpl es above. However, it shall be understood that the present

I nvention shall not be limted to these specific exanples. Wthin the
scope cif the present invention, those skilled in the art can nake
various inprovenents, but these inprovenents obviously fall within

the scope of .t d| scl 0s of. the present jnvention. [ A
pol yrer i E‘Sﬁ?éﬂ ? iLBtH@YEﬁlﬁﬁ%WﬁéI%i M\&t"f%ﬁﬂ?%ﬁﬁ@?ﬁ?ﬂ‘%%w@wm
pol ymerigad i an process conprises the follow ng steps: (1) fornming a
pol ymeri zat | on system conprising the follow ng ingredients: an
initiating systemconsisting of an initiator, an additive, a Lews
acid an%?f n OP nal diluent, said additive i s selected fromat | east
one org n%gund cont ai ni ng nitrogen, oxygen, sulfur, or phosphor

at om amaqlue@m?efaﬁcafet iofn-g0Edi, U g VR TECn, \Set@re iof Na@in 3,v§r.%ft a-HOLHe,
preferably from5%to 100% by volume in the reaction nedium

i sool ef ilBObABARetRd Aredpstyine QYY) yREe added ntadhe wﬂxmeaﬁatlaﬂ reactor,
opti Onalwﬁér%ﬂ? t&Wtal volume was 42 mlL; 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 AICl; (the molar ratio of water:tributyl
phosphite:diphenyl sulfoxide:AlCl;= 0.2:0.02:1:1) was added to initiate the
polymerization and make the molar ratio of AICI; to IB be 1 x102:1. 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 58%; M, was
1.1x10°; and M/M, was 6.3; p-methylstyrene in the copolymer had a mass
percent of 61%.

Example 12

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, HCI, triphenylphosphine and AlCl; (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 AICl; to IB be 1.0 x10™:1.
After 2 min, the polymerization was terminated. The polymerization product
yield was 55%; M,, was 4.8%10%; and M /M, was 4.3.

Example 13
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
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(2) polynerizing the polynerization systemformed in step (1), to
obt ai n a honopol ynmer of isoolefin nononers or a copol yner of

| sool efin nmononers and an optional copol ynerizabl e nononmer. 2. The
pol ymeri zati on process according to claim1, wherein step (1)
conpri ses firstly formng an initiating system then mxing the

resul t ant in temwith isool efin nononers tional..

conol vy s A BEk s Er e i Yt dentiioh BedhvBnala amlRirediasrion of 37%:
di sper saiid is@buféne MItH @ aBfio Rk Stehe hAG! Bda thaskAthRi G 691 . MGVt Under
of an initiator, an additive, a Lewis acid and an optional diluent

di r ect | ythe; atﬁrmgdmr@ﬂtlﬂnmgnng)@wt@ﬁapont@pmmgwatemm@mm%%ﬁne
an aq“e%ﬁgéeacﬁﬂdon K?é%“m ﬁgll ngﬂpBPa‘r' O%Lc]fd' SBgrS%&eter - l}éggzlphosphme

pol ymerizatron process dacco 0 cl ai Fer
pol ymer icxitie ol (Hss.028:1i: 3, sviiet chad weeddficrebeingt deposietdhful, 8adays) was

sem - contj.nuous, pol ri zation met hod _or onti uous A

et hod. S pBRkdRe afimenatiue ded qeels e male g of ATk fiots % 5
wher ei n ¢ fe3.SoRkRE T 0. 9OAMTEST | theSSERTIAE tHO MR &OTBP URtdmiRaYbMYand
the follow ng structural formula CH2=CRLR2 wherein Rl represents H or

Cl- C10 alasjtreasmentwene yhmeamylas those epEssommle 1cThelpolymeyizagionqrodupt

o oup. oo ER 8% Ao B oL RO B e 1S 20 diol efims,

vinyl aromati c conpounds and conbi nati ons
Example 14
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 AICl; (the molar ratio of
water:sulfolane: A1C13=0.05:0.79:1) was added to initiate the polymerization and
make the molar ratio of AICl; to IB be 3.8 x10%:1. A homogeneously dispersed
polymerization systern 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%; M., was 5 2x10°%;
and M, /M, was 7.7.

Example 15

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 AICl; (the molar ratio of water:biphenyl ether:AlCl;=1.5 x
10%:4:1) was added to initiate the polymerization and make the molar ratio of
AlCl; to IB be 1.0x10%1. The polymerization system exhibited a

homogeneously dispersed state. After 10 min of the polymerization, the methods
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of conjugated or non-conjugated C4-C20 diolefins with vinyl aromatic
hydr ocarbons. 5. The pol yneri zati on process according to any of
clains 1-4, wherein the aqueous reaction nedi um conprises no

hal ogenat ed hydrocarbons. 6. The polynerization process according to
any of clainms 1-5, wherein the polynerization systemexhibits a

h ly dis. t f duri d/ ft,
Dol yoer EohdetmimatRe’ FRE npsfreanEett ers thechuty 5 el dfit Bxampls 4. The
3,000 pp¥lymér yidlg we §7%: M2 R PR eoBsshdwgavdivig 3.8, any of clains

1-6, wherein the polymerization is conducted at a tenperature ranging
from-100C to 50 C, preferably from-85C to 35C, nore preferably

from - 756G 8rejs§ﬁ:c invention is detailed elaborated by means of the specific examples
above. However, it shall be understood that the present invention shall not be
limited to these specific examples. Within the scope of the present invention,
those skilled in the art can make various improvements, but these improvements

obviously fall within the scope of the disclosure of the present invention.
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Claims

1. A polymerization process for the 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;
an aqueous reaction medium, wherein water is from 3.5% to 100%,
preferably from 5% to 100% by volume in the reaction medium,;
1soolefin monomers and optional copolymerizable monomers; 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 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; or mixing one or more selected from the group
consisting of an initiator, an additive, a Lewis acid and an optional diluent directly
with isoolefin monomers, optional copolymerizable monomers, an aqueous
reaction medium and an optional dispersant.
3. The polymerization process according to claim 1 or 2, wherein the
polymerization process is a batchwise polymerization method, a semi-continuous
polymerization method or a continuous polymerization method.
4, The polymerization process according to any of claims 1-3, wherein the
isoolefin monomer is selected from the compounds having the following structural
formula
CH,=CR'R?
wherein R represents H or C;-C;q alkyl, preferably methyl; R, represents C;-Ciq
alkyl or Cs-C,4 cycloalkyl; and/or
the copolymerizable monomer is selected from the group consisting of conjugated
or non-conjugated C,;-C,y diolefins, vinyl aromatic compounds and combinations
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of conjugated or non-conjugated C4-C,, diolefins with vinyl aromatic
hydrocarbons.

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

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

7. The polymerization process according to any of claims 1-6, wherein the
polymerization is conducted at a temperature ranging from -100°C to 507C,
preferably from -85°C to 35°C, more preferably from -75°C to 15C.
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