Description Initiating systemfor cationic polynerization and

pol yneri zati on process Technical field The present application

relates to an initiating systemfor cationic polynerization of

cationic-pol ynerizabl e nononers, and a process for cationic

pol yneri zation of cati onic-pol yner Des¢ptionners by using the

initi o ' ' '

initiating systemfor cationic polynerization of

cationi c- pol ri.zabl e nmononer,s i.n_an aqueous reacti;on nedi.

rocess 1or LARKAR sty ot radet§ oy et i G R TRAbON prdtdss
nononers by using the initiating systemin an aqueous reaction

medi um Backyound of the Invention Cationic polynerization as one or

the prifghnieilofellses for ionic polynerization has been w dely

applie or preparing many polymer materials, such_as synthetic ..
rubber Thsi preseat epplisatipn aelates todan iwigtingasyskem| farecatimie dalymssizgtion of
I mpurities have an extrenel reat effect_on the_catiqgnig .

b0l yreCRIGEIGHO 16\ o hSRe - i f ORI [0p. HaNPUR Rebagerization of
under g4 E}}ﬁﬂ&ﬁz SRS the i s§S@nt MPRE present invention
pr ot ec%?gﬁﬁ%ngg e} e%??l{ly [ ngirrgt)bg?égfg}a}ﬁ'ngﬂ%%g p?g%uct | onpo? t he

t ypi calpaiticliat r irelatps oduct anf frtiatingc poltemer famat icationtut yolymbhieation of

as an exanple, the pol \l/meri zation _needs to be conducted.in the

r eact | GAtipBIFDAlyBRCIEFAPle IMEONOMIEKS iR a8t AQUeEH) Evantigle mEdinmy and a ygcess for
. Meanwhj.l e, the wat.er..and ,oxygen. content.i he i | ‘re o
oyst em-Hiatics PAEETFe 6 ofohatapiceRtyikyizabis dRgROmEHT dty d5bfY s dpitiating
to Synﬁgﬁ%hth QHraéh sdRelc Rﬁ‘lvljnﬁﬂi hoh nol ecul ar wei ght. Thus the
technol0gical pro egures 01; such polymerization are conplicated, have
strict requirenents on the equi pnent and raw materials and have a

hi gh production cost. The current simlar cationic polynerization
syste LA nts as the reaction nedium and

(&
requi 75, 8 oMb BFioR A 6RY oh1RE ey hRYBLSskE8r SEHE 1y RRMzation has

been widely applied for preparing many polymer materials, such as synthetic rubber,

oil additives, plastic modifiers and the like. Since trace of impurities have an extremely
great effect on the cationic polymerization process, the polymerization needs to be
conducted under the conditions of almost no oxygen, no water and under protection
with high purity inert gas. Taking the production of the typical industrial product of
cationic polymerization--butyl rubber as an example, the polymerization needs to be
conducted in the reaction medium of dry chloroalkane at a temperature as low as -100
“C. Meanwhile, the water and oxygen content in the polymerization system should be
strictly controlled to be several ppm or even lower to synthesize butyl rubber having
high molecular weight. Thus the technological procedures of such polymerization are
complicated, have strict requirements on the equipment and raw materials and have a
high production cost. The current similar cationic polymerization system uses pure
organic solvents as the reaction medium, and requires that the water content therein is

lower than several ppm.

If water is used as the environmentally-friendly reaction medium for cationic
polymerization, it may simplify the polymerization process, need less requirements on
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t he equi pnents and reaction conditions, reduce the production cost

and inprove the heat transfer. Therefore, it has an inportant neaning

to use an aqueous nedium as the reaction nediumfor the cationic

pol ymeri zation. In recent years, the cationic polynerization reaction

usi ng ahetdimiparetd and medetion avnaities) sredade Ut haodacoosecbsti aiel improve the
concern. In 2006, Kostjuk S. V. and Ganachaud, F. alleged in the _.

t hesi s heat temsterpd] 9,dit ihas asx Ingp@rtanfaricAnDg (@ UsM aaRguegue sagdium as the

S i on. Usi CBE5) 3 Vit er - Tol . Lewis Acid .
(Nor ofPaian o8 38 11 CAHRRFspamEc P Hiarty 15 o Pl veary sthe; qgtionic

can su LNt j Conc.nal Cot _
an aqui LT ehizaionTct A usli SEINUCRR THPRIUA 2y SRS ARER 1ol aroused
| oner npidecedsermei ght, the wei ght average nol ecul ar wei ght (M 9)

t hereof is about 3,000. Mreover, B(C6F5)3 is expensive (about
Y322/g) and is used in a |arge anount, and the nolar ratio of

RS, Ry D
oL O 5 UGS, 059 B R 80 RCEPLR 0 09t oleran

Cheni stligwis Adid4BYadrvaio Bt &k Hy3].BRY thati B(GJER)1 e acatiteprtolerant Lewis acid can
pol ymeri zati on_of cycl gpent adi.ene_in an aquequs phase medi um .
Howev esuceerstaldy ynitiate the eationie pelymenzatien of siyrsasds anagicaysithase épedium.
for scqres of ur.s nd a.conversikon of |ess than 40%. s, juSt .

nohi ovalowRgrBE Sy SolSRERYR RS A lanF Enaietiag Seihiy 151 weighy average

wei ght i ; ; i ;
i | a5 SRS KRB U ThERPT 5 RO ST. Jhe e BT i, cxpepsiye (about
di scl os¥&22rig)Cand rioused/ihiavlarge emowti andcthy maolaratationobB(€%¥s)ete monomers
with BF3.QEt2 as a coinitiator in the presence of water: |nprovenents

and | i #eachasdh®3¢ Eur opean Pol ymer Journal, Vol .43, 2007) a process

for cationic polynerization by initiating styrene with BF3.0Et2 in an
organi c reaction nmedi um system having a | ow water concentration, i.e.

wat er qAMEos, K%\Egﬂkl gvay  tRadcinkd M Vi ath G dehbhd FefinthéNmentioned in
pol ymer has a | owér nol ecular wei ght (the /14, thereof is [ess than

2, 000) .Contooledi tCatidvwics| Paghtéanimnitase opf Grdopentadiomnt with BHEsls); as a

S 8 e Pt AP B S 08 ot
e b R T SS, YA R Rk, 15 ot polefzaton. of

pol ymeichzRipeditadichi® $h adRMcBAS phase mediiml HoWe¥er,ahd pbiyAREieaddn has a slow

di scl osé a catonic polynerization of nonomers with high reactivity,
e.g. i sateland neegs tebaronductedt faxsargs efdionys,uanthg eonversiahofdessithan 40%

e.g. yttriumtrifluqrosul fonat r ytterbiumtrifluorosulfonate as an .
corni aiviustiasiisnsd! Rargovate opy i POBRDER Braduets IyIaE Poavholaehiar weight
wei ght ot i er, yttrium

trifl u(g{rﬂ(%'%é(l)’l%g?deﬂg)sleexpgﬂ?,@@@?i&%@&e ‘%ﬁﬁ%} and is used in a large
anount, and the nolar ratio of yttriumtrifluorosul fonate to nononers
reaches 0. 05. W)2004094486A1 and US7202371 respectively disclose a

pr oces SimdlarkyatRadchenkol weVi,zKaistjuko$. iVsoahdfVasilénkad. duesuel disclosed in
reacti nmedj.un,. wher ei.n chel ated .di hora e.g. F,4[ F 5)2]2)... )
. CumIEN e Fat ey Desrita el ) 567 EHE wah bl + Ellgs asifh cblitiator in

BoC | K& AR, B RARE; INuERENRIE ARL O, RERbpraR XoGRR S Tournal,

wi th avastedd, 20000 prdcess $oF emgonioqyslyaferizafionise patiatinpatymeaesvithiBF;-OEt,
have a | ow nol ecul ar weight, and the maxinum AA," is only 1.2 x 105,
gener alil ypnabrganisxeaation anedianm tsystqyo| hawing a dowowdber goadenisatedyst.ec water
materials, M eovei, t he mn(?qtirnﬁ)&l/ﬁmeri zati (%ﬂeconv rsjon,is al,so

content being ldwer than wherein resultant polymer has a lower
molecular weight (the M,, thereof is less than 2,000). Along with the slight increase of
the water content, the polymerization rate will be obviously lowered; the molecular
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In conclusion, the prior art of cationic polynerization of vinyl

nononer in the aqueous reaction nmediumis faced with many probl ens,

such as high cost of initiating system conplex technol ogical

process, |ow polynerization efficiency, |ow nolecular weight of

pol yrerweighduei ded dbvéouisiie dedensedierthe L emdlecala dweightc idibiibattion will be
hi gh cost or are_prepared specially are required as co-initjator. .
Thus t Hyoaderedp the wateswontant reaches bosveldhae water velyme percent in the
activit l. ow_cost omerci al,l y,,0bt ai nabl e .raw mat eri,al s and bei ng

casy  ambaciaiihm SRR .10 timpP R neribAto Blratu e Ml Ol

points for solving the problens in cationic polynerization in the

aqueous nediumin the prior art, and can create conditions for

si npl i {hH 001868 16eahd JIPAdi0&)2D) disdese iancatasicngolynecriahtioer of atin@momers
ef ficiency, . synthesizing high_nmol ecul ar wei ght polyner products, .

r educi ﬁ@ltéhblﬁbﬁea&ﬁwltmeelg-kéSOhlldMé‘(/lé‘W,l etier; qeapihaystyraite by using the

ot onilcBis orth & Eoetbrb e e asA it dtr MBEhim t5ifluerpswifepate as an
such agofhfddr. Ald¥-éver BRI Th@%lgﬁfe?oﬁrcgg%haﬁ}%a R ﬁl'&??{:/ﬁfﬁ% weight

in the aqueous nmedi um or even a 're I um I's total

wat er l{d4g rot 10880 equmi t bd ydttain@aht dvfioseolet heytimuant trafluoosulfonate is
obj ect of the present_invention iis to provide an initiating_system .
for catrpgnsiveolahmii Zal4@g) and as iusedcip@ yange amenat,nandnbics malag ratio of

process _ for_catHoni c rization of catjoni ol ynmeri zabl e

ronone sty B G ReBokERe i At ulis 1o At heT BT ou ot cont ng. one o
nore di sadvantages in the prior art. In particular, one object of the
present invention is to provide an initiating systemfor cationic

pol yner i zaMO2004004d486m L -aad VIB72038I7d wespeetiselyn dasclageeauprocess for
reacti on nedium .and a pr.ocess. f.or fﬁgﬁ“ oni.c pol ynerization of )
cati oniC@I#ﬂﬂls‘né?qlYHbfPréZ%ﬁBn&fs I§QOUIRg dhe dlhi AqHRGNY E%ﬁé}t@ﬁli megium,

aqueous, KSaahl SRR o, €542 BRCL FaDgR) sl PSyPLRRTRg arp s

a cat| gaiede)¥ReTs? #he OBolriitiafor WRD Whe! SANEARI. FSinMiatiher he ionic

initiating systémconprises an initiator, an additive, a LeWws aci
and anpojyimaraatioh uefitisobubeni¢ neint-60°CTHa ani aiqacong seatteom medium or
accordi n% o Enbodi nent, .1, . wherein initiator is.selected fromthe

he ini
conpoufi@ 12345018 O\ isQB USRS SHAE a&mﬂtﬁmwtg%e&pprene- owever, the
prepared polymers still have a low molecular weight, and the maximum M,,

is only 1.2 x 10°, generally about 5%x10%, so that the polymers cannot be used
as elastic materiais. Moreover, the monomer polymerization conversion is
also low. Among fourteen examples of cationic polymerization in an aqueous
reaction medium listed in the present invention, the monomer polymerization
conversion in twelve examples is lower than 50%. In addition, the chelated
diborane compounds used in the process cannot be directly obtained by the
commercial approaches. The chelated diborane compounds need to be
prepared by a multi-step chemical reaction under the laboratory conditions,
thereby increasing the complexity of the technological procedures. Moreover,
the raw materials required for preparing such chelated diborane are

expensive.

In conclusion, the prior art of cationic polymerization of vinyl monomer in the
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4 consisting of the organic tertiary al kyl or aral kyl functi onal

conmpounds whi ch can provide cationogens, or fromthe group consisting
of the adducts of hydrogen halide and nononmers, or m xtures of these
substances, e.g. fromthe group consisting of the conpounds which can

provi degueotioneastidhomediumhés dtlded twithf nhwdr gueblomad,i geclaras high cost of
nmononers. Enmbodi ment 3: The initiating system according to Embodi nent
1 or 2 jinifiaging systemi eompiex teshaelagiealpiocess,daw pelymeizaiinmeliidency, low

Dt 70 e BERCH Al F RS p Rl i s T M eSSt (EBR peidy which
t he g?glggec?nﬂslglgg? On% (%? algq lP;fFﬂ)érgral yFPe%gzrlH La)}jﬁrreaﬁ%l?ye:a a??ﬁggtﬁﬁ%% IFJ!;/PI-H’g the

subst i tdevetbpnietal of suibséwt uaitiain sedrn davyhg oa iy activithe low  cost,
al kyl -containing group is preferably G -C20 al kyl, e.g. Cl1-05 al kyl;

aryl ocomyerdially nbtainpble: saw amatarialyasdpbemgoersyy Andreanyenient| to use in a
Enbodi,mt 4., Tﬁe initiati r}g @iqsi%gg according to.anyhof Enhodi mentst. .
1- 3, EIRTZAROR GRFACEHE 9 e BOHIES O h8ORYIR S hE o RlE T g T Cationic
or gani r t .

o Oy R R UL AR BB S8 858 i ba onditons for
cont ai Rimplidyiagothemechislbgicadt provesontintreasiggo the epolysadrizatiomn efficiency,
phosphor. Enbadi nent 5. The initjating systemaccording to any of )
Enbodi w¥nthesizing higle malaculpe vegight polymes” predustse deduengithe cgs%@apd the like.

5 Hbfette B FRTRSIG I Begheinl o g Rl Whgradip of e
- PS-. [ : iRy b Al i ; ; Of

Embodt Gane o Pgtyferizdite riphorM}<) o THRIAA BRERHS, P TieR S ALIE guch 25 AICT
and LeWilR@Lj BE,sT{GLxFéC14-Si)l,, ZaOhlarkP e like pn ¢hieagheyug edium or even
10-4-20): (0Q.02-100):1. Enbodi nent 7. Q pol yrrEri zation systemfor

cat i onigregetignenedinm wihich 1aiotaldy dmter have npbrceR CROKCHNBE-ei n t he

pol yneri zati on system consists of an initiating systemaccording to

any of Enbodi nents 1-6, one or nore cationic-polynerizabl e nononers,

an aqumehgﬁgéfw\imtwn and an optional dispersant, wherein the

initia - u fornmed in the pol ynerization
One object of the present invention is to provide an initiating system for cationic
polymerization of cationic-polymerizable monomers, and a process for cationic
polymerization of cationic-polymerizable monomers by using the initiating system,
thereby overcoming one or more disadvantages in the prior art. In particular, one
object of the present invention is to provide an initiating system for cationic
polymerization of cationic-polymerizable monomers in an aqueous reaction medium,
and a process for cationic polymerization of cationic-polymerizable monomers by

using the initiating system in an aqueous reaction medium.

The technical solutions of the present invention include:
Embodiment 1: An initiating system for initiating a cationic polymerization in an
aqueous reaction medium, wherein the initiating system comprises an Initiator, an

additive, a Lewis acid and an optional diluent.

Embodiment 2: The initiating system according to Embodiment 1, wherein the initiator

is selected from the compounds which can provide protons, or from the group
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systemor mxed with other ingredients of the polynerization system
after its preparation. Enbodi ment 8. The pol ynerization system
according to Enbodi nent 7, wherein the aqueous reaction nedi um
further contains water-sol uble conmpounds, such as ionic conpounds

and/ or cRnsE of Eh®QtoRRIY tétiafy RIR9E®S dratkylofiinteional "mpounds which can

cationic-pol ynerizabl e nononers 1 n an aqueous reaction nedi um which
conpr i geevidee catiomogensplommérami the tgreupolcpnsisting: pbnthey sidehacts of hydrogen

according to Enbodi ment 7 or 8., Enbodi 10. A pol yner prepared
ooy et anhrap Ramiesee 5o AHENEC, OldPads o ISaRees P BFoRndhe growp

| nvent icg;'i’lsioﬁTf}lﬁgegﬁﬁgf‘é%ﬁlgpﬁﬂh% %hPJIP‘éEﬂ&?TrEcﬁ}i?gg B%Hg%é‘ﬁé %%d?ésff}o%%dducts of

cationi I zati O cationic-po nononer
aqueougydeagen balidedindmmotiignersesent invention provides a cationic

pol ynerization systemconprising the initiating systemof the present

i nvention, cationic-polynerizable nonomers and aqueous reaction

edi "MEmbodiment 3: The initiating system according to Embodiment 1 or 2, wherein
Lewis acid is selected from one or more compounds having the general formula
MX, or YR,.nXy, or mixtures thereof, wherein M is B, Al, Sn, Ti, Fe, Sb or Zn;
XisF,ClorBr;nis2,3,40or 5, mis1,2or3; Y is Al, Sn, Ti or Zn; R is
selected from the group consisting of alkyl, aryl, aralkyl, alkylaryl optionally
substituted by halo substituents, wherein alkyl or alkyl in the alkyl-containing
group is preferably C;-Cy, alkyl, e.g. C;-Cs alkyl; aryl or aryl in the
aryl-containing group is phenyl or naphthyl.

Embodiment 4. The initiating system according to any of Embodiments 1-3, wherein
the additive is selected from the group consisting of organic compounds
containing one or more heteroatoms, such as, nitrogen, oxygen, sulfur and
phosphor, e.g. organic compounds containing one or more heteroatoms
containing oxygen, sulfur and phosphor.

Embodiment 5. The initiating system according to any of Embodiments 1-4, wherein
the additive is selected from the group consisting of the compounds containing
one or more groups of -O-, -CO-, -COO-, -CON-, -S-, -SO-, -OSO-, -P-, -PO-,
-PO3-, -PO4- and -PS-.

Embodiment 6. The initiating system according to any of Embodiments 1-5, wherein
the molar ratio of the initiator, additive and Lewis acid is (5x10-25):
(0.01-120):1, preferably (8x10™*-20): (0.02-100):1.

Embodiment 7. A polymerization system for cationic polymerization in an
aqueous reaction medium, wherein the polymerization system consists of an
initiating system according to any of Embodiments 1-6, one or more
cationic-polymerizable monomers, an aqueous reaction medium and an optional
dispersant, wherein the initiating system is in-sifu formed in the polymerization
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The present invention provides a polynerization process for cationic

pol yneri zation of cationic-polynerizable nononers in an aqueous

reaction nedium by using the initiating systemof the present

i nvention. The present invention provides a polyner prepared by

pol ymergyaterg ortrhiide voioh yothetr Zaptedientsofrihel polymerivetion sysietd after its
medi um by nmeans of the initiating systemof the present invention.

The folpe@anati@peci fi c discl osure of the present invention is

The. | nilErRDRiTGOR 8; anicopoPraciFat S SR A Bing 1n abbAlify 7 WiidFein
system,ary d@&ds%agﬁoh%eﬂﬁim%hﬂld?cﬂdiﬁﬁfﬂsz%’t&ﬂstuble co oundsl,hsglch as

cat i oni ¢-'pot ymeri zabl e nonomer's I n an aqueous reaction nedi um

i ni ti atjpafc saﬁ-ﬁpemmlfs A opradssidls) nvention conprises an initiator,

Lewi s acid, an additive and an optional  diluent, . .
Embodiment 9. A process for polymerizing cationic-polymerizable monomers in
an aqueous reaction medium, which comprises the step of polymerizing the
polymerization system according to Embodiment 7 or 8.

Embodiment 10. A polymer prepared by the process according to Embodiment 9.

Detailed Description of the Invention

The present invention provides an initiating system for cationic polymerization of

cationic-polymerizable monomers in an aqueous reaction medium.

The present invention provides a cationic polymerization system comprising the
initiating system of the present invention, cationic-polymerizable monomers and

aqueous reaction medium.

The present invention provides a polymerization process for cationic polymerization of

cationic-polymerizable monomers in an aqueous reaction medium by using the

initiating system of the present invention.

The present invention provides a polymer prepared by polymerizing
cationic-polymerizable 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 aqueous reaction
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(1) Initiator The initiator is selected fromthe group consisting of
t he conpounds whi ch can provide the cation source, specifically from
the group consisting of the conpounds which can provide protons, or
fromthe group consisting of the organic tertiary al kyl or aral kyl

f unct i enedivan Ploe igisiatiipcdystan of the gecsont iinvegtns coamprisesnait liritatoydewis
consi sting of the adducts of hydrogen halide and nononers, or

ni xt ur @sicfan additive amnckameptondr&ilusmbl y from the group consisting of

t he conpounds whi ch can provide protons and/or of the adducts of

hydr ogen hal i de and nononers. The conpound whi ch can provi de protons

s at kf $hitRR6r sel ected fromthe group consisting of 1120, hydrogen

hal i de, grotonlc aci ds, carboxylic acids, alcohols and phenols. Mre

speci f Tird initiatdne icebsnted frbhc the amropporbdsispingt ofishescampoandsowhich can
sel ected fromthe group consisting of 1120, hydrogen halides

pr ot onpeosisledthe ealganisouses.hipspificaliyifvemcthe gronmeounsistng ef g compounds
aryl Cl - al kyl or.g -C a al kyl |, ..phenol ., Cl-Cm.al k . .
rono- s SHUEh; AL PraRiR PToFoRy 5 HAmcHE S RyD <chATTfe il Shepseanic tertiary
al coho {3 | - k i1+ y '

Gyl AUSEOFPAIRGL Sancibl dmBRRm i pich i stokide caBbARbib, f from the
| n t he gpoes ounsistienoif ahe addieots iof hdrogeachabide redl wonmyersmrds alikures of
function as an initiator. The adducts of hydrogen haljde and nononers

are prdhescasistances tuefenably framghe @rovpriamsistige of thecompeisnads wrhich can

| sobut ene, . styrene, a-net hyl,styrene hyl st¥r€Re _ory vinyl her

o HBTOvidR: BisEoRs aBafe BY U RGP PLAT e KA B oo BPmeEs ona

conpounds are one or nore selected fromthe group consisting of

esters having tertiary al kyl or aral kyl, al cohols having tertiary

al kyl dheacahipplundetiiecls damvprayiderpicsons as laglleast anal detectedefroxa dhs, group

epoxides or halides (e.g. chlorides), benzyl halides (e, g. henzy

chl ori a@§§1samgb@ﬁ£&d,hbydmn {1@1.1 S, BEQTOIC @Rl A%gpxyhﬁs&qla&u é}&qwls and

one Orpﬁgﬁglsc.:lﬁ/ﬁ)]ré %&flhcgfl%ghe compound which can provide protons is one or
more selected from the group consisting of H,O, hydrogen halides, protonic acids,
organic carboxylic acids containing C;-Cy4 alkyl, aryl C;-Cj4 alkyl or C;-Cy4
alkylaryl, phenol, C,-C;; alkyl mono-substituted phenol or multi-C;-Cy4 alky
substituted phenol, alcohol containing C;-Cy4 alkyl and aryl C;-Cy4 alkyl. Said aryl

or aryl in said aryl-containing group may be, ¢.g. phenyl or naphthyl.

In the present invention, water in the reaction medium may partially function as an

Initiator.

The adducts of hydrogen halide and monomers are preferably selected from the
group consisting of the adducts of isobutene, styrene, o~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 having tertiary alkyl or aralkyl, alcohols having
tertiary alkyl or aralkyl, ethers having tertiary alkyl or aralkyl, peroxides, epoxides
or halides (e.g. chlorides), benzyl halides (e.g. benzyl chlorides) or benzyl halides
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The nolar ratio of the initiator to the nmononmer is (1.0x 1 0-6-5.0x
1, preferably (1.5x 10-6-4.0x 1 0-1):1 or (2x 1 0-6-3.0x 1 0-1):1,

nore preferably (2.2x 1 0-6-2.0x 1 0-1):1 or (2.4x1 0-6-1.5x 10-1)1
(2) Lewis acid According to the present invention, Lewis acid is a
netal Halgd deerpfylahlerides) §ulﬂ§ﬂt@ted‘%‘rv Sits of@ﬁ@féjcngl LalkhEgrsgsent

I nvention, Lew's acid nay be one selected fromtl%e gr oup con5| sting
of the substances haV| ng the general formula MX" or YRn.nmXnl, or

m xt ur t her.eof ,

a or Brhe melar zatig o eﬁtef‘)(g::] mgtla'qgr:st@ the lglogl,onger gsF‘(J ISOKHO ﬁz(s]%-]r 5< oj S zirefgrably

IS seI t £0 I

al kyl ar;i/rf?)Gi {)l oﬁpglklr@ gu@é? (gg?g %&pwla(fo) su sc{ Iﬁr(r(aen%rab %'%Q}no al2k9IxlO )'1
or al kydr (2n4%h@-al e I--byat ai ni ng group may be, e.g. Cl-C20 al kyl,
especially Cl1-C6 al kyl; aryl or aryl in the aryl-containing group may

be, e.g. phenyl or naphthyl. The MX-type conpound is preferably one

or m)re(-%i ected.fromthe group consisting of BF3, BCl3, Al Cl3,

Al Br 3 i@&”lsﬂ @44, TiBr4, Fed 3, SbCl5 and ZnCl2; the YR mXmtype

c ?n&oggi@éﬁgft% ?@@?S@”ﬁfﬁé%ﬁgdﬂ%ﬁ?@ éﬂ@ﬁé@%ﬁﬁ%ﬂ& Sin Wrganic

sesqui ghépgll halidel num chl ori de, sesquiisobutyl al um num chl ori de,
Sn(C2H5) C13, Sn(C2H5) 2C12, Sn(C2H5) 3Cl and Zn(C2H5) Cl. The nol ar
ratio of the Lew s aC|d to the mononer is (9.0x 1 0-5-5.0x 1 0-1):1,

prefer -4.0 X 0-5:1 mar,e ferably. ( X 1

b 4. 5 Eodorting Jo the prased iBMEnEPRRLEWIS. %ﬁedfngﬁa%onw%k%eﬁom the group

nore prd 2 ) ( ]?ﬁg] fc | ng

to the g)frngfﬁnélf#vgﬁ T(S&irb{) s@anc% ?13?11‘35 Och?eng)e/:ﬁgral fé ea(éll oné or gglrilfI w
mixtures thereof, wherein M is B, Al, Sn, Ti, Fe, Sb or Zn; X is F, Cl or Br; n is 2,
3,4o0r5 misl, 2or3;Y is A, Sn, Ti or Zn; R is selected from the group

consisting of alkyl, aryl, aralkyl, alkylaryl optionally substituted by halo

substituents, wherein alkyl or alkyl in the alkyl-containing group may be, e.g.
Ci-Cy alkyl, especially C;-C¢ alkyl; aryl or aryl in the aryl-containing group may
be, e.g. phenyl or naphthyl.

The MX,-type compound is preferably one or more selected from the group
consisting of BF;, BCl;, AlCls;, AlBr3;, SnCly, TiCly, TiBr,, FeCls, SbCls and ZnCly;
the YR, X-type compound is preferably one or more selected from the group
consisting of AI(C;H;s)Cly, AI{C,H;s),Cl, Al(i-C4Hg)Cl,, Al(1-C4Hy),Cl, sesquiethyl
aluminum chloride, sesquiisobutyl aluminum chloride, Sn(C,Hs)Cl;, Sn(C,H;),Cl,,
Sn(C,H;)3;Cl and Zn(C,H;)CI.

The molar ratio of the Lewis acid to the monomer is (9.0%107-5.0x10"):1,
preferably (1.0%10%-4.0x10™7):1, more preferably (1.5%x10*-3.5x107"):1, more
preferably (2.0%10%-3.0x10™):1, more preferably (2.5%107-2.5%x107):1.

(3) Additive
According to the present invention, said additive may be at least one organic

8



8 conpound containing nitrogen, oxygen, sulfur, phosphor atons, and
preferably have the general structural fornmula of R-X-Y. The noiety R
Is selected fromthe group consisting of linear, branched or cyclic
Cl-Cm al kyl, aryl, aryl Cl-C20 al kyl, C1-C20 al kylaryl, C1-C20

al koxy, ccﬁﬂpbﬂnﬁ chn@nmhlgCilitﬁ‘BQeﬂ,l Iocoygeg; cm.ﬁfumhphdnsp}mmatomsaldryl preferably
substituted by halo or nitro substituent referably fromthe group

consi sthawg i€ general SB’FJCBHah@h@“EUkﬂOE ép -C12 al kyl, phenyl,

phenyl G -C12 al kyl, G -Cl2 al kyl phenyl a - ClZ al koxY, aryI oxy or

aryl Cl1-Cl2 al koxy group, which is optlonally substituted by halo or

nitro SHEé tR wglhﬁ Eﬁblm |

may be enyf)ﬂﬁ? napht 161:& qlhgf‘%ﬁ&%p eo?%%ﬂlli gts)fg?fgagag ng%}ggcgl& cyclic
0, N, 339(126’ alkgiy amyid a@b(ﬁtﬁg@'ralllkﬁl |@1-ﬂ2gfﬂkgrﬂ]iryloﬁh @gj ad:k@dyf apyloxy or
t he group. consi st| n CO

-050-, arpl, il goay grooun ‘ahwhn@ Opﬁméﬂlbf emsaﬂugﬁ& rlaYn hﬂL,o or nitro
0

TpoP SRt lil%&rff%rahixrﬁn i SraR; PRTSUaE oL gt i Braigtiegh or cyelic

oo 0 0B R, ST gl B0C, oy

aryl oxyargtosay yr ﬁ%ﬁl@@-@izkaﬂmw/\@rohp; svinighi maptmnﬂwyssubstutwiecﬂ)yby halo or
hal o or nitrq substituent, preferably fromthe group consisting Ei

| i near Mtropyubféiuentwhegin @ryh orapylainde M@ﬁmmrﬁag@youmn@ﬂoe phenyl or
al kyl, Cl 2 al kyl phenyl, Cl1-C12 al koxY, aryloxy or aryl Cl-Cl2

al koxy, B\Hh 'i S optional I y substituted by halo or nitro substituent.

R and Y, each is independent fromthe other, may be |inked by the

chemical bond so as to make the ol ecules forma ri ng. Said aryl or

t he aryThe m:bi‘rm@yainy- paqiiseshabdegtoome neyObeN peoy [P mOmna;ﬂndqylhe sgaiature is

hal o is preferably sel ected fromthe group consjsti or an

br oni n@refwg Eép‘é‘@fﬁe(l%qea from i gove ﬁ&@ﬁw@%@q‘gr@mr e 6?8-= '¢oo-,

R-X-Y i C n h ng uglqur '

R X ob R, cyrragh, cogepinds. NahnapOS KIRYY ShEUPS TGPy from
the group consisting of -O-, -CO-, -CO0O-, -CON-, -S-, -SO-, -0SO-, -P-, -PO-,

-P03-, -PO4-, and -PS-,

The moiety of Y is selected from the group consisting of H, halo, linear or
branched or cyclic C1-Cyy alkyl, aryl, aryl C;-Cyg alkyl, C;-Cyg alkylaryl, C;-Cy
alkoxy, aryloxy or aryl C;-C,, alkoxy, which is optionally substituted by halo or
nitro substituent, preferably from the group consisting of H, linear or branched or
cyclic C;-Cy; alkyl, phenyl, phenyl C;-C;, alkyl, C,-C;; alkylphenyl, C,-C;, alkoxy,
aryloxy or aryl C;-Ci, alkoxy, which is optionally substituted by halo or nitro
substituent. R and Y, each is independent from the other, may be linked by the
chemical bond so as to make the molecules form a ring. Said aryl or the aryl in the
aryl-containing group may be phenyl or naphthyl. Said halo is preferably selected

from the group consisting of chlorine and bromine.

More specifically, the additive having the structure of R-X-Y in the current
compounds having the known structure comprises the following types of

compounds:



(1) The oxygen-containing conpound is preferably at |east one of the
conpounds having the follow ng structural fornula: ethers having the
general structural fornmula RLOR2, al cohols or phenols having the

general structural formula R30H, ketones having the general

structural fornmula RACOR5, or esters having the general structural

formul a RGCOOR7, wherein R1-R7 is selected fromthe group consisting

of samélpThE bikggentcdiitammng aworbpennddd prefesably atdeasonal édythe aompounds

SR LAE SR KRR TN
R TR BT SIS Faf U bk g ol 7.0,

conpoungso ey hadind e %%1'1&*&1 @%‘él%hﬁl%} tfafuld R,OOR;, afeltssaming Ithlfi' general

general structural” forful a RBRORION, or am des having the genera o
st ruct straictel formuRi RFENORRL 3wheheineRp-BR1L & selesttddran theograue consisting

& 7041 segie o giHiesEnedinaanign branghedotcevelso Girka ANgyL B 6 Lboyalkyl,
2 ky1 oyt OREE Al Aol i ol G Grotl b it T Ko Ehor C1-Cee

di ff er ikl ne@erein o ehetheotrgly ¢ ithe GArydforhitiithg @Fotlp Glafre phenyl or
al kyl, aryl or Cl-C20 al kylaryl ,” preferabl’y H, sane or different

C1- C12nabkithyl. aryl C1-C12 al kyl, aryl or CI-Cu al kylaryl, wherein
aryl or the aryl in the aryl-containing group may be phenyl or nap
ht hyl. (3) The sul fur-containing conpound is preferably at |east one

hi oot b & Henfifdeqle bR hite CORAREL OBRSIPanly 4l fRTBPHE'Roftipounds
( RlBRlﬁﬁQin%’rtHée follawings striefigel . foveilat Nnamide RIS viasPEed | yehsrabnstructural

i ndependentTy represent Iinear or branched or cyclic Cl-C20 al

kyl
aryl, &omhult RgRoRapNybr achides haating ithe @enetaﬂ-mtaradofa}mldﬂyRahoNRuRm
aryl C1-.C20. al koxy, ich e optionall bstituted by hal r nitro
e RO gbcs et 35 B SOk SR SR P BBl gar or
f orm Ci- i : i I c I | ~de r efar ahl C
D kyl - Drted o RIS 3500, Allly SAGR, (LOLT My Bl SR (G LT allovlary)
aryl oxypreferably sdthe @r2didfereny Cﬂ@&fhl&@ﬂég@ﬂt@ pah latkyk st or E el dllg)éllléylaryl;

halo or nitro substituent, or Rl4 an 5,  R16 and R17 or R18 and R

are boRgeBi1 dsfeglacesd duomathe Igraupecensistiag of Ky dame ign ididgeent linear or
whereip aryl or the aryl . in,the,aryl -contaifin r.ou y__be. phenyl

or napE’F %@&.‘e‘fﬁr T%ﬂ%ogb%ﬁ-%ﬂ’ai%yﬁg éb‘ﬂ@o%#gy]i’ sgﬁfquér ??blr?g%u alkylaryl,
| east S es; i e f Wi 1er al -
R O L AR e e G i SN
( RR6R2 aHAAREA) ,whbﬂﬁ'nfdﬂlﬂé JrRARRAOASHPORe ,arvhevatainkRRD gr&df, maxebanthenyl or
R29 may represent H, halo, linear or branched or cyclic G -C20 al kyl,
aryl, aaph hyl- c20 al kyl or G -C20 al kylaryl, which are optionally
substituted by halo or nitro substituent, preferably H halo, Cl-Cil2

al kyl, aryl, aryl Cl-Cl2 al kyl, Cl1-Cl12 al kylaryl, which are

option bR gt ' ¢ th t

Ros, R0 An RO KA B AU PRI 8L TeadE Ehe BF s ibstances
branchadving cihe i folldwide gdderhl formiylaar gom@ou@d8 alfkthjoethe(R4-S-R;s),

al kylaryl, which are_gptionally. substituted by halqQ aor nitro X
subst | sudanes ik Bnabiy) @IldCEQYfQPﬂ@fFS, (BnyR;gSedy|0rcden1@tla1eﬁyther@qf,cmdﬂerem

al kyl aryl ., Wwhich ar.e tional ly s {4t ut b .o 0 I tr .
subst i Rlé'rﬁ‘l,‘) Wéﬁﬁgiwe&fy@n‘grmﬂ%@eﬁ%hﬂyn rgﬁ]ée%@lahﬁ%# é?r}nitbﬁgnfj]?%%por cyclic
may be I, 1108 t ; i i, - f S e
o yup. SR e, DB L CRAA B0, (G Ok Ry, ey A CHIN ST dffoxy or
phosph al(;lle(E N@OMI%IﬁXyQ mytduh fhrbtsomﬂ?m@lﬂ?ls#lbsﬁulltbdd:’% hgg Iongnzitﬂmesdub stituent, or
conpounds havi n e general structural_fornula n .

i R4 and ngs, Ris %nd Ri7 or R;3 and Rio are bonded to form C;-Cypalkylidene

radical or cycloalkylidene, preferably C;-C;, alkyl, aryl, aryl C,-C;; alkyl, Ci-Cy2
alkylaryl, C;-C;, alkoxy, aryloxy or aryl C;-C;, alkoxy, which are optionally

10



11 C1-C20 alkyl, aryl C-Cmalkyl, aryl, G -C20 al kyl aryl,

hal o- substituted Cl1-C20 al kyl, hal o-substituted aryl Cl-C20 al kyl,
substituted aryl or hal o-substituted Cl-Cmal kylaryl, preferably from

the group consisting of CL-C8 al kyl, phenyl G -C8 al kyl, phenyl,

G -GCs @dﬁﬂtlﬂmdy‘by hahd @rirﬁﬁ‘(ﬁﬂdﬂss’,titUBnP,ObICR—lwndl RyJ,,Rghdimﬂ iRy or R and Rio
substituted phenyl C1-C8 al kyl, chlorine substituted, phenyl or )

chl ori raveshorded e dorw CaCal rlkyiiiong radipal er cyslgalkyhidghg|, whergia aryl or

aryl -caqpt ai nj n roug may _be phenyl or naphthyl.: T cture of X

| cadhe bty ot B Ctan inaRln, By B BhEN i oy RERBHH T 0. ° N

-CO, -000- and -CON-, nore preferably one of -0-, -CO, -000- and

CON-. Y is selected fromthe group consisting of H Cl1-C20 al kyl,

aryl CY4¢Zhepkipbphar-ybntdthing@Goaipoying isl preferablyudtsieasuoad oflthe2ubstances
al kyl , hal o-substituted aryl Cl-C20_al kyl, substjtuted aryl %r i i
hal o- sdmsing the dotiovang aﬁngnaérfpnpufba:epgesm@esr(dﬂ’moPRm%a%uw osphine oxides

T AT, Foths PRSP LA
20, 65, 1y L BOSEHERA 10010 s bnce o el 1

aryl - caikgl, iy, grydu@,«Gyy dikybhengl -Gz, abpiaiyll wifichnaret bptiehally substituted
addi tives, alcohol conpqunds nay_be sel eﬁ‘f (I::d fr
a

ﬁonsi sltbshbal@r Oﬁalith@ﬁab,stlatmnar@fepawﬁa% %u@moé}zfzn ,{Srgﬁc@ﬁd@rcu alkyl,
; | .. bengzyl al l, | . ]

ey a0 BOE s NG  BAEBY U E8 Bpens e.
o opyl SRher o pRedi e nand NP, FaPaiveR TR BHEpSnney | praselft fincar or
H e A e i M e b
aﬂg di cyqntmﬂﬁéi ﬁyﬁmﬂggﬁebm Ip. OR&HGReSUeTHOERG PESIBED L acker kg 2171
t ; 3 .
nept ancnd! Eaet itlka® Ge R Einat A fice RFFGRRIRESuBSTRRR By dglp or nitro
ket one gypatificiNefRiIein AREINYE AR k@l I eh By IPBERMI higey bFRiP Rgay betslienyl or
conmpounds nmay be sel ected fromthe group consisting of mnethyl

acet at maphthyl; satbhalejs preferabiynselbttedofiom dhe greupydonsisting of chlorine and

di chl oroacetate, ethyl trichloroacetate,
romine.

(5) The sulfur- and phosphor-containing compound is preferably at least one of the
compounds having the general structural formula R3;,PSR31R3; and derivatives
thereof, wherein Rig, R3; and Rj, respectively and independently represent H, halo,
linear or branched or cyclic C;-Cy alkyl, aryl, aryl C;-Cy alkyl, C;-Cyy alkylaryl,
C1-Cy alkoxy, aryloxy or aryl C,-Cy alkoxy, which are optionally substituted by
halo or nitro substituent, preferably H, halo, C,-C,; alkyl, aryl, aryl C;-C,;, alkyl,
C;-Cy» alkylaryl, C,-Cy, alkoxy, aryloxy or aryl C;-C,; alkoxy, which are
optionally substituted by halo or nitro substituent, wherein aryl or the aryl in the
aryl-containing group may be phenyl or naphthyl; said halo is preferably selected

from the group consisting of chlorine and bromine.

In one embodiment, said additive may be a compound of the structural formula

R;-X-Y, or mixtures thereof, wherein R, is selected from the group consisting of
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propyl acetate, butyl acetate, nethyl propionate, ethyl propionate,

propyl propionate, butyl propionate, nmethyl acrylate, ethyl acrylate,
propyl acrylate, butyl acrylate, anyl acrylate, nethyl butyrate,

et hyl butyrate, propyl butyrate, butyl butyrate, nethyl nethacryl ate,

ethyl @t-Oag 'ai/ltﬂ'; aqlpcmio aikwnaazw a1, €C, palkylanyd} halo-phibsttutednd; - Czo alkyl,

rrethacryl ate benzoate, ethyl benzoate, propyl benzoate, buty
benzoathd]os stltuiﬁdoanél Gefah bEﬁrzloa?eubStﬁ‘étﬁdjlaIUénQbah@lO -gabstituted C1 Cao

o oyl SRErrgP B e o BRSBTS P B, SR st

tereph et d.e I
di but ywlt%(kal? Et gg? ag{lk&hﬂfcr nﬁg ﬁg&gﬁgv%{y 5’5‘3 ti ve Cg cg}r%ﬁgb@]@gubsumted
be sel phieag] fﬁmg helkgl,o¢hl@dne i sibdrgundd dhlesrnl! ari nhlomme edubhstianiede,C,-Cg
di phenyl am ne, anyl am ne, diethyl nethyl am ne N, N- di et hyl hexyl am ne,
N- et hylldpheai],neherein: arvteonyarylion| thei aeyl-consainingugyoumimey be phenyl or
hexyl ami n nmet hyl hexyl am ne, N-butyl propyl am ne, heptyl am ne,
2- ami n&ﬁ@ﬁ‘f e, 3-am nohept ane,
N, N-di propyl et hyl am ne, N, N-di met hyl hexyl ami ne, octyl am ne, ani | i ne,
benzyl am ne, N-nethyl aniline, phenyl butyl am ne, N-butylaniline,
'V, N- difgichytiractiure e, X2attledsetbypmivdsi oge odr@ drd bhatmmrpre&ramy dae of -O-,

conmpounds na/ be sel ected fromthe group consjisting Q

'V, N- dir-¥et h{d@ar e @e andv-NQiNne magTen peetarabl; ong nfdr@r,hyCKbT, g8 and
and /V, et hyl acetam de. I n another enbodi nent, the additive may be
one or " “'sel ected fromthe group consisting of sul fur-containi ng

or gani ¢ conpounds, phosphor-contai ni ng organi ¢ conpounds and sul fur-

and phosphor-cont ai ni ng organi ¢ conpounds. Mre specifically, the

su: fur S%qx?salemtﬁ@ fmrgauhmgmp)ounsish?gpmfeﬂer@pﬁgo &tlk%]/]:aawl dbeCyo alkyl, aryl,

se ecte romthe group consisti of _conpounds i.oethers

R0 S RE1-Got PORMSrTRRO SR THIRCE 63 Gena HEBRG 6010-5RDEEREA: A C1-Cao alkyl,

t her eo erekn R spe d~n t

e ol unRREA ot P gPRRRElSH RELCDITRIINGR! betiB Ry che group

al kyl agyh ¢ Al TRAIO% yla LcPlal hER¥Y or alleylphenyl

opt i ongIMI §IS§U§%| t uf lég)qt%f‘ %akl{% %[t rg){sugsatg? %t ,ﬁ%r 0|£1- R6 ar el@yp ey

bondedchidrind-subsiitried gCeuPs tabkyhr ncliloraBsustitmaedy| poemd r £4Cal alkyl,
| -

or ary foljr?gé Is%,ljffwsututed phenyl and chlorine-substituted C,-Cg alkylphenyl, wherein

aryl or aryl in the aryl-containing group may be phenyl or naphthyl.

Among the above additives, alcohol compounds may be selected from the group
consisting of methanol, ethanol, propanol, butanol, amyl alcohol, hexanol, enanthol,
octanol, benzyl alcohol, phenylethyl alcohol, phenylpropanol, phenylbutyl alcohol,
methyl benzyl alcohol; ether compounds may be selected from the group consisting
of ethyl ether, propyl ether, butyl ether, amyl ether, hexyl ether, heptyl ether, octyl
ether, anisole, phenyl propyl ether, phenyl butyl ether, diphenyl ether, xylene either,
dibenzyl ether, dichlorobenzene ether and dichloromethylbenzene ether. Ketone
compound may be selected from the group consisting of acetone, butanone,
pentanone, hexanone, heptanone, octanone, acetophenone, phenylethylketone,
phenyl propyl ketone, valerophenone, phenylamylketone and phenylhexylketone.
Ester compounds may be selected from the group consisting of methyl acetate,

ethyl acetate, ethyl monochloroacetate, ethyl dichloroacetate, ethyl trichloroacetate,

12



al kyl i dene radical, wherein the aryl or the aryl in the

aryl -contai ning group may be phenyl or naphthyl. Preferably,

t hi oet her conpounds nay be sel ected fromthe group consisting of
di et hyl sul fide, dipropyl sulfide, diisopropyl sulfide, dibutyl

sul fi deyrodi fi Bgpydi Syhdthde, pei st d@yropidiay | 1
sul 11 A& OHYRARRo Byl deetate, PIMC9E, poDRtalt, Ul dpropigiany! propy

xyl yl grbpiatemte dbutyl gropeonatee methivl derylate ethypraerylateupronid, acrylate, butyl

met hyl et hyl sul fide, t hyl propyl .sul fide, | butyl sul fi.de,
met hy| REERyIS,s @yl acrdatiy m@ﬁyi @Hwat&e,etg%%%ﬁ%éw PEQAli gél,tyrate, butyl

cyc! ondiy e aH SUFREE oo by fancliraRER. oyl piGhacrypte, buy
pr ef er ahéthacilafetdiRy] ﬁ%’fﬁ@é‘%ﬂﬁtd@ﬁe@@rl winoehes dthelbeRgoated yiropyl benzoate,
consi sting of di propyl sulfide, dibutyl suifide, diphenyl sulfide,

di naphthhyyl behtoate, athghthienybatel héxid, benzoatichdrepty! dentzoate, octyl benzoate,
cons! s gty BIRANG, GHRPAGAAEeHRTOmY PRAIE: digHEppithalate, dibutyl
LR RO AT (-

di ant hiidephithdlaxe dtd dithay? yérephithalstele, xylyl sul foxide,

di chl orobenzene sul foxi de; dinitrophenyl sulfoxide, nethylethyl
sul f oxi de, nethyl propyl sul foxide, methyl butyl sulfoxide,

thyl phenyl sul f oxi de, et hyl phenyl sul f oxi de, | pheny|
sul { oxiABohg A pReNg! AdditiiGs duming EPBIRAYICS B i se esyed dem fhe group

sul f oxi . ohexyl i cyel: - sul f oxi : :

i sobut fﬁgglc??cﬁ% s(éff ox@géﬁﬁ%ﬂge’pre elrg@%%ﬁlgé’l fogmﬁejé‘r%%%%%%’ds %ny lamine,
be sel ggéslieylahfingl oup comginstimetipfihedkykinhitle, sul f oxiManettiyibaphmine,
sul f oxi de, "di but’yl sul f oxi de, di phenyl ‘sul foxi de, dinaphthyl

sul f oxiM&/~-dimethybytylaminoxi deethyilbuiydemine) f bexykeming, v IV-methyiherylamine,
and di orabenzene sul foxide Preferably, sulfone co unds be
sel ect 2\2‘1[)?-‘? PRE ARG coh’??gfli ng %mrl%rret %f‘@ﬂ?ﬁ%ﬁgpedi et H;#llmnoheptane,

sul fon i dib | ﬂﬁﬂﬁ L sul f haexyl T3
sul fong\,{’J\g?ﬁSep%: e@ﬂ%@rﬂ%’ di pﬁ/[é}r({lyﬁiﬁlg% onee),Qq ?ﬂr%%ht hW@ﬁﬂ’%ﬁgj aniline,
di ant hinshzgldrhioeg, di Nenmthykwiliese, xy b fydmeineli chl or obévidenelaniline,
sul fone, dinitrophenyl sulfone, nethylethyl sulfone, nethyl propyl

sul f ondV, Mrédiathylanilines 2, 6-shiethylaniling, smeninipkenylepsnceypigmeagipounds may
| fong, | | fone, butyl phenyl . sul f Lobut .

Sul fonBe EyRTEHR: y) Ol { oS cyPURexORSi e OF, el bAGRIE by lformamide,
| f f Lot i

su O”ngﬁ#lreg%ﬂtéﬁé’ﬂanﬁﬂle ?\?‘W—di@%l?lnfghglfaﬁg@%e ét/rhdy p@N Hfb%hﬁpdaé%ﬁ?@e.rﬁy

be sel ecdie e group donsis sul fone, di propy
sul fone, dibutyl sul fone, diphenyl sulfone, dinaphthyl sulfone,
dibenzil sul fone, xylyl sul fone,_ .dichl orqbenzene sul fone and

18

?:ycl ob yan%%hci @nézodm@rﬁhéb@wf@%ﬁtrambﬂg 08€ RN MOIEosRI6aIE fromithe group
. i i R7PRSRI i ing .o :

R ORI | APBBtingy P ol sfa B Easlf, Kobmartid o hp SPRRELh Al Staanic

RLER17RARR ndﬁr axﬁgﬁgﬁﬁ?—i Y84 rﬁHH’sb%%EchT&ﬁﬁhQ dJ¢ la_n%lQ@ ndRd R16

may represent i near or “branched or cyclic G -C20 al kyl,

aryl, aryl C-Cmalkyl or C-Cmalkylaryl, which are optionally
substituted by halq or nitro substityent; R8, RO, Rl1l, RI12, 4, G%S

R17 andMeng spesHicallyethie sulfurreniahang Orgasie seomprrndals pretsrahlbhal least

i ch a8 SHECGRAITDR B el bep i o mEbulit o liheis R, S--,
uher el Qufibs RRIFORN SHILREIY RRGSW Aok Ak gA0YES TRYrdT, RN R;-Re

or napht hy o 1s preferably selected fromthe group

consi stesyeotivedilamd el epechdentlyi hrearPoefreanthed qrhopglic Gk -Copaldybdaryl, aryl

may be selected fromthe_ group consisting of triethyl p %§p&ine .
C,-Cyp alkyl, C;-Cy alkylaryl, C;-Cyg alkoXy, aryloxy or aryl C;-Cyg alkoxy, which
are optionally substituted by halo or nitro substituent, or R;-R¢ are bonded with

functional groups to form C4-Cyy cycloalkylidene radical or aryl-substituted
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Preferably, phosphine oxide conmpounds may be selected fromthe group
consisting of trinmethyl phosphine oxide, triethyl phosphine oxide,
tripropyl phosphine oxide, tributyl phosphine oxide, trianyl

phosphi ne oxi de, trihexyl phosphine oxide, triheptyl phosphi ne oxide,

t ri phenmykylpdense hadieabxwtiereinrtheamiv el thehaypinthe @rybeontainang growp may be
phosphi ne oxide, trjbenzyl phosphine oxide, trinethyl phenyl phosphine

oxi de, phenyhosmaphéhyl. phosphi ne oxi de, trinitrophenyl phosphine

oxi de, di methyl phosphi ne oxi de, dinmethylchloro phosphi ne oxi de,

di et hyl phosphi ne oxi de, dipropyl phosphi ne oxide, dibutyl phosphine

oxi de, i h i i in i i di y ..
phosph#ﬁgﬁgékgg,ﬂ??%ﬁgﬁyﬁégﬁgggﬁkngﬁﬁiJﬁggégﬁﬁg%hﬁﬁgﬁqgﬁogpmhusonmsung of
3?“ deh dlniélﬁlyﬂ fs:uirﬂi%@,hd'ﬁpbpyla sq)léfl'l(ttﬁ;ac_lii:l?ir?lmopy}1 splfluimhhﬂifmuﬁp]xmdﬁdea diamyl sulfide,
i i t 1 GBPORY SpodphAEcRH RIlfids: HOIRepNbr i idRoSPIRRLAY, avltide, diantbryl
et hyl di I osphi ne i de opviledi phan i.he Fde, q: -

LY SBSRY, BRRRRN NSRS BE R AR ORORIRILRE BAbE, dinitrophens!
compou y d he i Stk f ot

e I S e i e A e
t ri phemyéthyhelseriylrsulfidedethytipheaphsilfidep posphiptemytisudfides batylhhgnyl sulfide,

phosphi ne_oxi de, tribenzyl phosphing, oxide, trinmethylphenyl osphi ne
oxi de, cyclemtyt opHéde, eFrdepantd swuliide, qyplhwiylph ,neygﬁ@@?gnéulﬁde,

b se EveRadeR AR MO rofer RS SRidem A ERDIRh A BDLBE SelEdted from

triethypep alR iy ogy! ﬂ:h@? akgifidd, RibutylPhadfdat ediphid lsulfide,
phosphgé%,@?éﬁﬁeiﬁ?mgﬁgg%hg?eé tr'ﬁgnglu%%osphaf%, triphenyllIs B su

phosphairaphthiyhaphidy, diahteyhasuifide,rarbdibgizyjsodpdat e, tri benzyl
phosphate, trinethyl phenyl phosphate, trichlorophenyl phosphate,
trinitrophenyl phosphate, dinethyl phosphate, dinethyl

hi . ‘ di | _r
phosphaderetap b, AL, SPRTARS o PE e ABE AR e R equisting of
di phenyimpResipSiatexids, rBetHyMul fRhadehdigropdil anl fyxide plitanrkaisalfoxide, diamyl
di benzyl phosphat e, dlnethylphe2%£¢phosphate, dlchloroghenyl

phosphaukpxidei dibekien sl foodgh diteeptydt sylfakisles ndiphsyd psidlfexide, dinaphthyl
phosphatLoRAe geatand siopfoaits dHieted subBaaae. iy suikufigl, Eifhipgahenzene
Che b SRoe e PSRNy S0, BRI, i

t ri benzaydthpltasyhstfoxil€f wedb/pheahbsalfok Rle; atholpitsyiaylfoxide| pripgdphenyl
fron1thejgroup consisting of trinethyl phosphite, triethyl phosphite
0

tLi prﬁP%ﬂ Hfd)%spfﬁlttylphen utﬁ}alfqmd&'t pﬁy@p?ut)ﬂa@d&f?ﬁdgfh@y@pﬁtsnt}[le@aﬁfoxide,

0s Ite rne 0Ss I te 1 e . oS LLN .

PhosphCHEloNETeRioxioe i dlhebsl ratHiifiony FOPHEAGRAFETT Sulfoxide. More

trichl 1 Cni | | -

15 FFSRRON, BRTSCHS Gorf 4 RFTX, N e iyl sonsiting of

di any| dﬁlﬁ@ﬁl‘gﬂibtﬁlfdﬂiﬁex%igbpybhs'}lilfoxi@iiebedi’tyutybh@ﬁ]ﬁbki’cm, diplhenyll sulfoxide,
|

phosphite, enzyl phosphite, dinethyl phenyl phosPhite, )

di chl odopaphthyl s deedianthrylr spiferide, phibepayt sulfexide, yyhievylfoxide, and
phosphi,t et.hyl di phenyl osphite, propyl di phenyl phosphite,

but yI dfd H§9b%W€§B%§? OKEQ% preferably, phosphite conpounds may be
selected fromthe group consisting of trinethyl phosphite, triethyl

phosphite, tripropyl phosphite, tributyl phosphite, triphenyl o
phosphiPrefeaably,r sbifoag! cohgrphidse mapebs Wdlectedarflom the group consisting of

phosphor - cont ai ni ng organi ¢ conpound is at | east gne of the .
subst adesstiidwsulfonedigthidrsulfene, dbpiepy! swiene.adiigpsseldene, digmyl sulfone,

derivabives | 0SESSL, ds Sulfote, Fn2NsH Hattd s PERap bty 8ffone, dianthryl
sulfone, dibenzyl sulfone, xylyl sulfone, dichlorobenzene sulfone, dinitrophenyl

sulfone, methylethyl sulfone, methylpropyl sulfone, methylbutyl sulfone,
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phosphorous sul fide, diethyl phosphorous sulfide, dinethyl

t hi ophosphoryl chloride. Mre preferably, sulfur- and
phosphor - cont ai ni ng organi ¢ conpound nay be selected fromthe group
consisting of trinmethyl phosphorous sulfide, triethyl phosphorous

sul fi denghg1phiémfleryl forizgs piigflpHenslul fulfime, Thaopgtiiidivg gBifohe, t Batylphenyl
m xt ure of many conpounds above. e nolar ratio of the additive to
t he nosuhiene; cyclabotyd-srlfong- ayclopeptyds suldbng, cychmoayd-sulfxig- eycloheptyl

ot ef or 301Prics. avsipeiogesyl SHB0S. MOrt” PRELGTADY a6t HGNEy SoBAounds may be
di : : ¥ _ . 2y _

i 11 garegt8 BEE S RRbLb V@R Ehe SCRiHBUR S, "Uifrdpi) Jgffon, dibutyl

10- 4- 2@yl foRe) 2dipP@hyl- sulfdn&pidieashthgl | sifondhaliBehzenisulfenebexglyy sulfone,

organi c_or_ inorganic solvent capable of mxing with other ingredients

i n t he diclhlorebéemgensy suléome andeygdebsedtsulfonmti on to forma sol ution

or dispersion. The organic solvent is preferred, and is one sel ected
fromthe group consisting of al kanes, cycl oal kanes, aromatics and

hal ogeRat.e 3 . qQr A7 e f -Hal,eg e :

hydr ocar og%ﬁ%%ﬁgégﬁaﬁlgpggé{%? gg’u aﬁ%ﬁggﬁahal oggng}%@i g{/lgl c?a;fI I;[gﬁes? rganic
or hal mQB?hﬁﬁsaRWR&R?,Sorgﬁrﬁﬁqiﬁogphﬁieeoxﬁi@ RRHRNR , Pa@ nevdandt phosphates
mul ti-substituted al kyl benzene. In one enbodi nent, tﬁ_e diluent may be

the or asResRoPidnt organiaephapphites ReeldtiRonPhii emdgsivatiaesdthetieehi wherein
' nvent C;?'Rm, R,s and Ry may represent H, halo, linear or branched or cyclic C;-Cy
alkyl, aryl, aryl C;-Cyq alkyl or C;-Cy alkylaryl, which are optionally substituted by
halo or nitro substituent; Rg, Ro, Ri1, Ri2, Ris, Rys, Ri7 and Ry respectively and
independent represent linear or branched or cyclic C;-Cy 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 aryl-containing group may be phenyl or
naphthyl; said halo is preferably selected from the group consisting of chlorine and

bromine.

Preferably, phosphine compounds may be selected from the group consisting of
triethyl phosphine, tripropyl phosphine, tributyl phosphine, triamyl phosphine,
trihexyl phosphine, triheptyl phosphine, triphenyl phosphine, trinaphthyl phosphine,
trianthryl — phosphine, tribenzyl phosphine, trimethylphenyl phosphine,
trichlorophenyl phosphine, trinitrophenyl phosphine, dimethyl phosphine, diethyl
phosphine, dipropyl phosphine, dibutyl phosphine, diamyl phosphine, dihexyl
phosphine, diheptyl phosphine, diphenyl phosphine, diphenylphosphine chloride,
dinaphthyl phosphine, dianthryl phosphine, dibenzyl phosphine, xylyl phosphine,
methyldiphenyl phosphine, ethyldiphenyl phosphine, propyl diphenyl phosphine,
butyldiphenyl phosphine, tributoxyl phosphine, triphenoxyl phosphine. More
preferably, phosphine compounds may be selected from the group consisting of
tripropyl phosphine, tributyl phosphine, triphenyl phosphine, trinaphthyl phosphine,
tribenzyl phosphine, trimethylphenyl phosphine and trichlorophenyl phosphine.
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The initiating systemcan be in-situ formed in the polynerization

system or pre-prepared before the polynerization. The initiating

system nmay be prepared by various nethods and is convenient to use.

For exanple, the initiator, additive and Lewis acid are m xed

according to different feeding manners and then directly used, or

used after the reaction lasts a period of time; or the initiator is , |,
first| Prefemably phosphine 9xide commpaundemay be sahectgddirorny the group Kemsisting

addi t1 8 RGP e b Oty Hhshnif BRAS. TR Pl DhRER oxide,
i natd ) moLE _ . I . : _

e, | TROSr thiosphing Tosld¥ Qirgiyty phigphfieCidite; AviRA310ARbAPHRE pxide,

Lewi s arihdptyr phdsphinztonide ptriphenyiepsospitinthexideadtinaphtindiplrosphane oxide,

in-situ forman initiating system or a part of the initiator is

added itriaothnyé phoaphiee srxidensibenzylk abosphineeaxidy, Unnethdphenyl phegphine
initiator,i ixed wWth the additive.and Lew id, d,di t.| .
used oXidgaHFRIArophenyt PRRSPIng OXIde il ey icRphibe xifk, dimethy!
of m xi sk eagt | : ' [ r r :
fo 5oCPMBhIneRORs AmchiIhiber FROGIRAEY ARy, MRyl Pdspliin oxide,
direct |dgpl:tqu pidsphie exidd] t dibute? pleoghHinenoxidyt idiamly] dphosphingayoxide,
be added into other _ingredients of the initiating system _or_any_ . )

m xt ur dibexylh@hesphiredirades dibepiyl phasphing e, gaphemyd phosphine gxide,
t h t f.st t.abi |l it hntal . .
2ot vi R BHREHEE oiS SRRl ARy Siflet PR HiRishhib pride,

on | . : £ g ] : i ' Phiebbiney

Lovi o SIRENFIBHAD HIRAIIING 0108, RARTopHRMET PIRpHiAS oRide, Miitropheny]
f or mul phedphine otxbde, ninethyldijstenitli whospltihe tdxdebetteyldgptiemagrhosphine oxide,
cat | onDEopH|GiRBPnYhBheSH X dca itk BRK) Phosahine oxide. More preferably,

co o BLME Lk uioLbls RV eBi BoBpie S oI b rimerty1
el ect r gRpdpRALd ki OHAPESPYT nhekBHRInE BKid6OREBUBAS phbephREARiGe, ‘tﬁ?henyl
vi nyl Conpounds are one or nhore selected fromthe group consisting o

C3- C12 phosphire oxide;drimabhtliylsphazpline akideetiimsthoyl phosphingl exides tribenzyl
styrenes or_derivatjves, thereof, apd vinyl. etherg. The preferre .
vi nyl PUASRBIE apudse) Eém@&ﬁpbﬁwﬂepb@ g0 4ide; rr\glcrbﬁomﬁg‘wygn@hosphme
n- but eng; 1. S - - ot . - = -ene,

5- et ny i TSR ph s Bl R ARG i BIGRlord PR PHin BYiEL:

2, 3-di net hyl but adi ene, 2, 4-di net hyl-1, 3- but adi ene, pi nene,

cycl opropene, cycl obutene, cyclopentene, cycl ohexene, cyclooctene,
but adi @neferabby,pphospliatsecompopndsemayy beogalectadl dren 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, trinitrophenyl 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
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cycl ohexadi ene, nor bor ene, styrene, a- net hyl styrene, p-nethyl styrene,
p- chl or onet hyl styrene, p-nethoxystyrene, p-t-butylstyrene,
p-t-but oxyl styrene, p-vinylstyrene, indene, nethylvinyl ether,

n- butyl vi nyl ether, isobutylvinyl ether, methoxyethylvinyl ether,

et hoxy gHusbhaty, [triét l(rjplambha{byt@%lgtlfphoémwte ehdearibegait phiolsﬁhate.
nononers can be use irectly or after being fornmulated with the
diluent into the solution. Said diluent may be the organic solvent in

consi HIREFIAPI% REASRItE RhroBpRiTe dhalr B ca et o Ofen aratp hsisting of

hydr ocay: e i , rhat ot .

bl cct SRR bR e HARET, PROSBFEIDIORTF pHspRI, ATS.G1 PROShite,

but ane tripantlapbospbitendribeapl a;sjbos;ﬁﬁt@,nerihaptylo osphitbeririphenyl phosphite,
e

cycl ohexane, nethyl cycl ghexan or hal ogenated hydrocarbons (e.g. )
met hanérioapbthyde, phespistenetidenzybt haroSgHS: i derirgetbylpheyhanphosphite,

et af TiGRBEPRERBYT BTNy et HEARlSRY cRROSUNCST dimstibvlephqsphite, diethyl
. i . q H L | . . X

above. e R B B i B ey
a concehiosphiten ofit@pdylnol gosphitegol diphdibd ppéesphitenvedibiemzysol phesphite,

the probl ens of | ow polynerization degree_in_the prior, art ﬂ/ni c{; ulsle )
conpl edimsthylpheaybr phosphite.i dishtenopbenyl pphpsphiteat disntrephenyl| phosphite,

e e HSDRRRNE BRb YDl ST PR rRplife 8By RARRAS phosohite,
cat i oni ' atpl! 0 ' ' YBBI

o Cop O B S e e P B selected
aqueougroraachd ogrompdicomsistingheofptdasssthyl nplesspinte, i sriethyl xphostace,i dripropyl
medi um of an_organi c_solvent and water,. or g reacti.on nedi ymin, which

wat er PROSPBHEnHRPL] pglwsﬁﬁﬂﬁ sapheryLphosplate agﬁtt §W¥PREP§PEH%

t he agqueous reaction nedium water is preferably from3.5%to 100%

nore preferably from5%to 100% by volume in the reaction nedi um

The sulfur- and phosphor-containing organic compound is at least one of the
substances having the general structural formula R;oPSR;oR;;, and derivatives
thereof, wherein R;o, Ry and Ry; respectively and independent represent H, halo,
same or different linear or branched or cyclic C;-Cy alkyl , aryl, aryl C;-Cyp alkyl,
C,-Cyg alkylaryl, C;-Cyq alkoxy, aryloxy or aryl C;-Cyy alkoxy group, which are
optionally substituted by halo or nitro substituent, wherein aryl or the aryl in the
aryl-containing group may be phenyl or naphthyl; said halo is preferably selected

from the group consisting of chlorine and bromine.

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
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The organic solvent is one or nore ol efins, alkanes, cycl oal kanes,
aromati cs or hal ogenated hydrocarbons, or m xtures thereof The

olefins may be, e.g. ethylene. Hal ogenated hydrocarbons nmay be, for
exanpl e, hal ogenat ed al kanes, hal ogenat ed cycl oal kanes or hal ogenat ed

ar omat igtfosphopsns aHidedibthyl fstiosphrphie sutfede, ediene thyh ehivpiRisphotgidchloride.
or poly-substituted al kyl benzene. Preferably, the organic solvent is

at | eadloseepsafeeahlyd sulban-t hardgrphosphonsiastaingngf orgaigr compowt hady be
or cycli 1-C20 ol efi ns, al kanes,,.cycl pal kanes, afomatics and .

el ogeriSIasdoRly BRBRa Moo SHINSHES Pharuarinsy, BharaRp{ousn e ufidey tzicthy!
sel ect R < wps, C -Cl12 al kanes,

cycl oaHlgspaOraRs el SR ARRLT b sbfobRsTaES. ore

specifically, the olefins are, e.g. ethylene; the al kanes or

cycl oal kanes are preferably selected fromthe group consisting of

et hane The agdiee mayare thesnxtire ohmasyegomppuads a ane, nonane,

decane, petrol eum ether, cycl ohexane, nethylcycl ohexane, and isoners

t hereof The aromatics are preferably selected fromthe group

COSNi Sty I | @ne ontEL NAeNe . ax 10-1)-

et hyl b?r%@lag?gﬁﬁgﬁ%é;gﬁgﬁ? i)ﬂesttﬁ{%l glcgt%fzene, T%kg& bg'rg)zelnoe,)'g’ngrefembly
i sopr ofgl0sbporZensx [TY: habog@ e oy dxdganbonprefeeabhl 42184107 BroKie)"):1,
group consi sting of methane chloride, dichloromethane,
trichI@m@mbpﬁéhﬁﬂﬂyﬁﬁoﬁ65@%&%8%1&T&hioroethane, trichl or oet hane,

chl or opr opane, chl orobut ane, fl uoronethane, difl uoronethane,
trifluoronethane, tetrafl uoronethane, fl uoroethane,

di fl uofge st gk h a o} : f s rati
nexal | Lr b nautdtig, 358k 8EEoRRETHS AREORIARAT, ARTIEIOL PIRS KAR. ratio of
t et r af inioador,opddétiveemadf Leaiopacidars, (5iex8f4-26):60:00p226): Ianpgreferable (8 x
fl uorobutanes. |n addition, the addition of the organic solvent wll

be advéﬁta@@ﬁﬁ@fﬁblaabﬂease t he pol yner concentration in the

pol yneri zation reaction and increase the effect of dispersion, mass

and heat transfer. Preferably, the volune ratio of water in the

aqueoug%y td if¢m to cationic-polyneri zabl e nononers, e.g.

Vi nyl norrers, is (0.03-25):1, preferably (0.04-23.0):1, further

pr ef er dheyd{lQcAbniik) bé,ampoegmief @r abdrgagic 861X :dapable of mixing with other

ingredients in the initiating system of the present invention to form a solution or
dispersion. The organic solvent is preferred, and is one selected from the group
consisting of alkanes, cycloalkanes, aromatics and halogenated hydrocarbons, or
mixtures thereof. Halogenated hydrocarbons are, e.g. halogenated alkanes,
halogenated cycloalkanes or halogenated aromatics. Aromatics are, e.g. phenyl and

mono-or multi-substituted alkylbenzene.

In one embodiment, the diluent may be the organic solvent in the aqueous reaction

medium as stated in this invention.

The initiating system can be in-situ formed in the polymerization system, or
pre-prepared before the polymerization. The initiating system may be prepared by
various methods and is convenient to use. For example, the initiator, additive and
Lewis acid are mixed according to different feeding manners and then directly used,

or used after the reaction lasts a period of time; or the initiator is firstly mixed with
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In the polymerization systemof the present invention, the vol une

ratio of the organic solvent to nononers may be (0-12):1, preferably
(0-10):1. The nmedium may contain additional water-sol uble conpounds.

The wat er-sol ubl e conpounds are one or nore selected fromthe group

consi sty 8giofhci®Nhhid KRBROWMIS thé Yelllifive 2hkal s Hﬁ‘e%glysﬁbéd T6P Lfé%d after the
ammoni um sal t's, i norganic protonic acid, organi ¢ acid”and t’he 11k

or al cofbting ﬁdileae?ﬁrlod afi tah&alor thet alditivé iis hiixad seithuirewis ac1d ‘and then
pot assi um is chlorine, bromne or an acid radical. Said _al kaline

metal séreet mus(ﬁdmr used dnt cemhmﬁm with thee initiater affarethe seagtion lasts a

S ot AL e B T 0, 6 RGP A BLA e
sul f at %ev%ﬁéejhﬁiﬂ A eigy il B Rond dﬂ@gé"a&h@ fHd F@ééﬁ/éﬂ'%;i@dji%gl?{l to in-situ form

brom de i ndrgani ¢ protonic aci one or nore prefera

sel ect egh findtiating f systengciod, ahypdroodll dhecimtiatorarid htidedointo ah@ dmixture of

The organic acid is _one or _nore preferably selected from Cl-05

sat ur atlB@nemeisasactiandacdims angd, f@e resngining dnitiaiay indaixes wdthitherigdditive
Cl-05 s tu ated o

cnsat oA E R s is A0 GEH A SRoh O SREOrEAe: Bpe porpRaaslyh Ferfid of time.
met hanojye gt %?émr@roqﬁﬁﬁ?hg AR £ i) Sf o ng@ﬂ?&ﬁb?&g@ n%fr’?gﬂ from -90

gl ycine. The Ss ratio o he wat er-so e ‘tompoun
(0-8. 0)™CL, top66fEr aey irfibiabing) systehomax deplised thrthnthes dilaehty of duﬂmtly used
[ salt _or ammnl um.salt in the

al kaline peta i on rredlum 0
protomlbnfﬁ' or conditione it mer dbkuens ééptlaaalgcsia ﬁwfm areisieet dnto other

ot of ke RRATBE The HiotaPind Stsshon ol BREHE oL Ricek ﬂ*&i%@ s ob apy time.

CO“dUCtIﬁdaéﬁlﬂcﬁW thHeRetfiatiHEes s‘ien%ﬁﬁ’%héaédvanﬁ%e RBeskith Erﬁﬁﬁﬁﬁy, and even

enabl es the pol ymerization-systemto exhibit a eterogen ous

pol ynmemaattams thesaciviiy aftch dwne depoesitgddios sevesal dayd er ssverad months.
increase the reaction efficiency and product quality, to obtain the
pol ymer products having a high conversion and a high nol ecul ar wei ght

cati oni B DhEAREEPRBAR eiceEE of BB SR Sy it Towis acid or
pol yﬁerdd%ﬁilkr@“nﬁysb@”ﬂﬁ@ﬁﬂy' ﬁ@éd Aoreasdd ATteredeiny foPARIBIE i@d the mixture
initiator, a Lews acid, an additive, an optional™diluent and an

opt i onzslolulillepemthrthc allomeeinentionededduents. cat i oni c- honopol yneri zed or
copol yneri zed to obtain the correspondi ng honopol yners or copol yners.
The dispersant is at |east one of anphiphilic conpounds. The

d| sper %%?ﬁg?frcﬁﬁ?g&ﬁéﬁ%blﬁw 0.l s an anphiphilic conpound having

he genéra or mu V\/nerel n Wis hydrophilic group

Se' ect efhd reuridie-pulonwrizable motomdts atarhefvtablal kmx\atiossé-polymerizable

groups, ammoniumion, sulfate ion, and benzene sul fonate ion; is an

i pophivinygl gmmoumlfdsqzret@@béy eplectedifromr e guppoonsistingoet dkytaubstituted,

al kyl ar ar,e tional |l y, suhstituted by, ha rnit I f an

Ehe oy FsuPuited n orh el SaRen o e Bt VoS bt S viy] Sompoliplls. For

(1. 0x Eatriple? t¥d Qi) 1 &oﬂﬁaorﬂfn?lf e5@bbie (r Dord Yefedtel fror? e kroup consisting
of C;-Cy; olefins or cycloolefins, C4-C;, diolefins or cyclodiolefins, styrenes or

derivatives thereof, and vinyl ethers.

The preferred vinyl monomers are selected from the group consisting of propylene,
n-butene, isobutene, 2-methyl-butene, amylene, 2-methyl-amylene,
3-methyl-amylene, hexene, heptene, octene, decene, 2,3-dimethylbutadiene,
2,4-dimethyl-1,3-butadiene, pinene, cyclopropene, cyclobutene, cyclopentene,
cyclohexene, cyclooctene, butadiene, 1,3-pentadiene, isoprene, cyclopentadiene,
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In one enbodi nent, the 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 yoxysichohenrliendy! aorberersyr bi stynefigt t y camethglstererend epamgthylstyrene,
et hanol adducts thereof, and al kyl anmonium halide More preferred

exanpl gschiegpmeshylstyrsas; gnoathoxysiyaers: prirhebisiyrapgonpundutoxylstyrene,

) B SRR S i IR S v
9101 heeAOLIUTONe) it Unakach o RO i oyt ST L

of the additive, the type and amobunt of Lewis acid, the type and
amount of monomers, the type and anount of aorganic sol vents,

wat er  Sand snnyl moneeersan ba usedidirgctls o @ﬁ@gﬂ@igg@r@u&g@ds\gﬁg thediluent
(e e g TARed, BT LA 535 R AR uV O AL By i,

di sper g i i £ i i oz i . i '
0T SPYTGRCOF L Yok SO ] ERIMAEAT AR, cycloalkancs
t he cogtomiaticsher halopeaststl hydascarboinss nadsmayhse phe tmiveeshsolents consisting
procedures and the difficulty of isolation and pugificati

f

producod oG PE meks sclestasbr@n GiesPry) eansStBg: O ﬂ@%ﬁtﬁcﬁgyama{bom (e.g.
. . X s | OR e

beht evitdiEanbSanbns Hedarim mettade bfGson firaRORT: Spesn, Seighgrane,

t he powéfg ié@bﬁ@xﬁ@t eB}eXﬁﬁlefgbﬁa&dﬂomﬁm digper sadiifideecthloride,

so as to ant ageous to 1 ncrease the heat and mass transfer and

si nul t dicldosdmetloana)crethanet hlbridegedeshlpradthiaespepavpare chloride, butane
distribution in, the polynerizatjon syste in particular to increase

the pokpHaideatrifbrorosthancitsh I‘Pﬁ'élaﬁ’@ ecul ar wei ght of the

product. These effects cannot be achieved by the prior art. 5.

Pol ymeri zati on process The present invention provides a process of

cat | Pn%aoolgalymaﬁdtm of rdERARIET Sof NORRed prekBnt heiferitRiai dincludes  the
initiating systemin the aqueous reaction medium In the

pol ynehonmepalynpericzais) ahd paipolymierimation sgft the cehpvesesopomers. In the
reacti on_nedi um, nononers,  an.i nLti atin s¥lstem and an _option

di sper PRRYMERZAHPY HFLeR. tthe HAYS SRPNOHFEHPAYR a concentration of b.4 mol/L-7.0

cationhgjﬂelynerizable nmononers are honopol ynmeri zed or copol yneri zed
by sai § 'tiating systemin an aqueous reaction nmediumto obtain the
correspondi ng honopol yners or copol yners. The pol yneri zation process
is conducted by a batch-mﬁsedﬁglynerization met hod, a sem -conti nuous

pol ynedihegiesenninyindon solvesdheiproblems of Jomw ol gmicsizatisnrdagree in the prior art
which use complex co-initiator to initiate cationic polymerization of vinyl monomers in
organic solvent containing some water or an aqueous phase. In the present invention,
vinyl monomers is cationic-homopolymerized or cationic-copolymerized into

homopolymer or copolymer of vinyl monomers.

3. Aqueous reaction medium

The aqueous reaction medium of the present invention is a mixed reaction medium
of an organic solvent and water, or a reaction medium in which water is prominant
or a reaction medium which is totally water. In the aqueous reaction medium, water
is preferably from 3.5% to 100%, more preferably from 5% to 100% by volume in

the reaction medium.
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The process of the present invention can be used for the cationic

pol yneri zati on under the conditions of the conventional reactor

condi tions. Taking the batch-wi se polynerization nmethod as an

exanpl e, the polynerization conprises the following steps in turn

(1) respectively adding into the polynerization reactor the reaction
nmedi um and nononers. in said ratio, and qjxin t hem mhfr in said .
mononerddiec SREHECIPOENE yiS a0 O FIQFe: AleIHH NS84 CYA %@%@%‘Fﬁa gromatics or

added after bei for ed | ' ' ' nt; (

a0ded Bl oA RPRURED drhahEn JRHESOTHY LibRe bl BED' g Bhyien.

Lew s Qﬁlgghﬁateﬁahfdf@édrﬁohé‘trﬂaﬁ Hed fopKbAiplehalGidhdibE dlRhhéatidlogenated

systemis Fn-situ Torned or pre-préepared; the initiating systemcan

3_e useldyafct&lléab@d oY Her}logahaﬁeddaiommticheASohmiasnrMyt be; %er é¢xbmple, benzene,
irectly used under .the conditions of nqQ diluent; (3) polynerizing at

a tem@ﬁ%@%sﬂbﬁﬁﬂgﬂdg)ﬁp@m‘sql@ﬁmui%? Qﬂﬁ’ﬂbﬁn@@%ﬁ-abl y from-85C to 35C

for 0.1-120 mn; (4) adding an excess anmount of al kaline substances

as the termnating agent into the reaction system to term nate the

pol'y ”E'Piréféfrhﬁ rtﬁ@f%g%gf SBR/etlt kiglat Neagiubisd 3BRRSed fRofmNBicagiRfLSonsisting of

solution o OH, cohol s or ammonia. Those skilled Tn the art

can defigeat r brendireduior dydioe (f;-@egotafingg alkanbe, ayclemlkares,)i aroveaiics and
E?5t rer;gligi}gaéeeneftgg ﬂ; r%tcialq‘génsl\,/b ot npnrxetIJreésr %ﬂerce% ,C epr1]‘te e%. f}? otnr:ee rogolfnoiresz selected
from the group consisting of C,-C; olefins, C;-C;, alkanes, cycloalkanes, aromatics
and halogenated hydrocarbons. More specifically, the olefins are, e.g. ethylene; the
alkanes or cycloalkanes are preferably selected from the group consisting of ethane,
propane, butane, pentane, hexane, heptane, octane, nonane, decane, petroleum
ether, cyclohexane, methylcyclohexane, and isomers thereof. The aromatics are
preferably selected from the group cosnisting of benzene, toluene, xylene,
trimethylbenzene, ethylbenzene, diethylbenzene, triethylbenzene, propyl benzene,
and isopropyl benzene. The halogenated hydrocarbons are selected from the group
consisting of methane chloride, dichloromethane, trichloromethane, chloroethane,

dichloroethane, trichloroethane, chloropropane, chlorobutane, fluoromethane,

difluoromethane, trifluoromethane, tetrafluoromethane, fluoroethane,
difluoroethane, trifluoroethane, tetrafluoroethane, pentafluoroethane,
hexafluoroethane, fluoropropane, difluoropropane, trifluoropropane,

tetrafluoropropane, pentafluoropropane, hexafluoropropane, and fluorobutanes.

In addition, the addition of the organic solvent will be advantageous to decrease
the polymer concentration in the polymerization reaction and increase the effect of

dispersion, mass and heat transfer.

Preferably, the volume ratio of water in the aqueous reaction medium to
cationic-polymerizable monomers, e.g. vinyl monomers, is (0.03-25):1, preferably
(0.04-23.0):1, further preferably (0.05-21):1, more preferably (0.05-19):1.
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After term nation of the polynerization, the reaction system passes

t hrough the alkaline solution, is rinsed with water, and fl ash

evaporated in turn, which are repeated nmany tines to separate out the

resi dual nononers, additives, reaction nedium Lewis acid and the

like to obtain a polyner. The resultant polynmer is vacuumdried at

40C to obtain a dried polynmer product. The pol ynerization system

const r ot 8 pedvmerizgtion skstemetofbthefprekenpingentionnykatvalnme ratio of the

honbgeneousl nd s%abl di sper sed, of ea g rate. The
Tonose 0T EBRLIAVERE L6 monameRiay be ik ahaiarety BB

distribution of the polyners can be adjusted within a | arge scope.

The pol yneri zation proceeds rapidly with a high reaction efficiency,

and t hqpoaytishmdpyoatdlheydditional aates-F0bWW thhipourds. T weitghisoluble
average nol ecul ar wei ght of the polynmer product of the present.

i nvent compayndsearchond @rtmors sabc(cet%émmithecgrompl ceusistingeifghnic aompounds,
may bo SHE i slsaiias Tabial SolobeP B arusidaligs: Sl RATEGHC JBRIPEIC AR, rganic
t he wei e I i t J I . :

pr esenfel ARG THRNRICECoF SHE ARG Wikreth Tn R 22 WIKaRRES SERISS, Sofiom or
prior abtasshng; P ¢saflilofeey BrohAae i inaprasidsmdicaln Sdid glkabeesartal salts or

which i's different fromthe_ prior art, not only can achieve the
honogeAsuushjumd sale reomppongsrare zone o syaeeprefevably selestedrfrom ske group
with a particle size,rangi from.1 . .mto.3, 000 Am, but alsp is .
Advan; SEBBRINES ofngedndR Fhride < ik echlofidensPRiass i ghioride, potassium
pol ymeg,| T ON n hi e i asi :
ronomelrORiGe SUANER, BGIEUA" SAfaRE) SUfulC ERRL LEQRIEES Rponium
of nar pgethyle&atdet gcbiranidei The igdogtanid wroteonicTawdd i aawsor afiotehpreferably
present invention can enable the polynerization systemto show a

honogefelgwsed frnmpsr fusic acid chydraohloraacid mnd flupbesicaneid. dfhe organic acid
i ncreasing the polyner. concentrati,on or polynerizati.on tenmperature,.

and cals iR Oy iR PGy S F e doRhGhen Sarbhlks 8 LATRREREHCeids, e
and regygh ; ! I oysl T

The pr oA R P B O oo AR PEB e Refpeigd from
the eq@,p@emataraied estunasatueateds ildohols)r ifvdoding: nearso-atcdhuds ion pohtols, e.g.

nmononer concentration and the nonoper c]?nv rsion fﬁg‘[l Eﬁg .
pol yrmefiethaneh. ethanehr prepanel, eibylenepgheplnintepyienc glyenl: ppd glycine. The

i ndustrial teechn i cal, pol y i zation ess..at t r r€

| 100" 0B kAT A AR [Ratsh ol BBl 2oL, ALOHEWNG Breferably
mol ecut@ré.s@ug *For?éxzﬁhglb,qﬁe%?ésé-%ﬁ@roﬂﬂt}géﬂsrkaqinealﬁ&apgmtw Sm@onium salt
-60C, thereby achieving the object of saving energy and reduci ng
consunjii i othe Threaptierenmédivent i or ppovicdee aackbonmni aaixtares thereof to
easy-to-conduct process capable of initiating the ca

tjionLc
pol ynefAHaRRAYBICHZAR]E THOROMSLS, ¢.8. A TREMONONSHSs 1% Wontdi Sy compound

¢ ) AN ) it _ .
From altebnreddecoMé sBLGRaRY MR of s e B GRAUB. T Bhe Faction to
wher ei Betdimdudidd at dowRYnerag@ié tional |y added, or water is used as

the initiator (w thout adding any additional initiator having other

structures). By controlling the polynerization conditions, the
pol ynmer pr.oducts having a | ow, medi um or high nol eaul ar wei ght can be
synt he@i 2H8PCISANbarti cul ar, the present invention can al so increase

t he no ' f d 0. DIV:RE

t eonnol o BRI bFBGeds chafleRaneBrLmiAirgion SRR HorsNBiC fMtbifencous
vi a capbBihéripatipiedyéin fi ham@musgusﬁmed_ dtateadsh taisorp iR¥®Ase the
if the cationic copdlynerization ot isobutene and isoprene are .
conducteattion afifieipueyusnepoduce diuatitynder obtadn cihecp eic @rofucts heving a
! SOpreﬂfgh conversion and a high molecular weight and to break through the current

technical difficulties.
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26 content is as high as 18%in the nononmer m xing proportion, the
present can al so acheive a high nononer conversion. The isoprene
content in the copolyner may reach 18% which is close to the nononer
feeding ratio, alnost without gel formation, which cannot be acheived

by the Iﬁrth@rcaﬁtidnicTﬂitﬂyﬁﬁérYiQIdri pEOOEsSPHP RS prederthiavenddanthe Wjﬂlgie@ﬁation

not only can sinplify“the polynerization process and procedures,” but

al so caystesducEmphises oz treavéioar nicsl iume dnanoner sy eac tnivratodaubewsd add, an
to be environnmental l.y-frigndly and have an appreci abl e conmerci al

appl i céﬁqdw%r §§p@E§1.0mFLéh & 13, SRR RISDERRTEG Y Chy onomers are

Fecnnor AL HRAR bt X Ga o chBORRRrZR; 167 QB C'the! cBftsponding
conventiopi@holyeiérs GCéSpdlgimdre cationic pol ymerization in an aqueous

reacti on nedi im or even the reaction nmediumwhich is totally water;
2. Constructing an initiating system having the advant ages of

hi gh-activity, |ow.price, stable prqperties and bejng easy to use,
capabl g[thﬁdfisii?ieﬁaé%tilﬁ@tﬁﬁ%ﬂd%ﬂq eﬁam@ﬁpb#& CoHIQGH vi nyl nononers
in an aqueous reaction nediumw th high initiation efficiency, having
a high polynerization efficiency, capable of greatly increasing the

nol eculTe ﬂ%}i&ﬁaf(?f.f df@eP praderit RIveationsis \mﬁaﬁtggipﬁﬁiwﬁﬂpom@rmﬁng the

mol ecul ar weight (Md) may reach as high as 1 x106 which is ‘al nost

8- 20 t igensrdli simectura dormiuda PViOr vahereind. WTire hydrephiticngdiupmsekacted from the
achi eve better di sp&b{sx: n effec d high heat transfer efficienc ft%e
the aq@BSUY TRATEUR GRNYRGCHNORYEr AR} CSES BEoUPS. SETRADEHPAQBe SHliREe ion,
i ncr easi,RY LLY: Of Hee t f:Stf [ i n~t h

ol yrerapeffely SRARIEY oM OFTD A ditiiliE) Bl | ) CorCop i, gpyl, aryt

ener gy Gg@zyﬂmyl @, Csdh, atk ylaey e veliigh, ardespeasalty substitditedar beleadt nitro. If
reduci ng the production cost. .
any, the mass ratio of the dispersant to monomers is (0-0.4):1, preferably (1.0x

10-3.0 x107"):1 or preferably (2.0 x10%-2.0 x107):1.

In one embodiment, the preferred dispersant is at least one from alcohols, acids,
alkylbenzene sulfonates, fatty acid ester sulfonates, alkyl sulfates, fatty alcohol
polyoxyethylene ether, alkyl phenol polyoxyethylene ether, fatty acid
polyoxyethylene ether, polyoxyethylene alkyl amine, sorbitan fatty acid ester and
epoxy cthanol adducts thereof, and alkyl ammonium halide. More preferred
examples include at least one from dodecyl trimethyl ammonium bromide,
octylphenol polyoxyethylene ether, hexadecyl alcohol, oleic acid, sorbitan

monostearate, sorbitan oleate, and polyoxyethylene sorbitol monolaurate.

In the practical application, the amount of the dispersant depends on the type of the
dispersant, the type and amount of the additive, the type and amount of Lewis acid,
the type and amount of monomers, the type and amount of organic solvents, and
water content in the reaction medium. As for the same dispersant and the
determined polymerization reaction system, if the amount of the dispersant is too
low, it will not have the effect of homogeneous dispersion and be difficult in

stabilizing the polymerization reaction system; if the amount of the dispersant is
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Enbodi ments The present application is illustrated by the foll ow ng
exanpl es, but the scopes or inplenenting nethods thereof are not

limted by the exanples. 27 1In the follow ng exanples, the

m crostructure paranmeters of the polynmer products are nmeasured by the
comon tbechighe dhe weah willnbe¢ mecraased isoeas teascreiang thbgasttbeat s rmyeedures

wei ont aidh el GEGAY el S#RIaHP: ARG LEVBHCBHOBG gHeduets WIEHE abere is better
P ti. - _ i- ' .

he. el GRPCRIRR AL PR f o Bt A the, R B Stheitzation
di stri it nidhdhefRa0S det a8hfdvednen dirs tdduigusomedidax HyMarlng tthe mentioned
nmeasurenent Is conducted at a tenperature of 25C, wheréin

t et r ahytspéusaats,i sndsthd pelytherimatiohesystane exhibitg aa hiomegereausdy dispersed
mL/ m n. t)(SZ- HS3-type phase contrast m croscope roducedpgy Chong?%&ger and

Opt i caletierds righeaft (RabEoAJVARIAZEOYSt IP JBSEFARS ftherbedlopnd mAassh

of the ri ' e Uct ot Llen .- :
cont encTopEEOBEH, 18, S RES: S HBsReBAST Y st RTRDRIS BRcion n the
as the j t ' b sheolyiter i ors tafdardon and
Eeanpl B B et e i i alo

(1 B)/ dithaImoosl draweight of il paaduc. ihese effectgueanmotsad achimved by the prior
containing 20% Li C1 and 1% NaCl were added into the pol ynerization

react odt-so that the water content in the reaction nedi umwas 7% and

the TB concentration in the reaction systemwas 2.8 nol/L. After
honogeneously m xing, an initiating system consisting of water,

or t hocre gl lynirgtfsPpeedessy! al um num and A1C13 was used to initiate

the polynerization, wnerein the nolar ratio of orthocresol to TB was

1. 3x10-Lhel presentinvantipat provadesiiacpragessseboationil palyinarizatipB e@monomers
1. Ox 10-&: 1;.th ﬁéa ratip.af. AICl3 to TB‘%}?@ 1.3x102: 1. After .10

min of IpfRCed 3 > afQresRIb INEAHRARAYSLU e JRCOIBIEaction WediviE: o

the reaction, wherein NaOH had a mass percent of 5% The sol vent,
initiating system and unreacted nononmers were renoved, and then the
producnwise WwasibaterbRitRimlprocoss e hapnadrkalticie syetati tbewahereaction
in turn, vacuumdried at 40C to a constant weight. The yield of )

pol yneMmedisingomonomesa ansinikiatisg sysicmhandan opiiongk dagpersant. According to

the present invention, cationic-polymerizable monomers are homopolymerized or

copolymerized by said initiating system in an aqueous reaction medium to obtain
the corresponding homopolymers or copolymers. The polymerization process is
conducted by a batch-wise polymerization method, a semi-continuous

polymerization method or a continuous polymerization method.

The process of the present invention can be used for the cationic polymerization
under the conditions of the conventional reactor conditions. Taking the batch-wise
polymerization method as an example, the polymerization comprises the following
steps in turn:

(1) respectively adding into the polymerization reactor the reaction medium and
monomers in said ratio, and mixing them, wherein said monomers can be directly
added into the polymerization system, or added after being formulated into the
solution with the diluent;

(2) adding the initiating system containing the initiator, additive and Lewis acid in
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At a tenperature of -80C, 7 nL of TB and net hane chl oride solution
and 30 nL of an aqueous solution containing 23% Li C1 and 1.2% NaCl
were added into the polynerization reactor, so that the water content
in the reaction nmediumwas 85% and the I B concentration in the

pol ynegh#Btiatid $itt eaidvagabtdr, nWhéteinAf}i@rini’tthD%f}f}@u@hﬁy igiixi-svge formed or
initiating systemconsisting of water, 1,1-dinethylbenzyl alcohol
(shor t pregpreparedyythealinibiasing systeml eamree Alsed3afigs being formulatedtiato the

&2; 5 ablition it g STet oy el Sived ferdheinbug ol o g
pol ymekt LRC O Ee iy LBtEStere Suliod rdlly 00 e 307G dRefizably from

the saogs%s th3SeCi forllddnple rhin;The yield of polymer was 66% AA was
1.4x105; Man was 3.9. Exanple 3 At a tenperature of -60C, 30 nL of

| B/ di cképraddingareesgessoamand ebalkdliore substances as the terminating agent into

(cycl ohexane/ di chl or onet hane=0.07) and 20 nl of an ueou | uti
cont ai AR SYLcRhd O CHTIRAEItheRO W TRRT 4N FRacHomy | cotyl

ammoni um brom de were added into the polynerization reactor, so that
the water content in the reaction nmediumwas 47% and the TB

concentitRt aditalife tsudstRicereaie aht oaqeoievolwsod . & MAOH, KQHL, alcohols or
honbgeneously m xing, an initiating system consisting of water

met hy| ammonid. Bhosg skilledhiertheaant rean detaryming dtheoameuat dharefzaeeerding to
oty Foe Bty GeadFeRBniSihatenithte, S ety R0 pbtsyfe Gonoentration

triphe ] t s 5x10-3:1; the nolar ratio of methyl benzoate
to TB V\E%ésl%gg?glﬁfﬁ%% mol ar ratio of AI1C13 to TB was 1.0x10-2:1.

After 1 mn of the polynerization, the nmethods for termnation and

post-treatnment were the sanme as those in Exanple 1. The yield of
pol ymeAfigrs tamommatian ofidthespokioarizaianpithe sreaction: sypienairassesthrough the

-80C, 2 of /. di chl oronet hane so] uti on d,20 nL of, an. aqueous. -
soruti Akl selitioh.o & HREE RANE P8kt i e’ Sflbatitg fiouf MR “Srhich are
p0| yme i Lan . r n . r . .
e S e e
was 1. madibhd,. Léftierac® and the like to obtain a polymer. The resultant polymer is

vacuum-dried at 40°C to obtain a dried polymer product.

The polymerization system constructed according to the method of the present
invention is homogeneously and stably dispersed, and not easy to agglomerate. The
monomer conversion, the molecular weight and molecular weight distribution of
the polymers 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 weight average molecular weight of the polymer product of
the present invention may reach about 1x10° (the unit of molecular weight in the
present invention is g/mol, ), and the molecular weight distribution may be as
narrow as 1.7. Under the same polymerization conditions, the weight average
molecular weight of the isobutene polymers of the present invention may reach 1%

108, which is notably superior to the prior att.

The present polymerization process with the dispersant, which is different from the
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honbgeneous m xing, an initiating systemconsisting of water, ethyl
acetate and Al C13 was used to initiate the polynerization, wherein

the nolar ratio of ethyl acetate to IB was 1.5x10-2:1; the nol ar

ratio of AICL3 to TB was 1.5x10-2:1. After 10 min of the

pol ymerj Lo, £ r'HA j o ;

t he sar%ﬁgfg hﬁgﬁéhﬁ#@d&?ﬁ% ele?.b t# e%yrﬂgg%ﬂg?ﬁ%& @%@%ré\?gs % r,&%\\?ﬁ %ss ystem
5. 4x105havExgniphe partitics wihrepatticle site r@&@@nglfronm 1 gimntob3OA0v iyl but also is
ether and 10 nL of an aqueous sol ution containing 20% Li Cl and 1%

NaCl wed@vadageonnto 1npeasel heemiasatanshheatbiagsfersm thexpolyaengation system,

content _in_ the reach\% on ﬁdi ﬁ\%/asfloo% After hormgeneousl. m_Xi NGiolecul
an i ni t9REVAB G OO ERSISIHEF PL WRTERSINE SREROICL HAFYATIOPs aligsmolecular
used t gl ' i i ” i tetrihit

i phenyll S (e DORRLUBRIAGA B JFIROPihE T Techir' el digtribution.
t o n- buThé progésseotichie passéhtUuniOntfloh.caff ¢eable0the polyindiigation system to show
pol yneri zation, the nethods for term nation and pqgst-treatnent were

t he” sar® homegeneously mispprsed: statae eypa| under phe yaiegumsiengeopl ingreasing the
was 1.2x104: was 2.2. Exanple At .a t.enperature of -80C 30 .nL_ of .
B di el it RaRG SN e PofeRbriZaifIRR S etatuft, ant’Can"dcHleve the object
(et hyl erexne/ ¢ a y a 2 a ;
sol uti o&nﬁlggnt al ﬁﬁgm%%@?%?ﬁgﬂd%?ﬁgimﬂﬁﬁ\g\e?gagggfgdéﬁﬁt gﬂt %g consumption
pol ynersizafltameousiet dPhe sprddeat iofe thet presemt émtention hean ealsbi dncrease the
medi um was, 47% and_the TB concentration in the polynerization system .
was 1. Presuctionaetligiensrodl Heo eguiptaenl anghrednee dhe mpséyay durther increasing
consi sting of..water, 2.4 4-trinmethyl-2-chlpr ent ane. di phenyl . . .
ot her, cyBtAn Arendmigrs uckmtrdtion  ahid’ thE uRyRmaT afphYcrsion  during
wher ei rpdl?ﬂlé@ia@t{or{.at I? Yarfichlal; t dsmeg ate@hl Qi@ PERY a%ﬁrféhtl)Bh\(ia‘ﬁéustrial

1.0x10-5:1; the nolar ratio of di phenyl ether to IB was 0.22:1; "t

nol ar rtethnolfgiZalCidlymerizatiam raceds 4atla ttbmperhamrer of i d 0ff ‘CAl ¢h8 present
to B3 was 5.5x10-3:1. After. 10 m n of the polynerization, the nethod
for terlBVRBHPBEAhachisye-ROlyAGRIHENGR ha Vi asiiploqular eaight ﬁSéaaghp@%%X 10°

1. The yi f..p [ Oy o1 . | M- 4

Loy SE RS s RSB B0 el hoRIARE ' jct BT shving enerey
| B/ di chjff smRidiaBlonsaRgticne sol ution

(i sopent ane/ di chlor onet hane=0. 12) and 3 nL of 34% sul phuric acid

solution were added into the polynerization reactor, so that the
wat er cﬁgqtent i n.the reaction, medium was .12% and t he TB concentrati on

in the R PReSG dRVERtQY JeMdessan croRgmiral ARffasyoitgeRdBtisPIRGESS £apable
o o At ARRY R E00R S bOIANBHARLR! of IERYO RonARERO BN PORAN medium

BF3 was usé merrzation, erein ar ra

of acemﬂ@nﬁﬂ% W atek Byitsthe. iniftag Js?fstéiﬁ ikl p@du@edfoﬁgﬁé-?ﬂepaﬁaed from
TB was 1.2x10-4:1; the nolar ratio of BF3 to I B was 2.2x10-3:1. After

10 i n agf indtiatqroayereminan Lewistaced asdroavitable additvrgtwhbercindhe initiator may
Bgf;%:b%&ié%\qgﬁ% tggﬁ ng(gr_ %S@%:E_O?se 1'15%({5( aqanilg %riitig?c()ar y(lwelhgm?tf adding any
additional initiator having other structures). By controlling the polymerization
conditions, the polymer products having a low, medium or high moleaular weight
can be synthesized. In particular, the present invention can also increase the
molecular weight of the polymer products, so as to overcome the techncial
difficulty of low molecular weight of the polymer products via cationic

polymerizatioin in the aqueous phase.

In addition, even if the cationic copolymerization of isobutene and isoprene are

conducted in an aqueous phase medium under the circumstance that the isoprene
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Exanple 8 At a tenperature of -80C, 32 nL of

| B/ i soprene/di chl oromet hane sol ution and 20 nL of an aqueous salt
solution containing 23% Li C1 and 1.2% NaCl were added into the
pol ynmeri zation reactor, so that the water content in the reaction

medi umgamgertt/i% ad RegH BsCIBWElH {18 hihdifiek RexPed )ﬁi‘@be—’t@él@l,the_S}ﬁﬁéSﬁﬂt\m also
1.7 nol /L and the iSoprene concentration in the polynerization system

was 0. 4chelve a Wighemdmmgeceousrsioni ddie wopraneicantagt ayshergopolymer may
consisting o ter, .di.phenyl ether and Al Cl3.was used.to initjate

t he poIT%‘i%Pi L%%ad’ﬁfﬂ%é eFﬂ’SPhéo earm‘P‘&‘Pmé’rofeQiﬁBEe 10se SJE ovitgout gel
was 8. -2 1 r ( t.Q.: s 1.1x10-2:1. After

10 m n%éﬁﬁ?ﬁgﬁpg{@ﬁg@b ﬁkﬁ,éﬁwg&%@{b&ﬁg }?%Ery Piebfram nation and
post-treatnment were the sanme as those in Exanple 1. The yield of

copol ymer was 60% M was 2.4x104; /14/M was 3.0, wherein the IP
bi ndi nd heapadimerizatiome propetsy ofr theaprégentoimyerticmpiad onle can simplify the

tenperature of -15C, 15 nlL aof n-butyl vinyl et her/di chl oronet ha .
Sol Uit | BHIVHETIZEUOR BHOCHSS ARdeRRPeeaulen (B3l ASAGATISHICEadiR Gest. Vgatep,is used

di t 2% i Lzati
Feact o 47 FefldrE RisRlimi i iy 16" B cCHEtohichialls, PRndIT" AR, Hafe an
and t hgpprétiable LoMmeEtdigr agsiicaitn ptogredtn the pol ynerization system
was 1.3 nol/L. After honpbgeneously mxing, an initiating system

consi sting of water, isooctanol and FeCl3 was used to initiate the
rati o of .isooctanol to n-butylvinyl

| i ti . wh i h |
e VRt presg Tvariai Bas (Be fallam P PromneRE 648G 8 but y 1 vl nyl
th 2. 2 i i i t .
Fortorms 12 BicHking' thlchie hoth B! thorcifeab AnMITRECHRYIOER Al HAIBREORE that it

1. The yi &4 difffcudoty tBe thesor9¥ntibhaliewls Gxid @3r tMarcativaic pofymerization in
Exanple 10 At a tenperature of -60C, 30 nlL_of |B/dichloronethane

sol uti on andagoeous aeagtioaqueslivms eruevem thenreachion mediumcwyhiely is totally
1. 2% NaCl re added into the polynerization reactor, so that the
wat er con™®HtTin the reaction medi umwas 47% and the I B

concent r abl o dfkihigimPla ”fﬁj'tizafih'&o%ﬁ%ﬁ{ AVAS thed aﬂ??ﬁj\rﬁéeéf bf'high-activity,
hom)geneous mXing, arriniti atin system consTsti ng o er,

hydrogen dwoptide, sthlpleepyopatiesr andilsdihgr edépuvylise,i capableToCliditiaiing the
used to initiate the palynerization, wherein the nolar ratiqg of ) )
di pheny! 6atienia polyEnerizaBon,cfovipyl menemEH i anaqueEps reaction medium with

o 1 or oo i Y o RS, SeGERG i SS BLB pElliChble o
L rhe o BRHOP AEHLR0SS it RN A O0RE Spr i PRoBBs pLin the
weight average molecular weight (3,,) may reach as high as 1x10% which is
almost 8-20 times higher than the prior art;

3. The aqueous medium can achieve better dispersion effect and high heat
transfer efficiency of the aqueous medium during polymerization, so as to be
advantageous to increasing the homogeneity of temperature distribution in the
polymerization system, controlling the product quality, reducing the energy
consumption, saving the energy, decreasing the discharge and reducing the

production cost.

Embodiments

The present application is illustrated by the following examples, but the scopes or

implementing methods thereof are not limited by the examples.
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Exanple 11 At a tenperature of 0C, CH2Cl12, water, HCl, triphenyl

phosphi ne and A1C13 were m xed to produce an initiating system

wherein the nolar ratio of water: HCL:tri phenyl phosphine: A1C13 was 2
x10-2:1 x10-2:0.94:1. At a tenperature of -60C, water, 5 g of LiCl,

0.26 g of NaCl, n-hexane and isobutene (TB) were added in a total

volunme of 40 ml into the polynerization reactor, wherein the agueous
phase iln theefolbaeing exapgilesn thedmacrastoresupe pesametsrs 57E4hea palymer peoducts

concentration in.the reaction sysfemwas 1.5. mpl/L. \Wile sticri

Eho. of GFodBPaPuRA Py the GouYa0 R o HaICa) daeA T FI4 A ¢4 poeasuring M number
pol ymer, ' 3 I Lsper.sl S d

Dbl o AvEEasd mofeial BT RHPIGRGEH X BB RS BE® YT Pefk molecular
of t he vagikbhiresnd atnodécul P ewebiHiodssttibutiosr Meid QProdudt PRt GelaPeefication
were the sane as those in Example 1. Thegﬁel d of polynmer was 55%

My, wahroBxatograpad GR().The. mekeolae weight is reprasentgdiby tie peight average
tri phenyl. phosphi ne I xed with Cl13. .The m xed sol ution of

wat or . MOIGRRERb BHRRYT Qe eneBRiES LT Wi Sl AR RSO g ePactsad oy the
an ini ty : _ 0 0
et er: DEHEHEY HER WEAL) MBI BMER, isktiduciad at  tpperature of 25°C,
10- 2: Swwhetein Getfahtdrofuian is déedrat eHOeNEbUE Phake hiRing atflownate watleml /min.

2.5 g of LiCl, 0.13 g of NaCl were added in a total volume of 20 m )
i nto t BSAdIPadypeatplmser ecpntoast whigresaopae preducedn byed Chengasng Optical

4 b BT 5 SRR SR, e SESS aHR S gt e
10,11 BRI YREe TR, ATERRRELGAS 8 SCohdioh, Bichehd ot e

met hodpolynet€ it nakhoredn By PISINMRatwkateineC D lheissased as tHeoselvent; and
Example 1. The yield of polymer was 7% M. was 6.9 x 104; M/ M was
2.6. tetramethylsilane (TMS) is the internal standard.

Example 1

At a temperature of -50°C, 40 mL of isobutene (IB)/dichloromethane solution and 2
mL of an aqueous solution containing 20% LiCl and 1% NaCl were added into the
polymerization reactor, so that the water content in the reaction medium was 7%
and the IB concentration in the reaction system was 2.8 mol/L. After
homogeneously mixing, an initiating system consisting of water, orthocresol,
dichloroisobutyl aluminum and AlCl; was used to initiate the polymerization,
wherein the molar ratio of orthocresol to IB was 1.3x102:1; the molar ratio of
dichloroisobutyl aluminum to 1B was 1.0x102:1; the molar ratio of AICl; to IB is
1.3x107%:1. After 10 min of the reaction, the NaOH/ethanol solution was added to
terminate the reaction, wherein NaOH had a mass percent of 5%. The solvent,
initiating system and unreacted monomers were removed, and then the product was
washed several times with an alkaline solution and water in turn, vacuum-dried at
40°C to a constant weight. The yield of polymer was 69%; M, was 5.4x10°; and
M, /M, was 4.1.

Example 2
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Exanple 13 At a tenperature of -40C, CH2Cl12, water and tri phenyl

phosphi ne oxi de were m xed; then Ti Cl4 was added and m xed to produce

an initiating system wherein the nolar ratio of water:triphenyl

phosphi ne oxi de: Ti C14 was 2x10-3:5x10-2:1. At a tenperature of -60C,

n- hexanst aitsnipetgmee of.-39°G, ¢f mili 6f [BCaid ngthahe Naiiridadolatien angk 30 mL of

3&3?%.8 S8,E4BPOR SONEHIPEacoR GNP ol 2R ks op NAEh I GE B8fledrinto the
t 0
st Ao E o tadol oft MRS Gtk Pl dndnt Belion Whdifin wes 85%

pol yner, &ﬂatthQ”¥B°ﬁSﬁé‘&llt?alt16ﬁ Plthe palyAecpizatiohl 4ys@nlBaiad D66 OmdlA.. After

After 10 mn o e polynerization, "the nethods for term nation and
post - trm)anogmeonfsﬂy thm)smgp asnt homdtiatinBxangysteth  Thengisting of of  water,
pol yner, was 61% 104; Man_ was 8. 2. pfhlé gnﬁle 14 = At

9pA

t enper db b ntﬁthyﬂtm@zym_ie@ho {ehaitened jashenyyl TP le ARAGARE Was

o1 oty o, B (e peiefi2abhaHERIT Y MG REP GF offly alcohol to 1B

chlori deas t5rx'1mh’ew&h@fiﬁépﬁl faﬁhcpwohqu%& wa:ﬁwﬂ%g 12K0245 2thé #foldr ratio of
At a tenperature of -20C, water, O. of LiC1, 026gof C1,

n- hexarel(Agdoi bemaszrﬂel»«/éf)é hddé&:n hOammmtcaﬁ thﬂopolmnenzaﬁom thatmethmls for
pol yrrerl zation reactor, wherein water_in the reﬁctl on di u

a
vol une tPEREEHIOHAN mstéﬁ%atm@tme%ﬁla%ﬁﬁm asAhpse AR xanp qg T yield of

it el ke BB SRR T Y B Shor i 2at on to enabl o

the molar ratio of BF3 to TB to be 5x 10-3:1. After 10 min of the
pol yneri zation, the nmethods for term nation and post-treatnent were
t he sabxaspléhdse in Exanple 1. The yield of polynmer was 33% M was

- 5.6 x104; Ain/NMh was 3.4.

At a temperature of 6538 n'%l nJiBL, of IB/dichloromethane/cyclohexane solution
(cyclohexane/dichloromethane=0.07) and 20 mL of an aqueous solution containing
23% LiCl and 1.2% NaCl and 0.07 g of trimethyl cetyl ammonium bromide were
added into the polymerization reactor, so that the water content in the reaction
medium was 47% and the IB concentration in the polymerization system was 1.8
mol/L. After homogeneously mixing, an initiating system consisting of water,
methyl-t-butyl ether, triphenylamine, methyl benzoate and AlCl; was used to
initiate the polymerization, wherein the molar ratio of methyi-t-butyl ether to IB
was 5x10™*:1; the molar ratio of triphenylamine to IB was 5x107:1; the molar ratio
of methyl benzoate to IB was 3><10‘4:1; the molar ratio of AlCl; to IB was
1.0x10°%1. After 1 min of the polymerization, the methods for termination and
post-treatment were the same as those in Example 1. The yield of polymer was
100%; M,, was 8.0x10*.

Example 4

At a temperature of -80°C, 20 mL of IB/dichloromethane solution and 20 mL of an
aqueous solution containing 23% LiCl and 1.2% NaCl were added into the
polymerization reactor, so that the water content in the reaction medium was 57%

and the IB concentration in the polymeriz'ation system was 1.5 mol/L. After
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At a tenperature of -30C, water, HCl and tri phenyl phosphate were

m xed; then Al Cl3 was added to produce an initiating system wherein
the nolar ratio of water: HCl:tri phenyl phosphate: A1C13 was 6 x10-2:2
x 10-2:1:1. At a tenperature of -60C, water, 5 g of LiCl, 0.26 g of

NaCl, i @us FARIM)ead lifitiAnk Ryhmncondsengdsed dtar,aettntladcetate and
vol ume of m into the polynerization reactor, wherein water in the
react i dxlGlpdias tsed fo Vioituate plee qelymelizsoen, t wheT@ne e enolast ratio i of ethyl

the reaction systemwas_1,4,nol/L; and the IP. entration J e

react i @RCEAISttE a%ﬁ@x h@lzirig. thﬁh@oiﬁ‘lblg%é%iq;q ‘fgffgﬁl t iﬁgwﬁ%lt'gﬁltl@as’l' After
added t@ Lnjtj ' i henml '

Acis 9 fEhdfTEE s pBRLAR Ry ARIUE I nliB ilR @d BBSt reiment were
met hodshé Qanfeeadtitc PNERBM MO It THE MWL PslytdrhRas 318Lads} hasesiax10°,
Exanple 1. The yield of copolynmer was 32% My, was 2.0x105; Man was

2.2; the IP content was 2.5 nol % Exanple 16 At a tenperature of 10C

wat er d trke hyl phosphate were honbgeneously m xed; 34 then Al C13
and bu%;]‘la”@ﬁ’ hl ori de were added to produce an initiating system

wher ei n t t] ° r.pu ' hlorlde: tri

phosphacd tefrahid oGt G mb b4 h- G iny b et BhUCHOMAL of an aqueous
react i gQpuTRsHh WonkiichiRe 20 [ 2@1 iad 1oeae] uveravaddedhintsatie polyinesieation
in Exanple 11, except that the aforesaid initiating systemwas added

to ini réatters ks phat e Feateoncorteti bn, theo reactior mediviml avas at0Q@wf After

Al1Cl13 to TB to be,5x10-3:1. After.5 mn of the pol yv.nprization,  the ..
Bt hod SOMRRSTREAHShAT DB Hbs IDHAGRERYStGR, cCORUSERR, Of VHITe diphenyl

Exanl ier/ AC1Y Wil ugbd PR YhitRRY! #2° ptRFmeariZanillt, "Whereil RO mdlirMatio of
diphenyl ether to monomers was 3.0x107%:1; the molar ratio of AICl; to
n-butylvinyl ether was 3.0x107%:1. After 10 min of the polymerization, the methods
for termination and post-treatment were the same as those in Example 1. The yield
of polymer was 31%; M, was 1.2x10%; M,/M, was 2.2.

Example 6

At a temperature of -80°C, 30 mL of IB/dichloromethane/methylcyclohexane
solution (methylcyclohexane/dichloromethane=0.1) and 20 mL of an aqueous
solution containing 23% LiCl and 1.2% NaCl were added into the polymerization
reactor, so that the water content in the reaction medium was 47% and the IB
concentration in the polymerization system was 1.8 mol/L. After homogeneous
mixing, an initiating system consisting of water, 2,4,4-trimethyl-2-chloro-pentane,
diphenyl ether, ZnCl, and AlCl; was used to initiate the polymerization, wherein
the molar ratio of 2,4,4-trimethyl-2-chloro-pentane to IB was 1.0x 107°:1; the molar
ratio of diphenyl ether to IB was 0.22:1; the molar ratio of ZnCl, to IB was
2.2x10™:1; the molar ratio of AICl; to IB was 5.5x1073:1. After 10 min of the
polymerization, the methods for termination and post-treatment were the same as
those in Example 1. The yield of polymer was 100%; M,, was 1.5x10°; M,/M, was
5.4.
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Exanple 17 At a tenperature of 10C, water, dichlorodibutyl tin,

di met hyl sul foxi de and A1C13 were m xed to produce an initiating
system wherein the nolar ratio of water:dichlorodibutyl tin:dinethyl
sul f oxi de: A1C13 was 0.1: 2x10-2:1:1. At a tenperature of -60C, water,
5 g of Badiapld726 g of NaCl, n-hexane, dichloronethane and isobutene

were added in a total vaqlune of 40 i nt e pol ynmeri zal.i on .
r eact orAt \ehdEBINPIRISr O n'ﬁ%@:r@i)ctqqtn Ommﬂ%ﬁﬂoﬁlq}ghﬁ IS(BE“E@H? 3plution
57% ang. t he TB cangan t I agtlon b ol b

The ar diseBritasARTR ol 128 AR ahECof 35 RilFlo ot sotution were
pol ymra'f%l%ﬂ' fifto! the P @etRation! fadtat, 9o Ofhafl thé3wiatet Bdeein the reaction
5x10-3:1. After 5 n of the polynerization, the nethods for

t er mi naheédinnawapdfstarehtinedB venecnthationna the pbbgeerimativanyiséemn. was 2.7

The yield of polyjsobutene was, 89% My was. 5. 0x105; Mv.Mh was. 3. 0.
Exanpl énaBLTidteiohgmegensons migpSnan dnitiadng $HCHeaPstsHAg of Wafer, acetone,

pol yneri zation te r a 1.0:_Exanpl .

o T Rt BT BRI Jofe S hGed 1B ARE T s SRtz oPhdrin E molar
i sobut ?Qﬁo%‘ﬂa@?ﬁ'@% dneNiPIBAgas 3 PReY: 1 sthd endlde rand AF GE3tdie to IB was
initiate the polynerization, wherein the nolar ratios of the adducts

of lAIS (c):tligﬂem@"‘al’;d th@rdmod;Tm ratiboof d3F; doAIB1vasnd. 2% 167" phedMiers JI0F axindef the
to are respectijve 0.58 d 1.0; th I ti f ACL3 t

| Sobut By EEIZBH002:the TP o FOTBRITEHOT, PG HRISTAER GRENt, WETRaBR oipame as

1" the P S i BB o b SRE B b h e R EE T B VB T e

4.4. Exanple 19
Example §
At a temperature of -80°C, 32 mL of IB/isoprene/dichloromethane solution and 20
mL of an aqueous salt solution containing 23% LiCl and 1.2% NaCl were added
into the polymerization reactor, so that the water content in the reaction medium
was 47%, the IB concentration in the polymerization system was 1.7 mol/L and the
isoprene concentration in the polymerization system was 0.4 mol/L. After
homogeneous mixing, an initiating system consisting of water, diphenyl ether and
AICl; was used to initiate the polymerization, wherein the molar ratio of diphenyl
cther to IB was 8.8x1072:1; the molar ratio of AlCl; to IB was 1.1x10%1. After 10
min of the polymerization, the methods for termination and post-treatment were the
same as those in Example 1. The yield of copolymer was 60%; M,, was 2.4x10%
M,/M, was 3.0, wherein the IP binding capacity in the copolymer was 18 mol%.

Example 9

At a temperature of -15°C, 15 mL of n-butylvinyl ether/dichloromethane solution
and 15 mL of an aqueous solution containing 15% LiCl, 0.1% sodium dodecyl
sulfate and 2% NaCl were added into the polymerization reactor, so that the water
content in the reaction medium was 60%; and the n-butylvinyl ether concentration
in the polymerization system was 1.3 mol/L. After homogeneously mixing, an

initiating system consisting of water, isooctanol and FeCl; was used to initiate the
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At a tenperature of 0C, water, diphenyl sulfoxide and Al C13 were
m xed, and tributyl phosphite was added to produce an initiating
system wherein the nolar ratio of water:tributyl phosphite:di phenyl
sul f oxi de: A1C13 was 0.2:2)(10-2:1: 1 . At a tenperature of -60C, 5 ¢

of Li Chol9nmesization, NeBéreinatlsy maolabepatite ofl Boygtans anch-butylvinyl ether was
p- et hyl stirsne (MSt) were added in a total volume of 42 m into the
pol ynerZ. &1 0onl ;rand the melasratia afhBeGQhusonsbyivheayl stherewasak8rd® 1. After

nmedi um.had .a vol ume percent..of 48% he, | B concentr.ati on, in e

Toact 0yl ol BoR Thciatoh, e fekiSdsfor FRERaHah A Rast-eatment were
nol / L. | ki ' S L Ri4qoat { 3,
ol ymeilS SARORE ThoSe 1 EARRDAS] SABENTIR DTk 30 B Was [.6x10°;
| x 10- ManNgt@l_’/Z m n of the polynerization, the nethods for

term nation and post-treatnment were the sanme as those in Exanmple 1.

The yield of copolynmer was 58% M was 1.1x105; Man was 6.3; the Mst

content_in t%;a]qopol ynmer has a nass percent of 61% Exanple 20 At a
t enper &Y 0C, water, dimethyl sulfoether and Al C13 were mi xed

to pro Lt Latd St 7 119+

wat or - G (SR8 OB 0°S B I 0B B TR faeXdifi®h and 20 mL of an
pol ymeaiguablionsolmivenerentairdagt 28% neilClmmhdl 266y dMeIClzavéren added into the
tenmperature were the same as those in Exanple 11. The aforesaid

i ni ti aPohgmeyigationkeactaide® thatithe (wales aandepbin the roaation medivanmvas 47%;
the nolar, rati@,of AIC13 to IB tp be x10-2:.1. After 10 m f_t

ol ymefngat i B rreritreitn o Rer RoRalrotng S64EM bl mbl. After
t he sa j ¥ ' 2% ;

1 o1 0SPTRERRTR ibirRt fyifiay eyt Bt cOhs RENKTE! witer A itk Rhloride,
CH2C12 dipledrey], ether, diehioroptibsiph eimasd i deasaostdicCiifitiaes eherpodyineoization,
st andby,. wherein the nolar ratio of ter:triphenyl phosphorous )

sul fi d&hexeny theyarolgx ratiogot) dphenyl ether to IB was 3.0x107!1; the molar ratio of

dichlorodibutyl tin to IB was 5.0x107*:1; the molar ratio of TiCly to IB was
1.0x10%:1. After 10 min of the polymerization, the methods for termination and
post-treatment were the same as those in Example 1. The yield of polymer was
81%; M, was 1.5x10°; M, /M, was 5.4.

Example 11

At a temperature of 0°C, CH,Cl,, water, HCI, tripheny! phosphine and AICl; were
mixed to produce an initiating system, wherein the molar ratio of
water:HCl:triphenyl phosphine:AlCl; was 2x1072:1x107%:0.94:1.

At a temperature of -60°C, water, 5 g of LiCl, 0.26 g of NaCl, n-hexane and
isobutene (IB) were added in a total volume of 40 ml into the polymerization
reactor, wherein the aqueous phase in the reaction medium had a volume percent of
57%; and the IB concentration in the reaction system was 1.5 mol/L. While stirring,
the aforesaid inifiating system was added to initiate the polymerization to form a
homogeneously dispersion system and to enable the molar ratio of AlCI; to IB to
be 1.0x1072:1. After 2 min of the polymerization, the methods for termination and

post-treatment were the same as those in Example 1. The yield of polymer was

32



At a tenperature of -60C, water, 5 g of LiCl, 0.26 g of NaCi,

di -t-butyl -p-cunyl peroxide, 0.1 g of sorbitan nonool eate and

i sobutene were added in a total volune of 35 m into the

pol ymeri zati on reactor, wherein the agqueous phase in the reaction

medi umy584: Ay o ane pergCeny, M, W4 ¥ he i sobutene concentration in
t he reaction system was 5 mol /L. The aforesaid initiati ng system was

added to initiate the polynerization to enable the nolar ratio of
di -t-bg%xyl - -legyl peroxide to ALC13 to be 3.4x 10-4:1, and the nol ar
ratio WEL@S 0 isobutene to be 6.4x 10-3:1. After 1 h of the

pol ymerj.zati i i ir i
Phe samt Boteipelstid BE G (rPnd I DRGnIEe “5e5 Mtted SERACRICL T mixed
6. 3x103plithein e waler, EkxaimbropierletanePETRICH eanll nlf¥xaneH24d¢, added to
CH3C1, water, di phenyf et her, 'p-dicunyl acetate and Al C13 were m xed

to progueduas amiinitiating systemm wheeeiai the hoolan satipaof ovater:1-chlorophenyl-

wat er: p-di cunyl, acet at e: di.phe et her: 3 Was., La4 x 10-3:1 x

10- 4: 1?11?3%-%@%@&8%9%}’3%{%%&- pia tgg?ﬁ%&fs\é\%iau]ci;ll-o. 26 g of
NaCl , isobutene (TB), 0.1 g of sorbitan nonool eate and 0.005 g of
sodi um dodecyl sulfate were added in a total volune of 30 mMl into the

pol ymeAzat tepipégagicobf WIECei styveier wiater, 2.5 gaof i IICIredil 8nxhafl NaCl were
vol ume percent of 100%_ and the TB concentration in the reaction X
syst emadded3im angotal. valume ofi 20r mlgintohthexfpalpswirtzation iraactog, sykewin the

12, S LA B A0 S bS5, Bk fon sy
hi bi il karivhidre: | i ) o
The. poris A TSR RIOMBARRC UE ol SREIARTAME GstcM Wfis ZAUBURD initiate

ver e t bige yolenasizaige to rerfatdonthe holdheatioebfl AICIRoy FBIrenasto2 b 7x107:1.
My, was 2.1x105; M, was 3.4. Exanple 23 At a tenperature of 32C,
wat er , Adighényin gxfibe polymerogior: bievmeshods dar teanindiomandpaest-treatment

(1-chl orget hyl benzene),,of hydrogen ghlor4de and,styrene were_ adged

b oduc e T SRHE Ay Lseelt Eammohafen L nEhRof a1d ff POTgmEr Wad P A, was
wat er : k-ghi gf.0 di phenyl ether: A1C13 was 8.3 x 10-3: 2. 7X
10-3:8:619? k?*’a WZ%’??%%P% of 5C, water, 20 nL of deionized water, 10

m. of styrene (St) and 0.5 nlL oleic acid were added into the
pol ymeri zation_reactor, wherein water in the reaction nediumwas in
an amodwamplerbdo Wile stirri ng, the aforesaid initiating system

deposi ted_ f.or 7 S S e O~k NI L] i i o]

to ena _%ea ttﬁglgggg‘ﬁer é\fr%_&gﬁ’ i;lté?gi%’ O\E\fft@é]fg&]%@tlgﬁb%gﬂﬁ%#g%ng oXide were
pol ymepdizalli ofhedy SIHETY, exRisLiARIER ARIOFARGAUTLY pbdeEsafl $hRifing system,
After 5 mn of the polynerization, the nmethods for term nation anc

post - t memtneint ther emicier saatoasof hesater triphemyle phosplangi edxlidef TiCly was
pol ymﬁx%s_i%gt?o_é_]ﬁ was 2x103; Alw M was 2. 2.

At a temperature of -60°C, n-hexane, isobutene, 0.25 g of LiCl, 0.013 g of NaCl
and water were added in a total volume of 21 ml into the polymerization reactor,
wherein water in the reaction medium had a volume percent of 6%; and the IB
concentration in the reaction system was 5.7 mol/L. While stirring, the aforesaid
initiating system was added to initiate the polymerization to enable the molar ratio
of TiCl, to IB to be 0.2:1. After 10 min of the polymerization, the methods for
termination and post-treatment were the same as those in Example 1. The yield of
polymer was 61%; M,, was 6.7x10% M./M, was 8.2.
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Exanple 24 At a tenperature of -40C, CH2Cl12, hydrogen chlori de,

wat er, N, N-di nethyl acetam de and Al Cl3 were m xed; and then a hexane
sol ution of dichloroisobutyl alum num was added to produce an
initiating system wherein the nolar ratio of water:HCL: N, N-di nmet hyl
acet anif@erpéhil 6r oi sobutyl al unmi num A1C13 was

HBE! adbbBu RPN Of 128 arfeHfden aine, THiBREnN) IEGmiied REIgE and BF;
0.18 0 \pLroRiiRbAMIPRARIANE ANBrReOad AAIBP!YIURIIN BheirkiBBking system,

sor bi t an nonol aut at e” were a In a tota Into t

pol ymenvhetéian theachotar waercei of tWateqetiods zptwsehloeidieuntriiphehgl phosphine
reaction medi um had a vo UW?rcent of 31% the TB concentration was

2.3 ml%deéﬁﬁ3mﬁxioo.!2 \L.1§Wil e stirring, the aforesaid
initiating systemwas added to initiate the polynerization so as to
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t he polynerization so as to enable the nolar ratio of ALC13 to IB to

be 5x10-3:1. The polynerizati on system exhi bited a honogeneously
di sper faadmphet £5 After 1 min of the polynerization, the nethods for

term nation and post-tre nt wer e sane as those in Exanple 1.

The yi éYtd@ SPTRSTGHEE abe U%es Wm@a.@@éwﬁw{]ﬁg@%ﬁ@e were mixed; then
AlCl; was added to produce an initiating system, wherein the molar ratio of
water:HCl:triphenyl phosphate:AICl; was 6x1072:2x1072%:1:1.

At a temperature of -60°C, water, 5 g of LiCl, 0.26 g of NaC(l, isobutene, isoprene
(IP) and n-hexane were added in a total volume of 42 ml into the polymerization
reactor, wherein water in the reaction medium had a volume percent of 55%; the IB
concentration in the reaction system was 1.4 mol/L; and the IP concentration in the
reaction system was 0.03 mol/L.. The aforesaid initiating system was added to
initiate the polymerization to enable the molar ratio of AICl; to IB to be 5x107:1.
After 5 min of the polymerization, the methods for termination and post-treatment
were the same as those in Example 1. The yield of copolymer was 32%; M, was
2.0x10%; M/M, was 2.2; the IP content was 2.5 mol%.

Example 16
At a temperature of 10°C, water and triethyl phosphate were homogeneously mixed;
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Exanple 26 At a tenperature of -10C, hydrogen chloride, water and

di phenyl ether were m xed; and then A1Cl3 was added to produce an
initiating system wherein the nolar ratio of water:HCL: di phenyl

et her: A1C13 was 2.5x 10-2:1.5 x 10-2:4:1. At a tenperature of -60C, 5

g of Lithdn RICE an@fbi¥gCtin eHl6FideOwdre addesdridi paoduopanl daikatifgliystem,
g of cetyl trinethyl ammonium brom de, toluene and_ isobutene were

added iwherdintthle nalanwatio 60 waterinsyt tia galoyidesiriethybphospbats: AICl; was
wher ei n er b in the reaction nedium had a vol unme percent of

50% andHt ﬁé‘rﬁigrflcie‘mration was 2.3 nol /L. Wile stirring, the

aforesaid initiating systemwas added to initiate the polynerization

so as to enable the nolar ratio of A1C13 to TB to be 1.0x10-2:1. The

pol ynerfizat i polysyetiearionhi khbadnteRomgereis! ynédiesr sethdt ahelymerization
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post - t temtpreratueewerchihics sameastthese im Bxample 1, execyt shat she aforesaid

pol ynmer, was .46% A, was 2 6x105. s 9.2. Exanple 27 Al a
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and 0. Chaytedd ofpulysobubeno| caas 3086p Mg tias 1:9><af/(1 otMi/Momame2st. 60

mL into the polynerization reactor, wherein the aqueous phase nedi um

in the reaction nmedium had a volune percent of 57% and the TB

concen%m]g[é s 1 nmol/L in the polynerization system Wile
stirring, the above m xed solution was added to initiate the

pol yneAzatemmperatnes &M 093 watey, dighlorodibuagtitiet, slinfethybsolforide and AlCI;
chloride and isobutene to Al C13 was 1.0x 10-2:1; the nolar ratio of
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Exanple 1. The yield of polynmer was 14% At"" was 4.2x105; M /M was

5. 8.
At a temperature of -60°C, water, 5 g of LiCl, 0.26 g of NaCl, n-hexane,

dichloromethane and isobutene were added in a total volume of 40 ml into the
polymerization reactor, wherein water in the reaction medium had a volume
percent of 57% and the IB concentration in the reaction system was 1.5 mol/L. The
aforesaid initiating system was added to initiate the polymerization to enable the
molar ratio of AICl; to IB to be 5x107:1. After 5 min of the polymerization, the
methods for termination and post-treatment were the same as those in Example 1.
The yield of polyisobutene was 89%; M,, was 5.0x10%; M,/M, was 3.0.

Example 18

The polymerization monomers, reaction medium and polymerization
temperature were the same as those in Example 11, and an initiating system
containing the mixtures of the adducts of isobutene and hydrogen chloride,
diphenyl sulfoxide and AICl; to initiate the polymerization, wherein the molar
ratios of the adducts of isobutene and hydrogen chloride to AICI; and of
diphenyl sulfoxide to AICI; are respectively 0.58 and 1.0; the molar ratio of
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Exanple 28 At a tenperature of 0 C, chlorobutane, water, diphenyl

ether, A1Cl13 and dichlorobutyl tin were m xed to produce an

initiating system wherein the nolar ratio of water:diphenyl

et her: di chl orobutyl tin:AlLC13 Was 1.5x 102:4:2.2x 10-2:1. At a

t enper &1Clg tof iscieneavas, 1716 gl .oAfter Gl mid. ¢f theholpderizasionytheencthods

n- hexane and 0.2 g of polyglycol octyl phenyl ether were added in._a .
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initiate the polynerization to enable the nolar ratio of AICL3 to TB
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The yield of polyner was 30% Mv was 4.2x105; MM M _was_4.9.
post-treatment were the same as those in Example 1. The yield of copolymer was
58%; M, was 1.1x10°% M,/M, was 6.3; the MSt content in the copolymer has a

mass percent of 61%.

Example 20

At a temperature of 10°C, water, dimethyl sulfoether and AlCl; were mixed to
produce an initiating system, wherein the molar ratio of water:dimethyl
sulfoether:AlCl; was 2.2x107:0.5:1.

The polymerization monomers, reaction medium and polymerization
temperature were the same as those in Example 11. The aforesaid initiating
system was added to initiate the polymerization to enable the molar ratio of AlCl;
to IB to be 1x10%1. After 10 min of the polymerization, the methods for
termination and post-treatment were the same as those in Example 1. The yield of
polymer was 24%; M,, was 1.8x10°; M, /M, was 3.8.
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Exanple 30 At a tenperature of 0C, water, diphenyl ether and Al Cl13

were m xed to produce an initiating system wherein the nolar ratio

of water:di phenyl ether: ALC13 was 1.5x10-2:4:1. At a tenperature of

-40C, an aqueous sol ution having an ethyl ene glycol mass percent of

68 W . Y%xdmpluféne, isooctane and 0.2 g of sorbitan nonool eate were

added in a total volune of 57 nL into_ the polyngrjzation reactor,

wher ei nﬂxmtt@mpﬁﬁawa@frfbé?ethe@wmee&ilﬁzﬁimdﬂgtexgtmﬁel@élrla@ﬁp rops gplfide and
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10-2: 1. yneri zati on system exhi bited a honogeneously dispersed
state. After 10 mn of the polynerization, the nethods for

termnation and post-treat nent were the, sa hose_ in :
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31 peroxide, 0.1 g of sorbitan monooleate and isobutene were added in a total

volume of 35 ml into the polymerization reactor, wherein the aqueous phase in the
reaction medium had a volume percent of 100%; the isobutene concentration in the
reaction system was 5 mol/L. The aforesaid initiating system was added to initiate
the polymerization to enable the molar ratio of di-t-butyl-p-cumyl peroxide to AlCl;
to be 3.4x 10'4:1, and the molar ratio of AICI; to isobutene to be 6.4x 1073:1. After
1 h of the polymerization, the methods for termination and post-treatment were the
same as those in Example 1. The yield of polymer was 65%; M, was 6.3x10°;
M /M, was 5.0.

Example 22
At a temperature of -10°C, CH,Cl,, CH;Cl, water, dipheny! ether, p-dicumyl
acetate and AICl; were mixed to produce an initiating system, wherein the molar

ratio of water:p-dicumyl acetate:diphenyl ether:AlCl; was 7.4x 107:1x10™:1:1.

At a temperature of -60°C, water, 5 g of LiCl, 0.26 g of NaCl, isobutene (IB), 0.1 g
of sorbitan monooleate and 0.005 g of sodium dodecyl sulfate were added in a
total volume of 30 ml into the polymerization reactor, wherein water in the reaction
medium had a volume percent of 100%; and the IB concentration in the reaction
system was 3.9 mol/L. While stirring, the aforesaid initiating system was added to
initiate the polymerization so as to enable the molar ratio of AICI; to IB to be
3.8x10°*:1 The polymerization system exhibited a milk-white homogeneously
dispersed state. After 2 min of the polymerization, the methods for termination and
post-treatment were the same as those in Example 1. The yield of polymer was
24%: M, was 2.1x10°; M,/M, was 3.4.
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At a tenperature of -40C, CH2Cl2, water, diphenyl ether and BF3 were

m xed, and then AL1Cl3 was added to produce an initiating system

wherein the nolar ratio of water:di phenyl ether:BF3: ALC13 was | x
10-2:4:1x 10-2: 1 . At a tenperature of -60C, petrol eum ether (having

a boi | im,gg[wg_gof 30-60C), isobutene, 3 g of LiCl, 0.16 g of NaCl,

water and 0.2 g of sorbitan nonool eate were added in a total volunme

of 57 At artempdratyrel ¢f82 Catwatery dipheny! other amd A€ laguersumined] amd then
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state. After 1 h of t'he polynerization, the nmethods for termnation
and post-treatnment were the sanme as those in Exanple 1. The yield of

pol ymer, was 55% M'" o 6X105; ' .3..9. .Exanpl e .32 At

t enper At éempq;@iurwvﬁg ,éd P‘fﬂ@ﬁygm& bom?.éﬁl?)wﬂgre elrg Q'QQ qustyrene (St)

pr oduc ieni i af ' . ' : :

bt er - APONLAy L BIEP AR R ad LGB 158 BhirididiPrlotor, wheein water in

-60C, we¢ afeactiof theRfiukd Glas Gndafl &hodaClof 009%. GVhilkexadedmp, the aforesaid

trimethyl ammoni um brom de, 0.39 g of hexadecanol, n-hexane, L

di chl oinitiatingneysieth deposited donetf dayddwasiadded to anitiase the polysgenization so

| nto the Rouhable 7 Star ratio of AICL to IB to be 0.018:1. The polymerization
system exhibited a homogeneously dispersed state. After 5 min of the
polymerization, the methods for termination and post-treatment were the same as
those in Example 1. The yield of polymer was 10%; M, was 2x10%; M,./M, was

2.2

Example 24

At a temperature of -40°C, CH,Cly, hydrogen chloride, water, N,N-dimethyl
acetamide and AICl; were mixed; and then a hexane solution of dichloroisobutyl
aluminum was added to produce an initiating system, wherein the molar ratio of
water:HCI:N,N-dimethyl  acetamide:dichloroisobutyl  aluminum:AlCl;  was
1x107%:1.5x107:0.7:5%107%:1.

At a temperature of -80°C, 48 wt.% of HBFs; aqueous solution, n-hexane,
isobutene, p-methylstyrene (MSt), 0.18 g of sorbitan monooleate and 0.02 g of
polyoxyethylene (20) sorbitan monolaurate were added in a total volume of 41
mL into the polymerization reactor, wherein the aqueous phase medium in the
reaction medium had a volume percent of 31%; the IB concentration was 2.3 mol/L;
and [MSt] = 0.2 mol/L. While stirring, the aforesaid initiating system was added to
initiate the polymerization so as to enable the molar ratio of AICl; to IB to be
1.0x107%:1. The polymerization system exhibited a homogeneously dispersed

state. After 0.2 min of the polymerization, the methods for termination and
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reactor, wherein the aqueous nediumin the reaction nmedium had a
vol une percent of 57% and the TB concentration was 1.5 nol/L in the
reaction system Wile stirring, the aforesaid initiating system was
added to initiate the polynerization to enable the nolar ratio of

Al C13 tpostBresmeht Oxéfe 2hd . sahte agothower iz dxanpky 3t ehhextield oddpelymer was
honogeneousl y di spersed state. After 5 min of the polynerizatjon, the

met hod43f6y MemanhSdid’ add./Bds vas4dt thatMinscontent Wathe eepeolysaer was 26%

Exanple 1. The yield of polymer was 25% M,,, was 4.7x105; Man was
3.6. EPANMPAES33 At a tenperature of -30 C, water, diphenyl ether,

Al C13, CH2Cl12 and net hyl cychohexane were m xed to produce an
initiating system wherein the nolar ratio of water:di phenyl

et her: Aghgplm854. 47x102: 4:1. At a tenperature of -60C, water, 5 g of

LiCl, 0.26 g of NaCi, 0.2ﬁ%80f sorbitan nonool eate, isoprene (I I(Di) an
i sobut évie anéempedaianei of 2605Cal GHiGle wratap andi AlGly eere mixed; and then

oy g o g Sl 3R AT T sy,
ti [ | 6: d¢: '

G hathelindianbh, Tk [0 drferdihdertRoRRalED dthelfhICls  was

pol ymesiddy -6 tp*éngdl.e the nolar ratio of Al Cl3 to |IB was

3.8x10-3: 1. The polynerization system exhi bited a honbgeneously
di spersed state. After 10 min of the polynerization, the nethods for

term nation and post-tre nt r he hose- { | e L. .
The yi BMtcl QPRBSEBI Rt T CroRTy 8ol OF DG gb2 RN AGTs 02 # of sgrbitan
the IP Q 4 .

e e Raeet, 01 3 o S Pttty ke 850 Butene were
produceddediini titetalngokyst efi 30hei eimotthe polaneriatfionafeactor, wherein water

wat er: tri phenyl phosphorus oxide: A1C13 was 4.8x10-2:1:1. A
t enper MeHENDfin gbe, reantion mediyn hadia yohemg Bﬁrmlpfoiﬁé% @rgt the 1B

38{ B'rré%gpg%g r‘ﬁh%%ﬁvgs”i )ﬁ?&?L?'Whiﬂ%OQH%ﬁﬂg, YL S Brdeid! ﬂﬁﬁaﬁﬁéagystem was
added to initiate the polymerization so as to enable the molar ratio of AlCl; to IB
to be 5x10%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 yield of polymer was
48%: M, was 1.9x10%; M, /M, was 3.6.

Example 26

At a temperature of -10°C, hydrogen chloride, water and diphenyl ether were
mixed; and then AlCl; was added to produce an initiating system, wherein the
molar ratio of water:HCl:diphenyl ether:A1Cl; was 2.5% 1072:1.5x107%:4:1.

At a temperature of -60°C, 5 g of LiCl, 0.26 g of NaCl, water, 0.2 g of sorbitan
monooleate, 0.01 g of cetyl trimethyl ammonium bromide, toluene and
isobutene were added in a total volume of 50 mL into the polymerization reactor,
wherein water medium in the reaction medium had a volume percent of 50% and
the IB concentration was 2.3 mol/L. While stirring, the aforesaid initiating system

was added to initiate the polymerization so as to enable the molar ratio of AlCl; to
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43 the polynerization reactor, wherein water in the reaction nmedium
had a vol une percent of 57% and the TB concentration was 1.5 nol/L
in the reaction system Wile stirring, the aforesaid initiating
system was added to initiate the polynerization to enable the nolar

ratio qB AbCH3 1TR)VelS mpﬁljzmeﬁ@t@@hygﬁtéﬁﬁtézﬂﬁwm emhomogeneously
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cycl ohexdne were m Xe ce aninitiating system wherein the
nolar ratio of water:hydrogen chloride: di phenyl sul foxide: ALC13 was
1.2x 10-2: 7 x 10-3:1 :1 . At a tenperature of -60C, n-hexane,

i sobut deymplay2df Li Cl, 0.26 g of NaCl, water and 0.001 g of sorbitan
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med! umypRG An (e D IRPEERD ool apd LI R BIOT B PLk ROy 1. 5
e stirr e

mol /L in e reaction system Ing, oresai

initiating systemwas added to initiate the polynerization to enable

the nolar ratio of AIC13 to TB was 1 x10-2:1. The pol ynerizatjon

syst emAdixaitbinpegatira afodéliCour aterdind ductseaf dydregemichéoride mind isobimene, 7.6
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trimethyl p were m xed to produce an 1 nitiating
syst ema el eveluie ofobar mlatinto chewpbbrmérizagbhyteaehos phdiceeil thé aqueous

was 4x 10-2:1:1,
phase medium in the reaction medium had a volume percent of 57%; and the 1B
concentration was 1 mol/L in the polymerization system. While stirring, the above
mixed solution was added to initiate the polymerization, wherein the molar ratio of
adducts of hydrogen chloride and isobutene to AlCls was 1.0x1072:1; the molar
ratio of AICl; to IB was 1.0x107%:1. The polymerization system exhibited a
homogeneously dispersed state. After 2 min of the polymerization, the methods
for termination and post-treatment were the same as those in Example 1. The yield

of polymer was 14%; M,, was 4.2x10%; M,/M, was 5.8.

Example 28

At a temperature of 0°C, chlorobutane, water, diphenyl ether, AICIl; and
dichlorobutyl tin were mixed to produce an initiating system, wherein the molar
ratio of water:diphenyl ether:dichlorobutyl tin:AICl; was 1.5% 10%:4:2.2x1072:1.

At a temperature of -60°C, water, 7.6 g of LiCl, 0.4 g of NaCl, isobutene, n-hexane
and 0.2 g of polyglycoloctylphenyl ether were added in a total volume of 60 mL
into the polymerization reactor, wherein the aqueous phase medium in the reaction
medium had a volume percent of 57% and the IB concentration was 1.5 mol/L in

the polymerization system. While stirring, the aforesaid initiating system was
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At a tenperature of -60C, water, 5 g of LiCl, 0.26 g of NaCl, 0.005 g
of pol yoxyet hyl ene sorbitol annhydride nonol aurate, n-hexane and

| sobutene (TB) were added in a total volunme of 40 nL into the

pol ynmeri zati on reactor, wherein the agueous nediumin the reaction

medi umaldaeédator aitiare phe qryiynwriZatiorane dnabld Bhe anoknt raio of AME11tbBIB was
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wat er : di henfyl2 ther: A1C13 was 4.8x10-3:1:1. At a tenperature of
- 60C, f,’eSgof LiCl, 0.26 g of NaC, 0.1 g of sorbitan
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into the polymerization reactor, wherein water in the reaction medium had a
volume percent of 57%; the volume ratio of n-hexane to dichloromethane was 3:2;
and the IB concentration was 1.5 mol/L in the reaction system. While stirring, the
aforesaid initiating system was added to initiate the polymerization to enable the
molar ratio of AlCI;to IB was 1.0x1072:1. The polymerization system exhibited
a homogeneously dispersed state. After 5 min of the polymerization, the methods
for termination and post-treatment were the same as those in Example 1. The yield
of polymer was 30%; M,, was 4.2x10°; M,/M, was 4.9.

Example 30

At a temperature of 0°C, water, diphenyl ether and AlCl; were mixed to produce
an initiating system, wherein the molar ratio of water:diphenyl ether:AlCl; was
1.5%10%:4:1,

At a temperature of -40°C, an aqueous solution having an ethylene glycol mass
percent of 68 wt.%, isobutene, isooctane and 0.2 g of sorbitan monooleate were

added in a total volume of 57 mL into the polymerization reactor, wherein water in
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At a tenperature of -60C, n-hexane, isobutene, 7.6 g of L1C1, 0.4 g
of NaCl and water were added in a total volume of 50 nL into the
pol yneri zation reactor, wherein the aqueous phase in the reaction
medi um had a vol une percent of 63% and the I B concentration in the

reacti qhe $¥akABhYRedfirAhdP/ boluiné ?}Sré&ﬁcbf QnogYy 8haNthe 1B AieBs@itidbn was

initiating systemwas added to initiate the polynerization to enable
t he nollaé mal/LoinotheA@t8onosyisBemo Whils. Skting the dfodesaid hritmting system was
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and toluene were mxed to produce an initiating system wherein the
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pol ynmeri zation nongners,. reaction I um and pol yneri zation

t enper %Péﬂ%ﬂ@st%ge"slﬂgré Mnyss 33-Exanpl e 11. The af oresai d
initiating systemwas added to initiate the polynerization reaction,

to enable the nolar ratio of A1C13 to TB to be 5x10-3:1. Thus a
honmogenpseyshl dispersed pol yneri zation systemwas formed. After 1 mn

of the polynerization, the nethods for term nation and post-treatnent
wer e t e aaremperatinesef i-40BEapHeCl,, Matef, diphemyl yetiver aas BIBxs@Fe mixed,
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and 0.5 nL of oleic acid were added in a total volune of 36 nL into

the pol ynerization ] .
At a temperature of -60°C, petroleum ether (having a boiling range of 30-60°C),

isobutene, 3 g of LiCl, 0.16 g of NaCl, water and 0.2 g of sorbitan monooleate
were added in a total volume of 57 mL into the polymerization reactor, wherein the
aqueous medium in the reaction medium had a volume percent of 22%; and the IB
concentration was 1.6 mol/L in the reaction system. While stirring, the aforesaid
initiating system was added to initiate the polymerization to enable the molar ratio
of AICl; to IB was 1.0x10%1. The polymerization system exhibited a
homogeneously dispersed state. After 1 h of the polymerization, the methods for
termination and post-treatment were the same as those in Example 1. The yield of
polymer was 55%; M,, was 5.6x10°; M,/M, was 3.9.

Example 32

At a temperature of 0°C, water, diphenyl ether and AlCl; were mixed to produce
an initiating system, wherein the molar ratio of water:diphenyl ether;AlCl; was
1.0x1072:8:1.

At a temperature of -60°C, water, 7.6 g of LiCl, 0.4 g of NaCl, 0.2 g of hexadecyl
trimethyl ammonium bromide, 0.39 g of hexadecanol, n-hexane, dichloromethane
and isobutene were added in a total volume of 60 mL into the polymerization
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reactor, wherein water in the reaction nediumwas in an anmount of
100% and the TB concentration in the reaction systemwas 1.9 nol/L
in the reaction system Wile stirring, the aforesaid initiating
system deposited for 7 days was added to initiate the polynerization
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sol ution deposited for 7 days was added to initiate the

pol yneri zation to enable the nolar ratio of benzyl chloride to A1C13

to be ZomARA33and of ALCI3 to 113 to be 0.005:1. After 3 mn of the

pol ymeri zat'i on, the nethods for term nation and post-treatnent were
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At a temperature of -60°C, water, 5 g of LiCl, 0.26 g of NaCl, 0.2 g of sorbitan
monooleate, isoprene (IP) and isobutene were added in a total volume of 40 mL
into the polymerization reactor, wherein water in the reaction medium had a
volume percent of 100%; the IB concentration was 5.8 mol/LL in the reaction
system; and the molar ratio of IP to IB was 0.006:1. While stirring, the aforesaid
initiating system was added to initiate the polymerization to enable the molar ratio
of AICl; to IB was 3.8x1073:1. The polymerization system exhibited a
homogeneously dispersed state. After 10 min of the polymerization, the methods
for termination and post-treatment were the same as those in Example 1. The yield
of copolymer was 70%; M, was 1.3x10%; M,/M, was 3.2; and the IP content was
0.9 mol%.

Example 34
At a temperature of 10°C, triphenyl phosphorus oxide, water, AlCls, and toluene
were mixed to produce an initiating system, wherein the molar ratio of

water:triphenyl phosphorus oxide:AlCl; was 4.8x 107:1:1.

At a temperature of -60°C, water, 5 g of LiCl, 0.26 g of NaCl, 0.008 g of sorbitan

monooleate, n-hexane and isobutene were added in a total volume of 40 mL into
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At a tenperature of -60C, isobutene, water, 7.6 g of LiCl, 0.4 g of
NaCl and 0.22 g of sorbitan nonool eate were added in a total vol une
of 50 m into the polynerization reactor, wherein water in the
reacti on nmediumwas in an anount of 100% the isobutene concentration
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initiating systemwas added to initiate the polynerization so as to
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€
these spetific exanpl’es. Wthin the scope”of the’present invention,
t hose ofifheepolymehization, tha mekleods rfoo uerimmative nand podidreatnessd were the

| mprovenents obpviouysly fall within t scope of the disclosyre of th 5.
presemsamevaﬁttﬁ@ﬁ@ fdsample 1. The sieldh af chgolyaet syash DA% mW%E’a‘?XlO,
cationi VRerl Zatd on i n an aqueous reaction nedium wherein the

initi a?ﬁgsﬁé"ggle%égén%‘ri ses an initiator, an additive, a Lews acid

and an optional diluent. 2. The initiating systemaccording to claim

1, wherein the initiator is selected fromthe conpounds which can
provi d€xamgblens) or fromthe group consisting of the organic tertiary

al kyl or aral kyl functio conpounds, whi ch . can ,proyj cati.onogens,. .

or fromtt ﬁete@n%%@tmﬁfs&?d%g VAter Ay dHagEn < 9rlﬁ§dr%1j§ﬁ=h inhsn ngilfoxide,
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consi s eCh b AAREEtabE TR ARG T e ar Telile YU, whrein the

adduct sn@farhytie 9eh viter 4 dapgesifloide :diphenyl sulfoxide:AlCl; was 1.2x107:
7x107:1:1.

At a temperature of -60°C, n-hexane, isobutene, 5 g of LiCl, 0.26 g of NaCl, water
and 0.001 g of sorbitan monooleate were added in a total volume of 40 mL into
the polymerization reactor, wherein the aqueous medium in the reaction medium
had a volume percent of 57% and the IB concentration was 1.5 mol/L in the
reaction system. While stirring, the aforesaid initiating system was added to initiate
the polymerization to enable the molar ratio of AICl; to IB was 1%x10%:1. The
polymerization system exhibited a homogeneously dispersed state. After 5 min
of the polymerization, the methods for termination and post-treatment were the
same as those in Example 1. The yield of polymer was 68%; M, was 2.4x10°%; and
M, /M, was 3.8.

Example 36

At a temperature of 10°C, water, trimethyl phosphate and AlCl; were mixed to
produce an initiating system, wherein the molar ratio of water:trimethyl
phosphate:AICl; was 4x1072:1:1.

At a temperature of -60°C, water, 5 g of LiCl, 0.26 g of NaCl, 0.005 g of
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3. The initiating systemaccording to claim1 or 2, wherein Lew s
acid is selected fromone or nore conpounds having the general
formula MX ,i or YR' ", X,n, or mxtures thereof, wherein Mis B, A,
Sn, Ti, Fe, Sb or Zn; Xis F, d or Br; nis 2, 3, 4or 5 mis 1, 2

or 3; }S lyoﬁreﬂﬁlleng 'so?bltém arfRlydr3&e eabAGI AU} hehax e aﬁ@“ﬁcﬂiﬂt@ﬁe (IB)
of alkyl,”aryl, "aral kyl, alkylaryl optionally subst’i t ut ed by hal o

subst i weenetaddathir mtotequlurrmr oBHRymLi mto ke gidlymarrat itniteagtor,ouperain the
G -C20 al kyl, e al kyl.; aryl a the aryl-co
gr oup ragusﬁawne nhé%cﬁﬁwacuonm@dmmthaéi/ ?n@onlé%? é%%?ﬁ%ﬁf 5 the IB

Conor PR Fadp S B4R B fch LSELWAERE g ftoresai
sel ect ﬁ‘ﬁti‘a"ci‘ﬂn@t alﬁéﬁg%s RAINIE Yo i81#ate thePblphrPfion o €naBldddid enolar ratio

conmpounds co ning one or nore, heteroatons sel ected from oxygen,
sul f ur ofindAKBls gborIB 5wahe 5Sixdilt1:at i Athesy pobymerizatibmg systeany wthibited a

§Lﬁér§h%ﬁ§og$§§&§s'1§o oaBed it ARG HABITD O IHPePRPEUEIZI0Rm, the methods
) PS- ggp%@u %&E\)'h aqndﬁ'gbg&;&%g%ng@f&vqp n@et al‘g% as g% in Ef@%gl@rld The yield

wher ei gf irggbgfeﬂeawa@ 3g%t had b twakdrgxadéi tive and Lewis acid is
(5X 10-4-25): (0.01-120):1, preferably (8 X 104-20): (0.02-100) :1 .

7. A pol yrrerl zation syst em for cationic polynerization in an aqueous

reacti%& med) w wherein the polynerization system consists of an
initia 'ﬁ@%j? em according to any of clains 1-6, one or nore

Cotl Oniat BLHIRh ARl G IRORECHR, difked itRih bEAThIA] AR VIMANGIRR, was

optlona itiating systemi37in-

i n thegddedniid zHphenys esheMme@produed avntixed b@Iutum rfodistahdbinwilt@ein the
pol yneri zation system after its preparation. e pol yneri zati on

syst enmelasmatiogof wateadnphenyhaﬂmnéﬂ@iﬁumsm&’elQaqdebus reaction
medi um further contains water-soluble ionic conpounds and/ or
al cohol s.

At a temperature of -60°C, water, 5 g of LiCl, 0.26 g of NaCl, 0.1 g of sorbitan
monooleate, isobutene (IB) and adducts of isobutene and HCI were added in a
total volume of 35 mL into the polymerization reactor, wherein water in the
reaction medium was in an amount of 100% and the IB concentration in the
polymerization system was 5 mol/L in the reaction system. After homogeneous
mixing, the initiating system containing water, adducts of isobutene and HCI, AlCl;
and diphenyl ether was added to initiate the polymerization to enable the molar
ratio of the adducts of isobutene and HCI to AlCl; to be 15, and of AlCl; to IB to
be 6.90x107:1 in the initiating system. After 10 min of the polymerization, the
methods for termination and post-treatment were the same as those in Example 1.

The yield of polymer was 83%; and M,, was 1.0x10°.

Example 38
At a temperature of 0°C, sulfolane, water, AICl; and CH,Cl, were mixed to

produce an initiating system, wherein the molar ratio of water:sulfolane:AlCl;
was 5.3%107%:0.79:1.
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9. A process for polynerizing cationic-polynerizable nononmers in an
aqueous reaction nmedium which conprises the step of polynerizing the
pol ynmeri zati on system according to claim7 or 8. 10. A polyner
prepared by the process according to claim?9.

At a temperature of -60°C, n-hexane, isobutene, 7.6 g of LiCl, 0.4 g of NaCl and
water were added in a total volume of 50 mL into the polymerization reactor,
wherein the aqueous phase in the reaction medium had a volume percent of 63%
and the IB concentration in the reaction system was 0.46 mol/L in the reaction
system. The aforesaid initiating system was added to initiate the polymerization to
enable the molar ratio of AICL; to IB to be 3.8x107%:1. Under the stirring
condition, a homogeneously dispersed polymerization system was formed. After
2 min of the polymerization, the methods for termination and post-treatment were
the same as those in Example 1. The yield of polymer was 52%; and M,, was
5.2x10°%; and M,/M, was 7.7.

Example 39
At a temperature of 0°C, water, triphenyl phosphine, AlCl; and toluene were
mixed to produce an initiating system, wherein the molar ratio of

water:triphenyl phosphine:AlCl; was 2.4x 10%:1:1.

The polymerization monomers, reaction medium and polymerization
temperature were the same as those in Example 11. The aforesaid initiating
system was added to initiate the polymerization reaction, to enable the molar
ratio of AIClL; to IB to be 5x107:1. Thus a homogeneously dispersed
polymerization system was formed. After 1 min of the polymerization, the
methods for termination and post-treatment were the same as those in Example 1.
M, of the polymer was 5.6x10°; and M,,/M, was 3.5.

Example 40
At a temperature of 40°C, water, diphenyl ether and AlCl; were mixed to produce
an initiating system, wherein the molar ratio of water:diphenyl ether:AlCl; was
5%107:8:1.

At a temperature of -60°C, isobutene, water, 7.6 g of LiCl, 0.4 g of NaCl and 0.5
mL of oleic acid were added in a total volume of 36 mL into the polymerization

reactor, wherein water in the reaction medium was in an amount of 100% and the
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IB concentration in the reaction system was 1.9 mol/L in the reaction system.
While stirring, the aforesaid initiating system deposited for 7 days was added to
initiate the polymerization to enable the molar ratio of AlCl; to IB to be 0.011:1.
After 5 min of the polymerization, the methods for termination and post-treatment
were the same as those in Example 1. The yield of polymer was 34%; and M,, was
7.6x10% and M,/M, was 3.7.

Example 41
At a temperature of 40°C, water, diphenyl ether and AlCl; were mixed for
standby, wherein the molar ratio of water:diphenyl ether:AlCl; was 5% 1073:8:1.

At a temperature of -60°C, isobutene, water, 7.6 g of LiCl, 0.4 g of NaCl, benzyl
chloride and 0.4 g of sorbitan monooleate were added in a total volume of 44 mL
into the polymerization reactor, wherein the aqueous phase in the reaction medium
has a volume percent of 100% and the IB concentration in the reaction system was
3.7 mol/L in the reaction system. While stirring, the aforesaid initiating system
solution deposited for 7 days was added to initiate the polymerization to enable the
molar ratio of benzyl chloride to AICl; to be 2.5%x10™, and of AICl; to IB to 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 yield of polymer was
42%:; and M,, was 3.8x10°; and M,/M, was 2.6.

Example 42
At a temperature of 0°C, water, diphenyl ether and AlCl; were mixed to produce
an initiating system, wherein the molar ratio of water:diphenyl ether:AlCl; was
1x10:85:1.

At a temperature of -60°C, isobutene, water, 7.6 g of LiCl, 0.4 g of NaCl and
0.22 g of sorbitan monooleate were added in a total volume of 50 ml into the
polymerization reactor, wherein water in the reaction medium was in an amount of
100%, the isobutene concentration in the reaction system was 4.6 mol/L. While
stirring, the aforesaid initiating system was added to initiate the polymerization so
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as to enable the molar ratio of AICl; to IB to be 2.3x107:1 After 5 min of the
polymerization, the methods for termination and post-treatment were the same as
those in Example 1. The yield of polymer was 55%; M, was 9x10% M., /M, was
3.5.

The present 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. An initiating system for initiating a cationic polymerization in an aqueous reaction
medium, wherein the initiating system comprises an initiator, an additive, a Lewis acid
and an optional diluent.

2. The initiating system according to claim 1, wherein the initiator is selected from the
compounds which can provide protons, or from the group consisting of the organic
tertiary alkyl or aralkyl functional compounds which can provide cationogens, or
from the group consisting of the adducts of hydrogen halide and monomers, or
mixtures of these substances, e.g. from the group consisting of the compounds
which can provide protons and/or of the adducts of hydrogen halide and monomers.
3. The initiating system according to claim 1 or 2, wherein Lewis acid is selected
from one or more compounds having the general formula MX, or YR;uXy, Or
mixtures thereof, wherein M is B, Al, Sn, Ti, Fe, Sb or Zn; X is F, Cl or Br; nis 2,
3,4o0r5 misl,2or3;Y is Al, Sn, Ti or Zn; R is selected from the group
consisting of alkyl, aryl, aralkyl, alkylaryl optionally substituted by halo
substituents, wherein alkyl or alkyl in the alkyl-containing group is C;-Csy alkyl,
e.g. C-C¢ alkyl; aryl or aryl in the aryl-containing group is phenyl or naphthyl.

4, The initiating system according to any of claims 1-3, wherein the additive is
selected from the group consisting of organic compounds containing one or more
heteroatoms selected from nitrogen, oxygen, sulfur and phosphor, e.g. organic
compounds containing one or more heteroatoms selected from oxygen, sulfur and
phosphor.

5. The initiating system according to any of claims 1-4, wherein the additive is
selected from the group consisting of the compounds containing one or more
groups of -O-, -CO-, -COO-, -CON-, -S-, -SO-, -OSO-, -P-, -PO-, -PO;-, -PO4- and
-PS-.

6. The initiating system according to any of claims 1-5, wherein the molar ratio of
the initiator, additive and Lewis acid is (5X 10-25): (0.01-120):1, preferably (8 X
10*-20): (0.02-100):1.

7. A polymerization system for cationic polymerization in an aqueous reaction
medium, wherein the polymerization system consists of an initiating system

according to any of claims 1-6, one or more cationic-polymerizable monomers, an
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aqueous reaction medium and an optional dispersant, wherein the initiating system
is in-situ formed in the polymerization system or mixed with other ingredients in
the polymerization system after its preparation.

8. The polymerization system according to claim 7, characterized in the aqueous
reaction medium further contains water-soluble ionic compounds and/or alcohols.

9. A process for polymerizing cationic-polymerizable monomers in an aqueous
reaction medium, which comprises the step of polymerizing the polymerization
system according to claim 7 or 8.

10. A polymer prepared by the process according to claim 9.
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