Description Initiating systemfor cationic polynerization and

pol yneri zati on process Technical field The present application
relates to an initialing systemfor cationic polynerization of
cationic-pol ynerizabl e nononers, and a process for cationic

pol ymeri zati on of cationic-polynerizabl e nononmers by using the
initiating system The present i n%bg@iﬁ@ﬁ icular relates to an
initiating systemfor cationic polyner] Lon of
cationic-polynerizabl e nononers in an aqueous reaction medium and a
process for catjonic polynerization of cati,onic-polynerizable
mononers by JdBitiagngusien foraatisnicpelymarization and Rlyaicrizalien grpcess
medi um Background of the Invention Cationic polynerization as one
or the primary processes for ionic polynerization has been wi dely

appl i edTé@iniehEfiald ng many polymer materials, such as synthetic
rubber,”orlT addrtirves, plastic nodifiers, and the |ike.. Since trace of

i npur i tThe prescst apphisetiemaelates tandateEngosysten ipsqatipnic polymerization of

Cndor TR BEEG R e RHpBHetT aioa, PGS, Tat alienin diiShRhization of
pr ot ect dApmié-pblyiheizable hiohones thydasing Tlak iridatihye spstei Theqiresdnttifteention

typi cal industrial product of cationic polynerization--butyl rubber
as an ular tiedatew| teer a2 atindiatinge dsystempe fofongationis | polymerization of

reacti on medi um.of dry,chl oroal kane_ at rat ur o] -

C " e armaone Bphanoabie et ERsan el haled S REEH Belup 4 orotss for
syst em shiyié pofyrabfizaidy ﬁ%ﬁti&ﬁé?élﬁ@e@&b&@%ﬁbﬁémﬁ%?r using reheointtiating
to synthesize butyl rubber havin i gh nol ecul ar wei ght. Thus the

t echnol sygtaain pnaguaousreastios weedigsl- yner i zati on are conplicated, have
strict requirenents on the equi pnent and raw materials and have a

hi gh production cost. The current simlar cationic polynerization

syst emg&&wﬁ Sf @ Tientipnent s as the reaction medium and

requi res tna e water content therein is |ower than several ppm,

t he equigtienicpalymerizaidon éa ansnan theopimare precssses Ion iswie Ppbaneisgation has

and i nprove t heat. transfer. .Therefor | i r '

o use SPLiRtovSERUsH HF PeSbeins Belbs bovmeh iral. BR A s AR hibber,

pol ynerqir addieives, plastes fididifi@Rrahd thbdikea St ©adoby mpiriiaed ave @mekiremely

using as the reaction nmedi um an aqueous nedi um has aroused w de

concer rgreat 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 fo 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 prodﬁction 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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In 2006, Kostjuk S. V. and Ganachaud F. alleged in the thesis
Cationic Polynerization of Styrene in Solution and Agueous Suspension
Usi ng B(C6F5)3 as a Water-Tolerant Lewis Acid (Macronol ecul es,

vol . 39) that B(C6F5)3 as a water-tolerant Lewis acid can successfully
initiate the cationic polynerization of styrene in an aqueous phase

medi um ﬂﬁ\gﬁﬁm@#%ﬁé‘ %nﬂ%%t’i@rpEoﬁ@%ﬁ&%@éﬁgﬂ?&%oﬁ%ﬁm TBsE aHA dprove the

wei ght , ght average nol ec ow thereof is abou
3, 000. Nhbatctomesfer. AHEBEH)S it hasapdémpoviant airaningvRP@seyin aquedus mediim as the

0. 05, 1 FEasbin, e, dos, T, cafigaioh SMBIAZNThn I CHRAENARITE. e Cationic
furth ' i oot ey _
Oycl opeRP Ol Shat i bl e ey 0 g A AR e el hediup g avoused

Wat er ( $dd¢ oehcet. Pol yner Science, Part A: Pol ymer Chenistry, vol. 46)

that B(C6F5)3 may initiate the cationic polynerization of
cycl opent adi ene in an aqueous phase nedi um However, the

e AP Ry OGRS 9 o

of hours, VEr si'on 1S

Mor eovepf SBireie ih Solpliyremndu gremnissSinpensionalsing BOCge)) as ondiager-Tolerant
(the 114 thereof is less than 2,500) can, be obtained. Siml agl y"g@gid can

Radchenkewit Asid (Meetomalegiley, valrtP)\What Béads)a as ¢ watgr-tolerant

in Co I 1 N G . . ;| . )

vs & cofhieeRSly iy e o EROURAEL YT el XA BBl phabcThbdium.
a1 ol B re o r e wtLh BRaCOE D, | crae
cationic polynerization I ni

o1 gant CMOLRRRATONCINI b SYereehiatnti 00 GVICTER est, B o Enl fgXRATRIYe (@bont
bol yrer T/ ALY B ER o P8 Errbhe g BB byt BRGH LY monomers
2, 000) . retcheg0WS h the slight increase of the water content, the

pol ynmeri zation rate will be obviously | owered; the nolecular weight
wi || be obviously decreased; the nol ecular weight distribution wll

be broafe .t h t talr €AC i : .
vol ume %e?@@ﬁt gbﬁs%tu#eg‘r \e%tt?[{ a(g%ﬂ%%%?lﬁﬁ Egi %g‘fa(%%rg‘[c@hq!% ﬁll‘g‘ler"iﬁéﬁﬁoned m
g_ol ylrrer Céﬁiﬂo@t@da!@@ﬁérriéoq?qulﬁferQﬁU?- quaﬁleapa_az‘taﬁaaF ﬂ%&owf)g as a
i scl ose a catonic polynerizatjon of nononger i reagtivi
e.g. isebutiyniamin tha Réqenge r?éjtﬁi'ews&fwté&gle @51’\3@"@@ Stenconpartod; ﬁ’,olymer
e.g. ytigi rif QS 0 r Qi trifl : | f a5
cot ni 4t PP, SOIHGTT St B(CHFShe by B bt WAHBRH | RIPREABRIAR of
wei ght é%lb]ljﬁ‘lté@ieﬂ@@ﬁ afagubsuphaieneddiuhridowever, the poiymerization has a slow
u

trifluorosul fonate is expensive_ (about Y140/g) anpd is used ip .a lar
anount , Taeand meeds taybercandgotsd fE sepiah afhaursoanss alGoaNersion of Iesn sha 40%

e i TOL, EPAPEETRSL hfEa

process ronic I'NS 1 n—an aqueou

reacti ogh@M{L thereohie Nedsntheh @), 300 ccathi brosbtaiede. 9. C6F4[ B( C6P5) 2] 2) and
cunyl chloride are used respectively as the coinitiator and the
initiator for initiating the cationic polynerization of isobutene at

wih o SRR RHIGRE A0V arsoMICS, of P eVRMIGIET ¥y bFRFMi&I650d in
have a Cowreleddiing cwibold polpnbrizationeof spareniel with | BF POEY, ds & coidfifator in

general | y about 5x104, so that the polyners cannot_ be used azv el aitl c
mat er i afie. phasenes af, weles: dowsaiempelsywid ilmitgidens dRvsersasn Dodymers Journal,

| ow. Anpn o) en_exanpl.es cat | QAL C. t.z2al s 1 u

react | oRondd: N0 DL pERRR G catioriC bhBrRaNTy 1ERRAR gt v BR OB,

pol ymerinZ ah iRBafieeataoR intdiui8ystenhavipbes 1oW Weiter coh@mtabivh, e, water

addi tion, the chel ated di borane conpounds used in the process cannot

be di r ecaritgntobewighéawey thare Q:blnmp%mwh@mmatbne@sum phlymgrebas 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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aqueous reaction nmediumis faced with many probl ens, such as high

cost of initiating system conplex technol ogi cal process, |ow

pol yneri zation efficiency, |ow nolecular weight of polyner products

and the |like. Mreover, Lewis acids which have a high cost or are
prepared specially are required as co-initiator. Thus the devel opnent

of a neyy,d: pit Lafy 3 | hi VIR AYS o TR :
conmer c?%slély é@!la?%aﬁ%&@vf %%cgg?%ldé g%dqgé%eﬁghgagﬁ%ﬁdacﬁgﬂ%tﬁ?% n‘t’v111 be
to glse broztlcped yWiienzih e:vmatep¢mensrwphes Eﬂs mMpﬂanatdrmolmb\pﬁngenthn the
probl ens in, catignic polynperization in_ the agueous nedjumin the

prior afeactigpanedinntbeingabeyhdilde.dhe molymsrizaien 9ﬁwt §S not occur.

t echnol ogi cal process, increasing the polynerization efficiency,

synt hesi zi ng hi gh nol ecul ar wei ght pol yner products, reducing the

cost angiPtite 30KES alldIBMAI03002¢ diselurel #gaesniensblynusézitios off tienomers
catlonlc,Fonnerlzatjqn of the cationic-paolynerizable nnnone;g )
co-i ni t witlediighr eeactivitys e.gwiisohsidvindh etlaera mt%ﬂmeﬁszﬁns y using the

@ roact |G It an AT ARubRSSIESTelof 3R sBRBT R RAOMTL oY 88 an
Cont ent goffiatdie Hawener,oonlyQle pblyatr drotihetPhesint ailovenioleeuls weight
provide an initiating systemfor cationic polynerization, of

cat i oni (pol PR ccarmnorepbiained. Mareowss ndtriemy  sifleorosulfonate is

pol ynerization ef. catienjt-pol rijzapl n usj .
o 11 ot PPl Bt e iR Sl B AP i £ SR ot L o digly fatio of
the prigfiriaih triffcRasalfoHha to MoRoRkRreedachEs 05, pr esent invention is

to provide an initiating systemfor cationic polynerization of

cationic-polynerizabl e nononers in an aqueous reaction nmedium and a

ronorers: by GEPRACORABBATHkt 1S EURLrf SRSERUERRAIRIBATH Bpocess or
nedi um cAthenice huleddrisation i offs isfolefiaspriasent ddquevis geattiohudaedium,
Enbodi nent 1: An initiating systemfor initjating a catiqgnic

pol ynerwhgrewnchelated diperats (ceactslod Bikaifainl Wtizd enmylihlosida aga weed

system conprij.ses. an iqnit] . n digt 1 vie.,- ey s :agi d. N ogsne s
SYStem SURESER 9B, YRk Lahiai AR skt IRRALRY R0 cpgioni
Enbodi npslyrderivhieofi 6f tizgbuiird ator60°C siel e@t aduboas idaetionpoedidin or
whi ch can”provide protons, or fromthe group 4 .

copolymerization of isobutene with a small amount of isoprene. However, the

prepared polymers still have a low molecular weight, and the maximum A,
is only 1.2 x 10°, generally about 5x10%, so that the polymers cannot be used
as elastic materials. 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 fo 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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consisting of the organic tertiary alkyl or aral kyl functional
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 de protons and/or of the adducts of hydrogen halide and

nonomer odi : bNigk 1.8t | [ Eﬁ%g?d'

1 or 2, aGx}%erel gé ef\/%ﬁhsﬁ}ieg}{- |£§s%+%¥:{v§%?¥§éf%@5¥ﬁﬂo%%%ﬁpo dgaﬁnbf
\fllwa].Vi ng i%ﬁagﬁ%gyﬁlémt (S)onm[ll_@: MﬂmF' olbgﬁﬂﬁ'l pizbces)s(,ol_owrgﬂbmgmézaﬂgmreiﬁtjencg, low
erein is B, AL, Sn i, Fe, or , is or Br;.n i b
3, 4 or®leenlanweight erp@lyn\eri@OﬁPQtsgﬂ£ the Bi(e-zMorROV%n Jevidsrasads pilfich

Subst! ¢ HR6 o BIeRLE0R O aft Denar8 SpecBllS £ roftiudll & o ARABESThYS the
al kyl - casyelbpieat 9oPuP hewprisfiiatinp! wysiénCAavahgyh, hégly. adthAlyy Rivkylost,

aryl or aryl in_the aryl-containing group is phenyl or naphthyl. )
Enbodi nepmimerciphy obiniabla myv patesiglsaan® Deing) cesy ang NVEMSHHtaRIsEsIn a

l
LS. SO AROTCHLEES kE L EE bhoT BB HRBPHLM Bon
ni t r ogepolydetiiQfionsH/the hgadstsomed it in tife SrioPagashd canpeite donditions for

contai ni ng one or_ nore héteroatons containing oxygen, sulfuyr and .
phosphosimifing testteghnatngicahinroaessaginsteasug 4ae Palymgrizatignyeiiciency,

O oftn A S S o e
-CO, - PRwover O techBiologi®Pand- Pridedures- of tiOcatioh3polyniéizativndof the

-PS-. Enbodinment 6. The initiating system accor di ng@t Q any, of
Enbodi neatiani¢-p®lymedzahln moromeisaro-ratiated otirackly by Lewas aeid surdi as MdCL,

and Lot ok 4, U128 O, bt RISy iy ppvn
cat i oni & rgiticEhbdiatt ShidhisabtARLatE: Ha9aGiot GBefeehattad wWaerei n the

pol yneri zati on systemconsists of an initiating systemaccording to
any of Enbodi nents 1-6, one or nore cationic-polynerizabl e nononers,

an aquepis I.eac | n.zrr‘%dzitum and an optional dispersant, wherein the

mMmt-&ﬁQﬂ%@tMu formed in the polynerization 5
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 nedium

further contains water-sol uble conmpounds, such as ionic conpounds

and/ or al cohol s. Enbodi ment 9. A process for polymerizing

cationi gz ri I | | | JtRds Wi
conpri sggﬁﬁﬁﬁéﬂgtdgﬁﬁgf&gJ yn@lé{yngl@e&g%ﬁ%r%ﬁ Ioglﬁpgggﬂem s"Whith can
accor di pgovide Brdtishiogens, orofrosa thebgrbuperdoniiting pbl theeadduetsaot diydyogen
the process according to Enbodi,nent 9. tail ed Description,of ttge

| nvent i baliderhandrmeaRmersy it mixtEesy Phcdesn sehstantssngegysitom t9e group

cat | oni GoRGSHTE 2! OfnBbuRa MR- ofl YERIEAREIPARRRIS of frdBdducts of

aqueous i um e present Thn es a catronic

pol ymer hyditogen Isilideeand arpionsé8g the initiating systemof the present
I nvention, cationic-polynerizable nononers and aqueous reaction

medi um The present invention provides a polymerization process for

catl on SRR A2 e8P R AL OB ERNG 3 bE 2shere

I nvent i DBwis acid is selected from one or more compounds having the general formula
MX, or YR,.;mXm, Or mixtures thereof, wherein M is B, Al, Sn, Ti, Fe, Sb or Zn;
XisF,ClorBr;nis2,3,4or 5, mis 1,2 or3;Yis Al, Sn, Ti or Zn; R is
selected from the group conmsisting of alkyl, aryl, aralkyl, alkylaryl optionally
substituted by halo substituents, wherein alkyl or alkyl in the alkyl-containing
group is preferably C,-C,, alkyl, e.g. C;-C¢ 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-, -80-, -0S0-, -P-, -PO-,
-PO;-, -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 (5 107-25):
(0.01-120):1, preferably (8x107*-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-situ formed in the polymerization
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The present invention provides a polynmer prepared by polynerizing
cationic-polynerizabl e nononers in an aqueous reaction nmedi um by
means of the initiating systemof the present invention. The
foll owi ng specific disclosure of the present invention is suitable
for each aspect of the invention above. 1. Initiating system The

initiatig &eﬁi/%&e;gﬁ;eéd wﬁhﬁﬁﬁéﬁ;fﬁ leRYERE | ANt palyihBiZARéh rsgrsféﬁﬁta‘—ﬁélr its

for initfating the cationic polymerization of “cdtionic-polymerizable
nononer preparatioaqueous reaction mnedium The initiating systemof the

gﬁ,eigt” ,t g’,ﬁl}’&ﬁﬁeﬁg §tc %bgﬁ%p%ﬁ]%étgﬁ is?sttglrﬂ alégc\#d?ng %cl) qimggdi%?eq{tt’},vv%hgpeqn
the aqueous reaction medium further contains water-soluble compounds, such as
ionic compounds and/or alcohols.
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 catiomic 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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The initiator is selected fromthe group consisting of the conpounds
whi ch can provide the cation source, specifically fromthe group
consi sting of the conpounds which can provide protons, or fromthe
group consisting of the organic tertiary al kyl or aral kyl functional
conpounds whi ch can provide cationogens, or fromthe group consisting

of the ﬂ{é@ﬂﬁhsgﬁé iﬁig%ﬁgf%%hfitiﬁeth@ cSQROMRERtiOR rcoﬁi{p?}is%% RitiAtBESEewis

subst ances, prefera e gro consi sting of e conpounds

whi ch cacidpanaddaiveraidoars opioiiad dilment. he adduct s of hydrogen hal i de
and nononers. The conpound whi ch can provide protons is at |east one
selected fromthe group consisting of 1120, hydrogen halide, protonic
aci ds, ﬁﬁﬁﬁﬁﬁ%bkc aci ds, al cohols and phenols. Mre specifically, the
compoun I ch can provide protons is one or nore selected fromthe

gr ogp C"iﬁhsiisitizggr a§ sklatfled Kyomotlen gi‘(lalp tﬂmﬂsispillnfgt ofiithe amirﬂp?umisgwhich can
carboxylic,acids cqntaining Cl-Cl4 yl, aryl Cl-Cl4 al ky r Cl-Cm
al kyl arpquw@«hé%r:?ﬁ@l-seume,am@y%%ﬁ'oﬁgab&hq SIRWHCORESHNE Of the compounds
mul ti - 4 : | d +hal I | ni | - :
ond aryiVH e Popite bR GTERM 6, £I3HB oGAGE' AU offAdi rtiary

group n@lkyber aealiyl fhettydnarcorapbiidd which che moesdstationegdrisorr from the
water in the reaction nediummay partially function as an initiator.

The addSiou® eAnsisting ok theAdduetsrd hvdrosatt balide andemanapisrss of saidyres of

co- ot Rer S EHERCRS, TreRitaBly Ff AT LGN Pong S bF Mo cplptioifs syhigh can
The or gemdivédé prdtions \andldydf the addidts v hidregerohalide anfanonismarse one

or nore selected fromthe group consisting of esters having tertiary
al kyl or aral kyl, alcohols having tertiary al kyl or aral kyl, ethers

havi ng t : ' ' Lo

(o g ohite FoRig M KOR hibilae BRORA AT BERbAE Sl AN group

hal i descorfsistthg b€, leydroked dalideypgbidnit edidy crborylicraciklsChiédhbls and

al kyl group. The nolar ratjo of the initjator, to the npponmer is .

(1. Ox 1ehenods.1 yigre1 spegificallgp the compounth svhichxca provids: proiens gs- eng or

?218;)1 (}nérel g%??[f% ﬁji)%'i e %r&fp %nglgflﬁgzopﬁ)gb,l@lyﬁr&g&{ halides, protonic acids,
organic carboxylic acids containing C;-C;4 alkyl, aryl C;-C,4 alkyl or C;-Cy4
alkylaryl, phenol, C,;-C;4 alkyl mono-substituted phenol or multi-C;-Cy4 alky
substituted phenol, alcohol containing C-C,4 alkyl and aryl C;-C,4 alkyl. Said aryl

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

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

Initiator.

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 HCl, 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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(2) Lewis acid According to the present invention, Lewis acid is a
metal halide or an organic netal halide. According to the present
I nvention, Lewis acid may be one selected fromthe group consisting
of the substances having the general formula MX' or YR'.", X ", or
m xtures thereof, wherein Mis B, Al, Sn, Ti, Fe, Sb or Zn; X is F,

s oo ot oeiR sorBedlstustited iy oRe R e O T lallfof o 0

al kylaryl optionally substituted by hal o substituents, wherein alkyl

I kyl in the al kyl - cont ai ni be, e.g. Gl-C20 al kyl,
o pect Ty ToOlm BN hecyiator Tatpe ThoRGHEr 5 (1 OR3ATaS Hrrig) Df burefapbly

be, e.g B - | AV b pRe.qC | | -1y.
or o oCkBr a0 s P D h 8t (sl et U kg RS R 25302 R 01
Al Br3, spQlax1UCTl4xBeg, Fed 3, SbCl5 and ZnCl2; the YRn_mXmtype
conmpound is preferably one or nore selected fromthe group consisting
of Al (C2H5) Cl2, Al (C2H5)2C1, Al (i-C41-19)Cl12, Al (i-C4B9)2C1,

sesqui eg%y%eal um..num chl ori de, sesquiisobutyl al um num chloride,

Sn( C2H5 Y13tV aht 2C12, Sn(C2H5)3Cl and Zn(C2H5)Cl. The nolar ratio

of the Aewosdiagl & the thiesemnurention, (Sbwis Addoid¥1Mktal. halidd ajrabhYorganic
(1.0 x 104-4.0'x 10'1):1, nore preferably (1.5 x 104-3.5 x 10-1):1,

nore profesaladialide.2. 0 x 104-3.0 x 10-1):1, nore preferably (2.5x 104 x
10-1):1 . (3) Additive According to the present invention, said
additive may be at |east one organic 8

According to the present invention, Lewis acid may be one selected from the group
consisting of the substances having the general formula MX, or YR;mXy, O
mixtures thereof, wherein M is B, Al, Sn, Ti, Fe, Sb or Zn; X is F, Cl or Br; nis 2,
3,4o0r5;mis 1, 2 or3; 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 may be, e.g.
C;-Cyp alkyl, especially C-Cq 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 BF3, BCls;, AlCls, AlBrs, SnCly, TiCly, TiBry, FeCls, SbCls and ZnCly;
the YR, ..Xu-type compound is preferably one or more selected from the group
consisting of Al{C,H;)Cl,, AKC,H;),Cl, Al(i-C4H)Cl,, Al(G-CsHs),Cl, sesquiethyl
aluminum chloride, sesquiisobutyl aluminum chloride, Sn(C,H;)Cl;, Sn{C,Hs).Cl,,
Sn(C;H;);Cl and Zn(C,H;s)CL

The molar ratio of the Lewis acid to the monomer is (9.0%x10°-5.0x101):1,
preferably (1.0x107%-4.0%10"):1, more preferably (1.5x10%-3.5x10"):1, more
preferably (2.0%10-3.0%10):1, more preferably (2.5%10™-2.5x107):1,

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

8



conpound cont ai ni ng 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-Cmal kyl, aryl, aryl Cl1-C20 al kyl, C1-C20 al kylaryl, Cl-Cm al koxy,
aryloxy or aryl C -C20 al koxy group, which is optionally substituted

b hal o e u < |
P oo SOPUED oo kgt R0 gl IR, phesa. iR pad | peblably

al kyl , ﬁavélﬂhalgle;aBM(shyak:tm@]lf(ﬁmulaldf&% Yryloxy or aryl Cl-Cl12
alkoxy group, which is optionally substituted by halo or nitro
substituent, wherein aryl or aryl in the aryl -contai ni ng group may be

phenyl gfjen Igﬁﬁét%i{ is| 66l BRUCHY P the 'do‘?l%ls‘%ﬁl ﬁﬁ%ﬁlegf‘ebfﬁncﬁed’\br eyclic

or P atom e structure 1s prefe y one ected from

o ol e o «
consi st aﬁd cé) E‘gé alig@y growy. whishyl gt?onal%o dub sé%g%_e,d ﬁp?,heﬁgoo,r nitro
(03 L e R o o éﬁﬁ’c KolSishRLCGt Blelt OF [HAROHEASE cyclic
aryl, a@,;-Cl; Gloylal phydnyl Chheagl aﬂ:k—ﬂlaraylkyl CC—1€(2Q allkdphenyl yﬂlp@uoalkoxy,
o OOt B L ot onal L Subet LMY IR 200 Bl or

o e s R ST BN P ol e 2580 o

opt i onahhphthybst i t ut ed by halo or nitro substituent. R and Y, each is
i ndependent fromthe other, may be |inked by the chem cal bond so as
to rrake the nolecules forma ring. Said awl or the awl in the

aryl - g‘ﬁi@'l’i’l te@?ﬁ?ré@@%eaﬂoib‘%@l'on%r of ep Y pr ¥ :afiorﬂa'aﬁd' e structure is

pref erabl'y se group consist'ing o orihe

br om nepré‘fﬁfgﬂglypeﬁefsdaitbd fitole mddgm h dunsisting lod D+, uelNeyr eCé¥-, -COO-,
R X-Y in_the c un e wn Sstr tureco i S

the fol tely Sypedof- &p g‘%‘d %Vgé’ﬂ\é g%r»am‘?irﬁ ﬁﬁ?ﬁgﬁ’ngc‘m
is pref t comnd ool b@@ng_

st ruct uﬁgqag*%?%ollﬁ%ﬁﬁlﬁer S a"\/l ?fg) f he genersgpq\‘s{t’r uct ur aI Cfornul’a P-, -PO-,
RIOR2, &#OeoheP®,0ramheP®l.s having the general structural fornula

R30H, ketones having the general structural forrmula RACOR5, or esters
havi ng the general structural fornula R6COOR7, wherein RL-R7 is

sel ecte r e ' fisa jf | 1 ory;

br ancheg %r 8{083}%(3’6 C?U@S&g%(tép ﬁ%’?@ﬁ% g%’z@ a%ﬁ?ﬁfrg:i?ff Ig?":'%%lptzlbnear o1

al klyLalrbira\AI}]chEdf@Ir a?mbhc @rﬁi@ aékjdylaryﬁraﬁyl Cr-Cie ﬂkjdylcl-ébylalloyla@l-i) C12Cy

ar al ky erein awl or t t he ar.yl -.contai ni 0

phenyl &koxapRRIAXY piz)aryﬂh@ %ﬂw%‘%@ﬁy ﬁl&hﬂﬁ@%@?ﬁé%ﬁ%@ﬁte@%}f halo or

refer 0|

o et oo 8 pliiahe S 0 xR SRR A8 I branched or

:%S%gﬁggﬁclm V\Cﬁr@ Q@kglf\:?hwyl h]dacg?ﬂ@l?C@ a{hr?d; @ aCyof aikylpl:fl;ﬁil Ci- g: alkoxy,
erelr]l is ecte rom e group consistin

or di ff%W%YIQTnéEf br-GraAkexy; oW high i§ © Swkgiuted, byohalg,or bitro

al kyl Kk : I t

al kgl ar 14’[1@%11 3%31’ é%‘?{/ (131} %ﬁng?ﬁp fKmflaryl 8{}53 Eﬂ@;i%s% 1sl{(;,q%ect the

fromt h@}mﬁﬁm@ bendsicsas 6@ nidkathesmvteaulesl fbfrrraering) Saahar;d rorbt:harmlydadn the
or cyclic Cl1-C20_ al kyl, awl Cl1-C20 al kyl, aw

pr ef er abW-GQNIFARRE GFOWD MRay bt Plenytor aaphthyl. a$@18 (fgllﬁ @ei%a%hmplected

3; OSIp- %Qﬁtﬁyépgéqu{ﬂ W%@%Pﬁfﬁorﬁ)ﬁe EH& b?&%lh@. t he aryl -contai ni ng

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:



(3) The sul fur-containing conpound is preferably at |east one of the
substances having the follow ng general fornula: conpounds of

t hi oet hers (R14-S-R15), sulfones (RL6R17S02) and sul f oxi des
(R1L3R19S0) or derivatives thereof, wherein Rl4-R19 respectively and
i ndependently represent |linear or branched or cyclic Cl-Cm al kyl,
aryl, awl Cl1-C20 al kyl, G -C20 al kylaryl, Cl1-C20 al koxy, aryloxy or
awl Cl-C20 al koxy, which are optr onal I y substituted by halo or nitro

substi t (IenThe WxyEeh-eostaiting Rlpreferdtly atridagtlonarcf ﬁhemtﬁﬂpd)mds
form C4- C20al kyl'i dene r adi cal or_c cI oa | cyl i dene, .preferably -Cl12
al kyl , hwmgartf}/r: Oloying stpcturel - trmuak yithess | a@lngsltilf'arg@élﬁpa struotural

Bk G Blrahiof 5 puthefs) &%@&%%QQ%@ SRR R0,
are bondednks Ha%ﬁ‘g tHe géﬁetﬁl Eﬁhbﬁﬁﬁpfdrﬁﬁﬂé &, CORGY 6t eslcty lhlad the %eneral

wherein aryl or t e aryl-containin roup ¥1§
or naphsthiytbturahfoﬂméamwh ovhergimBagRe dsns d drqmd rmup “ansisting

phosphi oS t“eéﬂbﬁ%ﬁ*es520%%1)@%&%@'@(%%@%%@1 el Sl

(R2Z6R27523 Elaﬁ'?l (ﬁ@,m@ﬁg@:f@}z athd%r@ﬂyfﬂ ®aCy, Bﬂa}’l @?ﬁl @ﬂ@:l Crz

R29 may represent H, hal 0, "l i near "or branchéd or cyclic Cl - &m

aryl, aapilkyl] -wherein laryl or the- @20 ial t&ya aryquonmrmngagr@u@pmambcr phenyl or
subst i t ut Cthb;/ halo or nitro substituent, preferably H halo, Cl-Cl2

al kyl, Igtt ryl Cl1-Ci12 al kyl, Cl-Ci2 aI kyl aryl, which are

opt i onaIIy substrtut ed by halo or nitro substituent; R21) R22, R24,

R25, R27 and 1228 respectively and independent|y represent |i near or

br anc he(&)oThcyntrogemnoemﬁmgwmpauyd is azryfer&ilLy(:etolcaskyne afj thergompounds

al kyl ar which tional str ted al @ _or nrt

subst | iaving b ST eSRsatal KRl Ahitds B ol idsfieral ctrugtprel
al kyl ar grmuiRR R GNO B Iaﬁttabé ﬁa@ﬁigsmet Ieéatbsrrmhﬁal%rﬁmta ®;;CONR 2R3,
substituent, wherein aryl or the aryl in the aryl-containing group

may be when;m Bis marshlem&d feandtheagoups cpnasengmﬁxseme@t ﬁremltmr or

Ohoap nasteshed fr oty Sl diihge (th L ARG €2 q1REL DEi1o0T Eifte alkylaryl
CONpoungiefaRYIY SatidCordgifRiraht €1 /GG, a frﬂg);i@mms"a’ﬁmﬁcqr@u alkylaryl;

derivatives thereof, wherein R30, 1t31 2 respectively a
i ndepen@emibyisr ep}eewhtfmm thel group rrmsmmgapﬁrﬂhé@m qrydrﬁf@'e@t laper or

erwloxgjr@ﬂ QF@I %E:l YI¥ a¢k@9 al&)“ cﬂrye;r y¢;¥r§hr]§¥ algﬁ 8? {iu't%é] 89‘3’131'3’1

hal o orp st iBfeet ey LT, Hallbdl GryCle allleyl, al Yoz C,-C
aryl CiI- 'g{ézfagllitﬂ S%ﬁfi%% cziil l??rl arqu g;alg'yg aI oxle%%y 1§¥y OI?ﬂar it

C1- c12 alkyletyl, M‘iﬁn&maafefl optthe ynstdnbsanyﬂmmetalbmgwgr@lmnw ﬁ/enyl or
substi t uent erer n aryl or the aryl in the aryl-containing group

may be ftﬁ%ﬂﬁ{} ¥'-or naphthyl; said halo is preferably selected fromthe
group consisting of chlorine and brom ne. In one enbodi nent, said
additive may be a conpound of the structural fornmula RIl- X-Y, or

m xt ur €3)t Fae enffurwtanteinin®conspeund ds qrefarahlyt bt lgastupne oxfsthe swlstances
1 having the following general formula: compounds of thioethers (Ri4-S-Rjs),
sulfones (R16R1750,) and sulfoxides (RisR;9SO) or derivatives thereof, wherein
Ri4-Rio respectively and independently represent linear or branched or cyclic
Ci-Cyg alkyl, aryl, aryl C;-Cyq alkyl, C1-Cyp alkylaryl, C;-Cy alkoxy, aryloxy or
aryl C;-Cyg alkoxy, which are optionally substituted by halo or nitro substituent, or
Ris and R;s, Ris and Ry; or Ryz and Rjo are bonded to form Cs-Cypalkylidene
radical or cycloalkylidene, preferably C,-Ci, alkyl, aryl, aryl C;-Cy; alkyl, Ci-Cy3
alkylaryl, C;-C;, alkoxy, aryloxy or aryl C,-C;; alkoxy, which are optionally
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Cl1-C20 al kyl, aryl Cl-Cmalkyl, aryl, Cl-Cmalkylaryl,

hal o- substituted Cl1-C20 al kyl, hal o-substituted aryl Cl-C20 al kyl,
substituted aryl or hal o-substituted Cl-C20 al kylaryl, preferably
fromthe group consisting of Cl-Cs al kyl, phenyl Cl1-C8 al kyl, phenyl,
C -Cs al kyl phenyl, chlorine substituted C1-C8 al kyl, chlorine

substit : i i 515 L)'
chl ori ngﬁgﬂﬁ)@?ﬁ] g#m%£+@éﬁﬁsgmﬁgi ?ﬁﬁg?%i;dnf{g%’ 3? or a%ll-( %E’r r? Bre d Rig

aryl - coaraibondgd godiopmmey-Ge gkyiideneoradizahonydycladkybidene owhkersin xryl or

at | east, conpr.i ses one of 0O.and N atom, preferabl f -0-, N,
“co | - Saparsin hearlcmaniRE reRaBH) BRETSEYL Br haDeBYT 000! and

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

aryl Cl1-C20 al kyl, aryl, Cl1-C20 al kylaryl, hal o-substituted Cl-C20

al kyl , (4) Theyisisphot-edntaigingQiotipound ky prefenddslyi atueast ane/bf the substances

Coner st hAgi e TCAERapkaAral ahyb: BloeBioe AR horh i obhesplie oxides
al kyl ph I hisghy N ] Cl Kk r Syt :
henyl EXARpRRED)."EnAYARLS SEEERAREEON, BhosFliE! (RUSRSHOIPTY, Sherein
chl Iori N85 URSS, | Ryt aﬂd@izgﬁﬁayalrb%tqsblﬁnﬁ,,havoﬁﬂhierxr a:rybramjchﬁdyir cychid€;-Cap
aryl -confai ni ng graou y enyl or npaphthyl .. Apong the ahpve . .
addi ti vakylap harylcé@r?ﬁ}'ﬁﬁy Cﬁ@%@ﬁﬁ%ﬁé&% WG?%P%%QRHRWQPY substituted
consi st § : : b Ql I N
noxanol DY dilo P08 38 si iRt B efoRbRP I elo LR allphiery PLE-Cos alkyl
phenyl pCep@nodlkyrehwhichyireabstotwdlly sebdtitutdrbbyyialaloraiitio; sulistinent; Ry,
conmpounds may be sel ected fromthe roglup consi sting, of. ethyl et heir, )
pr opy! BuheR,ym,b&zy; Fophand Ry irespadive Iﬁe&%‘r leaeml}d%lm yf:g@Sﬁ@? linear or
octyl e ' . ghenyl _®h t gﬂgg :

di phenybjfhg{clluleerami Czlr?e@éi%%earl E{dg:% lh%wegf rgpegro%%Jfrlé ?lo?é%en ee?}rgl,e\{v écﬁh are
and di cbptionaiby hybbenitedebyetads .orkeitrn substiteandpreferdidy S€| -« ealkit, oanyl,
t he group consi one, butanone, pentanone, hex

hept anofd/]l Qlcﬁ‘mswtéﬁ&i &L‘éflg;h%ﬁlﬂﬁlél; viHeRwr %t%’iﬂqp@ﬂbfn%l:bSBﬁJégg &’g’g]?%lﬁﬁr nitro

ket one, : : _ : t .
compoundiDiheR: S BHTY AR e LRSS A7 b phBhyl or
acet at enagtithyl; sai@haleis ptefptabipnetdeied famntthe groep fephsisting of chlorine and
di chl orpacetate, ethyl trichloroacetate, propyl acetate, butyl

acet at el,’rqil@t%l propi onate, ethyl propionate, propyl propionate,

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

propyl )t Thekelfubuind phospyhat-eontabiingcompdurad yd praferatiipt least one of the

th I'at e, , h |l ate, butyl meth | o
ot hacr DB IHInE o ZeBorl: HNCIEH: darBate fsght Rediveoand, dighives
b t tenh ber :

penzoat Sor S REPRORLE RalCI BRRAPRCE e R inRERERRNAY 1ERIent FL, halo,
di al | yl lingdrhed bianchddbott gyclihaCat slkytli sty brydh€ hél,atadkyldiGreChy hlkylaryl,

t er epht hal at e, di et hyl. terepht ate, dipro .terepht hal ate, and
di buf yl Cu&m@lkﬁgy,agédoxy orparyT%l- 20 @ o%:y, p\%/rj:ncﬁ'x arepopnongltly substituted by

halo or nitro substituent, preferably H, halo, C;-C,; alkyl, aryl, aryl C,-C,, alkyl,
C,-Cy» alkylaryl, C,-C;» 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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Anong the above additives, am ne conpounds nmay be selected fromthe
group consi sting of diethylamne, triethylam ne, diphenylanm ne,

anyl am ne, diethyl net hyl am ne, NN di net hyl hexyl am ne,

N- et hyl butyl am ne, /V, N-di met hyl butyl am ne, N-ethyl butyl am ne,
hexyl am ne, N-met hyl hexyl ami ne, N butyI propyl am ne, heptyl am ne,

2-am no
N, N- di ppg et Eyfa@ngqﬁ%-%ﬁﬁéta}% hex 0 allﬂrlalgré,t l;algn? %%Stggtlcd G Coo alleyl,
benzyl ahaluvesubsmameldylaaynl |@ €0 phildyy,| Isub;/ﬂltmmd]earylkl- bntlyalamubstm;ted C1-Cao

N, N- di et an di et ani |l i ne, hen

([ilomunaﬁ&i%rfy f@@iﬂ@b{ @@Wﬂé&rﬂ@gp@ﬁﬁ 06 ﬁf 51 %b?)? fﬁenﬁ”b ;2 alkyl,
; I y

and /V, %%h A SA %ﬁx}ﬂ}é}mjn anoMLer engh%'%necﬁlt sdEHES’ dmt Fj\glign%na tguted
one or phenylsé]le@g eaiﬁ&loghldrmarmbptmnedlphm}d of ehllohdn& @ufd)staﬁwbel fdlgCl -Cg
organi c mpounds, .phosphor,.- cont ani ¢ cqonmpounds an ul fur-
and pho%lfmlﬂ hesyh Hhereig arg o ar@o i sy W@I@ﬁgc@m@amay ¢ Hehenyl or
sul fur- |ng organic corrpound is preferably at | east one

sel ect e ro 't he group consisting of conpounds of thioethers

R1- S-R2, sul fones R3R4S02 and sul f oxi des R5R6S0, or derivatives

t hereof , wherein R1-R6 respectively and i depe dently |inear  or
br anchedhe stiggtimecofoX atlgast wnprléwpne axﬁ] dhatarhy pretegablyame of -O-,

glplt f)cl)lngll\Fy g‘%g.@cfdéd%@ﬁ GDAYS okt ggf}{ R DR O CHE- and

bonded ys@®N-f uncti onal groups to form C4 C20 cycl oal kyl i dene radi cal
or aryl-substituted alkylidene radical, wherein the aryl or the aryl
in the aryl-containing group may be phenyl or naphthyl. Preferably,

R L
sul fi deC,-@gnalky B!nYI | Iekto- sdlbhawtbds(ﬂl-fﬂzgelkﬂ; ﬂlﬁm-)shbstlhj‘tedi@ryﬁmhﬁwﬂkyl

sul fide, _dinap ht h sul fide, _di.ant hr suI fi( di ber}z suﬁf i de
xyl yl sﬁ]lblstlﬂ‘éte dﬁBﬂI oF didesabstitied e' zdlﬁ’l ekably; ffem the group

hyl e f fid Ut
x% hgl p‘%eny tﬁ-}séj dftdgé EEE(I;R//TE h ;b}heﬁm fq: &8 #Hﬁﬁe‘ﬁy PF ut F‘d ?‘ﬂkylpheﬂyl
but ?/I Ehﬂﬂuhnsﬁufogda;tedyf(:ﬁt@% yfﬂl@ﬂ}l ; lcgmnmjab%tmgtedl spienvile, C;-Cy  alkyl,
CycCl O Su | de cl one Su I de, CyCJ odoae S re
p?/ef er é-ﬁl)js)l‘ln@fﬁubétlﬂéﬁg Bh%ﬁnégdnﬁm%@%ﬂ%%ﬁ%f&df Cons rfﬂicg,i@g@asl\'/f) wherein

Com aPoRarsL BB By By thad ey Sy

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, dipheny] 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,
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Preferably, sulfoxide conpounds may be selected fromthe group
consi sting of dinmethyl sulfoxide, diethyl sulfoxide, dipropyl

sul foxi de, dibutyl sulfoxide, dianyl sulfoxide, dihexyl sulfoxide,
di heptyl sul foxide, diphenyl sulfoxide, dinaphthyl sulfoxide,

di ant hryl sul f oxi de, di benzyl sulfoxide, xylyl sulfoxide,

di chl f A I ¥Qﬂ
stfogrggﬁ&ﬂeqﬁ§ﬁ%%bg§Pﬂ§ul g@#é Rgﬁﬁﬁ I #ﬁ quox?gebﬁh&bhaK: propyl
met hyl pbﬁd&})ﬁbnéw ooy dﬁo;ﬁbﬁﬂtbp h&nhjd 5¢1Iy1a1)s; é&ylm@pb&lt&hmmplyl acrylate, butyl
sul f oxi de, buty pheny squOX|de %;Iobut sul f oxi de, flo pent yl

sul f oxi 8etyleige| apgk dicrylate,omediayl bykyrattepethy sbwfmiied@rop biityraté, butyl

bo. sel LPUBARERE! ot SpETiackPats, b Bitdholitisy LT REEPIAEY hutyl
sul f oxi gfthaldrlity) aﬁﬂjﬂ h@thﬂ@glﬂbpﬁ@ﬂﬂl BedAonte d&hyﬂb@ﬁ:@é’ﬁthybr fpyl benzoate,

sul foxi de, di ant hryl ~sul benzyl sul f oxi d oxj d

and di chityl diespetes syt M@oaﬁeeﬂmablwenzgater,dmtﬁbbsam r@&pylbbenzoate

) ot ) SO B A B Hh g S, v

sul f one hﬂia'[kﬁ@t nto@cyi Eﬁﬂ?alat@ M@ﬂ{ylst'éféﬂﬁﬁala@e napfitylyleréptithalee, dipropyl

dlanthryl sul f one, enz f oneg, sul fone, di chl'or obenzene
sul foneterdphﬂlalaiphmm@lkil’@mtbd tﬁt@phmatyl et hyI sul fone, et hyl propyl
sul fone, nethyl butyl sulfone, nethylphenyl sulfone, ethyl phenyl
sul f one, propyl phenyl sulfone, butyl phenyl sulfone, cyclobutyl

sul fonea Hg% Qﬂé%ﬂvesﬂﬂaﬁﬂ%s %ﬁﬁh@*’@ﬁﬁ#oﬁﬁkﬂé engy Wy sklebd Ylom the group

sul f one, ododecyl sul fone. More erably, ‘sul fone conpounds may
be sel ecomsistingm tdfe glicthylemirs,st utm@tl@ylammex hy dighanydaneinegi prasaylemine,

sul fone ut ulfone dip ne. 1.di napht hyl .
di benzyI:1 eghwi@ WWI sul foﬁ)ee]er %m##%MXWSUI fonZ\I"gLegﬂﬁbutylannne
cycl obupy gt dtRPButJiagiRBOS Rb&thy s ﬁm&i BegRingine O NNokRthylheRylamine,
| east one of the organic hosphlnes 7PR8 organi ¢ phosphi e ox] des

RI ORI | RVZPaty] pr@pgéanmqahos bopts Ragine 14R125B@4n0b¢1§§ﬁ6£ phgptinekeptane,

may 1 eph e pr It ey AN iicmRekfyt clooBhrifey, " dhiline,

aryl, apyhz mﬁ?@ al kptpth#hnilae, al kyﬁl@éﬂﬂlbu@lmmare opt i ONaﬂnhty,flamhne
substltute by halo or nitro substltuent R115 R12, R14, R15,

R17 andNRYBilﬂﬂ‘sqb@vilme Qﬁmdhvlmebmmd tmpbe@ﬂ@mmm Aaaidegorppavitemay

| al k
whi b b€ opERGIE I YromRst Fisut el P ner o Srig - 9fsudE oty Hobamide,
wher ei ”NaNYdlnﬁFthilIB@et%&ﬂilde' I NogicfglForaesthit i AJNOithghicEasiteny |

or naphthyl; said halo is preferably selected from the ‘group
consi sting of chlorine and broni ne. Preferably, phosphine conpounds

b I d f th t f 1
U pr ophh SRR eEo S EGA SeABSa Ry, De eyt FlREssRRARE O the, proup
phosphi &ﬁlSlétﬁﬁé‘Qﬁt YhifpReshhinge bfghietdmpheadd)i pRospidriciiaiiihg organic
phosphi ne, trianthryl phosphine, ttibenzyl phosphlne tri met hyl phenyl

phos phi cempouids$ and spHeny kng pboppherecontaimingranghsiey COBROBRAS.ne
di met hyl phosphi ne, diethyl phosphine, dipropyl phosphine, dlbutyl
phosphi ne, dlanyl phosphi ne, di hexyl phosphine, di heptyl phosphi ne,

di phen € Atisypref&rabbhidicleast
Gi bt o AEpERACLY, RS BUIBReBNiihe” bt iid °%ﬂ86§f. vprofirabeyaicleas

mﬁt hylh dmmﬁlesl?}?ctlpdoﬁpm néie @royp deqimsstyng t s:@nmpm;n @fythldﬁﬁliﬁémyﬁ(l S-Ra,

Phosphisiarongs ¥sReSPaae STRRREES R AReSGmsB ere PHETE G apE HBRFAR KR

the gr t r

B nﬁ%ﬁ?%ﬁ?“ﬁ%%h??.dgb%?‘i“" chgeg . o

trimet I&Hﬂy@aﬂ«tylpﬁhs@m alicybargtl,t €{-€h alaptys rarylpho sphiryleC, - Crefleoxh| which
are optionally substituted by halo or nitro substituent, or R;-R¢ are bonded with

functional groups to form C4-Cyp cycloalkylidene radical or aryl-substituted
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Preferably, phosphate conpounds may be selected fromthe group
consisting of trinethyl phosphate, triethyl phosphate, tripropyl
phosphate, tributyl phosphate, trianyl phosphate, trihexyl phosphate,
triheptyl phosphate, triphenyl phosphate, trinaphthyl phosphate,
trianthryl phosphate, tribenzyl phosphate, trinmethyl phenyl phosphate,

trichlo th'the -c8htbing! group may be
phospha?ggn |ﬂ%€ﬁ9?§%£ﬁ%?g%%gggha gépg?Z?ﬁepﬁgﬁgsp gte, di??&%&lp 4
phosphaphenyli tnmaphthifbsphat e, di anyl phosphate, di hexyl phosphate,

di heptyl phosphate, di phenyl phosphate, dinaphthyl phosphate,

di ant hryl phosphate, di benzyl phosphate, dinethyl phenyl phosphate,

di ehl or iy t i oh _r
phospha?ga%g%myfgﬁp enylllacgﬁigs%l?g? 2‘?‘ %g¥%%y ?‘%ﬁ%ﬁﬁﬁ%@&‘gg Eﬂﬁélstmg of

bult yl di di?hyll sﬂﬁdepdi;irepgvbsmelﬁlﬂe_eﬂﬁsa?tqpyl rstulﬁdrllaadibuqdrmdﬁdd,s&i_anmﬂlﬂfllﬁde,
selected. fromt royp consi Ski.ng tri met phos te, iet
phosphagﬂl,exﬂ |§3’H§§84 &{E@Rﬁ’ghﬁﬁédei pegpl § ha‘i}é‘?gﬁ&iyik@hﬁﬂe’ dianthry]
phospha d i Y. S ) er, @g}&%ﬁ i P
nmay be gse e%f e%i_y ?%ﬂ?t%r%ﬁg‘rg’oug %F(;I’%]iﬁégl’ng of )6{% nmet hyl 1.Sgl_hos|c3hiatﬁgi,fj&,phenyl
t L i et E_yfulﬁal? phhmeehl ylethiyir opuﬂﬁde%nosﬁfmhﬁ?rmp;]ylbutﬁy{ﬁdmos mdthglbutyl argulfide,
osphite,, trihex osphite, tri osphite, en
Bhothi wihylphﬁa%ul epg{i@' gyl *ﬁﬁ‘i‘%rﬁ&?ywispﬁ,ég %utﬁphenyl sulfide,
trimeth hi chl e ﬁﬁ@@,@h' trd
phosphi %’%aggﬁﬂt %o@?#gl dig{lﬁgP’ pq:ﬁ}c()%p I e,é%ll grebpwl%lg%{s}gﬁ?tdgde’
dithtK! cmogpﬂﬁé}@l, sl,tﬂﬁﬁﬁyl\/ﬁcmhqﬁm_ dfeltgbly,dnlhm@aw ! er ppnmm;jﬂe,mﬁy Hnep&qle?ted from
phosphi t e, di phenyl phosphite,, dibenzy ospal te, t hyl.phen
phosphi the  ZHoRRI SraaskHg %ﬁd&lﬁﬁwﬁ, Splfidler O‘E‘EB | Sbllrlﬁg?)h#{lgﬂenl sulfide,
met hyl dj s i 2h | 4 919‘{39 j propyl di phenyl
phosphi?%{aﬁgﬁ%%ﬁgn%@ngﬁgg%ﬂﬁdg’ %g?[edlgre e:ygg) %1/3 phosphite
conpounds may be selected fromthe group consisting of trinethyl
phosphite, triethy| phosphite, tripropyl phosphite, tributyl e
P oep i Pesfexatlyn sl Rt Gommcands ey, bersreoBaokoh (he SupsgpREsting of
and pho z L4 : i i t o) ;
cubst arGiichyt SBIH 3 ST R RRIE Bfom] o ds ARISRIFGAds, diamyl
de(rji vat éau/lﬁ@xiﬂb,er(ﬁhéxymmfekirdd?l&iheﬁfﬂ aul:f;o]t:'(%mb, r éiphenty! ezl foxade) d&ln%phthyl
i ndependent represent H, _hal o, same or di.ff.erent. |inear.or hranc
or cyclsWlfexidepdiagt ISPIM% ‘Slgﬁpzﬁlslgg‘@uapki‘;ﬂyll él‘f %|cﬁyﬁ&r9ﬁ§nzene
Cl- C20 d e ' ;
opt i onat 16 des RitiepheRyl Bioxle, mpud1e %tS?‘PS%ﬁ%e:L%E*?é?%ﬁ’aﬁ‘yﬁ‘ﬁfde;
t he ar yinethylbheyl auyfoxddetraethyvigh i Hoxyd dy eethikpdehyb sulfiagidich prop dny
halo is grhe%_ r?bl y ;{F?g ed Iffjo @‘?ge u?ﬂgor@st' zg of . chl (%gd;)ne ﬁ?r}ad
brombne?mf‘??@ Br aEUFW,P@B uPLLgRHIG H G¥P frﬁ W% fygmeghg Y ©,
may be : i : 0
sul fi de?félgiﬁ%)?ﬂyIﬁgﬁégﬁo%&%ﬁﬂs@lfﬁggﬁ h%?(?/ﬁ% os%cﬁ}gr %us Scf&':t? More
tsu! 1;) i ?epreffeﬂa%llﬁpshlfommfnmf ‘ ndtslImhgebeltsdlﬁmtedlr]ﬁphnshbcglmpl oug sohfisting of
ri but oxy osphqraus s i de, phenyl . phosphar.ous, su e, .
tri phendiyst ﬁmﬂﬁwées énmmde,su#@ecr@@,did&mw |Sl§1ﬁ or dipbeay] ¢ sulfoxide,
et hyl di us; hdeqstthna '
cri ant eV EDE A SARATEE, Biepitey! SEAAET bRy RIAORR, M3y f shifodle, and

tritol ydichtsrsbbareusseliibfidde, trichl orophenyl phosphorous sul fide,
trinitrophenyl phosphorous sulfide, dinethyl phosphorous sulfide,

di et hyl phosphorous sul fide, dinethyl thiophosphoryl chloride. Mre

Dol eot copatyghivn ol BRRERAEE G23; Bbr hREeRiP Thhi, BRORAHEP Psiftine of

tri et hydinRiiRgpheirons, detiyldaifne, diprebehyhlfohesdivarduslfond,idiamyl sulfone,
dihexyl sulfone, diheptyl sulfone, diphenyl sulfone, dinaphthyl sulfone, dianthryl
sulfone, dibenzyl sulfone, xylyl sulfone, dichlorobenzene sulfone, dinitrophenyl
sulfone, methylethyl suifone, methylpropyl sulfore, methylbutyl sulfone,
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The additive may be the m xture of many conpounds above. The nol ar
ratio of the additive to the nmononer is (1 x104-5.0x10-1):1,
preferably (2.0x10-4-4.5x10-1):1 or (2.5x104-4.0x10-1):1, preferably
(2.8x10-3-3.0x10-1):1, nore preferably (3 .3 x 10-3-2.8 x10-1):1. In
the initiating systemaccording to the present invention, the nolar

the Imitiatin 1 ce . ese!

30 9. ey ehdl sfifbhe| KhifhenRIBEl] lipvihenyl slfone, bytylphenyl

Opt i glnabullgd)h@;eayclﬁbwé}ﬁi tulﬁtme, n@gclbgemy%/ suit e ccyyaiqhqxgltl _gsalhfcmeg ?iy&mhfeptyl

capa e o m Xl ng. W otnher, I ngredlrents I1.n e ln latil n systemo

thg pre§‘é1|f@n¢:n\¢§%19®dwtlfﬂliﬁﬁ’lépquGﬁ dreder %épéﬂ 0B, CY! %m&anmay be
e frest S o rganke

o ol ke seBeRICHOR ile @Bt Cofing bf Bififerhl Ml HiidiBobP RaIBhe "dibuty]

m xtur emlf@m,ediphdrgil ogglifiatie,d divecbholedr lsatfonay edibengyl kalfogenatydyl sulfone,
al kanes, , hal ogenated cycl oal kanes or hal ggenated aromatics. Aromatics
are, e.éﬂm@W§&VnZ§m@S ape gndAyclobuybsalfng.ed al kyl benzene. In one
enbodi ment, the diluent may be the organic solvent in the aqueous
reaction nediumas stated in this invention. The initiating system

can be ThesiphtsplRérEdntaininge opghnieedoz@idiaitl sistagMea3t phe- pfeflay askganic
before the polynerization. The initjiating _ system nay be prepared by
var i ousphesdees BnBRisRoc orgeatic phosplingxides RieRadpbB=0; s ganict phesbates

addi ti v dpLeys id.ar ' C hNn o diff ' .

o VR JSRL0S, BELE R SR AIROR, GLUEB Aol SPE yherin

period R, RifER,PandhR, | Midy sépicsem H, rsdloy lie¥e érVbrahched or cyclic Ci-Cyg
alkyl, aryl, aryl C,-Cyoalkyl or C;-Cyg alkylaryl, which are optionally substituted by
halo or nitro substituent; Rs, Ro, Ri1, Riz, Ris, Ris, Ry7 and Ryg respectively and

-

[@1im

independent represent linear or branched or cyclic C;-Cyg alkyl, aryl, aryl C;-Cy
alkyl or C;-Cyo 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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Lew s acid, and then with the additive, and then directly used, or
used after the mxing for a period of tine; or the additive is m xed
with Lewis acid and then directly used, or used in conbination with
the initiator after the reaction lasts a period of tinme. The
initiator may be added into the m xture of the additive and Lew s
acid, or the m xture of nononmers and the reaction nedium to in-situ
forman initiating system or a part of the initiator is added into

t he ni meferdﬂy;rphosqﬂnmb roxad¢ icomprenidsrmayprbe selectedrfomi thg gnoiupi Gorsisting
is mxed_ w.th ddit.ive and L

LTt er ¢ HE tHmethy PAGTRIIES pe oA TIhY ABoSHhiae [%a%éecim%ayﬁ RaSihing Gride,
e Ryl DnodAing) BRI, ShOMEYTIMISRRAR AL, IhClP pHSpHIRE oxide,

|n|t|at1ng emnay be usédvvl

unger thﬂa@ptyﬁphosmsi?mé hcmdel,l tripgheiny] qmonsphaie dx]ldeg Mnm;dythybphdslpluinemmde
ot her ingredi ents of .the initiating.s ste se

i ngr edi Bianthayl phgsnhine oxide.atrahenzyh Phosg P‘Js(ff%: n@lrg th ;ﬁ}g@phme
advant a f b e |

bei ng. dOps (EieRldtPPnehd beéﬁhln@(’}?ﬂéév@#@%%ﬁ?ﬁ’f BHeSpfifle thdde, ity
pol ymer pl dplﬁﬁepmms (ﬁlﬁletl’(}dcbloﬁféelj!ﬂlosphﬂmt igide} hdiethnilt rp@bephmeevmade
acid or ad itive may be directly used, or. used after bei forgul at ed

into t héiprprylirgh g gides HibutylapbosPBgt pé;m diag tRhOSi? ne oxide,

Cat o GRSy T AP, IR B RoplUF A AR BRI S RBBIRE oxice,
sel ect edlinapbthy l(f}ﬁ]@p(hhﬁb oafi, dikntrel phbsshibe Sﬂ@dél dibicadyl phosphlne ox1de
aryl - substi tute or el ectron-donatin group subst it ed VI n

5] Dl S éu@&rp@henyl

corrpoundl@‘ﬂ iplosphie \@Xige,

i ol ef .ﬁ%@%vﬁ*‘@s o rﬁ]sﬂﬂﬂ@fph%?lﬂvﬂg§ﬁﬁheﬂ1?§a§*@é§®?%5ﬂ“@PO%@@ “oxide,
vi nyl epwﬁdlpﬂéﬁypphbqﬂﬁmé oxidy) bﬂt}ﬂ@iﬁfenyh dosghieet exddér Mivtehpreferably,
gr oup conS|st|ng of pyl ene, n-butepe, ut ene, 2-nethyl.-butene,

any| enephosphing w@mv@@@unés mmbﬁ sglpgted, %0111&\ he BEQUIH é@lﬂ%ﬁféng G tamethyl

d b 14
e e e
but adi epigesphise paidddriaaphthyd qﬂro%phmecc@d@pmamnphosphme oxide, tribenzyl

cycl ohexadi ene, nor bor ene, st yrene, a- met hyl styren y t ren
p- chl orresmyNe t Pxisiee, ynﬁﬂmm«;@fy éphﬁlﬁt %§9| st%‘l;ﬁfme enyl phosphine

n- bucyl S5 CBIRAR pRoKRRGRRE AR JiBRERTRTEC I RYe SR e,

et hoxyet hyl vi nyl et her and t - but oxyl et hyl vi nyl et her.

Preferably, phosphate compounds may be selected from the group comnsisting 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, dibeptyl 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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Sai d vinyl nonomers can be used directly or after being formul ated
with the diluent into the solution. Said diluent may be the organic
solvent in the reaction nedium which is one or nore selected from
the group consisting of al kanes, cycl oal kanes, aronmatics or

hal ogenat ed hydr ocarbons, and may be the m xed sol vents. consisting of

hydr ocaPhorRe: ity DRGSHREe i RURnTE BRLSHAAE o5l Fel 31 Fosphate.
petrol eum et her, cycl ohexane, nmethyl cycl ohexane) or hal ogenat ed

hydrocarbons (e.g hane chl orjde, dichlaoro et hane
chl ori dgze%r%b%rpcb@esa &, CORRRRRS AR begseles %%Hhsrgwp consisting of

trifl uo e | e f

L R e S N L
copol yrrﬁ*iam\jtl Ilﬂrosphnbbetrﬂimyla phrspilites . trﬂfepltj?le prh@bphne,l ztﬂphenylsgﬂioephne
the vin nonomer S have a concentrati on, of .0.mol [ L l sphlte

present mﬂlﬁﬁh)’]on phosphita, he tpibspEEhs B 0$Emt§3ol )ﬁﬁ’@ﬂ‘r’»t mltﬁﬁl)@eg

o o 0 AL U L PO BABAGOLG g

wat er Ooph@sh lﬁwe@#?rdﬁés phokphitée diibﬁt%ﬂntpho@?hi‘nél afiamwil nyphosphiteerdihexyl
is catl oni c- hono merized or_ cationic-co )ilrrerl zed into

honopol phmplnte,coddrqmﬁlr qrhosphite, modipheryl Phosphiteus ¢ibgaEylon phosphite,

mixed v SRS | RAGhbRFe.oRbiR Sl MRy YEREpSHer Bhosphite,

nedi um jetildGshetsd ebhbSplite) Meiayldishers 1 r %@Qplﬁ&% rrqﬂopyldibh@tyll ?phosphlte

totally water. In"the aguequs reaction ned |u wat er 1s preferabl

from 3. Botyidiphenyl phosphise eraprgterably, 3@1@(15@ 1G008TBPOVBAS FRaY P ﬁ%lecfed

a1 kaneottofly dhi bl et RRHe oFotRelicBRG Ble. nBAFHEL iADbits, tripropy!
m xt ur hééiﬂﬁﬁpftnbﬁt}ﬂ plosphite, triphdist phosphite anﬂeneentgar pmm@d

hydrocarbons may be, for exanple hal ogenat ed al kanes, hal ogenat ed
cycl oal kanes or hal ogenated aromatics. Aromatics may be for exanpl e,

benzen subst e e

Do or e SRR SRl P SBhESo B s qpe of the
group Cﬂﬂﬁ't&idd’sghﬁfuﬂg RRET gétferll dnaiestadr foenila CR(JPSRBBL A and, derivatives
al kanes, cycl oal kanes, aronatrcs and hal ogenat ed hydrocarbons, or

i xt ur etherenf; svherept Fer Rod 9n6r1§zloresn§¢@v | and sulemeadenh scpicsept H, halo,

and- hal 8 & e e R el B SRR G0 R oA AT ECAf Ay

e.g. et@ylEpelkylaeyial Gpass aﬂro;gxcémbkﬁrtﬁsmnecm%esm@ky gﬁhpg:tv&l@ﬁch are
fromthe grou consrstln%b(of et hane, propane, butane, pentane,

hexane, opénallie substitaied biohalecor aicarfabshtians atiereinery] or the aryl in the

oY ot or Py coalRbing, BYGsh A O8RS ST RBIRRGD RS halts HrPRabES s@ebied
xyl ene, frbi 11! SuperRisting bhvhReiwenel bébmidy| benzene,

triethyl benzene, propyl benzene, and isopropyl benzene. The
hal ogenat ed hydr ocar bons are sel ected fromthe group consisting of

i chr or btrany s BRA PR st S8 AR R muf e A B setected

f1 uor onpbRpfR glbih UMRIRINRAHE tritddthL phesFidians. sulfile atdiedid pidspherous

f | uor oet hane,
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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di fl uoroet hane, trifl uoroet hane, t etrafl uoroet hane, pent af | uor oet hane,
hexaf | uor oet hane, f| uor opr opane, di f | uor opr opane, tri fl uor opr opane,
tetrafl uoropropane, pentafl uoropropane, hexafl uoropropane, and
fluorobutanes. In addition, the addition of the organic solvent wll
be advant ageous to decrease the polyner concentration in the

POl Yo LB S5 800 RBMh BARRR AR EC Ak g) BB RbGordPERlorice

aqueOUSM@@ctpreferab usultfier- cahdo@hosplmduycmuanahgeon@maecempaugd may be
vi nyl nononer s, 0. 03- 25):1, preferably ( 4 23. B& 1 IEI i her
pr ef er adtlgciag feom hg - grpup ODSISHNES aEﬂll')ﬁe oyh@s orops’ sulfide; pgiethyl

PO e BRSNS hnd PSSR oL lgaele vl e vt of

The medi um may contain additional water-soluble conpounds. The

wat er - sol ubl e _conpounds are one or_ nore selected fromthe group
consi st The asiditivemayceerfrumisture @ftmary aPRPONAES RBOAE- salt | AP or
anmoni um salts, inorganic protonic acid, organic acid and the |ike,
or al cohol s, wherel n 1Ais an alkali rretal of lithium sodium or

pot assi Wh Holay 1@ficosT fes aaﬂﬁmen@o Qhe anoRéher fadl 2 a)*-Hokd odb A |pr8ﬁrably
netal salts OI’ anmoni um sal n S ar one Or m)reé)ree

ol oct o PRAR ASGHEIN cuné2 oy G 0l b oRelorsbll (B Botiti.0x107):1,
hl d | b de, di dod I

cul  at oD SRR 2L PR M moni um t i et hyl hexadecy!

brom de. The inorganic protonic acid is one or nore preferably

sel ected fromsulfuric acid, hydrochloric acid and fluoboric acid.
The or ganithe ainitdating systam moafdmgeft@rﬁm pressinécinggntiopmtlie - molar ratio of

a1 conol THtgr, SRt HhF B Pl i, i, 081 Ponf (G LRk afEetm T8 x

unsaturp@‘é@(};l(gqullgo) |1ncl udl ng nono- al cohol s or polyols, e.g.
met hanol , et hanol, propanol, ethylene glycol, propylene egcoI and

gl ycine. The nmass ratio of the water-sol ubl e conmpound to nononers is
(0-8.0) rably (0-6.5):1. For exanple, the mass ratio of the

al kal i r@%r%ﬁé @a‘ﬁ? %th anmoni um salt in the reaction medium or

pr ot Onl’Ph@@ﬂﬂleﬁt niAy< by b r@@fortlﬁo i © BoBent "eipabid be riiese¥ith other

e.g. vinyl nononers, is s 1. Suc conmpound may reduce the
sol i di fipgreylipaisnin gie ﬂmélatlégc&}{wn@ﬂmﬁrpf@ﬂ@bllnﬁgn&lm tpetorm arsalatips or

CondUCtﬁ(sjpg}smn wrhé rg)reggl%fcusolvent 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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4. Dispersant The present process enabl es the pol ynerization system
to exhibit a heterogeneous polynerization systemin a honogeneously
di spersed state, so as to increase the reaction efficiency and
product quality, to obtain the polymer products having a high
conversion and a high nol ecul ar weight and to break through the

ot ocoss TSl Bl e yitt Fus, aafishy 'S sFGHURL RSN STE e Bl i the
a react ipgRingdoHmM P@ﬁeawsf $imé&N ot thei Aldifive dsLigiked aeith Lawisagdeid: bMé, then
an optional diluent and an optional dispersant, wherein nononmers are

cati oni diresitlypussdeot nead dn copbination #dth the dbitiater ailier dberweoptingi lagts a
h | . The_di t, i | east f .

Aoh phERFO% B BERo L hE ratiafd Ry i retnioto AbecRIxIG otk fgnadditiyp and
anmphi phifly@isCRTROBR h & N ixb@re! Bﬁnﬂﬁ{tﬁﬁé’ﬂs Sd vied Eé@cticﬁ{ A Qo in-situ form

wherein Wis hydrophilic group selected fromthe one or noreée ]
hydr oxylan ceitiabiog sysiekuxwic, aepadr ofr thepdnitiatemnsuadded, intel thet enixéere of

oy AR MRy o ok PSR S S Ty v
ooy AR BV AL, Uy i TR g gl perod of timo
x10- 1) : Ther tepupeeretublof rhixifg rQ¢action ofdhe ingredicnds abevbadayemge fiom -90

preferre | she t i.s. at. | east one from al cohqgls, aci.ds .

Bl Kyt beripeie REEF o ditating; §okedaey, b7 16 ot the” Gigdy or difetbe used
fatty a | +RO : p e

cther, Py T e e O A el DS Pl e alg other
sor bi t amgretligntacif dhe snitratiagdsyspemy orahgmixtertdof thesehageatientarat any time.
o RS iR Sofe ey e SRR Rah ok ol ok Pl oven
et her, | | : |t Htan

ol et o, T Y & B o R e S et
application, the ambunt of the dispersant depends on the type of the

of "Lowi 01 dke @O YRETEH R0 ARGCATDOR DO P ABbIEYETiohote, ETRG LRBEhEcid or
of or gagygitARl be ﬁg‘@cﬂgt 1§§e<POt9f RREd! éf‘%eiﬁ%%hﬁﬂldf@ﬂ“i&ﬂ?@ the flkture
t he same di spersant and t et érm ned pol ymeri zation reaction

syst em soluticmewdimthetabafvetmentonpéd dihments.s too low, it will not have

the effect of honpbgeneous dispersion and be difficult in stabilizing
t he polynerization reaction system if the amount of the dispersant

s 2. Cationic-polymerizable monomers

The cationic-polymerizable monomers are preferably the cationic-polymerizable
vinyl compounds preferably selected from the group consisting of alkyl-substituted,
aryl-substituted or electron-donating group-substituted vinyl compounds. For
example, the vinyl compounds are one or more selected from the group consisting
of Cs-C;, olefins or cycloolefins, C4-Ci, 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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too high, the cost will be increased so as to increase the
post-treatment procedures and the difficulty of isolation and
purification of products while there is better dispersion effect.
According to the present invention, the cationic polynerization of
nononers can be achi eved in an aqueous medi um by using the nmentioned

di spers gg&lg,PFﬁmehQ,e p 91|0¥H§1‘bénéat i m; em exhtl1ssyien8ono gﬁmﬂ}gﬁ’?mm’

di spers ect, so as to be adv bus to increase the heat
mass t rpradfleromethylstyrenean gemstyoxwstyrenes apet-bhiylsiymene ngr-¢ybusoxylstyrene,

Hlerometlyktyucricangoms ceap ngp43puboxt
Lo | ner BAIBY DB AT e K UG B0 I neriezy P G e,
th - efqf : | _ ' :

Polyrer LA SRS AELE GO B R Y B Loty L et

cationic polynerization of nonomers induced with the aforesaid
initiatjng s,ys&em i n the agueous._react.ion di,um

In th . .
pol yrer Skt VY] FoRcBerS GaRebe BFShEies Y QTS it dOrpRiated with the diluent
reactio ' S.q: i niLt.iiat i . i .
2o SRR RSR g el ¥ HORYSEE RN AR kERbn medium,
cat i oni whixh ysrené vrhheraeelettsd frane the woew yorsisziag of alkapes,yoypslpalkanes,
by said initiati nggsystem | N an aqueous reaction diumto.obtain th

cor r es paieEaECH kiggrated Bydrassabonsrand 1Ry be it ixed SReTys c;‘@é@g;%ing
is cond ' ' ' - '

pol yrrer 06 20 it THRFR SefEg ot HosRthy HEELS BonRufHE 6F CanfaR B Ry RQMIAI G &
pr ocessh@fanke pehefr)t lexeas] i heptae, becteaey fpetroleaenc akther c cyclohexane,
pol yneri zation under the conditions of the conventional reactor .
condi t i Bethylesglohgxan® har crhalpgenaied y ferdrearioonsnetsh8d éf%etgﬂﬂe chloride,

exanpl e;. I zgd. | : h Sesy: i N ' AN

(D) res%lé:?:l&?rve éfﬁa di nagh?% o%?l @‘E%%I yd&%ﬂ@géﬁﬂgﬁ@’,’r eglét Erﬁ’gth%‘-‘-,llﬂl?D Eélg%f i g}]]tane

medi um @lﬂdﬂmgmﬁﬁﬁrdenh@wé,detraﬂ'uoroaham@i xing them wherein said

nononers can be directly added into the pol ynerization system or

added after being fornulated into the solution with the diluent; (2)

fg\% gga’ic"ﬁg : ﬁbh}l‘ﬁéﬁ%&iéﬁ/ St RMCERRL algH Ngnd Neplddbht at Yvenfigtl! t iNQuABE  the
homopolymerization and copolymerization of the above monomers. In the

polymerization system, the vinyl monomers have a concentration of 0.4 mol/L-7.0
mol/L.

The present invention solves the problems of low polymerization degree 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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said ratio into said reactor, wherein the initiating systemis

in-situ fornmed or pre-prepared; the initiating systemcan be used

after being fornulated into the solution with the diluent, or

directly used under the conditions of no diluent; (3) polynerizing

at a tenperature ranging from-100C to 50C, preferably from-85C to

35C for 0.1-120 mn; (4) adding an excess anmount of al kaline
substances as the term nating agent into the reaction system to .

t er m naThetdngapid pobvent dsi one ogaworoolefing alkaaesneyelopdtanese aramatics or

the aqg us sol ution of .NaOH, KOH, al cqhol s a | a. _Those skilil

-t he BrlozeRRtedoilb R R B s RonTE oihe DU b B et siiiene.
requir ' t4 paeest haldseRated
{her cof PRmErgfed S0 Bohs dy”BE, Kt e ADT, DR FTaned S halogenae
react i ooyclgalkamepanskalogbnated aroheatidsk Atomeatéses mayobe, far exansple, Wiengene,

water, and flagsh, evaporated i.n turn, l.ch are repeated many tines to
separ at %105‘91'51%%1"@“11@& qu%@lyﬁ%ﬁé‘ﬂgea a&ﬁ%ﬁ’(@@@@?' reaction nedium Lew s
acid and the like to obtain a polyner. The resultant polymer is

vacuumdried at 40C to obtain a dried polynmer product. The o
pol yner Preferabiy sthet @rganimsolvent edlabbeast dnagelected dromtthe grop teasisting of

present_.invention i.s honogeneously and.stab di sperse and not gasy
to aggl énearape brapeh %ré’tca}&oﬁ\ré?’(@i ﬁﬁn%h@i%ieévcgygroaﬂ@n&ﬁt ajprgatics and
nmol ecul j ' ' ' . ] s ¢ b

) o petoehety ki o SR HUIRIS oSl ol Scted
react i ofrorf fliec grngy consisting @f T ndéfoms, By Cie hllewnes asytioghkaans s sassmatics

within 1 The wei ght _average | ecul ar. wej,ght. of e pol yner

pr oduct i helagenaiadb Ry dTOAFERI (MRES SpELiENaTothe aleﬁ%éeﬁ%& b& sihleps the
nmol ecul | | r | j | BT pa\@&] :

nol ecul %Ecaﬂvxgél gﬁicyélrbsa? gﬁé&t f’%méy"%@ngésﬁ%ﬁw as 16. %QiouUnderStlgt&ﬁ%g g g%hane,
pol ynmerppanen mnank, pentane Neexamicg Hieprane agetans, enenzne, widagine, gretraleum

D R aP e, PR GekBAET ot el S oD e
processyMdDHiNes e SBBk tHB! Glohs EbSABHAB! of BBhE&KR, 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 ratioc of water in the aqueous reaction medium fo
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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prior art, not only can achi eve the honbgeneously dispersed

pol yneri zati on system having fine particles with a particle size
ranging from1l pmto 3,000 ptm but also is advantageous to increase
the mass and heat transfer in the polynerization system or even can
achi eve the effect of increasing nononmer conversion and nol ecul ar

wei ght of the polynmer products, and of narrowi ng the nol ecul ar wei ght

di stribution. The process of the present invention can enable the

pol ymer Inz ahe opolyysdrizmatiom shstena of offiegpresens linveniorr seel volune, raticerof the
under the ci.rcujrstance of I ncreasing,t ol r ,gongentrati on or

pol yrrer P&%ﬂl%ﬁoﬂséﬁbé? mepuncHyay he @cﬂf)ésep%’q?gm&ﬁyg@r L nor eas ng
the production efficiency and reduci ng the energy consunption

si mul t aneously. The process of the present invention can al so

i ncr eas€heheediung usdy eontfihi aiditioyalovatdresdgblepcontponndss dlleceatdresoluble

cost by further increasing the initial noner concentratipn and the
mononer CRBHEERLS 8Fe QUFIgNRH %Fﬁeﬂagpﬁhn&el SOV ORSISTHRG ORLOIHG &&a@wnds,

with th EYAN( tri ' | j b :
 t erperigi ot Sielihe ROt ol P SEARRARLE LIRS MHOBEAE b HhpE BERE Drhnic
pol yi solsiteaed thavikeg o2 dlobksls] arheteingl ivanhilkhliasetal ¥flhian, kodhen or
at a tenperature_of -60C, thereby achieving the object of  savi

| ) D ) : . ng
ener gy po@ssisaucPry duasnapbromnerae agr adidnradigalemaidralkaling aeefahgalts or
econom cal easy-t Q- roce a n PN
cati oni %ﬁ%cﬁ{; r ?@étéog‘%ﬁ‘gﬁ%\%ctﬁlﬁ O%ngfrenﬁ | %%gfe?éetél& ?%h%d?&%%he group
cont ai r@mim%aroﬁM‘sbbhﬁﬂecljul@irftiie@tlithmrﬁyshbﬁdep-pbﬁa_gsi}nmdxlﬂeﬂde; potassium
pre-preparaed froman initiator, a common Lewis acid and a suitable |,
addi t vi eromadss eisedivia | dedeatlorsuliiehesadiam | sindeacy! agulgnaty, vpEonIUM

havi ng. waneyodbFLBlohtls: A3 1BREHAE RS LT Bapi G oRé Broferably
condi t i g¥isctelinofosvifimic peRt) Upidiobllviriztacidl and fimebbtit avidhiTeb organic acid
nol eaul ar wei ght can be synthesized. In_particular, the

i nvent | I§roRSMAT ANei§ Predersbly selestor fwn G- Casadwiated omms%ﬁﬁ%@i acids, e.g.
< _ ! 254
hergn DriRatis efcsehiOREid ud SRERGH 35 e, bt Slile pietably [TR1EEEE From

aqueousCpl@ssatutaicddsti hhsuturateémledhalbe imdtdiong encmepalophels aatpodyolef e.g.
i sobutene and _i sqprene.are cgonducted in an aqueous phase rgggi u unde|;r
the ci rmegthanghcethamal, prepanghyetindens glyenl aropylenss ghicgh %ing. The

monomoraaohiang) o e L sALIE CorRbEIEC o RuRris i Sp ! ¢ plsranly
18% whi (©h613y: ol reestamples themoasy radtredt toe altdline alemisalivot hovhogirim salt

formation, which cannot be _acheived by the prioy art.
in the reaction medium, or protonic acid or mixtures thereof to

cation-polymerizable monomers, e.g. vinyl monomers, is (0-6.2):1. Such compound
may reduce the solidifying point of the reaction medium, enabling the reaction to

be conducted at low temperature.

4. Dispersant

The present process enables the polymerization system to exhibit a heterogeneous
polymerization system in a homogeneously dispersed state, so as to increase the
reaction efficiency and product quality, to obtain the polymer products having a
high conversion and a high molecular weight and to break through the current

technical difficulties.
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The pol ynerization process of the present invention not only can
simplify the polynerization process and procedures, but also can

reduce the cost. Water is used as the reaction nedium so as to be
environnmental ly-friendly and have an appreci abl e commerci al

application prospect. The present invention has the follow ng

prom ne ﬁﬂﬁeé' - B r ts r g ez ati

t echnol g%lﬂg‘glgg@%t t %Légliesnlt%ﬁg@kﬁ&leggggg g ?(J%Ie %&%toﬂﬁg%ﬂ?ﬁ’eﬂ{é b éfy ation
convent ystein cemipgisesi d reactibhemedivnon meopmherse rdare anitiaton, e dreveisuecids an
reacti on_nedi um or even_ the reactjon rredilgg which is tqtally water;

2. Constfdiétvienqimarpiional siluggt apd: ar oRHERR HISReERRE IdiFagIIymonomers are

hi gh-acf iyl ty, ice. stahl i being: i _
capabi e ok BB iGIcL AR, SSPAFHIG RN HE e | SolEponding
in an ahmpslymembpaopfy?@mmw th high initiation efficiency, having

a high polynerization efficiency, capable of greatly increasing the
nol ecul ar wei ght of the pol ynmer products, wherein the wei ght average

nol ecul ' ) reac | . whi ch is al nost
8- 20 ti%gﬁ$ﬁg?ﬁ%aaﬁq?%% 0%% @@P?@Iﬁﬁge%ﬁ%@&us medi um can
achi eve better dispersion effect and high heat transfer efficiency of

t he aqueous_nedi um during pol yneri zation, so as t.o bhe advantageous, to
i ncr easThe dispersenbgdntier present dnpentien 18 an sapphinhilish compoped having the

ey oy eoRuafRrRdRb e RorERl SO ey BLOY SSkrohiRliz ranbortfeRe g the
reduci ngnd be méRAbgdia] CoaboxFTMBbRPN testdherdupss enimemipin ¢@i,i «uifats ion,
illustrated by the follow ng exanpl es, but_the Scopes or_inplepmenting

-

met hodsanhdreszenar silfenate i ions €a Iy annldperbidisi gsoup Pt Ce-Cyo alkyl, aryl, aryl
Cs-Cao alkyl or Cg-Cyg alkylaryl, which are optionally substituted by halo or nitro. If

any, the mass ratio of the dispersant to monomers is (0-0.4):1, preferably (1.0x
104-3.0 %10™):1 or preferably (2.0 x10™*-2.0 x10™):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 ethanol adducts thereof, and alkyl ammonium halide. More preferred
examples include at least one from dodecyl trimethyl ammonium bromide,
octylphenol polyoxyethylene ether, hexadecyl alcohol, oleic acid, sorbitan
monostearate, sorbitan oleate, and 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 abid,
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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In the foll owi ng exanples, the mcrostructure paraneters of the

pol ymer products are neasured by the common technical neans in the
art, i.e. neasuring the nunber average nol ecul ar wei ght, wei ght
average nol ecul ar wei ght, peak nol ecul ar wei ght and nol ecul ar wei ght
di stribution of the product with Gel Perneation Chromat ograph

(GPC) . Theo Mdtleatieasosnarilinbe iiscreasidsenkad ibvrdaie theipgst-t@atmage procedures
nol ecul ar weight (M'); the nmolecul ar weight distribution,.i, .

r epr eseanddthey diffisuliysef isalation andi@urihdation Pftm'@dﬁﬁ@sm%emerﬁsls better
conduct t .t r f i N -ahy fur-an: i .as.-
he mobarwenaecETEH Hhectafls, i fog S GihhiORI e kliBfig, BoifiAion
cont r ashfMinoheaRePeca dRuUacHiehEd GroRadhidedi ntadiutn iy uskipt theahenoned
is used to observe mcroscopi ¢ norphol ogy of the polynerization

syst em dispersants.oend udeupelyanerizatigro sysiesn eaxdibishia domagenseuskyedispersed

et r anobh5bi Suns (IVBF POvemaBepRoAat st as ARG, Rt A oy, ARfiser and
t enper aki#h@ltAlenRBE totIndfeadd theORBARRRNEIE) b8 tehinREAiRé NAREIS@ ok i1@Nthe

and 2 nL of an agueous sol ution containing” 20% Li C1 and 1% NaCl were
added i polymérzaidoly systepytinararticalarde, increassdhetpdymerieatioareanversion and

Syt om TR IRIEE Y MetBy SEHRTBradiBne TG SRSty e Actigt FBY 68 prior

system ggnsi sting of water, orthocresol, dichloroisobutyl alum num

and Al C13 was used to initiate the polynerization, wherein the nol ar
rati o of orthocresol to IB was 1.3x10-2:1; the nolar ratio of

di chl or i?oi)utgl. Lumnumto IB was 1.0x 10-3:1; the nolar ratio of

Al C13 tg' B ri‘.‘%‘%ﬁr%%s After 10 min of the reaction, the

NaOH et gﬁe%rﬁé‘ﬁwfﬂv‘éﬁtibﬁz;gl%@ﬂ%%?rbéééﬂ BRkatibAR b@Bﬁﬁét@ihﬁd‘ih@ﬁiéGnomers

NaOH had a "mass percent 5% solvent, initiating system an
unr eact imiumdomﬁﬁ sheafereseitbinitiating dysteonin the prusdustreagionaeedivm.
several tinmes with an al kaline solution and water in turn,
vacuumdried at 40C to a constant weight. The yield of polyner was

69% - _ & s
M/In ‘;t’ﬁrért ﬁol#%ﬂ&?zatw &ds, Whe ﬁolégn@%ﬁﬂ&r? syste cbrh &l wegction

of -80C, 7 of TB and net hane chl ori solution”and_ 30 of an
aqueousmediumj omomwnessi AnNidaing isgstean and. 2voRticnalispesshiid Agosding to

th | i zat | t . that th t tent_in th td
medi um Ui PRSI ARV R T et dTymestvale dreriolpinars Domipolghiriand or
was 0. 6capblymerfiddeby %ﬁ@gﬁﬂﬁ‘@ﬂfg Yydtedd 110 an aijucdul i r@hbhen SHeERMM to obtain

consi sting of water,” 1, 1-di net hyl benzyl al cohol (shortened as cunyl )
al cohol the anirsspending homDpolpsetsed cepalpmerat & hehpolyongrigatiomnmreesss 1s

ol ar rARGGR anbY ol & PRV sS  BOBIREHRON | (RS,  § aq3hpFontinuous
et hode B e o R B e those i
Exanple 1. The yield of polynmer was 66% Mv was 1.4x105; Man was 3. 9.
Bxanpl E‘Tﬁe 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 foilowing
steps in furn:
(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 -60C, 30 nL of |B/dichloromethane/cycl ohexane

sol ution (cycl ohexane/di chl or omet hane=0.07) and 20 nL of an aqueous
solution containing 23% Li C1 and 1.2% NaCl and 0.07 g of trinethyl
cetyl ammoni um brom de were added into the pol ynerization reactor, so
that the water content in the reaction nmediumwas 47% and the TB

concent g3l ?a'i‘tié Nntd'&aRQ! AaBIdrZ aFh&RiS YRk elRiMagng &8/ s iA8S formed or
honogen@ously ni xing, an Initlating system consisting of water,

et hy| - préspraparethens initiamnpystem wan betisdd ke datingafumallged into the
used to initiate the pol ynerization, erein.the |.ar ratio,.of

ot hy! < soltiop withites FRehB audrestiobscd odnpthaontibians 6 qo-diftent;

to 1o wi BRBEndyRanE 48 o Bratue thBaliOn {R0G'D Mo SHCHbieTSRART ! Fom
After 1-88°C ab IFE ot PrielR@ahingn, the methods for term nation and

post-treatnment were the sanme as those in anple 1. The vyi.eld of i
pol yrrer (4dagddingosn pEcasss apogst o Qgﬁﬁﬁﬁﬁél%ﬁtwea ftse%eF%%unaﬂag agggkinto

20 nlL of | L.chl t | gueous sol ution
cont ai n{hﬁgﬁﬁwﬁisﬁ%d{ai&g%%é%hﬁp y&ggﬁg%ml)%? %a(?gbeﬁpol ymeri zation
reactor, so that the water content in the reaction nediumwas 57% and

the TB concentration in the polynerization systemwas. 1.5 /L
After 28heralkalinacBibstancesnage the iaﬁiulepasm@ué%té%nmﬂss , @jcohols or

wat er, -ac i ni fi.a . :

pol yrrer FRR; THRSF SRRt 1y 76 o 5t6iinind Sie°ABgblf thergof geggnding to
1.5x 10thé dctuaherculramentd it eimMdate3ttcordd3tivas NMdre 1preTerred Afdreventiation
m n of the polynerization, the nethods for term nation and

post - t ri@gre@its lwSrassie. same as those in Exanple 1. The yield of
pol ymer was 31% Mwv was 5.4x105. Exanple 5 At a tenperature of -20C,
10 nth of n-butylvinyl ether and 10 nL of an aqueous sol ution

cont ai nAfi@r 2@¥mindElorand th¥o pelymertraticagdige rerctionheystehy massesatirongh the
reactor, sqQ that the water content in the_ reaction nedi ymwas 100%
After hakelaacwlationmisringedayyithywater,; agd Wéﬁ%@l ilAgtusn, Wehigh, are

di pheny. / LNLt ' i . reiln.:

L pherlpSh LY GAUEP i, 15 ohub bl TAE sHIRGBE AGSHERL | SRyer iion

mol ar r@edtnm] [AWGE3adid anduhy likeyd otithir avpslyBadx IThe résulffittepolifner is

mn of the polymerization, the nethods for termnation and

post - t r‘é@ﬂ#@ﬂdrm&t 16E dambtain 2 dsisd polymeIPdust. The yiel d of

pol ymer was 31% Mwv was 1.2x104; Mwv Mh was 2. 2.
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 1x

10°, which is notably superior to the prior art.

The present polymerization process with the dispersant, which is different from the
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Exanple 6 At a tenperature of -80t, 30 nL of

| B/ di chl or onet hane/ net hyl cycl ohexane sol ution

(met hyl cycl ohexane/ di chl or onet hane=0. 1) and 20 niL of an aqueous
sol ution containing 23% Li CL and 1.2% NaCl were added into the
pol yneri zation reactor, so that the water content in the reaction

" 199 nrg wat er ne reactio
vas 1.5 B RIS Qe EREEE Bhe Rohikentolidfy BROHIEH FRLb RN Kstem
consi st ihagind findtpiticRs4vithta pareicly $izé-rehkhi@ fioent gna.todl,00eMth, but also is
ether, ZnClZ2 and Al C13 was used to initiate the polynerization,

wher ei n adnentageans tatingressehe masy pndthept fransigointhsepolymecrization ausiem,

1.0x10-5;1; the nolat_ ratio i ghenyl _ether to | B was 0.22: 1. the
ol ar 41 97Ut CafcapBlens” e dlecd o tadhi nohfimer ARerjohiAng exiSlecular
to I B wageighPyt thedpdlyniétt fodHetdl dhdobf nhOwAAL YHE mMdARENRR wéiBht distribution.
met hods for term nati'on and post-treatnment were the same as those in

Exanpl e The moseps of dhe fpresany ivvenion caoenable thespalymertmtionsystorsto show

?B/Af'di C%Wgééyﬁggﬁgﬁhué@%q:%q%o%hdglo the c%cumstance of increasing the
(i sopen?@[ﬁh@} eBheeTBliHa M PolMertifion FmpPeraddid, idPBar iaeha®iedthe object

solution were added into the polynerization reactor, so that the .
wat er cofit mreasing hther gaodilctionreeifinieneys arboraducinge thd enmrggnceonsunoption

in the pol rization. systemwas 2.7 nmol /L. AfLter honbgenequs m xing,

an 1 it BATRERes Sl Ko oPEaeRG OF UGt GFOSSRto O dr A nELCAFEFE the
BF3 Wasg @kiich bffitieAt 6fhﬁleoegﬁisﬁ?ﬁéﬂta%ﬁ&'}edﬁ6@rtﬁé RolsP Sy Rldher Adrlasing
of acetOphenone to IB was 2.1x10-3:1; the nolar ratio of “acetone to

TB was the@xinitial 1;mohemen| atonceniration Baedt dhTB menome? x 1@IB/ctsioAf t during
10 mn of,the.polynerjzatio t he met hods for, term nati on _and . .

post - t  BRLBRHZHHIR ¢ b PRRHCUET, hAte qom@xgﬁpm’l@ e GWEFRtlys industrial
polyneré/gqﬁlol(;%% ! BN nr&RP eqpat °of

32 nmL of IB/is p?ere/gi (?ﬁllz(z)%%%epﬁane s%ﬁuatgitgir}llja%ﬁgﬁgg 6rr€ gpga((ﬁ)fatc}]%g u%sen:
sal t sofmentioncear achieng Rdyisoboterasdhayiagiaalecwdar wedglidas high asé X 10

I i zati tor, t hat t tent in th ti
o um G ¢ hacRBeuBES A ra Conttencen B e s abjeh & e dheorey
1.7 nmol fhq & fyconcentration in the pol ynerization system -

?@uéi’ﬁg doiRi rat the pols
was 0.4 nol /L. Arter hormbgeneous m xing, an initiating system
consi sting of water, diphenyl ether and Al Cl3 was used to initiate

e BT ohliGh H IR A 4l Rl s ) g B Capbre
mn of bf“i‘nﬂ%@ﬁ%fﬂez a4t Ofic ng@gna@ﬁﬂmﬁl berviker MdRih&d @ reaction medium
the sa st le 1

post -t reat nent re hose i n Exa The yield of

copol yreentasisingOvataywithsthe. iniiding sygtvm inwaétuprodushé rogi precpreparaed from
bi ndi "Yan ?ﬁ%ﬁi‘cé A eggoﬁnhneonc ﬁg\%llél Acid dn als%it%llg/oadgﬁgﬂe? Iwehegrtsin the initiator may
be additionally added, or water is used as the inifiator (without 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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At a tenperature of -15C, 15 nL of n-butylvinyl ether/dichloronethane
solution and 15 nL of an aqueous solution containing 15%LiCl, 0.1%
sodi um dodecyl sulfate and 2% NaCl were added into the polynerization
reactor, so that the water content in the reaction nmedi umwas 60%

and the n-butylvinyl ether concentration in the polynerization system
was 1.3.50n M OEIR oS e %ﬁﬁf'i' | Us8sent can 4l
consi stan (I)lngwggéngHiggooct gf}]ﬁoﬁ%aﬁgﬁpg%r méggtﬁsrggb#g&}’?\?ﬁ?l at eetth?aa aiso
pol yner agiadivern highe nednomhére convarsiomat The dfopreneatanieht i the bopylymery inay
ether was 2.8x10-2:1; and the polar ratio of .Fe(l3 to, n-butylvinyl

et her wegaAch 33% cmhich 135 ¢lose 169 r?ﬁﬁ BODOMET SRR Eag%q,oa#ngs,{emﬁmut gel

met hods ] iﬁ? - : the sane as those in
Exanpl ef@{af%og{’y(@?h 0 ggﬁﬁ%ﬁkh@gﬂ%wmﬁ%‘?l 6x103; Man was 1.7.
Exanple 10 At a tenperature of -60C, 30 niL of |B/dichloronethane

solution and 20 nL of an aqueoug sol ution containing 23% Li Cl1 agnd .
1. 2% NaChe vieelymeaginadionn psoesss pbithechiesant snventien 8ot ey rap spwlify the

water c - 1.1 ' | % :
concent POV BrdsSRS rbtby BB Ry Bt 5K b his8 h cosp. Water is used
honmogengo uheMrsadtion amedirh] add N IpS bemepohwinddmagllpfiiealdlsr .and have an
hydr ogen chl ori de, di phenyl ether, dichlorodibutyl tin and TiCl4 was
used t oappreciadle conungisighammlicationprogpestei n t he nol ar ratio of

di phenyl ether to IB was 8.0x10-2:1; the nolar ratio of

di chl orodi butyl tin to TB was 5.0x10-4:1; the nolar ratio of TiCl4 to

TB was Thepréert idvertidehad bherfoll v inghsropgingreniizaitages: t he net hods
for term nation and post-treatnent were the sanme _as_those in. Exa

|
1. The yi ol.d Breaking Huoughsbathothe theortical ah teshmolpsinalRetitengeks that it

hosph ne '8 AERE P §5F bt BoBleonsF TS gt ehd Fitiohle BgHerization in
wherein thg fﬂqoébuﬁ alcagtioh et H6i evehphirnybadtiws phediemA Miidhwéss t8tally
x10-2:1 x10-2:0.94:1. At a tenperature of -60C, water, 5 g of LiCl,

0.26 g of WA, n-hexane and isobutene (I1B) were added in a total

vol ume of .40 .t 9.t he paql: ' | o] ' 2 .
phase i n tare CemeRicdiddar itREhe iR ARkclic HiphEhlsS A BMEREY,
concent r atlo@n prite} heatleaptdpurtisy dnelmbehss taby ol Gie, Ydpdide soff initiating the
the aforesaid initiating systemwas added to initiate the | ) ]
pol yrer i z&dtiomie pohanavizationed sy UBPRomesp & SNFHIUOPYESs pRetien medium with

of ‘the portjEBrridih 2Bt abiber B il orkuibr bRt bne bRy colhdble of
vere the sgeptladnthastng thdasietelat wdipht et pblypody pesdus, wherein the
weight average molecular weight (M) 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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55% Mwv was 4.8x105; MV M, was 4.3. Exanple 12 At a tenperature of

0C, triphenyl phosphine was m xed with Al C13. The m xed sol ution of

wat er, 1-chl orophenyl et hane, CH2Cl2 and n-hexane was added to produce
an initiating system wherein the nolar ratio of water: 1

- chl or ophenyl et hane: tri phenyl ph. osphine: A1CI 3 was 2.9x 10-2:5.7 x
10-4:1.1 :1 . At a tenperature of -20C, styrene, water, 2.5 g of

LiCl, 0.13 g of NaCl were added in a total volunme of 20 m into the

pol yner Irz the dollowing exampbes, ¢he mhwosteactiire paraditers wifsthegpalyiner products
wat er; the styrene concentration. in the reaction systemwas 4.4

mol /L. 96 measgyed by ghe cammen fechiicali meansin e alfs{-émRgasusagdge ymber

Initiat p i ' t I i 1 t

Lyr oacrraBe PIIAEEARE Shichibe; OyBNAR GvERGIMARCHRL! frefintlbeak Wfolcoular

f1 or Tth er wief Ji a?daﬁfble@.slar twe‘gg}tredml\;l tnihnté%m gimf glwqor@ducho;sigh i66eE>®nmhl eation
. e vield of polyner _wa '.was 6..9x104; Man . Ex

13 At o héwp@t@grgpby(&PCh’éfz? r@%izemhqr Wﬁi@ﬁ&ﬁ@ﬁ%&fﬁﬁy tbﬁ&g@igﬁggvgrage

oxi de r ] - Ne ' .

o ot el 8 S tEE TS g RRLAAHA yOENT A bhRIoR! ASESrcented by the

phosphi digtrgbsirifien Txi&é;égmmz); 1Re BadushiPedeht is"tormductad at atternperitur60€25°C,

n- hexane, isobutene, 0.25 g of LiCl, 0.013 of NaCl and wat er re .
added | Wheraisttgirabpdrgfurass 1sxsed as ﬂlednphﬂeggiaﬁﬁéiaivm ag'iow &ale o | mL/min.

wher ei i he ct] di ) e 9 :
the 16 XSncEher Ao RE e kB SR  ilodBed “HSf P robgati Dprical
stirri mMpstiupgert§ OFgsare ii9i isedli o sybiavevanicrdseshito morphalbgyt hef  the
pol ymeri zation to enable the nolar ratio of TiCl4 to IB,to be 0.2:1
After Ioolymerizatioie suststier 1Rgt DHSTOStRCtHES haed £OMPOSHIAThaeoEIhnal the

Bgf;n;;ﬁ%g&ggﬁ%b@s&g@ega%I%ﬁ‘ﬁmﬁ)ph\%@@ﬁg. L5 Jdea ¥ §hd Hivent; and

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 comnsisting of water, orthocresol,
dichloroisobutyl aluminum and AlCl; was used to initiate the polymerization,
wherein the molar ratio of orthocresol to IB was 1.3x10%:1; the molar ratio of
dichloroisobutyl aluminum to IB was 1.0x107:1; the molar ratio of AICl; to IB is
1.3x10%: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 14 At a tenperature of -20C, CH2Cl2, water, triphenyl
phosphi ne oxi de and BF3 were m xed; then ethyl zinc chloride was
added to produce an initiating system wherein the nolar ratio of
wat er: ethyl zinc chloride: triphenyl phosphine oxide: BF3 was 6x10-2:
2x 10-2:1.15:1. At-a tenperature of -20C, water, 0.51 g of Lid,

0. 026 gagfa erafurBORUZ9°ENT i OKLIR PR dWREthaaedsddotide dolhdticn and!30nel of
of 22 m into the polynerization reactor, wherein water in the

react i oannagtiagushselutionotonteipagcddto 4iCloand dntla MNaGlewesaceddadydntonthe
in th ] t 2.7.mpl/L,, Aft i Xi he. oco

L or 6 aPEDTRPEPad s Ay et ¢ TRacgater S it i Q8 ieac o Hefifn b, 85%
to enabhgjthe TPl %ng,ﬁﬁﬂr@ti@ﬁ #Brané opd>1§rﬁ¢ﬁﬁﬁio'§ﬂs9§taein whi €0.61GnalVD, A fier

t he pol yneri zati on, e methods for térmnation and post-treatnent
wer e t hhormgenesuslyosemixingExanphe lLnititingi esystofn potgnsistings 389 water,

was 5. 6x104; n.was 3.4. le, 15 At a te rat ur.e of -30C r,
'O and Lo gHER DRt ee e FRoRergd. o5 i eeanibe il nt KK was
produce kit atd - ' | i

Pacer 2R TEAAIE O OB Aok et 240 ey glcohol o 1B
t enper atvasesoi 040 Chewadkar, rafiogobanisodt, to0lR 6vas Bflxﬂa(t?l:,‘l; ithebnokmeaatio of

e pol et b POl 3 cad fp 2 IanSiet Uty OF H RelVBSHET it HisthEes for
a vol IR RfRGROA agh i&%tﬁé:ﬂﬁl&n@ WARCER! ihé O thBsd 06 F:8R6510n. THELRENM of
was 1.4 no . and the |

concentration 1n the reaction st em was

0. 03 nopolymdihwaafo6%es il dwianiltdal 0hg sy evasdd. added to initiate the
pol yfreri zation to enable the nolar ratio of AIC13 to TB to be

5x10-3: 1. After 5 min of the polynerization, the nethods for

term na‘Fggglﬁgg post-treatnment were the same as those in Exanple 1.

.The yie of copol ymer was 32% My, was 2.0x105; Man was 2.2; the IP
cont ent Ates tenfpermhie &Exad®iC 36 mL 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 conceniration in the polymerization system was 1.3
mol/L. After homogeneously mixing, an initiating system consisting of water,
methyl-t-butyl ether, triphenylamine, methyl benzoate and AICl; was used to
initiate the polymerization, wherein the molar ratio of methyl-t-butyl ether to 1B
was 5%10™:1; the molar ratio of triphenylamine to IB was 5x107:1; the molar ratio
of methyl benzoate to IB was 3x10™*:1; the molar ratio of AICl; 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 10C, water and triethyl phosphate were
honobgeneously m xed; 34 then Al C13 and butyl tin chloride were added
to produce an initiating system wherein the nolar ratio of
water:butyl tin chloride:triethyl phosphate: Al Cb was

4x10- 2: 4x10-3:1: 1. The poI ynerizati on nononers, reaction nmedi um and

pol ymrbéﬁo@ﬁe&ﬁ{'@lﬁi tiedt sé)?s‘;t‘% @8n§1§ﬂﬁ§ 4 vFa‘E&”’pétﬁ?’IUacetate and

except st em was ed to’initiate
pol ynmer Ad@lj ey esed Itonmm@teethﬂolpelylhermmh@m wateirein thaAinilar tratieBof aethyl

bgrixﬁgaq?@%teaﬁ; howes 0 ST Were hertadreatamt AiCkno B iHaElanp| @ After
T
Exgn%: g qﬁf& 8P h%’é ﬁg@g’é{ﬁfmﬁ tﬁg é?let’ﬁgfl Méﬁgg %‘Rf‘g?ﬂ‘?fstrgatﬁlent were

di met hythessrh@skdRognth Bi&plawtr Theivield @f)polwabtcw:aam%; M awiand.4x10°,
system wherein the nolar ratio of waterdichlorodi butyl tin:dinethyl

sul f oxi de: A1C13 was 0.1: 2x10-2:1:1. At a tenperature of -60C, water,
54¢g Ofd‘h m’ g 6 g of NaCl, n-hexane, dichl oronethane and i sobutene
were add®d Pr% total volume of 40 nl into the polynerization

react OrAtVﬁ’er%bél*aY@ﬁe%f 120°Chel (0 edlC lofapbidy iyl hHerané! Wrenlpf canbgeéous
57% and the TB concentration in the reaction systemwas 1.5 nol /L.

The af oselution. conteining r@%ybz@hﬂudsl %ddefl weraiaddgdeintacthe polymerization

pol ynerization_to,en i g of t €1ano

erd. 5 16tk o5 ol ot watEr Bohef RbLfhe oAb BB’ figd® 100%. After

term nahd)ﬁl%fgéﬂéolﬁ)ﬂ ¢t 1hixeRs, it Wifigtihd e s§ e agohdigtia rmex;aami'e dlphenyl

The yield o |sobutene was 89‘V?l ,. was_ 5. 0x105; %/I "/ V\h wa
ether/AlCl3 was used to initiate the polymerization, wherein the mo ar rat10 of
diphenyl ether to monomers was 3.0x107%:1; the molar ratio of AICl; to
n-butylvinyl ether was 3.0x10%: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 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,
dipheny! ether, ZnCl, and AICl; was used to initiate the polymetization, 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 5.5x103:1. 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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Exanpl e 18 The pol yneri zati on nononers, reaction nedi um and

pol yneri zation tenperature were the same as those in Exanple 11, and

an initiating systemcontaining the mxtures of the adducts of

i sobut ene and hydrogen chloride, diphenyl sulfoxide and AICl3 to
initiate the polymerization, wherein the nolar ratios of the adducts

of isobptgpmjard hydrogen chloride to AICI3 and of diphenyl sulfoxide
to ALC13 arée respectively 0.58 and 1.0; the nolar ratio of Al C13 tf )

i sobut eAd aatempetatpe2 of  -68°Cer 36 niln off IBfdichlsromathang/isopentage solution

ot < hSbeiBh gl BrhcBR- BRI RSB LALFR! SE 8590k EBRE: Aot aighhvere
was 4.4 %Eé&riﬁicﬁ,tﬁé éfbﬂyﬁeﬁ%ﬂﬁﬁfl%‘d&ﬁ)r?fsoo%at%beﬁr,atéﬁ phamt iautfeoxéatdion

and Al CfaL were m xe and tributyl phosphite was added to produce an
i ni tiat inegivpswam12hens the BB cmicantragivinoinothenpobmenizaien system was 2.7

? Doop il PARSY, bettageasans nfigme, apani gy ]tgﬁﬁgqlxgs%s:tirfgt aEwater, acetone,
| sobut ?Q@et@?ﬁgﬂ%%?faﬁﬁl BEY eeudddBto iMRlate dHd %lj(x%eﬁzhabﬁ,l wlrsifethef molar

42 m info ymeri zati on reactor, wherein the aqueous phase in
t he reargtioofmedtaphemadeaovid was Pelrtkdht:1pthel@selar hetio B aeriene tatibivas

in the actipn systemwas 1.4 L; d the { ncentyratjon was

0.4 ol | B el atbe cORIA TR 1o Ty 19 AreH Ha-2abBar onfiert | ual e the
pol ymerj,zat.i on I it -thOathRRP W ERetHO sHR
leO-Z:tI&B%%étg)%ﬁﬁgo@e% es%rf/trge“ z%[ﬁrgfﬁfl&lt%érret hods for, Sate 83
t er mi natliose iafkample- 1.rEht yield ofgodyniee veaab2¥Us Mhowas BV >BEnpl e 1.

The yield of copolyner was 58% WM, was 1.1x105; Ma was 6.3; the Mst
content in the copolyner has a mass percent of 61% Exanple 20

Example 8

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
AlCl; was used to initiate the polymerization, wherein the molar ratio of diphenyl
ether to IB was 8.8x10°%:1; the molar ratio of AIC; 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 10C, water, dinethyl sulfoether and ALC13 were
m xed to produce an initiating system wherein the nolar ratio of
wat er : di met hyl sul foet her: A1C13 was 2.2 x 10-3:0.5 :1. The

pol ymeri zati on nmonomners, reaction nedium and pol yneri zation
tenperature were the sane as those in Exanple 11. The aforesaid

initiat gBE(rﬁé’ﬁia?c{BrY}’aﬁfh%géiﬁdtﬂeorﬂdlﬁf 358 éﬂ‘?sdwtyﬁfﬁr{&%b@t}‘lﬁ?l Nahée was
the molar ratjo of "A1C13 to IBto be 1 x10-2:1. After 10 h

n of e

pol yner 28x105h] ; aheé thetnhalds rathe of Feln 40 insbutyivinybstharreas Red 10\'/é';r1e After
the sane.as. thpse in Exanple 1..The yield of pal r s 24% was
610810 A Gl sy IEERHS ThE Taethals di s BBOBATSPON gt ent ere
CHz2C12, el I }%c@ r fd epm f 8%10°:
standby‘,: agl%iaﬁ t?ﬁg@%IEar r telhg @?@%ﬁgréﬁ?gﬂerﬁ%a&%ﬁ%@oﬁg Bi10%
sul fi defpY@L3vamd . Bx 10-3:0.7:1 At a tenperature of -60C, water, 5 g
of LiCl, 0.26 g of NaCl, di-t-butyl-p-cunmyl peroxide, 0.1 g of

sor bi tan nonool eate and i sobutene were added in a total volunme of 35

m int OES:E}% ?é)l_mmari zation reactor, wherein the aqueous phase in the

reacti on nediumhad a volunme percent of 100% the isobutene
concent Aatai temperature ofedOfCo B 0anbt efiBvdiciiopmintthanthslation @adi 20 mL of an

initiating systemwas added.to jpnitia th I i zation tqQ_enabl e
the ol 8qUGoRs; SoBHIGH -GOT@IE piﬁ%?n}}l&ge?’é‘ii He%oNaChi wats pdded mio the
3. 4x104; l.aL.. rat ' ; 0.
To- 3: 1. PRI Ry, 531 0t Ble Galeicd el BEMEcHBn et as 47%;
and posgnd rthat Bntomeseraticn santhapdlhweeizatiohx system wasTHe8yedld..ofA fier
pol ymer, was 65% M " was 6.3x105%; Man was 5. 0., Exaifrpl e 2

a .
t enper AiQELSRCQUSHMIX NG GILINTARDEY SYSELR CODFISHREY W&t%ﬁzyﬁéog% Ehjgride,
acetate
d

the. morGipreaft Gher HeRLToHR e PuR B PR RAC I BRI B R Refion,
7. 4x10-Whéreif4hé molar ratio of diphenyl ether to IB was 8.0%10:1; the molar ratio of
dichlorodibutyl tin to IB was 5.0x10™*:1; the molar ratio of TiCly to IB was
1.0x107%: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

81%; M,, was 1.5x10’; M,/M, was 5.4.

Example 11

At a temperature of 0°C, CH,Cl,, water, HC], triphenyl phosphine and AICl; were
mixed to produce an initiating system, wherein the molar ratio of
water:HCl:tripheny] phosphine:AlCl; was 2x10%:1x10%: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 initiating system was added to initiate the polymerization to form a
homogeneously dispersion system and to enable the molar ratio of AlICl; to IB to
be 1.0x102:1. 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
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At a tenperature of -60C, water, 5 g of LiCl, 0.26 g of Nad,

i sobutene (TB), 0.1 g of sorbitan nonool eate and 0.005 g of sodium
dodecyl sulfate were added in a total volunme of 30 m into the

pol ynmeri zation reactor, wherein water in the reaction nmedium had a
vol ume percent of 100% and the 113 concentration in the reaction

system was;.3,/9 ol /Lll_gxlwfglﬂ%% yihg,ragag?,. the aforesaid initiating system

was added to Initiate rization so as to enable the nolar
ratio of A1C13 to IB to be 3.8x10-4:1 The pol yneri zation system
exhi bi ted SGPT | k-whit e honbgeneously dispersed state. After 2 mn of
t he polgﬁﬁ étlizon, the methods for term nation and post-treatnent

were th i A ; 2 :
Vi e % TmBRraqlfl 'O ERMlefy EphohilsSwis AaiRRl WIR AYCS,.FHE ppixed
\(Nat eL I @blnﬁﬁn?/ lk))fewrawr, ahg:}%md@pﬁemyleﬂﬁﬁegeg:Hﬁﬁg ahe nn{l'iwaneldwalsz agded to
1- chl or oet hyl benzene), o rogen chloyride and styrepe wer ed.to
pr oduc ePEKIUCS; ﬂnakﬂlﬁi@t)i%&s‘?cyé My EReeH tt{;}% ol mtégi %Pb‘fat%lf é‘?tﬂqtophenyl—

PR e Tl s e R eV 8 o R e

styrene (St) and 0.5 nlL oleic acid were added into the polynerization
reactor, wherein water in the reaction nedium was ig}lﬁaﬁ anoun
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2x103; n . 2 s 4 ratur f -4 3.
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m xed; Aftdrtihaiinaofhineansyaddridation, ehe ehethbds dbs ebuhirtatiahuanidpostasatment

added to produce an initratjing system wherein the nplar ratio of
wat er : HESIaNIRe diama 18y| thesetiantaample Hl- ol Besvisld W polymsiuwea1 &g {dhs was

| x10- 2: @13 0. 47 :1. At a tenperature of -80C, 48 wt. % of
HBF4 aqqllg%)&sb 3%?“(1/&“05‘?%9%1 iexane, isobutene, p-nethylstyrene (Mst),

0.18 g of sorbitan nonool eate and 0.02 g of pol yoxyethyl ene (20)
sorbitan nongl aurate were added in a total volune of 41 nL into the
polyneﬂiﬁaﬂpkhfﬁeactor, wherei n the aqueous phase nediumin the

reactio i a_yo nt 9 i

3 ot B atiorgite ot SO PR, et i KIEnbEBEDSPhIR (Ra¢Tere
i ni ti atthb@edydieam NG, adaed atided nahdabsixiclde toobyodnée adn omitatiag sgstem,
enable the nolar ratig of ALCl3 to IB to, he 1. 0x10-2;1. The, )

pol ynerWhereisn thest@malas nratie e@fa ‘ﬁ@t@é@}éﬁg@@é’lly osphing g oxide:diCls was

After (ﬁ@léﬁsg)pfo-t:ti? pol yneri zation, the nmethods for term nation and

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

pol ymer was 43% Mwv was 1.8x104; MV M was 4.1; the Mst content in

the copol yner was 26% by mass. Exanple 25 At a tenperature of -60C,
CH2C12, water and A1Cl13 were mi xed; and then orthocresol and phthalic
et her were added to produce an initiating system wherein the nolar
ratio oﬂmﬂedm hocresol : phthalic ether: A1C13 was

3x10- 2: 3x :0.8:1. At a e of -60C vva er. of, LiCl1
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was 5.8 npl/ Wile stigrin 3 oresaidinitiating syst em was
added t 8XiGf-DilatVeas 51[90|y2(ﬁ91&1 tlﬁ) +S0 as to enable the nolar ratio

of AIC13 to TB to be 5x10-3:1. The polynerization systemexhibited a
honogeneousl y di spersed state. After 1 mn of the polynerization, the

et hods Altaf idrapeiatatd of -20°0C peateri 0efl neof DIELe002€ gafeNa€ll hdsxano and
Exanpl e, 1., The yield of polyner was 48% Mv was 1.9x105; M, was
3.6. Exisepuienesware addespey attaral wrlumepof 22 ml dginthsh pelyraerizaen reactor,
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et her: Aé&i@emwloal X th®réadtidn &y&&rﬂ wad 2. Atmal/Le voRéahionto gneodd Gnixing,
g of LiC1, of NaCl, water, 0.2 _g_ of sorbitan nonooleate, 0.01
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aforesaid initiating systemwas added to initiate the polymerization

so as tBheyieldeot pelymsTavas 38Ve M vaehdx b’ M,/M, was 3 4.

Example 15

At a temperature of -30°C, water, HCI and triphenyl phosphate were mixed; then
AICl; was added to produce an initiating system, wherein the molar ratio of
water:HCl:triphenyl phosphate:AlCl; was 6x1072:2x107%:1:1,

At a temperature of -60°C, water, 5 g of LiCl, 0.26 g of NaCl, 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 AlCl; to 1B 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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TB to be 1.0x 10-2:1. The polymerization system exhibited a
honogeneousl y di spersed state. After 2 min of the polynerization, the
nmet hods for term nation and post-treatnent were the sane as those in
Exanple 1. The yield of polymer was 46% A4, was 2. 6x105; MN M was
9.2. Exanple 27 At a tenperature of 25C, water, diphenyl ether and

Al C13 i1xed r i I j hitiati

et encl e R Th RSy bR ChLO GG 208, pfaluce B initigting system,
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g of Nagl, iﬁ%bmgne n- hexane, dichl oronethane, 0.2 g of cetyl

tri met h§#*18mvd%lmbloni de and 0. 01 g of sorbitan nonool eate were

added in a total volune of 60 nL into the pol ynerization reactor,

wherei n the aqueous phase nediumin the reaction nmedium had a vol une
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pol yneri zation system \Wile stirying, the ab?ve I xed sol,uti %g_fm?s .
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t he sanmeshodhbyctermimiionpad postiircapment vgredbe,sane gadhegeqdn Example 1.

ehi or obbtanictd, S nolitrdhe RS Mo PHERMYBEIGE T wer e
m xed to produce an initiating system wherein the nolar ratio of

wat er : di phenyl ether:dichlorobutyl tin: Al1C13 was 1.5x 10-2:4:2.2x
10- 2: 1. Eaemple éfper ature of -60C, water, 7.6 g of LiCl, 0.4 g of
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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 AICI; 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,
dipheny! sulfoxide and AICI; to initiate the polymerization, wherein the molar
ratios of the adducts of isobutene and hydrogen chloride to AlCl; and of
diphenyl sulfoxide to AICl; are respectively 0.58 and 1.0; the molar ratio of
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40 added to initiate the polynerization to enable the nolar ratio of
Al Cl3 to TB was 1.0x10-2:1. The polynerization system exhibited a
honogeneousl y di spersed state. After 1 mn of the polynerization, the
nmet hods for term nation and post-treatnent were the sanme as those in
Exanple 1. The yield of polyner was 15% 114, was 4. 7x105; Man was

3. 1. EXA’I@I?t@Qsdﬁut%nbeﬁﬁylaiwéIOfAﬁé&O@ mGHaEthe lpheridaitenthe methods
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of LiCl, 0.4 g of NaCl, 0.2 g of hexadecyltrinethyl ammoni um
chloride, 0.02 g of polyglycol octyl phenyl ether, isobutene, n-hexane
and di cBkemgdet/Bane were added in a total volune of 60 nL into the

pol yneri,zation re ctor act i Il um had. a
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the r eactl Iﬂﬁgﬁgmév\ﬁsl e stcfl flfp?&i&%‘ﬁﬁ%g?%tslggdéﬁﬁ?% §¥I ng s ﬁﬂsltaenrlnolar
was addedid of mter:&mbubh@hpsphne:dnphﬂnymuifoxﬁmﬁllgg wastbla* 1atilol of
AlCb to TB was 1.0x 10-2:1. The polynerization systemexhibited a
honbgeneously dispersed state. After 5 min of the polynerization, the

net hod r t t
Exanpl & {9 ettt g'og][‘@"t?yﬁgfb%gegoﬁ?e &m@{g%iﬁgm%xﬁ@%obﬂteﬂe

4.9. Exardalpmhﬁstyrmerrpm uwerofadided vat ar{otal pieduyle ef d2 mhdinto the
f‘itc : g %&ﬁ@}%fz%g;ogg%ﬂ?dﬁf\ﬁggpe@ %:&Jeg%gﬁ@sg n eelr:eee{c?lon e had a
volume percent of 48%; the IB concentration in the reaction system was 1.4 mol/L;
and the MSt concentration was 0.4 mol/L.. The aforesaid initiating system was
added to initiate the polymerization to enable the molar ratio of AICl; to isobutene
to be 1x107%: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 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:AICl; 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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At a tenperature of -40C, an aqueous solution having an ethyl ene

gl ycol mass percent of 68 w.% isobutene, isooctane and 0.2 g of
sorbitan nonool eate were added in a total volume of 57 nL into the
pol ymeri zati on reactor, wherein water in the reaction mediumhad a
vol une percent of 22% and the IB concentration was 1.6 non in the
reacti oExgysi/em] Wiile stirring, the aforesaid initiating systemwas
added to initiate the olg.}/rrerization to enable the nolar ratio of

Al C13 t &t PEemperatoR thexane, odlafrter waten srpkearlahasphoreussuliide and

[ haP e RINE Witer ARREL 1Bh 2ol Shneteatl: et mialfe PS8t Pl tripheny!

in ExanphsSﬂhorzsﬂgsmﬁdéiAquwaxsr@rwvé@ $2% M, was 2.2x105; MN'M
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hom)geneo sl pey sed ate.. After f ri.za § he
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' 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, CHyCl;, 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 7.4x107:1x 10%: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 AlCI; to IB to be
3.8%x10"*: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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Exanple 32 At a tenperature of 0C, water, diphenyl ether and Al Cb

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

of wat erdi phenyl ether: A1C13 was 1.0x10-2:8:1. At a tenperature of

-60C, water, 7.6 g of LiCl, 0.4 g of NaCll, 0.2 g of hexadecyl

trimethyl amoni um brom de, 0.39 g of hexadecanol, n-hexane,
dichlorgggh?ggggand i sobutene were added in a total volume of 60 nL
into the polynerization reactor, wherein the agueous nediumin the
reacti oAtraammpemmeaof/&lZuﬁe Wﬁcnedlphonybeﬂwanmd W Cieweara cninadatansh then

was 1.5,nol i.n reacti e af or esai
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the sane as those in Exanple 1. The yield of polynmer was 25% M, was

4. 7x105; MM was 3.6. Exanple 33

At a temperature of 5°C, water, 20 mL of deionized water, 10 mL of styrene (St)
and 0.5 mL oleic acid were added into the polymerization reactor, wherein water in
the reaction medium was in an amount of 100%. While stirring, the aforesaid
initiating system deposited for 7 days was added to initiate the polymerization so
as to enable the molar 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,Cl,, 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:HCLI:N,N-dimethyl  acetamide:dichloroisocbutyl aluminum:AlCI;  was
13102:1.5%107:0.7:5x1072:1.

At a temperature of -80°C, 48 wt.% of HBF; 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 AlCl; 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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At a tenperature of -30 C, water, diphenyl ether, ALCl3, CH2Cl2 and
met hyl cychohexane were m xed to produce an initiating system wherein
the nolar ratio of water:di phenyl ether: A1Cl3 was 4.47x10-2:4:1. At a
tenperature of -60C, water, 5 g of LiCl, 0.26 g of NaCl, 0.2 g of
sorbitan nonool eate, isoprene (I1P) and isobutene were added in a

total vpbsirBeafmd® Weré nhe sahte ol thoes iinaEkam PI@actT.he yiéldr ef polyher was
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and tol uene were m xed produce an initiating system wherein
mol ar reticociar ot ermolalphEa‘t;O mfoswmmmerthacm@hphﬂmmas ether: A1C13 was

4 8x10 a erature of -60C, water, 5 g of LiCl, 0.26 g of
Ogﬁég gSAio tg):'g *an nonool eate, n- hexane and i sobut ene were

added in a total volunme of 40 nL into 43

At a temperature of -60°C, water, 3.8 g of LiCl, 0.2 g of NaCl, 0.2 g of sorbitan
monooleate, 0.01 g of cetyl trimethyl ammonium bromide and isobutene were
addéd in a total volume of 30 mL into the polymerization reactor, wherein water
medium in the reaction medium had a volume percent of 100% and the IB
concentration was 5.8 mol/L. While stirring, the aforesaid initiating system was
added to initiate the polymerization so as to enable the molar ratio of AlICI; to IB
to be 5x103:1. 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 AICl; was added to produce an initiating system, wherein the
molar ratio of water:HCl:diphenyl ether:AlCl; was 2.5%107%:1.5%x107%: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 AICl; to
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t he pol ynerization reactor, wherein water in the reaction medi um had
a volunme percent of 57% and the TB concentration was 1.5 non in the
reaction system Wile stirring, the aforesaid initiating system was
added to initiate the polynerization to enable the nolar ratio of
AlCb to TB was 5x10-3:1. The polynerization systemexhibited a
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phase medium in the reaction medium had a volume percent of 57%; and the IB
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 AlCl; was 1.0x10"%:1; the molar
ratio of AICl; to IB was 1.0x10%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, AlCl; and
dichlorobutyl tin were mixed to produce an initiéting system, wherein the molar
ratio of water:diphenyl ether:dichlorobutyl tin:AlCl; was 1.5%107%:4:2.2x10:1.

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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pol yoxyet hyl ene sorbitol annhydri de nonol aurate, n-hexane and

i sobutene (I1B) were added in a total volunme of 40 nL into the

pol yneri zation reactor, wherein the aqueous nediumin the reaction
medi um had a vol une percent of 57% and the TB concentration was 1.5
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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%1072:4:1,

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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Exanple 39 At a tenperature of 0C, water, triphenyl phosphine, Al Cl13
and toluene were mxed to produce an initiating system wherein the
nolar ratio of water:triphenyl phosphine: ALIC13 was 2.4x 10-2:1: 1.
The pol ynerizati on nononers, reaction nmedi umand pol ynmeri zati on
tenperature were the sane as those in Exanple 11. The aforesaid
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Example 31

At a temperature of -40°C, CH,Cl,, water, diphenyl ether and BF; were mixed,
and then AICl; was added to produce an initiating system, wherein the molar ratio
of water:diphenyl ether:BF;:AlCl; was 1x1 02:4:1x10°2:1.

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 medinm 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
1.0x107%: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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TB concentration in the reaction systemwas 1.9 nol/L in the reaction
system While stirring, the aforesaid initiating system deposited for
7 days was added to initiate the polynerization to enable the nol ar
ratio of ALCl3 to IB to be 0.011:1. After 5 min of the

pol yneri zation, the nmethods for term nation and post-treatnent were
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to be 2.5x 10-4, and of A1Cl13 to IBto be 0.005:1. After 3 mn of the

pol yner | zatjpgn, the nmethods for term nation and post-treatnment were
t he sardx@@piadde in Exanple 1. The yield of polymer was 42% and

M", wag;3.,8 ' M. 2. a t [ at f
b ey W N0, . i o, R FOROE R CHRCL ang
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reactor, wherein water in the reaction nediumwas in an anpunt of
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into the polymerization reactor, wherein water in the reaction medium had a
volume percent of 100%; the IB concentration was 5.8 mol/L 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 3.8x10%: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 mo1%.

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

water:triphenyl phosphorus oxide:AICl; was 4.8x107%: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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47 as to enable the nolar ratio of AIC13 to IB to be 2.3x10-3:1
After 5 min of the polynerization, the nethods for term nation and
post-treatnent were the sane as those in Exanple 1. The yield of
pol ymer was 55% Ad,,, was 9x104; /4/M, was 3.5. The present
invention is detailed elaborated by neans of the specific exanples

above. H?é"%\ﬁ?jrmehkaﬁ@ﬁ lrbadi®r URARIEHO bt &N 34 th@ Q'eﬁéﬁ‘éﬁ‘ Vhelitte Hddon volume
not

shal | imted to these specific exanples. hin the scope of
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aqueous cti n medi um an 0 di sper.sant, . wher t he

initiat P{Edﬁ ¥H4e€@?ﬁppsége a}'ﬁeﬁﬁﬁs %groﬁerng até%l%ﬂd/é’osg?{mnhé’f gre the
and an oihtQ a%hofébllﬂe_@ka ngﬂzma@bﬂe Y168 lo? QGITEE WALIUDBCHA! QU4 2.4x10%;
consi st ng organi ¢ conpounds cohtal ni ng-one or nore heteroatons

sel ect egnd MM twasgked, oxygen, sul fur and phosphor, wherein water is
from3.5%to 100% preferably from5%to 100% by volume in the

reaction nediumin said aqueous reaction nmedi um 2. The

pol yner 9},@? 3gystemaccording to claim1, characterized in the
aqueous reacti on nmedi um further contains wat er-soluble ionic

conpounds @nemperatieold 8°C, water, hydrogen chloride, AlCl;, diphenyl sulfoxide,

CH,Cl; and cyclohexane were mixed to produce an initiating system, wherein the
molar ratio of water:hydrogen chloride:diphenyl sulfoxide:AlCl; was 1.2x1072:
7%107:1:1.

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 AlCl; to IB was 1x10%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
Mu/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:AlCl; was 4x107%: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 polynerization systemaccording to claiml or 2, wherein the
initiator is selected fromthe conpounds which can provi de protons,

or fromthe group consisting of the organic tertiary al kyl or aralkyl
functi onal conpounds which can provide cationogens, or fromthe group
consisting of the adducts of hydrogen halide and nononers, or
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pol ymeri zati-on syst'em according to any o . erel n t

addi t i viori tsrmaiatireand post~t1‘rmatrgemﬁmece)ﬂ$a sammwﬂ}magarﬁmmp}mhuﬁhe yield
cont ai ni ne or nore roa sel ¢f rom oxygen, sul fur and
phospho?PgO yigpb WW&W ﬁ(}ﬁ cording to any of claims
1-5, wherein the additive is sel ected fromthe group consi sting of

t he conpounds contai ning one or nore groups of -0-, -CO, -000-,
-CON-, Efampls®y, -0S0-, -P-, -PO, -PGB-, -PO4- and -PS-. 7. The
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cl ai ms rholar vaies efrwaﬂeedipham Ir etthien: AC1t tveas 4i&% H)™orl:1.addi tive and
Lewis acid is (5 X 10-4-25): (0.01-120):1, preferably (8X 10-4-20):
(0. 02-100) : 1.

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, AlICl;
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 AICl; 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 5.3x10%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 yneri zati on system according to any of clains 1-7.

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 3.8x102:1. 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:AICl; was 2.4x107%: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 AICl; to IB to be 5x1073:1. 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 5.6 10%; 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:AICl; 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 AICl; 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 AICl; were mixed for

standby, wherein the molar ratio of water:diphenyl ether:AlCl; was 5x1 03:8:1.

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%10%, 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 AICl; 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 2.3x10%: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. A polymerization system for cationic polymerization in an aqueous reaction
medium, wherein the polymerization system consists of an inifiating system, one or
more cationic-polymerizable monomers, an aqueous reaction medium and an
optional dispersant, wherein the initiating system comprises an initiator, an additive,
a Lewis acid and an optional diluent, the additive is selected from the group
consisting of organic compounds containing one or more heteroatoms selected from
nitrogen, oxygen, sulfur and phosphor, wherein water is from 3.5% to 100%,
preferably from 5% to 100% by volume in the reaction medium in said aqueous
reaction medium.

2. The polymerization system according to claim 1, characterized in the
aqueous reaction medium further contains water-soluble ionic compounds and/or
alcohols,

3. The polymerization system according to claim 1 or 2, 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.

4. The polymerization system according to any of claims 1-3, wherein Lewis
acid is selected from one or more compounds having the general formula MX,, or
YR,.nXm, or mixtures thereof, wherein M is B, Al, Sn, Ti, Fe, Sb or Zn; X is F, Cl
orBr;nis2,3,4or5;mis 1,2 or 3; Yis 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;-Cyp alkyl,
e.g. C,-Cg alkyl; aryl or aryl in the aryl-containing group is phenyl or naphthyl.

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

6. The polymerization system according to any of claims 1-5, wherein the
additive is selected from the group consisting of the compounds containing one or
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more groups of -O-, -CO-, -COO-, -CON-, -S-, -50-, -OSO-, -P-, -PO-, -PO;-,
-PQOy4- and -PS-.

7. The polymerization system according to any of claims 1-6, 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 any of claims 1-7, wherein the
molar ratio of the initiator, additive and Lewis acid is (5 X 107-25):
(0.01-120):1, preferably (8 X 107*-20): (0.02-100):1.

9. A process for polymerizing cationic-polymerizable monomers in an
aqueous reaction medium, which comprises the step of polymerizing the

polymerization system according to any of claims 1-7.
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