WD 20041058835 PCT/ US20031040341 1 Pol yners Substantially Free of Long
Chai n Branching CROSS REFERENCE TO RELATED APPLI CATI ONS [0001] This
application clains the benefit of Provisional Application Nos. 601435, 061,
filed Decembesosdssss002, 60/ 464,187, filed April 21, 2@Q3/ussddosssl/ 479, 081,
filed June 17, 2003, the disclosures & which are incorporated by

reference. FIELD OF I NVENTI ON [ 0002] The invention relates to new

pol ymeri zati on processes including diluents including hydrofluorocarbons
and their use to produce novel polyners substantially free of |ong chain
branchi ng. I n parti Bolysreyrs Sidsstantiatly tfresof laingt@min Brandpng yners of an

i sool efin, preferably isobutylene, and a nultiolefin, preferably a

conj ugat ed diene, nore preferably isoprene, substantially free of long chain
branchi ng. BROSRRAEMERANGLII0 REDATHED APPOICAHTIONY € prepared in
carbocationi c polynerization processes. O special inmportance is butyl
rubber which is a copolyner of isobutylene with a small anount of isoprene.

But yl rubbefgnihs; made PR G R VAR ;L i t hat
generally r L“é’ﬂ?lr es t hg%is %Iﬁ}g c?ﬁs‘%bmg?{??tet#ge&n avdﬁb%ﬁ?%ﬁlbé%.@}w % and t he
i soprene ha6@/435.06k; ifiled diecerdBer028yt 20020 60/464 1%, cfiled ghpriollec2003y amki ght  but yl
rubber. [00 rbocat i pnj.c.pPeLY i zati@n ,of, i sobutyl en nd its
copol ymeri zgﬁkzia@’ftﬂe‘gg nL",'}?P@% ﬁ'ﬁec{{%i%wfe@r?g ki clhg{:%gﬁf)éﬂaée I%ﬁ/ conpl ex.
See, e.g., ffgamiec Chem stry, SIXTH EDI TION, Mrrison and Boyd,

Prentice-Hall, 1084-1085, Englewood diffs, New Jersey 1992, and K
Mat yj aszewski, ed, Cationic Polynerizations, Marcel Dekker, Inc., New York,

1996. The cetvdlBOr HVRRGEORES8835 PCTI US2003/ 040341 2

[0002] The invention relates to new polymerization processes including
diluents including hydrofluorocarbons and their use to produce novel polymers
substantialty free of long chain branching. In particular, the invention relates to
copolymers of an isoolefin, preferably isobutylene, and a multiolefin, preferably a

conjugated diene, more preferably isoprene, substantially free of long chain

branching.
BACKGROUND
[0003] Isoolefin polymers are prepared in carbocationic polymerization

processes. Of special importance is butyl rubber which is a copolymer of
isobutylene with a small amount of isoprene. Butyl rubber is made by low
temperature cationic polymerization that generally requires that the isobutylene
have a purity of >99.5 wt% and the isoprene have a purity of >98.0 wi% to
prepare high molecular weight buty] rubber.

[0004] The carbocationic polymerization of isobutylene and its
copolymerization with comonomers like isoprene is mechanistically complex.
See, e.g., Organic Chemistry, SIXTH EDITION, Morrison and Boyd, Prentice-Hall,
1084-1085, Englewood Cliffs, New Jersey 1992, and K. Matyjaszewski, ed,
Cationic Polymerizations, Marcel Dekker, Inc., New York, 1996. The catalyst




systemis typically conposed of two conponents: an initiator and a Lew s
acid. Exanples of Lews acids include Al Cl3 and BF3. Exanples of initiators
i nclude Breasted acids such as HCO, RCOOH (wherein R is an al kyl group),
and H2O.  penrbiigsdshe pol ymeri zation process, in what i Scangi@lokisss €f erred
to as the initiation step, isobutylene reacts with the Lews acid/initiator
pair to produce a carbenium ion. Follow ng, additional nononer units add to
the formed carbeniumion in what is generally called the propagation step.
These steps typically take place in a diluent or solvent. Tenperature,

di l uent pol aystdny s @pﬁaﬂpuﬁﬁapcrsb@nsmmﬁpoﬁehe axchﬁuia'tatmd olewpisaerpat i on. O

t hese, the g‘lél uent | typl caII onsj dere ﬁ ort 100051 | ndustry has
general |y a&xepplegofleris lpand BFs . ?ﬁn@rm%fqr%ﬁcb’ﬂﬁcess (to
produce but ﬂwdsuﬁ%ids d&eﬁ ¥ mumb@}? wﬁ‘érem)R liad Byl Sidud f@hd mRoy!

chloride. Typically, the pol ynerlzatlon process extensively uses nethyl

chl oride at thermedymarization process imwhat i émrallﬂhaﬁqrre@tw@s thesinitiationli | uent f or
the reactio P f reasons,

i ncluding t Etgpj Ié§ sso%veshtﬁ@e%%‘%geab?@ﬁg%pig I%é#@éérﬁluélgt al yst but
not the poEmFolwvadg;@dddlﬂhmlmbncﬁiﬁranmdadalts dbehﬂmsdl lcaxbhrhmnfxbﬁém ng and
boiling points .to m res ectlvel t enper at nmerization and
ef fective s&fatser C,HEJF,C} ¥°§n&%ﬁ§ﬁsée&’é aﬁéﬂﬁ%ﬁ%ﬁ%’e e slurry
pol ynmeri zat idger®? C¥ent. N Te'iiﬁieﬂ&ihechil&'ht %mﬁw ehd GuiiehBRy afffcragdi tional
advantages in that a polyner  concentration of P proximately 26%to 37% by
vol une in t lsbemistay: of prapagatien r @f thesgnthis diluem istypigallyeongidered apartant he
concentration of only about 8%to 12%in solution polynerization. An

acceptable relatively |l ow viscosity of the polynerization nmass is obtained
enabl i ng t h¢08dSht of hxdh;tmerliazagdnemllyoadueptcd ewnlggpdeadouse afff ecslimryel y by

surface heat exchange. Sl urr ol Z sses in chl ori de
are used i nPPRBRFORGRPEHS cﬁg ﬁ‘i ﬁeh% tg@ b%Pr \@ydﬁuﬁrﬁgfayptg Fene and
i sobut yl eneilg&i® masiieyl Rhloyide.r qtybﬁzmlﬁqhe/ I?rmenkati@ﬁ\/plr&%ss a&bnsmty a@bl ons of

i sobutyl ene and para-nmethyl styrene are al so conducted usin met hyl
chl oride. Sifthyleplgrideatdew iymapesatatgs, marerally lowsethan P05Cses the g@)‘!féb@r usi ng

met hyl  chl O%ed%acuon mixture. Methyl chloride is employed for a variety of reasons,

including that it dissolves the monomers and aluminum chloride catalyst but not
the polymer product, Methyl chloride also has suitable freezing and boiling points
to permit, respectively, low temperature polymerization and effective separation
from the polymer and unreacted monomers. The slurry polymerization process in
methyl chloride offers a number of additional advantages in that a polymer
concentration of approximately 26% to 37% by volume in the reaction mixture
can be achieved, as opposed to the concentration of only about 8% to 12% in
solution polymerization. An acceptable relatively low viscosity of the
polymerization mass is obtained enabling the heat of polymerization to be
removed more effectively by surface heat exchange. Slurry polymerization
processes in methyl chloride are used in the production of high molecular weight
polyisobutylene and isobutylene-isoprene butyl rubber polymers. Likewise
polymerizations of isobutylene and para-methylstyrene are also conducted using
methyl chloride. Similarly, star-branched butyl rubber is also produced using
methyl chloride.



WD 20041058835 PCTI US2003/ 040341 3 100061 However, there are a nunber of
probl ens associated with the polynerization in nmethyl chloride, for
exanpl e, the tendency of the polynmer particles in the reactor to

aggl oner at @oobdhseash other and to collect on the reactgfrm¥asdoniagat
transfer surfaces, inpeller(s), and the agitator(s)/punp(s ’SJ (1e rate of

aggl oneration increases rapidly as reaction tenperature rises. Aggl onerated
particles tend to adhere to and grow and plate-out on all surfaces they
contact, such as reactor discharge lines, as well as any heat transfer

equi prrent b¢000g) used HbWe{r@mme@e Tafhﬁaelﬁ@dﬂé?rdﬂﬁoﬁl@ﬁb d8focibddy Withi hat i on, which
is critical sjnce t%gn P’e %rature reaction conditions nust be nmaintai ned.

100071 The &8 } shiogids, for |eyrampleq theotepdgney i dbe pelyser s are

vell m xed vyaspks @k rﬁcﬁﬁ%@ﬁggﬁ&ﬁ&aﬂ%&%a%poﬁ]bﬁzﬁxﬁsto LOSEPORTR récldp @ high
circulation rate provid by"a punp 1 I pol yneri zation and the

punp both @Heheat drangfer suafages, impelen(s: and)thh@epatpt@/m:mn(s)y Thelrate ofhe reaction

cont nuous. ARAGmeRRYE hOIGey kil bR Bl Hgs nfilafatal 20000
5, 417 930, |panmrepaemimhdh§are maﬁler@mandhme-bﬂtaéﬁan sﬁﬁi@ﬂﬂl@a@j doatact) general as

a reactor " but eactor". In hese reactors, slurry, i.s circul ated
t hr ough tubégcho"‘f“a‘%@'a‘{‘ TR dnge s Byl 25 n%eattr@ﬂ‘ﬁf‘fré’qﬁ’@ﬂefl “éﬂ'i‘ﬁ?f{ene on the

shel | side Ré QuhélRS teOSlotiRemict At %k-‘%ryme&am AL is Betidal spied gswi ned by the
boi ling ethylene tenperature, the required heat flux and the overall

resi st ance tt@ﬂmqm@ﬁgﬂéﬂﬂdlmmt@WW@ﬂde t he heat exchanger

surfaces progressively accunul ate polyner, inhibiting heat transfer, which
would tend to cause the slurry tenperature to rise. This often limts the
practical sl[(#07y condbntomtuenial révatorcypichlly ussddoi makeubese melbetsoars from 26 to

37 vol % r el at t f _the sl di | d
i sact ed e Sesds ofeRie: 5 o Wolo e Mo aten S BBE addr essed
in several pateagrbadéd bgha 55 p. eﬁat eMmhe p¥dymetiZatidn GAS, thd)phmpPedtent No.

2,548,415, U. S. Patent No. 644 809). However t hese patents have
unsat i sf act Gengegte hadhrads gaoadﬁretodgﬁep ékf By FRIBY {reardion sy gesds fo

have the ability to remove the heat. An example of such a continuous flow stirred
tank reactor ("CFSTR") is found in U.S. Patent No. 5,417,930, incorporated by
reference, hereinafter referred to in general as a "reactor” or "butyl reactor”. In
these reactors, slutry is circulated through tubes of a heat exchanger by a pump,
while boiling ethylene on the shell side provides cooling, the shurry temperature
being determined by the boiling ethylene temperature, the required heat flux and
the overall resistance to heat transfer. On the slurry side, the heat exchanger
surfaces progressively accumulate polymer, inhibiting heat transfer, which would
tend to cause the slurry temperature to rise. This often limits the practical slury
concentration that can be used in most reactors from 26 to 37 volume % relative to
‘the total volume of the slurry, diluent, and unreacted monomers. The subject of
polymer accumulation has been addressed in several patents (such as U.S. Patent
No. 2,534,698, U.S. Patent No. 2,548,415, U.S. Patent No. 2,644,809). However,
these patents have unsatisfactorily addressed the myriad of problems associated
with polymer particle agglomeration for implementing a desired commercial

process.



wi th pol ymer particle agglonmeration for inplenenting a desired comerci al
process. WD 2004/ 058835 PCTI US2003/ 040341 4 [0008] U.S. Patent No.

2,534, 698 dlscloses inter alia, a polynerization process conprising the
steps in %ﬂ;’?d n of dispersing a mxture of isobupgrassoanmsa pol yol efm
having 4 t car on atonms per nolecule, into a body of a fluorine
substituted aliphatic hydrocarbon containing material w thout substanti al
solution therein, in the proportion of fromone-half part to 10 parts of
fluorine substituted aliphatic hydrocarbon having fromone to five carbon
atonms per nod@sjul e WiJ.8hPatent| Nejul, 845698 tdiselqsed, \inter iakiaf & @olynexnipstiot ure and
pol ynmeri zin the dis erseﬂym xtur.e of .i.sobut yi.e(ge and pol yol efin. havi ng
four to fourlfeeEs COMPHNNE 5 thsStep rin nemRbipFton, 0 A SRIXBEE \en -20C and

-164C by t hgsghuBlidneadndon pollyblefif thavidg Ar tocictarbanditbis Gt Molstule, Hayaver, ' 698
teaches that thé suitable fluorocafbons would result in a bi phasic system

with the norkedirof adiesine sabstitdedialinhets Pedrogsehongeontaining matesial witheiol ubl e in
the fluorocagpg -tﬁﬁgdlgt% '{ﬂgfgfeﬂéﬁlﬁ'lﬁtpgérﬂo}tfo(ﬁ%t{ﬁ(ﬂﬁ'Qn Hﬁ?g’hﬁft@% ks off 0009] U.S.

Patent No. 2,5 la, a con I nu ynerization
process for fllvenpseystitetd aliphafic hyctrocpadboprimwingtﬂmn sne ps five rmmbos atmgxs

t |y del t { t t f
2 e or - pr 5o elesHeortrh G a0 BE anikrieiton SRRt e PP Re: di I Ut i ng
the mxtur &h&\ﬁ%gbriddm&ﬁ@of/@bbﬂmeﬂ&nagowﬁleﬁﬁﬁﬁwﬁé fir wamﬁsaﬁcaﬁboﬁal uor i de;

copol ymeri zing the m xture of isobutylene isopreng t he cont| nuous
addition to at?@%Pﬂé&@??%aW%PﬁFﬁ@fQﬁﬁDeﬁve@qm d a@#rl&@n&é’b’ tb‘? arplisgtiony pr epar ed

pol YITer | 28l | fifietoC 3l BRI CEARSLALLAD HoREONGYS kiRl R il Sfayle! ON 11

et hyl i dene uori mal nt ai ning t teffperat ure between - C and -1030C
t hr oughout tﬂlwrmﬁonewouhbmbn}lmab'aﬂmmsysmmtbrtm monomer,'cmBnereerches t he

use of boron_t.ri Lde a exe Lew cigd.cal, al yst and
1, 1-difl uoroaé]fih %@SP%elggpnggg}t}a@& mso mh)l na 3f§uo} atbon m%%g g?l on prow des a
system i n whdiffieult bed aisatisfyctory. m)norrer

[0009] U.S. Patent No. 2,548,415 discloses, inter alia, a comntinuous
polymerization process for the preparation of a copolymer, the steps comprising
continuously delivering to a polymerization reactors a stream consisting of a
major proportion of isobutylene and a minor proportion isoprene; diluting the
mixture with from 1/2 volume to 10 volumes of ethylidene difluoride;
copolymerizing the mixture of isobutylene isoprene by the continuous addition to
the reaction mixture of a liquid stream of previously prepared polymerization

catalyst consisting of boron trifluoride in solution in ethylidene difluoride,

maintaining the temperature between -400C and -103°C throughout the entire
copolymerization reaction . . . . '415 teaches the use of boron trifluoride and its
complexes as the Lewis acid catalyst and 1,1-difluoroethane as a preferred
combination. This combination provides a system in which the catalyst, monomer
and comonomer are all soluble and yet still affords a high degree of polymer
insolubility to capture the benefits of reduced reactor fouling. However, boron
trifluoride is not a preferred commercial catalyst for butyl polymers for a variety

of reasons.



and conmononer are all soluble and yet still affords a high degree of polyner
insolubility to capture the benefits of reduced reactor fouling. However,
boron trifluoride is not a preferred conmercial catalyst for butyl polyners
for a variwbyemssssgasons. WO 2004/ 058835 PCTI US2003/ 04Q<dds2003/0k391 0] U. S.
Pat ent No. 2,644,809 teaches, inter alia, a polynerization process
conprising the steps in conbination ofs m xing together a major proportion
of a nonool efmhaving 4 to 8, inclusive, carbon atons per nolecule, wth a
m nor proportion of a nmultiolefin having from4 to 14, inclusive, carbon

atons per rrgmnopl e, aug. FatsntNd. 2,649,830 € tdaglsdd) IritdiOalid, Hgél?m\éhidﬁoﬁl di ssol ved
Fri edel - ts catalyst, in the presence of from 1 to 10 vol umes (conputed

upon t he iPRRSESSo FRpRNNg dhe Stonsqin gombinatione Pf MBKNE Hegheup BEIvS| st ing of
di chl orodi f 1 t ¥ NG onddi ‘&%e Snclhdit < RLAE rggﬁ%f

di chl oromno%gﬁet hangrl &ﬂﬁy etrgf P?Jo%ltefhaneﬂ an #nxtures thereof

the nonool afithma Mrmpomre@ﬁ mnblﬁmig‘ildhwmg frem 4 to bBiidclbsivgyicdtbomnd carryi ng
out the pol ri zatl at er.at ur. QoC .and t.he, freezing
poi nt of théﬁ{:’qﬁ3 |18°I%QL§69 |B@%§%§m$ﬁ€ ﬁetsu}lﬁg 6‘%“%?1‘71 81 41??8{’V8%ar bons at
gal nt ai nlh ng PhﬁMJCrSﬂtsJﬁdWyst,qlﬁ&hﬁﬁie%ﬂcs lbf ]grsmand) m noloinzs (tgm{pagﬂt@ﬁnf 0311! ng,
ut teaches the jnco tign of, iolefin i soprene) by t addi tion

of chl orof | §%r JEE O%RE%Q? CL‘@‘S éfﬂ@teq(réﬂﬂ‘u ths gEOwp, sRasising &fi ng

chem cal s. GRYRIEHRMBMmethasy!| at 'cﬁé]ﬁoroﬂ@ﬂ’ﬁﬂ(eer it IolnonS Alirnethand, he

manuf acture and distribution of CFC s maki hg these materials unattractive

for commer cidighlaspraensfluormethan, dichintefetratbwzethane, T neixturas) thereoBudkl ey, Sr.,
D.J., Hgh POLY UL % but yl ene
and Oonj uga{}%ldggéenesd mﬁ@‘?ﬁ?“ guigg Ee&rln{mg%l d)q}g‘gﬁh ogy, Butj(@g76) ,
di scl oses, ipolyeieriation, att&hdaematmel lobtweelnuﬂt)yc pnnl:lyﬂierﬂezaih’gqmimfofcthpol ynmers of
|sobutylene W Ih opr ene but ber w th cycl open lene in
nopt ans. [ odkisi i RERGRES e il lorohamPrbet A Pl tgioel Sha of
di luents t O characteristics and mimmlzmg reactor fouling, but teaches the incorporation of

diolefin (i.e. isoprene) by the addition of chlorofiuorocarbons (CFC). CFC's are

known to be ozone-depleting chemicals. Governmental regulations, however,
tightly controls the manufacture and distribution of CFC's making these materials

unattractive for commercial operation.

[0011] Additionally, Thaler, W.A., Buckley, Sr., D.J., High Molecular-
Weight, High Unsaturation Copolymers of Isobutylene and Conjugated Dienes,
49(4) Rubber Chemical Technology, 960 (1976), discloses, inter alia, the cationic
slurry polymerization of copolymers of isobutylene with isoprene (butyl rubber)

and with cyclopentadiene in heptane.

[0012] Therefore, finding alternative diluents or blends of diluents to
create new polymerization systems that would reduce particle agglomeration
and/or reduce the amount of chlorinated hydrocarbons such as methyl chloride is
desirable. Such new polymerization systems would reduce particle agglomeration
and reactor fouling without having to compromise process parameters, conditions,
or components and/or without sacrificing productivity/throughput and/or the
ability to produce high molecular weight polymers. Additionally, finding new

polymers associated with the aforementioned processes would help supply the



create new pol ynerization systens that woul d reduce particle aggl oneration
and/ or reduce the anount of chlorinated hydrocarbons such as nethyl chloride
is desirable. Such new pol ynerization systens would reduce particle

aggl oner atygRoospeshss eactor fouling w thout having to coEnIIBRBIOCESS
paranmeters, conditions, or conponents and/or w thout sacrificing

producti vi ty/throughput and/or the abiglity to produce high nol ecul ar wei ght
polymers. Additionally, finding new polynmers associated with the

af orenmenti oned processes would hel p supply the WO 2004/ 058835

PCTI US2003/ 048344 indPeadRl ! dmtind 761 81860&ts %%9‘3155? roAlA F4OnRYy nd e or al so
provide for new end use” applications. [0013] Hydrofluorocarbons (HFC s) are
chemi cal s t happligationgurrent|ly used as enV| ronmentally friendly refrigerants
because they have a very | ow (even zero) ozone depletion potential. Their

| ow ozone depletion potential is thought to be related to the |ack of

chl ori ne. Th[fﬂﬂRﬂC s alBydrofhyuiremitions I(IHP@‘S) awchbmimhhhdtian:g/curpmtlyimed arly as

conpared to hyd ocarb d,chlarin r bons. 5)‘3?9 4] Lo chai n
branching is %ﬁ%@#@féﬁ? a%% '%‘?1 Shaaverhedy éeé'}s ?‘ggerties of
pol yners. | ssimbxdeﬂeﬁéﬂ PABrtRNE TP W Rb%e ddpfetion Potentihlois IRGHRAEH Bd | ght
anounts of |ong chain branching. The de(gree of 1ong chain_ branching

general ly i nfﬂlfé%@sthwlﬁck thWBIOFIéVeITthHE bplse heriqally thaee kop Jrspmability Because of
t he direct &P&E rporation,
mat chi ng t he %Iﬁ g| C%Fgg{eﬁg(gﬁ%cgﬁ s%@ﬂ%ﬁ&;&m%prgr?g&gopol ymers with

hi gher anounts of | soprene to those with | ess may not be strai ghtforward

Ther ef or e, .ndi ng a pol ynetizati on di l.uent rlzat
condi tion thL@Tg‘ | ows IF%g ‘r’]if%ﬁ“e%ﬁarn@ 0B 5 KT 19 érgﬁ"ﬁ?%?l &?e¥? gtboﬁlr%
copol yners  siheslogithl prbbefuésr@Bp:ﬂimmngsobaﬁwnehdmpwﬁemmgymmlaae kiignpve the
ability to mat ch rhegl ogi cal pro erties of the pol ymeroiéover a broader

range of cop Pessess shigboameungnef langrhain Wnﬁaa ¢ dB8rA% Of deng edbs i ncl ude

WO 02/ 34794 agjeC flveid Fdngafnl S, usi ng
hydr of | uorocg@g%hr]gé %gléﬁglﬁﬁﬁlgcéﬁ%ésgﬁ?\m tHe® Rvel thﬁ]f; B Bopuiia

Because of the direct relationship between branching and isoprene incorporation,

matching the rheological behavior of isobutylene/isoprene copolymers with higher
amounts of isoprene to those with less may not be straightforward. Therefore,
finding a polymerization diluent and/or a polymerization condition that allows for
the preparation of isobutylene/isoprene copolymers substantially free of long
chain branching would improve the ability to match rheological properties of the

copolymers over a broader range of copolymer compositions.

[0015] Other background references include WO 02/34794 that discloses a
free radical polymerization process using hydrofluorocarbons. Other background
references include DE 100 61 727 A, WO 02/096964, WO 00/04061, U.S. Patent
No. 5,624,878, U.S. Patent No. 5,527,870, and U.S. Patent No. 3,470,143.

SUMMARY OF THE INVENTION

[0016] The invention provides for new polymerization processes
comprising diluents comprising hydrofluorocarbons and their use to produce
novel polymers substantially free of long chain branching or having no long chain
branching. The invention provides copolymers substantially free of long chain



references include DE 100 61 727 A, WD 02/ 096964, WD 00/ 04061, U.S. Patent
No. 5,624,878, U S. Patent No. 5,527,870, and U S. Patent No. 3,470, 143.
SUMVARY OF THE | NVENTI ON [ 0016] The invention provides for new

pol ynmer i zaywigPedisesgsses conprising diluents conpri si n?cﬂ,ﬁgzrﬂ?;,44blﬂ5 ocar bons
and their use to produce novel polyners substantially free o ong chain

branchi ng or having no long chain branching. The invention provides
copol yners substantially free of |ong chain WO 2004/ 058835 PCTI US2003/ 040341
7 branching with new and/or inproved rheol ogi cal properties over a broader

range of COopIcHINR witlonew &hd/oriftpréved thdbdspidae propeaies obéres bb@dkE fdngkn
particul ar, the invention provjdes for copol yners of an isoolefin,
preferably i®&omalymetompggitons than has beaarpossibler ef er abl y a conj ugat ed di ene,
nore preferably isoprene, substantially free of |ong chain branching.
Additionally, the invention provides for copolyners of an isoolefin,
preferably i[8OFkt yI endn patichlar, theisventadnegrovidessfor tepcdihers af aoispaleti,ed di ene,

nore prefera { S0pr havi,ng. nQ. .l-0n hai,n branching.. [00181 I n anot her
aspect of tﬁg‘l’ff\’/rﬁb%nﬁ?ﬁ(;%ﬁe?%%nfl %vglﬁﬁog)eﬁp 56\%?%{%% %S?Iﬂlégat%lg%‘g{l? rfg?repr oduced by
t he process prefefablySsoigenepnitatahiially fioe dfdond eHaimbrapeighger Abdisiondllypthet vyl ene, a

j nor e pt ef er abl é%?ni sc?prene, one

mul tiolefin, preferabl conj ugat ed_ di ene,
or nore Levvilg"e&HPIHPE‘bv,“}éB%%t ??POE%}"'E? fnan 158‘7?16{?%5‘??&5‘:'? oY IERS #0d 2o npr i si ng

one or nore Mﬁél@ﬁﬁ,%&ﬂ%ﬁb@ '&(nﬁ)xgz(té‘f Hel, mpd %@fbﬁbfyhﬁoﬁ&&? Mﬁﬁé nbS _
substantially free of |ong chai'n"branchi'ng or has no I'ong chain branching.
[0019] | n adorgdhaihiramehingt he nul tiol efin, or conjugated diene, or isoprene,
when present, content is fromgreater than 0.5 nol% 10020] In an
enbodi ment, the nmultiolefin, or conjugated diene, or isoprene, when
present, corj0e¥8] is f lomnotheratspecttdfahe nv@ntiod, Ythe [10@2fipn Iprovides efvbadi ment, t he
mul tiolefin, or con})ugat §$ c#'leneée or _isopren ,ﬁ\/\/nen. phé ent i cglntent IS
from greatercoPﬂé{ epprgdycsd y the protess comprising contacting an isbolefin, preferably
isobutylene, a multiolefin, preferably a conjugated diene, more preferably
isoprene, one or more Lewis acid(s), one or more initiator(s), and a diluent
comprising one or more hydrofluorocarbon(s) (HFC's); wherein the copolymer is

substantially free of long chain branching or has no long chain branching.

{6019] In an embodiment, the multiolefin, or conjugated diene, or

isoprene, when present, content is from greater than 0.5 mol%.

[0020] In an embodiment, the multiolefin, or conjugated diene, or

isoprene, when present, content is from greater than 1.0 mol%.

[0021] In an embodiment, the multiolefin, or conjugated diene, or

isoprene, when present, content is from greater than 2.5 mol%.

[0022] In an. embodiment, the multiolefin, or conjugated diene, or

isoprene, when present, content is from greater than 5.0 mol%.

[0023] In the previous embodiments, the copolymer may be halogenated
to form a halogenated copolymer.



[0022] In an enbodinment, the nultiolefm or conjugated diene, or isoprene,
when present, content is fromgreater than 5.0 nol % [0023] In the previous
enbodi ments, the copol yner nay be hal ogenated to form a hal ogenat ed

copol yrmer . wiE0d4)0x84358835 PC1l/ US2003/ 040341 8 [0024] Ipcﬁ)%g 0@;@@&%

enbodi nment, the hal ogenated copol yner is hal ogenated wt cfﬂ orine or

brom ne. [0025] In any of the previousgenbodi nents, the hal ogen content is
greater than 0.5 w % based upon the wei ght of the hal ogenated copol yner.
[0026] In any of the previous enbodi nents, the hal ogen content is from 0.5
wo%to 3.0 wgiedased upomhe RewRisOBinbodimbhe the! RASHRLRE © &es [0027] In
any of the previous enbodinents, the copolyner may have a of from
greater t hanha@ogenated withehlpring ar braminst t he previ ous enbodi ments, the
copolymer may have a Mwv of from greater than 100,000. [0029] In any of the
previ ous enbodi nents, the copolynmer may have a Mwv of fromgreater than

500, 000. [ OOBORS) n anyinahy ofiheprenvous embedinmdisytetimlogeh eotengds yrewer nay have a

Mv of from gpeat.er n 000, 000. . [ O 1. 1n _any of .the previous
enbodi msnts,{hflﬂh%c‘%t%ﬁ?ﬁépp%tyeWﬁ\g@{‘gqg%%fmat#%ﬁo&%%’t er than 2. [00321 In
any of the previous enbodi nents, the copolyner nmay have a MAD of from2 to

6. [00331 In_any of the previous enbodi pents, the copolynmer may have a
Mboney Vi scoﬂl(’t’-é of atlnasy«f theprevipug pubadimeptsgthe hakigen sentantds figns) . [ 00341

In any of thgsppey g vellfit GORE b DB nateRY, @ Mooney
vi scosity of 'fsr om Sgﬁg@@&%%@g?ﬁ e?u 8 at gg%n& A%W%ew%) . WO
2004/ 058835 PCT/ US2003/ 040341

[0027) In any of the previous embodiments, the copolymer may have a

Mw of from greater than 50,000.

[0028] In any of the previous embodiments, the copolymer may have a
Mw of from greater than 100,000,
{0029] In any of the previous embodiments, the copolymer may have a

Mw of from greater than 500,000.

[0030] In any of the previous embodiments, the copolymer may have a
Mw of from greater than 1,000,000.

[e031] In any of the previous embodiments, the copolymei' may have a
MWD of from greater than 2.

[0032] In any of the previous embodiments, the copolymer may have a
MWD of from 2 to 6.

[0033] In any of the previous embodiments, the copolymer may have a
Mooney viscosity of at least 20+ 5 (ML 1 + 8 at 125°C, ASTM D 1646).

[0034] In any of the previous embodiments, the copolymer may have a
Mooney viscosity of from 20 + 5 to 60 +5 (ML 1 + 8 at 125°C, ASTM D 1646).



9 [0035] In any of the previous enbodi nents, the copolynmer may have a
g'vis.avg. fromgreater than or equal to 0.978 as determned by triple
detection SEC (described herein). (0036] In any of the previous

enbodi ment wo fobgesesyol yner nmay have a g'v;s.avg. from gepakRosddan or equal

to 0.980 as determined by triple detection SEC (described herein). [0037]

In any of the previous enbodi nents, the copol yner may have a (g'vs. evg from
greater than or equal to 0.990 as det er mi ned by triple detection SEC

(descri bed herein). (0038] In any of the previous enbodi nents, the copol yner
may have a g'vis.avg. fromgreater than or equal to 0 995 as determ ned by

triple dete SEC (desc i.bed her ei n 0039 of t revi ous
enbodi mentsclbé:%i copoly ARY Wﬁ\’/’@“‘%ﬁm? §en Fr?oB‘? rl1"[’8640] Thi's

invention algg. L ok BftatePtiin RP LYIHETJ B.878 A dNTRAGRIDYCEIPR defdcion SEENt act i ng
one Or nore ITDI’]OITEI’S one or nore Lewis acids and one or nore initiators in

t he presencé @Fﬂ%@ddwq}t@nt conprising one or nore hydrofluorocarbons (RFC s)
in a reactor under polynerization conditions. [0041] In another enbodi nent,
this invention relates to a process to produce polyners of nononer(s)
conprising ded6ctingln any af theapevioys embodiments,mbe (copolsimer may chave aacid in the

presence of a hy ofluo ar bo u erel t he YW 5. ac is not a
conmpound repgr"ég’é Oé’%lgf?ﬁ g?‘ﬁl?rﬁqll\?;(%? 8%93?‘% bgtpgt? e_f[egﬁp,xé?gp Xis a
hal ogen. V\D(Z&Qﬂﬁ&&&?ﬁ@) PCT/ US2003/ 040341 10 [0042] I n one enbodi nent, the

i nvention provides a polynerization nediumsuitable to polynerize one or
nore nononer(s) to forma polyner, the polynerization nmedium conprising one

or nore Lew [ﬁﬂﬂ?i d(s) in QY oP the"Mefious embodiments, the copolymer may have a
g'visavg. from greater than or equal to 0.990 as determined by triple detection SEC

(described herein).

{0038] In any of the previous embodiments, the copolymer may have a
2'vis.avg. from greater than or equal to 0.995 as determined by triple detection SEC

(described herein).

[0039] In any of the previous embodiments, the copolymer may have no

long chain branching.

[0040] This invention also relates to a polymerization process comprising
contacting one or more monomers, one or more Lewis acids and one or more
initiators in the presence of a diluent comprising one or more hydrofluorocarbons

(HFC's) in a reactor under polymerization conditions.

[0041] In another embodiment, this invention relates to a process to
produce polymers of monomer(s) comprising conmtacting, in a reactor, the
monomer(s) and a Lewis acid in the presence of a hydrofluorocarbon diluent,
wherein the Lewis acid is not a compound represented by formula MX3, where M

is a group 13 metal, X is a halogen.



initiator(s), and a diluent conprising one or nore hydrofl uorocarbon(s)

(HFC s). [0043] In another enbodi nent, the invention provides a

pol ynmeri zati on nediumsuitable to polynerize one or nore nononer(s) to form
a pol yner, wdwmos/gpesagneri zati on medi um conpri si ng one or pEPiS20bHMN0s aci d(s)
and a diluent conprising one or nore hydrofluorocarbon(s) (HFC); wherein
the one or nore Lews acid(s) is not 1a conpound represented by formula MX3,
where Mis a group 13 nmetal and X is a hal ogen. DRAWNGS [0044] Figure 1
is a graph of the relationship between dielectric constant and tenperature.
[ 0045] Fi gur[9042]i s a Branmbngnbcidimmtuetm imemtionprakidesns golymedgation of  vol une

fraction of rof on in rreth chlorid 0046] ure .3 is a plot
of peak nol éE W&gﬂ%&ﬁ% er{/zgroéjﬁé’ o Mo gﬂv‘%fg 1%9}1)%5% in
inventive pqiomfmrﬁataﬁl ﬁﬁamm begiphigi@ione or A8dré] L&mgwcﬁi(s) iofie @raneh of the
rel ationship between th of the intrinsic SCOSI ty, the val ue and
the | og of H‘B‘I“é‘@EfF)aPn%g ‘F‘E‘FP“SB@IQ}‘P%E‘B’E A aehor() HFC 35C ( Exanpl e
149). Solid lines indicate the relationship for the | i near standard. Dotted
lines indicate the relationship of the intrinsic viscosity calculated for
the sanple. [PO38] Fi fueeother mbodgnaphth@fmvmoneiﬂa\tlﬂ@msmpbmazatEQn the | og

of the |ntr|n|cw osi t ular wei ght
for an |sobu?d>?/ eﬁe g %r %@n o‘gﬂlr?e%mg %rgrél ng)néoﬁrﬁe% Ipml)c’f‘ﬁgi {h%e at -95C
( Exanpl e WO pBederaibdh3 me i U&iﬂﬁﬁﬁﬁ@éﬁ@lbi mdri JIESot acﬁiqsi)l ghdl 4 nilsentndi cate t he
relationship for. the |linear }ta‘ng@ tte&_lﬁ'.nzl icate the

rel ati onshi [FOBPIFIAR opR OF e by rOFAhon(s) e’fe&}’r HECSEBPE. [ 0049]
Figure 6 is [wdd #idls)as nbtieconfonhd RPStMedS) RMRGHIaMK;, WiBrOM i Bgroupnt ri nsi ¢
viscosity, the g' value and the | og of nolecular weight for an

i sobut yl ene/i3snglaland Xcispdrlpger. prepared in CH2FCF3 at - 95C (Exanpl e 151).

DRAWINGS

[0044] Figure 1 is a graph of the relationship between dielectric constant
and temperature,

[0045] Figure 2 is a drawing of diluent mass uptake as a function ‘of

volume fraction of hydrofluorocarbon in methyl chloride.

[0046] Figure 3 is a plot of peak molecular weight (M) versus monomer

conversion of certain inventive polymers as described herein.

[0047] Figure 4 is a graph of the relationship between the log of the
intrinsic viscosity, the g' value and the log of molecular weight for
polyisobutylene prepared at -95°C (Example 149). Solid lines indicate the
relationship for the linear standard. Dotted lines indicate the relationship of the

intrinsic viscosity calculated for the sample.

[0048] Figure 5 is a graph of the relationship between the log of the
intrinsic viscosity, the g' value and the log of molecular weight for an

isobutylene/isoprene copolymer prepared in methyl chloride at -95°C (Example



Solid lines indicate the relationship for the linear standard. Dotted |ines
i ndicate the relationship of the intrinsic viscosity calculated for the
sanpl e. DETAI LED DESCRI PTI ON [ 0050] Various specific enbodi nents, versions
and exanpl &g fbs/bdagss | nvention will now be described, i pgtngionsgodassferred
enbodi nents and definitions that are adopted herein for purposes of
understanding the clainmed invention. Fgr determ ning-infringenent, the
scope of the "invention”™ will refer to any one or nore of the appended
clainms, including their equivalents, and elements or Ilimtations that are

equi val ent t ps(h.h@3HEd linad indicate’ 86 irélatbnship Gor Ihe Afiean staisE S Dotted hé 1 Nventi on
and the clains, thereto the term_ catalyst systemrefers to and includes any

Lewi s aci d( sipdigate hetelationship of thesmpinsievasspsitygalenlataddar the sanply- used to

catal yze the polynerization of the olefinic nononers of the invention, as
well as at |least one initiator, and optionally other mnor catalyst
conponent (s)[{0049]052] [Figwead snbaiipheoft thet felationshim betweepriba lage of the

| i zation. nedi it abl, ' : to f
D patyer - v visHe, b n s B LR ioRcphdRerRan W RS *het o)
one or nore isbbﬁtiléx@i%(ﬁxRiﬁ:% ct?aﬁn?(r) ggd HRAtn CHYPCES | 99 5E (BXamiply E51).

hydr of | uor ocar bon(s) S ? I n anot her enbodi nent, the invention
p

provi des a potlignines ingicagmnthe relaionshipdpx tiplinearstandisdndpotied lisgeingicaigor e
nononer (s) t . I | | kUM conpri si ng one or
nore Lew s a@?g‘?ésg anggg%i tﬂ“é%?ﬁ?@%%ﬁ%%@%%ﬁ%%oow 040341 12

conpri sing one or nore hydrofluorocarbon(s) (HFC); wherein the one or nore
Lew s aci d( ' represented by fornmula MX3, where Mis a
group 13 nese’g’mﬂgmg‘gﬂﬁgh@gn 100541 The phrase "suitable to pol ynerize
mononers to forma polyner" relates to the selection of polynerization
condi tions and _conponents, well _within, the ability of those skilled in the

art necessar PO obt ai YetioHe specifiecemisqimintsy Yresippsegnd examples of the

invention will now be described, including preferred embodiments and definitions

that are adopted herein for purposes of understanding the claimed invention. For
determining infringement, the scope of the “invention” will refer to any one or
more of the appended claims, including their equivalents, and elements or

limitations that are equivalent to those that are recited.

[0051] For purposes of this invention and the claims thereto the term
catalyst system refers to and includes any Lewis acid(s) or other metal
complex(es) (described herein) used to catalyze the polymerization of the olefinic
monomers of the invention, as well as at least one initiator, and optionally other

minor catalyst component(s).

[0052] In one embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the
polymerization medium comprising one or more Lewis acid(s), one or more

initiator(s), and a diluent comprising one or more hydrofluorocarbon(s) (HFC's).

[0053] In another embodiment, the invention provides a polymerization
medium suitable to polymerize one or more monomer(s) to form a polymer, the

polymerization medium comprising one or more Lewis acid(s) and a diluent



polymer in light of process paraneters and conponent properties described
herein. There are numerous pernutations of the polynerization process and
variations in the polynerization conponents available to produce t he desired
pol ymer at two fodi/esssssl n preferred enbodi nents, such pol yﬁrgﬁjs e

pol yi sobut yl ene honopol ynmers, isobutyl ene-isoprene (butyl berid

copol yners, isobutylene and para- net hygl st yrene copol yrrers, and
star-branched butyl rubber terpolynmers. 10055] Diluent neans a diluting or
di ssolving agent. Diluent is specifically defined to include chem cals that
can act as Sompesing ofne for trhére (g diosluordecarton(S) (FETC)ireiheteirt diephRX@Smae herei n
described, initiators, nonomners other  additjves. In t‘t}wpract i ce of the
i nvention, tHfEVigRql nﬂ%@wg}'@éﬁ“‘t‘% by osanla MXpaphtre UH™Pconponent s

of the polyngrmg@tdng@(geaqi'awgbn.i .e., the conponents of the catalyst system
nononers, etc. However, it I's recognized that interactions between the

diluent and reactants nmay occur. In preferred enbodi nents, the diluent does
not react wip he ca Y, e nany

appr eci abl e E#J #?ﬁ%ﬁél@mﬁﬁwg&gﬁ% ?’ué%ggﬁ%f F}S?Tl?'&]fg’ur es of at

| east two crelatmrt@tkdlsleleeuhmsofphm&ﬁizaworramditmnsamiarmpcmems,awabw(thm in which a
chem cal reagti.Qp occurs.., 571 Slurr ref 0 a vol of .di.l uent

conpri si ng Btﬁﬁ?yso(i‘tﬂmi? Sl“ﬂ%fg’é'tb‘%%ﬁ?ﬁ éf OE'FH#? H’é’dﬂ?t? # deffdoner s,

Lewi s acid, pffndrNin h@ﬁtobf tp ss éfdﬁéﬁérsC%%Bzhb@ﬁénPrpréﬁerﬁééedéé%%ﬂe percent
of the partlally or conpletely preC|p|tate mers based on the total

vol ume of t Herein.yrFhere We nupaons 9eEBitshiops @éztb@@p ArziZation grocers 58 As used

' oHEM AL A RPN RERor Bhmbenls bR 0 P fige pO BT 120 e

used to ref qrol;tmerhcaltmbutbyrrerm prefpné@/ numb;quments erspdi ypaymerst énghaleyners, etc.

K S, e T Sl Shrt O PR SBEren CRY R0 Bbpdhsitd, 11

1sobutylene and para-methylstyrene copolymers, and star-branched butyl rubber

terpolymers.

[0055] Diluent means a diluting or dissolving agent. Diluent is
specifically defined to include chemicals that can act as solvents for the Lewis
Acid, other metal complexes as herein described, initiators, monomers or other
additives. In the practice of the invention, the diluent does not alter the general
nature of the components of the polymerization medium, i.e., the components of
the catalyst system, monomers, etc. However, it is recognized that interactions
between the diluent and reactants may occur. In preferred embodiments, the
diluent does not react with the catalyst system components, monomers, etc. to any

appreciable extent. Additionally, the term diluent includes mixtures of at least

two or more diluents.
[0056]) A reactor is any container(s) in which a chemical reaction occurs.
[0057] Slurry refers to a volume of diluent comprising monomers that

have precipitated from the diluent, monomers, Lewis acid, and initiator. The
slurry concentration is the volume percent of the partially or completely
precipitated polymers based on the total volume of the slurry.



[ 0060] When a polyner is referred to as conprising a nononer, the nononer
is present in the polyner in the polynerized formof the nononer or in the
derivative formthe nononer. Likew se, when catal yst conponents are

descri bed ago ¢oumsssss ng neutral stable forns of the corrw@mfggo% 0dobqrl S Wel |
understood by one skilled in the art, that the ionic formo t?1e conponent
is the formthat reacts with the nonofgers to produce polyners. 100611

| sool efin refers to any ol efin nononer having two substitutions on the sane
carbon. [0062] Multiolefin refers to any nononer having two doubl e bonds. In
a preferred enbodinent, the multiolefin is any nononer conprising two

conj ugat ed doubl e bonds. 191 63] El astoner or el astoperic_conposition, as

used herein, (0088ler s t AP neyy nupbeswgschesne for thoPsripdicsTablmsi st ent
i (h, the ASTOGERE el it Graicu TG IR, 636, S1usgghangeabl y wi th

the term"rubber(s)", as used herein. 1 ers to a paraffinic
hydr ocar bon group which nay be derived froman al kane by droppi ng one or

hyd , h f I hyl
(o) or - antRS, "or diBte defie R Seto B SRR Rers BRbesD) O Do bon

group that fmtespolpmersngrplymaswte Likeadsach eopddymer mby asfanmtd polgmepounds such
as, for exanple,.benzene, naphthal ene, 2004/ 058835 PCT/ US2003/ 040341 14
phenanthrene,°n3ﬁ’tsﬁ’|g£(t,§ﬁ‘?§t,tw8 nOMgHS ORUPRRIGL VI OBISERRRAMESF er nat e doubl e
bonding ("unsaturation”) within its structure. An aryl group is thus a
group derived from an_aromatic conpound by dropping one or nore hydrogens
fromthe for ¥ such When af pelymeraisprederreghiongs compritagiz. mppeserl tBubst i t ut ed

refers L0 al uhfdk 10BN AQSEADUPHR boineBAPInANS meRtA uER Sl ect ed

from for exanp I ne, uorine, or 1odine), amno,
nitro, sulfothy desivhtivenfurm the sdokgthers ullfilemases )whenhéatdlyst adonydonénitelare and

hydroxy: - al Kyl & bpRlind" RUSHCHAG0 Holhad 31 B9 hulRnd, SRt O hi ch
understood by one skilled in the art, that the ionic form of the component is the

form that reacts with the monomers to produce polymers.

[0061] Isoolefin refers to any olefin monomer having two substitutions on

the same carbon.

[0062] Multiolefin refers to any monomer having two double bonds. In a
preferred embodiment, the multiolefin is any monomer comprising two

conjugated double bonds.

[0063] Elastomer or elastomeric composition, as used herein, refers to any
polymer or composition of polymers consistent with the ASTM D1566 definition.

The terms may be used interchangeably with the term "rubber(s)", as used herein.

[0064] Alkyl refers to a paraffinic hydrocarbon group which may be
derived from an alkane by dropping one or more hydrogens from the formula,

such as, for example, a methyl group (CHa), or an ethyl group (CH;CHpy), etc.

[0065] Aryl refers to a hydrocarbon group that forms a ring structure

characteristic of aromatic compounds such as, for example, benzene, naphthalene,



i ncl udes nethyl, ethyl, propyl, tert-butyl, isopropyl, isobutyl, etc.;

al koxy, straight or branched chain al koxy having I to 20 carbon atons, and

i ncludes, for exanple, nethoxy, ethoxy, propoxy, isopropoxy, butoxy,

| sobut oxy, wermoedskasay butoxy, tertiary butoxy, pentyl oxye hﬁﬂ&ﬁ@h% oxy,

hexyl oxy, heptryl oxy, octyloxy, nonyloxy, and decyl oxy; E whi ch

means straight or branched chain al kyli4 having 1 to 20 carbon atons which is

substituted by at | east one hal ogen, and i ncludes, for exanple,

choronet hyl, brononet hyl, fl uoronethyl, iodonethyl 2- chl oroet hyl,

2- br onoet hy pheantiréify agthtene, e bRl Q@mn% loss”"esd)anéfﬁaécumbl,e &md{n@uor opropyl,
y

4- chlorobutyl 4-f1 uorobutyl, dlchloronet di brononet h

di f | uor omet Hy¥nsatarationd ety its strucsurg; Ay asybxon IS thys E%Wr%ﬁﬁ%ﬁfﬁyl 2, 2-

di f1 uor oet hy, Talo obutyl

4, 4- difl uordgbaaﬁl/%cqjtoﬁl?gh or)g&rrék)%mg &@ﬁéggw gobuty %eﬁ%@%%%ﬁet hyl ,

t ri f1 uor ometasyfor exampte, Ehtrml,fdr@mﬁaet hyl, 2,3,3-trifluoropropyl,
1,1,2,2-tetrafluoroethyl, and 2,2, 3, 3- tetrafluoropropyl. Thus, for exanpl e,
a "subst ituted styrenic uni t" i ncI udes p- nethyl styrene, p-ethylstyrene,
etc. 100671 [po66)ne eniSabstitmod refeisiis at feasndrechydicdeat@oug by tahkastseneof

hydr of | uor ocay bon s) or bl.end h uor rbon ) hydr ocar bon('s)
and/ or chl or{ ?fEQPB’@ rsﬁxap%;?ep% ﬁ%%"‘%?’tﬂ]"r"?g?wﬂrch is |less
prone to fquameygméﬁ mtoah@ﬁ)ﬂmfo&s% oFRiS1 gﬂllﬁﬁﬁteb | thidl, d18AHicH dnaky

particles in the reacflon vessel with reduced adhérence to the walls of the

vessel or tdwdryselkyk istigightrpebragehed ehainciavings] tedlcetbopateme poicho particle

aggl oner at i c I a use of
hydr of | uor 022%3 lﬁgén é};ﬁ] gid ?&Eéu |]1 150 n WE&%}V%L %’3@7%8‘5%@@

PCT/ US2003/ Oﬁ(bﬁadaﬂ:hed:lﬁlam etllmxlyyhiwmgdrtb an sarbuniatmmsp:iﬂchnclndﬁsefbr h:yadnlﬂﬁ,ar bon

bl ends to pol r| zg}?and cOo rrerl ze i sg}ol efi s wth di and/ or

al kyl styr' en‘B &M’c@rqu P?rﬂpoxl%rl?B 5V’yf‘F8 WOXY, 5¢¢ Sfyy P& t h

si gni fi cant Itymra@dtmm Eepﬁitﬂb?f owédpagyloxfumhkyebxy,t hemlmwnbwlaxy,el ates to
t he use of hydrofl uorocarbon

ent or d| uent bIe t h. hydr ocar bons
and/ or chl orioaxlesy 3y deexlensh dat oﬂlllll‘ﬂhdé“‘%’dn branc eds"hal alk)r’l

having 1 to 20 carbon atoms which is substltuted by at least one halogen, and

includes, for example, chloromethyl, bromomethyl, fluoromethyl, iodomethyl, 2-
chloroethyl, 2-bromoethyl, 2-fluoroethyl, 3-chloropropyl, 3-bromopropyl, 3-
flucropropyl, 4-chlorobutyl, 4-fluorobutyl, dichloromethyl, dibromomethyl,
difluoromethyl, diiodomethyl, 2,2-dichloroethyl, 2,2-dibromomethyl, 2,2-
difluorcethyl, 3,3-dichloropropyl, 3,3-difluoropropyl, 4,4-dichlorobutyl, 4,4-
diftuorobutyl, trichloromethyl, 4,4-difluorobutyl, trichloromethyl, trifluoromethyl,
2,2,2-trifluoroethyl, 2,3,3-trifluoropropyl, 1,1,2,2-tetrafluoroethyl, and 2,2,3,3-
tetrafluoropropyl. Thus, for example, a "substituted styrenic unit" includes p-
methylstyrene, p-ethylstyrene, etc.

[0067] In one embodiment, this invention relates to the use of
hydrofluorocarbon(s) or blends of hydrofluorocarbon(s) with hydrocarbon(s)
and/or chlorinated hydrocarbon(s) to produce a polymer slurry which is less prone
to fouling (i.e., also observed more glass like, less sticky particles in the reaction
vessel with reduced adherence to the walls of the vessel or to the stirring impeller
as well as reduced particle to particle agglomeration). More particularly, this
invention relates to the use of hydrofluorocarbon diluent(s) or HFC diluent blends



and copol ynerize isoolefins with dienes to produce isoolefin copolyners with
significantly reduced reactor fouling and hence longer run life for the
reactors, as conpared to conventional systens. [0068] |In another

enbodi ment wo festnsesysof | uor ocarbons are used in a tubul aeTiSRBY 340 Obtain
reduced pol ynmer accunul ation on the heat transfer tubes and/or reduce

pol ymer accunul ation on the inpeller and thus obtain longer run life.

[ 0069] In anot her enbodi nent, the hydrofl uorocarbons are used in a tubular
reactor at higher tenperatures to produce polyners at nuch greater run

| engt hs ( suchitlashydroesbens tinblor thlotinaled hygroedrborm blends rte gpotymérivenand0 hour s,

preferably reater. than, 30 hqyrs, nore, pr r abl reat er t.han 48 hours

t han possi bl% Tizg, irele %|“8§bﬁ§?§d%‘§r§§?%%3 P FEYEEe 1IFPe her
enbodi ment  tiendpyiinfetd WA O6sHORRNGs awRh Usigdfidantid Nredatddo redcidrd fhulihgd

boi | i ng- pool _reactor where heat is renoved by evaporation of the diluent
and ronomer sFusthex, thisinventjoagelates tethemes offydroffugrpcasbgn dipent(shen dibiewd / i npel | er
fouling ano ' : | t the
hydr of | uor O(I}g? oﬁ?iha?@rg%?gf&%%@ Sléﬂa?ﬁn@?‘? ggtgrf)%ﬁ%?grgg%s%&g%?%} n hi gher
mol ecul ar weinghtopolytnetie isvalelins tvatipdiesdsup eprodimn isdedefino copmiyras ogénat ed

hydr ocar bons .ar.e used.. [0072]. | ne enbodi pent, thi.s.invention relates to
t he di SCoveriﬁ%ﬁ“ﬂ@%%&?‘ﬁ%@%‘?&%ﬁ%%&?@%@rﬁrétﬁg‘? f"lﬁg'h? AR B i ng
hydr of | uor ocamiparnd.to dhisstiondl sydeiiss ef fectively dissolve the sel ected

catal yst system and nononers but are WD 2004/ 058835 PCT/ US2003/ 040341 16
rel atively poor solvents for the pol ynmer product. Polynerization systens

using thesejggsdjuent s 1R fothes Snibolfkent, Othk WdkdTroftiéfirHofs (e QB P Eer ati on of
polymer particles to each other and their "depositing on polynerization

har dwar e. | rtubdlarsieadtento obtainsredncadrnolianer fapeuntdstionanethe beat drapsfer ybes of t hese
dituents In o dpl ORIk HBIyLRP aletibh@ifon’ G tht Afpdler AR HnlsWbedth 10Hgdf 0! ecUl ar

wei ght pol yners
life.

[0069] In another embodiment, the hydroflucrocarbons are used in a
tubular reactor at higher temperatures to produce polymers at much greater run
lengths (such as greater than 15 hours, preferably greater than 20 hours, preferably
greater than 30 hours, more preferably greater than 48 hours than possible with
other halogenated hydrocarbons.

[0070] In another embodiment the hydrofluorocarbons are used in an
autorefrigerated boiling-pool reactor where heat is removed by evaporation of the
diluent and monomers mixture to reduce reactor wall fouling, and

agitator/impeller fouling among other things.

[0071]) In another preferred embodiment the hydrofluorocarbons are used
in a polymerization process to obtain higher molecular weights at the same

temperature than when other halogenated hydrocarbons are used.

[0072] In one embodiment, this invention relates to the discovery of new
polymerization systems using diluents containing hydrofluorocarbons. These

diluents effectively dissolve the selected catalyst system and monomers but are



and copol yners at equivalent to or higher than to those pol ynerization
tenperatures using solely chlorinated hydrocarbon diluents such as nethyl
chloride. [0073] In another enbodinent, this invention relates to the

di scovery ®fo 20065883l yeri zati on systens using fluori napegysidonsseidiC

hydr ocar bons capabl e of dissolving the catal yst system These

pol ynmeri zation systens are also benefiigial for isoolefin slurry

pol ymeri zati on and production of a polymer slurry that is less prone to
fouling, while permtting dissolution of nononer, conononer and the

conmmer ci al | yelptiedle poexdsodttents| fat thei polymérairodiet.c Robimesizationl syseodisingn, t hi s

I nvention fuygthey relates to the use..of these diluents for th reparation
of high m)llié%sﬁl ple%iaé%iesb(ﬂ%psfoghag cd[&)‘ﬁgf’ﬁ’r%tagéigpmfﬁn@ﬂeqf 1fi)§3f"§?’r'|3ri zation
t enper at ur epartitfesCONEth ethdroandothigireddpasiting dnSy 18 6Hzatsh rd@rel Yinchl ori nat ed
hydrocarbon djluents such as nmethyl chloride. [0074] In yet another

] y ] .
enbodi nent , adfitien; {hisniventione futas” gelates dop thep aisar phrihesss ‘dilugds eini ni ¢
honopol yner Wotatolell RS | I ' | i ons
required tospgfjglgeuce thg i sobft??ﬁﬁfg-ﬁ%%%{r gﬁg&?ol?i?nﬁgl%&ﬁ&?%}h Pﬁlgﬂl;lgs and
i sobut yl ene-gpdatdnplyansrs cate equyabéngnter ©r Ngher thamt ke vhesel polyniesizationent i on

relates to g d of. pol ri gzl opel |.zl.ng ksgolefins in a
slurry pol ylr1'a' g z@quoﬁ&%é)osgfeégg C@F"ge%&g'%%gkr{g%%eé%nguﬁ gée)nr?;'sdlﬂr bl ends of
hydr of | uor océtdides, and chl ori nated hydrocarbon diluents, |ike mnethyl

chloride. [0075] In another enbodi nent, the polynerization systens of the
present invention provide for copolynerizing an i sononool efin having from4

to 7 carbon [p@i:Ms and, RAGtRerAnBOdRhHL SRR IADEHHOR r8latel Ro ARCAELVBSM th a
preferred enbodiment of the invention, the system produces coggl nmer s
a

cont ai ni ng \EEW2pawhesRYes sEemUSTa Snanotd pliphaticthsdircarboas eenab nd 99.5
wt. % of thesl ' i : .5 and 20 wt.
%of the parieais b onalSyBeyl TR bGRE AR MRE e Al 00 with
anot her enbddt iseslefin klomwe pelymevibation syt pssdncidon pf apalymensuey ttak & less

prone to fouling, while permitting dissolution of monomer, comonomer and the

commercially preferred alkylaluminum halide catalysts. In addition, this

invention further relates to the use of these diluents for the preparation of high
molecular weight polymers and copolymers at higher polymerization temperatures
as compared to polymerization systems using solely chlorinated hydrocarbon

diluents such as methyl chloride.

[0074] In yet another embodiment, this invention relates to the preparation
of isoolefinic homopolymers and copolymers, especially the polymerization
reactions required to produce the isobutylene-isoprene form of butyl rubber and
isobutylene-p-alkylstyrene copolymers. More particularly, the invention relates to
a method of polymerizing and copolymerizing isoolefins in a shury
polymerization process using hydrofluorocarbon dilvents or blends of

hydrofluorocarbons, and chlorinated hydrocarbon diluents, like methyl chloride.

[0075] In another embodiment, the polymerization systems of the present
invention provide for copolymerizing an isomonoolefin having from 4 to 7 carbon
atoms and para-alkylstyrene monomers. In accordance with a preferred

embodiment of the invention, the system produces copolymers containing



are being produced as well, the copolynmers are conprised between about 10
and 99.5 wt. % of the isoolefin, or isobutylene, and about 0.5 and 90 wt. %
of the para-al kylstyrene, such as para-nethylstyrene. [0076] In a preferred
enbodi mentywphbsudssisent i on relates to a process to prodecEUSZOINAENRE Of
cationically polynerizable nonomer(s) conprising contacting, in a reactor,
the nononer(s), a Lewis acid, and an inytiator, in the presence of an HFC
diluent at a tenperature of OC or |lower, preferably -10C or |ower,
preferably -20C or |lower, preferably -30C or |ower, preferably -40C or

| ower, pref ebatlaieyn a0 and MIM %roeflﬁﬁahleﬁn s asiisobubyere, andbefweeabl y - 70C

or | ower, er oC or ferably -90C or | ower, preferabl y
-100C or oﬁﬁ%gi ¢ peeealkyishaens %@E@ﬁ@wﬁh I§pTenge In

pol ymer i zat I aebomﬂwmm aﬁb‘&@r aﬁbc;dnﬁelﬂ,l ﬂdm%r m@m@&@yf%f pﬁbﬁ@ MbtBrialONOMEr S
and Polyners [0077] Mononers which may be po ynmerized by this systeminclude

any hydr ocarisdieingoprofeqed an atelly the sopglymets axheamprised fetween abowy dftandn.

Preferred 93IE 9% o@%ygsogﬁxg &is nefggigsdé@%saldp Wt OF ifBe

di substitute efins, 1s00 i ns, n ] ug | enes, hon-conj ugat ed

di enes, styrpm@ﬂ&yﬁ@ﬁmwsadhm@mﬁumaﬁﬂmgkmcenlcs and vinyl ethers. The
styrenic may be substituted (on the ring) with an alkyl, aryl, halide or

al koxi de group. Preferably, the nononer contains 2 to 20 carbon atonms, nore

preferably 2[4o76P. evem aqfr&eﬁé@E@b&ﬁwmahisom%rﬁi@hhemteatt@rasprocéyam)l es of
ara- al kyl styrene, para- nethyl styrene,

preferred oleflns |nclude styrene,

al pha- net hyI PEAPEG NROLYIPEKS; rﬂfylﬁéﬁ@@?ﬁy @p Wﬂﬂ@%@n%"ﬂ@lﬁ?@ﬁe compy#BEt yi ene,

2- et hyl - s

but adi ene 2, é 5&"#&[ hm‘l;tr%e orbut gﬁ@%ﬁgr%jig%lgwﬁlen%ﬁ%yﬂ‘?gg%mla&?%e‘ﬂg

6, 6- di met hy| prestncerd an PH‘@(dﬂheahaatcmptr@mawﬂBC@réowm peforitinel0°Ger hyl  vi nyl

et her, ethyl VI nyI | sobut et her and.t Mononer
may al so be (VWi Waferz{)h&%" 00?8 R8T M%&%S%Qﬁéow 6@%&7@4@?&1 18 nore
nmonomers. St Yoveddj preferabtk -3000 @ owedr Sprafeyablyt S60°0 @r Uovest, prefepatdyreresSC or

lower, preferably -80°C or lower, preferably -90°C or lower, preferably -100°C or

lower, preferably from 0°C to the freezing point of the polymerization medium,

such as the diluent and monomer mixture.

Monomers and Polymers

[0077] Monomers which may be polymerized by this system include any
hydrocarbon monomer that is polymerizable using this invention. Preferred
monomers include one or more of olefins, alpha-olefins, disubstituted olefins,
isoolefins, conjugated dienes, non-conjugated dienes, styrenics and/or substituted
styrenics and vinyl ethers. The styrenic may be substituted (on the ring) with an
alkyl, aryl, halide or alkoxide group. Preferably, the monomer contains 2 to 20
carbon atoms, more preferably 2 to 9, even more preferably 3 to 9 carbon atoms.
Examples of preferred olefins include styrene, para-alkylstyrene, para-
methylstyrene, alpha-methyl styrene, divinylbenzene, diisopropenylbenzene,
isobutylene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-pentene, isoprene,
butadiene, 2,3-dimethyl-1,3-butadiene, f-pinene, myrcene, 6,6-dimethyl-fulvene,
hexadiene, cyclopentadiene, piperylene, methyl vinyl ether, ethyl vinyl ether, and

isobutyl vinyl ether and the like. Monomer may also be combinations of two or



Preferred bl ock copol yners include copolynmers of styrenics, such as styrene,
par a- net hyl styrene, al pha-nethylstyrene, and &4 to C30 diol efins, such as

i soprene, butadiene, and the like. Particularly preferred nononer

combi nat i oo 20oedseske 1) i sobutyl ene and para-nethyl st ypreRR.08d0desQbuUt VI ene
and isoprene, as well as honopol yners of isobutylene. [00781 gltlonally,
preferred nononers include those that gre cationically polynerizable as
described in Cationic Polynerization of Qefins, A Critical Inventory,
Joseph Kennedy, WIley Interscience, New York 1975. Mononers include any
nononer t hatmbre Meddnests.C a8tyignieoblycle topolithes ntdyChis@bet ibed @ monpmaerer s that are

capabl e of i tion,or propagating. center because the nononer
cont ai ns anséfF’g Fﬁ&é’llf"‘%o?f’cﬂo W@ e qopplyRere P SYENGH Setsey Shirenes cat i oni c

catal ysi s pl gasme§Rtyrald OspKa-f dnéAlah@NCHT | fiSlefirty, Guch | £2
I nventory, osepﬁﬂlﬁennedy % e@wlrgl?grsm enceQ ch;{(orkew?S [0079] The

monomer s mayisersenss butadient, rand e i;b@ yRetivglarly oreforeedi memamerpombipaionst r angi ng

from75 wt %} %+to 0.1
wt/o, alter nlgl Pg%?{l/lsﬁ‘b{%e%%\%&ﬁ{mg hge%%eag* Fs 8?’?\tgite|¥€e §%8re¥)%’ .5 w%

al t er nat i vel welR&itothapolytheds oft i6butléner nat i vel y and from 15 Ww%to 1 w%in
anot her enbodi nent. [0080] Preferred polyners include honopol yners of any of
the nononers |listed in this Section. Exanples of honopol ynmers incl ude

pol yi sobut yl powg; pol w&mﬁt@mﬁﬂy hyprefede€ N ehonBiakx| saah@@ethoael Wt Y eRNe,
pol yal pha- net hyl st rene yvinyl ethers (such as 0@yl vi nyl et her,

pol yet hyl vi ripigeirdly) po I"B@%ﬁleﬁﬁé"éﬂb@@ iy Gioriis foé}'l"?ﬁ’z‘i’ffﬂﬂ fpdl yer s of
1) 1 sobut yl enfsah dymai flo A kx&%ﬁ&ﬁﬁm angiig) egégs@féwé eRgwaRenl Si@gsene. [0082]

I n one enbodi nent S are’prepar reacting a conononer
m xt ure, theMoborhers mchaimang na:tnomaﬂlat (sr)utuauc{allytpoly@&nzgldg,l sufh as thoseorer WO

2004/ 058835 PCT/ US2003/ 0403 9 onent. suc as |s butene with (2) a
T Sreee Byt POE AR RAYs ok SRR Biod o hblek P Sl

the monomer contains an electron donating group. For a detailed discussion of

cationic catalysis please see Cationic Polymerization of Olefins, A Critical

Inventory, Joseph Kennedy, Wiley Interscience, New York 1975.

[0079] The monomers may be present in the polymerization medium in an
amount ranging from 75 wt% to 0.01 wt% in one embodiment, alternatively 60
wi% to 0.1 wt%, alternatively from 40 wit% to 0.2 wt%, alternatively 30 to 0.5
wt%, alternatively 20wt% to 0.8 wi%, alternatively and from 15 wt% to 1 wt% in
another embodiment.

[0080] Preferred polymers include homopolymers of any of the monomers
listed in this Section. Examples of homopolymers include polyisobutylene,
polypara-methylstyrene, polyisoprene, polystyrene, polyalpha-methylstyrene,
polyvinyl ethers (such as polymethylvinylether, polyethylvinylether).

[0081] Preferred polymers also include copolymers of 1) isobutylene and
an alkylstyrene; and 2) isobutylene and isoprene.

[0082) In one embodiment butyl polymers are prepared by reacting a
comonomer mixture, the mixture having at least (1) a C4 to Cg isoolefin monomer



conmponent. The isoolefinis in a range from70 to 99.5 wt % by wei ght of the
total conononmer m xture in one enbodinment, 85 to 99.5 w % in anot her

enbodi mrent. I n yet another enbodinent the isoolefin is in the range of 92
to 99.5 wt nj ugat ed di ene conponent in one enipowiusEn0s/040341pr esent in
t he comm%owﬁnssﬁ%ﬁre from30 to 0.5 wt%in one enbodi nent, and from 15 to
0.5 wt%in another enbodinent. In yetiganother enbodinent, from8 to 0.5 wm %
of the conononer mxture is conjugated diene. The C4 to C6 isool efmnay be
one or nore of isobutene, 2-methyl-I|-butene, 3-nethyl-I-butene,

2- met hyl - 2- bestrporent aunth as 4sobetehy ith (Pearheltiolefid e conjluated difeneimoaymére a C4 to
Cl4 conjugated diene_such as .i.soprene, butadiene .

773 i ety Somegnly 16 B in is 38 Rins foms 1. 818e™ e by sreiadt A ety ene,

hexadi ene, CiseloRpRE MBing8en aicleribdihMite8Eto §908 weilin dhoBer emidichdpe but yl
rubber polynmer of the invention is obtained by reacting 85 to 99.5 w % of

i sobut yl ene iYehanother gmbodimgnt shedsgplefinds iy thegpngecefc??d Wy9D% wt%- dkhes wt %

i sobutyl ene W = Ak O/ Wt 90 Is i ment. The
fol |l owi ng ta%}euléﬁt?? Sié%%a‘%og@o %rgv I%Oeﬁé a%‘go\%l- re é?g%%%%ai\%ﬂ%&%&g&ﬁ@g%e expr essed
as Mt o/ O mixtee o) 300d B M&% i, onedehiEslimpds] agd fieH 1500 13 Wi%5in. 4 85 87. 3

54,2 92 93.3.8 6. 95 95,9 15 12 7 9.,5 99.6 30, 26. os | -
i sobut yl ene zg{othietgm_gocihgngm, eﬁ%yfgﬁgg?erw%sw}rﬂvgn&f’lgns %ﬂrql'%é)%/ ¥ 8%%5 to
terpol yner s catbnb@br Apohng [ tonjugdiddiesd. MDheaOy toc QL iNobREih GayObe bdtCormonoNer s

| i sted above. Preferred terpol yners WO 2004/ 058835 PCT/ US2003/ 040341 20 and
t et r apol yrrer@"‘ier?SFs& W%&Vﬂ%@%l']gg‘ﬁﬁq’ SRl itngs %ﬁ@}éﬁlﬂiblﬁ}‘%ﬁea@nd

4-methyl-1-pentene. The multiolefin may be a C4 to Cy4 conjugated diene such as
isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, B-pinene, myrcene, 6,6-
dimethyl-fulvene, hexadiene, cyclopentadiene and piperylene. One embodiment
of the butyl rubber polymer of the invention is obtained by reacting 85 to 99.5
wt% of isobutylene with 15 to 0.5 wt% isoprene, or by reacting 95 to 99.5 wt%
isobutylene with 5.0 wt% to 0.5 wi% isoprene in yet another embodiment. The
following table illustrates how the above-referenced wt % would be expressed as

moi%.

C WE%ICE | mol%ICE || wi%ICS | Mol%ICS
S Y 5 4
85 87.3 5 42
92 93.3 8 6.7
95 . 959 15 12.7
99.5 99.6 30 26.1

a. IC4 - isobutylene
b. IC5 - isoprene

[0083] This invention further relates to terpolymers and tetrapolymers

comprising any combination of the monomers listed above. Preferred terpolymers



di vi nyl benzene, polyners conprising isobutyl ene, para-alkyl styrene
(preferably paranethyl styrene) and isoprene, polyners conprising

cycl opent adi ene, isobutyl ene, and paraal kyl styrene (preferably paranethyl
styrene), v woposssif 1sobutyl ene cycl opentadi ene and pgpR&RIISe0RQ! YTEr S
conprising cycl opentadi ene, isobutylene, and nethyl cycl opentadi ene,

pol yners conprising isobutylene, paramethylstyrene and cycl opent adi ene.
Lewis acid [0084] In a preferred enbodinment the Lewis acid (also referred to
as the co-initiator or catalyst) nay be any Lewis acid based on netals from
Goup 4, 5, anfi3tetfapolymers]lndhidet ipolyReers adinprifiap| &sobitylehe EHopremat and i ncl udi ng

boron, al um num alliu i ndium. tita zi rconi tin, di um

ar seni c, ant‘?]??ﬂﬁ&begziﬁﬁ P ‘F‘Fﬁtcﬂmpﬁ‘ﬁégé?ﬂqﬂ“p’i%’e H“Pﬁ‘g‘y regg (gre %@E’ gni ze t hat
sonme el enent gar@h&hyletsty@éney uaﬁdadlsoprenet hgo]@ﬁﬁfst |dbﬁ1pﬁ&m§h%yélﬂﬁ@ﬁﬁdhéﬂ@ I'n one
enbodi nent , the netal s are al um num oron and titanium w th al um num

bei ng desir all?)‘lﬂ!é‘tylFflel: gad parepikyl Eyreng (rreferably paramethylostsrene)aprlymers of 2,

(C2H5) 2AI Cl 1 %?Ef]%&l J%rl y
preferred e |rrent |séﬁo%ﬁ§hg§aﬁ OIKH; I(egvjc\/?is pg%ngcyflg% e Group 4,
5 and 14 Levuseblmxiem&s dnelv enethyd gyelopesthditms, npdlpmé4comprisinge itsobMylene G oup 4 5,
or 14 netal;_and a endent ly selected fromthe group

consi sting ofe W@lptxreene ‘Jr??gfoﬁg 'E%Flg and iodine, preferably chlorine.
X may al so be a psuedohal ogen. For the purposes of this invention and the
clainms thereto pseudohal ogen is defined to be an azide, an isocyanate, a

t hi ocyanat e, Leiis aeidt i ocyanate or a cyanide. Non-limting exanples include
titaniumtetrachl oride, titaniumtetrabrom de, vanadiumtetrachloride, tin

tetrachloride and zirconiumtetrachl oride. The Goup 4, 5 or 14 Lewi s acids
may al so col®8In nor éntarmnfeunréemypcbmﬁt tha lLeyimacidigisa ﬂeiﬁqu:qdrtg aé)ﬂ@h'pl es

{/g(r:l;g?ﬁm E)Irf)%nglﬂ'{&%rl g’%‘g%ﬂlt)&ga l gr ﬁieﬁggciiﬁ?% e%?‘?%orl Tde %\%’ 5004/ 058835

PCT/ US2003/ 0¥3)34and A% of the Periodic Table of the Elements, including boron, aluminum,

gallium, indium, titanium, zirconiuwm, tin, vanadium, arsenic, antimony, and

bismuth. One skilled in the art will recognize that some elements are better suited
in the practice of the invention. In one embodiment, the metals are aluminum,
boron and titanium, with aluminum being desirable. Illustrative examples include
AICl3, (alkyDAICL, (CoHs),AIC and (C;Hs)AlCls, BF;, SnCly, TiCls. In a
particularly preferred embodiment, BF; is not the chosen Lewis acid.

[0085] The Group 4, 5 and 14 Lewis acids have the general formula MXy;
wherein M is Group 4, 5, or 14 metal; and X is a halogen independently selected
from the group consisting of fluorine, chlorine, bromine, and iodine, preferably
chlorine. X may also be a psuedohalogen. For the purposes of this invention and
the claims thereto pseudohalogen is defined to be an azide, an isocyanate, a
thiocyanate, an isothiocyanate or a cyanide. Non-limiting examples include
titanium tetrachloride, titanium tetrabromide, vanadium tetrachloride, tin
tetrachloride and zirconium tetrachloride. The Group 4, 5, or 14 Lewis acids may
also contain more than one type of halogen. Non-limiting examples include
titanium bromide trichloride, titanium dibromide dichloride, vanadium bromide
trichloride, and tin chloride trifluoride.



[0086] G oup 4, 5 and 14 Lewis acids useful in this invention my also have
the general formula MR, X4-n ; wherein Mis Goup 4, 5 or 14 netal; wherein
R is a nonoval ent hydrocarbon radical selected fromthe group consisting of
C, to Cl2walkylessdsy! . arylalkyl, alkylaryl and cyclogl ?)@ and n
I's an i nteger {ron1 to 4; X is a hal ogen |ndependently s ron1the
group consi sting of quorlne chlorigg, bromne, and |od|ne preferably
chlorine. X may al so be a psuedohal ogen. For the purposes of this invention
and the clains thereto pseudohalogen is defined to be an azide, an

i socyanat e, [gpgk{i ocY 4, and ﬁPL@Wﬁ%%%@fuPE] @&ﬂﬁéﬂtﬁﬁ mdyRlsb €7 M

"aryl al kyl " "'refers to adl cal containing bot | phatic and aronmatic

struct ur es, hatethe sﬂnecﬁlforbeﬂama& -arwherdy M isd¥oup 45, ol b metalirwheteih kyl, ar yl "
refers to agf @Q'n?o%lovglgnqth drrt])k:a?r ﬁ&hﬁ@aﬁﬁ&ﬁ‘f{&n £ %;cﬁ{lgp 1§tﬁ1|g ot%t(,ré Y& tures, the

radi cal being at an ary se Lews

zgm dsI i ncl udiy, hlkplzytbtul a@mmym fgkyblmiyl and dﬁ;loalkﬁ&agxydgs ;i énﬂ(rjw wmdirﬁégeﬁrl de,

enzyl zirco richl.oride, dibenz rconi i broni de, et i tani um
trichlori de% % 15 @ Aialogen &ﬂdFP‘?.% tli’ese %Fq%gt]fmlﬂﬂei #oup SWFsbﬁnPéé’%and
phenyl vanadifugisd, 'cﬁiﬂrﬁ&' %mﬂ@%&]xo&i‘h@uﬁeﬁrabﬁy @H‘l@nﬁé X F\faﬁ@'lﬁﬁa useful in

this invention h%qa so_ have the general fornula nmX4- (mtn) ; wherein
Mis G oup @suegohalpgenq Fepetthe puipiessseph m@mge@omvmeeﬂmmwm@r boxy

radi cal sel h I S n XY aqaryloxy,
aryl al koxy, 9%"1‘“99‘? %%po%y&?fg‘ ?gtgl ‘s’go“% bﬁéé ag] ?}%)r?gm énatc%‘ﬁ %Jralé)%a’r Bon radi cal
sel ected f runmtlndsre'a@te)upaccgmﬂest i[‘hgtemh ’nyldlbyl@:tﬁ'ersablwﬂadlcalr gontaiming | al kyl ,

al kyl aryl a d C al | s as defin above i.s an _integer from 0
to 4 and m 8 e@‘é figres, Eﬁaﬁh‘taﬂgfmg ﬁ'eé‘r%%{h;’(loq"s’lt?"'én&}‘?n is not
nmore than 4jenk r’ﬂkﬂa@w @ﬁelrs tondepaRdE RbhtiinGR B6thedlifHae dndea@fatp consi sting
of fluorine, chlorine, brom.ne, and jodine, 1§referabl y chlorine. X may also

be a psuedsEMtEseibe radical heing at pourkpestion, | Nop-lipifing Gumaleg of fiese| ai ns
thereto pseudanhaliadSficiude %mﬁﬁmhﬂl R ﬂﬁenz?lﬁtdnﬁ&?yﬂaﬁ&ﬁde

thi ocyanate, an 1sothiocyanat’e or a cyani de! For the purposes of this
i nvention, bmyklmcbmgm i trickladde, ardibenaytirconibon g dibremidaat methpltitasiume  al koxy and

aryl oxy ar € e,u r a(!llmeﬂlljlfiﬂtg‘ll&ﬁt S ﬂ)uonde, dimethyltin  dichloride and
pheuylvanadium trichloride.
[0087] Group 4, 5 and 14 Lewis acids useful in this invention may also

have the general formula M(RO),R'X4-(n+n); wherein M is Group 4, 5, or 14
metal, wherein RO is a monovalent hydrocarboxy radical selected from the group
consisting of C; to Csp alkoxy, aryloxy, arylalkoxy, alkylaryloxy radicals; R' is a
monovalent hydrocarbon radical selected from the group consisting of C, to Cp;
alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl! radicals as defined above; » is an
integer from 0 to 4 and m is an integer from 0 to 4 such that the sum of #» and m is
not more than 4; X is a halogen independently selected from the group consisting
of fluorine, chlorine, bromine, and iodine, preferably chiorine. X may also be a
psuedohalogen. For the purposes of this invention and the claims thereto
pseudohalogen is defined to be an azide, an isocyanate, a thiocyanate, an
isothiocyanate or a cyanide. For the purposes of this invention, one skilled in the
art would recognize that the terms alkoxy and aryloxy are structural equivalents to
alkoxides and phenoxides respectively. The texm "arylalkoxy" refers to a radical
containing both alipbatic and aromatic structures, the radical being at an alkoxy



al koxi des and phenoxi des respectively. The term "aryl al koxy" refers to a
radi cal containing both aliphatic and aromatic structures, the radical

bei ng at an al koxy WO 2004/ 058835 PCTI US2003/ 040341 22 position. The term
"al kyl aryl Wwo smbgésssiso a radi cal containing both ali phaf\%ﬁTﬁgﬁn Sogiat i C
structures, the radical beingat an aryl oxy position. - ng exanpl es
of these Lewi s acids include nmethoxytifaniumtrichloride, n- butoxytitanium
trichloride, di(isopropoxy)titaniumdichloride, phenoxytitanium tribrom de,
phenyl met hoxyzirconiumtrifluoride, nmethyl methoxytitanium dichloride,

met hyl - met hoxeufiioR. ditiehba iBRyRA" REAZYS 2 ir8 QLI QRAMKIMAL B6th Wlph#ticCqHdor | de.

[00881 Group 4, 5 and 14 Lewi s ‘acids useful in this invention may also have
t he general #remeif stragimesOby Rdiere being it : anviasieyn pasitien. G Nemplimiting, or 14

met al ; wher ejn. R0 a . C -adi ected fromthe
group consistin ] %%&F% @%ﬂ%l écg%;llg%(dg(,ieoa@%}a y@@? %@ﬁ%ﬁﬁw%cyl oxy,

al kyl ar yl acybutoxytitaatiing atichlofile, | (ispropoowtitasiuin jdiciiar phenoxetitidain sel ect ed
from the graup consiSti f Cl to Cl2 kyl,, aryl, arylal kyl .. alkylaryl
bnd cycl oar KbRomide, ety oot oituctie. atthit, ¢ BEIEaing <o 4 and m
i s an i nt egedicHlérd®, Oméyl 4ndthisdtib hdithibiide SUa Ober¥yRNisbpidpokyviRhdighr € t han 4;
X is a hal ogen independently selected fromthe group consisting of

fluorine, cHHEHPIHE; brom ne, and iodine, preferably chlorine. X may al so be
a psuedohal ogen. For the purposes of this invention and the clains thereto
pseudohal ogen is defined to be an azide, an isocyanate, a thiocyanate, an

i sot hi ocyanaf0@88jr a cyGmupld, 5 Bnd 14 drewis 4cids/iselill \ih dbiy linveption efagradsot 0 a

radi cal cont,ai ni,ng bot h.al i | G agonat | st ryct ures,, the radi cal
being at an X' %7?85‘?0@3‘85@%@##"%@{“ 'fﬂ*“)"‘gﬁl??fla#ﬁ g’E‘S}’P&( " lers to a
radi cal contmgétal; Mhefedt RCaO@I¥ad menevattnbhydiedaracylSiatidel séle@fed fidae tHeadi cal
being at an aryl acyl.oxy position. Non-limting exz%rrpl es these Lew s

f
aci ds i ncl udgo%R ROBXYIR & @m @ iQ:JhI ?‘H@{xybéﬁ_ﬁé@f %’_Fyr’cﬁtﬂff%ﬁla"ﬂ"?‘brom de,
benzoyl oxyt i @firyliciibks kaRalSR id 5 ARBRAH: ioeibbh rsdMaPEiieged FBNY!

the group consisting of C; to Cy; alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl

radicals as defined above; » is an integer from 0 to 4 and m is an integer from 0 to
4 such that the sum of » and m is not more than 4; X is a halogen independently
selected from the group consisting of fluorine, chlorine, bromine, and iodine,
preferably chlorine. X may also be a psuedohalogen. For the purposes of this
invention and the claims thereto pseudohalogen is defined to be an azide, an
isocyanate, a thiocyanate, an isothiocyanate or a cyanide. The tferm
"arylalkylacyloxy" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an alkyacyloxy position.  The term
"alkylarylacyloxy" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an arylacyloxy position. Non-limiting examples of
these Lewis acids include acetoxytitanium trichloride, benzoylzirconium
tribromide, benzoyloxytitanium trifluoride, isopropoyloxytin trichloride, methyl
acetoxytitanium dichloride and benzyl benzoyloxyvanadium chloride.

[0089] Group 5 Lewis acids useful in this invention may also have the
general formula MOXj3; wherein M is a Group 5 metal; wherein X is a halogen

independently selected from the group consisting of fluorine, chlorine, bromine,



acetoxytitani umdi chloride and benzyl benzoyl oxyvanadi um chl ori de. [00891
Goup 5 Lewis acids useful in this invention may al so have the general
formula MOX3; wherein Mis a Goup 5 netal; wherein X is a hal ogen

I ndependemnyoyzodisg@s ed fromthe group consisting of fl ugdd o061 1 Ne,
brom ne, WD 2004/ 058835 PCTI US2003/ 040341 23 and iodine, preferably

chlorine. A non-limting exanple is vagadium oxytrichloride. [0090] The
Goup 13 Lewis acids useful in this invention have the general fornula MX3;
wherein Mis a Goup 13 netal and X is a hal ogen i ndependently sel ected

fromthe graud wAnR| Sprlefegatdf EHlowel N€A ChYnQirhitiag bxQNpleeis aafdadidi ne,
preferably chlorjne. X may al so be a psuedohal ogen. For the purposes of this
i nventi on af¥YEKBloEA& ns thereto pseudohal ogen is defined to be an azide, an
i socyanate, a thiocyanate, an isothiocyanate or a cyanide. Non-limting
exanples include alumnumtrichloride, boron trifluoride, gallium

trichl oride,[08888 i ndi &he Groupf 13Ucavislecidy o in WBisduyentian hewi the getiedd useful in

this inventi l v e r f or,ml a; ' X3 in Mis a
G oup 13 mtfgl{g?d%’ g&ﬁ%%o&afsre}’ n?mgﬁa grngéc%lraglgn%#sa%P%{%gﬁs%?eé’\gpg%ﬁ#r omthe
group consi stlected dfonCthet groGp Zoakiktitlg, ofaflydrine, @hlptint, Kytbmir, laydl d6dihe, and
cycl oal kyl ra

j cal s; . and Is an nunber fr 0ta,3;.Xis a ogen
i ndependent IW*@"@&@&F’W‘FT E}&n’t’aﬁ'e"ﬂﬁ’r E%Bpﬂﬁqgﬁ ?gel‘fgogﬂf the BB‘?PP?FQ,OI} orine,
brom ne, andnjeadbd and I@Hieef‘,l%ﬁﬁ&?mér&@b%uhﬂl%lo@én@)ﬁeﬁh&?tcb%Ehnpﬁ&d(aﬁm ogen. For

t he purposes of this invention and the clains thereto pseudohal ogen is
defined to lsyansteagitiiecyanste, anossthinaranate o1 ai¢yanidanborrlimiiing exempledcyanat e or

a cyanide. T det%aﬁl?]lnélﬁf {Sﬂcr lfgiialg,"bérsﬁ Bliffucke Apdl h GAknIGRAL %@Wot h

aliphatic and aro ures, e radictal being at an yl' position.
The term "altiffiaidgl * refers to a radical containing both aliphatic and
aromatic structures, the radical being at an aryl position. Non-limting
exanpl es of these Lewi s acids include ethylalum num dichloride,

met hyl al um rjoe1gli chl oGrélg 16wl diddrdsehihirdihidinoéntid@, may also have the

general formula: MR, X5, wherein M is a Group 13 metal; R is a monovalent
hydrocarbon radical selected from the group consisting of C; to Ci2 alkyl, aryl,
arylalkyl, alkylaryl and cycloalkyl radicals; and » is an number from 0 to 3; X is a
“halogen independenily selected from the group consisting of fluorine, chlorine,
bromine, and iodine, preferably chlorine, X may also be a psuedohalogen. For
the purposes of this invention and the claims thereto pseudohalogen is defined to
be an azide, an isocyanate, a thiocyanate, an isothiocyanate or a cyanide. The
term "arylalkyl" refers to a radical containing both aliphatic and aromatic
structures, the radical being at an alkyl position. The term "alkylaryl" refers to a
radical containing both aliphatic and aromatic structures, the radical being at an
aryl position. Non-limiting examples of these Lewis acids include ethylaluminum
dichloride, methylaluminum  dichloride, benzylaluminum  dichloride,
isobutylgallium dichloride, diethylaluminum chloride, dimethylaluminum
chloride, ethylaluminum sesquichloride, methylaluminum sesquichloride,

trimethylaluminum and triethylaluminum.

[0092] Group 13 Lewis acids useful in this invention may also have the
general formula M(RO)R X3 (m+n), wherein M is a Group 13 metal; wherein RO

is a monovalent hydrocarboxy radical selected from the group consisting of C, to



I sobutyl galliumdichloride, diethylalumnumchloride, dinethylalum num
chl ori de, ethyl al um num sesqui chl ori de, nethyl al um num sesqui chl ori de,
trimethyl al um num and triethylalum num [0092] G oup 13 Lewi s acids useful

in this i nwerndohsusssy al so have the general formla MERIBEBHRGAN) ;
wherein Mis a Goup 13 netal; wherein RO is a nonoval ent hydrocarboxy
radi cal selected fromthe group consigsing of C1 to WO 2004/ 058835

PCT/ US2003/ 040341 24 C3o al koxy, aryloxy, aryl al koxy, al kyl aryl oxy
radicals; R is a nonoval ent hydrocarbon radical selected fromthe group

consi sting di Glkdxy, Gidloal, katylaliaxy,) alkyheyibal kydicalsl Ryliareylmcmndalet}tcl oal kyl
radi cal s as.,defined above; n i nunber from 0 d |sa nunber
fromO to Shé'g@ ?fbfa%ﬂ%gsglngtgﬁo ﬁ@r‘?‘r’Pl"é’nﬁBff“gr&f lf‘hg Ps a hal ogen
i ndependent Iayylagjdeﬂkﬁdrﬁ Ryl md&agqaaeﬂed%ow nfléyaﬁme&fmx&bl orine,
brom ne, and iodine preferably chl ori ne. may al so be a psuedohal ogen.

For the purﬁ@é@%d@flsmnmbﬁmp&ﬁamthﬁéhwm%n@Ir@ememotnp@eﬂu@hm ogen is

defined to FrdnhRc ocyanate or

a cyani de. I%gr)@{}hdgﬁ%g no%ggﬂeﬁgg%‘ﬁr@e?tﬁgentlg%ﬁﬁgkgﬁslﬁgcﬁf%%é art woul d
recogni ze trchtonnhebtcnnme, ah&oioﬁhmndpraﬁydbbxycmest r Hctmayalalsqeval ents to

| koxi d d d I Th l.al koxy" f
adioal ot MRATGRo; 1R RHARes i G cmErns il o s dhErgi ca ”

bei ng at an padddedalogepof Hefied Thdet Sy mr.laa,l k:yllaicyhnatds e a;hﬁacyamafe raadi cal
contai ning hQoth aliphatic anﬁglfg argmati c st rtuﬁﬁures t he r@ﬁ}a bei ng at an
aryl oxy posﬁ%qﬂ%}ﬂcyaﬂﬁﬁoﬁifﬁ’%ql Hs-Reesenpf thisdryengigny ane in the| ude

met hoxyal um AUl felab@itedBat th@{eki%( Mﬁbﬁ%‘hﬁl@*ﬁ%@ﬁh&ﬁm e%mva.lents to

2,6-di-tert- butill phenoxyal um num di chl"orid met hox ylal um num

chloride, 2 abkogides and pharoyidetieaspsclivelist Fad et Yamlaloxyh refersde a radical
| sopr Opoxygacohéa%ﬁfﬂ dﬁo%@'agﬁﬂﬁ% aﬂ&%&ﬂa‘iﬂ tElFeE iyl r&ﬂ& r{%"a?rahdaﬁ]}c [ 00931
I nven t

G oup 13 Lew s acl & 08 ave general
formula M R@aﬁlﬁ)mR‘TﬁnK%mh@lky]ndyﬁ'r efas M asachcaﬁcontpmixfg lmhahphaﬂue:mdl n RC=00

's a nmonoval enl Y ArRALARY ki3l 63hg SP' S hSfhd SRk HaURniS,eCt &
examples of these Lewis acids include methoxyaluminum dichloride,
ethoxyaluminum  dichloride, 2,6-di-tert-butylphenoxyaluminum dichloride,

- methoxy methylaluminum chloride, 2,6-di-tert-butylphenoxy methylaluminum
chloride, isopropoxygallium dichloride and phenoxy methylindium fluoride.

{0093] Group 13 Lewis acids useful in this invention may also have the
general formula M(RC=00)R'nX3.¢n+n); wherein M is a Group 13 metal; wherein
RC=00 is a monovalent hydrocarbacyl radical selected from the group selected
from the group consisting of C; to Cy alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals; R' is a monovalent hydrocarbon radical selected from
the group consisting of C, to C; alkyl, aryl, arylaikyl, alkylaryl and cycloalkyl
radicals as defined above; » is a number from 0 to 3 and m is a number from 0 to 3
such that the sum of » and m is not more than 3; X is a halogen independently
selected from the group consisting of fluorine, chlorine, bromine, and iodine,
preferably chlorine. X may also be a psuedohalogen. For the purposes of this
invention and the claims thereto pseudohalogen is defined to be an azide, an
isocyanate, a thiocyanate, an isothiocyanate or a cyanide. The tenn

"arylalkylacyloxy" refers to a radical containing both aliphatic and aromatic



fromthe group consisting of C2 to C3o0 al kacyl oxy, aryl acyl oxy,

aryl al kyl acyl oxy, al kylarylacyloxy radicals; R is a nonoval ent hydrocarbon
radi cal selected from the group consisting of C, to Cl2 al kyl, aryl,

aryl al kyl , wa) d6wd/ésgsss and cycl oal kyl radicals as definegcpBe¥enabsarS 2
nunber fromO to 3 and mis a nunber fromO to 3 such that the sumof n and
inis not nore than 3; X is a hal ogenzsndependently selected fromthe group
consisting of fluorine, chlorine, bromne, and iodine, preferably chlorine.
X may al so be a psuedohal ogen. For the purposes of this invention and the
clhai s t her gtractipgsudhhatadipah beinglebd ned éllgyda?loﬁjﬂ pasitien. anTllné is%ﬁrluanalte, a

t hi ocyanate,, | sot hi ogyanate or cyanide. The term  "aryl al kyl acyl oxy"
refers to a P& i"’r"ygéﬁfé?afg?snﬁ’ Boefical pontaning oty ag‘PgP&t mdng 4/ 058835
PCT/ US2003/ QAQadrts, tﬁémaicmﬁg %0 ahhs'cy!@glfp%@ahoaemﬁmﬁﬁﬁgle AGf! oXy
position. The term "al kylaryl acyl oxy” refers to a radical cdntaining both
al i phati c arepsarlevis jagids smluéq @eetexyaluminym ddickdprides | begzetloxplumipimcy| oxy

posi tion. =L mty -he ] ' '

Beet oxyal umta e bge IBTRUER, Souohds Byt eloBf ikt EhiEe, and

benzoyl oxygasddptapaykkyihdiom teiehlori@d.hyl acet oxyal um num chl ori de, and

| sopropoyl oxyindiumtrichloride. [0094] The Goup 15 Lewi s acids have the
general formula MXy, wherein Mis a Goup 15 netal and X is a hal ogen

i ndependent I(!aom! ect eqthd GRp! ITELEHIO Hilds B8 TheSfenBhl rmbilaaXi, NOner&ihl! Ori ne,

brom ne, and i odine, preferably chlorine and is 3, 4 or'5. X may al so be
a psuedohal déna Graywp tae dssa Balogen; igdgpandently selededifromibe etodpns t heret o
pseudohal og I: S+ ' |.de i -t hiqeyanat e, an
P Sot hi ocyandre S e tiGhnd, Sind il andteind RARBH o ine a3 TS

hexachl ori dé, 4anfi Komgy dlexbé & psieildelogand Far the pupogs wf #is iventde.andhe G oup
oxarpl s | niu SR IR RHEBAPEE. Beltart domect aafe ol LOPRPRELg T e
bi snut h tri aliboyanste, afdisethiveydnatef btiQr cptmidee tNALhingdexantylédO chideoup 15
Lew s acl 0s e ety hexaobifide, abfobny hexalubrids, md Bscaic petafluoride. The

Group 15 Lewis acids may also contain more than one type of halogen. Non-

limiting examples include antimony chloride pentaftuoride, arsenic triftuoride,

bismuth trichloride and arsenic fluoride tetrachloride.

[0095] Group 15 Lewis acids useful in this invention may also have the
general formula MR Xy, wherein M is a Group 15 metal; wherein R is a
monovalent hydrocarbon radical selected from the group consisting of C; to Cy3
alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl radicals; and » is an integer from 0
to 4; yis 3, 4 or 5 such that » is less than y; X is a halogen independently selected
from the group consisting of fluorine, chlorine, bromine, and iodine, preferably
chlorine. X may also be a pseudohalogen. For the purposes of this invention and
the claims thereto pseudohalogen is defined to be an azide, an isocyanate, a
thiocyanate, an isothiocyanate or a cyanide. The term "arylalkyl" refers to a
radical containing both aliphatic and aromatic structures, the radical being at an
alkyl position. The term "alkylaryl" refers to a radical containing both aliphatic
and aromatic structures, the radical being at an aryl position. Non-limiting
examples of these Lewis acids include tetraphenylantimony chloride and

triphenylantimony dichloride.



general formula MR'Xy_"; wherein Mis a Goup 15 netal; wherein Ris a
nonoval ent hydrocarbon radi cal selected fromthe group consisting of C to
Ci12 alkyl, aryl, aryIaIkyI, al kylaryl and cycl oal kyl radicals; and n is an
i nteger f 4; y is 4 or 5 such that nis le Is a
hal ogen i&@g%gﬂ%%%Fly selected-~fron1the gr oup con5|st?§ghg y‘ﬂgglne
chlorine, bromne, and iodine, preferahly chlorine. X may also be a
pseudohal ogen. For the purposes of thi'S invention and the clainms thereto
pseudohal ogen is defined to be an azide, an isocyanate, a thiocyanate, an
| sot hi ocyanate or a cyanide. The term"arylalkyl" refers to a radical
containing both aliphatic and aromatic structures, the radical being at an
al kyl posi tijg096]The t efroup abKyehwds 3dids usefubis thio iventich may atsortase tieng bot h

| i phat d a th . b t
RonC 1 m ¢ i npeogh pmuls MR ORBLS, v Beii §E13  Erae S wREL A BAL | nony
chlori de andi atrhdRR RN @ﬂ}dcmaxy isudfdal Qldctial. frofPORGHPaRRREn 6T ¢ UR2003/ 040341

26 [0096] G oup 15 Lew s acids useful in this invention may al so have the
general { or ntdoaalkpRe) arlomyy prmalkoxywirdiedariloy | redigalsy ipis 18 meayplenivher ei n RO
3 B e il SR B SPGB IR0 0 DUy =11 10 O
nmonoval ent hyhﬂ@l;allbdmylraiﬂloga]balkﬁllmdm:ﬁslai deﬁneﬂfabow@muqnanm@e’sﬁ-bmg of C to

C12 al kyl, | | al kyl | d | di def i ned
abover m i s Ui 4 sncrts & ilger BomNURG AR 2 Gosmel Lol A v 1 6 9. 4
or 5 such thagtjg Ielaﬁhaum xflsahamgen Rdbfen&HS sbRaded Yromthe Eréup

i ndependent|ly sel ected fromthe group consisting of fluorine, chlorine,
brom ne, andofi fsirime, chieririee bramiye, el doding preiern’aly Qlognep & may pbﬁé’é@hal ogen.

For the pur I Sl nyen t hal ogen is
defined to g‘rﬁohgfzo c1ﬁ1 %‘lﬁ ?"‘ngoé ?n& @8%@3’@9%‘? C?aﬁngzt?ﬁ[g%cyanat e or
a cyani de. Heseuddbelogen pms&eﬁneﬂ tcb khesam mz&ie; lannisogyapatekial ﬂmnbymtet,m art woul d

recogni ze that thet rnms al k | oxy.ar.e. structural alents to
i Kosi des aniotbiogiiBe Satdsores ubeis ot Bt ek kdindl ot o &
radi cal art would recognize that the terms alkoxy and aryloxy are structural eqmvalents to

alkoxides and phenoxides respectively. The term "arylalkoxy" refers to a radical
containing both aliphatic and aromatic structures, the radical being at an alkoxy
position. The term "alkylaryl" refers to a radical containing both aliphatic and
aromatic structures, the radical being at an aryloxy position. Non-limiting
examples of these Lewis acids include tetrachloromethoxyantimony,
dimethoxytrichloroantimony, dichloromethoxyarsine, chlorodimethoxyarsine, and

diflucromethoxyarsine.

[0097] Group 15 Lewis acids useful in this invention may also have the
general formula M(RC=00)R'mXy.(m+ny; wherein M is a Group 15 metal;
wherein RC=00 is a monovalent hydrocarbacyloxy radical selected from the
group consisting of Cp to Ci alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals; R' is a monovalent hydrocarbon radical selected from
the group consisting of C; to Cy, alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl
radicals as defined above; » is an integer from 0 to 4 and m is an integer from 0 to
4 and y is 3, 4 or 5 such that the sum of » and m is less than y; X is a halogen
independently selected from the group consisting of fluorine, chlorine, bromine,

and iodine, preferably chlorine. X may also be a psuedohalogen. For the



contai ning both aliphatic and aromatic structures, the radical being at an
al koxy position. The term"al kylaryl" refers to a radical containing both
al i phatic and aromatic structures, the radical being at an aryl oxy

position. Napadoi/pdskisng exanples of these Lewis acids i pelidSos0s0341
tetrachl oromet hoxyanti nony, di net hoxytri chl oroanti nony,

di f1 hor onet hoxyar si ne, chl or odi net hoxyarsi ne, and difl uoronet hoxyarsi ne.
[0097] G oup 15 Lewis acids useful in this invention nay al so have the
general formula MRC=00 "R nXy.(mn); wherein Mis a Goup 15 netal;

wher ei n R@%ﬁeﬁf@%gé ioh am@{eooqﬁﬁ:lawgtreﬁge&d% 168dn 13 Yefifiddedd der OM t he

group consi sting a al kacyl oxy, arylacyloxy, arylalkylacyl oxy,
al kyl ar yl acyinoade; amlisveyapteRa thiscyanateremisdthiocydnattr acas er Zb¢ & sel ect ed

and cycl oal kg IFARVASS SRt B bl Soiie, wSlyionBie aft Mo (7 8 dna

i s an int egagruétafel) Otht O radicaln@eigi ot 3an 4alkyacyloxicClpobifiah, t h@hsummf n and m

is less than y; X is a halggen independent|y selected fromthe group
consi sti ng oﬁﬁ‘ﬁ’laﬁdﬁqyﬁ@w cfest the, ragwelrﬁ’?fé?]mn&nh""ho*&% glic gRLAEMBHICy chl ori ne.

I
X may al so %&u&%”ﬁ@?&éﬁéa@gaﬂ%aﬂ:ﬂm}l%lé&?ﬂ%@%ﬁhﬁg@&g%@ﬁg#neg?

pur poses of this |’nvent|or1 and the clainms thereto pseu
to be an azhete, drewisocypeidait ejncludehi @estaintetrechlencantinertyl oc (enaeato)or a

cyani de. Th e "aryl al kvl ac onxhr to a radical containing both
al i phatic aﬁ‘ é:?\fé‘ﬁ%atnﬁg%n ’tal‘“ﬁgfsﬁ%{lg%, ee&éog{l tal being at an al kyacyl oxy
position. The term "alkylarylacyloxy” refers to a radical containing both
oo Aloior ™! Soslotbaren Lhgsiithin beRBLoPhnagi £ ©
acet at ot et r aGHhRE 0?8%8{8!5%9&‘&011( kgn %%lhﬁ'ienet }ébf)ﬁ?xﬁb@r QAHdIAR N YalurAi@mbi smut h

y

acetate chloride. Particul ar preferred Lewi s acids may be any of

those usef ultriptorideat plopmimump otriprasifle a ethlalustinnm o dishloridpe ethyirbimyinams
| ncl udi ng: %%’cﬂﬁ del ! GOLAER AR VS T T BRGNS Enudt M¥lcRlowaL num
di chl ori de, éethylalum num
methylaluminum sesquichloride, dimethylaluminum chloride, boron trifluoride, -
titanium tetrachloride, etc. with ethylaluminum dichloride and ethylaluminum

sesquichloride being preferred.

[0099] Lewis acids such as methylaluminoxane (MAO) and specifically
designed weakly coordinating Lewis acids such as B(CsFs); are also suitable

Lewis acids within the context of the invention.
Initiator

[00100] Initiators useful in this invention are those initiators which are
capable of being complexed in a suitable diluent with the chosen Lewis acid to
yield a complex which rapidly reacts with the olefin thereby forming a
propagating polymer chain. Illustrative examples include Brensted acids such as
H>0, HCl, RCOOH (wherein R is an alkyl group), and alky!l halides, such as
(CH3)3CCl, CgHsC(CH;);,Cl and (2-Chloro-2,4,4-trimethylpentane).  More
recently, transition metal complexes, such as metallocenes and other such

materials that can act as single site catalyst systems, such as when activated with



sesqui chl ori de, diethylalum num chl oride, methylal um num di chl ori de,

nmet hyl al um num sesqui chl ori de, dinethylal um num chl oride, boron trifluoride,
titaniumtetrachl oride, etc. with ethylal um numdichloride and et hyl al um num
sesqui chl orny@egpidask Preferred. [00991 Lewi s acids such gag %}f ¢3)um noxane
(MAO and specifically designed weakly coordinating LeW| S acl ds such as
B(C6Ps)3 are also suitable Lewis acidg within the context of the invention.
Initiator 1001001 Initiators useful in this invention are those initiators
which are capable of being conplexed in a suitable diluent with the chosen
Lewi s acl d 1 Gealy hdtdfRafilTRLAs s KAl dhikl hRARLR Mchfistd o Blighd N Lher eby
formng a propagating pol yner ai ust rati ve exanpl es include Bronsted
aci ds such aisobutglene palymeR@ADH (wher ei n R is an al kyl group), and al kyl

hal i des, such as (CH3)3CCl, C6H5C(CH3)2CI and

(2-Chl oro-2, 4,4-trimethyl pentane). More recently, transition netal

conpl exes, s[Ol0Hs netlal bes enthodiidt, oths ereastte ind ik ecdtalys §ktin Gden act as

single site cataly stem; such as when activated_w th W 2004/ 058835
PCT/ US2003/ 0 f&& 512’8“§ oééfba'@ﬁ%ﬂiyrf&e@\m@eféﬁﬁeéﬂ%asﬂéﬁm d salts
have been usg‘%émsécm %ﬁlwb &mygﬁg)}sif rp@éﬂlﬂjﬂlesmg&@ébP n one

enbodi nent react'or and the catal i/St sy s mare substantially free of
water. Subst pueferably Jess thea HF pewy preferablytoss ﬂ@d Sappiheprsferatdn 1689 thagppln ( based

;Irogpeﬁ gfaﬁly I rﬂhﬁ?g;%vg%h%& pérﬁ% %e?%{f tdea@agsgfﬁgﬁgrl?g yddﬁ]ﬁprefera?% yplocranss

:Ean |t | pmt S)islmtodj’e,limd‘mﬂat\lﬁézﬁﬁt:lal?Bj)]ﬁﬁ,t[ﬁdfeﬂ?oﬁagt‘e%tgr thvaﬂt40rppml, tnd EI added to
e catalys systemto resen r r an ra

greater than®%8 ERPrelsh Gby E‘iﬂ“es% g‘f(gﬁsf WO@F%%%?@{%W&H@ t"g’ﬁ?n(based

upon total wgjsghf), of the catalyst systen) (001021 In a preferred

enbodi nent the initiator conprises one or nore of a

[00102) In a preferred embodiment the initiator comprises one or more of a
hydrogen halide, a carboxylic acid, a carboxylic acid halide, a sulfonic acid, an
alcohol, a phenol, a tertiary alkyl balide, a tertiary aralkyl halide, a tertiary alkyl
ester, a tertiary aralkyl ester, a tertiary alkyl ether, a tertiary aralkyl ether, alkyl
halide, aryl halide, alkylaryl halide, or arylalkylacid halide.

[00103] Preferred hydrogen halide initiators include hydrogen chloride,
hydrogen bromide and hydrogen iodide. A particularly preferred hydrogen halide
is hydrogen chloride.

[00104] Preferred carboxylic acids included both aliphatic and aromatic
carboxylic acids. Examples of carboxylic acids useful in this invention include
acetic acid, propancic acid, butanoic acid; cinnamic acid, benzoic acid, 1-
chloroacetic acid, dichloroacetic acid, trichloroacetic acid, trifluoroacetic acid, p-
chlorobenzoic acid, and p-fluorobenzoic acid. Particularly preferred carboxylic

acids include trichloroacetic acid, trifluoroacteic acid, and p-fluorobenzoic acid.

00105} Carboxylic acid halides useful in this invention are similar in
structure to carboxylic acids with the substitution of a halide for the OH of the
acid. The halide may be fluoride, chloride, bromide, or iodide, with the chioride



hydr ogen halide, a carboxylic acid, a carboxylic acid halide, a sulfonic
acid, an alcohol, a phenol, a tertiary alkyl halide, a tertiary aralkyl
halide, a tertiary alkyl ester, a tertiary aralkyl ester, a tertiary alkyl

ether, a tegydhaiyssassl kyl ether, alkyl halide, aryl hal ryl
hal i de, or arylal kylacid halide. [00103] Preferred hydr cl))ggﬁ] ﬁ@:’}i%)éﬁ

initiators include hydrogen chloride, sy iydrogen brom de and hydrogen i odi de.
A particularly preferred hydrogen halide is hydrogen chloride. [001041
Preferred carboxylic acids included both aliphatic and aromatic carboxylic

aci ds. Exanphgsg Bﬁef&ﬁﬁbqjﬁaﬂa&ﬁloﬁ%d&ﬂ%ﬁbﬂ frbhl tﬁéwpéeﬁtreu%kylwaﬁd&%yge acetic

acid, propanoic acid noi ¢ acid; cinnamc acid, benzolic acid

chl or oacet i ckagwlin theqirlonradaast one skdlied, intthe etti bpwd et famnitiei with these
trifluoroace r Z0J cid.
Particularlybkggﬁﬁéreéﬂggﬁg QE@RPﬂégggd% c?qgg ?W t#1o§%§@étllw cid,
trifluoroact ehlorids laCbtyIaHitde&et lcimmjalect’lﬂ@{de benizolyl chidifiit)b¢nz0al lroxiyde, ¢ aci d

hal i des useful .jn t nt are si struct rboxylic
acids with tﬂ'@hL"«.‘]‘B@ f&bﬂ)&ﬁ €0 OFP&F‘?tﬂéﬁ]PB&’ttﬁﬁuﬁﬁaW ‘#@méé’c?'&? PThe hal i de
may be fl uor Adsrob&lbAthERde, bmm\ﬂm ﬂéfeh-@mﬂb&& hali¥iel indhitR By PEHIGEaVO

2004/ 058835 PCT/ 13S2003/ 040341 29 be| ng preferred. Pr %i)ar ation of aci d

hal i des fronpedtd baemaide, cichlosopretyl sablarideartiflupioacatyli reblaridepandr part and one

skilled in t e famliar wth these procedures. Carboxylic
acid hali deshﬁslg?é@ﬁ%q q‘ldg i nvention include acetyl chloride, acetyl

brom de, cinnanyl chloride, benzoyl chl ori de, benzoyl brom de,

tri choroacet | ori |f| etyI orLd . trlf uor. o chl ori de
and p- quoré%%ﬁ oylcﬁﬁg q?kﬁ T &yey @Huﬁﬁngéghlnclude
acetyl chlor bﬁi,ﬂ;anc aaﬁ@tatbmbﬁ@@ilmnc tabid§h| E:E@:?ﬁést yt pedtbrddd @fonid latilgior oacet yl
chl oride and, p- quorobenzoyI chl ori de. 06] Sul fonic acids useful as

initiators i HK"P#FS i pethanesiione| uddaclet h tflugspmethanespldonie onatais sul f oni c
aci ds. Exanp %H]ﬁ{ %&ﬁ&f’w ;‘MB BLRAGeRFonik 36 ude met hanesul fonic acid,
anesulP ni

trifluoronet c acl
[00107] Sulfonic acid halides useful in this invention are similar in structure
to sulfonic\ acids with the substitution of a halide for the OH of the parent acid.
The halide may be fluoride, chloride, bromide or iodide, with the chloride being
preferred. Preparation of the sulfonic acid halides from the parent suifonic acids
are known in the prior art and one skilled in the art should be familiar with these
procedures. Preferred sulfonic acid halides useful in this invention include
methanesulfony! chloride, methanesulfonyl bromide, trichioromethanesulfonyl

chloride, trifluoromethanesulfonyl chloride and p-toluenesulfonyl chloride.

[00108] Alcohols useful in this invention include methanol, ethanol,
propanol, 2-propanol, 2-methylpropan-2-ol, cyclohexanol, and benzyl alcobol.
Phenols useful in this invention include phenol; 2-methylphenol; 2,6-
dimethylphenol; p-chlorophenol; p-fluorophenol; 2,3,4,5,6-pentafluorophenol; and
2-hydroxynaphtbalene.



trichl oronmet hanesul fonic acid and p-tol uenesul fonic acid. [00107] Sul fonic
acid halides useful in this invention are simlar in structure to sulfonic
acids with the substitution of a halide for the OH of the parent acid. The
hal i de nay b§ fdigiside. chloride, brom de or iodide, W tpariiieshdedsii de bei ng
preferred. Preparation of the sulfonic acid halides fromthe parent sulfonic
acids are known in the prior art and gne skilled in the art should be
famliar with these procedures. Preferred sulfonic acid halides useful in
this invention include nethanesul fonyl chloride, nethanesul fonyl brom de,
trichl oronmet hanesul fonyl chloride, trifluoronethanesul fonyl chloride and
p-tol uenesul fonyl chloride. [00108] Alcohols useful in this invention

i ncl ude net hfM309] et hatreferred extioanh ditkyl 2angr epdiayd| initiaterst Wplude osdiary- of |

cycl ohexanol zvl al useful in this invention include
phenol ; 2-ne?ﬁ@ﬂ%ﬁ%ﬁ%ﬁ%&?ﬁgﬁgﬂﬁég¥ﬁgpp g#%l; p- chl or ophenol ; p-fl uorophenol
2,3,4,5, 6-pent af | uorophenol ; and 2-hydroxynapht hal ene. WO 2004/ 058835

PCT/ US2003/ 040341 30 1001091 Preferred tertiary al kyl and aral kyl
initiators include tertiary conp anﬁéepre ented by the fornula below R3
Rli X R2n wherein X is a hal ogen, eudohal ogen, ether, or ester, or a
m xture thereof, preferably a hglogen, prefekably chloride and RI, R2 and
R3 are independently any |i QR re—efX banched chain al kyls, aryls or
aryl al kyls, preferably containing 1 {o 15 cafjbon atons and nore preferably
1 to 8 carbon atoms. nis the n ertof initfator sites and is a nunber
greater than or equal to 1, preéfekablix? betwgen 1 to 30, nore preferably n
is a nunber froml to 6. The arylalkyls may be Bubstituted or
unsubstituted. For the purposes of this invention and any cl ains

wherein X is a halogen, pseudohalogen, ether, or ester, or a mixture thereof,
preferably a halogen, preferably chloride and R}, R2 and R3 are independently
any linear, cyclic or branched chain alkyls, aryls or arylalkyls, preferably
containing 1 to 15 carbon atoms and more preferably 1 to 8 carbon atoms. n is the
number of initiator sites and is a number greater than or equal to 1, preferably
between 1 to 30, more preferably n is a number from 1 to 6. The arylalkyls may
be substituted or unsubstituted. For the purposes of this invention and any claims
thereto, arylalkyl is defined to mean a compound containing both aromatic and
aliphatic structures. Preferred examples of initiators include 2-chloro-2,4,4-
trimethylpentane ; 2-bromo-2,4,4-trimethylpentane; 2-chloro-2-methylpropane; 2-
bromo-2-methylpropane; 2-chloro-2,4,4,6,6-pentamethylheptane; 2-bromo-
2,4,4,6,6-pentamethylheptane; 1-chloro-1-methylethylbenzene; 1-
chloroadamantane;  1-chloroethylbenzene; 1, 4-bis(1-chloro-1-methylethyl)
benzene; 5-tert-butyl-1,3-bis( 1-chloro-1-methylethyl) benzene; 2-acetoxy-2,4,4-
trimethylpentane ; 2-benzoyloxy-2,4,4-trimethylpentane; 2-acetoxy-2-
methylpropane; 2-benzoyloxy-2-methylpropane; 2-acetoxy-2.,4.4,6,6-
pentamethylheptane;  2-benzoyl-2,4,4,6,6-pentamethylheptane;  1-acetoxy-1-
methylethylbenzene; 1-aceotxyadamantane; 1-benzoyloxyethylbenzene; 1,4-bis(1-
acetoxy-1-methylethyl) benzene; S-tert-butyl-1,3-bis( 1-acetoxy-1-methylethyl)
benzene; 2-methoxy-2,4,4-frimethylpentane ; 2-isopropoxy-2,4,4-
trimethylpentane; 2-methoxy-2-methylpropane; 2-benzyloxy-2-methylpropane; 2-



thereto, arylalkyl is defined to nmean a conpound containing both aromatic
and aliphatic structures. Preferred exanples of initiators include
2-chloro-2,4,4- trinmethyl pentane; 2-brono-2, 4, 4-trinethyl pentane;

2- chl or o- pane; 2- brono-2-nethyl propane; PCT/US2003/040341

2- chl or o- gwggg%%ygent anet hyl hept ane; 2- brono-

2,4,4, 6, 6-pent anet hyl hept ane; 1-chl or o3l- net hyl et hyl benzene; 1-

chl or oadarmant ane; 1-chl oroet hyl benzene; 1, 4-bis(1-chloro-1-nethylethyl)
benzene; 5-tert-butyl-1,3-bis( I-chloro-I-nethylethyl) benzene;

2- acet oxy- 2, ﬁ,eﬂmxy@@gga;ﬂemgﬁnmepm&-benzoyl OXY- 2p4sdhrdpoxRi4 b gent ane;

2- acet oxy- 2- nethylpropane 2- benzoyloxy 2- nethylpropane
2- acet oxy- 2, henfangethylhepseneant-oeihonp traetbylethylbenzene;  1-methoxyadamantane;

i gggé?i;aga%%éeﬁim%enzd;?%?ﬁgt %Q@B’é%%gﬁcgﬁﬁ%@‘y ) gyfxsﬁ%baﬁ.w_enzene;

acet oxy- | - met yligt ihmethoke baeatieylethyl) benzelhnﬂnjdll 3,5-3¢id{i shloro-1-methylethyl)

-eceton | B S danleRignes & Bt 1 Al AR Bl are
2- benzyl OXy Ber@ﬁt YO PORARANSY referdfite? 004/ BleBR3poREbE %3@9%&6@%& thé1

met hoxy- 2, 4, 4, 6, 6- pent anet hy| hept ane; 2- |sopropoxy

pent anet hy! helﬁt%@erep pretdabinlpgen ipedelipedtonla Wr@@ﬁ@uné twmamnt ane;

e

1,3,5-tris(1-chloro-I-nethylethyl) benzene Clher suitableinitiators can

be found in t ent 9 6, 89 Lch i.s re| or or ref erence.
For the pur ph@eg of th éﬁt% ‘ﬁh ‘r«r‘&)“ﬁapf’ ?ngﬁgénal ogen is
defined to bR33a@}’arP@IEE9U15tﬂyﬂ1&a&n theA enfbirifie R 3foup ssee@m@ﬂﬂé@as abbwal ocyanat e,
an i sothiocyanate or a cyanide. [00110] Anot her preferred initiator is a

pol yrmeri ¢ haPreferedonalefis Bbl,ynﬁﬁ oincludg |ps1ymobmbrbhe,n poyympylerend andie
remai nin R a abo ol.efn.pol rs include
pol yi sobt y1 EHgRRisRioRstios RERGyREE M i e eP Ry o

initiator maposioted atihe ghia bdlor Adrig @thﬁxﬁthbtbackbbﬁébitm@pelfg}mai When chain end

or along or within the backbo of ol When
g \{ﬂe oqa% polymer has mlﬂgple ogcn atom% at temary carbons either pendant

to or within the polymer backbone, the product may contain polymers which have
a comb like structure and/or side chain branching depending on the number and
placement of the halogen atoms in the olefin polymer. Likewise, the use of a
chain end tertiary polymer halide initiator provides a method for producing a
product which may contain block copolymers.

[00111] Particularly preferred initiators may be any of those useful in
cationic polymerization of isobutylene copolymers including: hydrogen chloride,
2-chloro-2.4,4-trimethylpentane, 2~chloro-2-methylipropane, 1-chloro-1-

meﬂfylethyibenzenc, and methanol.

[00112] Catalyst system compositions useful in this invention typically
comprise (1) an initiator and (2) a Lewis acid coinitiator or other metal complex
described herein. In a preferred embodiment, the Lewis acid coinitiator is present
anywhere from about 0.1 moles times the moles of initiator present to about 200
times the moles of initiator present. In a further preferred embodiment, the Lewis

acid coinitiator is present at anywhere from about 0.8 times the moles of initiator



the olefin polyner has nmultiple hal ogen atons at tertiary carbons, either
pendant to or within the pol yner backbone, the product may contain pol yners
whi ch have a conb |ike structure and/or side chain branchi ng dependi ng on

the nunber yanshospdsgzement of the halogen atoms in the opefiBRolyiE"

Li kew se, the use of a chain end tertiary polyner halide initrator provides
a nmethod for producing a product whicj may contain bl ock copol yners.

[00111] Particularly preferred initiators nay be any of those useful in
cationic polynerization of isobutylene copolyners including: hydrogen

chioride, ZnelhiOh®-abotlt 20t fimBEHhY InIEY JPCinitidrcr h%r@ééﬂt.z' R tahypapérRiane,
1-chloro-1- nethylethyl benzene, and nethanol. [00112] Catal yst system
conposi t i onsemhodfmgnt the injfatoriinhpiesant atranyypene ftdny abas 9 meles par litamtoi ni ti at or
and (2) a Lewy i L Nid 1.a %@Hl l.hed herein.
In a prefer ?gg&elxég?lﬁg%#,lﬁétrhgﬁﬁgﬁog%@? gﬂggé?%ha? torleé&sle%glza?yr‘# 8 anywher e
from about Gfinitimtbesre stiwdthirhthe swpe sf this inventiomt or present to about 200

times the noles of initiator present. In a further preferred enbodi nent, the
Lews acid coinitiator is present at anywhere from about 0.8 tines the

nol es of i ni0oBBPr OTHROthélnd G othe (ehialim? QgAGAA 3l d3gendr &5 @REirddo about 20

times the noles of initiator present. In a preferred_ enbodi nent the
initiator idn¢jpadanperght A molesular syRighiodistriputionpifetheppplymes dieingo  about
10-6 nol es ' : i 2l esser
anounts of q?é\‘iidtci:%?gyrplgéug t@? %%&%H{ﬁd@ e %gggg %?ﬁ% ﬁ%ﬁ?ﬁggrﬂ%n. (00113]
The anpunt aholesperdiserang sroseprpfemplofran [10™ el miolesipetditérr ed  nol ecul ar wei ght
and nol ecul ar wei ght distribution of the polyner being produced. Typically
the range will be from about 1x10-6 noles per liter to 3 x 10-2 noles per

liter and no@o11d] ef er dhakalysk rs@stemd ugefiilan s Invention npsr fukthéretompr30 h14]

Cat al yst syste useful .in this. invention may, further rise a catalyst
conposi ti on TEREE CANRLIAT cPRRISING of? EIFHScainn aaé\ﬁe‘é{ﬁi&%&a?%t ing anion

("WC ani on" 591501{'(“% abn" NCAVEA" -EPeNeﬁt‘ﬁ' 'Yl?éca@ﬂ&@i%ﬁnbbé?ﬁbr?&ﬂﬁﬂﬂsﬁfgng
the WC anion will include a reactive cation and in cerfain instances are novel

catalyst systems.

[00115] A weakly-coordinating anion is defined as an anion which either
does not coordinate to the cation or which is weakly coordinated to the cation and
when the anion is functioning as the stabilizing anion in this invention the WCA
does not transfer an anionic fragment or substituent to the cation thus creating a
neutral by-product or other neutral compound. Preferred examples of such
weakly-coordinating anions include: alkyltris(pentafluorophenyl) boron

(RB(pfp)3-), tetraperfluorophenylboron (B(pfp)4-), tetraperfluorophenylaluminum

carboranes, halogenated carboranes and the like. The cation is any cation that can
add to an olefin to create a carbocation.

[00116]) The anion may be combined with the cation by any method known
to those of ordinary skill in the art. For example in a preferred embodiment the
WC anion is introduced into the diluent as a compound containing both the anion
and the cation in the form of the active catalyst system. In another preferred
embodiment a composition containing the WC anion fragment is first treated to

produce the anion in the presence of the cation or reactive cation source, i.e. the



the WC anion will include a reactive cation and in certain instances are
novel catalyst systens. [001151 A weakl y-coordinating anion is defined as
an anion which either does not coordinate to the cation or which is weakly
coor di nat edwbaodsfaessa@t i on and when the anion is functi QGrgkas0lRs
stabilizing anion in this invention the WCA does not transter an anionic
fragment or substituent to the cation ghus creating a neutral by-product or
ot her neutral conpound. Preferred exanples of such weakly-coordinating

ani ons include: alkyltris(pentafluorophenyl) boron (RB(pfp)3-),

t et r aper f | uoamipin sragtitaed NLikBEIzE hedWT, anfoatmaypley ddtivated plikoyt the pretentien

car bor anes, h{aI oq:gﬁat ed carboranes .and the |ike., Ths cgti on i s, any cation
that can ad& M SaHoR PR FFPT SouEseich 15 ubsequently; igHoducst 18 ¢ ion may be
conbi ned wi t BmbéEmenatd mpayitidR omBinfhe dhkafand PcdiRtiof fcoamingany skill in
the art. For exanple in a preferred enbodi nent the WC anion is introduced
into the dil Gdion amscamneshendrallosd tareastte forar n bypeodaat $he anignendiibe cati on in
the formof the active catalyst system In another preferred embodinent a
conposition contai ni ng the WC anion fragnent is first treated to produce
the anion in the presence of the cation or reactive cation source, i.e. the
WO 2004/ 0588 P!CT: US§003/ 040341 33 anion is activated. Likew se the WC

ani on may be SMVELE he presence of the cation or cation source
which i s subsequently introduced. In a preferred enbodinent a conposition
containing the anion and a cQnposition containing the cation are conbined
and al | owed {¥118act t4ny sl o5 mefallsrdenyapound sapadly ehfomming: aneaninig i on.

neakl y- Coor diAahleR dnieh!i@ HRapdidttkaniindT SbstRhiodi ok fabilbft 5 AEAAHES capabl e
of form ng an ahionic conplex Ichis |ncapa3?eo ransferring a
substituent ¢r néutrainethe dation e pueincoa newteal meelecudd mag hehused as ithmW® produce a
neutral nol ecul e Yy . used as e anion, . | ddition a tal or
metal | oi d capaBie r}gf“dﬁﬁ}%‘ Y %ﬂ%ﬂ%ﬁ# E?yégaélt"f [ ggpdble OF Rrining &' LoSidtnatlbs

complex which is stable in water may also be used or contained in a composition

comprising the anion. Suitable metals include, but are not limited to aluminum,
gold, platinum and the like. Suitable metalloids include, but are not limited to,
boron, phosphorus, silicon and the like. Compounds containing anions which
comprise coordination complexes containing a single metal or metalloid atom are,
of course, well known and many, particularly such compounds containing a single
boron atom in the anion portion, are available commercially. In light of this, saits

containing anions comprising a coordination complex containing a single boron

atom are preferred.
[00118] In general, WC anions may be represented by the following general
formula:
[MYFQy...Qu1d-
wherein:

M is a metal or metalloid;

Q1 to Qp are, independently, bridged or unbridged hydride radicals,
dialkylamido radicals, alkoxide and aryloxide radicals, hydrocarbyl and
substituted-hydrocarbyl radicals, halocarbyl and substituted-halocarbyl radicals



conplex which is stable in water may al so be used or contained in a
conposition conprising the anion. Suitable netals include, but are not
limted to alum num gold, platinumand the like. Suitable netall oids

i nclude, bwo #o@oedseds | i mted to, boron, phosphorus, sibigRRRNwidAE 1 Ke.
Conmpounds cont ai ni ng ani ons which conprise coordination conplexes

containing a single nmetal or netalloi dggatom are, of course, well known and
many, particularly such conpounds containing a single boron atomin the
anion portion, are available comercially. In light of this, salts

contai ni Ny aH™dWY8roeABT Ind hAkbcALFORIbSLIHRE bAANGASRIIEY Akl Pl ¢ ofe,Si NIl €
boron atom.are preferred. {_)001181 In general, WC anions may be represented

by thte H)I ! fmg@t?@ﬁéramonep Qnrgmnnpmhte?fhﬂ@l e.lgag@l]éd- vvhelroei 3: lc\i/lihsda_ get al
or netall oid; 0 are, independe ri or.unbri dged hydride
radicals, dial ky} grﬁgg%tegega?pgaqegﬁn %Eggm%gvai%e%g%%‘@g radi cal s,
hydrocarbyl and nsy@fetibhlhrebed BETL agg,ygndradi cal s, hal ocarbyl and

substi tut ed- hal ocar byl radicals 2004/ 058835 PCT/ US2003/ 040341 34 and

hydr ocar byl and KHP 8¢ Bfesgr esaipsihan of ealde danomet al | 0i d radical s and any one,
but not nore than one of Q1 to Q0 nmay be a halide radical; mis an integer
representing the formal val ence charge of M n is the total nunber of

| i gands q, df011®]is ailt isnefegmirseypadarsood that ther adousatlescobdd abd@1dd] 1t is of

cour se under,stood that th i.ons .descri be bovye and belo . be counter
bal anced wi t??i%w 66???? \9%'1“\3“%%%591 W d’r?é%tve h‘é}arﬁ co%?‘ﬁdtgg%?sor e the
ani on acts wembvédbefortt thenanioihacts asith ke édtide. The sameéiiontue fdesdatiedzed for use

with the ani pns, For exanple, Cp2ZrMe2 may be cophi ned ith a_ conposition
conpri si ng t4FECTERA JPr psrcKRie HHense For gample,GraZoMea may be combined

with a composition comprising the anion (WCA-RY) where R acts with a Me

group to leave the CpyZr*Me WCA- catalyst system.

[00120] Preferred WC anions comprising boron may be represented by the

following general formula:

[BAr{ArpX3X4]"
wherein:

B is a boron in a valence state of 3;

Ary and Arp are the same or different aromatic or substituted-aromatic
hydrocarbon radicals containing from about 6 to about 20 carbon atoms and may
be linked to each other through a stable bridging group; and

X3 and X4 are, independently, hydride radicals, hydrocarbyl and
substituted-hydrocarbyl radicals, halocarbyl and substituted-halocarbyl radicals,
hydrocarbyl- and halocarbyl-substituted organometalloid radicals, disubstituted
pnictogen radicals, substituted chalcogen radicals and halide radicals, with the
provise that X3 and X4 will not be halide at the same time.

[00121] In general, Arj and Ary may, independently, be any aromatic of

substituted-aromatic hydrocarbon radical. Suitable aromatic radicals include, but
are not limited to, phenyl, naphthyl and anthracenyl radicals. Suitable substituents



group to | eave the Cp2Zr+Me WCA- catal yst system [00120] Preferred WC
ani ons conprising boron may be represented by the follow ng general
formul a: [BAr1Ar2X3X4]- wherein: Bis a boron in a valence state of 3; Arl

and Art anﬁ 5&§m§ﬁ or different aromatic or substit uter@RouImiissl

hydr ocar bo adi cal's containing fromabout 6 to about 20 carbon atons and
may be linked to each other through aszstable bridging group; and X3 and X4
are, independently, hydride radicals, hydrocarbyl and

substi t ut ed- hydrocar byl radicals, hal ocarbyl and substituted-hal ocarbyl

radical's, hyglaRcabRithted-8fthaie h9gRERYSn fMdREls! indfulel Wit arRNRITRkaefd radi cal s,
di substituted pnictogen radicals, substituted chal cogen radicals and halide

radi cal s, wi limitedh¢o, kirdoadathy! trerdiealsx Pragngmxinlloid radivels, plkoxy apd ardoxy he same
time. [00121 g I ' p , romatic of
substi t ut ed- gar‘ﬂo‘%ast iﬁ@g‘rﬁ%tr’%@“?b%‘%g?}%f%a 1 ?S%b@gqg?gﬁ%ﬁgf?%@gl s

i ncl ude, but usefiulens 30y arldi Xj.t The substitabrenydy, bnentiel meta anmirgntlatiwciertid r adi cal s.
Sui t abl e substituents WD 2004/ 058835 PCT/ US2003/ 040341 35 on the

subst i t ut ed- earberattoms hpadedctarthohoron @t Whenrpitherder, batlyK3aand Rokrenecessari |y

limted to, rocarby]. radi cals, organonetalloid radicals, .al.koxy and
aryl oxy rad{%g?%afbx]lr ?%C%F%Wayg’ﬁdﬂﬁg?%%ﬁ/@ﬁg’@% gomafic gf UbSUNERY t he | ke

such as thosgronafi€fatlicalts &% AN hnddAr, T B th WAk ihaehd a SBYighCorWrhkiBed et @ OF
pars, relative to the carbon "atons bonded to the boron atom When either or

30;? X3 and MkyRlrdgtkenyl I‘mychlb lo@st badécal,adiqalic }@afddnanhsaiyl thdicdlher salnﬂlqdfj a
ifferent aronmmtic or substituyted-, aromati radical .as a Ar Art, or

t he sane my“@“?t%W%%ﬁW%Pé%%dﬂﬂﬁweﬁ PY& AL aﬁés‘élwi ®radical, a
cyclic hydro n _radical 2l kyl - St i Vel r rbon

radi cal . As ?‘%Eaa:acgteétg a}g %35‘}6?&3?%%%&?3&@ gltgg%F iqlﬁﬁtlédd&t%xgioﬁﬁgr X3 or

X4. Finally, g¥sughSutdbl@Bld@hSgolls. | 1 nked to each ot her

[00122] lustrative, but not limiting, examples of boron components which
may be used as WC anions are: tetravalent boron compounds such as
tetra(phenyl)boron, tetra{p-tolyl)boron, tetra(o-tolyl)boron,
tetra(pentafluorophenyl)boron,  tetra(o,p-dimethylphenyl)boron,  tetra(m,m-
dimethylphenyl)boron, (p-tri-fluoromethylphenyl)boron and the like.

[00123] Similar lists of suitable components containing other metals and
metalloids which are useful as WC anions may be made, but such lists are not
deemed necessary to a complete disclosure. In this regard, it should be noted that
the foregoing list is not intended to be exhaustive and that other useful boron
compounds as well as useful compounds containing other metals or metalloids
would be readily apparent to those skilled in the art from the foregoing general

discussion and formulae.

[00124] A particularly preferred WC anion comprising boron may be

represented by the following general formula:

[B(C6F5)3Q]-

wherein:



through a suitable bridging group. [00122] Illustrative, but not limting,
exanpl es of boron conponents which may be used as WC ani ons are:
tetraval ent boron conpounds such as tetra(phenyl)boron,

tetra(p-tohyo ddogosssss tetra(o-tolyl)boron, tetra(pentaf bgpiQRasmnseooron,
tetra(o, p-di net hyl phenyl ) boron, tetra(m m di net hyl phenyl) boron,
(p-tri-fluoronethyl phenyl)boron and thg |ike. [00123] Simlar lists of

sui t abl e conmponents containing other nmetals and netalloids which are useful
as WC ani ons may be made, but such lists are not deenmed necessary to a
conpl et e di scl os® B.fluoing,hC 95 cabar shd B arslh® ukeladdefined @boveh Hustrhtive f or egoi ng

list is not .intended .to be exha ive and that other usefuyl boron conpounds
as vel | as UGt %ﬁ%ﬁ@&%f%ﬁﬁlﬁ%@ﬁg@m r \%F&avlenwf’%?%als ¥ woul d be

readi |y appafightinylmethy1Osifts Sitletd ©isi & sinfiffe %?Hrolfzirgﬂl SleR afs%aavg, hrgener al

di scussion and formulae. [00124] A particularly preferred ani‘on

conpri si ng botlehexyhyorimhenylagsvdeenQds applymesicthyidfasmbiofyedelinite dhainmul a:

[ B(C6F5) 3Q - b 1 Iy§29 36 Fis fluorine, C
i s carbon anlﬁxgglgckgséngﬁpegg’%gggl&ﬁgeggg%gv : a?%ﬁ%@ﬁ%ﬁ'e but not limting,
exanpl es of these preferred WC ani ons conprising boron triphenyl nethyl
salts where IS,a Si e hydrocarhyl such as t hyl, butyl, .. cycl ohexyl, or
phenyl or M&?iﬁb i's g;()’bg?%eélsc?% cSF nﬁ?ﬁﬁ‘éﬁdn‘?"t‘é" offss ﬁw | engt h
such as pol yadyxiteicof PobidinpOoR hihes sohibl® MrieRBaubEBIcHYAteT YdrRfent 421251

Pol ymeric Q substituents on the nost preferred anion offer the advantage of
provi di ng a fHalaialeh| uBelable osatalysin ander peacptsasoarec efigib wEHerreh@vers | nal

catal yst. - Sqhuhlig GabALY SIS ANdhels BLEGNT BALScAT BeOkiaR RE S Qlird Over

i nsol ubl e waxes, oils, “or cause y can be uted to a desired
concent r at i crencamtrattemarskcanrbe tehdenraicasiisiding simplecequipmphtinaquinpnealt | n

comrer ci al
Processes.

[00126] WC anions containing a plurality of boron atoms may be
represented by the following general formulae:

[(CX)a(BX)ImX"p]c~
or

[[(CX6)a(BXTm(X8)bjc-12Tr+]d-
wherein:

X, X', X", Xg, X7 and Xg are, independently, hydride radicals, halide
radicals, hydrocarbyl radicals, substituted-hydrocarbyl radicals, halocarbyl
radicals, substituted-halocarbyl radicals, or hydrocarbyl- or halocarbyl-substituted
organometalloid radicals;

T is a transition metal, preferably a group 8, 9, or 10 metal, preferably
nickel, cobalt or iron;

aand b are integers > 0;

¢ is an integer > 1;

a+ b+ ¢ = an even-numbered integer from 2 to about 8;

m is an integer ranging from 5 to about 22;

a and b are the same or a different integer 0;

c is an integer > 2;



processes. [00126] WC anions containing a plurality of boron atons may be
represented by the follow ng general formulae: [(CX)a(BX )mX"b]c- or

[[[ (CX6)a(BX7) mM( X8) b}c-12Tn+] d- wherein: X, X, X', X6, X7 and X8 are,

i ndependenwozoodnsggasde radi cal s, halide radicals, hydrpepiubebsdaasihcal s,
substi t ut ed- hydrocar byl radicals, halocarbyl radicals,

substi t ut ed- hal ocar byl radicals, or hywdrocarbyl- or hal ocarbyl -substituted
organonetalloid radicals; Tis a transition netal, preferably a group 8, 9,
or 10 netal, preferably nickel, cobalt or iron; a and b are integers > 0;
c is an integer>akb #&ck in even-numhered indepenfrodney lediboutt82ger from 2 to about 8;
mis an integer rangdhngtfr%%? %0 about 22; a and b are the same or a

di fferent intege™ i MITeEE PraabgutiZ 5.7 \wp 2004/ 058835 PCTI US2003/ 040341
37 a + b + ¢ = anis¥eindperhRhekht Ot gee¥ add OM 4 to about 8, mis an integer
from6 to about 12; n,is an _integer such that 2c - n =d; and dis an
integer > 1. [00fdyan ivegepPds of preferred WC anions of this invention
conprising a plurality of boron atons include: (1) A borane or carborane

ani on satisfying the general fornula: [(CH)ax(BH)bxlcx-
[00127] Examples of preferred WC anions of this invention comprising a

plurality of boron atoms include:

(1)  Aborane or carborane anion satisfying the general formula;

[(CH)ax(BH)bx]X
wherein:
ax is either 0 or 1;
¢x 1s either 1 or 2;
ax+cex=2;
bx is an integer ranging from about 10 to 12; or
(2) A borane or carborane or a neutral borane or carborane compound

satisfying the general formula:
{CH)ay(BH)my(H)bylcY-

wherein:
ay is an integer from 0 to 2;
by is an integer from 0 to 3;
¢y is an integer from 0 to 3;
ay+by+cy=4;
my is an integer from about 9 to about 18; or
(3) A metallaborane or metallacarborane anion satisfying the following

general formula:
([(CH)az(BH)mz(Dbz]c2-]2Mnz+]dz-

wherein:
az is an integer from 0 to 2;
bz is an integer from 0 fo 2;
czis either 2 or 3;

mz is an integer from about 9 to 11;



wherein: ax is either 0 or 1; «c¢x is either 1 or 2; ax+cx=2; bx is an
I nteger ranging fromabout 10 to 12; or (2) A borane or carborane or a
neutral borane or carborane conmpound satisfying the general formula:

[ (CH) ay( BH)wp(2bldagssay- wherein: ay is an integer fromO l{)@rf@ézoo B¥odsp an
integer fromO to 3; cy is an integer fromO to 3; ay+ y+cy:Zf; ny is an

I nteger fromabout 9 to about 18; or (33 A netall aborane or netall acarborane
ani on satisfying the following general fornula: .

[[[(CH)az(BH) nz(H) bzl cz-12Wnz+1dz- wherein: az is an integer fromO to 2;

bz is an integer fagemzd dze-4£andCz IS either 2 or 3; nzis an integer from
about 9 to 11; WO 2004/ 058835 PCT/ US2003/ 040341 38 az+bz+cz=4:; and nz and

dz are, respecti v@F?‘}d@Z%fﬁde@eéﬁweéy’&ﬁﬁd%.‘“ 3@pdd81 I1lustrative, but not
limting, exanples of WC anions include: carboranes such as dodecaborat e,

decachl orodecaborate, dodecachl orododecaborate, 1-carbadecaborate,
1- car badecabdf@i28] 1- llustrative, but not limiting, examples of WC anions include:

carboranes such as dodecaborate, decachlorodecaborate,
dodecachlorododecaborate, 1-carbadecaborate, 1-carbadecaborate, 1-
trimethylsilyl-1-carbadecaborate;

Borane and carborane complexes and salts of borane and carborane anions
such as decaborane(14), 7,8~dicarbadecaborane(13), 2,7-
dicarbaundecaborane(13), undecahydrido-7,8-dimethyl-7,8-dicarbaundecaborane,

6-carbadecaborate(12), 7-carbaundecaborate, 7,8-dicarbaudecaborate; and

Metallaborane anions such as bis(nonahydrido-1,3-
dicarbanonaborato)cobaltate(III),  bis(undecahydrido-7,8-dicarbaundecaborato)
ferrate(IIT), bis(undecahydrido-7,8-dicarbaundecaborato) cobaltate(I1I),
bis(undecahydrido-7,8-dicarbaunaborato) nickelate(IIl), bis(nonahydrido-7,8-
dimethyl-7,8-dicarbaundecaborato)ferrate(111), bis(tribromooctahydrido-7,8-
dicarbaundecaborato)cobaltate(III), bis(undecahydridodicarbadodecaborato)
cobaltate(Ill) and bis(undecahydrido-7-carbaundecaborato) cobaltate(III).

[00129) The WC anion compositions most preferred for forming the
catalyst system used in this process are those containing a trisperfluorophenyl
boron, tetrapentafluorphenyl boron anion and / or two or more
trispentafluorophenyl boron anion groups covalently bond to a central atomic

molecular or polymeric complex or particle.

Cationic component

[00130] In various preferred embodiments of this invention the WC anion is
combined with one or more cations that are selected from different classes of

cations and cation sources,



trinmethylsilyl-1-carbadecaborate; Borane and carborane conpl exes and salts
of borane and carborane anions such as decaborane(14),

7, 8- di car badecaborane(13), 2,7- dicarbaundecaborane(13),

undecahydr ivl@-20b4Bsgdbgret hyl - 7, 8- di car baundecabor ane, PCT/US2003/040341

6- car badecabor at e(12), 7- car baundecabor at e, 7, 8- di car baudecabor at e; and

Met al | abor ane ani ons such as bi s(nonahwydri do- 1, 3-

di car banonabor at o) cobaltate(l11), bis(undecahydri do-7, 8-di carbaundecabor at 0)
ferrate(l11), bis(undecahydrido-7, 8-di carbaundecaborato) cobaltate(lll),
bis(undecahydrido 7, 8- di car baunaborato) nickelate(lll), bis(nonahydrido-7, 8-
di net hyl - ﬁ% ggrbau ecaboy at % errate(l11), bis(tribronmoctahydrido-7, 8-
dlcarbaundec &+t o) ¢ R F bassearet indecahydr i dodi car badodecabor at 0)
cobal tate(l11) angybi sdyepgagahaili dansticnd il Tiemplaent M dehlvd e(lll)
[00129] The WC ag?gn cgﬁp05|t|%ﬁg nost preferregﬁ?or form ng tﬁ%ﬂgcatalyst
systemused in this prtbeeels are those containing a trisperfluorophenyl
boron, tetrapent uor

trispentafl uor opﬁ@% %@éwhtht@fﬁ%é%a B@gh%gmg%g%lfl%%ﬁ&lwgo%es{ég{eg bg Ntral atomic
nol ecul ar or polynenldanMpJex or particle. Cationic conmponent [001301 In
various preferred enbodi nents of this invention the WC anion is conbi ned
with one or nore cations that are selected fromdifferent classes of

cations and cation sources. WD 2004/05%835 PCTI US2003/ 040341 39 [00131]
Sonme preferred classes are: (A) cyclo bntadlenyl transition netal conpl exes
and derivatives thereof. (B) a suﬁ%tliut car bocati on whose conposition is
represented by the fornula: |

wherein Ry, Ry and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably C1 to C3¢ alkyl, aryl, aralkyl groups or derivatives thereof;
(C)  substituted silylium; preferably those represented by the formula:

1
R 8 il. —R,
wherein Ry, Ry and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably C1 to C3q alkyl, aryl, aralkyl groups or derivatives thereof;

(D) compositions capable of generating a proton; and
(E) cationic compositions of gennanium, tin or lead, some of which are

represented by the formula;

1
Ry R¥ Ry
wherein R1, Ry and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably C1 to C3¢ alkyl, aryl, aralkyl groups or derivatives thereof, and
R* is Ge, Sn or Pb.



R2 +--R3 wherein RI, R2 and R3 are hydrogen, alkyl, aryl, aral kyl groups or
derivatives thereof, preferably d to C30 al kyl, aryl, aral kyl groups or
derivatives thereof; (C) substituted silylium preferably those represented
by the for fbo4/0§éLssRZ S+-R3 wherein R, R2 and R3 are By¢#{Qa8fesodhky! .

aryl, aral kyl groups or derivatives thereof preferably O to C30 al kyI,
aryl, aralkyl groups or derivatives thgpeof; (D) conpositions capable of
generating a proton; and (E) cationic conpositions of germanium tin or

| ead, some of which are represented by the formula: RL P Rz R* -R3 wherein
R, R2 and %ﬁw gggg%tmm?%%l aral kyl groups or derivatives

t hereof, pre ryl, aral kyl groups or derivatives
thereof, and R* is Ge, Sn or Pb. V\02004/ 058835 PCT/ US2003/ 040341 40 A
Cycl opent adi t al r| @ Pr.ef er ent adi enyl
transition nzﬁ%@” eri vg E‘ﬁ%?‘%& # 'Wé?qa? ‘faﬁg 5 él}cgudg nmono-,
bis- or tri s-tramiﬁbmmwnﬁdiaeanela thend-y disk wenﬁn‘- ogclogﬂmmexﬂd démuuvs of gmansi tion
netal, preferably, a nono- cycl op tfﬂtadl en % bi s gent adi enyl
(Bis-Cp) groloUW briafis? fpaionenstel, oilesa Vﬁlﬁﬂ%"'cy pielign rconi um
titani umor Raf iR R)Béﬂiétﬁé y'lOF]ﬁS-dp?Oél%% p Br efagifies el Oélg%ﬁcﬁﬂioﬁilw

derivatives (cation sources) }lln conbi ned with y- coor di nati ng
ani ons are r@grisylany acriregninmetitaginawibatpiun eempasitons. A- Cp) MXI +;

[00133] Preferred cyclopentadienyl derivatives (cation sources) that may be
combined with weakly-coordinating anions are represented by the following
formulae:

(A-CpMX 1™,

(A-Cp)MLT;

Cp*
c i
"Y—M

I
CpR



(A-Cp) M+;  Cp* Y, M+ CpR WD 2004/058835 PCT/ US2003/ 040341 41 ( HS Y~x S
(A) YM-\ / X JR Y (z-1-y) ;and (CL H5-Y-x Sx ) M R XY wherein:
(A-Cp) is either (Cp)(Cp*) or Cp-A -Cp*; Cp and Cp* are the sane or

di fferent oyohenesdsssli enyl rings substituted with from b lozd.sfﬁe
substituent groups S, each substituent group S being, independently, a

radi cal group which is a hydrocarbyl, gubstituted-hydrocarbyl, halocarbyl,
substi t ut ed- hal ocar byl , hydrocarbyl -substituted organonetall oid,

hal ocar byl - substituted organonetal |l oid, disubstituted boron, disubstituted
pni ct ogen, substituted chal cc@gen or bablogen radicals, or Cp and Cp* are

cycl opent adi enyl rings in whigh®ahy tho adjacent S groups are joined forning

a C4to C0Oring to give aturat ed unsat urated pol ycyclic
cycl opent adi enyl | iga@g;) is a substitugnt on one of the cyclopentadienyl
radicals which is also bogded to the al™~gtom A is a bridging group,
whi ch group nay serve to redtrict rotgdion of h}éa Cp
JRY (Z—l"'y) Y;a[ld
(CH )

wherein:

(A-Cp) is either (Cp)Cp*) or Cp-A'-Cp*;

Cp and Cp* are the same or different cyclopentadienyl rings substituted
with from zero to five substituent groups S, each substituent group S being,
independently, a radical group which is a hydrocarbyl, substituted-hydrocarbyl,
halocarbyl, substituted-halocarbyl, hydrocarbyl-substituted organometalloid,
halocarbyl-substituted organometalloid, disubstituted boron, disubstituted
pnictogen, substituted chalcogen or halogen radicals, or Cp and Cp* are
cyclopentadienyl rings in which any two adjacent S groups are joined forming a
C4 to Cyq ring to give a saturated or unsaturated polycyclic cyclopentadienyl
ligand;

R is a substituent on one of the cyclopentadienyl radicals which is also
bonded to the metal atom;

A' is a bridging group, which group may serve to restrict rotation of the Cp
and Cp* rings or (C5H5._yxSx) and JR'(z_1.y) groups;

M is a group 4, 5, or 6 transition metal;

yisOori;

(CsHj5.y-xSx) is a cyclopentadienyl ring substituted with from zero to five
S radicals;

x is from 0 to 5 denoting the degree of substitution;



and Cp* rings or (CoH5-y-xSx) and JR (z-1-y) groups; Mis a group 4, 5, or 6
transition netal; vyisOorl; (CoH5-y-xSx) is a cyclopentadienyl ring
substituted with fromzero to five Sradicals; x is fromO to 5 denoting

t he degr e@vd’%oo%%ﬂﬁsi tution; WD 2004/ 058835 PCT/ US2003/ pé93d03/d4a341R (z- 1-y)
Is a heteroatomligand in which J is a group 15 elenent with a coordination
nunber of three or a group 16 el enent @i th a coordination nunber of 2,
preferably nitrogen, phosphorus, oxygen or sulfur; R' is a hydrocarbyl
group, preferably an al kyl group; X and X1 are independently a hydride
radical, hydrocadRy} 1554 &bbteroatublijdnduh @hidhyHisQC@rol)y 115 eRgtesitlith Bal ocar byl
radi cal , substituted hal ocarbyl radical, and hydrocarbyl- and

hal ocar by! - sebrlitation eumbergefitbreetoalal group raelemeant, wishibsbondutation nymbert ogen

radi cal, or bst } l'c radi cal s; dLis an olefin, diolefin or
aryne |i ganc??%bﬁr&fgaﬁgﬁ&%p%tB&ﬁgﬂ%ﬁ%é).xy%ﬁ§% Addi tional cycl opent adi enyl
conpounds that m® ibehydechrbyl gidupspref: | dlkylgfeupdescribed in U S Patent
Nos. 5, 055, 438, &27&3&19, 5, 98,@%1 an 5,096,867, which are_incorporated
by reference her &t fn9pR1 SHBsPPERTREMIY P pydEES dﬁ@‘c‘floé‘lé'@farhhlofﬁﬁ’éﬁaLpr eferred

source for th | pn, 1 s subst.ituted carbqgcation ferred exanpl es

I ncl ude subsSPgsﬁlg‘géd ﬁ%%?caé?yg r?éé%aﬁ,ggag%?@af ’E?@"c?ltﬁéu %‘PM vo W?rﬁiffc R3
wherein Rl, dnd ythciBylaraad ihalbeabylcmbititited wefaag@btalicid radicaln&ibstitukkdanched or
cyclic aromatic or al.iphatic groups preféfgaﬁbly a d to C20 aromatic or

al i phatics Pﬁ‘f“é‘iﬁﬁ?rﬁ* i &¥bstifded dalcgeesdadiggls;ad Ro or R3 nmay be hydr ogen.

In a preferred engaso/Eaa! dibRAS oPhryRlligdRd, &'a dRBrATRwiS bRl erred aromati cs
i ncl ude phenyl,

[00134] Additional cyclopentadieny! compounds that may be used in this
invention are described in U.S. Patent Nos. 5,055,438, 5,278,119, 5,198,401 and

5,096,867, which are incorporated by reference herein.

B. Substituted Carbocations

[00135] Another preferred source for the cation is substituted carbocations.

Preferred examples include substances that are represented by the formula:

wherein Ry, Ry and R3 are independently hydrogen, or a linear, branched or
cyclic aromatic or aliphatic groups, preferably a C1 to Coq aromatic or aliphatics
group, provided that only one of Ry, Ry or R3 may be hydrogen. In a preferred
embodiment none of Ry, Ry or R3 are H. Preferred aromatics include phenyl,

toluyl, xylyl, biphenyl and the like. Preferred aliphatics include methyl, ethyl,
propyl, butyl, pentyl, hexyl, octyl, nonyl, decyl, dodecyl, 3-methylpentyl, 3,5,5-
trimethylhexyl and the like. In a particularly preferred embodiment, when R, Ry
and R3 are phenyl groups, the addition of an aliphatic or aromatic alcohol

significantly enhances the polymerization of isobutylene.



toluyl, xylyl, biphenyl and the like. Preferred aliphatics include nethyl,
ethyl, propyl, butyl, pentyl, hexyl, octyl, nonyl, decyl, dodecyl,
3-nmet hyl pentyl, 3,5,5- trinmethylhexyl and the like. In a particularly
preferred enbagisumesbs when RL, R2 and R3 are phenyl gr gasus20d3R4@edi tion of
an aliphatic or aromatic al cohol significantly enhances the polynerization
of isobutylene. WO 2004/ 058835 PCT/ US2@03/ 040341 43 C. Substituted
Silylium Cations [00136] In another preferred enbodi nment, substituted
silylium conpositions, preferably trisubstituted silylium conpositions are
conbined with WCA's to polynerize nononers. Preferred silyliumcations are
t hose repres&n%giuhtxdé ﬁ. nula Rl R2-Si R3 wherein Rl, R2 and R3, are
i ndependent | - RURsEEG, Silyjum, ﬁ“ Yar, branched or cyclic aromatic or
aliphatic group, with t he prOV|so t hat onIy one of R1, R2 and R3 nay be

hydrogen. Preferably, none of Rl, R2 and are H. Preferabl y, RI R2 and R3
are, indepeni®i3ely "2 lg weothsro PFfered cemboellmephat pubstifutadp. s

pref erabl vy, N ébluﬁﬂ .

Exanpl es of %@ @g?oﬁa@gﬁrﬁfsgﬁ%@%agme se gﬂ?romt e gr oup

consi sti ng oW(h'eypglymerizel monopheys. haﬁmdbmbﬂmrw@hoﬁbmelthmrmemxdmpl es of
useful ali phgt' ¢ fdroyps nay be selected from the group consisting of

nmet hyl , ethy yh’ﬁrfglﬁ'w . butyl, pentyl, hexyl, octyl, nonyl, decyl, dodecyl,
3-net hyl pentyl and 3,5,5-triniethyl hexyl. A particularly preferred group of
reactive substituted silyliumcatio may be selected fromthe group
consisting of trinethylsilylium triEtylsilylium and

benzyl di met hyl silylium [00137] For la discussion of stable fornms of the
substituted silyliumand synth s_ see F.A. Cotton, G WIKinson,
Advanced | norgani c Chenistry, | ey and Sons, New York 1980. Likew se
for stable forns of the cationic t| n, gernmani um and | ead conpositions and

synthesis thereof, see Dictionary of
wherein R, R; and R, are independently hydrogen, or a linear, branched or cyclic

S IRT
Lam~a~ a >3

aromatic or aliphatic group, with the proviso that only one of Ry, Rz and R; may
be hydrogen. Preferably, none of R;, R; and R; are H. Preferably, R; Rz and R;
are, independently, a C; to Cy aromatic or aliphatic group. More preferably, R,
R; and Rj are independently a C; to Cs alkyl group. Examples of useful aromatic
groups may be selected from the group consisting of phenyl, tolyl, xylyl and
biphenyl. Non-limiting examples of useful aliphatic groups may be selected from
the group consisting of methyl, ethyl, propyl, butyl, pentyl, hexyl, octyl, nonyl,
decyl, dodecyl, 3-methylpentyl and 3,5,5-trimethylhexyl. A particularly preferred
group of reactive substituted silylium cations may be selected from the group
consisting of trimethylsilylium, triethylsilylium and benzyldimethylsilylium.,

[00137] For a discussion of stable forms of the substituted silylium and
synthesis thereof, see F.A. Cotton, G. Wilkinson, Advanced Inorganic Chemistry,
John Wiley and Sons, New York 1980. Likewise for stable forms of the cationic
tin, germanium and lead compositions and synthesis thereof, see Dictionary of
Organometallic compounds, Chapman and Hall New York 1984.



Organonetal I i ¢ conmpounds, Chaprman and Hall New York 1984. WD 2004/ 058835
PCT/ US2003/ 040341 44 D. Conposition Capable of Generating a Proton [00138]
A fourth source for the cation is any conmpound that will produce a proton
when conbi fethed/dsksss he weakl y-coordinating anion or a cerPaSiebidAbsar

cont ai ni ng a weakl y-coordi nati ng anion. Protons may be generated fromthe
reaction of a stable carbocation salt I ch contains a weakl y-coordi nati ng,
non- nucl eophilic anion with water, alcohol or phenol present to produce the
proton and the correspondi ng by-product, (ether in the case of an al cohol

or phenol ang, Eg@%g ' : %f‘;ﬁh% E . Such reaction may be preferred
in the event—r'h% Bnm&ﬂﬂ&’ t W&acation salt is faster with the

protonated additive as conpared wth its reaction with the olefin. Oher

prot on gener gt reacfants incluyde,thiols carboxyli.c acids,, and the |iKke.
Sinilar chenﬁsﬂt‘?ﬂes naé%%lﬂ’a‘r@gﬁe?gﬁ%c?t}?n#m?wo g thet Wl poducea | 75
particul arlypiitef eheedombhed wightthe WesklyBberdiRatiad @nfdad & & colipesiybn gr oups,
the addition of an aliphatic or aromatic al cohol significantly enhances the

pol yner i zat i GPRRIRING o Bigekly-sperdinpbing 3gienAnbroes Mt REBeRgrage Hetmartie a prot on
compri ses CORALMTGF AR Rbodadh sift WiPodiBid a WAHAYRbHInktibg (Bt Wi {

wat er, such as by neans of I n a wet uent, 1 n the esence of a Lew s

base that dotuclenphilicanionfvathewaten, hlcolyd oy penplrreseohio ps: 8¢ potopked i n. |t has

been observed. .t Lew,s b . h.as 4 ene. .. resent with
the group 1 g.lre %)%r?%‘fm(g'ﬁnlgﬁb&"ﬁ?ga%f%ﬁ# %ﬁggc(f?%n‘)f ?‘g%gcté)}rgélrgrt Blééna %ncg preferred
gmlt)odi ment Llab(r)]m akthycﬁmfd&a&tf). | Sigrhaedction may bg p%erﬁddﬁ&hﬁ evient thitethe wet " I

i l uent such that i ve, cat.a t. 1S generate en the. group 1 r 2 neta
s added:  ACHRORT S the FhORler I i fs) OBk DU EH) SN @ PR ol
Compounds [ 0QAAGH rdfeBofith tBSlefin, OOHER bAKorC@ink@ffy fdaBthitsindi? thidls¢ ONbi ned

into an active catalyst in at least two ways. ATirst nethod is to conbine
a conpound carboxylic acids, and the like. Similar chemistries may be realized with silylium

type catalysts. In a particularly preferred embodiment, when Ry, Ry and R3 are
phenyl groups, the addition of an aliphatic or aromatic alcohol significantly

enhances the polymerization of isobutylene.

[00139] Another method to generate a proton comprises combining a group
1 or group 2 metal, preferably lithium, with water, such as by means of in a wet
diluent, in the presence of a Lewis base that does not interfere with
polymerization, such as an olefin. It has been observed that when a Lewis base,
such as isobutylene, is present with the group 1 or 2 metal and the water, a proton
is generated. In a preferred embodiment the weakly-coordinating anion is also
present in the "wet" diluent such that active catalyst is generated when the group 1
or 2 metal is added.

ACTIVE CATALYST SYSTEM

A. Cyclopentadienyl Transition Metal Compounds

[00140] The Cp transition metal cations (CpTm™) can be combined into an

active catalyst in at least two ways. A first method is to combine a compound



WO 2004/ 058835 PCT/ US2003/ 040341 45 conprising the CoTmt with a second
conpound conprising the WCA- which then react to form by-product and the
active "weakl y-coordi nating"” pair. Likew se, the CoTm+ conpound nay al so be
directly cowbizpdssssh the WCA- to formthe active cat almﬁy@}(ﬁﬁl
Typically the WCA is conbined with the cation/cation source in ratios of |
to 1, however ratios of 100 to 1 (CpTmasto WCA) al so work in the practice
of this invention. [00141] Active cationic catalysts can be prepared by
reacting a transition netal conpound with sonme neutral Lewi s acids, such as
B(C6F6) 3n, WebmBridlROthe CHBRYTIWith Wiskébrd ddviHolhd € fSﬁsiﬁgB%nw(m whicht he
transition netal conpound fornms an anion, such as@fi?ll[.l ( G6F5) 3§X)]_-), whi ch
stabi | i zes t enczgachrip clormahyipradvat mpd athe agivei bwealbneqozdivaiingy pde reacti on.

[00142] A novyel aspect his invention |s the actiye carbocationic
cat al yst coﬁ-&wsme&ﬁt@t ORI HP0 Eﬁdﬁ%ﬁﬂyﬁé’“%bét&ﬂe“g‘@hﬁ’édw t he

formul ae: (4 co( 511 GERs svsledn. - - y . .
(A Cp) M- (- - g%_ :30)118%_*%&1{%4?%_ @'E&C%%%V%A X4 combined with the
Y- M- (- - CH2- cﬁﬁhfcaﬁGn Ghidee GEAHIDEAT 1 1OPIR NOReVRQ4:SOGBEM KCT/(OPPAG36040341 46
E g%: g: ;(( §§ gW&ﬁ) t)algo Mox('kqn_lizﬂ_lecggétgc% of 'szi_m(':ecr;l%ion.NCA /R (z-1y) Xy and

[00141] Active cationic catalysts can be prepared by reacting a transition

metal compound with some neutral Lewis acids, such as B(CgFg)3p, which upon
reaction with a hydrolyzable ligand (X) of the transition metal compound forms an
anion, such as ([B(CgF5)3(X)1"), which stabilizes the cationic transition metal

species generated by the reaction.

[00142] A novel aspect of this invention is the active carbocationic catalyst

complex which is formed and which can be represented by the formulae:

(A-Cp)lxlzf--(-.-CHZ--CGZ--)g--CHZ--cGJWCA'
X

(A-Cp)l\fl--(--CHZ--CG;_-—-)g--CHz-CG;WCA'
L

™
Y——l\l/I--(--CH2—-CG2--)g--CHp_--CGz+NCA'
CpR



M (CH2-C&X-)g -CH2- C&NCA- R'" Xy wherein each Gis independently hydrogen
or an aromatic or aliphatic group, preferably a d to C100 aliphatic group,
and g is an integer representing the nunber of nmononer units incorporated

into the gnoghévgdossesynmer chain, gis preferably a nunb 5 han or
equal to 1, preferably a nunber from1 to about 150, 00 T@@ﬁ‘ /iﬁiosgny

weal dy- coordi nati ng ani on as descri bedsgabove. Al other synbols are as
defined above. [001431 In another enbodi ment this invention also provides
active catalyst conpositions which can be represented by the fornul ae:
(A-Cp) WCA- +M-(--CH2--CXR2--)g--CH2--C&x ; | XI  (A-Cp) WO 2004/ 058835
PCT/ US2003/ 040341 47 WCA- +M - (--CH2--C&2--)g--CH2--C& L Cp* WCA-

| M- (--CH2--C&R--)g -CH2- -@3H LRIBY (CSHS-Y-X SO/ \NCA (A')y M+
(CH2-C&X-)g -CH2-C&xR JW (z-1- Xy

(A"y M, —— (CHy-CGy-), -CHy-CG, 'NCA™

/

Ry Xy

(CSHS-y-x Sx)
\M

—— (CHy-CGy-)g -CHy-CGy 'NCA

/

R
XY
wherein each G is independently hydrogen or an aromatic or aliphatic group,
preferably a C; to Cqgg aliphatic group, and g is an integer representing the
number of monomer units incorporated into the growing polymer chain, g is
preferably a number greater than or equal to 1, preferably a number from 1 to

about 150,000. WCA- is any weakly-coordinating anion as described above. All
other symbols are as defined above.

[00143] In another embodiment this invention also provides active catalyst

compositions which can be represented by the formulae:
(A-Cp)
|
WCA- *M--(--CHp~-CGp--)g-CH2-CG; ;
Xq

(A-Cp)



and (C5H5-y-X Sx) \ NCA M (CH2-C&-)g -CH2- & R' Xy wherein each Gis

i ndependently a aliphatic or aromatic group, preferably a d to C100

al i phatic or aromatic group, and g is a n integer representing the nunber of
nononer U%b%ooh)ﬂﬁdﬂﬁspor ated into the growi ng pol ynmer chaigrusgoospsdasef erably a
nunber greater than or equal to 1, preferably a nunber fromI| to about

50, 000. WD 2004/ 058835 PCTI US2003/ 040341 48 WCA- is any weakl y-coordi nating
ani on as described above. Al other synbols are as defined above. B.
Substituted Carbocation and Silylium Conpounds [00144] Ceneration of
trisubstituted carbocat]ions and silyliumcations may be perforned before
use in the polymerizat_!i_on or in situ. Pre-formation and isolation of the
cation or the stamcé\'cét{"r'()'rp]é&'l'@nghy "&Qibl'fpl i shed by reacting the
alkali or alkaline earth metal salt of thd weakly-coordinating anion with
the corresponding hal ogen of the potentigl carbocation or silylium
simlarly to nethods known in the art. Formation of the substituted
carbocations or silylium in situ occurs in a simlar nmanner to stable
salts, but within the vesselCpfd at the desired tenperature of

pol yneri zation. The advant a_gé of the latter procedure is that it is capable
of producing carbocati oNCAr Mi-HytGCHpr-Chlyrgps CHpeClisse too unstable to be
handl ed by the first method. IThe cation or the predursor to the cationis
typically used in |l to | rat with the WCA, however ratios of 1 to 100
(C+ or Si+ to WCA) also work in the practice of thi¥s invention. [00145] A
novel aspect of this invention is the active carbocationic catalyst conplex
which is formed and which can be represented by the fornul ae:

(CSHS-y-x Sy)

\N(iA'

(A')y /M - (CHz-CGz-)g -CHg'CIG'Z
R 1) X, %
; and
(CSHS-y-x Sx)

NCA™
M'—— (CHy-CGy-); -CH,-CG,

/

RI! Xy
wherein each G is independently a aliphatic or aromatic group, preferably a Cy to

C100 aliphatic or aromatic group, and g is a n integer representing the number of

monomer units incorporated into the growing polymer chain, g is preferably a

number greater than or equal to 1, preferably a number from 1 to about 50,000.



Rl R HZ C&)g CHy--C&4 NCA7 RZ wherein each Gis independently hydrogen
or a hydrocarbyl group, preferably a d to d()() aliphatic group, and g is
a n integer representing the nunber of nonomer units incorporated into the
growi ng pol waeroqddess, g is preferably a nunber greater é Solosggyal to 1,
preferably a nunmber from1l to about 150, 000. WO 2004/ 058%

PCT/ US2003/ 040341 49 WCA- is any weaklsy-coordi nati ng ani on as descri bed
above. Al other synbols are as defined above. [001461 Yet another novel
aspect of this invention is the active carbocationic catalyst conplex which

(cro”c) g Qo B VB Eul oot G SR Jhor 08 gon o1 an

al i phati c or asrmrdefinat adpoeelp, preferably a d to CLOO aliphatic group, and g
is a n integer representing the nunber of nononmer units incorporated into
the grow ng polymer chain, g is preferably a number greater than or equal
to 1, prefera)l substitdiedTRFbICARIA ahd!SHlyliah Woinpbhds000. WCA- is any

weakl y- coordi'natTng ani on as descri bed above. All other synbols are as
defined above. Ge, Sb, Pb 1001471 In addition cationic conpositions of

ger mani um tirgoRly | eadGehB¥s St &d%g;gaw%h' Qhd M1d 1ot BRiokChas descri bed
herein. Pref Jrregl corrpogfl?%%{oor?g@f#ncl u%‘e t hose Fch ar% repré)sentazd by the
fornmul a; 11 bR peRform¢d before use in the polymerization or in situ. Pre-formation and

isolation of the cation or the stable cation salts may be accomplished by reacting
the alkali or alkaline earth metal salt of the weakly-coordinating anion with the
corresponding halogen of the potential carbocation or silylium similarly to
methods known in the art. Formation of the substituted carbocations or silylinm
in situ occurs in a similar manner to stable salts, but within the vessel and at the
desired temperature of polymerization, The advantage of the latter procedure is
that it is capable of producing carbocations or silylium cations otherwise too
unstable to be handled by the first method. The cation or the precursor to the
cation is typically used in 1 to 1 ratios with the WCA, however ratios of 1 to 100

(C* or Sit to WCA) also work in the practice of this invention.

[00145] A novel aspect of this invention is the active carbocationic catalyst

complex which is formed and which can be represented by the formulae:

Ry

R: 1 ~CH,~CGy)g=CH,~CG," NCA’
Ry

wherein each G is independently hydrogen or a hydrocarbyl group, preferably a
Cy to Cypp aliphatic group, and g is a n integer representing the number of

monomer unjts incorporated into the growing polymer chain, g is preferably a

number greater than or equal to 1, preferably a number from 1 to about 150,000.



2 + 3 WD 2004/ 058835 PCT/ US2003/ 040341 50 wherein RI, R2 and R3 are

hydr ogen, al kyl, aryl, aral kyl groups or derivatives thereof, preferably d
to C30 al kyl, aryl, aral kyl groups or derivatives thereof, and R* is Ge, Sn
or Pb. InRoRRfossssed embodi ment the R groups are a Cl fcqnfshbhaoqisky! ,
preferably methyl, ethyl, propyl, or butyl. Hydrofluorocarbons [001481
Hydr of | uorocarbons are preferably usedsas diluents in the present

i nvention, alone or in conbination with other hydrofluorocarbons or in
conbination with other diluents. For purposes of this invention and the
clainms ther " ) d to be
sat ur at ed or%slg% %%9'08&% ﬁggmglgﬁg‘?g cﬁgéde%ﬂsggéi #LFP{ECP% ar ogen,

car bon and fdreuasdeﬁnpdalmvew ded that at | east one carbon, at Ieast one
hydrogen and at |east one fluorine are present. [001491 In certain

enbodi ments, the diluent conprises hydrofluorocarbons represented by the

forml a: CXl‘MﬁMG}fher eIyt X ahcthédN noél€ Afect éfMiHis t tavéfkion akt efenakfiveel y from 1
to 30, alternatively from1 to 20, alternatlvely from1l to 10,

al t er nat i vel SAracatanic easalpst camplex yihichis| fgrmad and »hich cay l%ﬁ’ieﬁﬁequv@l y from3
to 10, altefpaddysly from3 to 6, nost preferably from1l to 3, whereiny
and z are integers and at |east one. [00150] Illustrative exanples include
fl uor onet hane; difluoromethane; trifluoronmethane; fluoroethane;

1, 1-di fl uor oet hane; 1, 2- d|fluoroethq? ; 1,1,1- trifluoroethane;
1,1,2-trifluoroethane; 1,1,1,2-tetr Iuoroethane 1,1, 2, 2-

tetrafl uoroet hane; 1,1,1,2,2-pentafﬁkoroethane 1- quoropropane;
2-fluoropropane; 1, 1-difluoropropan 1,2 difluoropropane

1, 3-di fl uor opr opane; 2, 2 digf +ereprgpane; (@} c@;-?_jlgr m@tne

1,1, 2-trifluoropropane; § trifluoropropane; trlfluoropropane
1,2,3-trifluoropropane; 1,1,1,2 tetrafluoropropane,

1,1,1,3-tetrafl uoropropane; 1,1, 2,2-tetrafl uoropropane;

R3

wherein each G is independently hydrogen or an aliphatic or aromatic group,

preferably a C1 to Cqpq aliphatic group, and g is a n integer representing the
number of monomer units incorporated into the growing polymer chain, g is
preferably a number greater than or equal to 1, preferably a number from 1 to
about 150,000. WCA- is any weakly-coordinating anion as described above. All
other symbols are as defined above.

Ge, Sb, Pb

[00147] In addition cationic compositions of germanijum, tin or lead, may
be used in combination with the WCA's described herein. Preferred compositions

include those which are represented by the formula:
T

e o
E’.2 Ii R3



etrafl uoropropane; 1,1, 3, 3-tetrafl uoropropane;
etraf | uoropropane; WO 2004/ 058835 PCT/ 1152003/ 040341 51
pent af | uor opropane; 1,1,1, 2, 3-pentafl uoropropane; 1,1,1, 3, 3-

3-t

3-t

2, 2-

| uor opoepANSssss, 1, 2, 2, 3- pent af | uor opr opane; PCT/US2003/040341
3, 3-pent af |l uoropropane; 1,1,1, 2,2, 3-hexafl uoropropane;

2, 3,

2

r

- -
— -
il

, 3, 3- hexaf | uor opr opane; 1, 1, 1, 35(3, 3- hexaf | uor opr opane;
, 2,3,3-hept af | uoropropane; 1,1,1, 2, 3, 3, 3- heptafl uoropropane;

obutane; 2-fluorobutane; 1,1-difluorobutane; 1,2- difluor obut ane;

o]
i f1 uor obitreiveR |, 1R4-adld Rzusre diydiogers ;alid:] 2argl, fatalio @beipa e dedy@ives
orobutane; 1,1, 1-trifluorobutane; 1,1,2-trifluorobutane;

-trifl umem@ﬁtmﬁerablymltwmrﬁlkw,umlomﬂcamum @ dprivatives thereoh andine;
-trifluQraqbuytane; 1,3,3- trifluoraobutane; 2,3-triflu robutane
L 2-tet r BY 1150 SRR RY: inﬁpief%“edt@tﬂ?"gflp%r%gt%ﬂ@s "“'eaé)l to C1o

,4-tetr ane orobutane; 1,1, 2, 3-
Iuorob%likgpg e?qﬁ@ygxeﬂ:_yieegqy fpfr?P ﬁfdg e; 1,1, 3, 3- tetrafl uor obut ane;

,4- tetrafl uorobutane; 1,1,4,4- tetrafl uor obut ane;
-tetra Iurobut ne: 1,2,2, 4- tetrafl uorobutane:
-t et r R oorBREEaRe; 1,2, 3, 4-tetrafl uorobutane; 2,2, 3, 3-

uor obut ane; 1 1,1, 2, 2-pentafluorobutane; 1,1,1, 2, 3-pentafl uorobut ane;
, 4- pent af | uor obutane; 1,1, 1, 3, 3-pent af | uorobutane; 1,1,1, 3, 4-

r ob{l04A8]: 1, 1Hydrafluorpearbans atr prsfruabin esediasidibents 3n ;ﬂ%mﬁﬁnﬂor obut ane:

uo
§£EWM ora?hléa[gegl pehb%}a%ugrgﬁtﬁ: %&PW&E“%@?I)%M af | uorobut ane;

- -
- = -

@~ @D~
— - = -
—h- =k

—_— -

—_ -
I\)I\JOOC l\)-h-bl\)‘: OO_I\)_I\J_OOOO

D -

pend:mbmtmmwnh atter dilyentsl, Por2pidpdvex af thmmbmtiomnmd the tlam®, 2, 4-

, °b“ip@;s§¢,l srasbifacnions CHEF G S E @Y St acfined g paturated or

afihdafir@bd tampounts Jsoﬂsasang efsentidiRbf hr@seu! 84¥Bon and fluorine,

X
4- hexaf | uor obut ane; 3, 3- hexafl uor gbut ane;

' 4- provited (hat ¢b ipestrame carben 2atéea¢t ane\ydsgaen sd gt feastcone flupripe 3 3 4.
obu h&gﬁ A 1.2, 3,4, 4- hexaf | uor obut ane;
4- ?I uo
4
3

o -
® -

Q -

PRRIRPRPRPRIRT ST PrRPPRPTRRPRPRPRORPRRPRPRPTRRPE
PRPNXPRPWORXNSPSRPRZNNRTRPRPNRWORRRIRENR
PRENTINRPWORTINONORPYWONWIRFPOWWS QS RRPNYRENN

or obut ane; 1,1,1,2,2,3, 3-heptafluorobutane;
, 4-hept af | uorobutane; 1,1,1, 2, 2, 3,4- heptafl uorobut ane;

P foo*iﬁ?f afl Ul & la{fnaerlln odlrne]ﬂ’tsl ’thze’ da;luent comprises hydrofluorocarbons
represented by the formula: C,H,F, wherein x is an integer from 1 to 40,
alternatively from 1 to 30, alternatively from 1 to 20, alternatively from 1 to 10,
alternatively from 1 to 6, alternatively from 2 to 20 alternatively from 3 to 10,

alternatively from 3 to 6, most preferably from 1 to 3, wherein y and z are integers

and at least one.

{00150] Iiustrative examples include fluoromethane; difluoromethane;
trifluoromethane; fluoroethane; 1,1-difluoroethane; 1,2-difluoroethane; 1,1,1-
trifluoroethane;  1,1,2-trifluoroethane;  1,1,1,2-tetrafluoroethane;  1,1,2,2-
tetrafluoroethane; 1,1,1,2,2-pentafluoroethane; 1-fluoropropane; 2-fluoropropane;
1,1-diflnoropropane; 1,2-difluoropropane; 1,3-difluoropropane; 2,.2-
difluoropropane; 1,1,1-trifluoropropane; 1,1,2-trifluoropropane; 1,1,3-
trifluoropropane;  1,2,2-trifluoropropane;  1,2,3-trifluoropropane; 1,1,1,2-
tetrafluoropropane; 1,1,1,3-tetraflucropropane; 1,1,2,2-tetrafluoropropane;
1,1,2,3-tetrafluoropropane; 1,1,3,3-tetrafluoropropane; 1,2,2,3-tetrafluoropropane;



hept af | uorobutane; 1,1,1
hept af | uorobutane; 1,1,1, 2, 2, 3, 3,
oct af l uorobutane; 1,1,1, 2,3, 3,4, 4-octafluorobutane; 1,1,1,2,2,4,4,4-

oct af | uor aRYLFIRsss3s 1 1,2,3,4, 4, 4-oct af | uorobut ane; Ichyds26038403413 4, 4-
nonaf | uor obutane; 1,1, 1, 2, 2, 3, 4,4, 4-nonaf | uor obut ane;
1-f|uoro-2-nethy|propane 1, 1-di fl uorg- 2- net hyl propane;

1, 3-di fl uoro-2-net hyl propane; 1,1,1-trifluoro-2 WO 2004/ 058835
PCT/U82003/040341 52 net hyl propane; 1,1, 3-trifluoro-2-nethyl propane;

L 3-di {1 uor oy 24 43 bhgsmIRG0Y ﬁa}@mpane;12,3Jpeata§ru5ﬁb£@%@0ro 2,783 3y! pr opane;

, 2,4, 4, 4-hept af | uorobut ane; 1,1,1,3, 3,4, 4-
2,2,3,3,4-octafl uorobutane; 1,1,1, 2,2, 3,4, 4-

1,1,3,3- tetraf’luor propane

1, 1, 3-t ri f | upsméafimotapronanesnili2\3,3-perdafinocoprapane;1 13,233, @@nmaﬂmqmrop@e,

met hyl propan etrafluaro 4f o ane;

11 5 retr I dstahBrdRinater O f)‘ﬁf%%%%‘g’gﬁﬁ"y&} 200 obilans
-diflu orocycmahﬂmaﬁﬂmp&mi d|f1mpnn@yﬁ&w@mﬂmﬁﬁpnmaﬁ»dlf|unnopmxsgbutane;
1,1,2-triflupr cl obut ane; - trlf uor ocycl o t e;

125 trif1 el r%maaﬁelflu%obzl@et sqrp'efaz%yﬁ hiyorplastane; 1,2-

1

1,3, 3- tetr&'hh&%@ﬁﬂ&'?bl&meobuama 2 AdiffndiEbtitalel WO7-HN6toBRMhE NES- 1 1,2,3,3-
pent af | uorocgcl obutané; 1, 1, 2, 2, 3, 3- hexaf | uorocy¢l dbut ane; 1, 1,72, 2 4

hexaf | uor ocydiflspiobuiane; 11,1- mﬂ®r®uﬂﬂnhekéﬂbmﬂﬂwb@m%hﬁéﬂﬂ®rqua 3, 3, 4-
hept at | uor oc Hgeof fﬂ@ m xtuges of
unsat ur at ed Xﬁéﬁghhescrmg%d bé?(&%rrl g§t|c§1ar Y pre erré%giFCTEyﬁnclude
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| uor opr opene, 1-di fl uoropropene; -di fl uor opr
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| uor og 124 S0Gandorditie! UOT 071 1,245 NG tattuorobutane; 1,1,1,3,4-
pentafluorobutane;  1,1,1,4,4-pentafluorobutane;  1,1,2,2,3-pentafluorcbutane;
1,1,2,2 4-pentafluorobutane; 1,1,2,3,3-pentafluorobutane; 1,1,2,4,4-
pentafluorobutane;  1,1,3,3,4-pentaflucrobutane;  1,2,2,3,3-pentafluorobutane;
1,2,2,3,4-pentafluorobutane; 1,1,1,2,2,3-hexafluorobutane; 1,1,1,2,2,4-
hexafluorobutane; 1,1,1,2,3,3-hexafluorobutane, 1,1,1,2,3,4-hexafluorobutane;
1,1,1,2.4,4-hexaflucrobutane; 1,1,1,3,3,4-hexafluorobutane; 1,1,1,3,4,4-
hexafluorcbutane; 1,1,1,4,4,4-hexafluorobutane; 1,1,2,2,3,3-hexafluorobutane;
1,1,2,2,3,4-hexafluorobutane; 1,1,2,2,4,4-hexafluorobutane; 1,1,2,3,3,4-
hexafluorobutane; 1,1,2,3,4,4—hexaﬂ1iorobutane; 1,2,2,3,3,4-hexafluorobutane;
1,1,1,2,2.3,3-heptafluorobutane; 1,1,1,2,2,4,4-heptafluorobutane; 1,1,1,2,2,3,4-

f
f
1, 3-
1,1
1,3
1-f
1, 1-

2-
, 3-
| uo
di

heptafluorobutane; 1,1,1,2,3,3,4-heptafluorobutane; 1,1,1,2,3,4,4-
heptafluorobutane; 1,1,1,2,4,4 4-heptafluorobutane; 1,1,1,3,34,4-
heptafluorobutane; 1,1,1,2,2 3,3 4-octafluorobutane; 1,1,1,2,2,3,4,4-
octafluorobutane; 1,1,1,2,3,3,4,4-octafluorobutane; 1,1,1,2,2,4.4.4-
octafluorobutane; 1,1,1,2,3,4,4,4-octafluorobutane; 1,1,1,2,2,3,3,4,4-

nonafluorobutane; 1,1,1,2,2,3.4,4,4-nonaflucrobutane; 1-fluoro-2-methylpropane;
1,1-difluoro-2-methylpropane; 1,3-difluoro-2-methylipropane; 1,1,1-trifluoro-2-



| uor opropene; 1,4-difluoro-I|-butene; 2,3-difluoro-I-butene;

| uoro-1- butene; 3,3-difluoro-|-butene; 3,4-difluoro-I-butene;

| uoro-1-butene; 1,1,2- trifluoro-1-butane; 1,1,3-trifluoro-I-butene;
-t ri ik tene; 1,2,3- trifluoro-1-butene;
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mtaﬂwwslobutawt enel,12,23, %hﬁaﬂupmrdﬁbumeo | - Huk,2R8;4-

| ﬁa@%&%&ﬁc’%ﬁ%%ﬁé 15 AgdutipofbBIRL O TaA SRS,
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, te
, “ﬁsat‘ﬁ@tﬁ# O#[?G(ﬁr geqc éﬁ@“} ﬁarg eﬁfgﬁt I(#pbg%ﬂﬁe but ene;
; d&lﬂuohﬂﬂétﬁédeu %ﬂubrohiéﬂ@ﬂ@ 111 cﬁﬂ@or@etﬂa:ﬁ; 41,hept affhibRedane, but ene;

-2-but ene; 2- tluoro-2-butene: 1,1-difl uoro-2- but ene;
IuoréIHQmBlﬂt@ﬂ%ani 1&1}2ﬁ¢t{?§lﬂﬁtﬂ£‘hﬂtﬂjtene 1, 4-di f | uor o- 2- but ene:

| uro-2-butene; 1,1,1-trifluoro-2-butene; 1,1,2-trifl uoro-2-butene;
rifluoro-2-butene; 1,1,4-trifluoro-2-butene; 1,2, 3-
r o- 2{@it5e¢he; 1Ilmsttatiwei eXamples- 6F busabmated hydrofludracarbomst ingbde- 2- but ene;

téf ';viﬁ%f{l 88%?%3?%&@&&1%&11]6; Jl’,ﬁc-li b8 gﬁe?rﬁi,azgﬂﬂc%ggthenc; 1-

fluoropropene, 1,1-difluoropropene; 1,2-difluoropropene; 1,3-diflucropropene;

wwO”_“_“*ww-b_-hw-b-b_-h-bwh-h

2,3-difluoropropene;  3,3-difluoropropene;  1,1,2-trifluoropropene;  1,1,3-
trifluoropropene; 1,2,3-trifluoropropene; 1,3,3-trifluoropropene; 2,3,3-
triftuoropropene; 3,3,3-trifluoropropene; 1-fluoro-1-butene; 2-fluoro-1-butene; 3-
fluoro-1-butene; 4-fluoro-1-butene; 1,1-difluoro-1-butene; 1,2-difluoro-1-butene;
1,3-difluoropropene; 1,4-difluoro-1-butene; 2,3-difluoro-1-butene; 2,4-difluoro-1-
butene; 3,3-difluoro-1-butene; 3,4-difluoro-1-butene; 4,4-difluoro-1-butene; 1,1,2-
trifluoro-1-butene;  1,1,3-trifluoro-1-butene;  1,1,4-trifluoro-1-butene;  1,2,3-
trifluoro-1-butene;  1,2,4-trifluoro-1-butene;  1,3,3-trifluoro-1-butene; 1,3,4-
trifluoro-1-butene;  1,4,4-trifluoro-1-butene;  2,3,3-trifluoro-1-butene; 2,3,4-
trifluoro-1-butene;  2.4.4-trifluoro-1-butene;  3,3,4-trifluoro-1-butene; 3,4,4-
trifluoro-1-butene; 4,4,4-trifluoro-1-butene; 1,1,2,3-tetrafluoro-1-butene; 1,1,2,4-
tetrafluoro-1-butene; 1,1,3,3-tetrafluoro-1-butene; 1,1,3,4-tetrafluoro-1-butene;
1,1,4,4-tetrafluoro-1-butene; 1,2,3,3-tetrafluoro-1-butene; 1,2,3 4-tetrafluoro-1-
butene;  1,2,4,4-tetrafluoro-1-butene;  1,3,3,4-tetrafluoro-1-butene; 1,3,4,4-



-tetrafl uoro-2-butene; 1,2, 3,4-tetrafl uoro-2-butene;
pent afl uoro-2- butene; 1,1,1, 2, 4-pentafl uoro-2- but ene;
pent af | uor o- 2-butene; 1,1,1,4,4- pentafl uoro-2-butene;

ﬁ/ﬁ%&‘; th% 0-2-butene; 1, 1,2, 4,4-pentafl uor o-get/Bsdoesnmes41
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hexarl'uor o-2-butene; 1,1,1, 2,4, 4- hexafl uor o- 2- but ene;
hexaf | uoro- 2-butene; 1,1, 154, 4, 4- hexafl uor o- 2- but ene;
, hexaf | uoro-2-butene; 1, 1, 1,2, 3,4, 4-hept afl uor o- 2- but ene;
, 4, 4- hept afl uoro-2-butene; and m xtures thereof and including

mxtures of seraBhsbSdbuttieC 3, 4E54dHaRA6k0ADBMENe; [ ORI hettaflubrde-Bi¥BRI ment, the

di | uent conprises non-perfluorinated conpounds of the diluent is a

non- per f | uor RRsth&tetigiinererirbutens; f Rdeh4-tetralioroddrmiensi d33ded-teiyaflised - conpounds
consisting o .b HQL 110 CIN e dj t, when the
di | uent corrpfrb}r%g('g:,2 g%ﬁ%ﬁ%{a’h#ﬁ% ]bﬁuéﬁ%?mrr,g’gﬁ ’%%R%ﬂﬁ?fg%?%gﬁfe&g’?ﬁﬁ%gg’ conpound,
preferably, phdaftharedlbsitenenohdibet,4-pemtaflutiro-ddntenear é,13,B4gettaflwrae-1si ngl e
phase or the.afor tioned o ent s iscible wth VWO /,058835

DCT Us2003] 050 T b4 R aRRT-Dens ol e iartuigr - Rt deap ol ove | 1
anot her enbogex@iMoro-1 fRitdakend 2,38 ¥-pahtafucteTiiuténe; Ch12or08lpemaesbhons

(CFC s), or those conmpounds consisting _of chlorine, fluorine, and carbon.

[00153] In abBERsr2.bidddmamitiuorabutens: abh-4dcncgtitluatpel-huenedh bbbdar  wei ght s
(Mnv) (typica t € an il 0 8f | X Q00 M,
nmore prefera I%ﬁaﬁioorgglﬁ\lééﬁg’lgol,’%%’gg&hm%}%lgdgs geﬂs%?‘?lgﬂ?d’{s%?‘?ﬁﬁ%ggﬁ?ﬁgnts

i ncl ude hydr dffenir oc dilshhd, dvhexhfleoroil divtaper | ¢ GaBSidehhexaflugnoelabwenet han 10 at

-85C, prefer neater than 15, ef enabl y greater ot 0, nore
preferably glfzgia ’g’rg' }feﬁgﬁuof%?%%e?lg’ pirzg‘?grﬁ E?/xa B°r8r1 %%t?%c.’ ﬁﬂ’ﬁ%’g I ments
wher e | ower hegthfhewb-drbuaeght s 1(1,3,pidelcd-heptdfluos-1-bhene; 10, 00Q,3\3, 44k ef er abl y
| ess than 5,000 . My, re pre by . less than 3,00 re desired the
dielectric cg‘ ARG ll’%iéit‘%aéhepfﬁfmﬂ?‘?‘@yte&ﬁdﬁ#&%ﬁﬁ’é‘fﬁen&ngu nts of
initiator or fybRNEh@Ene2daNtdini6n-1-bRenedi ¢l2eMitlnd6-2CRASHaNY sldifgheve 10. The
dielectric constant of the diluent so is

butene; 1,4-difluoro-2-butene; 2,3-difluro-2-butene; 1,1,1-trifluoro-2-butene;

1,1,2-trifluoro-2-butene; 1,1,3-trifluoro-2-butene; 1,1,4-trifluoro-2-butene; 1,2,3-

trifluoro-2-butene; 1,2,4-trifluoro-2-butene; 1,1,1,2-tetrafluoro-2-butene; 1,1,1,3-

tetrafluoro-2-butene; 1,1,1,4-tetrafluoro-2-butene; 1,1,2,3-tetrafluoro-2-butene;

1,1,2,4-tetrafluoro-2-butene; 1,2,3,4-tetrafluoro-2-butene; 1,1,1,2,3-pentafluoro-2-

butene; 1,1,1,2,4-pentafluoro-2-butene; 1,1,1,3,4-pentafluoro-2-butene; 1,1,1,4,4-

3
4
4
3,
4
4
4

pentafluoro-2-butene; 1,1,2,3,4-pentafluoro-2-butene; 1,1,2,4,4-pentafluoro-2-
butene; 1,1,1,2,3,4-hexafluoro-2-butene;  1,1,1,2,4,4-hexafluoro-2-butene;
1,1,1,3,4,4-hexaftuoro-2-butene;  1,1,1,4,4,4-hexafluoro-2-butene; 1,1,2,3,4,4-
hexafluoro-2-butene; 1,1,1,2,3,4,4-heptafluoro-2-butene; 1,1,1,2,4,4.4-
heptafluoro-2-butene; and mixtures thereof and including mixtures of saturated
HFC's described above.

[00152] In one embodiment, the diluent comprises non-perfluorinated
compounds or the diluent is a non-perfluorinated diluent. Perfluorinated
compounds being those compounds consisting of carbon and fluorine. However,
in another embodiment, when the diluent comprises a blend, the blend may
comprise perfluorinated compound, preferably, the catalyst, monomer, and diluent

are present in a single phase or the aforementioned components are miscible with



determ ned from neasurenents of the capacitance of a parallel-plate
capacitor imrersed in the diluent [neasured value CD], in a reference fluid
of known dielectric constant ER [neasured value CR], and in air (aA=l)

[ measur ed walxeydsdss | n each case the measured capaci tﬁfzggszg\g gl ven by
CM= aCc+Cs, where s is the dielectric constant of the flurd in whlch he
capacitor is imersed, Cc is the cell sgcapacitance, and Cs is the stray
capaci t ance. From t hese measurenents SD is given by the formula sD=((CD CA
aR + (CRCD))/(CRCA. Aternatively, a purpose-built instrunment such as

t he Br ookhawendilvesttas degstibe iy facthertdeniil H3lder. ShGnotivyemisodivaent, the bieaasur e
dielectric constant of diluents di rectlgéF%A conpari son of, the dielectric

constants (YRS Comprise chlosqiRigrosarbges, §), OBHSG COBPORAAY ConENgy  and
graphi cal I'y ofeib@Giee ubrine gt daboh. WO 2004/ 058835 PCT/ US2003/ 040341 55
Di |l uent eat -85C Rethyl chloride 18.34 Difluoronethane 36.29
1,1-difluoroethane 29.33 1,1,1-trifl uoroethane 22.18

1,1,1,2-tetr roet pa . 2. A

1,1,1, 2, 2- pé‘?l‘illggfuor OQ} Egorﬁélmﬁn%%ﬁﬁ %}%%%tk‘ﬁgh?ga%%gigrﬁe%?@mone or nore
RFC s are us’@gﬁtm(Mwmypmhlﬂpgreaiet thaani{L, 606 M, Ipnefatablyrmniemnau &6,000 dil uents.
Sui t abl e ad I.tional nts i nﬁ}quleooé@éd&ﬁo‘\éar bo s ec| alc*1 hexanes and
hept anes, ‘3’93}?5? é’&e o4 | %P%car bons and
the |ike. Smmfeuﬁydﬁyﬂ@mc%oﬁ@@iﬂud%dw&w @nStaftodf gréaf@rttﬁﬂa i®atRgsiTane,

| sobut ane, pentane, net hﬁ@gd opent ane, i sohexane met.hyl pent ane,

3- net hyl pentPsaferably” grester) than Lmanorg preferabit BW@Httéﬁe 0,omare greferebly| but ane,
3 geziwrla[]ﬁg(/l penﬁranéghgyhﬁ?%&?{a‘ﬁ ﬂéingﬁ%agﬁd?%é%%wﬂgﬁ Rk ane:
molecular weights (typically lower than 10,000 Mw, preferably less than 5,000
Mw, more preferably less than 3,000 Mw) are desired the dielectric constant may
be less than 10, or by adding larger amounts of initiator or transfer agent when the
dielectric constant is above 10. The dielectric constant of the diluent ep is
determined from measurements of the capacitance of a parallel-plate capacitor
immersed in the diluent {measured value Cp), in a reference fluid of known
dielectric constant eg [measured value Cg], and in air (4=1) [measured value Ca]l.
In each case the measured capacitance Cy is given by Cy= eCct+Cg, where ¢ is the
dielectric constant of the fluid in which the capacitor is immersed, Cc is the cell
capacitance, and Cg 1is the stray capacitance. From these measurements ep is
given by the formula ep=((Cp-Ca) er + (Cr-Cp)/(Cr-Ca).  Alternatively, a
purpose-built instrument such as the Brookhaven Instrument Corporation BIC-870
may be used to measure dielectric constant of diluents difectly. A comparison of
the dielectric constants (g) of a few selected diluents at -85°C is provided below

and graphically depicted in Figure 1.
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[00154]

n other embodiments, one or more s are used in combination
In oth bodiment HFC’ d binati

with another diluent or mixtures of diluents. Suitable additional diluents include
hydrocarbons, especially hexanes and heptanes, halogenated hydrocarbons,
especially chlorinated hydrocarbons and the like. Specific examples include but
are not limited to propane, isobutane, pentane, methycyclopentane, isohexane, 2-
2-methylbutane, 2,2-dimethylbutane, 2,3-
dimethylbutane, 3-methylhexane, 3-ethylpentane, 2,2-
dimethylpentane, 2,3-dimethylpentane, 3,3-dimethyl
2-methylheptane, 2,24,-
trimethylpentane, octane, heptane, butane, ethane, methane, nonane, decane,

methylpentane, 3-methylpentane,
2-methylhexane,
2,4-dimethylpentane,
pentane,

3-¢cthythexane, 2,5-dimethylbexane,

dodecane, undecane, hexane, methyl cyclohexane, cyclopropane, cyclobutane,

cyclopentane, methylcyclopentane, 1,1-dimethylcycopentane, ¢is 1,2-
dimethylcyclopentane, trans-1,2-dimethylcyclopentane, trans-1,3-
dimethylcyclopentane, ethylcyclopentane, cyclohexane, methylcyclohexane,

benzene, toluené, xylene, ortho-xylene, para-xylene, meta-xylene, and the
halogenated versions of all of the above, preferably the chlorinated versions of the
above, more preferably fluorinated versions of all of the above. Brominated

versions of the above are also useful. Specific examples include, methyl chloride,



ni trooctane, nitrodecane, nitrononane, nitrododecane, nitroundecane,

ni trocycl onet hane, nitrocycl oet hane, nitrocycl opropane, nitrocycl obutane,
nitrocycl opentane, nitrocycl ohexane, nitrocycl oheptane, nitrocycl ooctane,

ni trocycl osaER0Fessgast r ocycl ononane, nitrocycl ododecane, parkkanyedhoegndecane,
ni trobenzene, and the di- and tri- nitro versions of the above. A preferred
enbodi nent is RFC s bl ended with nitrosethane. [001581 The HFC is typically
present at 1 to 100 volume % based upon the total volune of the diluents,
alternatively between 5 and 100 volune % alternatively between 10 and 100
vol ume % al methpiahé vhloyide)edtind erhldrislea prbp#lOchlonidd, tbneyi %hlaaidee chiladoforel v bet ween
20 and 100 vol upe % alternatively between 25 and 100 vol une %

al ternati vel 38 &%n 30 and 100 volume % alternatively WO 2004/ 058835
PCT/ US2003/ 040341 57 between 35 and 100 volune % alternatively between 40
and 100 volunme % alternatively between 45 and 100 volume % alternatively
bet ween 50 alf815900 vdnumetisy wnhodipenti pen-irapiitenelefins sugnhde1asdvet une %

al ternat i Ve'a‘mﬁﬁfsvmgcgpg%age&%ﬂi%cgel lrpgaTg%es%‘}lﬁamg% ¥ ot MENASE, 05 and 100

vol une % alternati etween 70 a vol umé 9% alternatively between
75 and 100 vahylene, ptopylehe,end titeilikel y bet ween 80 and 100 vol une %
alternatively between 85 and 100 volune % alternatively between 90 and 100
volune % alternatively between 95 and 100 volune % alternatively between
97 and 100 vb1se % dht &denainbydiingnt, hed WD i9 &seddn lddhbhedtioewith aand

alternatively between 99 and 100 volu % .. In a preferred enbodi nent the
HPC i s bl eno‘éﬂor{zﬂaﬁq Bﬁ%oearb%_rsg% s ofetil gdplongigy r“gﬁi’i‘%ﬁse.mho 36t her
preferred enﬁaﬁam&gtth@ HIFE ih Sconfbh@Gbe dvift! RB2anBE or ThAWA ﬁ}ﬁ‘%}ﬁiesﬁﬂdng of

di fl uoronet hane, trifluoronethane, 1,1-difluoroethane, 1,1,.
trifluoroet haexanesady anothar embogiment ithef HEG's orst wsad én eorabinstion wids onchen eof .

1001591 In qg%)p i Q% i [ ke ] re el ected
based upon ?@glt{kg% il |t§3y |€&1¥Iﬁe pg@l;,%{ngzgtas %P@{aélﬁﬁgk’l Iﬁaéﬁéeg’ %rdgﬁsggg’l uble in
the pol ymerargéi, ekee, tetiun] kiypting zérewcaddidrtdtler tinerh gasso thab afei gryferablyt he

pol ymer. Sol H(lljl{lé Ia% Yentry to the reactor. Preferred gases include carbon dioxide and/or

nitrogen.

[00157] In another embodiment the HFC's are used in combination with one
or more nitrated alkanes, including C, to Cw nitrated Hinear, cyclic or branched
alkanes. Preferred nitrated alkanes include, but are not limited to, nitromethane,
nitroethaune, nitropropane, nitrobutane, nitropentane, nitrohexane, nitroheptane,
nitrooctane,  nitrodecane, nitrononane, nitrododecane,  nitroundecane,
nitrocyclomethane, nitrocycloethane, nitrocyclopropane, nitrocyclobutane,
nitrocyclopentane, nitrocyclohexane, nitrocycloheptane, nitrocyclooctane,
nitrocyctodecane, nitrocyclononane, nitrocyclododecane, nitrocycloundecane,
nitrobenzene, and the di- and tri- nitro versions of the above. A preferred
embodiment is HFC’s blended with nitromethane.

[00158] The HFC is typically present at 1 to 100 volume % based upon the
total volume of the diluents, alternatively between 5 and 100 volume %,
alternatively between 10 and 100 volume %, alternatively between 15 and 100
volume %, alternatively between 20 and 100 volume %, alternatively between 25
and 100 volume %, alternatively between 30 and 100 volume %, alternatively



in the polynmer is nmeasured by formng the polynmer into a filmof thickness
bet ween 50 and 100 microns, then soaking it in diluent (enough to cover the
film for 4 hours at -75C. The filmis renoved fromthe diluent, exposed to
room tenpwcedodessdasr 90 seconds to evaporate excess di pupbehiiRpis he
surface of the film and wei dghéd. The mass uptake is defined as the
percentage increase in the filmweight after soaking. The diluent or
diluent m xture is chosen so that the polyner has a nmass uptake of |ess
than 4 % preferably less than 3 W% preferably less than 2 wt%
preferably [beten (3anantl 100/ yvolumee?op pkidraativblyybdteeen dhand 1005/oMre %,00160] In a

Phe di 11 er oMMETHERNL R A 10adolie 4 Bttt feben sl bl Ty or (e
pol yner wi t Rolugfesye] ledindlivilyebvarh saramd d00 vehine WNalRaGkively benwRABDs and

additives is W|th| n 15C of the T theégol yner rreasured after it has been
formed i nt o 38d PP Hobme fif, Aligenatv E’ﬁ%’@ﬁ“ Al Oforrlwpe Yenalternaizelyhas WO

2004] 058835 RGRELISAOR 900 e SR, RESRacSRB Bk, 95 g N0 (RAGHEY, L O cover

the film for 4 hours at -75 The gl ass tranS|t|on tenperature is
det er m ned lai,temtﬁ‘feér betwieen ngadrﬁoﬁgiomeo%, mﬂcmytl‘(eE)S@y’tweeﬂ'éérmdd@és are wel |

described in the Jiteratur ture of the
G ass Tr ansﬁf’f ¥ é?h ?Wasfl t E\ﬁ?&ﬂ?ﬁl on lg?/v%her ﬁgfr"?%ﬁi\/%ly |§@Asm gnnent
of the G assndrnaosiohind %, AREMabVdly béiten @7 ahd mwuﬂﬁme Bd. alteﬁmwelgan Soci ety
for Testing_.and

prepared as Bﬁ@fggg djgaygu%la/gfé’hp %ﬁé@l’% ggﬁ?’pg‘? 9%?‘1@%%;‘“6 ¢ ¥ olg :Z)ZC

sanmpl e  pan,ip aNghefEicAt B tRe m@%rﬁ&ﬁt{eﬁ Wigh Qe cﬁ%ﬂérﬁhﬂdnﬂaﬁﬁ‘?di ately
before the DSC neasurenent. Prefer ab t he g‘pval ues are within 12C of each

other, pr eflﬁﬁfabﬂyoﬂﬁi t b another mfe@‘atn ediment e dEE dpis¢lecied Hom theC of each

othor,  pr oy Boropeilide b o RinolRie dihiTbmeBh Tidimotbbld 1d-0 20
8{ Eg;, pr efmﬁwdrbgthanet dmdnl, b C2etbtrafhwtoetiaheand mpixafres thiddeypf. Wi t hi n 4C of each

[00159] In another embodiment the diluent or diluent mixture is selected
based upon its solubility in the polymer. Certain diluents are soluble in the
polymer. Preferred diluents have little to no solubility in the polymer. Solubility
in the polymer is measured by forming the polymer into a film of thickness
between 50 and 100 microns, then soaking it in diluent (enough to cover the film)
for 4 hours at —75°C. The film is removed from the diluent, exposed to room
temperature for 90 seconds to evaporate excess diluent from the surface of the
film, and weighed. The mass uptake is defined as the percentage increase in the
film weight after soaking. The diluent or diluent mixture is chosen so that the
polymer has a mass uptake of less than 4 wi%, preferably less than 3 wi%,
preferably less than 2 wt%, preferably less than 1 wi%, more preferably less than
0.5 wt%.

[00160] In a preferred embodiment, the diluent or diluent mixture is
selected such that the difference between the measured glass transition
temperature Tg of the polymer with less than 0.1 wt% of any diluent, unreacted
monomers and additives is within 15°C of the Tg of the polymer measured after it
has been formed into a film of thickness between 50 and 100 microns, that has



preferably within 3C of each other, preferably within 3C of each other,
preferably within 2C of each other, preferably within | 'C of each other.

Pol yneri zati on Process [00161] The invention rmay be practiced in continuous
and batch py@sseRsss Further the invention may be practhicegdosoasal ug flow
react or and/or stirred tank reactors. In particular this invention may be
practiced in "butyl reactors.” [Illustrgtive exanples include any reactor
selected fromthe group consisting of a continuous flow stirred tank
reactor, a plug flow reactor, a noving belt or drum reactor, a jet or

nozzl e react AGIRY I I g- pool
reactor. [00%%511l S(%ﬁé&a%ﬁ{g?{(gspectw c%ﬁ?ﬁ?&ﬁ?%ﬁﬁ&%@%ﬁ B@u?gégl?ﬁ heat
transfer surtfagsidien ’t@mﬂmatm@ is dehmm&lbndlﬁﬁmbscmsaabmdﬂﬁcbs on one
side of the t the i e e. Heat
may al so be r'lci,\largrgr\lll arewg @go gﬁlﬁléth?ﬁtgmﬁé %’%F a;ilp(rilég} ﬁmr\g}’g&cg“ﬂl’sﬁéﬁ as may be
found in an Natmercé‘fthd: Hasat Rrendition a:falgxts:)Deﬂenhiymﬁm Bﬁdﬂlennalm)lmr’ @xanple, is

a plug flow | eact or v¥h A ort B nmg@q%% %9»@634@ %Blré’g?%ieeds

evaporated a

through the r@RghPfor l%@ﬁﬁé”'ﬁ{d ﬁmﬁﬂﬁﬂs@mﬁdmaelmaﬁplﬁ-ﬂem@%ﬂkﬁ pl ug
fl ow reactor through surface heat transfer usi ng cool ant on thé other side

of a heat t riaeRaFeskasigparibed aboygosegled imgngdisicly %ﬁ?&lsﬁlaklij@ iata 2RSCHAmRlser e

pol yneri zat i I u,—@ﬁzl\%g t

di I uent/ nono 7cat%Py%%&%e?%&F@p%é&y%lgﬁegogfﬂgﬂt e %tgiyoﬂrgﬁ)é? U and heat
is renoved byD¥U apmsatient. oPrdftreblyi the digt vadges arhemtl'emdﬂf’ﬁmfpﬂaob@m In
addi ti on heat e_reno i n such.react I e heat transfer
(such as \Aherlgrgﬁgpc%tﬁﬁh\t{ﬁt geéibr?fheﬁrprfﬁéa%yn ﬂi‘éndb@#ﬁ)é %d’ %r under
the belt and grbferapl Within i98CPoD@uchedther) préferddlyaritih OB’BCOBfteha: ek, or
drum . Another type of reactor is_a jet or ﬁggjzle r.eact or, ese reactors

have a shor tPreisEpleedin /e oherch ofer rbrbly within Sfld:a o8%st system
are conbi nedyifrbiie wiftln 3PCNOZzhéh B, t ereRbly WRHHIF 3o0Bf Qe lotheRS the

m xture passes
preferably within 3°C of each other, preferably within 3°C of each other,

preferably within 2°C of each other, preferably within 1°C of each other.

Polymerization Process

{00161} The invention may be practiced in continuous and batch processes.
Further the invention may be practiced in a plug flow reactor and/or stirred tank
reactors. In particular this invention may be practiced in "butyl reactors."
Illustrative examples include any reactor selected from the group'consisting of a
continuous flow stirred tank reactor, a plug flow reactor, a moving belt or drum
reactor, a jet or nozzle reactor, a tubular reactor, and an autorefrigerated boiling-

pool reactor.

[00162] In another aspect, heat can be removed by use of heat transfer
surfaces, such as in a tubular reactor where a coolant is on one side of the tube and
the polymerizing mixture is on the other side. Heat may also be removed by
evaporating the polymerizing mixture, such as may be found in an
autorefrigerated boiling pool type reactor. Another example, is a plug flow

reactor where a portion of the polymerizing mixture is evaporated as the mixture



t hrough the nozzle at high velocity. [00163] Preferred reactors include
continuous flow stirred tank reactors, whether operating in batch or
continuous node, and whether operating in a tank wth an agitator or in a
tube type {‘,5%64%8833 eferred reactors al so incl ude reack®@irgs2odsvaezd: t he

pol yneri zation occurs on one side of a heat transfer surface and the
coolant is present on the other side. 4n exanple is a reactor where tubes
cont ai ning coolant run inside the reactor polynerization zone. Another
exanple would be where the polynerization occurs inside a tube and the

cool ant i s ppRe&As thriphithereasths | AlfotRdr ekiifplt WoPhdr®héat 3 Rioved AQLAA This

I nvention may al so be practiced in batch reactors where the nononers,

di | uent, andilewtredctps through surfapaeant trensfar asing seqlent oaribe othensidpefiadeat i zat i on
ds t ' [ ' th
eooverea  EATRE oS, S3HE: B2 AR R AL o IRly L 021

recovered. n-cer n1s practiced using
a slurry poblpeeon aahovdng pelo oe dsum kheeevthe dilotiiénonpoley/ngalystanixture iet hods ar e,

o oceones of S oRAe Bahot AR bR viOP REPS5ER: shiE et 8e "o "
2004/ 058835 METchiBRAGRHQAE34 1n 288itibA hbiOrhay be0RMmoeED aflisBEN feactbieh

pol ynmeri zation _is carried out where the catalyst, nongoner, and diluent are
present in aSufasybeatranster (suekma visre, theiopalantyis| gresent omtheyinsids addhe | ed- out i n

a_cont i nuous ape YTRGLARE B&Pmﬂ{tﬂ& ﬁlimie{‘is‘lfffﬂdﬁlé‘eécﬁlﬁhe%ﬁfe?ki)iébfth%@l@ﬂ?r(S)1 and
di luent are present as a single se. tn slurry polynerization, the
monomer s, catlainystmwiher frpd df meaciantina (ot Jor apzrleatdactor.s Theésegeactors have ali | uent or
diluent mxture, i.g. onsti.tute a _single ase, i he pol yner
precipitates gi¥°t‘%rrr?sfcﬁe@"\‘ﬁ’di ueer‘ﬁheﬁ tr &038%§%p§?u§ ?oaﬁ'&??%%%thg%ﬂ Jeht .
Desirably, ceofbia&binahe je0opdzyiend tsyiyrhetizatiorsoxts sitheshbasreipassecat ed by
little or no.Tg .S ressipon of the polymer and/or little or no diluent mass
upt ake as sh%ﬁl@ﬁggﬁzﬁﬁ%ﬁghvﬁﬁ’y pol yneri zation in the diluents of the
present invention provides

[00163] Preferred reactors include continuous flow stirred tank reactors,
whether operating in batch or continuous mode, and whether operating in a tank
with an agitator or in a tube type reactor. Preferred reactors also include reactors
where the polymerization occurs on one side of a heat transfer surface and the
coolant is present on the other side. An example is a reactor where tubes
containing coolant run inside the reactor polymerization zone. Another example
would be where the polymerization occurs inside a tube and the coolant is present

on the outside of the tube in a shell.

[00164] This invention may also be practiced in batch reactors where the
monomers, diluent, and catalyst are charged to the reactor and then

polymerization proceeds to completion (such as by quenching) and the polymer is

then recovered.
[00165] In certain embodiments, the invention is practiced using a slurry
polymerization process. However, other polymerization methods are

contemplated such as a solution polymerization process. The polymerization

processes of the invention may be cationic polymerization processes.



for high polynmer concentration to be handled at | ow viscosity with good heat
transfer, reduced reactor fouling, honogeneous polynerization and/or the
conveni ence of subsequent reactions to be run directly on the resulting

pol yrner %5}‘]64%5843901671 The reacted nonomers w thin therp©eeds4i or m part
of a slurry.”I'n one enbodi nent, the concentration of the solids in the
slurry is equal to or_greater than 10eyol % In another enbodi nent, the
concentration of solids in the slurry is present in the reactor equal to or
greater than 25 vol% In yet another enbodi nent, the concentration of
solids in thegodbeyry iR besanbddimenty theoptdymékaiién is/cdriied bat whtreahet her

enbodi nent, the concentratiqn, of solids in slurry is present in the reactor
from1 to 70°%f@lysh manomes, a&a&‘h@?t URSEAChe Mt 2 Sﬂéﬁ Eg‘??ﬁe referablh B¢ sol i ds

in slurry ispplygRAitionRs é4tBed-6RGA 8 contiRBhiLpd1Pméizarth Yocks i Shidngat her
enbodi nent, thé concentration of solids in slurry concentration IS present

in the reactdalyst; anonporer(s), 7Z@dvdiluwmnt jare prasendinast hetingletmbasarerin, slune

concentratio . ' [ n ' ' r « b Nt r eact or
Prom s o FRolkegPion e brdims XGRS rla Al Albrle? ol B0 BNl BF © C2C] OO,
I n slurry codidesmt roatdilsent mixies@al constitither singlet pltasé,r ohil@ @hd polgthevol % I n

yet anot her enbodi nent, the.concentratjon f oligrlsﬁ'. s] ugry ncentration
is present iR “?’%%@Pofl’efqlléﬁ‘ir&Z‘B&Fg 5 BTE&?nﬁ?_m _Alﬁ"ﬁﬂfr h@Fé; Hodi nent ,
the concentr addugstl 6f né Polydfer i"Bwellilg"" ¥ SANIRAFAhdieRed by IRIERHo TH t he
reactor from30 to 70 vol %_ In yet another epbodi ment, the WO 2004/ 058835

PCT/ US2003/ 028eppaessios pf dimpelimerendier 1gtle o5 np glilupnt messrupjakeicbpvR ar i on i s
present in t I@'f'gu{‘f 2 C tl‘ﬂ{ls, ];[:)g%?eﬁgaﬁéﬁ in7t9e Hf?l.llf%‘ls &1‘%&9‘ gf&en-[m&lﬁbﬂ grovﬂieg ontinuous

flow stirred tank-type tor may be used. e'reactor 1s generally fitted
with an effi firehigh pglymer iconcentrativs), tosorr harsliedaatt iombuiscasity evithogoddndwat | er (s), an

external cooling jacket .and/or internal cooling tubes and/ ok, cails, or
ot her means (k)rfmﬁggjnoli?hcﬁdt fra“R afto g’pﬁ?’?ﬂ%ernf%"gt PENTERZ3HOm, %ilﬂr %%e desired
reaction tenpei@highes of subsiqueRtagsctiondhbeafimi diteetly ph ks jeshldng FORAREr S,

mixture,

[00167] The reacted monomers within the reactor form part of a slurry. In
- one embodiment, the concentration of the solids in the slurry is equal to or greater
than 10 vol%. In another embodiment, the concentration of solids in the slurry is
present in the reactor equal to or greater than 25 vol%. In yet another
embodiment, the concentration of solids in the slurry is less than or equal to 75
vol%. In yet another embodiment, the concentration of solids in shurry is present
in the reactor from 1 to 70 vol%. In yet another embodiment, the concentration of
solids in slurry is present in the reactor from 5 to 70 vol%. In yet another
embodiment, the concentration of solids in slurry concentration is present in the
reactor from 10 to 70 vol%. In yet another embodiment, the concentration of
solids in slurry concentration is present in the reactor from 15 to 70 vol%. In yet
another embodiment, the concentration of solids in slurry concentration is present
in the reactor from 20 to 70 vol%. In yet another embodiment, the concentration
of solids in slurry concentration is present in the reactor from 25 to 70 vol%. In
yet another embodiment, the concentration of solids in slurry concentration is

present in the reactor from 30 to 70 vol%. In yet another embodiment, the



di luents and catal ysts (conbined or separately), tenperature sensing neans,
and an effluent overflow or outflow pipe which wthdraws pol yner, dil uent
and unreacted nononers anong other things, to a holding drumor quench
tank. Pretwss ablisssishe reactor is purged of air and noi killed in
the art will recognize proper assenbly and operation. Fsg@ggfwﬁgﬁreactors
are preferably designed to deliver goggd m xing of the catalyst and nononers
wi thin the reactor, good turbul ence across or within the heat transfer
tubes or coils, and enough fluid flow throughout the reaction volunme to
avoi d exces sh¥@nRAMH SN sofaSinilrAf ¢ddBer@iatioie RdradehOR the Rt ol 4ougnt . [ 00170]
O her reactors that may be utilized in the practice of the present

i nvention i MOIVeHe. any conventional reactors and equival ents thereof capable
of performng a continuous slurry process, such as disclosed in U S.
5,417,930, herein incorporated by reference. The reactor punp inpeller can
be of the ud00ie8hpi ng Typicalist, @ continuows Bewmtipediankdypeaedctarymayieaisedact or wil |

cont ai n suff4,ci ent_  .anpunt t cat st systemof th re t invention

oFTeatve t o e graer 8 ERRAS Sted 05, SEEMoIER! pEMaRbR Moy shh & B " "

f eed- st r eammiiehot fipeliRr(8)fdni @itenil covling Hickef apWby iérnblavioligg debdsr ed

characteristi 8/?9 I s, prodyced. The, feed-streamin one enpodi nent contains a
3]

total mononePdehAeikeF qthehegtseiremoying heshest o PelymeHzRtion 1 MARIRal wei ght
of the MDNORKY Sosisdld bdsBhidn teipErafiaé, GhkPheMt (RN as intef SibEYH T Mohead,er than 15

w /o, greater than 30 wt%in another enbogl nment. In yét another enbodinent,
the feed- st rddlupntaiand catalistai(eombinnd & sgpamtely).Sempeisersng /0&88 35d

rononer, ai et oot vePRAY TR, o R85 Gl Sy yBfah Sy bl 48 O

f eed- st r eamunseastet) shanimens layohg @thet riings, ol 4 haldogt dm pr qdechnignlspeci es. By
substanti al | r f silica cati,o roquci. speci.es,, it.i s nmeant that
there is no I%Bé@gshgﬁ KAGe0S RjFees %Q@&?Qdﬂmgﬂ@- t@’?eafkl weinghe leng“’lﬁhe nonomer s
of these si lrbo@nizdpicper REQABGandosdBRneS I N the feed

[00169] The reactors are preferably designed to deliver good mixing of the
catalyst and monomers within the reactor, good turbulence across or within the
heat transfer tubes or coils, and enough fluid flow throughout the reaction volume

to avoid excessive polymer accumulation or separation from the diluent.

[00170)} Other reactors that may be utilized in the practice of the present
invention include any conventional reactors and equivalents thereof capable of
performing a continuous slurry process, such as disclosed in U.S. 5,417,930,
herein incorporated by reference. The reactor pump impeller can be of the up-
pumping variety or the down-pumping variety. The reactor will contain sufficient
amounts of the catalyst system of the present invention effective to catalyze the
polymerization of the monomer containing feed-stream such that a sufficient
amount of polymer having desired characteristics is produced. The feed-stream in
one embodiment contains a total monomer concentration greater than 5 wi%
(based on the total weight of the monomers, diluent, and catalyst system),
preferably greater than 15 wi%, greater than 30 wit% in another embodiment. In
yet another embodiment, the feed-stream will contain from 5 wt% to 50 wt%



stream Typical exanples of silica cation producing species are hal o-al kyl
silica conpounds having the fornula RIR2ZR3Si X or RIR2Si X2, etc., wherein
"R'" is an alkyl and "X" is a hal ogen. The reaction conditions will be such

that desir o posdsessger ature, pressure and residence tiNnBepps @j,&@ﬁ%l ve to
maintain the reaction nmediumin the liquid state and to proo?uce the desired
polynmers having the desired charactergstics. The nononer feed-streamis
typically substantially free of any inpurity which is adversely reactive
with the catal yst under the polynerization conditions. For exanple, In sone

embodi Ment S, mbrtehefUMABBIrali6S balidChe D kotal WEIRHE Gf RforfunRte! 8iMend! dng free of

bases (such as caustic), sulfur-containing conpounds (such as H2S, COs, and
or gano- ner c{HAYSESYSEny. | met hyl nercaptan, ethyl nercaptan),

ni t rogen-cont ai ni ng bases, oxygen containing bases such as al cohols and the
| i ke. However nononer feed may be less pure, typically not Iess than 95%
based on to't[ﬂDl'HJ]efm’ dn comk emihodinmments, pireefeed—atbéam mosubsasallynfree 88686 not | ess

t han 99% ref rred ni)odl nment i es,.a resent.at | ess than
107000 o (iFaviafion Podaing rarGy (Y Bstahally b3t Hife Bidpdrtafine cos ¢ nan
250 ppm prsp%ﬁésabhsxheaﬂ thdtatBeré 39 nB Hdre RhA] etoe@s Ywit£Bbased banthd @lalppm

[001721 As is ,nornall the case, reaction tinme, tenperature, concentration,

the nature oveigheok @acmamr@ers A cthese rilicar cqﬂaetmpéu% ehcFichan ﬁF‘?)J?F@t mol ecul ar
ht Th t | ect ed
L. R IR GTlHEAR y SORIUEN bl ot

based on the targ mer to be
pol yneri zed @mpotm;lsl haatmgsﬁ'lammmdh BrRzBeS;X MaRuRaSDé eivd vdemiRTis an
consideratio

G te Lure tcC ature for
the pol ymer 9B 1 & Gaogch TRERALMEGANEHS i Sl Moy WETREL?, |
freezing poitﬁmpa-ﬁttﬁdj@rédsw‘er@ndirﬁm(iﬂm elmoderﬁmbme wnohafntaiimthe?feaction - 120C in
anot her enbodl 0 2004/ Q58
PCT/ US2003/ O H‘Em g@']@;g %‘gﬁ 545 qcsﬁw[%ﬁlﬁ‘é‘r@ﬂ?wes favipg ﬁ}fﬁde%‘% to -100C,
and from - 70&afaeensﬂc@0@ﬁwmﬁﬁ6m&neé&1§feaenfe BRI subkfanﬂaﬁisy faodihgly desirable
enbodi ment, the tenperature range is from-80C'to -100C" Consequently,

di fferent rempuripnwhich is adversely reactive with the catalyst under the polymerization
conditions. For example, In some embodiments, the monomer feed preferably
should be substantially free of bases (such as caustic), sulfur-containing
compounds (such as H>S, COS, and organo-mercaptans, ¢.g., methyl mercaptan,
ethyl mercaptan), nitrogen-containing bases, oxygen containing bases such as
alcohols and the like. However monomer feed may be less pure, typically not less
than 95% based on total olefinic content, more preferably not less than 98%, not
less than 99%. In preferred embodiments the impurities are present at less than
10,000 ppm (by weight), preferably less that 500 ppm, preferably less than 250

ppm, preferably less than 150 ppm, preferably less than 100 ppm.

[00172] As is normally the case, reaction time, temperature, concentration,
the nature of the reactants, and similar factors determine product molecular
weights. The polymerization reaction temperature is conveniently selected based
on the target polymer molecular weight and the monomer to be polymerized as
well as standard process variable and economic considerations, e.g., rate,
temperature control, etc. The temperature for the polymerization is less than 0°C,
preferably between -10°C and the freezing point of the slurry in one embodiment,

and from -25°C to -120°C in another embodiment. In yet another embodiment,



conditions will produce products of different nolecular weights. Synthesis
of the desired reaction product may be achi eved, therefore, through
nonitoring the course of the reaction by the exam nation of sanples taken
peri odi cal lwodbdsjosgss he reaction; a technique widely erglySghlodosie art.
[00173] In a preferred enbodi ment, the polynerization tenperature is wthin
10C above the freezing point of the dikuent, preferably within 8C above the
freezing point of the diluent, preferably within 6C above the freezi ng poi nt
of the diluent, preferably within 4C above the freezing point of the

di | uent,  pr éfecgodyrhetizaiiém teinpecatadeay dronh e40°Cewzi100°(odndt freth -TORE €bi + uent ,
preferabl y V\Awg b 1C ab ve the freezh‘hg point of the diluent. For the

pur poses of t ey rawao fmeat ¢ |Yﬁ"sa’%9§‘éerreqe6“%m%ﬁmm@n}?%é§% "W thin
XC above thet&ﬁpﬂe%@wg@ ﬂtfr&h 180%C t6li. iooe@t "Cbn§se 91?' HiffERAN Sedclién f ' €621 ng

poi nt of the dil uent ﬁ)l us C. For exanple if reezing point of the
diluent is - o@ditiongal pm@uaebmduqtmf differeni mgleﬁidweléhts Sethesis efdhe i s- 88C.

[00174] The m n one
bbodt et ( EEEL BRERA THRULE Al be MEnicl AN RIKSS Inlelath InilBrfignd 1 O70
anot her enbodksmfuheﬁeammlﬁr&hkammmﬁbﬁ@@sdsﬁﬂesﬁakarmm afbyrthaitigrtent , from
200 kPa to 1500 kPa ?%%{%f r]bﬁg nt, from?200 kPa to 1200 kPa in
anot her ean‘?ﬁ‘Fti‘ﬁ?nPtec H“‘? Vrackols iR thef¥00 kPa in yet another embodinent,
from7 kPa to 100 kPa in another enbodi nent, from?20 kPa to 70 kPa in

anot her enbodi nent, from 40 kPa to 60 kPa in yet anot her enbodi ment, from
1000 kPa to [99473l00 kHa arprafmeﬁefrmléamt n’éﬁtpo yMgF7A90 Oteperatiee 19, 000 kPa

i n anot her dmae t her
enbodi nment . %{%@7 [I]‘ltr?e or éere%& %o%? g%}tjl:gglélﬁt Y rgrr%g%grfwg %%;%brgggm
catal yst, i metﬁeaZIog poiaticlf te dileet, prefyrablyrwittin 676 abweehmﬁehzngrwnn of anot her .
WD 2004/ 0588 5 S2003/,040 0017 anot he od t, the
initiator L § &F %?% ‘Bﬁjé ‘@é %]%f’vfe@Lb CHnE R&ln{ (f’gr@ﬁe#‘fﬁgﬁ t he
sel ected dl I yftfdrabil e ivithid 2 VS aboveetle F¥OANE poihit of the diluent, preferably within

1°C above the freezing point of the diluent. For the purposes of this invention and

the claims thereto when the phrase "within X°C above the freezing point of the

diluent" is used it means the freezing point of the diluent plus X ° C. For example
if the freezing point of the diluent is -98°C, then 10°C above the freezing point of
the diluent is -88°C.

[00174]} The reaction pressure will be from above 0 to 14,000 kPa in one
embodiment (where 0 kPa is a total vacuum), from 7 kPa to 12,000 kPa in another
embddiment, from 100 kPa to 2000 kPa in another embodiment, from 200 kPa to
1500 kPa in another embodiment, from 200 kPa to 1200 kPa in another
embodiment, and from 200 kPa to 1000 kPa in yet another embodiment, from 7
kPa to 100 kPa in another embodiment, from 20 kPa to 70 kPa in another
embodiment, from 40 kPa to 60 kPa in yet another embodiment, from 1000 kPa to
14,000 kPa in another embodiment, from 3000 kPa to 10,000 kPa in another
embodiment, and from 3,000 kPa to 6,000 kPa in yet another embodiment,

[00175] The order of contacting the monomer feed-stream, catalyst,

initiator, and diluent may vary from one embodiment to another.



time ranging fromO0.01 second to 10 hours, and then is injected into the
continuous reactor through a catal yst nozzle or injection apparatus. In yet
anot her enbodinent, Lewis acid and the initiator are added to the reactor

separ at el ywo 204/cp835her enbodi ment, the initiator is bl goegshowdsdstsgd he feed
nononers before injection to the reactor. Desirably, the nononer is not
contacted with the Lewis acid, or theslLewis acid conbined with the
initiator before the nononmers enter the reactor. [001771 In an enbodi nent
of the invention, the initiator and Lewis acid are allowed to pre-contact
by m xi ng t ¢8@H76Er i nld hgothal embedimant, ubetinitittot enpelietinrasd aketpreen - 40C and

the freezin oi.nt tenperature qf the diluent, with a contfact tine between
0.01 secondg°§tﬁﬂc‘i@é‘i‘lngl“_gﬁ%ﬁ‘§e}' 13 ike ffé%‘i%‘e‘ﬁgﬁ’?tlf%édgmggﬁ%amgumrﬂfnut es,
preferably lgegs rdddy Bomi 001 eSocoRd 86 efalaburs Pehd IR & Znjé@ednse @ed 1 minute
before injection into the reactor. {00178] In anot her enbodi nent of the

g

i nvention, tcRRiNUARS feaster thepygh poatalyst nagelg of idection apragatus Ivrxst aapthesict by

m Xi ng toge | is t en,. 80 and
"800 typ chfpdifbal TSaRFRERAL 0l hifil o popb EPGE A ERBEET T e
in the reactootheaembadimentddpeimdiiatgr ispblendedewigh ,the deell yonomersi wiftry and
enoton t eNEstRRY e meigor ars Bl B arditet RS R etsd S EEAFY Wil e
bet ween aboutidaod thyvL.ewRizaBidcoatbinedi with (e tditatoridore Wi @dhdifers Baeren about 10
and 60 mnutes. Variables influencing residence tinme include the nononer

and di | uent T¢aKd: njection rates and the overall reactor volune. [001801
The catal yst (Lewis acid) to nononmer ratio utilized will be those
conventional in this art for carbocationic polynerization processes. In one

enbodi ment d90X7RE i nvEran erboditnent v thertayention, dba mitiatar and |ILewissacidberewi | |
typically I : W %R I n anot her
enbodi nment . %&éﬁ@ﬁ 8%8%@%@%@%‘)‘%&53%1&?%%% cﬁfuﬁégzg{gﬁ%ﬁﬁer gesi rabl e
enbodi ment , between 340°C @ik the\ilesziAg ipdint enmpetdtiraiofithe dildengvith a contact

time between 0.01 seconds and several hours, and between 0.1 seconds and 5

minutes, preferably less than 3 minutes, preferably between 0.2 seconds and 1

minute before injection into the reactor.

[060178] In another embodiment of the invention, the initiator and Lewis
acid are allowed to pre-contact by mixing together in the selected diluent at
temperatures between 80 and -150°C, typically between -40°C and -98°C.

[00179] The overall residence time in the reactor can vary, depending upon,
e.g., catalyst activity and concentration, monomer concentration, feed injection
rate, production rate, reaction temperature, and desired molecular weight, and
generally will be between about a few seconds and five hours, and typically
between about 10 and 60 minutes. Variables influencing residence time include

the monomer and diluent feed injection rates and the overall reactor volume.

[00180] The catalyst (Lewis acid) to monomer ratio utilized will be those
conventional in this art for carbocationic polymerization processes. In one
embodiment of the invention, the monomer to catalyst mole ratios will typically
be from 500 to 10000, and in the range of 2000 to 6500 in another embodiment.



0.5 to 10, or fromO.75 to 8 The overall concentration of the initiator in
the reactor is typically from5 to 300 ppmor 10 to 250 ppm The
concentration of the initiator in the catalyst feed streamis typically
from 50 tova@%mﬁggg n one enbodi nent. Anot her way to gesarskdsndoda anount
of initiator I1n the reactor is by its anmount relative to the polyner. In
one enbodinent, there is from0.25 to 2f noles polyner/nole initiator, and
fromO0.5 to 12 nole polynmer/nole initiator in another enbodi nent. [00181]
The reactor will contain sufficient anobunts of the catal yst system of the

present i nveniy v ahGh&dediryAe enbSdiMeht) TRM hiG bF LBwRlactd'® MRBAIES sofNt @i i ng

feed-stream such that a sufficient anmbunt of polynmer having desired
characteri sti®8 tp d0ppodigoe.’5 thd. f Eheloverplk somdentretivn efnihe dhitiator mcﬂm al ns a
total nonone | ( wei ght
of the mnon%?‘gt%g%fbgéam f%g‘}\%{oﬁogpn{ ‘%Plsib t§ t9 g%{ 8:lg lr;@gt% gl?‘:%p%%g%ég vﬁ O/ I n

anot her  enbauitiortin the cymlysamurmeammbctylpmﬂm fromh$0 te806G ppmain wad | contai n

from30 W%t Ovvt%m) ration based.on the total i ght of
monorer . di | RvRRme ATRE Wy TGt e a5 ousiol capay t the FRrr i, bascd
on Lew s aci dits afiouin felat®R0b Ae pSlymbRi Il chie RafholRieiE Aherd §5 ROA (RBUHdR) Of

pol ynmer per pound of catalyst and 300 pounds of polyner per pound of

catal yst and @elsp P&Wf/mlq mitiatangd BemAdol 1hwaledelisnergaoly dtatsein pound of
catalyst to 1:91(&@1 1flt pol ymer per pound of catalyst by controlling the
nolar ratio o eW S aC| toinitiator. [00183] In one enbodi nent, the

pol yneri zation of cati oni cal ly polynerizable nononers (such as

pol ymeri zati o i sob re to formb | rubber) conprises
several st epsﬁoﬁlrlst uh%é 8 wﬁa‘ﬁ?P%S“ et a‘?‘?’rﬁ‘ fu'ﬁlgc‘fﬁtﬂ%ﬂi %’S%JT“
up- punpi ng oroﬂiﬁa\pmwmmorﬁtor&ﬁ@lﬁz@lﬂﬂ polyeri2atith of thedRbh@hericonfaihpigcal | y

driven by an él ectric notor, with neasur abl e anperage. The reactor
typically is P"p’??é‘ﬂ chh that 8| ISBﬁﬁc"PéFt‘i“E%ntr ehcpolpmer (pvingyidesirsd a j acket

contai ni ng | i gHaj4d ?F‘odua_&!? 11 Rbd-bftaBl HOdne\bddEnent Rohthids Adothne t ubes,
s WO 2004/ 058835 PCT/ US 003/ 040341
monomer concentration greater than 20 wt% (based on the total weight of the

monomers, diluent, and catalyst system), greater than 25 wit% in another
embodiment. In yet another embodiment, the feed-stream will contain from 30
wt% to 50 wi% monomer concentration based on the total weight of monomer,

diluent, and catalyst system.

[00182] Catalyst efficiency (based on Lewis acid) in the reactor is
maintained between 10,000 pounds of polymer per pound of catalyst and 300
pounds of polymer per pound of catalyst and desirably in the range of 4000
pounds of polymer per pound of catalyst to 1000 pounds of polymer per pound of

catalyst by controlling the molar ratio of Lewis acid to initiator.

[00183] In one embodiment, the polymerization of cationically
polymerizable monomers (such as polymerization of isobutylene and isoprene to
form butyl rubber) comprises several steps. First, a reactor having a pump
impeller capable of up-pumping or down-pumping is provided. The pump
impeller is typically driven by an electric motor with a measurable amperage. The
reactor typically is equipped with parallel vertical reaction tubes within a jacket
containing liquid ethylene. The total internal volume, including the tubes, is



66 greater than 30 to 50 liters, thus capable of |arge scale volune

pol yneri zation reactions. The reactor typically uses liquid ethylene to
draw t he heat of the polynerization reaction away fromthe formng slurry.
The punp iweehbsrssdsseps a constant flow of slurry, dilp@iszoddsddsySt system
and unreacted nononmers through the reaction tubes. A feed-streamof the
cationically polynerizable nononer(sks(such as isoprene and isobutylene) in
a polar diluent is charged into the reactor, the feed-stream containing

| ess than 0.0005 wt % of cation producing silica conmpounds, and typically
free of arogedate theamnB0res SO 1ifds thad edpdble of\laigenscale ol polpmegadionnt o t he

reactor, the catalyst system hav a.lews a Id and an nitiator present
in a nolar FEERYPSor The aRactprSuPIEY i3’18566 11%% ﬁ‘ihﬁ epf do deak ity E“"ih@tﬂﬂéed stream

of nonorers aﬁﬁaeﬁ%ﬁiﬁé&cﬁﬂ%ﬁﬁ‘ﬁ%ﬁﬁm@k& st C?Hé p%ﬁelﬁf‘ﬁé gr, the
reaction thus formng a slurry of polyne suc uty rubber wherein

the soli ds ai ¢postent Slowr fo sy, M@ﬁcéﬁﬂh’&t smmfanﬁrm@mdvmo%m@rsw vol %

The renbt or RS Faffish Atel "ok £3UERESCP el AR b m@ABT) 2\ Ol v

t he feed- st mmmnef(@)r(gucﬂgas 1tsﬁpmrﬁndnstﬂmtyﬂdm}1mmpelm tilienn iy dhlagged ditd i nuous

o ocoks. i n’ AR TSHGRE 1 aaﬁdvem%gma St s, o 08 e R Rt BBt of |

pol yner acciilidh abmpéuris, dndQypieAKtfRle of\Wdnhdtic HERimdrd, 218 Sdtalsl sYAGRS |
agitators and/or |np eIIerghgaI and in the outflow |ine or eX|t port, as
measur ed by iHHES sharged ide thsi rsaciors thescatilyst Systgm havipg g lgis peid ape 2Bnbodi ment ,

the resul tag gx%?eﬁafz%b u%}? G 1530.0. (W RninMERLLGH 1
pol yi sobut ylrﬁ’ielne?Il opr erll{e po I‘ri\rder gut ylr Sbber) ﬁ%‘at fagsié g{' I’?l?f: ecul ar wei ght
di stribut i ctrean of monombrsnd Zanabrslssys@mdaramlluwschtmccmtaconnc)andthanmhe0 5to 2.5
nol e per 100 gononer Thi oduc te subsequent
hal ogenat i oﬁeatrégo%fl}ugr qroging & Shyey O?é’(D? ﬁu%%sog‘gtyls F%ié’:ﬁg? a8t her
enbodi nent tsblids mmhﬁemﬁrpnasrzebafcaﬁrahon oﬁﬂorﬁ ookl Ve i soatol%n P@rtasugms conpri sing
contacting one or nor orrersb ? |i ew s aﬂ(1:| ds and one or nore
initiators iths formed polymer (such as butyl ra ber) is allowed to exit the reactor through

an outlet or outflow line while simultaneously allowing the feed-stream charging

to continue, thus constituting the continuous slurry polymerization.

Advantageously, the present invention improves this process in a number of ways,

e.g., by ultimately reducing the amount of polymer accumulation on the reactor

walls, heat transfer surfaces, agitators and/or impeller(s), and in the outflow line

or exit port, as measured by pressure inconsistencies or "jumps.”

[00184] In one embodiment, the resultant polymer from one embodiment of
the invention is a polyisobutylene/isoprene polymer (butyl rubber) that has a
molecular weight distribuﬁon of from about 2 to 5, and an unsaturation of from
0.5 to 2.5 mole per 100 mole of monomer. This product may be subjected to
subsequent halogenation to afford a halogenated butyl rubber.

[00185] In another embodiment this invention relates to:

A. A polymerization process comprising contacting one or more

monomers, one or more Lewis acids and one or more initiators in



WD 2004/ 058835 PCT/ US2003/ 040341 67 the presence of a diluent conprising
one or nore hydrofluorocarbons (IFC s): B. The process of paragraph A
wherein the diluent conprises 1 to 100 vol une % HFC based upon the total

vol une of wHeodiosssnt: C. The process of Paragraph A orpcgmysshglofizhy t he HFC
has a dielectric constant of 21 or nore at -85C, D. The process of any of
paragraphs A, B or C wherein the polyger has a diluent mass uptake of |ess
than 4 t % E. The process of any of paragraphs A, B, C, or D, wherein the
diluent further conprises a hydrocarbon; F. The process of any of paragraphs
A B C D or E wherg % ok @nce' nbt | @t Ofiineftt SEbRp %ﬁﬂgfro‘ﬁ@‘ the g

consi sting of hydrogen al a carboxylic actds, water, tertlary al kyl
hal i des, and m xtures hydtoé]mewbgrb@.lS(HFQ'sﬁir ocess of any of par agraphs A, B, C,

D, E, or F, whergint nono [ I fro grou opnsi sting of
styrene, para- nBthyl styrieRe.” Fg’ﬁ%gﬁgf?%ﬁ%lieg%%n L"‘r'" %ﬁéngﬁ’
di i sopropenyl benzene ilﬁobuimm&ﬁmBmédruponlthmta’meluﬁner&‘&]ibydlhzbnt but ene,
é— net hyl - 2- pente e, 6 prene bflﬁﬂ?ﬁ%ﬂgﬂﬁéﬁorﬁ ‘%é%%lrér‘e %EF%B b tadl ene,

- pi nene, nyrcen e 4 ene,
nmet hyl cycl opent adi en%omﬁhﬂi%ﬂl 8f8ore AESNY] Vinyl ether, ethyl vinyl ether,
I sobutyl vinyl ether, and m xtures thereof; H. The process of any of

paragraphs A, B, DC D, The, precespef agy afiperagraphs fs BrorcCovkaseindppolymet s ar e

present in the contacty oany of paragraphs A B, C
D, E F, G or H mélr“grgdﬁ{‘ﬁ%%"gs eratﬂcggrﬁl‘gﬁﬁ%’a

E. The process of any of paragraphs A, B, C, or D, wherem the

diluent further comprises a hydrocarbon;

F. The process of any of paragraphs A, B, C, D, or E, wherein the
initiator is selected from the group consisting of hydrogen halides,
a carboxylic acids, water, tertiary alkyl halides, and mixtures
thereof; .

G. ‘The process of any of paragraphs A, B, C, D, E, or F, wherein the
monomers are selected from the group consisting of styrene, para-
methylstyrene, alpha-methylstyrene, divinylbenzene,
diisopropenylbenzene, isobutylene, 2-methyl-1-butene, 3-methyl-1-
butene, 2-methyl-2-pentene, isoprene, butadienes, 2,3-dimethyl-
1,3-butadiene,  B-pinene, myrcene, 6,6~dimethyl-fulvene,
hexadienes, cyclopentadiene, methyl cyclopentadiene, piperylene,
methyl vinyl ether, ethyl vinyl ether, isobutyl vinyl ether, and
mixtures thereof’,

H. The process of any of paragraphs A, B, C, D, E, F, or G, where
styrenic block copolymers are present in the contacting step;

I The process of any of paragraphs A, B, C, D, E, F, G, or H,
wherein the temperature is 0°C or lower;

J. The process any of paragraphs A, B, C, D, E, F, G, H, or I, wherein
the temperature is within 10°C above the freezing point of the
diluent;

K. The process of any of paragraphs A, B, C, D, E, F, G, H, I, or J,
wherein the slurry is substantially absent of water;



J. The process any of paragraphs A, B, C, D, E, F, G H or |, wherein the
tenperature is within | OC above the freezing point of the diluent; K The
process of any of paragraphs A, B, C, D, E, F, G H 1, or J, wherein the
slurry is ‘%’B%‘s“%@&é:’sl |y absent of water; WO 2004/ 058835pd¥afdoli3ad6sal 040341

68 L. The process of any of paragraphs A, B, C, DL E, F, G H |, J or K
wherein the tenperature is between -10%§ and -60C, preferably -80C, M The
process of any of paragraphs A, B, C D E F, G H I, J, or L, wherein the
process conprises an initiator greater than 30 ppm water (based upon

wei ght); and N. The pr QhHepiocess of agyeof payagtaphs of, Bp&), BYEaPhG, B, 1,B.or®, D, E, F,
G H I, J, K L, or | NDUSTRI AL APPL| CATI O\{t% L((SOl 6% °EE€ @ol ynmers of the
i nvention provide chenesieLig WIpRASHtang is betgeny chlert apd c@O°Ln Betsrall®  hem

hi ghly useful in wde vgrgety of applications. The |ow degree of
perneability to gases accounts for the | argest uses of these polyners,

nanel y i nner tubé¥- andTh¢ processof any ﬁ@@@gﬁe%%@”@, Bribgerlililed aade al so  of

i mportance in air cushj . e ' y o att b C | at or
bags, and phar rraceutig'ggégjl g{éﬁggé.sé%ﬂ%%%g%?lmﬂnﬁi&o& H‘t%y g?%ibhﬁtgﬂsolyrrers of
the invention nmake t hesater (bradd ipon weigheand i re- curi ng bl adders, high
tenperature service hgses, .and conveyor belts for ho Ial ndl i ng.
[00187] The pol ymirs e ?B’fofjuﬂip uﬁﬁﬁ%ﬁ%iﬁgaﬁ@?@sﬁn}%q@&’ﬁ&% danpi ng
and shock absorption rpggesLidMoth tenperature and frequency. They are

useful in nolded rubber parts and find w de applications in autonobile
suspensi on bunpers, auto exhaust hangers, and body nounts. [00188] The

polynmers of 4RHUSIHIAL APPLEOATPONR' € al so useful in tire

[00186] The polymers of the invention provide chemical and physical
characteristics that make them highly useful in wide variety of applications. The
low degree of permeability to gases accounts for the largest uses of these
polymers, namely inner tubes and tire innerliners. These same properties are also
. of importance in air cushions, pneumatic springs, air bellows, accumulator bags,
and pharmaceutical closures. The thermal stability of the polymers of the
invention make them ideal for rubber tire-curing bladders, high temperature

service hoses, and conveyor belts for hot material handling,.

[00187] The polymers exhibit high damping and have uniquely broad
damping and shock absorption ranges in both temperature and frequency. They
are useful in molded rubber parts and find wide applications in automobile

suspension bumpers, auto exhaust hangers, and body mounts.

[00188] The polymers of the instant invention are also useful in tire
sidewalls and tread compounds. In sidewalls, the polymer characteristics impart
good ozone resistance, crack cut growth, and appearance. The polymers of the
invention may also be blended. Properly formulated blends with high diene
rubbers that exhibit phase co-continuity yield excellent sidewalls. Improvements

in wet, snow, and ice skid resistances and in dry traction without compromises in



sidewal I s and tread conmpounds. In sidewalls, the polymer characteristics
i npart good ozone resistance, crack cut growth, and appearance. The
polymers of the invention nay al so be bl ended. Properly fornul ated bl ends

wi th high \g%,%@osgsgpbers t hat exhi bit phase co-conti nuigorydedsde@¥cel | ent
sidewal I s. I'nprovenents in wet, snow, and ice skid resistances and in dry

traction w thout conprom ses in WO 2004/ 058835 PCT/ US2003/ 040341 69
abrasion resistance and rolling resistance for high perfornmance tires can be
acconpl i shed by using the polyners of the instant invention. [00189] Bl ends

of the pol ymassis rdsiiankc® @At dolthgMdstitahble TS0 RighSpdrformBRdeN Bres 268 tsed for
t ougheni ng of these conpounds. Hgh-density pol yethyl ene and isotactic

pol ypr opyl engccamplished by, upinglttieinolymrs of the instagtinygntionof pol yi sobutyl ene.  In
certain applications, the instant polyners provide for a highly elastic
compound that is processable in thernoplastic nolding equi pnent. The

pol yners of [00&89]i nst &Biendsmofeht polymessyofahe mviatidal witll diermbplhstisaksiasti des t o

produce other_industrial, appljcations. 0190] .. The .pol of the instant
i nventi on rra?fealfsgéoj%?)re{oﬁ?éﬁ”’gé‘)f glﬁ?%é’f”@@%‘,[“ 'aﬁ%gg',deg% IB%?@,:‘%% azi ng
conpounds. TReMcty golRiresyleiairs biiasmopifias Wit 7O B whw sileyisdiatylteat i ons with

butyl, SBR, and natural rubber. In |ljinear |ow density polyethylene (LLDPE)
bl ends, t heylt ssgaRapplicagigns, thedpstant palymersprovide far a ghly elastic compguig gel y

enpl oyed in {yprd ﬁ%@&%&éhﬂhﬁﬁﬁ&ﬁéﬁk%&lﬂﬁg?é&luﬁﬂ’r{eh{.”@l"heaﬂb‘i‘y e Gtheal cable
filling materials. [00191] In certain applications, the polynmers of the
i nventi on maketantigrentigh myw@efhﬁlblmeéwsﬁjpﬂ]ga@lﬂﬁ topprodide] otles industmalli cal

appl i cations @) ghﬁ%g pharmaceuti cal stoppers, and the arts for paint
rollers. [OO?L ;&F " foll owm ng exanpl es refl ect enbodi nents of the invention

and are by no neans intended to be Iimting of the scope of the invention.
EXAVPLES [00058350)™" PlheY Boiyined 'of e thstent Paverton shafl dlso be® ased o5’ VeSsels:
adhesives, caulks, sealants, and glazing compounds. They are also useful as
plasticizers in rubber formulations with butyl, SBR, and natural rubber, In linear
low density polyethylene (LLDPE) blends, they induce cling to stretch-wrap
films. They are also widely employed in lubricants as dispersants and in potting

and electrical cable filling materials.

[00191] In certain applications, the polymers of the invention make them
also useful in chewing-gum, as well as in medical applications such as

pharmaceutical stoppers, and the arts for paint rollers.

[00192) The following examples reflect embodiments of the invention and

are by no means intended to be limiting of the scope of the invention.
EXAMPLES

[00193] The polymerizations were performed glass reaction vessels,
equipped with a teflon turbine impeller on a glass stir shaft driven by an extemal
electrically driven stirrer. The size and design of the glass vessels is noted for
each set of examples. The head of the reactor included ports for the stir shaft,

thermocouple and addition of initiator/coinitiator solutions. The reactor was



equi pped with a teflon turbine inpeller on a glass stir shaft driven by an
external electrically driven stirrer. The size and design of the gl ass
vessels is noted for each set of exanples. The head of the reactor included
ports for twe eusosssshaft, thernocouple and addition of per/us2003/040341
initiator/coinitiator solutions. The reactor was WO 2004/ 058835

PCTI US2003/ 040341 70 cooled to the degred reaction tenperature, listed in
the Tables, by imersing the assenbled reactor into a pentane or isohexane
bath in the dry box. The tenperature of the stirred hydrocarbon bath was

control | ed teoolétlQo the Hesirad pactidn RmipBrahire) Uistbd de iealdbles| by ithiverstrgané i on medi um
were dried at 12&5 and cooled in a nitr gen a r@ %hg{qe bef ore use.
| sobut yl ene SVEMPled Ragier intq &, RRYIBRY PI 4 °?§%th?? g bggr Bhoduct s)

were dried byn,PassiBg, ﬁ,@ gﬁﬁd By QUEHdn tm Syt %ﬂqoﬂs& 8t £6Joccol Yms

cont ai ni ng bar| um oxi wer € condense and collected as liquids in the
dry box. Al t eppasdtusvinl }quahfemhtydt with thei miectivasmetiiwedwerb yried s# 1120°C bad gas

t hrough st ai nl st eel, col ums c ntajning sili an | ecul ar sieves.
Bot h ?rat eri aF%‘ﬁ%ér‘E %oWH@ﬁ"é’e&"B‘?F@ F&efegd“%s ﬁ?otﬁ’ﬂ'fyh@ &“Pﬁgsondf’& box.
| soprene (A HikkdiiMobi®and %e‘ﬁﬂll QHURKidE QA&IMB&M@ Wed€ dABE bflipalsidgl @e gunder

Argon. p-Methylstyrene (Aldrich) was dried over calcium hydride and

distilled utdeughhbree stainlerspicsi celznmﬁ containing barjumioxidewnd Weprerongensyd was

prepared fro oPf HCO in
di et hyl et he!rrirﬁd %]l‘éctéarbigﬁﬁﬁmﬂ | st P(erdAE&gor e?yugnee%l} 0?-@3 Wfﬂiﬁgrl ch, 99%
pure) stock bylpassimg theagas thrmrﬂainhys diesls cdluinng cantdimgigr aitice gahandit of HC
gas in dry M achi e 2- % concent ati.on.b i ght.. The,

hydr of | uor oc 4P eSH]gI PRYE \\/%Iﬂé Iﬁ"la%c‘?’eéa Co eB’feélaa}nd C%E%‘ﬁ%‘ff‘seg%m‘% B%s at -95C
were used asdfyelbsi. \Iwﬁrenleixmfﬁfchy%@aﬁé@ev& daltiim hyedidd Bedldtiedinder had

vi si bl e i nsol ubl e preC| I tat ea E1895C were distilled hefore. use. Propane

(Al drich), ud&eptssp-Msthy ntsrdrisd oyRE calsium hydride apd digtifjed

Al kyl al um nu g g Ghb@in. de?l\dﬁ’éhftﬁicﬁfa}o-wr4et:ﬁﬁaﬂylﬁ&n£ﬁé§”\9& gﬁﬁé}e&%ﬁ' ons.

These sol utions were either purchased of pr epared fiomthe" neat

al kyl al um nu-Adivioretiodpagtene-1 and a 2.0 mol/L solution of HCI in diethyl ether. The
TMPCI was distilled before use. The HC1 (Aldrich, 99% pure) stock solution was
prepared by dissolving a desirable amount of HCl gas in dry MeCl to achieve 2-3
% concentration by weight. The hydrofluorocarbons that were collected as clear,
colorless liquids at -95°C were used as received. Hydrofluorocarbons that
remained cloudy or had visible insoluble precipitates at -95°C were distilled
before use. Propane (Aldrich), used as received, was condensed and used as a
liquid. Alkylaluminum dichlorides (Aldrich) were used as hydrocarbon solutions.
These solutions were either purchased or prepared from the neat alkylaluminum

dichloride.

[00194] The slurry copolymerizations were performed by dissolving
monomer and comonomer into the liquefied hydroﬂuorocarbon at polymerization
temperature and stirred at a pre-determined stirring speed between 800 to 1000
rpm. The use of a processor controlled electric stirring motor allowed control of
the stirring speed to within 5 rpm. The initiator/coinitiator solutions were
prepared either in the hydrofluorocarbon or, for convenience of small-scale
experiments, in a small volume of methyl chloride. The initiator/coinitiator

solutions were prepared by dissolving the initiator into the diluent (specified in



[ 00194] The slurry copol ynerizations were performed by dissolving nononer
and conononer into the |iquefied hydrofluorocarbon at pol ynerization
tenperature and stirred at a pre-determned stirring speed between 800 to

1000 rpm f a processor controlled electric Spifidioesdaphpr allowed
control ofWBtgﬁ%@ﬁsgri ng speed to within 5 rpm The ini t(:: ator/coinitiator

solutions were prepared either in the7pydrofluorocarbon or, for conveni ence
of small-scale experinments, in a small volunme of nethyl chloride. The
initiator/coinitiator solutions were prepared by dissolving the initiator

e exanpl es) gt il ), Pod iyt Vo' gy L) LP MR md cach o

t he exanpl es I'on"0
al kyl al um nusikipahintieum Thedide.niThe dhitiator/coinitiioa tsotutisw Iwisi waed Wamedisel).

i medi ately. ., The.initiator/coinitiat sol ut.i on s ,added .dropwi se to the
pol yrer i zat i GRS HUGigieF/cpnitigpy joltiiog ves Q&{fgﬁwsﬁ)ﬁo § PUYHFTIZapR PIR&R 1y, a

j acketed dr OgRillgd JIARNPAstduP ! pipetieabip| Gtiotidlly % Gatketel OdrBppifly Afbfindl €RET1 ON
vessels. When a second or third initiat of/coinitiator addition i's specified
in the exanpF¥anplesk using dhe 580 1k glapy eggtion vesselandWieaia pesandfor ghisécond or
third batch af. al: - QL iAo I oS0 ' hdentical in
vol unme and cgﬁ%éetél?@%?{%tggeétag{@ e]Sf ?ﬂ}égi{fﬁhb% C é %h%ﬁ%ﬁygiécg#ybgﬁat\i}?or of the
rubber parti pteperatioml dride additiore off af sagbichprwttérd detckr of fedhlyt ptehgreénd of t he

addition of ea atal.yst bat.ch.by.stoppi and, rempving the stir shaft and
probi ng the bﬁﬁ%?@foé@{] Ct ﬁaﬁg%rh?cf)%téﬁﬁ é%é’f’ﬁﬁ%ﬁe. ang concep “030&@ Eléeghfft agai n and

t he reacti onbaenThe ghydidad béha®ion Al tei rabbed patiicRatafd tHehvtdle dPEbuling a9l i ter s of

met hanol . Conversion is reported as_ weigh ercent of the rmgnoners

) t )
conver ted todpEmyiRed at thsoapt ts rditionnell each caralygéibgieh SbXnPepiBR 8d ni ned by
SEC (Si ze %Mﬁgbﬂle@a&%mr@emg theSpaiclds With &' il dpatee SHfRRs
separations nodul e equi pped wth colu heaters and a ters 410
di fferenti al wasbeguot again and thel egaetianoquenched rvith, e ofldifiom of\arcatgs than 460 el uent (1

rzﬂog(r)n, nlb 4,351 'cr\éig%glgg%ﬁ%%%l.s Y?é&&e?sic% e a}gﬁolrt&# Ras5 »\Fé?glhltj %?ceﬁi 0§019¢ 1000,

monomers converted to polymer.

[00195] Polymer molecular weights were determined by SEC (Size
Exclusion Chromatography) using a Waters Alliance 2690 separations module
equipped with column heaters and a Waters 410 differential refractometer
detector. Tetrahydrofuran was used as eluent (1 ml/min., 35°C) with a set of
Waters Styragel HR 5p columns of 500, 1000, 2000, 10*, 10° and 10%A pore size.
A calibration based on narrow molecular weight polyisobutylene standards
(American Polymer Standards) was .used to calculate molecular weights and
distributions.

[00196] Polymer molecular weights can be determined on other SEC
instruments using different calibration and' run protocols. The methodology of
SEC (also know as GPC or gel permeation chromatography) to characterize
polymer molecular weights has been reviewed in many publications. One such
source is the review provided by L.H. Tung in Polymer Yearbook, H.-G. Elias
and R. A. Pethrick, Eds., Harwood Academic Publishers, New York, 1984, pgs.

93-100, herein incorporated by reference.




A calibration based on narrow nol ecul ar wei ght pol yi sobutyl ene standards
(Anerican Pol ynmer Standards) was used to cal cul ate nol ecul ar wei ghts and

di stributions. [00196] Pol yner nol ecul ar wei ghts can be determ ned on ot her
SEC instrwga%b lng different calibration and- run p e

met hodol ogy Bﬁg&%’s(al so know as GPC or gel permationﬁgﬁ@gﬁgﬁ(gg%gphy) to
characterize polymer nolecular weights,has been reviewed in many
publications. One such source is the review provided by L.H Tung in

Pol ymer Yearbook, H -G Elias and R A Pethrick, Eds., Harwood Acadeni c

Publ i shers, - I NaTeo) onat e R ef erence.
o 20047 0oas el uszgg%%ﬁ?l’g%fum%"fa 8’19%% Coﬁ%nome%cp org%rat 'on was
det er mi ned bypechoERy. spdMR omsasuyremditR werss wbtainedt satvvaréiehbtsndength at a
field strength cor to 1 0 ectra were
recorded at QoMY 'i“éﬂ%g @ Sh 5@%%%%&%‘8&%%@@ 8?msystem
usi ng CDC13 t&@;bdlﬁthHSnOi Brukerp lwiiger IIMR bpechanitien|systhnf isingvaI®CKef er enced
to TMs. [00198 ri et of NNREH% hﬁ? Eave been used characterize
conononer iné 6‘?56{{ |ﬂi‘ﬁ1p etge qtibriemicH gifts wereirsisransed oM ners. Many of

t hese net hods may be appli cabl e to the polyners of this invention. A general
reference which reviews the application of NVR spectronetry to the

clhar act eal zatlPW98bf polyvereyi of NMR meibodh diaverifeen nusPdltpnehara@mZboot H -G
E R , 1984,
(39,20 R onoBAAY flsmofilon ankORIRA AGAAALE PUBLLSAELS: MY O

pgs. 249-257 erern |nc porate erence. e pre%ence or
absence of | adinge meﬂmdslmn@nbmachame tdﬂmerpﬁ)lms of thimmvestionr MAngeherddi Ng triple
detection SEC si ze e JMUS| on c g{ly% ngl pl e det ect i on SEC was

per formed on "&" 8% ¥ FETE ) apfi operat ed
at 40C equi pQﬁﬁa@eﬁaﬁSﬁ%‘f%ly@%&@&tHrR Kﬁahdlddiﬂhﬂwlyﬂw%&%bléeﬂ@ PD2040

| ight scattering detector, a Viscotek (Houston, Téxas) _.
Elias and R. A. Pethrick, Eds., Harwood Academic Publishers, New York, 1984,

pgs. 249-257, herein incorporated by reference.

[00199] The presence or absence of long chain branching in the polymers
was determined using triple detection SEC (size exclusion chromatography).
Triple detection SEC was performed on a Waters {(Milford, Massachusetts) 150C
chromatograph operated at 40°C equipped a Precision Detectors (Bellingham,
Massachusetts) PD2040 light scattering detector, a Viscotek (Houston, Texas)
Model 150R viscometry detector and a Waters differential refractive index
detector (integral with the 150C). The detectors were connected in series with the
light scattering detector being first, the viscometry detector second and the
differential refractive index detector third. Tetrahydrofuran was used as the eluent
(0.5 ml/min.) with a set of three Polymer Laboratories, Ltd. {Shropshire, United
Kingdom) 10 pm mixed-B/LS GPC columns. The instrument was calibrated
against 16 narrow polystyrene standards (Polymer Laboratories, Ltd.). Data was
acquired with TriSEC software (Viscotek) and imported into WaveMetric's Igor
Pro program (Lake Oswego, OR) for analysis. Linear polyisobutylene was used
to establish the relationship between the intrinsic viscosity [1]inesr determined by
the viscometry detector) and the molecular weight (M, determined by the light
scattering detector). The relationship between [1]iinesr and My, is expressed by the
Mark-Houwink equation.



Model 150R visconetry detector and a Waters differential refractive index
detector (integral with the 150C). The detectors were connected in series
with the Ilight scattering detector being first, the visconetry detector
second and wieoosdsskier ential refractive i ndex detector i

Tetrahydrofuran was used as the eluent (0.5 m/mn.) V\n'tPt@rllnhg’ﬂngng ! t hree
Pol ymer Laboratories, Ltd. (Shropshirezs United Kingdom 10 pm m xed-B/LS
GPC colums. The instrunent was calibrated against 16 narrow pol ystyrene
standards (Pol ynmer Laboratories, Ltd.). Data was acquired with Tri SEC
software (Viscotek) and inported I[Nk, “KMMEtric's lgor Pro program (Lake
Cswego, OR) for analysis. Linear polyisobutylene was used to_ establish the

rel ati onshi pl08&80leen” tHatamaters Knand.o giesebipinadfrom the doublpslogarithmicoplpyy  t he

vi sconmetry d £ -a0d: mal gcul a i e Mgk the |ight
scattering d@i g‘%ﬁ%ﬁ‘.’ﬁ%l@t’ :Lg?lg?i @%’sﬁi% tﬁ%tsg)gé’nkl%]%%%aeﬁé i scgég(pr essed by
the Mar k- Hodesiatisne ot the felali¥dsRpOAia8B58583 FoPGE | dea08addadddGhdicatd the/ 3 [ Thuaear
- KMva [ 002001 Paraneters K apd g .are gbtained fromthe double-logarithmc
plot of intPFEFE ofileRpchap Eﬁ&? ag ApneElls spgles | whish XMOHemMOR er cept .

Si gni ficant gdaniat ideRaidd Bkt I NRhAtdLRIP EtbRPhbiN GEnifigint 1o | | near
standards indicate the presence of |long chain branching.” Generally, sanples
whi ch exhi bi ¢haipp beanckingni fThe asealinge Vackari enalse ondicates | denigtions &oat ithmshi p
contain noreyglgni fii t . chai n branching. The scaling factor g' also

i ndi cates deSTariads é}c{'r:r%laﬁﬁ%hlpdet ernined linear relationship. [TI]sample -
g'" [Tl[unear [002011 The value of g' is defined to be less than or equal to
one and greater than or equal tMnlagsicsgMkkad' s equal or nearly equal to
one, the polynmer is considered to be linear. Wen g is significantly |ess
than one, the sanple is long chain branched. See e.g. E. F. Casassa and G C

Berry in Co mgnsi VeTHRRaWRRF g' i9dkfeiea % bo/Rbs then of dgbmlldQhe nd gedten and J. C.

Bevi ngt on, Egﬁl er ganon Press, New X
than or equal to zero. When g' is equal or nearly equal to one, the polymer is

considered to be linear. When g' is significantly less than one, the sample is long
chain branched. See e.g. E.F. Casassa and G.C. Berry in Comprehensive Polymer
Science, Vol. 2, (71-120) G. Allen and J.C. Bevington, Ed., Pergamon Press, New
York, 1988. In triple detection SEC, a g' is calculated for each data slice of the

chromatographic curve. A viscosity average g' Or g\visave, i$ calculated across the
entire molecular weight distribution. The scaling factor g'vis.avg, is calculated from

the average intrinsic viscosity of the sample.

2'visavg. = [Mlave./ (KMWa)

[00202] For the purposes of this invention, a polymer that is substantially
free of long chain branching is defined to be a polymer for which g'yisavg, 18
determined to be greater than or equal to 0.978, alternatively, greater than or equat
to 0.980, alternatively, greater than or equal to 0.985, alternatively, greater than or
equal to 0.990, alternatively, greater than or equal to 0.995, alternatively, greater
than or equal to 0.998, alternatively, greater than or equal to 0.999, as determined
by triple detection SEC as described herein.
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results of p axysnples. ZEVPCGh 62-clalbrbu2, # detrimiethyfentane)- Was uedias dny thitiidriiar ocar bons
c%orléd%l(CI-BCl) (Exanpl e 10) and propane

and rmnet hyl
conpari son.

exanpl es.
(W.

% x 10-3 M /M

P 1"

-95 CH3Tablgl

(Exampl e 11) for
ass mni-resin kettle was used for these
TMPCL (2-chloro-2,4,4-trimethyl pentane) was used as an initiator
Table 1 Terrp Yi el d Conversion M Ml %

exanpl es.
in these

Exanmple (C) Diluent (g)

21.1 225 2.

1.2

2c,d -93 CH2F2

3.28 83 305 3.1 1.7 3 -90 CH2F2 0.99 24.8 297 3.4 1.5 4 -95 CHF3 1.88 47.1

72.1 327 2.

390 4.6 2.2 50 -95 CH3CHF2 1.48 37.3 842 2.5 1.4 6,d - 95-CHSCFSZ.89
3 2.0 [/Temp5| CH2FCF3 |l. Yi@ld3{ Caunvethion2. 5 M, 7 Mol%
- Example | (C) Diluel:lt_ @] (WL%) :{“loﬁi : Mwmn P

1 -95 CHF 0.80 | 21.1 225 2.4 1.2
204 -93 CH,F» 328 83 305 31 1.7
3 -90 CH,F, 0.99 248 297 34 1.5
4 95 CHF, 1.88 47.1 390 4.6 22
5¢ 95 CH;CHF, 1.48 373 842 2.5 1.4
6% 95 |- CH;CF; 2.89 72.1 327 2.3 2.0
7° -95 CHFCK; 1.48 373 384 2.5 1.7
g 95 CHF,CHF, (.82 41.0 142 23 23
9% -95 CHF,CF; 0.39 293 106 2.8 26
10 -90 CH;CI 0.58 14.5 397 33 1.3
11 -95 Propane 237 594 67 2.4 2.0
a Except where noted polymerizations were run with 30 m! of diluent,

5.4 ml of isobutylene and 0.23 ml of isoprene (IP), initiator/coinitiator

solutions were prepéred in 1.3 ml of methyl chloride using 1.6
microliters of TMPCI and 11.5 microliters of a 1.0 M hexane solution
of methylaluminum dichloride (MADC).
Three initiator/coinitiator batches added to the reactor

Two initiator/coinitiator batches added to the reactor



Sc -95 CHF2CHF2 0.82 41.0 142 2.3 2.3 9'0 -95 CHF2CF3 0.39 29.3 106 2.8 2.6
10 -90 CH3Cl 0.58 14.5 397 3.3 1.3 11 -95 Propane 2.37 59.4 67 2.4 2.0 a:
Except where noted pol ynerizations were run with 30 m of diluent, 5.4 n
of isobutyl ageoeidsdds23 M of isoprene (IP), initiator/colijd

solutions were prepared in 1.3 ml of nmethyl chloride usiﬁ%ﬂ*fgg‘%o(r%r’é}oliters
of TMPCI and 11.5 mcroliters of a 1.07M hexane solution of nethylalum num
dichloride (MADC). b: Three initiator/coinitiator batches added to the
reactor c¢: Two initiator/coinitiator batches added to the reactor WO

2004/ 058835 RCT/ Ush9RBntAG84hlorid® (RADE] el & platevimiaor i de (EADC) used in
pl ace of MADC e: reaction_scaled to 10 ml of diluent [00204] Pol yneri zation
in any of thé& hydFEFtibicakedibbhal etdilvetled in rubber particles that did not
adhere to the walls of the reactor or to the stirring shall. The particles
floated to the surface of the liquid when stirring stopped. The particles
were hard as [M20dEncedPolymprizaion iy amyhof the hydspilworecartin resultedimt rublzer when

tested near L0 Lzatjon i L )2 | de

esul ted | PooRED B R AR fpe SR PRG FaHSEDr i hESeBte sER Bhe T ang (e
stirring shafbbhrticEsdloped té tHeesnrfavecsiothe ligaid|whenukifringystogped. Thelpardickst h a
chilled spatul a n tesied . near reactiqgn tenper re. Polynerization in
propane resul"feé‘ﬂﬁ{_{f}ﬁaéet DOSH TePTESSTE oft eHhWHﬂpar@giq%i@ﬁ’f“ar CHENCEr phase
was clearly heghrehdtio AbMPBhtu) Pofnidizhtiti inl GBhGY cHIBd@®EresiiB ihi bbdrN Pr opane.
Examples 12 - 14 1002051 Results for. polynerizations conducted at -50 to

-55 C are gi varicles tharaghesedio bpthdhpreaeton dthe girdng iafarBeipadicltganpl es. A

100 91 255 17U 0artfabiles Skbh ot A S uffl shdiE 18K PR Gtar TAEGH

temperature. Polymerization in propane resulted in a two-phase liquid-liquid
reaction. The denser phase was clearly rich in polymer where as the lighter phase

was rich in propane.

Examples 12 - 14
(60205} Results for polymerizations conducted at -50 to -55 °C are given in
Table 2. Examples 13 and 14 are comparative examples. A 100 ml glass mini-
resin kettle was wused for these examples. TMPCl (2-chloro-24.,4-

trimethylpentane) was used as an initiator in these examples.

Table 2°
Temp. |- Yield | Conversion | My | . .
Example | - (C) | Dilwent | (2 ;[ (Wt.%) | x10° | MM, | Mol%IP
12 -55 CHF® | 1.1 29.0 205 22 1.9
13 -50 CH:Cl 1.1 29.0 52 1.5 1.1
14 -55 Propane® | 1.2 30.9 87 2.2 1.8
a: Polymerizations were run with 30 mi of diluent, 5.4 ml of isobutylene

and 0.23 ml of isoprene (IP), initiator/coinitiator solutions were



trimethyl pentane) was used as an initiator in these exanples. Table 2 Tenp.
Yi el d Conversion Ma Exanple (C) Diluent (g (W. %9 X10 M/ MM MI%IP 12
-55 CH2F2b 1.1 29.0 205 2.2 1.9 13 -50 CH3Cl 1.1 29.052 1.51.1 14 -55

Propaneb 1y sfgafksds 2.2 1.8 a: Pol ynerizations were rupcikshodtosd; of
diluent, 5.4 m of isobutylene and 0.23 ml of isoprene ?I P),

initiator/coinitiator solutions were V\S 2004/ 058835 PCT/ US2003/ 040341 76
prepared in 1.3 m of nethyl chloride ging 1.6 mcroliters of TMPCl and
11.5 mcroliters of a 1.0 M hexane solution of nethylalum num dichloride b:

Two initiator/coinjtiator,ha ; -he react qr. The
pol yneri zation i nB%f‘&) e%]c}? 6%9%@6 a\%gﬁPhlgB%ng%arﬁcéﬁg%rLtggﬁ'&]céxhi bited
stiff-rubbery phyandal.5phiepditdrs efady Evhaans sdutivn @f abthpllumittma chil | ed

spatul a at reactigln ter&gerature. M nor anounts of fouling were evident on
the reactor wall § tirring shaft. In conparison, the polynerization in

methyl — chl oyt de mogUhitRfbricHinRialtr DEERES 2886 tb gk Rhcteol ymer on both the
reactor walls and the stirring shaft. Very little of the polyner was

"suspended” in the diluent medium The propane based pol ynerization
experinment di | 00 l: di & h tpa L@%Q -95C (Tabl e
1, Exanple 11@2&%\0 phgggggﬁggﬁiﬁéalgg{l&%ﬁﬂ%%&e Cac or‘:'.E eIe éd%ager phase
was rich in pshipiet stiffichbbery ghysibdl eropetties @s evidénced by prabisgwith Ghekilled! yner i n
the presence of th ragpane dil uent, was consi der.abl | ess. .viscous than the
pol yher - or mSBPUE 5 R FPSCHITGy (NIEOT Ao A BDE Mess SHARHGIoRY) Tai ¢ 3
lists the regedctos wOefllspﬂidYﬁﬁfih% ahdfONIn COMPatedond it pc&?fﬁe&aﬁﬁn in methyl
hydr of | uorocarbon / nmethyl chloride blends. A 100 glass mni-resin kettle
Was chloride resulted in a viscous coating of polymer on both the reactor walls and the

stirring shaft. Very little of the polymer was "suspended” in the diluent medium.

The propane based polymerization experiment did not look appreciably different

than the run at -95°C (Table 1, Example 11). Two phases were apparent in the

reactor. The denser phase was rich in polymer and the lighter phase rich in

propane. The polymer in the presence of the propane diluent was considerably

less viscous than the polymer formed in the methyl chloride run.
Examples 15 - 21

[00207] Table 3 lists the results of polymerizations conducted at -95 °C in
hydrofluorocarbon / methyl chloride blends. A 100 ml glass mini-resin kettle was
used for these examples. TMPCI (2-chloro-2,4,4-trimethylpentane) was used as an

initiator in these examples.

Table 3*

. Conversion| M, ‘
Example " Diluents Vol % | Yield (g) | (Wt. %) | X10° | M,/M, | Mol% IP

15 CH;CI/CH,FCF; | 95/5 2.97 74.0 234 3.5 1.2

16 CH;CV/CH,FCF; | 90/10 1.90 47.0 600 29 1.6

17 CH3Cl/CH,FCF, | 85/15 2.58 64.0 435 2.5 1.3




used for these exanples. TMPCI (2-chloro-2,4,4-trinmethyl pentane) was used as
an initiator in these exanples. Table 3' Conversion M Exanple D luents Vol
%Yield (g (W. %99 X10 MMMI%IP 15 CH3ClI/CH2FCF3 95/5 2.97 74.0 234
3.5 1.2 1‘@ %@%I éggEQFCFB 90/10 1.90 47.0 600 2.9 1.6 Jc/EFa63das3a2FCF3

85/ 15 2. 587840/ 495°2.5 1.3 WO 2004/ 058835 PCTI US2003/ 040341 77 18
CH3CUCH2FCF3 85115 1.83 46.0 570 2.5 1,7 19 Cl13C/CH2FCF3 80/ 20 1.85 46.6
285 2.7 1.5 20 CH3ClI/CH2F2 80/20 3.22 80.0 312 3.2 1.9 21 CH3C1l/CH3CF3
80/20 2.83 70.6 179 2.7 2.2 a: Except where noted pol ynerizations were run
with 30 nil pf—drtpent——S5A—mr—of —+sobutyirene—and6-—23—m—ofy+soeprefie (I P),
initiator/ corﬂnilﬁi af @Hscmﬁﬁfmi\ﬁﬂére b$%p$r el6fn 2. 670m| &S bt hi# chl ori de
usi ng 3.2 m grotrters—of TWPCH—=and—{23 0 mjcrotters—of et Mvhexane
sol ution of Fetlﬁyl p CEREWFEFc 18820 de 1-83ADC)  $9:6 neq hyd5al lurd-hum di-Ehl ¢ri de
(MADC) used [TStEap—of —erhyiatym grchrorige ¢ Exanpres 22— 25
(002081 Resul t £0f of ]f‘gizinat 89148 [cohtfucl ed3P - r-4i venlPn Tabl e
4. Two bat chfs ?T Yt aror/coi m{ Tor_sSolutiTons € used fpr_eact
exanple. A 106! m gq: CReGE- 1 SO0 tket¥d e | wadlbseq 10 |t Heke ex%-?rpl es.
TMPCI (2-chloro-~ 2,4, 4-Tri net hyl pentan€) was used as an initiator in these

exanpl es. Table 42 Conversion M Exanple Diluents Vol % Yield (?) iW % X
loa M' /M Mofbs | PExcept where noted polymerizations were run with 30 ml of diluent, 5.

N

m! of isobutylene and 0.23 ml of isoprene (IP), initiator/coinitiator
solutions were prepared in 2.6 ml of methyl chloride using 3.2 microliters
of TMPCl and 23.0 microliters of a 1.0 M hexane solution of
ethylaluminum dichloride (EADC)

b: methylaluminum dichloride (MADC) used instead of ethylaluminum
dichloride (EADC)

Examples 22 - 25

[00208] Results for polymerizations conducted at -55 °C are given in Table
4. Two batches of initiator/coinitiator solutions were used for each example. A
100 ml glass mini-resin kettle was used for these examples. TMPC] (2-chloro-

2,4 4-trimethylpentane) was used as an initiator in these examples.

Table 4°

_ R - "|Conversion| M, | |
Example| . Diluents | Vol% |Vield ()| (Wt.%) | X10% | M,/M, | Mol% IP

22 |cH.cvCH,FCR, 9010 | 235 61.7 84 17 22
23 |CH,CV/CH,FCF,| 85/15 | 2.96 777 77 22 22
24 |CHsCVCH,FCF| 80/20 | 2.37 62.2 82 19 2.0

25 [CH;CVCH,FCF,| 75/25 | 2.38 62.5 83 2.0 22




22 CH3Cl/ CH2FCF3 90110 2.35 61.7 84 1.7 2.2 23 CH3C/CH2FCF3 85/ 15 2.96
77.7 77 2.2 2.2 24 CH3CUCH2FCF3 80/20 2.37 62.2 82 1.9 2.0 25 CH3CUCH2FCF3
75125 2.38 62.5 88 2.0 2.2 WD 2004/ 058835 PCT/ US2003/ 040341 78 a:

Pol ymer i zadio e d4edss run with 30 ml of diluent, 5.4 m périsRMdadsene and
0.23 m of isoprene (IP), initiator/coinitiator solutions were prepared in
1.3 mM of nmethyl chloride using 1.6 mpgroliters of TWO and 11.5 mcroliters
of a 1.0 M hexane solution of nethylalum numdichloride (MADC). Exanple 26
[ 002091 A polynerizati on was conducted w th net hoxyal um num dichloride at
-95C. The i nii i at Poly@etinitichaivere 18 withi I0MmMEHilnERPsY eal dPiscbufsdewhag 0. 93
mcroliters of anhydrqus, nethanol .into 2.6 m of |liquid 1,1,1, 2-

t et r af | uor oet hanef-4# ml 95isoprrae {IR).dnitiatoreqiniHatapsolutinns esspiparedin k3r s of a

1.0 1ol /1 S0l Ut oo oo sl flnidabfs U TP GRANS s 0! Ut O

was stirred for 10 mnu A sec ution was prepare e sane way.
To each sol uti onof 1.0 Mrheyant selatien effm@hyddlinpingnpdighlaride (MADKRY)! pent ane was
added with stirring and cool ed -95C. Both solutions were added dropwi se to
the polynerization solution with a chilled pipette. . A 100 m gl ass

m ni -resin k@kérhgle 2das used for this exanple. Table 5 xanpl Diluent
Yield.(g) Conversion (W. %9 MMx 10 M./MMI%IP 26 CHZFCF3 2.61 65 248
2.6 2.6 Exanple 27 100210] Table 6 lists the results of a polynerization

conduct ed at (20§ CONAUCKHRFntAzaBBn BHadd contiboted! eRflh Ofmethoxyaluminum

1,1,1, 2-tet rafl uor oet hane and‘l_,_l- di'f_l'uor oet hane. This run was .made with 30
m of di | uendichride at -95PC.i Jbb imitiaterieniniti@or®lutionohas prepareshby dissblvised a

i tiator/ coiyyat L3t ofiedO! it Ry REEPHhnbl ifte® 78 ml of liquid 1,1,12-
tetrafiuoroethane at -35°C. To this solution was added 23 microliters of a 1.0
mol/L. solution of ethylaluminum dichloride in pentane. This solution was stirred
for 10 minutes. A second solution was prepared in the same way. To each
solution, 3.2 microliters of 2-chloro-2,4,4-trimethylpentane was added with
stirring and cooled -95°C. Both solutions were added dropwise to the
polymerization solution with a chilled pipette. . A 100 ml glass mini-resin kettle

was used for this example.

Table 5

Exampld Dilieat | Yield (g) |Conversion (Wt. %)] Myx10° | M,/M, |Mol% IP'

26 CH,FCF; 2.61 65 248 2.6 2.6
Example 27
[00210] Table 6 lists the results of a polymerization conducted at -95°C

conducted in an 85/15 (V/V) blend of 1,1,1,2-tetrafluoroethane and 1,1-
difluoroethane. This run was made with 30 ml of diluent, 5.4 ml of isobutylene,
0.26 ml of isoprene and used a initiator/coinitiator solution prepared in 2.6 ml
methy! chloride using 3.2 microliters of TMPCI and 32.0 microliters of a 1.0 M-



met hyl chloride using 3.2 mcroliters of TMPCl and 32.0 mcroliters of a 1.0
M WO 2004/ 058835 PCT/ US2003/ 040341 79 hexane sol ution of nethylal um num
dichloride (MADC). A 100 ml glass mni- resin kettle was used for this
exanpl e. TaWoeofoséagver sion M Exanple Yield (g) (W. 9 raoaMy{ M Mol %
IP 27 0.28 7 772 2.8 1.8 Exanples 28 - 31 1002111 bl TRl b
results of polynerizations that were ceaducted at - 95C in

hydr of | uor ocar bons and a bl end of a hydrofl uorocarbon and nmethyl chloride
usi ng p-nethyl styrene (pM5) as a conmononer. A 100 ml glass mni-resin

kettle was usethnt @blutibie s£neB@TISEBuM [dEThride2AMADE).0 A2 180 il tgldseiifiy| pent ane)
was used as ap jnitiator_in these exanples. Table 7° Conversion M Exanple
Di | uent Yi el &siysetiapyas usgd Sor fltis exampler Mo1opMS 28 CH2FCF3 1.37 33 322 3.2
2.1 29 CH3O /CHZFCF3 0.96 23 762 4.2 2.2 80/20 VN 30b CH2FCF3 3.81 92 160
3.3 3.6 31b,c CHZFCF3 1.18 28 278 3.2 1.8 a: Except where noted

pol yneri zations were run with 30 nl fablE§uent, 5.4 nl of isobutylene and
0.34 m of p-nmethylstyrene, initiator/coinitiator solutions were prepared
in 2.6 mM of nmethyl chloride using 3.2 microliters of TMPCL and 23.0
mcroliters of 3 1.0 Mhexanel sObmverstom Jf M hyl al um num di chl pri de ( EADC) .

WO 2004/ 058835 Fﬁﬂi/mllJp E'JQ?éfdoé)OP".”dyt.%)' . “Xll.l'a‘ MM, MQI%IP'

27 0.28 7 772 2.8 1.8

Examples 28 - 31

[00211] Table 7 lists the results of polymerizations that were conducted at -
95°C in hydrofluorocarbons and a blend of a hydrofluorocarbon and methyl
chloride using p-methylstyrene (pMS) as a comonomer. A 100 ml glass mini-resin
kettle was used for these examples. TMPCI (2-chloro-2,4,4-trimethylpentane) was

used as an initiator in these examples,

Table 7*

o C . © | Conversion M, . L ,
Example|  Diluent - |Yield(®| (Wt%) | X10° | MJ/M. |Mol% pMS
28 CH,FCF; 1.37 33 322 3.2 2.1

CH;CI/CH,FCF,
29 30720 VIV 0.96 23 762 42 2.2
30° CH,FCF, 3.81 92 160 3.3 3.6
310 CH,FCF, 1.18 28 278 32 1.8

a: Except where noted polymerizations were run with 30 mi of diluent, 5.4
ml of isobutylene and 0.34 ml of p-methylstyrene, initiator/coinitiator
solutions were prepared in 2.6 ml of methyl chloride using 3.2 microliters
of TMPCl and 23.0 microliters of a 1.0 M hexane solution of
ethylaluminum dichloride (EADC).



80 b: 32.0 microliters of a 1.0 M hexane sol ution of ethyl al um num
dichloride was used instead of the anbunt noted in (a) above. c: 1.6
mcroliters of 2-chloro-2-nethyl propane used in place of the TWDO wused in

(a). [0021glo f3pdseessi zation in any of the diluents of TaglRsHoifgshted in
rubber particles that did not adhere to the walls of tﬁél.reactor or to the

stirring shaft. The particles floated to the surface of the |Iiquid when
stirring stopped. Wien tested near the reaction tenperature, the particles
were hard as evidenced by pressing on themwth a chilled spatula. Exanples

32 - 37 [00233] T Ioemﬁ aﬁ?ﬁlh deV\er e
conduct ed atjo? 95?39 réjl ér%%lﬁtglr’lg%éf O%@gﬂ&h@f%ﬁ%ﬂ &ge or corrparl son.
Exanpl es 36 and @hsasaimstaqmbofaheamomkmtpdms(a)abowhr ee-neck 500 m gl ass
reactor was used f se r to eacgh p 300 m
of nonomer fé&ed é%fné(frﬂ R @?’%@p}mﬂéﬁ@ \‘z!ﬁ%e‘n&i%%g‘gdh? Whe chilled
reactor. The ini ﬁ;saimr(ﬁ)cm nitiator nolar rat io was controlled at 1/3 and

the concentration was set at 0.1 wt% EADC in MeCd . The
initiator/coinitiator solution was added dropwi se to the polynerization

i xture and fgynpte OfpoRtiih®h ih 3uf BFineefs bETRE N IR rBfert hat the

react or terrperajtu eras not exceed 40C. The anmount o
i ni tiator/ coibaiticlesttibat dbhettadbere toothe avalls ofthe eagtp on tiethe ghirringshafb siheed nononer

<10 e v, TR s o E el s, B0 RloBa). JBRRaM, J) 5 050"
2.3 3.0 V\D 2%&1@58&3&0%&5&%3&@%&4&3 witd hard as evidenced by pressing on
them with a chilled spatula.

Examples 32 - 37

[00213] Table 8 lists the results of polymerizations that were conducted at -
95°C in hydrofluorocarbons and methyl chloride for comparison. Examples 36
and 37 are comparative examples. A three-neck 500 ml glass reactor was used for
these examples. Prior to each polymerization, 300 ml of monomer feed
containing 10 wt% of monomers were charged into the chilled reactor. The
initiator/coinitiator molar ratio was controlled at 1/3 and the concentration was set
at 0.1 wt% EADC in MeCl. The initiator/coinitiator solution was added dropwise
to the polymerization mixture and the rate of addition is controlled in such as way

so that the reactor temperature raise did not exceed 4°C. The amount of

initiator/coinitiator solution added in each depended on the desired monomer

conversion target.

Table 8"

Conversion | M.,‘ - M,
Example | Diluent | (Wt %) | x10° | x10° | M,/M, | Mol% IP

32 CH:FCFs 65 315 626 2.0 2.7

33 CH,FCF, 94 213 489 2.3 3.0




34 CH3CHF2 55 414 813 2.0 1.3 35 CH3CHF2 100 197 558 2.8 1.8 36 CH3Cl 54
170 628 3.7 2.0 37 Cl143C1 97 135 517 3.8 2.4 a: Polynerizations were run
wi th an isobutyl ene/isoprene nolar feed ratio of 95/5 [00214] The exanpl es

in Table &W Qate the production of high ol ecul gcrwsh@bbsdut yl rubber
using an Initiator systemin CHF2CF3 and CH3CHF2 dil uents. The

mol ecul ar wei ght of the butyl polymers;made in CHF2CF3 and CH3CHF2 were
significantly higher than polyners made in MO at simlar nononer
conversion under simlar conditions. The pol yd| spersity (Mwm M1) of the
butyl pol yngrs—made 11 botty CHZECF3—gmnd CH3 S—marfower_arnd cl oser to
t he most pr gbabfte poﬁ'-‘bld-"ﬂ%ﬁgersit§rlS of 2.0*¥har tﬂé dol yferg nhdle ip Meq

under sim | gr experfrmenta conal | ons.— Ine | soge € Tnconporati in the
copol yners rfade’in I\E@CHF&I b veelh dPF Ad [cH3éHF2. Thé pklymr
slurry partifcl nede jl FZ lappear e
significantljy Fjs stF urin handllwgfﬂa Bnd 5% mer sf?:rry particles
made in Ml der congy troms. P }T [ able 9 lists
the resul ts |of Lﬁ?opolyﬁ@i‘él altlon i s Eﬁvxyl n@ﬁand 3% met hy?ét ne t hat
were conducted at -95C in hydrofl uorocar bons and net hyI chl ori de for
conpari son. 41 and 42 are gonparative exa t hr ee- neck 500
m gl ass redtt om\ﬁg’@“‘?}%ﬁoqwﬂf ﬁ%‘s‘@ﬁ’e@{’dﬁ%“@gmeﬁ??m? é"aé?fl e Py ner i zat i on,
300 mM of nononergsfeed containing 10 wt % of nononmers were charged into the

chilled reactor. The initiator/coinitiator nolar ratio was controlled at
1/3 and the concentration was set at 0.1 wt% EADC in Mcd . The

2L SO 2381 M T ol R e ] MBI 1
molecular weight butyl rubber using an EADC/HC] initiator system in CHF,CF3
and CH;CHF; diluents. The molecular weight of the butyl polymers made in
CHF,CF; and CH;CHF; were significantly higher than polymers made in MeCl at
similar monomer conversion under similar conditions. The polydispersity
(Mw/Mn) of the butyl polymers made in both CHpFCF3; and CH;CHF, was
narrower and closer to the most probable polydispersity of 2.0 than the polymers

made in MeCl under similar experimental conditions. The isoprene incorporation
in the copolymers made in MeCl falls between CH,FCF; and CH;CHF,. The
polymer shury particles made in both CH,FCF; and CH3CHF; appeared to be
significantly less sticky during handling than the polymer shury particles made in

MeCl under similar conditions.

Examples 38-44

[00215] Table 9 lists the results of copolymerizations of isobutylene and p-
methylstyrene that were conducted at -95°C in hydrofluorocarbons and methyl
chloride for comparison. Examples 41 and 42 are comparative examples. A
three-neck 500 ml glass reactor was used for these examples. Prior to each
polymerization, 300 ml of monomer feed containing 10 wt% of monomers were
charged into the chilled reactor. The initiator/coinitiator molar ratio was
controlled at 1/3 and the concentration was set at 0.1 wi% EADC in MeCl. The

initiator/coinitiator solution was added dropwise to the polymerization mixture



and the rate of addition is controlled in such as way so that the reactor
tenperature raise did not exceed 40C. The anount of initiator/coinitiator
solution added in each depended on the desired nononer conversion target.
Table 9 CoRgoidiedss M Exanple Diluent (W. % x 10 ; ' Mol €%
pVB 38 CHF2CF3 5 9%/b298 3.3 4.3 39 CHF2CF3 57 89 2913"%3?03%‘4" 6M04F20F3
98 74 244 3.3 4.6 41 CH3CBF2 56 188 14991 5.8 4.1 42 CH3CHF2 100 169 908
5.4 4.9 43 CH3A 57 97 443 4.6 3.8 44 CH3Cl 69 94 342 3.6 4.0 a:

Pol ynmeri zations were run with an isobutyl ene/ p-rnethyl styrene nolar feed
rati o of 90/ iRl $hee:d 6f adiifonax asrttolied insudialy WaydsocMBAORE fadiottehipafat&i Ng an
EADC/ HC1 initiator systen1Ln a CH2FCF3 diluent, the production of

i sobut yl ene- Rii%s did eopkxored & @ tThecanguat abirdtinmlinitisor ¥elugnt sdded veopol yner s
produced in a _MCl diluent, Isobutyl ene/p-methylstyrene copol yners prepared
in CH3CHF2  &3ahidspanded,em thedepiesd mesomer FRRVETHINHESt: The pMS i ncor poration in
the copolynmer is significantly higher in CH2ZFCF3 than in McCl using the
sanme nonomer feed conposition under simlar reaction conditions. In

addi tion, the polymer slurry particFablei9h CH2FCF3 appears to be
significantly less sticky in CH2FCF3 than in MC . W 2004/ 058835

PCT[ US2003/ 040341 83 Exanples 45-47 100217] Table 10 lists the results of
copol yneri zations of 1 sobuf yiCeaedyien et MyT st ydpe [and 1 spbut’yl'ene/j soprene
that were cq rﬁgﬂcﬁ}p ed . ai)ilﬁegléc”i T“Q_"LA?O :‘29; 10° | x10° | MM, Mole% pMS
38 CHF,CF; 22 .‘ 91 298 33 43
39 CHF,CF, 57 89 291 33 4.4
40 CHF,CF, | 98 74 244 33 46
41 CH;CHF, 56 188 1,091 5.8 4.1
42 CH;CHF, 100 169 908 5.4 49
43 CH;C1 57 97 443 4.6 3.8
44 CH;C1 69 04 342 36 4.0
a: Polymerizations were run with an isobutylene/p-methylstyrene molar feed
ratio of 90/10
[00216] The examples in Table 9 demonstrate that using an EADC/HCI

initiator system in a CHpFCF; diluent, the production of isobutylene-PMS
copolymers with comparable molecular weights to copolymers produced in a
MeCl diluent. Isobutylene/p-methylstyrene copolymers prepared in CH3;CHF,
exhibit much higher molecular weights. The pMS incorporation in the copolymer
is significantly higher in CH,FCF; than in MeCl using the same monomer feed
composition under similar reaction conditions. In addition, the polymer slurry
particles in CH,FCF; appears to be significantly less sticky in CHpFCF} than in
MeCL



m xture (by volune) of CH2FCF3 and CH3CHF2. A three-neck 500 m gl ass
reactor was used for these exanples. Prior to each polynerization, 300 m of
nononer feed containing 10 wt % of nononers were charged into the chilled
reactor. u}?zdo%gskﬁt or/coinitiator nolar ratio was conppeldsedsadsd/ 3 and the
concentration was set at 0.1 wtw% EADC in McCl. The initiator/coinitiator
solution was added dropwi se to the pojsynerization m xture and the rate of
addition is controlled in such as way so that the reactor tenperature raise
did not exceed 4C. The anpunt of initiator/coinitiator solution added in
each dependegkagipldsag-4fesi red nononer conversion target. Table 10 Conversion
WMh Mv Exanpl e Comononmer (W. 9% x 10-3 x 10-3 M /M 453 |soprene 87 309
676 2.2 46b pM5S 76 449 1,048 2.3 47b pM5 100 349 1,166 3.3 a:

Pol yreri zat i re ' | ' ratio of
95/5 b: Pol y@eﬂ% atiorrl[ggl\ﬁ/\é\irdeh?tgn%%/ﬁgﬁwa#? o] lﬁﬁ%ﬁ%ﬁp@n@%@% ene nol ar
feed rati o méthgeyiefe pOdRdBltylEatiseprife thetwerstcoadiesedt d1e935Caid wnt80@0 of hi gh

nol ecul ar wei ght j sobuty| ene-.i en mers._and is tyl ene- pVs

copol ymer s u‘?iﬂﬁeeﬁy VE&&* HEIPI#%?%QP@%ﬂFém‘%‘MCTﬂe% 38@%1fgléﬂZFCF3 and
CH3CHF2 as tigutorPRhy iREI fBAHeSE efrhpI@Nt Pridi @ dieh WoB/medizhtidny 3081l 6 €S in the
CH2FCF3/ C3CHF2 WD 2004/ 058835 PCTI US2003/ 040341 84 m xture denonstrate the

same non- st i BRRTRSS Seesh panitiaing ol Oawt'p refampnomercrprecrgrgnd ingHgerptilledi | uent
descri bed abgyg, B3Py %{aﬁ%bﬂ&t?at&r?%%ﬂa?]raﬁé AR ESntdtfled 4113 SRRl TY

copol yneri zation of "I'so ene w
concentration was set at 0.1 wt% EADC in MeCl, The initiator/coinitiator solution

was added dropwise to the polymerization mixture and the rate of addition is

controlled in such as way so that the reactor temperature raise did not exceed 4°C.
The amount of initiator/coinitiator solution added in each depended on the desired

monomer conversion target.

Table 10
: ) Conversion M, . Mg
- Example | Comomomer | ‘(Wt.%) | ~x10° | x10° | MM,
45° Isoprene 87 309 676 22
46° pMS 76 449 1,048 2.3
47" pMS 100 349 1,166 33
a: Polymerizations were run with an isobutylene/isoprene molar feed ratio of
95/5
b: Polymerizations were run with an isobutylene/p-methylstyrene molar feed
ratio of 90/10
[00218) Table 10 demonstrates the production of high molecular weight

isobutylene-isoprene copolymers and isobufylene-pMS copolymers using an
EADC/HCI initiator system in a mixture of CH,FCF; and CH;CHF; as the
polymerization diluent. The polymer slurry particles in the CH,FCF3/C3CHF,



ot her conononers. The copol ynerizati on have been run at two tenperatures and
in four diluents. 100220] The pol ynerization exanples listed in Tables 11 -
16 were obtained by running slurry copolynerizations in test tubes equi pped
with rare wenbdosssgnetic stir bars. Mnoner solutions wes in the
test tubes at the desired tenperature, which is |dent|f|é[ZUs?l;)loe"@ﬁ%?ld

par agr aphs bel ow, by conmbining 20 m @f the liquid diluent, 5 m of liquid
i sobutyl ene and enough liquid conononmer to achieve a 3 nol % compnoner f eed.
Pol ynmeri zation solutions were nmagnetically stirred at the identified
tenperature afiguiedethonitidid fhie @8m®Yon-BRckifdsPRWeSanRAdIiA hgﬂr@i‘HﬁTG}B% k
coinitiator/ipnitiator solution using a chllled gl ass teur pipette.
Conver si on |§H€f€§§ filgenpde despiihegiaboYser cent of the nmonomers converted to

pol ynmer. [00221] Table 11 lists the results of polynerizations that were
conducted at -95C either in methyl chloride (as a conparative, exanples 48,
49, 50, 57, Bgamplesd8-bb/ 67, and 68), 1,1,1,2-tetrafl uoroethane or

1, 1-di fl uoroet hane. I|sobutylene was copolynerized with either
p-t-butylstyrene (t-BuS) (0.36 m per run), indene (Ind) (0.23 m per run)
or (3-pinene[toed®) (O.BdaniplestsBr- INURkerd %Alﬂy@dpaﬁha@hahanaﬁisbmnusneﬁmstock

sol ution of H@‘Ph ylal um num_di chlcgrl de DC) and hydrogen chloride (HC) was
prepared in FeAmemmsrs; Jdegop 9“5:52‘6"' h?end'fm gt tWogemperaturesiend so| ut i on
in 1,11, 2-t g foaf ditiRh@Et hane and 0. 960 m of a 1.0 nol/L ethylal um num
dichioride solution in hexane to 100 ni of net hyl chloride. Polynerizations
were run by adding, dropwise, 1.5 nil of this stock EADC/HCI solution to
the stirred r ut | . Pol [ r{yi na th the
addi tion of BUHY o Sﬂr?eﬁ’ﬁ%l’f%ﬁ A E TEhieS o Phie et

hydr of | uor oc abtaimed blyamuhmgd;ldrry co;iml;enicrmm&ﬁ(lﬂlteﬁ&aﬁé's &ﬁﬁ;ﬁd&%ﬂﬁbﬁé%“ 85
particles that .did c{ggs tothe |1s of the reagtaor or totilhe stirring
bar. The FFP’(:’F‘@%“ oqqpéerg aRsWE Prepareiiy Hedeshabgs g the 1 ng

st opped. Thedéh%’éﬂlt&ﬁﬁ?atm‘éﬂﬁrﬁcﬂ&ﬁderﬁﬁie@ﬂ e PaRgrabls BSS By @nibinihd2on Wi th a

chilled spatula when tested
ml of the hqmd dlluent 5 ml of liquid isobutylene and enough liquid comonomer

to achieve a 3 mol% comonomer feed. Polymerization solutions were
magnetically stirred at the identified temperature and were initiated by the
dropwise addition of a stock coinitiator/initiator solution using a chilled glass
Pasteur pipette. Conversion is reported as weight pefcent of the monomers

converted to polymer.

[00221] Table 11 lists the results of polymerizations that were conducted at
-95°C either in methyl chloride (as a comparative, examples 48, 49, 50, 57, 58, 59,
66, 67, and 68), 1,1,1,2-tetrafluoroethane or 1,1-difluorcethane. Iscbutylene was
copolymerized with either p-1-butylstyrene (t-BuS) (0.36 ml per run), indene (Ind)
(0.23 ml per run) or B-pinene (SP)} (0.31 ml! per run) as indicated in Table 18. A
stock solution of ethylaluminum dichloride (EADC) and hydrogen chloride (HCI)
was prepared in methyl chloride by adding 0.320 ml of a 1.0 mol/1. HCI solution
in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0 mol/L ethylaluminum dichloride
solution in hexane to 100 ml of methyl chloride. Polymerizations were run by
adding, dropwise, 1.5 ml of this stock EADC/HCI solution to the stirred monomer
solutions. Polymerizations were terminated with the addition of 0.2 ml of

methanol. Polymerization in any of the hydrofluorocarbons resulied in rubber



near reaction tenperature. Polynerization in nethyl chloride resulted in
rubber particles that adhered to both the reactor walls and the stirring
shaft. Table 11 Yield Conv. Mv nol % Exanple Diluent CoM (ng) (wt %9 x 10 3
| VI wAVD CoMo 4id4/6388531 t - BuS 496 12.8 139 2.5 1.4 49 4 9.6 130
3 2.4 50 CH3Cl t-BuS 485 12.6 112 2.2 1.5 51 CJ%ZFCI_‘%EJTII]EZ@SI@Z?%&8 9 128
0 2.0 52 CH2FCF3 t-BuS 249 6.4 128 .0 1.6 53 CHZFCF3 t-BuS 295 7.6 119
9 1.9 54 CH3CHF2 t-BuS 325 8.4 297 2.7 1.8 55 CH3CHF2 t-BuS 433 11.2 217
.6 2.3 56 CH3CHF2 t-BuS 333 8.6 303 2.7 1.8 57CHBClInd375996822
.2 58 CH3Ghartidléh tthtQh& nét Q&Zreholhelwaus S rieior bRt 3 Qtiirg Be@3THe 3 1.1 60
CH2FCF3 I nd 2279 60.8 131 2.2 2.3 61 CHFCF3 |nd 1199 31 101 2.1 2.4 62
CH2FCF3 | nd Myée%ﬂoaﬁe 1t96h<2812fa2°9 thsJiquidswhprstirag stoppers. Therperticiess 1.8 64

CH3CHF2 | nd 9 WO
2004/ 058835 ‘g‘%’?}fua‘s& %“lg%e%ﬁﬂy %msgg%g@%{%‘?g‘g%@@d gpagmngéﬁl?g fg%e]ds 3 67
CH3C1 (3P 40@at feastitOtefiptraturd.,. BolyeRri@idGin (mthyl35Bide rasmlted in oibberd 69
CHeFCR3 oP 644 cjlgs tﬁatzaghere(} toAbO%h t4ne reactor walls and the stirring shaft.

ENENDN

Table 11
. |Yield | Comv. | M, | . | mel%
Exsmple | Diluent | CoM | (mg) | (wt%) | x10° | MJM;| CoM |
48 CHyCl | tBuS | 496 | 128 139 | 25 | 14
49 CH,Cl | tBuS | 384 | 96 130 | 23 | 24
50 CHyCl | tBuS | 485 | 126 12 | 22 | 15
51 | CHLFCF; | tBuS | 345 8.9 128 | 20 | 20
52 | CH,ECF; | tBuS | 249 | 64 128 | 20 | 16
53 | CH,FCF; | tBuS | 295 | 176 19 | 19 | 19
54 | CHsCHF, | tBuS | 325 8.4 207 | 27 | 18
5 | CH;CHF, | tBuS | 433 | 112 | 217 | 26 | 23
56 | CH,CHF, | tBuS | 333 8.6 303 | 27 | 18
57 CHCl | Tnd | 375 9.9 68 | 22 | 12
58 CHCl | Wmd | 179 | 47 17 | 17 | 13
59 CHCl | Ind | 130 | 34 103 | 23 | 11
60 | CHLFCF; | Ind | 2279 | 6038 131 | 22 | 23
61 | CHLFCF; | Ind | 1199 | 319 01 | 21 | 24
62 | CH,FCF; | Ind | 2299 | 613 116 | 22 | 20
63 | CHCHF, | Ind | 323 | 140 41 | 23 | 18
64 | CH:CHF;| Td | 243 9.1 138 | 23 | 18
65 | CH;CHF, | Ind | 526 8.6 146 | 23 | 19




70 CH2FCF3 PP 833 22.1 39.7 1.4 8.1 71 CH2FCF3 RP 610 16.2 37.0 1.4 8.5
100222) Table 12 lists the results of polynerizations that were conducted at
-50C either in nmethyl chloride (as a conparative, exanples 72, 73, 74, 81,
82, and 83yg 20absshs2-t etrafl uoroethane or 1, 1-difl uorogichanrgesharut yl ene
was copolynerized with either p-t-butyl styrene (t-BuS) (0.36 ml per run) or
i ndene (Ind) (0.23 ml per run) as indggcated in Table 12. A stock sol ution
of ethylal um num di chl ori de (EADC) and hydrogen chloride (HCl) was prepared
in methyl chloride by adding 0.320 m of a 1.0 nol/L HCl solution in
1,1,1,2- tefrafl uorpet gnad 0. 96 DT O Tol gt Nyl ar pm_rnum

di chl ori de Fol &Pl on cﬂ?ﬁixane R¥o 158(?%%1 of airQé;t hyl 7P_r=7or g Ppl >8r?er zations
wer e run by[adding, rop g, L o m_ofithi s stotkEADG HC—sptutionp to the
stirred nonpne 7 so & % dxcdift flort08x arrpllé’é 72] #85 74 181 | 87,8 88 and

87. In exa €S 72, 74,7 81,8283, Tand—87, ::. S—t—of—EADSHELT—$ o0l uti on
was used. Pply®8rizht iQJ'hQI ver $R erlni23at fd wh2h t hela&diltibA of 8% M of
met hanol . Pptynertzption—tnjany—of—thehyd ufi"ﬁ © bors—+esttted
rubber part|cl &8 t hatCHFEFndt difherle 86 {he Wl | s t

stirring baf~—Tthe—partietesHoated—to—the—surface—-ot—+

stirring stpppdfl. Th&€HEACE; gl epPuerle &?f’u’ch mi2d stif89.7ag ev#depc@d by
pressi ng ongt-hemwth-—a—chi-Hl-ed-—spal
tenperature| tMan WQHyYFCRe [metgeyl de 1grepaned76xgnplés.| 8.5
Pol ynmeri zat lonin nethyl _chloride ted in bher particles thatladhered
to both the reactor walls and the stirring shaft. WO 2004/ 058835

PCT/ uszoosloﬂl?é%%] 87 Tabls E2 lists thegesylts oipplymenigrtionsghst wars sesiugtedat uent CoM

(19) (' %0 X400 ondM ML EAN RIS FhompBif EoiofiSs 72,98, 94151 83,9 73

and 83), 1,1,1,2-tetrafluoroethane or 1,1-difluoroethane. Isobutylene was

S—tespgrtet—in

he t.dactoP4drito the
HI'\

L ed A win n
o

Mhan toct dd nea reactl on
v AL ) T OOV A} TGO OCAT T AT~ = Ll

copolymerized with either p-t-butylstyrene (+-BuS) (0.36 ml per run) or indene
(Ind) (0.23 ml per run) as indicated in Table 12, A stock solution of
ethylaluminum dichloride (EADC) and hydrogen chloride (HCI) was prepared in
methyl chloride by adding 0.320 ml of a 1.0 mol/I. HCI solution in 1,1,1,2-
tetrafluoroethane and 0.960 ml of a 1.0 mol/L ethylaluminum dichloride solution
in helxane to 100 ml of methyl chloride. Polymerizations were run by adding,
dropwise, 1.5 ml of this stock EADC/HCI solution to the stirred monomer
solutions except for examples 72, 73, 74, 81, 82, 83 and 87. In examples 72, 73,
74, 81, 82, 83, and 87, 2.3 m! of EADC/HCI solution was used. Polymerizations
were terminated with the addition of 0.2 m! of methanol. Polymerization in any of
the hydrofluorocarbons resulted in rubber particles that did not adhere to the walls
of the reactor or to the stirring bar, The particles floated to the surface of the liquid
when stirring stopped. The particles were much more stiff, as evidenced by
pressing on them with a chilled spatula when tested near reaction temperature,
than with the methyl chloride prepared examples. Polymerization in methyl
chloride resulted in rubber particles that adhered to both the reactor walls and the
stirring shaft.



74 CH3C

t-BuS 2758 71.4 60.4 2.0 2.9 75 CH2FCF3 t-BuS 500 12.9 35.3 1.4

4.1 76 CH2FCF3 t-BuS 523 13.5 39.2 1.5 4.3 77 CH2FCF3 t-BuS 568 14.7 39.7
1.5 4.3 78 CH3CHF2 t-BuS 651 16.9 68.1 1.7 4.4 79 CH3CHF2 t-BuS 733 19.0

71.9 1.6
49.9 1.4 1.0
1.4 1.
1.4 2.
1.5 1.
r esul

82 CH3C

0 86 CH2FCF3 Ind 496 13.2 40.8

4 vl 2@0&HIRCHF2 t - BuS 440 11.4 70.
Ind 645 17.1 34.1 1.

3
4

esults of polynerizations that were Fappdigct ed at

of 1,1-difluoroethane in 1,1,1, 2- tetr af T'uor oet hane.

1.7 2.8 8pceiRsibahingds704 18.6
1.4 83 CH3CL Ind 319 8.4 44.6

1 84 CH2FCF3 Ind 424 11.3 36.7 134 1.7 85 CH2FCF3 Ind 464 12.4 37.9
1.51.9 87 CH3CHF2 Ind 328 8.7 40.8
4 88 CH3CL-1F2 Ind 338 9.0 42.9 1.5 1.3 1002231 Table 13 lists the
-95Cin a 20 wt.
| sobut yl ene was

% bl end

copol yner i zed w thogme—of —thg—fotto ACOTFGHIET ST ORj Cpronomey as
indicated inf Table 13: isoprene (IP) Eg 20 per ’ulrg“,’- h- et ne
(pMB) (0.26 nExspapler uriluemtt { b2oM s yfoeg) ((wE%ﬂ) & 1¥6 NM@ME, €M | i ndene
(I'nd) (0. 23 H—per—Hur)—3—pHhRene (”?P‘ 0—3+—m—per—rupn—or
nmol / mol WO 20047258835CHeTY US2Bas040B40 | 884bBend (48?4pVIS)1 Df |i spprepe
(0 10 m ) an|d p et yl St yr ena /0 13 M \ n r4h—as i ndl 20. A
stock solutijon @ ethyCHLQlr muﬂBﬁiSch‘lr?de (EABC) AngB.0 hydrgen| chigor|f de
(HC) was priepared—Ha—rethyl4chl-or--deby—addinrg0-320 11 of a | / L HC
solution in (1,174, 2-teCHatDl Dr oBuBar eZ'HBd 0. 96@ m 060.4 L. @.0ol |l .2.9
et hy| al um nup-di-chl-dri-de—sollition i nhexane-to0--100L nd . of | net h\]ll chl orl de.
Pol yneri zatijons7%er ¢ CHaFQF; addiBog, [dsopw sel292. 5 353 | hik4stlock1EADT HC

76 CH,FCF; | t-BuS 523 13.5 39.2 1.5 4.3

77 CH,FCF; | t-BuS 568 14.7 39.7 1.5 4.3

78 CH;CHF; | t-BuS 651 16.9 68.1 1.7 44

79 CHs;CHF, | t-BuS 733 19.0 71.9 1.6 4.1

80 CH;CHF, | t-BuS | 440 11.4 70.3 1.7 2.8

81 CH;Cl Ind 704 18.6 49.9 1.4 1.0

82 CH;CI Ind 645 17.1 34.1 1.4 14

83 CH;C1 Ind 319 8.4 44.6 1.4 1.1

84 CHLFCE3 Ind 424 11.3 36.7 14 1.7

85 CH,FCF; Ind 464 124 37.9 1.4 2.0

86 CH,FCF; Ind 496 132 40.8 1.5 1.9

87 CH;CHEF; Ind 328 8.7 40.8 1.5 1.4

88 CH;CHF, Ind 338 9.0 42.9 1.5 1.3

[00223] Table 13 lists the results of polymerizations that were conducted at

-95°C in a 20 wt.% blend of 1,1-difluoroethane in 1,1,1,2-tetrafluoroethane.

Isobutylene was copolymerized with one of the following comonomers or

comonomer pairs as indicated in Table 13: isoprene (IP) (0.20 ml per run), p-
methylstyrene (pMS) (0.26 mi per run), p-t-butylstyrene (t-BuS) (0.36 ml per run),
indene (Ind) (0.23 ml per nm), $-pinene (BP) (0.31 ml per run) or a 50/50 mol/mol



solution to the stirred nononer solutions, except for exanples 98, 99, 100,
101, 102, and 103. For exanples 98, 99 and 100, 3.0 m of EADC/ HCl sol ution
was used. For exanples 101, 102 and 103, 2.3 nml of EADC/ HCl sol ution was
used. Pol mﬁdomggbsyws were termnated with the additi opc@fusSoosodbhs ©f

met hanol . Pol ynmeri zation in any of the hydrofl uorocarbons resuf) d [

rubber particles that did not adhere §0 the walls of the reactor or to the
stirring bar. The particles floated to the surface of the liquid when
stirring stopped. The particles were hard as evidenced by pressing on them

with a chillislend  RipMsS) mgdpréxﬁscoem MBaind PRethy Bfyrerdeq@AST Al Wef run as

Pol ynmeri zation in neth chloride resulted in rubberbfart i cles that adhered

to both the !Pél&e%rn%hﬁo Mtwhéowpwfﬁbyslmumm O@dgéEMDGD andcony. Mw
n01% Exanpl &%EQ:HBM (8% d %4% CeHISY @O;Md%;%% 31.1 453
2.01.9 901(?y 155811%%@ gg%g% IéZﬂg826.6 6 2.0 étZa 92 pMs
654 17.3 7821.8 mplZ, HCI QﬂumanImﬂﬁafﬁ@meﬂlaﬂean‘SO 964 ng\@ 708 md/I0 665 3.0
2.7 95 t-Bu 1 10.6 2.0 6 96.t- 8 252 2.1 9, 97 t-BuS
2an 125 pareteyrmigind didorie sckuthn B nbisdl o5 gl Hegt ebtorite 00 4 2" 50
2.2 1.3 99 Pdilylméﬁlﬁtl&ﬁh %el%&ﬁnby&dﬂm@ dﬁb@ﬁlsan.SZﬁBoﬁthfs stdck BADCIH@l 101 RP
1340 35.6 104 5& % 375 10..0 79.4 1,4 8.4

solut:lon to the stirred monomer solutions, except for examples 98, 99, 100, 101,

102, and 103. For examples 98, 99 and 100, 3.0 mi of EADC/HCI solution was

used. For examples 101, 102 and 103, 2.3 ml of EADC/HCI solution was used.

Polymerizations were terminated with the addition of 0.2 ml of methanol.

Polymerization in any of the hydrofluorocarbons resulted in rubber particles that
did not adhere to the walls of the reactor or to the stirring bar. The particles
floated to the surface of the liquid when stirring stopped. The particles were hard
as evidenced by pressing on them with a chilled spatula when tested near reaction
temperature. Polymerization in methyl chloride resulted in rubber particles that
adhered to both the reactor walls and the stirring shafi.

Table 13
N + 1Xield [ Conv, My . [- % | mol% -
Buample | | COM. | (mg) | (46%) | 1103 |MuM, | CoM
89 ] Ip 1147 31.1 453 2.0 1.9
90 P 2061 55.9 628 1.8 2.0
o1 ip 2382 64.6 276 2.0 22
92 pMS 654 173 782 3.4 2.8
93 pMS 722 19.1 624 3.0 2.8
94 pMS 795 21.0 665 3.0 27
95 t-BuS 411 10.6 304 2.0 1.6
96 t-BuS 389 9.8 252 2.1 1.9
97 t-BuS 445 11.5 241 2.1 1.9




103 PP 389 10.4 76.9 1.4 8.8 104 |P/pMs 331 8.9 632 1.8 0.49/1.7
| P/ pM5 423 11.3 699 1.8 0.67/1.5 106 IP/pMs 361 9.7 989 2.1 0.71/1.5

e 14 lists the results of copol ynerization of isobutylene and
but adi ene (Wokbosfkssger run) that were conducted at -95C1;&/]5§35J})6503§pl ori de
(as a conparative, exanples 107 and 108),

1,1,1,2-tetrafl uoroethane, 1, 1-di fl uorogf hane or a 20 w. % bl end
(CH3CHFz/ CH2FCF3) of 1,1-difluoroethane in 1,1,1,2- tetrafluroethane. A

[00224] Tabl

105

stock solution of ethylalum numdichloride (EADC) and hydrogen chl oride
(HC1) was pfepared—immethyt—thiorde by —=addi 0326 m—qf—=a__1-06) nol /L HCl
solution inj1, 981, 24t et 12 | uof o¥hgne 4fd 0./9688%H fof 22 1.|0 nbBt

et hyl al um nymdirchigrde—sotuTon i texaneto 100 mt—of —etthyt—ch] ori de.

Pol yneri zat ilons?%er ¢ ruftdy t het®ddi ngl0-Urogwi 367 1. 52A qof t ks stock

EADC/ HCl soljotiomto—thestiT{ed ngmomer—sotiutions T PotymgrizatTons were
term nated WitH%he|addi®d on pf248. 3 n 5& mdt hahbl .| PtYyndri zh2i on| i n any of
t he hydr of 'morocartyons—Tesutted—T 1T rubber—gartict that—did—not—pdhere to
the walls off tiAk react @ or {d3¢hd sti%eing bdP4 The lgart|icl &2 flpated to

t he surf ace fef—the—tt+eaute—wher——stirr+rg—sStapped—Hre—paritectes—were hard as
evi denced by pri@2si r%g ot hem] 3Ws5th a Whe || ed ¥pédt u| alvher t e8#ted hear

reacti on t erperature—Pebyrert-zat-gn—+h—retthy—ehlerde—+resulted— n rubber
particles that 188lhefed tBP bot h 38% {r eatlédr Wal 7&9 awnd ltde (sti 88i ngj shaft.
The pol yner $1isted-lin-Table 14 exHibited milecular —weightsthat fwere

hi gher than|thaoéxcllusimgMBi n t33f |t he 89EC i[nsEsument 1sed w0ot9/IdEt prni ne the
mol ecul ar wei-ghts—The M of theselpolymerslis above 1.5 % 106 WO

2004/ 058835 | PCTOh8520031M¢841; &3 ¢/ noil.3 Mollecebar meiight (diogaridufi ons
(MAD) coul d ) he high

(D"
fan

L al so—notfl be-deteriined
mol ecul ar wei g Tabl B/gMSYi ¢1361 Gonv. 7ol % 989 2.1 0.71/1.5

[00224] Table 14 lists the results of copolymerization of isobutylene and
butadiene {0.15 ml per run) that were conducted at -95°C in methyl chloride (as a
comparative, examples 107 and 108), 1,1,1,2-tetrafluorcethane, 1,1-diflucroethane
or a 20 wt.% blend (CH;CHF./CH,FCF3) of 1,1-difluoroethane in 1,1,1,2-
tetrafluroethane. A stock solution of ethylaluminum dichloride (EADC) and
hydrogen chloride (HCI) was prepared in methyl chloride by adding 0.320 ml of a
1.0 moV/L HCI solution in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0 mol/L
ethylaluminum dichloride solution in hexane to 100 ml of methyl chloride.
Polymerizations were run by the adding, dropwise, 1.5 ml of this stock
EADC/HCI solution to the stirred monomer solutions. Polymerizations were
terminated with the addition of 0.2 ml of methanol. Polymerization in any of the
hydrofluorocarbons resuited in rubber particles that did not adhere to the walis of
the reactor or to the stirring bar. The particles floated to the surface of the liquid
when stirring stopped. The particles were hard as evidenced by pressing on them
with a chilled spatula when tested near reaction temperature. Polymerization in
methyl chloride resulted in rubber particles that adhered to both the reactor walls
and the stirring shaft. The polymers listed in Table 14 exhibited molecular
weights that were higher than the exclusion limit of the SEC instrument used to

determine the molecular weights. The M, of these polymers is above 1.5 x 10°



Exanple Diluent (ny) (w.% ,CoM 107 CH3Cl 503 13.7 0.2 108 CH3Cl1 689 18.8
0.1 109 CH2FCF3 448 12.2 0.2 110 CH2FCF3 543 14.8 0.3 111 CH2FCF3 404
11.0 0.3 112 CH3CHF2 338 9.2 0.2 113 CH3CHF2 481 13.1 0.1 114 CH3CHF2 352
9.6 0.2 yéﬁzgﬁéggg /| CH2FCF3 453 12.4 0.3 116 CH3CHF2/pdghi@dbdzmeosdy 21.2 0.2
117 CH3CHF 573 15.7 0.2 Exanples 118-141 [00225] The

pol yneri zation exanples listed in Tablgg 15 and 16 were obtained by running
slurry copolynerization in test tubes equipped with rare earth magnetic
stir bars. Mononmer solutions were prepared in the test tubes at - 95C for
exanpl es i n Faklle Mélecildt welght disib@eas VB EukPRLS ndbe deinitlauol ONs  were
prepared by conbining 20 m “of the chilledliquid diluent, 5 m of liquid

i sobut yl ene Bi§ée Bmplesbecayse pithe highaolexlaepeighhs to this procedure are noted
bel ow. Pol ynmeri zation solutions were nmagnetically stirred at tenperature and
were initiated by the dropw se addit'gﬂega a stock coinitiator/initiator
solution wusing a chilled glass Pastett—ptrpette. Conversion is reported as
wei ght percent of —t-he—rBporers—ecohverted—ta-polyaer — 1/ 058835

PCT/ US2003/ 040341} “91 [ 002261 Tabl e 15.kilst ‘ﬁeh fauyy | &%1’5" hol yner i zat i ons
that were conduct plixaipple P5C. Bk es 118, (g9, W2%%) 12GM1IP4, 125, and 126
are conparative exanples|with Fxanples 1118 and[119 belng exanples of this
invention. [00227[L Peghyynerfizati ppgcpere riunsgpy tihesdr opwigse addition of this
st ock of

108 CH;Cl 689 18.8 0.1
109 CH,FCF; 448 122 0.2
110 CH,FCF; 543 14.8 0.3
111 CH,FCF; 404 11.0 03
112 CH;3CHF, 338 9.2 0.2
113 CH;CHF, 481 13.1 0.1
114 CH;CHF; 352 9.6 0.2

115 CH;3;CHF»/ CH,FCF; 453 124 0.3

116 CH;CHF,/ CH;FCF; 777 21.2 0.2

117 CH;CHFy CH,FCF3 573 15.7 0.2

Examples 118-141

[00225] The polymerization examples listed in Tables 15 and 16 were
obtained by running slurry copolymerizations in test tubes equipped with rare
earth magnetic stir bars. Monomer solutions were prepared in the test tubes at -
95°C for examples in Table 15 and -35°C for examples in Table 16. The solutions
were prepared by combining 20 ml of the chilled liquid diluent, 5 ml of liquid
isobutylene and 0.20 ml of isoprene. Exceptions to this procedure are noted
below. Polymerization solutions were magnetically stirred at temperature and
were initiated by the dropwise addition of a stock coinitiator/initiator solution
using a chilled glass Pasteur pipette. Conversion is reported as weight percent of

the monomers converted to polymer.



et hyl al um num di chl ori de (EADC)/ hydrogen chloride (HCI) solution to the
stirred nononer solutions. A stock solution of EADC and HCI was prepared in
nmet hyl chloride by adding 0.320 m of a 1.0 nol/L HC solution in 1,1,1,2-

tetrafl uorgetpamesasd 0. 960 M of a 1.0 nol/L ethyl al unp@pgyPbFdIbQy i de
solution in hexane to 100 nil of nethyl chloride. The total volunme of the

stock solution added to the polyneriaation for each exanple is listed in
Tabl e 15. A separate stock solution of ethylalum numdichloride and
hydrogen chl oride was used for Exanples 125 and 126. This sol uti on was
prepared fromthe addition of 2.0 mM of a 0.16 nol/L HCl solution in
1,1,1,2-tetrafl uoroethane and 0.960 nil of a. 1.0 nol/L et hcyll al um num

di chl oride d%1236) on i Aable)ladietsily reodtsof Polymepizations that werefonductedeats i nal nol /L
concentrati O_§l§;COf iégl g nﬂ@bg?ﬁ’h il %, a@g, Qxﬁilg%%igre &ﬂﬁ tﬂr@ in the

stock solution Ts the*sane for %reparatlons. merizations were

t erm nat ed wxarhpledwith @damplen 1 Of ard. 129 bking exareplesawrfdhis ilRehtiorer i zation in 3, 3, 3-
trifluoropropene resulted in rubber particles that did not adhere to the

wal ls of the reactor or to the stirring bar. The particles floated to the

surface of tbez2l7j qui dPﬂbﬁ%ﬁzﬁ&nﬁ%ﬁ&uﬁbﬁm@&o wile afditibh 6f B st&kefhard as
evi denced by pressing on.themwth a_ chilled spatula when tested near

reaction t effuiadymingm gichlogde | EAQGH hiydroger rphloride n(HL) cFéI‘-\ﬁé%_JPt'@G in rubber
particles thate.adhgsge goﬂﬁfeﬁ&.h&ﬁ@ckrs%ﬁ&foﬁrofm R0 Reas éﬁé afddlifg shaft.

Pol ymeri zation 1n 1, 1-dichloroethane or 1, 1-dichloroethen esulted in

sol vent swolniesityl hlorider bypadding 10620t mhof adh@ e/l FlGiheolutimcinot, Ll s and t he
Vi el d conv. NpteRoees a0y Sotial pERT Y Rpl B fubibiond seffbny ) b 116
CH3C1 1.7 84+ hend t& 100 2nl2ofImethyllchPorldel3The fotal voliind 6f theédrklsotutibn 8

added to the polymerization for each example is listed in Table 15. A separate

stock solution of ethylaluminum dichloride and hydrogen chloride was used for

Examples 125 and 126. This solution was prepared from the addition of 2.0 ml of

a 0.16 mol/L. HCI solution in 1,1,1,2-tetrafluoroethane and 0.960 ml of a 1.0

mol/L ethylaluminum dichloride solution in hexane to 100 ml of methy! chloride.

The final mol/L. concentrations of ethylaluminum dichloride and hydrogen

chloride in the stock solution is the same for both preparations. Polymerizations

were terminated with the addition of 0.2 ml of methanol. Polymerization in 3,3,3-

trifluoropropene resulted in rubber particles that did not adhere to the walls of the

reactor or to the stirring bar. The particles floated to the surface of the liquid when

stirring stopped. The particles were hard as evidenced by pressing on them with a

chilled spatula when tested near reaction temperature. Polymerization in methyl

chloride resulted in rubber particles that adhered to both the reactor walls and the

stirring shaft. Polymerization in 1,1-dichloroethane or 1,1-dichloroethene resulted

in solvent swollen polymer particles that adhered to the reactor walls and the

stirring bar.



120 CH3C

1.7 597 16.2 224 2.
122 H2C=CHCF3 1.7 274 20.6 21

2 1.7
8 2.1

121 H2C=CHCF3 1.7 309 16.7 266 2.3 2.2
1.8 123 H2C=CC12 1.7 118 3.2 33 1.4 1.4

124 H2C=CC12 4.0 447 13.4 47 2.1 1.0 125 CH3CHC12 1.5 112 3.0 108 3.1 1.7

126 CH3CHCH% shososghd S-S5 116 2.6 1.9 [00228] Table 16 Ii,éf,@siohgm,ggul ts of
pol yneri zations that were conducted at 13

conparative exanples with Exanples 137

-35C. Exanples 127

6 are

141 Dbeing exanples of this

i nvention. [00229] Polynerizations were run by the dropw se addition of a
stock solution of the coinitiator/initiator pair. A stock solution of
et hyl al um num dichloride and hydrogqgughilsori de (HCl) was prepared in nethyl
chl oride by adding 0.320 n1 of a l.0not7L HO solution in
1,1,1, 2-t et rraftuot u:Llrallt: QIIU. 9656-—of oy 1 u ||u=I.1U|_ et hyl AU
di chl oride g0l ution]in hexane to %0 ni | o}f : rretl"yl chloride.| A'separate
stock sol utilon® of etlhyl al um numStlichl| Kielde| @uwhv. HyMpgen chl dr insd%wals used
for Exanpleg 134, 13 nd, 136.| This g0 utipn wgs epa rlomthe @addition
of 0.034 nil %’f“‘@lﬁ /L Ho P‘E‘;I ptd"&ﬂ&lWé 1’%0 M‘;’%I uordet hane and
0.0960 nil qf ﬁ Mol [ L ethyfal g pum g chLori e sorfarion [rm_nexahe to 10
m of nethylf c I1§r| de. &l i nal Inol /[L3%bncettP atli 9dE pf 2%t Hy! d+lini hum
di chl ori de gnd—_nydraggen_chiortfde i1 he_STpcK_solfutionfare._tne YWo—
2004/ 058835 {PCHA®S2003/ 41 9éf%ane6%%r bi-A o épar at i Alkpay at e
stock sol uti thylargmn drohtori hélw-\ 1
2-chloro-2,4, 4 ltzpl mgt hy¥ Pt an (lﬂVP 197 ged _xa%%)l gs 132 apd 133.
The MADC/ TMHCI sotUtji_on V\Hgﬁ pared {fTom ne aqaitro 6 mcrojiters
of TMPCL and 0.18960 |H2GGICHCEs o dof /1] 36t hyﬂ%?um’ #E6n di (ﬁﬁorl deé-%olution in
hexane to 10 T _of thyl _chtoride, —The__ tptat _vgtune pf—the stock spl ution
added to the pd¥neniBtti@H oy dakh [ed&hp| €296 | 218 | 2.1 1.8

123 H,C=CClL, 1.7 118 3.2 33 1.4 1.4

124 H,C=CCl, 4,0 447 134 47 2.1 1.0

125 CH3CHCL 1.5 112 3.0 108 3.1 1.7

126 CH;CHCI, 1.5 202 5.5 116 2.6 1.9

[00228] Table 16 lists the results of polymerizations that were conducted at

-35°C. Examples 127 - 136 are comparative examples with Examples 137 - 141

being examples of this invention.

[00229]

Polymerizations were run by the dropwise addition of a stock

solution of the coinitiator/initiator pair. A stock solution of ethylaluminum

dichloride and hydrogen chloride (HCl) was prepared in methyl chloride by
adding 0.320 ml of a 1.0 mol/L. HCI solution in 1,1,1,2-tetrafluoroethane and
0.960 ml of a 1.0 mol/L ethylaluminum dichloride solution in hexane to 100 ml of
methy] chloride. A separate stock solution of ethylaluminum dichloride and

hydrogen chloride was used for Examples 134, 135 and 136. This solution was
prepared from the addition of 0.034 ml of a 0.93 mol/L. HCI solution in 1,1,1,2-
tetrafluoroethane and 0.0960 ml of a 1.0 mol/L. ethylaluminum dichloride solution
The final mol/L concentrations of

in hexane to 10 ml of methyl chloride.

ethylaluminum dichloride and hydrogen chloride in the stock solution are the



listed in Table 16. [00230] Pol ymerizations were termnated with the
addition of 0.2 m of nethanol. The polynerization in 1,1-difl uoroethane or
1,1,1,2-tetrafl uoroet hane gave rubber particles that exhibited

stiff-rubbgbpoRveggssal properties as evidenced by probpcgusmssivagschil | ed
spatula at reaction tenperature. M nor amounts of fouling were evident on

the reactor walls and stirring bar. I|n¢xonparison, the polynerization in
met hyl chloride resulted in a viscous coating of polyner on both the
reactor walls and the stirring bar. Very little of the polynmer was
"suspended" samd Her dbthuerdparmicnsind fiphiatee siozlat sohutionn ofl ,@ethylaluminupbenzene or

1, 2-di chl oroet hane r ed 1n sol t .swol ] en pol hases t adhered
to the _reacﬁ’é’i;ﬁf/}g‘f I(S’E‘gﬁé) ? %—Ql%lp{or-él,lg,%m YIP%‘%%&‘JDW% ‘ff"’“‘S B

1,1, 1-tri chl graglleans? eaa uryze dhei MADT/YMPON - soRflod "Wis PRPared ML MRE DY
removi ng weat hering off the solvent. Table 16 Cat. nol% Soln. Yield Conv.

M, Exanpl e Bidifemiof( §16) mistpliterswol TMAC wrd \-PR60 1 dfiyacl U molfg53 53.1 45

12 130 ot iniplilatd Puahndn ferm o 16 BT PGS 5 55 57
1.0 132 1, 2iadalfvoluoreaifdimezstonk soéh@io @3d:d36 the @ynierzatiorbfon@rd0R4mple 8835
PCTI US2003/ 040341, 1.9 433 1. 2-di 1 uorobenzene 4.0 1901 51.6. 29 1.8 1.4 134

CHZCl CHzZCl 4 29 1.9 1.3 135 CHzAI CHZCl 4.0 2707 73.4 24 1.8 1.3
136 CH2CI CH2Cl 4.0 2683 72.8 27 1.9 1.4

[00230] Polymerizations were terminated with the addition of 0.2 ml of
methanol. The polymerization in 1,1-diflucroethane or 1,1,1,2-tetrafluoroethane
gave rubber particles that exhibited stiff-rubbery physical properties as evidenced
by probing with a chilled spatula at reaction temperature. Minor amounts of
fouling were evident on the reactor walls and stirring bar. In comparison, the
polymerization in methyl chloride resulted in a viscous coating of polymer on
both the reactor walls and the stirring bar. Very little of the polymer was
"suspended” in the diluent medium. Polymerization in 1,2-difluorobenzene or
1,2-dichloroethane resulted in solvent swollen polymer phases that adhered to the
reactor walls and the stirring bar. Polymerization in 1,1,1-trichloroethane occurred

in solution. Polymer was recovered by removing weathering off the solvent.

Table 16

T Cat. ‘ AN 1

| #| Soln. | Vield |. Conv. | My | ¥ | mol%
Examplé |  Diluent = | (mD) | (mg) | (Wt.%) x10° | MM, | TP
127 ‘CH301 | 4,0 41953 53.1 T 1.2 12
128 CH;Cl 40 | 1678 | 456 | 54 1.3 1.3
129 CH;Cl 40 | 2339 | 636 | 51 1.2 1.4
130 CH3CCl; 40 | 3068 | 832 | 48 2.2 0.9
131 CH;CCl; 50 | 2993 | 812 | 59 2.2 1.0
132 1,2-diflucrobenzene | 4.0 2033 55.1 35 1.6 1.5




137 CH2FCF3 3.0 2348 63.8 76 1.5 2.3 138 CH2FCF3 1.5 1024 27.8 92 1.5 2.2
139 CH3CHF2 3.0 1085 29.5 78 1.5 1.6 140 CH3CHF2 3.0 1104 30.0 92 1.4 1.6
141 CH3CHF2 3.0 953 25.9 95 1.5 1.6 Exanples 142-146 [00231] Table 17 lists

t he resul t sy@hoodeEseyneri zati on of isobutylene isopr enq,ctllﬂﬁs

boodBiBscONduct ed
at -95C CH2FCF3. The isobutyl ene/isoprene feed ratio was changed ?or each
exanple. A three-neck 500 m gl ass reacg,or was used for these exanples.
Prior to each polynerization, 300 m of” nononer feed containing 10 wt % of

nmononmers were charged into the chilled reactor. The initiator/coinitiator

ol ar rati o was_contyotted—at—i/3—and-the-concentratiton—wag—set—m@at—o6-34 W %
EADC i n Med| TH8 i njL¥-diftworabenzene i attdr |sdPOL i [onShés |adPed] drichwi|sel.4t d t he
pol yneri zat i forr nmrxtdre—andt—the—rat-¢—of g-ttor—s—econtrotred—Atsteh—gds way
so that the [reaBdor [t engHrGCEREL r ail s4.0di |[d266% |exeREd [4R8. [Thd.Bnmunt.3 of
i ni tiator/ commtiator—sottttonmr—added—r—each pended—on—tpe—deshred—agnoner
conversi on tlar g, VO 20HATIORBEBR5 PCHOUS2@067 040BU4 [9R24Tabl .87 | IBB IR
Mol ar Converstom—vt—M—Exanpt-e—Feed—RatHo—(WT-99—x—30—x16-3—-M—Mq1% | P
142 98/ 2 100 2086905 4. GH4CICH,Ch3 974 1086841 6758 4. %ﬂz&t 45/541Q0 127
481 3.8 2.9 HASTOR94— 174 423241381469 8—2—615—2—140232]
These exanplles WBenonst r aCELFOEs prepadd i [o2348 |hi 68 ol 6ul pr 1.5 23
138 CH,FCF5 1.5 1024 27.8 92 1.5 2.2
139 CH;CHF, 3.0 1085 295 78 1.5 1.6
140 CH;CHF, 3.0 1104 30.0 92 14 1.6
141 '~ CH3;CHF; 3.0 953 25.9 95 1.5 1.6
Examples 142-146
[00231] Table 17 lists the results of copolymerizations of isobutylene

isoprene that were conducted at -95°C CHoFCF3. The isobutylene/isoprene feed
ratio was changed for each example. A three-neck 500 ml glass reactor was used
for these examples. Prior to each polymerization, 300 ml of monomer feed
containing 10 wi% of monomers were charged into the chilled reactor. The
initiator/coinitiator molar ratio was controlled at 1/3 and the concentration was set
at 0.1 wt% EADC in MeCl. The initiator/coinitiator solution was added dropwise

to the polymerization mixture and the rate of addition is controlled in such as way

~ so that the reactor temperature raise did not exceed 4°C. The amount of
initiator/coinitiator solution added in each depended on the desired monomer

conversion target.



wei ght copol yners with high isoprene incorporation.

slurry particles is significantly reduced in the hydrofl uorocarbon.
of these isobutylene/isoprene copolyners do not show any sign of gel

traces

The aggl oneration of the

The GPC

formati on wa 20047653835l | nki ng, even for the Exanple 146 W%f)ﬁs%t{a.%ﬁi;ﬂs nor e

than 5 nmol %

i soprene.
according to this
est abl i shed hal ogenati on

pr

ocesses for

The hi gh diene isobutyl ene/isoprene p
invention can be hajsogenated subsequently via standard,
maki ng hal obut yl

pol ymers.

147 [00233) The dependence of nol ecul ar wei ght on conversion was

for isobutylene/isoprene copolyneri zgpio{y run i n nmethyl

yners made

Exanpl e
det er m ned

chl ori de and

CH2FCF3 at -95C. This dependence was determ ned for two different
initiator/coinitiator systens; one based on TMPCl and the other based on
HCl . Bot h gqatabystrsy tset—EAPC—gs—the—tews—pett—eqgi-rtiatpr. A

t hree-neck 300 ml [gl ass reagctor was usjed for| these| exanplies. Pripr to each
pol yneri zatijon, 300, rMolaf npnEmsersimed cdht aj nMag 10 Wt %|of the pronomers
wer e char ged gxaid Nfeeallitlo! E0_ (9AG4HOT - | & 15! Pix 193t .01, G M31% TP

i sobut yl ene/jjp_pr_e_n_}e was used for. ezgch polynerizatjon. The
initiator/caqinijjj atior gphar fatiqpeyas conjggol | eghsat| 1/43% and tihe WO

2004/ 058835 |PCT/ US2i003/ 04034 96 _concehntration was| sef._atl Q.1 Y0 EADC i n
McCl. The initigdorf coigigti at or gghuti on jaas| aghed| driopwijse o the

pol ymeri zatilon m xtlure and the rate of ladditijon is [contrdlled inl such as
way so that [t hg4q ealct opsgenpler at ypge railseixh df ngg1 excaegd 40C29 The anount of
initiator/cgoinitiatior soluti nddedJ_n_each_Bapendﬁd_m4h&ﬂw_red

nononer conyer 3ipn [targey. The dadsa for| tim@se| palynerizzatilonsg.@r el shown in
Figure 3 as fa—plot—jof peak—u lght (M) versus-tHe nononer
conversion linln %| Theo/mxpect ed ghecl i n’e 3 npl B48ul gr 2wei dht 3@ t h{ i ncreasi ng
conver si on ils—observred—These—data—alslo—showthat—HG+4stla—prefetred

initiator for copolynerization in CH2ZFCF3. Exanple 148
[00232] These examples demonstrate the preparation of high molecular

weight copolymers with high isoprene incorporation. The agglomeration of the
slurry particles is significantly reduced in the hydrofluorocarbon. The GPC traces
of these isobutylene/isoprene copolymers do not show any sign of gel formation
or cross-linking, even for the Example 146 which contains more than 5 mol%
isoprene. The high diene isobutylene/isoprene polymers made according to this
invention can be halogenated subsequently via standard, established halogenation

processes for making halobutyl polymers.
Example 147

(00233]
determined for isobutylene/isoprene copolymerizations run in methyl chloride and
CHoFCF3; at -95°C.
initiator/coinitiator systems; one based on TMPCI and the other based on HCL.
Both catalyst systems used EADC as the Lewis acid coinitiator. A three-neck 500

ml glass reactor was used for these examples. Prior to each polymerization, 300

The dependence of molecular weight on conversion was

This dependence was determined for two different

ml of monomer feed containing 10 wt% of the monomers were charged into the
chilled reactor. A molar ratio of 95/5 isobutylene/isoprene was used for each

polymerization. The initiator/coinitiator molar ratio was controlled at 1/3 and the



[ 00234] A copolynerization of isobutylene and cycl opent adi ene was conducted
at -93C in CH2FCF3. A nolar ratio of 97/3 of isobutylene / cyclopentadi ene
was used for this polynerization at 10.8 wt % nononers in the feed.

Cycl opent agigeifuisgssf reshly cracked for this experimentpcrifi§oo340341
initiator/coinitiator solution was prepared by dissolving 200 mcroliters of
a 1.0 nol/L solution of hydrogen chlogide in CH2FCF3 into 50 nil of
pre-chilled CH2FCF3. To this solution was added 500 microliters of a 1.0
mol /L solution of ethylalum numdichloride in hexane. This sol ution was

stirred for BodfetRe wasRel o 0AIWEEEADT At MR inkatd Bl AR WotBioRddi ti on of
the initiator/coinitiator solution into the nmononer solution wth stirring.

The addi ti onwes agddgdsdeopwigei lonthopelymeniaitoni mbdurgtand thetrate fpdditianyist o keep
t he polymsrlzatlon tenperature fromrisin above -92C. Atotal of 35 m of

the initiatofpnssilad in wiches sy se thehthaseacios Emperatwe gaiselid goberceedA Cn ket t | e

o 5 F o ool bt SRANOAH Gl AR 5 B bl (V) 0

PCTI US2003/ O4ddadther EGnvSmhmbtalrgdty Thie datahfdr sthesei polymddizatiber ardshown in
Hydr of | uor ocat bons and, Bl 35 olubiljty tests reparted in

Tabi os. 16 - Higthnd o Baletof Rk mylSel St OphyitS e HoRRrITERTOR  ( EADG)
Each test wasn Rehf qlh%ﬁpéofbdt dwlind &t thélebulgd wélxht Wit inkreading bsveRRAgHSs ed

hydr of | uor ocar bon were charged into a dried test tube cooled to -90C in the
dry box col dobstyed ToThesesdataqale show. det, HCGL is % preferrade imitiator n@at , | i quid
et hyl al um nug, Itgyf[ﬁu Liﬁﬁ's it Fyas added. Solubility was checked by

vi gorously agi e resu tlng m xture. The mixture was then allowed to
warmto the boili ng point of the diluent while agitating the contents of
the test tub Aftqr the diluent reached its boiling point, the m xture was
cooled to -9 ?/l #ﬁerm ng the test tube into the cold bath. Reported

[00234] A copolymerization of isobutylene and cyclopentadiene was
conducted at -93°C in CH,FCFs. A molar ratio of 97/3 of isobutylene /
cyclopentadiene was used for this polymerization at 10.8 wt% monomers in the
feed. Cyclopentadiene was freshly cracked for this experiment. The
initiator/coinitiator solution was prepared by dissolving 200 microliters of a 1.0
mol/LL solution of hydrogen chloride in CHoFCF3; into 50 ml of pre-chilled
CH,FCF;. To this solution was added 500 microliters of a 1.0 mol/L solution of
ethylaluminum dichloride in hexane. This solution was stirred for 5 minutes.
Polymerization was begun by the dropwise addition of the initiator/coinitiator
solution into the monomer solution with stirring. The addition of this solution was
maintained at a rate necessary to keep the polymerization temperature from rising
above -92°C. A total of 35 ml of the initiator/coinitiator solution was used. A 500

ml glass resin kettle was used for this example.

Table 18

Conversion | M,
Example | Diluent (Wt%) x10% | M,/M. [Mol% CPD| %12

148 CH;FCF, 50 527 1.9 53 15




observations were nmade after the conpleted heating/cooling cycle. If after
this first heat/cool cycle, the catalyst did not dissolve, 0.5 m of nethyl
chloride was added. The heat/cool cycle was repeated. Subsequent additions

of 0.5 mM @fg200B¢s89ss chloride were nade fol |l owi ng each Beputmendsofaycl e until
the EADC was observed to dissolve or a 50/50 V/V blend was achi eved. The

follow ng observations were made and recorded. 1,1,1,2-Tetrafl uoroethane
(BFC-134a) Table 19 Preparation. Volume % Met hyl Cbservation Chloride EADC
+ 5nl HFC-134a 0 Insoluble "chips' + 0.5nl nethyl chloride 9 Fine-scale

flocculationg oﬁxl@l'lt?@fﬂ?lgmlmlﬁ%%fcﬁgnaz il H Wk&a@h&ﬁ%@%ﬂ% + 0. 5m

met hyl chl oride 23 y suspension; slight floc mL net hyl
chloride 29 O oudy; very small particles + 0.5nl nethyl chloride 33 Less

cl oudy; no vi par I 4/ 05 [US20034 040341 . 98 .+ 0. 5m
met hyl chl ori @62%@ Sti | |S§§‘E‘f@ %939 g%?g‘n?%#% ﬁé %% W7 A Rear | y
clear + 0. 5rtikmgatehwéthjzlhlunﬁmdﬂ ddlehldmlar(EnDﬂ)eaEach*tE)st% peefolied fhther i de 47
Clear + 0.5 met.h chl rldeetg OOZ%f'ILInthetesg ip, Table 19, the
floccul at i on TBHAMIR é’ﬁ‘yaf oyl ofthe gon Hseﬂf Fqcﬁﬁ’onf“i’eé?nc Pl roudy
suspensi on. Tagd ¥st Gibbaboled B %°C‘i‘f?fh% b&:P&QE"D Vit Mirqd i Yeegnet hane
(HFC-32) Table 20 Preparation Vol une 2)?#\)/9 servat | (])11

4.1 microliters of neat, liquid ethylalummum dlchlorldc (EADC) was added.

Solubility was checked by vigorously agitating the resulting mixture. The mixture

was then allowed to warm to the boiling point of the diluent while agitating the

contents of the test tube, After the diluent reached its boiling point, the mixture

was cooled to -90°C by immersing the test tube into the cold bath. Reported

observations were made after the completed heating/cooling cycle. If after this

first heat/cool cycle, the catalyst did not dissolve, 0.5 ml of methyl chloride was

added. The heat/cool cycle was repeated. Subsequent additions of 0.5 ml of

methyl chloride were made following each heat/cool cycle until the EADC was

observed to dissolve or a 50/50 V/V blend was achieved. The following

observations were made and recorded.

1,1,1,2-Tetrafluoroethane (HFC-134a)

Table 19

Pfeparatioﬁj. ) Volume % Methyl ||~ Observation ‘
o ' . Chloride : L o
EADC + 5ml HFC-134a 0 Insoluble ‘chips’
+ 0.5ml methy! chloride 9 Fine-scale flocculation
+ 0.5ml methyl chloride 17 Fine-scale flocculation
+ 0.5ml methyl chloride 23 Cloudy suspension; slight floc at b.p.
+ 0.5ml methy! chloride 29 Cloudy; very small particles
+ 0.5m] methyl chloride 33 Less cloudy; no visible particles




Chl ori de
Slight cloud
chl oride 23

EADC + 5mlL HFC-32 0 Insol uble
chloride 17 Sone fl occul ation
Fl uor of orm (HFC- 23) Tabl e 21 Preparation Vol une
bser vat i owo Sdoliossgskte EADC + 5nl HFC-23 0 I nsoluble

y + 0.5mL net hyl
Cl ear

" chi ps'

+ 0.5m net hyl
+ 0.Sm net hyl

chloride 9
, % Met hyl

F‘b@ﬁlszogifg@?ﬁm rret hyl

chloride 9 Insoluble + 0.Sm nethyl chloride 17 Insol ub
chloride 23 Insol uble WO 2004/ 058835 Pgll US2003/ 040341 99 + 0.5nml net hyI
chloride 29 Insoluble + 0.5ml nmethyl chloride 33 Insoluble + 0.5ml nethyl
chloride 38 Insoluble + 0.5m nethyl chloride 41 Insoluble + 0 5m net hyl
chloride 44 nsolubte —+ 0, met hyt Cchtori de 47 _Ipsotgbre  + m et hyl
chl oride 50 il ns‘b?’é@?eéhylihl‘l“df [ri fl uﬁfsoet haje (HFCS Tﬁ% cloudy) o 22 Pr epar at i on
Vol ume % Cbsjervagi,on ChT Or'1 + 5m H a U Insoluble
“chips' + 0. +rﬁa§ WWJSH de 9 ?oudy quspensi ﬁar}&aﬁﬁ’SrﬁL net hyl
chloride 17 1 Od"?rj(l meltily?ghr}on e 44 Nearly clear

+ 0.5ml methyl chloride 47 Clear

+ 0.5m! methyl chloride 50 Clear

[00236] In the tests in Table 19, the flocculation occurred after cessation of

stirring, from a very cloudy suspension. The original ‘chips’ were no longer

visible.

Difluoromethane (HFC-32)

Table 20
.. Preparation Volume % Methyl. . Observation
e e H Chleride . ) R
EADC + 5ml HFC-32 0 Insoluble ‘chips’
+ 0.5m! methyl chloride 9 Slight cloudy
+ 0.5ml methyl chloride 17 Some flocculation
+ 0.5m! methyl chloride 23 Clear
Fluoroform (HFC-23)
Table 21
Preparation - Yolume % Methyl ‘Observation
Chloride
EADC + 5ml HFC-23 0 Insoluble ‘chips’
+ 0.5ml methyl chloride 9 Insoluble
+ 0.5ml methy! chloride 17 Insoluble
+ 0.5m] methyl chloride 23 Insoluble




+ 0.5nl nethyl chloride 23 Cear solution 1, 1 -difluroethane (HFC- 152a)
Tabl e 23 Preparation Vol une % Cbservation Methyl Chloride EADC + 5mil

HFC- 152a 0 Sol ubl e 1002371 The solubility tests performed in Table 24 were
performed ysd fWsnshsfd Mol /L stock hydrocarbon sol utions gérgbiwd sk num
dichloride (EADC) prepared at roomtenperature fromneat EADC and the
hydrocarbon listed in the table. Pentage refers to normal pentane. ULB
hexanes refers to an ultra | ow benzene grade of hexanes, an isoneric

m xture, which contains |ess than 5 ppm WD 2004/ 058835 PCT/ US2003/ 040341

100 benzene. e final. ITZ-Ttetrgftuoroefhane (I TFC 134a) sotution was
prepared by gébdﬁ"ﬁé“e#ﬁéjhﬂ%@ﬁ]terrper fure EADC st ock sd?slﬁ‘f n, voI une |isted

in the table T 0. d [AFCG T3 in a [est tube | al l
cases, an in|f 'Oaﬁomlé'lfﬁﬁl"rhg‘ﬁ‘de i|s obt a?ﬂed whikh is clea ns&ﬁ’aﬁ’col orI ess. | The
resulting so S dool ed y 1mefsing the ube Tnto the dry
box cold bath qﬁ%‘ﬂﬁ%’% @06{3& - 95C. 3? cl pud point & term ned by

nonitoring twq_ot%%} rloei:dgf t he I|4gU|d wih a therripggﬁltoer and visuplly
determ ni ng the onset ¢I°8udi ness."” The sol uti ons agal n_becane .cl eal by

all owi ng the srcﬂéﬁ]il'n%'i}ﬁdéh‘i’or}ﬁ@r mto ayyenperature above ffhgmuCl oud point. The

behavi or of solutiron around the cloud ppint was observed for several
m nutes by r pq)ag‘ngql,;e\m FéHPJridQC and wggm ng tpe sol utiofpgffdles Phenonepon was
found to be feproduci Bl e le 24 Hydrocarpon Volupme (mcroliters) | ure

of Fi nal EADV.@ mdneﬁ%i chlorfae M St ock 55ADC HFCd34a Concqagomtel on Poi nt
Sol ution (M )—(\W C_Pentlane 100 10 Q 11 -87

1,1,1-Trifluoroethane (HFC-143a)

Table 22
. Preparation - +. Volume % S ‘Observation
S AR Methyl Chloride ‘
EADC + 5ml HFC-143a 0 Insoluble ‘chips’
+0.5ml methyl chloride 9 Cioudy suspension
+ 0.5mi methyl chloride 17 Cloudy suspension
+ 0.5ml methy] chloride 23 Clear solution
1,1-difluroethane (HFC-152a)
Table 23
Preparation . | Volume % o . Observation
¢ | Methyl Chloride SR
EADC + 5ml HFC-152a 0 Soluble
[00237] The solubility tests performed in Table 24 were performed using

1.0 mol/L. stock hydrocarbon solutions of ethylaluminum dichloride (EADC)
prepared at room temperature from neat EADC and the hydrocarbon listed in the
table. Pentane refers to normal pentane. ULB hexanes refers to an ultra low

benzene grade of hexanes, an isomeric mixture, which contains less than 5 ppm



Pentane 174 15 0.1 -87 ULB hexanes 174 15 0.1 -85 Solubility of

Al koxyal um num Dichlorides in 1,1,1,2-tetrafl uoroethane (I1FC 134a) [002381
The solubility tests reported in Table 25 were conducted by preparing each
al koxyal um waemoeoligskdseri de in situ. A general procedure f ol ut i on
of the correspondi ng al cohol was prepared by addi ng 0.00 éihﬁ%@mémﬁ*?

al cohol to 10 mlliliters of HFC 134a gf -30C. To this solution was added
100 mcroliters of a 1.0 nol/L stock pentane solution of EADC. After this

| ast addition, the HFC 134a sol ution was shaken periodically over the next

five minut e@enz};ﬂ@ T8¢ YinhD N 1 W5tefh G Ehdne (HFC01948) solior Gra@gﬁzb%@d vessel

and then cooled in the dry box cold bath thernostated at C. The cloud

poi nt was WOP2@4drg YsgRsuAaTPaEReOBADEErk soltion.dwiunedisiediinthe fabl. t ori ng t he
t t t e l. th
et STl b Ay RIS s g 10

sol utions toly\aftﬂhéd)mchaﬁrmmaiddr@l@me’rhél&s@lhﬁgldolnmmms e cobleaaw or of
the solution_around the cloud point was observed for several mnutes by

repeat edl y c&Bimmgrsingithadeshivke inty thedsy hex epld bathjtherpoatatsdehdiy " wadbe ound to

P (g mol) 128 AR B Sk R 02000 @

-40C d oud pdienpoeie) andisuslly deSrmihing| thel ons@ 70f dawtipdses ThedsdwichS1 [ 00239]

AT 20 149 ke S LT Bl 50 e 1

cloud point. The behavior of the solution around the cloud point was observed for

several minutes by repeatedly cooling and warming the solution. This

phenomenon was found to be reproducible.

Table 24
Hydrocarbon | Volume (microliters) | = Volume of. Final EADC. | -Cloud
PR of 1.0 M Stock EADC | 'HFC-134a | Concentration |- . Point
. Solution - (mL) Wt.%) | .(°C)
Pentane 100 10 0.1 -87
Pentane 174 15 0.1 87
ULB hexanes 174 15 0.1 -85

Solubility of Alkoxyaluminum Dichlorides in 1,1,1,2-tetrafluoroethane (HFC-
134a)

[00238]) The solubility tests reported in Table 25 were conducted by
preparing each alkoxyaluminum dichloride in situ. A general procedure follows.
A solution of the corresponding alcohol was prepared by adding 0.0001 moles of
the alcohol to 10 milliliters of HFC-134a at -30°C. To this solution was added
100 microliters of a 1.0 mol/L. stock pentane solution of EADC. After this last
addition, the HFC-134a solution was shaken periodically over the next five
minutes. The solution was allowed to warm to -10°C in a closed vessel and then

cooled in the dry box cold bath thermostated at -95°C. The cloud point was



pol yi sobutyl ene was prepared wth the chain transfer agent,
2,2,4-trimethyl-1- pentene, to obtain a |inear standard with a MN conparabl e
to the polynmers prepared in Exanples 150 and 151. Exanples 150 and 151 are
copol ymer i z@bi206 058835 i sobut yl ene and i soprene. Exanpl e 115(0[@303 r(%gfilr ed in
met hyl chloride and is provided as a conparative exanpl e: arrpf‘e 51 was
prepared in CH2ZFCF3 and is an exanple of this invention. Al three sanples
were anal yzed by triple detection SEC% The plots of [rl] (left y-axis) and
g (right y-axis) against MNfor each sanple are given in Figures 4, 5, and
6. Exanmple 1 Q02401 A honopel yneri zat i of. isobutyl ene was copducted at
-95C in theé%P%[é‘@eﬁﬁ%' ﬁo%‘o%?éﬁ’ﬁ){?xp%%% ro%%kyﬁzﬁﬁ-ﬁmﬁﬁg - pent ene,
and in CH2FCridudlfp d260dirinBthe anfCH eiGzliibds. O1RSsblutiohd dgs becatielcapby The

pol yneri zati onp was conducted with 300 mM of CH2FCF3, 56 mi of isobutylene

(both col | ecBldping the geiriensaio Wamio 2 dRmpaatur; aboye; the couss pointp Fbe |
trimethyl-1- Bﬁﬁwﬁ%fmz%ﬁm%alarayuh@ e SudShdid Pl torl OO Ror sBVBR GBS and_duri ng

the polymerization. Separate an initiator/cornitiator solution was
prepared in bprepeatedy coplmOr@l warmigsite pelutieidi Fajs phencoregen wag f@nd® nl of a
1.0 nol /L hygépegforaucﬁ | oride solution in CH2FCF3 and 0.2213 m of a 1.0

nol /L sol uti oh etnyl al um num di chl ori de in hexane. This solution was
stirred and i mMmedi ately added to a chilled addition funnel. The
initiator/coinitiator solution was t ga 2§| owy added to the stirred nononer
solution to conmmence pol yneri zati on. initiator/coinitiator solution was
added such that 25 m of this solution was added. By adding the catal yst

slowy the reaction t erature was naintained below -92C The reaction was
then quenchffd wi th the agdidirn, PErjcEoMicRl welharoAicy, TherrH,pARs, Yas
i sol ated byl|lweathering off unreafted nononed and diluent | The polyner was
dried in vatuorwig/mal tp azeomst pnt weioght. [The peoiporer anal ywgdz fof a MV
of 580k andla I\/LAII\' of 1.9, The hlot of [ri] (I eft \ - axish) —.and g f\r ght y-
axi s) agai ngt M "YZ%E:’({%‘PH Exanplos 14P is ogioven iin Fi gone 4. 0.14

Cloud point (°C) -85 -85 -85 w/solids -87

Examples 149 to 151

[00239]

resin kettles and were based on 300 ml of diluent. In Example 149, a linear

Examples 149 to 151 were conducted at -95°C in 500 mi glass

polyisobutylene was prepared with the chain transfer agent, 2,2,4-trimethyl-1-
pentene, to obtain a linear standard with a My, comparable to the polymers
prepared in Examples 150 and 151, Examples 150 and 151 are copolymerizations
of isobutylene and isoprene. Example 150 was prepared in methyl chloride and is
provided as a comparative example. Example 151 was prepared in CH,FCF3 and
is an example of this invention. All three samples were analyzed by triple
detection SEC. The plots of [n] (left y-axis) and g' (right y-axis) against M, for

each sample are given in Figures 4, 5, and 6.

Example 149

[00240}
the presence of a chain transfer agent, 2,2,4-trimethyl-1-pentene, and in CH,FCF;

A homopolymerization of isobutylene was conducted at -95°C in



Exanpl e 150 [00241] A copolynerization of isobutylene and isoprene was
conducted in nethyl chloride at -95C. The nononer sol ution was prepared by
adding 56 mMl  of liquid isobutylene, collected at -95C, 3 oOm of isoprene
to 300 m oworeddupsssschl ori de, collected as a liquid at m of
2-met hyl butane (internal GC standard). This solution was st rreé 1000
rpm before and during the polynerizatjgn. Separately, an
initiator/coinitiator solution was prepared in 35 m of nethyl chloride at
-95C by adding, in order, 0.171 m of a 1.2 nol/L hydrogen chloride

solution in gehdihenthiTRE p@lgn@ﬂ@btfan%g cbduefed avith SDoMR| bf SHLREE,056 2i

et hyl al um num_di chl oride in hexane. This solution was stirred and

i medi at el y ofirgbuylene fath icpllestedaasdiquidsrat B3] andrh® miggolitezs off 2,24t ni t i at or
sol ution was r conmence
pol yneri zat i gﬁ\&&%ﬁ lsl’&%n;él gﬁg %@%?%F‘P;a oérd %‘g%g?%rﬁ%\%é)gg“a&déﬁ%&%g that 20.5
m oI t hi SB spbkymenmuﬁas S\ffhrfl@@:lwﬁn&?ﬁﬁ/cﬁ’ﬁiﬁauﬁ%{ﬁﬁbﬂmsﬂ?epa&ﬂﬁ; Sainéd 1(:)ver 30
m nutes. By a e catalyst in this mn e.reac enperature was
mai nt ai ned b& gﬁ'ﬁ@ﬁz@t 'fﬁe(?%ﬂ%“&n%%@eﬁ&%gd%h%%dmm BydeegsRidi ti on of
1-2 m of ”%fﬁ%ﬂ@é sofﬁﬁ@npﬁil Iﬂ‘BFCI“?%nd S(Piﬁﬁeﬂﬂbd(f ‘A’e?bhﬁ{o'l/ﬂgs&ﬁﬁon ypused

nononers and di | uent. polymer  was dried in vacuo at 45C to a constant

wei ght . Yi el dthylabmynmn di@ﬂsmdﬁ) mmmop'ﬂiw acéutlczmwasastnmdl andSmmsedigtedy | soprene
and exhibite ; "{MV : f I left y-
axis) and ¢g' r| g t? }ugl?(‘?s &%légifgs ‘™M, ef B?fcmgpﬁu% ‘fu(s%’ng%e%'e n Figure
S. Exanple 151bw[130ma]m ﬂnemmﬂmbinéﬂﬁdlnﬁbndb cbﬁmtmt:eybﬂymeﬁndoh.s adphe ene was

duct ed CH2FCE3 .at -95C. Th iQn . addi
55 i of IPe,rapﬂos/goaaa%gxmi@wnms?aé&%%”ﬁ&a?&%ﬁ' Bt Sphud e Z?O.E,B%
n of methyl Bychdittl :ca st Qfdvad (RS rédctidnténthetiture Iods MARitalned BHlowW

2- et hyl but ané (| nterna standard). This solution was sti rred at 1000

rpm before an?°tu rﬁhqgeachen wos thenepenched with tBoadditianeofy]-2 anl of methanol.
initiator/ COLI?;' ! ' %r wgso isglta{ea%y%tﬂ%nﬁf gff %g:ea&e(? gmm)mer and diluent. The

polymer was dried in vacuo at 45°C to a constant weight. The polymer analyzed
for a My, of 580k and 2 My/M; of 1.9. The plot of [n] (left y-axis) and g' (right y-

axis) against M,, for Exahlple 149 is given in Figure 4.

Example 150

[00241)] A copolymerization of isobutylene and isoprene was conducted in
methyl chloride at -95°C, The monomer solution was prepared by adding 56 ml
of liquid isobutylene, collected at -95°C, 3.0 ml of isoprene to 300 ml of methyl
chloride, collected as a liquid at -95°C and 1.5 ml of 2-methylbutane (internal GC
standard). This solution was stirred at 1000 rpm before and during the
polymerization. Separately, an initiator/coinitiator solution was prepared in 35 ml
of methyl chloride at -95°C by adding, in order, 0.171 ml of a 1.2 mol/L. hydrogen
chloride solution in methyl chloride and 0.619 ml of a 1.0 mol/LL solution of
ethylaluminum dichloride in hexane. This solution was stirred and immediately
added to a chilled addition funnel. The initiator/coinitiator solution was then
slowly added to the stirred monomer solution to commence polymerization. The

initiator/coinitiator solution was added such that 20.5 ml of this solution was



of CH2FCF3 at -85C by adding, in order, 0.349 nml of a 0.432 nol/L hydrogen
chloride solution in nethyl chloride and 0.443 nil of a 1.0 nol/L solution
of ethylalum numdichloride in hexane. This solution was stirred and

i medi at el Wwoagldpskss® a chilled addition funnel. The i nigdyadsQbdsoaizm tiator
solution was then slowy added to the stirred nononmer solution to conmence
pol ymeri zation. The initiator/coinitigppr solution was added such that 30
m of this solution was added over 75 mnutes. By adding the catalyst in
this manner the reaction tenperature was naintained bel ow - 90C. The
reaction was idep &Eﬁ@@hﬁfﬁumﬁ.t hay%d&gdms'damdyspfin ¥ni¢ Mhnrief éﬁﬂ%&@{?&i- The
pol ymer was isolated by weathering off unuse nononmers and diluent. The
pol ymer was dteinperatune was nrirdainetbi@low -2l °Corilteansctionovagiihen gGeettetd vith g or 85
wt % The copo ...cont ai.ne . 5. mol. % 0f isoprene. and .exhihjted M,, of
S06k wi th o MiRRSSS ot B2 RF e mrbeRal ThepyVRE RS oAl Wraberte o i
y-axi s) agai ngdusdd ¥ohSme e iRedtd 1 The p&l?lﬂl@f‘“‘aé‘ dHed ¥ Qa0 WARE04/L£58835
PCT/ US2003/ 040341 104 [00_243}a Al l 7paten s and patent applications, test
procedur es ( sepatapisweaighitnm Yiglst BO 8 78 awidh. ol repopg prtaingd 2Samelds ef n ar e
fully incorpo ren hese [ SGl.OSUre. 1S _not
i nconsi st ent {/E\;Aa%rﬁ%t %ésel;{lﬁ{?\?}g‘%? g\g"h&fgsn%}(fvgtrh %W%T ﬁﬁg'dﬁ]&pﬁ%tnoﬁpﬁa%véhhh such

i ncor por at i onasis) apé pNiightetaxib)R Ak MY\ Examplris0as givenerFigirstt s and
nunerical upper limts are listed herein, ranges fromany lower limt to
any upper limt are contenplated. [00245] Wiile the illustrative enbodi nents
of the inventgehidiay§ been described with particularity, it wll be
understood that various other nodifications wll be apparent to and can be
readily nmade by those skilled in the art without departing fromthe spirit

and scope of hnventj di b1 I .1 he scope
of the clai rrsfogg‘biénded %g%%lgtﬁgrgiaapﬁgt égb*t%lefgi%ﬂ}f;fg%x%ﬁg&dgﬂlghgg% %:r}ri ptions
set forth her €HgFCRit atr-95%&r Theahorndher Ghlutions wae prepasddr byedddiag 98mabapassi ng
all the features of patentable novel té whi ch reside in _the present

h

i nvention, i niQWdiseiutylenes eollegied ot uitnEhn 2ol af Bopreng 4o 880 ! elgwetsl ent s
thereof by  chioride, collected as a liquid at -95°C and 1.5 ml of 2-methylbutane (interal GC

standard). This solution was stirred at 1000 rpm before and during the
polymerization. Separately, an initiator/coinitiator solution was prepared in S0 ml
of CH,FCF; at -85°C by adding, in order, 0.349 ml of a 0.432 mol/L hydrogen
chloride solution in methyl chloride and 0.443 ml of 2 1.0 mol/L solution of
ethylaluminum dichloride in hexane. This solution was stirred and immediately
added to a chilled addition funnel. The initiator/coinitiator solution was then
slowly added to the stirred monomer solution to commence polymerization. The
initiator/coinitiator solution was added such that 30 ml of this solution was added
over 75 minutes. By adding the catalyst in this manner the reaction temperature
was maintained below -90°C. The reaction was then quen-ched with the addition
of 1-2 ml of methanol. The polymer was isolated by weathering off unused
monomers and diluent. The polymer was dried in vacuo at 45°C to a constant
weight. Yield: 59 g or 85 wt%. The copolymer contained 2.5 mol% of isoprene
and exhibited a M,, of 606k with a My/M, of 3.2. The plot of [n] (left y-axis) and
g' (right y-axis) against M,, for Example 151 is given in Figure 6.



those skilled in the art to which the invention pertains. 105 CLAIMS 1. A
copol yner conprising an isoolefin and a multiolefin, the copolyner being
substantially free of Iong chain branching; wherein the copolynmer has

g' Vi s.avdg. wd Suwk ter than or equal to 0.978 as deter j.pl e
detection Sé%. ggﬁﬁﬁe copolynmer of claim1l1, wherein thegggﬁgfoﬁg&?H is a
conjugated diene, preferably isoprene, 3. The copolyner of claim1, wherein
the nultiolefin content is fromgreate}o4 than 0.5 nol % preferably the

mul tiolefin content is fromgreater than 1.0 nol% nore preferably the

mul tiolefin tent is, fromgreater than 2.5 | % particul arl he

nul tiol ef m ci‘m}é‘ﬁf i's f&pé’ 1X eaﬁﬁé’gte?tr@ﬁﬂ?‘%a%ﬁ@/&’fﬁ? ui?s&)‘ﬁ"gllaﬁ onpri si ng
i sobutyl ene aithdds)y pidtBer dodements oltad laseil ate@illy Sntbofdoraiéd By referbicego of | ong
chai n branchi ng; wherejn the copolynmer has a g vis.avg from q_r eater than or
equal to 0.9 e e rffescasugy ist F?‘pl"éoméféﬂ"éd\f’ﬁbff"%me"%‘?" e 1eopdl yner of
claim4, whergifickibss ihwheéﬁ@hﬁﬁ&tpg%rﬁoﬁﬁ fhite@r eater than 0.5 nol %
preferably tflle I soprene content is fromdgreater than 1.0 nol% nore
preferably the isoprene content is fromgreater than 2.5 nol% particularly
t he i soprene nt ignd A er t 5 -9 . DL oces.s. for
preparing a (!%Errer %ﬁ%?’g}&gﬁgﬁg%n ré@l{;naéldz%ﬁmlg éé%l@??@?ﬂﬁsp%?%re Izlabl y

i sobut yl ene, harein)kdnged fedrh any jowet tndttb yny afjer Bmé arocontemplated.e Lewi s aci d(s),
one or nore initiator(s), and a diluent conprising one or nore

hydr of | uor ocarbon(s) (HFC s); wherein the copolyner is substantially free
of long chai nodzespchi ngrmedhehAhRialve RRILEABRRIMSY tRaHverdtion Ndve. K¢ from

greater than or equal to 0.978 as determned by triple detection SEC. 106
described with particularity, it will be understood that various other modifications

will be apparent to and can be readily made by those skilled in the art without
departing from the spirit and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present
invention, including all features which would be treated as equivalents thereof by
those skilled in the art to which the invention pertains.



7. The process of claim6, wherein the nultiolefin is a conjugated diene. 8.
The process of claim6, wherein the nmultiolefin content in the copolyner is
fromgreater than 0.5 nol % preferably the nultiolefin content in the
copolynmer is fromgreater than 1.0 m)lg( sthe nultiolefin content in the
copolynmer is fromgreater than 2.5 nol % particularly the nultiolefin
content in the copolyner is fromgreater than 5.0 nol% 9. The process of
claim6, wherein one or nore hydrofluorocarbon(s) is represented by the
formul a: CXHyFZ wherein x is an integgafj®m 1 to 40 and y and z are
integers of one or nore, preferably X 1s irom1l1l to 10, nore preferably x is
froml to 6, particularly x is from1 to 3. 10. The process of claim®6,

wherein the pne of nore hydrofl|l uorocarbo ) nd tI electedfrom
the group coﬂsi st{\ncd) 8%%&6’%%%%”00@&#‘ %6%@%3&? t hane;
fluoroethane; 1, lhdhd kutat@ehiigfiRe of.1éng ehdih %%ﬁﬁin@ammln t}ﬂa co]aolymer
-trifluoroet hane 1,1, 2-trifluoroet hane 1,1, 1, t etraf | uor oét hane;

1,1, 2, 2-tetraf | uchaseg hame from grepter, thah en equal a@ﬁo%'&&w@méetemlmd byrtepleopane:

2-fl uor opr opane; uor opropane; 1,2- difluoropropane;

1, 3-difl uoropr opaéléé &]Qn?Eg'f | uor opropane; 1,1,1- trifluoropropane;
1,1,2-trifluoropropane; 1,1,3-trifluoropropane; 1,2, 2- trifluoropropane;
1,2,3-trifluoropropane; 1, 1, 1,2- tetrafluoropropane

1, 3-tetraf | udr oprﬂgﬁaﬁmolnnq_r of Jaime ] wharein the FRiAGletn is chlmgated diene,
tetrafl uoropr opa bir%iosoﬁre gt rafl uoropropane; 1, 2,2, 3-tetrafl uoropropane;
1,1,1, 2, 2-pentafl orop 1,1,1, 2, 3- pent af | uoropropane; 1,1,1, 3, 3-
pent af | uor opr opane; 1 1, 2 2 3 pent af | uor opropane; 1,1, 2, 3, 3-

pent af | uor opr opane; 3 -hexafl yoropropane; 1,1,1,2, 3, 3-

hexaf | uor opr%paneTh‘?LCOPPIYnierS’fﬁlaBm—hé?ﬂ}ﬂqnﬂlg%edﬁlﬂélﬁ .copttent is, fQOIQ gieater

hept af | uoropropa 0 t f e, 2-
f | uor obut ane; nﬁ g&lsl]}ggx%%ﬁ%@%iﬂ%_@bﬁ%@?%ﬁ%gggs ﬁ&m:glr%.?e{r,rﬁg%f{g ut ane;
1, 4-difluor obut anmpl%,, thott piefieralallyuheneyltidiefia diohtend i frotapreated. tHan12.5

tr'fI orobutane; 1,1,2-triflporob 1,1, 3-trifluorobutane; 1,4
i . mol]%, partlé ar yt|i1e rrgjutltl(;]efm content is Erlom gl%eater thar 5.0 moJI%.

4, A copolymer comprising isobutylene and isoprene, the copolymer being
substantially free of long chain branching; wherein the copolymer has a
g'visavg from greater than or equal to 0.978 as determined by triple
detection SEC.

5. The copolymer of claim 4, wherein the isoprene content is from greater
than 0.5 mol%, preferably the isoprene content is from greater than 1.0
mol%, more preferably the isoprene content is from greater than 2.5

mol%, particularly the isoprene content is from greater than 5.0 mol%.

6. A process for preparing a copolymer comprising contacting an isoolefin,
preferably isobutylene, a multiolefin, preferably isoprene, one or more
Lewis acid(s), one or more initiator(s), and a diluent comprising one or
more hydrofluorocarbon(s} (HFC's); wherein the copolymer is
substantially free of long chain branching and wherein the copolymer has
a g'visavg from greater than or equal to 0.978 as determined by triple
detection SEC.



107 trifluorobutane; 1,2,2-trifluorobutane; 1,2,3-trifluorobutane; 1,3, 3-
trifluorobutane; 2,2,3-trifluorobutane; 1,1,1, 2-tetrafl uorobutane; 1,1, 1, 3-
tetrafl uorobutane; 1, 1, 1,4-tetrafluorobutane; 1,1, 2,2-tetrafl uorobutane;
1,1,2,3-tetrafluorobutane; 1,1,2,4-tetnggl uorobutane; 1,1,3, 3-

tetrafl uorobutane; 1,1, 3,4-tetrafluorobutane; 1,1, 4, 4-tetrafl uorobutane;
1,2,2, 3-tetrafl uorobutane; 1,2,2,4-tetrafl uorobutane; 1, 2,3, 3-

tetrafl uorobutane; 1,2,3,4-tetrafluorobutane; 2,2,3,3-tetrafl uorobut ane;

1,1,1,2,2-peptafl méﬁf&&s%’?ﬁclalmjég Wharer e A 18 Q%cﬁljl\ﬁggateh dienk: 2, 4-

pent af | uor obut ane; 1, 1, 1,3, 3-pentafl uorobutane;
pent af | uor obut ane; 1 1 1 4, 4- pent af | uor obut ane; 1,1, 2, 2, 3-

pent af | uor obyt ane, IRENE Al Merg ut ane

pent af | uor obgt aneThfpr? CESS4O fjf:l%g] %’a‘?’%‘ﬂglpogfl%tédle%ﬂ 'imﬁe% if the copolymer
pent af | uor obut anejs ftorm, geateStHat . iAW, PRifEABE; thd Iﬂulﬂoléﬁﬁ content in the
pent af | uor obutane; 1, 1, 1,2, 2, 3- hexaf | uorobut ane;

4-
hexaf | uor obut ane; copolymersis framn Fronsstahi éOomel’ante mmyokﬁg G@nignt in the
hexaf | uor obut ane; c%jol);lmerlls2fr§m4g%§é?ft+&ﬁorZ%b oWe:par}rcﬁla%ly 4fh§ éultloleﬁn

hexaf | uor obut ane; exaf uorob ane

hexaf | uor obut ane; cdntent i the,cdpdlymiee isaftdril @reabun tiRmes.0 hol%?, 2, 3, 4-
hexaf | uorobutane; 1,1, 2, 2, 4, 4-hexafl uorobutane; 1,1, 2,3, 3, 4-
hexaf | uorobut ane; 1,1, 2, 3, 4, 4- hexafl uorobutane; 1,2, 2,3, 3, 4-

hexaf | uor obugane; 3zh e
hept af | uor Oblé.lt aneTﬁQ_L P }?Lcegs %E%ﬁﬁ%l %21%1?;4 ﬁﬁ%%%?ﬂ%ngy&ﬁﬂﬁ&ﬁ?ﬁ%ﬁ? Zf
hept af | uor obut anetepieserited by 2hS fetmidd dpiiF] whereinuk amﬂn m‘tege;r :ﬁ-cﬁn 4,14 ,40-
heptafluorobutaneaqil 1, 1,3, 3,4, 4-hept af | uor ohut ]lﬁ ]2f 53,3,4-
oct af | uor obut ane: and ¥ and s integets GbOp&PT P BIRISIABIY Xiis Fromh 33 18; mote.

oct af | uor obut ane: rkectathy 2ig ibnh O PhALUALAERRP] 131, 1,23, 4,4, 4
oct af | uor obut ane; 4 4-nonaf l'uorobutane; 1,1,1,2,2,3,4,4,4-

nonaf | uor obut ane; 1 fI uoro 2 rret hyI propane 1, 1 -difluoro-2-

10.  The process of claim 6, wherein the one or more hydrofluorocarbon(s) is
independently selected from the group consisting of fluoromethane;
difluoromethane; trifluoromethane; fluoroethane; 1,1-difluoroethane; 1,2-
difluoroethane; 1,1,1-trifluoroethane; 1,1,2-trifluoroethane; 1,1,1,2-
tetrafluoroethane; 1,1,2,2-tetrafluoroethane; 1,1,1,2,2-pentafluoroethane;
1-fluoropropane; 2-fluoropropane; 1,1-difluoropropane; 1,2-
difluoropropane;  1,3-difluoropropane;  2,2-difluoropropane; 1,1,1-
trifluoropropane; 1,1,2-trifluoropropane; 1,1,3-trifluoropropane; 1,2,2-
trifluoropropane;  1,2,3-trifluoropropane;  1,1,1,2-tetraflucropropane;
1,1,1,3-tetrafluoropropane; 1,1 ,'2,2-tetraﬂuoropropane; 1,1,2,3-
tetrafluoropropane; 1,1,3,3-tetrafluoropropane; 1,2,2,3-tetrafluoropropane;
1,1,1,2,2-pentafluoropropane; 1,1,1,2,3-pentafluoropropane; 1,1,1,3,3-
pentafluoropropane; 1,1,2,2,3-pentafluoropropane; 1,1,2,3,3-
pentafluoropropane; 1,1,1,2,2,3-hexafluoropropane; 1,1,1,2,3,3-
hexafluoropropane; 1,1,1,3,3,3-hexafluoropropane; 1,1,1,2,2,3,3-
heptafluoropropane; 1,1,1,2,3,3,3-heptafluoropropane; 1-fluorobutane; 2-
fluorobutane; 1,1-difluorobutane; 1,2-difluorobutane; 1,3-difluorobutane;
1,4-difluorobutane;  2,2-difluorobutane;  2,3-difluorobutane; 1,1,1-
trifluorobutane;  1,1,2-trifluorobutane;  1,1,3-trifluorobutane; 1,1,4-



met hyl propane; 1, 3-difl uoro-2-nethyl propane; 1, 1, 1 -trifluoro-2-

net hyl propane; 1,1, 3-trifluoro-2-nethyl propane; 1, 3-difl uoro-2-
(fluoronet hyl)propane; 1, 1, 1,3-tetrafluoro-2-nethylpropane; 1,1, 3, 3-
tetrafl uoro-2-nethyl propane; 1,1,3-trif§poro-2-(fluoronethyl)propane; 108
1, 1, 1,3, 3-pentafluoro-2-nethyl propane; 1,1, 3,3-tetrafl uoro-2-
(fluoronethyl)propane; 1, 1, 1,3 -tetrafl uoro-2-(fluoronethyl)propane;

fl uorocycl obutane; 1, 1-difluorocycl obutane; 1, 2-difluorocycl obutane; 1, 3-

di f1 uorocycl obut &ﬁﬁuo%bﬁtaﬁet rifd oorifcyeh@Rad, ane;n iﬂﬂtﬁ)robutane 1,3,3-
trifluorocycl obut ane; 2, 3- trlfluorocyclobutane 1,1 2-

t et rafl uorocycl omﬂaﬂ@bumni Q;mireﬂmﬂumeodyhﬂ,@bmtr@ﬂwrohut@@ R1.3.3-
pent af | uor ocycl o 1.1.2,3 cl o 2.3, 3-
hexaf | uor ocycl obtt}Ft& “f‘lb%a‘? 2, %?&Qﬁtgﬁgﬁl %F"g el ogg’?%%raﬁﬂ%b%“?% 4-

hexaf | uorocycl obut aa@,teﬂraﬂu&o&t&mé 4- heptiad b yar@Rpfdbambane; vi nNgl3-
fluoride; 1, 1- dlfluoroethene 1, 2- dlfluoroethene 1,1, 2- trlfluoroethene 1-

f1 uor opr opene, 1, gtrafludrelatans; opbhd; 4-tytrgﬂ1mrpbuj@ne@prbb,épﬂetetrgﬂmrobutane

di f | uor opr opene; d aene; (.9 ne; 1,1,

trifl uoropropene;ﬁ%’,if%{r%r |(¥rﬁﬁé}f&gpropené% ghgét%%tu uor’opropelré?3 31 3, 3-
trifluoropropene,; teﬁaﬂhoaobuﬁrfel uor D,g;@ne&amorablﬁm&—t ra ﬁjswofeﬁaﬂmﬁemand fl uoro-
| - butene; 2-fluoro-1-butene; 3-fluoro-I-butene; 4- f1uor o- | -butene; 1, 1-

di f1 uor o- | - but enek1 ’i 22-gentpilnrebytans; en’eL 2, =pentaflupseianspend; . b2 4-
di fl uoro-1-but engpenéﬂi gin Qr o- | - bqtppr Fz?f“f]iﬂgl Hbld%g | - but qnej 3§ 3-

di fl uoro-1-buten uor o- | - but'éne? uor o-| - but ehé:;’ ™1, 1, 2-
trifluoro-1-but enentafludrcbutanef | uor o-1, 1 bhdepeatafiofobhtanej f | uor d;1,2,B3t ene;

1,2,3-trifluoro-1-butene; 1,2,4-trifluoro-I-but

1,3, 3-trifl uoro- IReBlflugEsbutape "4 rls}, 8#@@32@@%&% 1,1,2,3,3-

1,4,4-trifluoro-| e@thtﬂ%f‘obut?ané 3-trifyl uppo- enPdﬁu%Hﬁmtane, 1,1,3,3,4-

2,3,4-trifluoro-1-butene; 2,4, 4-triffdoro-1-butene;

3,3,4-trifluoro- Ipebtaﬂeanmbuta&pA 4-trilfa, m6r3qadntdﬁhnbmwtane 1,2,2,3,4-

4,4, 4-trifluoro-I-butene 1,2, 3-te ro I ut ene;

1,1,2,4-tetrafl ucRCBPaltﬂuBU’Eb@%f’é‘ 1,1,3; lgi’? B?’E?%Ptaﬁ?rt ene; 442342,
hexafluorobutane; 1,1,1,2,3,3- 'hexaﬂuorobutane, 1,1,1,2,3,4-
hexafluorobutane; 1,1,1,2,4,4-hexafluorobutane; 1,1,1,3,3,4-
hexafluorobutane; 1,1,1,3,4,4-hexafluorobutane; 1,1,1,4,4,4-
hexafluorobutane; 1,1,2,2,3,3-hexafluorobutane; 1,1,2,2,3,4-
hexafluorobutane; 1,1,2,2,4,4-hexafluorobutane; 1,1,2,3,3,4-
hexafluorobutane; 1,1,2,3,4,4-hexafluorobutane; 1,2,2,3,34-

hexafluorobutane; 1,1,1,2,2,3,3-heptafluorobutane; 1,1,1,2,2,4,4-
heptafluorobutane; 1,1,1,2,2,3,4-heptafluorobutane; 1,1,1,2,3,3,4-
heptafluorobutane; 1,1,1,2,3,4,4-heptafluorobutane; 1,1,1,2,4,4,4-
heptafluorobutane; 1,1,1,3,3,4,4-heptafluorobutane; 1,1,1,2,2,3,3,4-
octafluorobutane; 1,1,1,2,2,3,4,4-octafluorobutane; 1,1,1,2,3,3,4,4-
octafluorobutane; 1,1,1,2,2,4, 4, 4-octafluorobutane;  1,1,1,2,3,4,4 4-
octafluorobutane; 1,1,1,2,2,3,3,4,4-nonafluorobutane; 1,1,1,2,2,3,4,4,4-
nonafluorobutane; 1-fluoro-2-methylpropane; 1,1-difluoro-2-
methylpropane; 1,3-difluoro-2-methylpropane; 1,1,1-trifluoro-2-
methylpropane; 1,1,3-trifluoro-2-methylpropane; 1,3-difluoro-2-
(fluoromethyl)propane;  1,1,1,3-tetrafluoro-2-methylpropane;  1,1,3,3-
tetrafluoro-2-methylpropane; 1,1,3-trifluoro-2-(flucromethyl)propane;



tetrafluoro-|-butene; 1,1,4,4-tetrafluoro-1-butene; 1,2,3,3-tetrafluoro-|-
butene; 1,2,3,4-tetrafluoro-|-butene; 1,2,4,4-tetrafluoro-|-butene; 1, 3, 3, 4-
tetrafluoro-1-butene; 1,3,4,4-tetrafluoro-1-butene; 1|,4,4,4-tetrafl uoro-1-
butene; 2,3,3,4-tetrafluoro-|-butene; 3,8, 4, 4-tetrafluoro-I|-butene; 2,4,4,4-
tetrafluoro-1-butene; 3,3,4,4-tetrafluoro-1-butene; 3,4,4,4-tetrafluoro-|-
butene; 1,1, 2,3, 3-pentafluoro-I-butene; 1,1, 2,3, 4-pentafluoro-I|-butene;
1,1,2,4,4-pentafluoro-1|-butene; 1,1, 3,3, 4-pentafluoro-1-butene; 1,1, 3,4, 4-

pent af | uor o- |'bUtﬂ?fl?L33vanﬁﬂﬁolﬁ-21ﬁféﬂ@fIﬂrﬂpd’I@ | - but ene; 1.1,%3%t3fltorb0R
pent af | uor o-1 - but ene; 1,2 4, 4- pent af | uoro-1 - but ene; 1,2, 4,4, 4-

pent af | uor o- | - but Eerometly }’QPT@P@%ent aflb ibadetrafiygredd lugromethylipropane;
t af | -1 - but
Pexar | uoro- 1 - buf dgrgeseoatt, tPGRLBILAL Gickiey 1 Afhuorocheifbidagls 123,

hexaf | uor o- 1- but edfluodoccldbtade;4- hexaflmgﬁ-mﬂuobadyemultaﬁcZ 3,4, 41453

hexaf | uoro- 1- but ene; 2, 3, 3. 4, 4, 4- hexaf| uor q- I-but?ri) 1,1, 2,3, 3 4, 4-
hept af | uor o- | - but BHWoracyclpbytane:s 4 4. HephfArifluespeyclabutang; ene: 1 14,223, 4, 4, 4-

hept af | uor o- 1 - but g:’ﬁ‘?:ﬂ 4, 4- f r

but ene; 2-fluoro-2-b ?Jerr?gy&e’l%{éﬁffl ugrelgﬁgt%%feu%redcy%%ﬁ%ﬁ?l uord gzgjutene

1, 3-difluoro-2- bupmﬁluolo‘zycﬂ]bhtame,r olz,mmﬂqmataﬂﬁoraeyhlmm 2-huelrdel3- 1, 1, 1-
t-rifluoro-2-buten 1,2-trjfluoro- t i fl uoro-2-hutene;
1,1, 4-trifluoro- 2t w%laﬁ@cyalo t@%r. 1312&5% A-be wﬂlemsyclofmtam' L1534
4-trifluoro- ZhQ&tﬂ%BR)c?chlébu el 21§ 9t2r33§ hqﬁgﬁﬂ%o}%'dgrﬁﬂﬁutaﬂe 1’v1&y13

2,
etrafl uor o- 2- but ene; - etraf uoro- 2- but ene:

1, tetrafl uoﬂooxiddadt,blddluoloeﬂl@pﬂrlIQedlﬂatbrloaﬂmenﬁ,2L 1 Bettifineroethene; 1-
2

c 1,

ent

r af
2, 3-
,3,4-tetrafl 2- but t af | but
Do e bl A G, 13 . . .
t af | uor o- 2- but &ﬂﬁoroj}_x@peﬁei @P%Mlﬁﬁ&ﬁ@?é}mz bB'BQﬁﬁuor@)pr%Tgné 1142-4

pent af | uor o- 2- but ene; hexaf 1 uor o- 2- but ene;
hexaf | uor o- 2- but efrgluotoprapens; 3].4,34triflaresbropsne;- 2L hattafaoropropens; 4 18,%-

hexatf | uor o- 2- but eHﬁluorOprbpdne 5’343 {}eﬁ(u%];'cl)plil'glge%ez3l§"§ Frll}ﬁioroprl e]flez’leﬂuoro-

1-butene; 2-fluoro-1-butene; 3-fluoro-1-butene; 4-fluoro-1-butene; 1,1-

difluoro-1-butene;  1,2-difluoro-1-butene; 1,3-difluoropropene; 1,4-
difluoro-1-butene; 2,3-difluoro-1-butene; 2,4-difluoro-1-butene; 3,3-
difluoro-1-butene; 3,4-difluoro-1-butene; 4,4-difluoro-1-butene; 1,1,2-
trifluoro-1-butene;  1,1,3-trifluoro-1-butene;  1,1,4-trifluoro-1-butene;
1,2,3-trifluoro-1-butene; 1,2,4-trifluoro-1-butene; 1,3,3-trifluoro-1-butene;
1,3,4-trifluoro-1-butene; 1,4,4-trifluoro-1-butene; 2,3,3-trifluoro-1-butene;
2,3,4-trifluoro-1-butene; 2,4,4-trifluoro-1-butene; 3,3,4-trifluoro-1-butene;
3,4,4-trifluoro-1-butene; 4,4,4-trifluoro-1-butene; 1,1,2,3-tetrafluoro-1-
butene; 1,1,2,4-tetrafluoro-1-butene; 1,1,3,3-tetrafluoro-1-butene; 1,1,3,4-
tetrafluoro-1-butene; 1,1,4,4-tetrafluoro-1-butene; 1,2,3,3-tetrafluoro-1-
butene; 1,2,3,4-tetrafluoro-1-butene; 1,2,4,4-tetraﬂuor6-1-butene; 1,3,3,4-
tetrafluoro-1-butene; 1,3,4,4-tetrafluoro-1-butene; 1,4,4,4-tetrafluoro-1-
butene; 2,3,3,4-tetrafluoro-1-butene; 2,3,4,4-tetrafluoro-1-butene; 2,4,4,4-
tetrafluoro-1-butene; 3,3,4,4-tetrafluoro-1-butene; 3,4,4,4-tetrafluoro-1-
butene; 1,1,2,3,3-pentafluoro-1-butene; 1,1,2,3,4-pentafluoro-1-butene;
1,1,2,4,4-pentafluoro-1-butene; 1,1,3,3,4-pentafluoro-1-butene; 1,1,3,4,4-
pentafluoro-1-butene; 1,1,4,4,4-pentafluoro-1-butene; 1,2,3,3.4-



hept af | uoro- 2-butene; 1,1,1,2,4,4,4-heptafl uoro-2-butene; and m xtures
thereof. 11. The process of claim6, wherein the one or nore

hydr of | uorocarbon(s) is 1independently selected fromthe group consisting of
fl uoronet hane, difluoronethane, triflugyonethane, 1,1-difluoroethane,

1,1,1- trifluoroethane, 1, 1, 1,2-tetrafluoroethane, and m xtures thereof.
12. The process of claim6, wherein the diluent conprises between 5 and 100
vol une % HFC based upon the total volume of the diluent, preferably from 15

to 100 vol ume % Hpentafia&d- LB@Rnd;Ne t 0bad 4 ¥QlehiXBlusio-1-Bhteds; Uuent > 4 ygre
preferably the diluent conprises from 20 to 100 vol une % HFC 110 'based upon

the total vol unme @entaflsogrl-betene; and28vihdmentaflppwsr bbutshs: t he2.3¢t.4.4ent

conprises from 25 t 00 vol une % HE ed n_t t al I of the

di luent. 13. The Fggrgtgég%roofk@ﬁeg?,m 6,3%’§?4e‘i’er?%8r%fﬁfbd% S f urmgﬁérrpri ses a
hydrocarbon, a nomek&farid-1butdref i N, 1,2/200 H4-heRafliestl-Bacne; 14. 1,129t process of
claim®6, wherein the hydrocarbon is a hal ogenated hydrocarbon other than an

HFC, preferably t Aexafhiosmdriutes: hydhédahbohexaffuaretliiytenes| or 1.d8,444: The

erab s driutens edhiiensh he
Phe formil a o GREERSIbAdE: 12 60 DLl FEIGS) | L2l ser os ™

hal ogen; or the omeptaflusiorebhtend;s BL2G(44,4iwpradinoes bbiede;oyl,1,88,4,440ul a
MRX4 n; wherein Mis Gro;rf']?T 4, 5, or_ 14 netal; f?ach is a mpnovalent C, to
C12 hydrocarbon r &gpPadporoniibpsneientlsd,33 et thersatlporgrh-buigney r odluwosiei sti ng of

?Et Z'Q‘é?" : rg:nyi)’ . g%ﬁ{&g};?—ﬂmﬁbbﬂnﬁéﬂé; 1, LG 2R ke, 1 3 S 2-Bhtdr; AN
l,j-diﬂuoro-2-butene; 1,4-difluoro-2-butene; 2,3-difluro-2-butene; 1,1,1-
trifluoro-2-butene;  1,1,2-trifluoro-2-butene;  1,1,3-trifluoro-2-butene;
1,1,4-trifluoro-2-butene; 1,2,3-trifluoro-2-butene; 1,2,4-trifluoro-2-butene;
1,1,1,2-tetrafluoro-2-butene; 1,1,1,3-tetrafluoro-2-butene; 1,1,1,4-
tetrafluoro-2-butene; 1,1,2,3-tetrafluoro-2-butene; 1,1,2,4-tetrafluoro-2-
butene; 1,2,3,4-tetrafluoro-2-butene; 1,1,1,2,3-pentafluoro-2-butene;
1,1,1,2,4-pentafluoro-2-butene; 1,1,1,3,4-pentafluoro-2-butene; 1,1,1,4,4-
pentafluoro-2-butene; 1,1,2,3,4-pentafluoro-2-butene; 1,1,2,4 4-
pentafluoro-2-butene; 1,1,1,2,3,4-hexafluoro-2-butene; 1,1,1,2,4,4-
hexafluoro-2-butene; 1,1,1,3,4,4-hexafluoro-2-butene; 1,1,1,4,4.4-
hexafluoro-2-butene;  1,1,2,3,4,4-hexafluoro-2-butene;  1,1,1,2,3,4,4-
heptafluoro-2-butene; 1,1,1,2,4,4,4-heptafluoro-2-butene; and mixtures
thereof.

11.  The process of claim 6, wherein the one or more hydrofluorocarbon(s) is
independently selected from the group consisting of fluoromethane,
difluoromethane, trifluoromethane, 1,1-difluoroethane, 1,1,1-

trifluoroethane, 1,1,1,2-tetrafluoroethane, and mixtures thereof.

12.  The process of claim 6, wherein the diluent comprises between 5 and 100
volume % HFC based upon the total volume of the diluent, preferably
from 15 to 100 volume % HFC based upon the total volume of the diluent,
more preferably the diluent comprises from 20 to 100 volume % HFC



each X is a halogen; or the one or nore Lewis acid(s) is represented by the
formula MROYWR mX4_ (mtn); wherein Mis Goup 4, 5 or 14 netal; each RO
is a nonovalent C, to C30 hydrocarboxy radical independently selected from
the group consisting of an al koxy, aryl@gyy, arylal koxy, alkylaryl oxy

radi cals; 111 each R is a nonovalent C, to Cl2 hydrocarbon radical

i ndependently selected fromthe group consisting of an al kyl, aryl,

aryl al kyl, al kylaryl and cycloal kyl radicals; nis an integer fromO to 4;

mis an integer fbassdlion the totklevodiie bh theSdilletl, afd 30sh Mok pREabiPHR: t han 4;
and each X is a halogen; or the one or nore Lewis acid(s) Is represented by

the formula M RCAugmreomprises-frpm dhde d0A volyrae & SIREC based upsn the tefak al : each
RC=Q0 is a nonovak,gﬂnecgfthé)dl Qﬁhydrocar bacyl radical independently
selected fromthe group consisting of an al kacyl oxy, aryl acyl oxy,

aryl al kyl acyl oxy, al kyl aryl acyl oxy radicals; each R is a nonovalent C, to
Cl12 hydrocarbon radi cal independently selected fromthe group consisting of
an al kyl, aryb, affgi‘PaPWPs,s &f kolpim y6. vawEeiR yibeodilngpt FuskieE sgommprises & an

integer fromO to4; j g f 4. ein the sumof n and m
is not nore than R?droan 8%’?&5&%?&51% 0%% 6gedr{§lo%nrmfﬁg§%ne or nore Lew s
acid(s) is represented by the fornmula MOX3;
14.  The process of claim 6, wherein the hydrocarbon is a halogenated
hydrocarbon other than an HFC, preferably the halogenated hydrocarbon

is methyl chloride.

15.  The process of claim 6, wherein the one or more Lewis acid(s) is
represented by the formula MXy;
wherein M is a Group 4, 5, or 14 metal; and

each X is a halogen; or

the one or more Lewis acid(s) is rcpréscnted by the formula MR Xy.5.
wherein M is Group 4, 5, or 14 metal;

each R is a monovalent C, to Cj; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

n is an integer from 0 to 4; and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula M(RO);R'nX4.
(m+n);

wherein M is Group 4, 5, or 14 metal;

each RO is a monovalent C; to C;p hydrocarboxy radical independently
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy,
alkylaryloxy radicals;



wherein Mis a Goup 5 netal; and each X is a hal ogen; or the one or nore
Lews acid(s) is represented by the fornula MX3; wherein Mis a Goup 13
netal; and each X is a halogen; or the one or nore Lewis acid(s) is
represented by the formula MR X3.,, whgrein Mis a Goup 13 netal; 112
each Ris a nonovalent Ct to Cl2 hydrocarbon radical independently selected
fromthe group consisting of an alkyl, aryl, arylal kyl, alkylaryl and
cycloal kyl radicals; nis an integer from1l to 3; and each X is a hal ogen;

or the one or noreacheR § aChefhGaldn$ CeRf EpERy@bcdibort hedifAriidRnddnde) NR MX3_
(mtn); wherein Mis a Gooup 13 netal; each ROis a nonovalent C, to C30 .
hydr ocar boxy radi td¢ctedfepetigegiony consistingt efcrry alkl, tand. grdalkyle akslasyli ng of an

al koxy, aryl oxy, lgggq . yl aryl oxy radicals; each R is a nonoval ent
Cl to Cl12 hydr oca?r@/oérﬁ;a |c5?d1|@$1§éependently sel ected fromthe group

consi sting of an nalikad integeyfromal wldgl Kyl , al kylaryl and cycl oal kyl radicals;
nis an integer fromO0O to 3; mis an jnteger fromO to 3, wherejn the sum of
n and mis from 1M anintagey fropy o & wherginh Sept n aRd mHgpogRaredhatdr e Lewi s
acid(s) is repres ed by the formula MRC OO nR mX3{mtn); wherein Mis a
G oup 13 netal; each RC=00 is a nonoval ent hydrocarbacyl radical

i ndependent |y each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula
M(RC=00)uR'mXs-tmr+n);

wherein M is Group 4, 5, or 14 metal;

each RC=00 is a monovalent C; to Cj hydrocarbacyl radical
independently selected from the group consisting of an alkacyloxy,
arylacyloxy, arylalkylacyloxy, alkylarylacyloxy radicals;

each R' is a monovalent C, to C;; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

n is an integer from 0 to 4;

m is an integer from 0 to 4, wherein the sum of n and m is not more than 4,
and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula MOX3;
wherein M is a Group 5 metal; and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula MX;;
wherein M is a Group 13 metal; and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula MR Xs., ;

wherein M is a Group 13 metal;



selected fromthe group independently selected fromthe C2 to C30 group
consi sting of an al kacyl oxy, aryl acyl oxy, arylal kyl acyl oxy,

al kyl aryl acyl oxy radicals; each R is a nonovalent C, to Cl2 hydrocarbon
radi cal independently selected fromthgygroup consisting of an alkyl, aryl,
aryl al kyl, alkylaryl and cycloalkyl radicals; nis an integer fromO to 3;
mis a integer fromO to 3, wherein the sumof n and mis from1l to 3; and
each X is a halogen; or 113 the one or nore Lewis acid(s) is represented by

the formula MXy; eaeReisNa Vhbfovale QYPtoll, ”B&&béarﬁ&?hac?fcdlsinaeﬂ%ﬂhéiﬂl?”; and
yi s3,4or5;0or the one or nore Lews acid(s) 1s represented by the formula
MRnXy. n;  wher ei nsalgdated fromr theperesp wensistingedican ®kyk agylmerndalkyleatkylrylt o C12
hydr ocar bon radi cal ir&ﬁjo%@?yﬂdedjt ll${ sel ected fromthe group consisting of an
alkyl, aryl, aryl 298 yi4F¥P and cycloalkyl radicals; n is an integer

fromO to 4; y isn¥ arflin@gebfromhiefos;an® IS | ess than y; and each Xis a
hal ogen; or the one or nore Lewis acid(s) is represented by the fornmula

M RO) nR nmXy- ( mrn¥achyghisrahalogan; er a Group 15 netal, each RO is a nonoval ent
Cl to C30 hydrocarboxy radical independently selected fromthe group
consi sting of an al koxy, aryloxy, arylal koxy, alkylaryloxy radicals; each
R is a nonoval entheGhetod Mot LEwidraetiis)iotepraeited by thedfopaild ME 0),R wXs.

{mrtn);

wherein M is a Group 13 metal;

each RO is a monovalent C, to Csp hydrocarboxy radical independently
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy,
alkylaryloxy radicals;

each R' is a monovalent C; to Cy; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

n is an integer from 0 to 3;

m is an integer from 0 to 3, wherein the sum of n and m is from 1 to 3; and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula
MRC=00)R'nX3-(m+n),

wherein M is a Group 13 metal,;

each RC=00 is a monovalent hydrocarbacy! radical independently
selected from the group independently selected from the C; to Csio group
consisting of an alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals;

each R' is a monovalent C; to C;; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

n is an integer from 0 to 3;

m is a integer from 0 to 3, wherein the sum of n and m is from 1 to 3; and

each X is a halogen; or



selected fromthe group consisting of an al kyl, aryl, arylalkyl, alkylaryl
and cycloal kyl radicals; nis an integer fromO to 4, mis an integer from
Oto4; yis 3, 4o0r 5 wherein the sumof n and mis less than y; and each
X is a hal ogen; or the one or nore Lewig3acid(s) is represented by the
formula MRC=00) nR nXy-(mtn); wherein Mis a Goup 15 netal; 114 each
RC=00 i s a nonoval ent C2 to C30 hydrocarbacyl oxy radical independently
selected fromthe group consisting of an al kacyl oxy, arylacyl oxy,

aryl al kyl acyl oxy, ti#ldegloaidraCywivatid(9ds fptesentedbf e folrsula MEjoval ent d to
Cl12 hydrocarbon radical_ independently selected fromthe group consisting of
an al kyl, aryl, aP‘g‘Ffé?Ple,sa myp dp Wetaland cycl oal kyl radicals: nis an
integer fromO to.4,; ' L ger fromO to 4; y is 3, 4 or 5 wherein
the sum of n and ?rai{blhsx eds%ﬂt gn%f and each X is a halogen. 16. The process
of claim®6, whereyis 3} Heordheror nore Lewis acid(s) is independently selected

fromthe group consisting of titanj tetrachloride, . titanj t et rabroni de,
vanadi um tet r achl BiEiae or Fioke Levpaeiins EFQFeSE‘i‘tF%}‘.ﬁl?rﬁOHP%‘Pm#?@r i de,
titani um brom de {hbel Of i3 ol 13Medn di bromi de dichloride, vanadium

brom de trichloride, tin chloride trifluoride, benzyltitanium trichloride,
di benzyl titani um dachhRoisi genoimsalent £1;r woiuhydroéarbéroradiesl indépeadentlyzi r coni um

di brom de, nethyltitanjumtrichloride, .dinethyltjtani umdjflugride,
Gi ety 1 ai oo el B FsT SR, oasising: oedn Bvh e abnelkih Ak,
trichloride, n-bubQKycldaREy1vaRitdld;chl oride,

n is an integer from O to 4;

y is 3, 4 or 5, wherein n is less than y; and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula M(RO)uR'nXy-
(m+n);

wherein M is a Group 15 metal,

each RO is a monovalent C; to C;y hydrocarboxy radical independently
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy,
alkylaryloxy radicals;

each R' is a monovalent C; to Cj; hydrocarbon radical independently
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycloalkyl radicals;

n is an integer from 0 to 4;

m is an integer from 0 to 4;

y is 3, 4 or 5, wherein the sum of n and m is less than y; and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula
MR C=00),R'nXy-(m+ny

wherein M is a Group 15 metal;



di (1 sopropoxy)titaniumdichloride, phenoxytitaniumtribrom de,

phenyl met hoxyzirconiumtrifluoride, nmethyl nmethoxytitani um dichloride,

met hyl nmet hoxytin dichloride, benzyl isopropoxyvanadi um dichlori de,
acetoxytitaniumtrichl ori de, benzoyl zi riganium tri brom de,

benzoyl oxytitaniumtrifluoride, isopropoyloxytin trichloride, nethyl
acetoxytitani umdi chl oride, benzyl benzoyl oxyvanadi um chl oride, vanadi um
oxytrichloride, alumnumtrichloride, boron trifluoride, gallium
trichloride, indiesht RO4QOr isda, mdhbydladtud, nemcdy diyidescattacylo®s hpdiahlum num
di chl oride, benzylal um hum di ¢chl ori de, 1sobutylgalliumdichlgride,

di et hyl al uni num CH}%GP?IW@WIH togll Somhithe, BreYR SONSigtings 1of Atk | AlkACHIGRY

sesqui chl ori de, r’rg[t,n@e ] i,,C fmg g r yl al um num

triethylal um num tk?%gm}%mﬁ@%h{% I de, yleot o%ig%%m num 115

di chl oride, 2, 6-deacheRt iHat mbpdvatemk Y& tonCiphydiiocdrbaom irakéical nintiépexgently

nmet hyl al um num chl gri d 2,Q8-di-tert-hutyl pheno met hyl gl umi n chl ori de,

i sopropoxygal | i unf‘%?“ﬁ?‘f&ofrﬂg‘,e gﬂgﬂ(‘iﬁ?lﬁﬁéh&lﬂ%ﬂﬁ‘& Wluaﬁqﬂg{’?’ aﬂ(rﬂaryl

acet oxyal um num dhchéRidale rRBEAQY! oxyal um num di brom de, benzoyl oxygal I i um
di fl uoride, nethyl acetoxyal um num chloride, isopropoyl oxyindium
trichloride, antimhaningogaf fromrQ wel; anti nony hexafluoride, arsenic

pent af | uori de, anti .m)ni tchI (ﬁri d§ $)§_nt afluoride, arsenic trifluoride,
bi smuth trichl ori BES3PIUREE FAYUE e tetrachl oride, tetraphenyl anti mony

chloride, triphenyliants §o9)wididh R sufffof n ik 3CREOHANL fHxyant i nony,

di met hoxytri chl oroanti nony, di choromet hoxyarsi ne, chl orodi net hoxyar si ne,

di f | uor omet hoxyar &dcheX is albdeganot et r achl or oant i mony, (benzoat o)

tetrachl oroantinony, and bisnmuth acetate chloride. 17. The process of claim

6, wherein the one or nore Lewis acid(s) is independently selected fromthe

group consi stéNg The BProcdspsn thaie b, owhéelein tied Wik nerMdord Mrevis drid(s) is

et hyl al um num di chl ori de, et hyl al um num o L i
independently selécted from the group consisting of titanium tetrachloride,
titanium tetrabromide, vanadium tetrachloride, tin tetrachloride, zirconium
tetrachloride, titanium bromide trichloride, titanium dibromide dichloride,
vanadium bromide trichloride, tin chloride trifluoride, benzyltitanium
trichloride, dibenzyltitanium dichloride, benzylzirconium trichloride,
dibenzylzirconium dibromide, methyltitanium trichloride,
dimethyltitanium difluoride, dimethyltin dichloride, phenylvanadium
trichloride, methoxytitaniwm trichloride, n-butoxytitanium trichloride,
di(isopropoxy)titanium  dichloride, = phenoxytitanium  tribromide,
phenylmethoxyzirconium trifluoride, methyl methoxytitanium dichloride,
methyl methoxytin dichloride, benzyl isopropoxyvanadium dichloride,
acetoxytitanium trichloride, benzoylzirconium tribromide,
benzoyloxytitanium trifluoride, isopropoyloxytin trichloride, methyl
acetoxytitanium  dichloride, benzyl benzoyloxyvanadium chioride,
vanadium oxytrichloride, aluminum trichloride, boron trifluoride, gallium
trichloride, indium trifluoride, ethylaluminum dichloride, methylaluminum
dichloride, benzylaluminum dichloride, isobutylgallium dichloride,
diethylaluminum chloride, dimethylaluminum chloride, ethylaluminum
sesquichloride, methylaluminum sesquichloride , trimethylaluminum,

triethylaluminum, methoxyaluminum  dichloride, ethoxyaluminum



sesqui chl ori de, diethylalum num chl oride, methylal um num di chl ori de,

nmet hyl al um num sesqui chl ori de, di nethyl al um num chl ori de, boron

trifluoride, and titaniumtetrachloride. 18. The process of claim6, wherein
the Lewis acid is not a conpound repreggnted by fornula MX3, where Mis a
group 13 netal, X is a halogen. 19. The process of claim®6, wherein the one
or nore initiator(s) conprise a hydrogen halide, a carboxylic acid, a
carboxylic acid halide, a sulfonic acid, an alcohol, a phenol, a polyneric
hal i de, a terti ardichld¢ide, hal,6-déterfbutyphendxiyyluanifiky| dihlioride, andthedy ary

al kyl ester, a tertiary aralkyl_ ester, a .tertiary alkyl ether, a tertiary
aral kyl ether, anHEﬂMQNuW§PmHth@ﬁd&ry%6H%ﬁWB§W¥h%ﬁm§9kyFﬁﬂ?ﬂﬂW%FWH% or an

aryl al kyl aci d hal i.gg.: 40" ; r.e.initl 1S 4 endent |y
selected fromt he‘"’%‘?’é‘ﬂ% lsé%rgg?)g%glr@ﬁgfi %@e&%ﬂoﬁﬁhgﬁg@dlmgb 1,

C6H5C( CH3) 2C1, ( 2acdiintyahonidpdh, 4- dichheridey| pdishzoybyxyahwthinum  dibromide,

2-chl oro- 2- et hyl propape; or. the one or nore initiator(s) is independently

sel ected fromt he%WE)XYS@LWst fiﬁﬁwageshymeﬁ*gin ACHIOFYHNRINUR, Sbroni de,

hydrogen i odi de, ; I0$102Gindiun®" kfe. AGhEmoR't ARQI IR hﬂ&gm c acid,
benzoic acid, 1- é%?g(wggceﬂnclaci gﬁ)&gﬁ: [ or oacg}tﬂrjc a%icg% trichlorodcetic
acid, trifl uoroacétxafluosde,d arsenichlpentafivoride] camimahy phidrider ptratheirdeaci d,

acetyl chloride, acetyl .brom de, cinhna chl ori de, ,benzoyl chlor, de,
benzgyl br oni de, a{SPT‘%hFrbrﬁ)%@I& I%thr P%O i PTSG%‘FOQB%‘E@‘? Xtﬁﬁfﬁfmoa'é‘?s
p- f1 uor obenzoyl chkQeinfighylarfifidiynes WHletdeS aCitl‘i’pheh?liaﬁﬂ_iMQﬁPUEt ARRR3 kS oni ¢

acid, trichoronethanesulfonic acid, p-toluenesultfonic acid, net hanesul f onyl
chl ori de, net hanesaitathloyoméshowpiadémony.i f | hor onet hdimsthexjaivhloresntiorongie,

e
al cohol,  phenol , 3cdimbRyrheileR@htimeny: -(Berihidy téthRRRkeanfmonly OiktDbgMmath P-

fl uorophenol, 2,3, 4,5, 6-pentafluorophenol, and 2-hydroxynapht hal ene; or
acetate chloride.

17.  The process of claim 6, wherein the one or more Lewis acid(s) is
independently selected from the group consisting of aluminum trichloride,
aluminum tribromide, ethylaluminum dichloride, ethylaluminum
sesquichloride, diethylaluminwumn chloride, methylaluminum dichloride,
methylaluminum  sesquichloride, dimethylaluminum chloride, boron

trifluoride, and titanium tetrachloride.

18. The process of claim 6, wherein the Lewis acid is not a compound

represented by formula MX;, where M is a group 13 metal, X is a halogen.

19.  The process of claim 6, wherein the one or more initiator(s) comprise a
hydrogen halide, a carboxylic acid, a carboxylic acid halide, a sulfonic
acid, an alcohol, a phenol, a polymeric halide, a tertiary alkyl halide, a
tertiary aralkyl halide, a tertiary alkyl ester, a tertiary aralkyl ester, a
tertiary alkyl ether, a tertiary aralkyl ether, an alkyl halide, an aryl halide,
an alkylaryl halide or an arylalkylacid halide; or



the one or nore initiator(s) is independently selected fromthe group
consisting of 2-chloro-2,4,4-trinethyl pentane; 2-brono-2,4, 4-
trimet hyl pent ane; 2-chl oro-2- et hyl propane; 2-brono- 2- net hyl propane;
2-chl oro-2, 4, 4, 6, 6- pent anet hyl hept ane; 12gbr ono- 2, 4, 4, 6, 6-

pent anet hyl hept ane; 1-chl oro-|-nethyl et hyl benzene; 1- chl oroadamant ane;
1- chl or oet hyl benzene; 1, 4-bis(1-chloro-Il-nethylethyl) benzene;
5-tert-butyl -1, 3-bis(1-chloro-I-nethylethyl) benzene; 2-acetoxy-

2,4, 4-trinmet hyl petheacss oP -rherezimtiavosys) As dndegehdemlyhydlgeed doai the gemipoxy -

Seﬁéﬁé:t E;iﬁli,‘gf aneont%%%%%'eﬁﬁ %ﬁe i Bhah Eﬁg@@&ﬁt oAt a%c%ﬁgﬁ’ ooy
| - met hyl et hy enzgpﬁm 4af @ﬁ@ﬁ@g%ﬂ&z&ﬂ gr}z[gg 3{9;@[; ¥l henzene;
met hy benz ut

1, 4- bi s(1-acet oxy- 5-tert bi's(1-acet oxy-
1- net hyl et hyl ) benzene; 2 nethoxy 2,4, 4- trlnethylpentane 2- |sopropoxy-

2,4, 4-trinethyl peptane; 2-net hoxy- 2- math ane be 117
met hyl propaney : ﬁ’ét%?r 2“%‘341“6‘}/3601’5%%61‘%@ %lﬁt é‘ﬁ%“te‘g%‘?/ 31?‘/90
2,4,4,6, 6-pent am&(ﬁﬁéisﬁﬁgtﬁnﬁy%%&?%hﬂ%ﬂde 1h§@%§éﬂb%§'$ﬁﬂdlée %@cn jlodlde

met hoxyadamant ane; | -nethoxyet Ryl benzene; i s(1- net oxy- - met’hyl et hyl)
benzene; 5-tert- bMeylbamd?,pmpg(ldJchIdhbM\jmmc Iﬁﬂﬁh?llnalllhyll acid, thenzodt egid alrd

1,3,5-tris(1l-chlor th nzene rocess. of cl

wherein the one o?ﬁﬂ%?rﬂg%}c %lct“? (i}él?l%’?)ac‘? ﬁrqcﬁ%rmolEIBFPﬂFﬁ’tEc v(‘lE‘gl?P’S?a %ﬁr di nat i ng
anion. 21. The prg&§esp-chloréBeatdic tacid LA 8drBbd28icoMnEd oacefsmrdmdﬁuet aedtdr (s)
conprise greater t han 30 ppm wat er (based upon wei ght ). The process of

claim 6, wherein biesmidentcendnyd fchlarider bewpyli sddori tbQT@A‘Qth bymeider nor e

S bhac ol of i ne. o BUBRETHSPAUTGHES | (RBdaliSyRhRARe. RRRSbGPERCRME. "
non- conj ugat ed di gRfienesulfiphRni CS, asld)st i t uirBThosdniétamesslfoni@nd Vi ayd, et hers;
or

trichloromethanesulfonic acid, p-toluenesulfonic acid, methanesulfonyl
chloride, methanesulfonyl bromide, trichloromethanesulfonyl chloride,
trifluoromethanesulfonyl chloride, p-toluenesulfonyl chloride, methanol,
ethanol, propanol, 2-propanol, 2-methylpropan-2-ol, cyclohexanol, benzyl
alcohol, phenol, 2-methylphenol, 2,6-dimethylphenol, p-chlorophenol, p-
fluorophenol, 2,3,4,5,6-pentafluorophenol, and 2-hydroxynaphthalene; or

the one or more initiator(s) is independently selected from the group
consisting of 2-chloro-2,4,4-trimethylpentane; 2-bromo-2,4,4-
trimethylpentane; 2-chloro-2-methylpropane; 2-bromo-2-methylpropane;
2-chloro-2,4,4,6,6-pentamethylheptane; 2-bromo-2,4,4,6,6-
pentamethylheptane; 1-chloro-1-methylethylbenzene; 1-
chloroadamantane; 1-chloroethylbenzene; 1, 4-bis{1-chloro-1-methylethyl)
benzene; 5-tert-butyl-1,3-bis(1-chloro-1-methylethyl) benzene; 2-acetoxy-
2.4 4-trimethylpentane; 2-benzoyloxy-2,4,4-trimethylpentane; 2-acetoxy-
2-methylpropane; 2-benzoyloxy-2-methylpropane; 2-acetoxy-2,4,4,6,6-
pentamethylheptane; 2-benzoyl-2,4,4,6,6-pentamethylheptane; 1-acetoxy-
1-methylethylbenzene; 1-aceotxyadamantane; 1-benzoyloxyethylbenzene;
1,4-bis(1-acetoxy-1-methylethyl) benzene; 5-tert-butyl-1,3-bis(1-acetoxy-
1-methylethyl) benzene; 2-methoxy-2,4,4-trimethylpentane; 2-isopropoxy-
2,4 4-trimethylpentane;  2-methoxy-2-methylpropane;  2-benzyloxy-2-



the contacting further conprises contacting one or nore nonomer(s)

i ndependently selected fromthe group consisting of styrene, para-

al kyl styrene, para-nethyl styrene, al pha-nethyl styrene, divinyl benzene,

di i sopropenyl benzene, isobutyl ene, 2-nmetiyyl -1 -butene, 3-nethyl-I-butene,

2- met hyl - 2- pent ene, isoprene, butadiene, 2,3-dinethyl-1, 3-butadiene, 13-

pi nene, nyrcene, 6, 6-dinethyl-fulvene, hexadi ene, cycl opentadi ene, nethyl
cycl opent adi ene, piperylene, nethyl vinyl ether, ethyl vinyl ether, and

i sobutyl vinyl et hssthylgdpardd)e 2pnethess2d{4,66 peatametiailieptanes B-i&ipropolres ei n t he
copolynmer is halqgenated to form a hal ogenated copo| yner., 24. The_ process
of claim 23, wher g’r%‘*ﬁﬁéﬂ%’éﬂﬁ%@@%op 5 PXY-i-mﬁle@aMw@ew t b chl ori ne
or bromine. 118 254} Ahsss of j ei nt ontent is
greater than 0.5 vvt%%g'g%ﬁﬁupon’thel [\ﬁ/\)&et?% teagntlbétgﬁg{ehal éégﬁgGe 9@%%’6 yner,
preferably the hatatigdethghnt danzens; f rotertchubylvk,3ebis)l -Bnethontydb-matheitthydpn t he

wei ght of the halogenated .c l, 26. The copql yner of any of clains 1
to 5, or the proci’g eﬂf’ﬁﬂf’:g?%%g?%r%qfrﬁcgﬁgﬁ’% 71 t he copol ymer has a
Mv of from greater than 50,000, preferably the copolyner has a Mv of from
greater than 100, 000, nore referably the copolymer has a Mv of from
great er thanZ2800, 0b®, propesst ¢fc alaim | 6 wﬁeeiﬁop}m g or hraereainifatof(s)f fustienyr eat er

t han 1, 000, 000. 27. The cgpgl{l ner dof Lan of clainms 1 to 5 or 26, or the
process of any of “CEPHFHE 62t ¢ 98" &a?g,gll’\%er ein the copol ymer has a MAD of
fromgreater than 2, preferably the copolyner has a MAD of from2 to 6. 28.
The copol yner of any of claims 1 to 5, 26 or 27, or the process of any of
claims 6 to 2%, 28herprogess eldim 61 Mbicreipdhey peg oharore iMbiBINE(s) COBPEES ty of

has  Nooney vi scatRy U T e Bfrer (A Bpe Wl T 515V T corev™

22. The process of claim 6, wherein the contacting further comprises

contacting one or more monomer(s) independently selected from the group
consisting of olefins, alpha-olefins, disubstituted olefins, isoolefins,
conjugated dienes, non-conjugated dienes, styrenics, substituted styrenics,

and vinyl ethers; or

the contacting further comprises contacting one or more monomer(s)
independently selected from the group consisting of styrene, para-
alkylstyrene, para-methylstyrene, alpha-methyl styrene, divinylbenzene,
diisopropenylbenzene, isobutylene, 2-methyl-1-butene, 3-methyl-1-butene,
2-methyl-2-pentene, isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, B-
pinene, myrcene, 6,6-dimethyl-fulvene, hexadiene, cyclopentadiene,
methyl cyclopentadiene, piperylene, methyl vinyl ether, ethyl vinyl ether,
and isobutyl vinyl ether.

23.  The process of any of claims 6 to 22, wherein the copolymer is

halogenated to form a halogenated copolymer.

24. The process of claim 23, wherein the halogenated copolymer is

halogenated with chlorine or bromine.



125C. ASTM D 1646). 29. The copol yner of any of clains 1 to 5 or 26 to 28,
or the process of any of <clains 6 to 25 or 26 to 28, wherein the copol yner
has a g'vjs.avg. from greater than or equal to 0.980 as determ ned by
triple detection SEC, preferably the cjggolynmer has a g vis.avg. from
greater than or equal to 0.990 as determned by triple detection SEC, nore
preferably the copolyner has a g'vis.avg. fromgreater than or equal to
0.995 as deternmined by triple detection SEC. 119 30. The copol yner of any
of claimse 1 to 5 or 26 to 29, or the process of any of clainms 6 to 25 or 26
to 29, wherein the copol ymer has _no |ong chai branchi ng. 31. A bl end
conpri sing t ﬁg copOf \PRREESHPT glaim 28 Wﬁﬁe}%ﬁ’f"ﬁ@i}@eﬁﬁo@’@@@ Zeptetan §.5secondar y

rubber i ndependen r L Sk t nat ur al
Fubber, pol yi Sopr anes PERpepSF 4Rl OHERCANAE RaloBhafid RpclfEA, profBif ek

pol ybut adi ene r ubbalogéBR)ntenas ftOmsd p vatietocHo maYeashised epon thabieight (f BRE) |
styrene-i soprene- gg%adi er(1f rupber (SIBR), ethylene- propylene rubber (EPR),
et hyl ene- pr opyl en&*FBERES WBBIMELEPDN) ,  pol ysul fi de,

i sobut yl ene/ cycl opent adi ene copol ynmer rubber, isobutyl ene/ nethyl

cycl opent adi ene copol ynmer rubber, nitrile rubber, propylene oxide pol yners,
st ar - br anchedébut \ihe copiipmeneithnyalf stgmad ¢ol 5, artthe ptocessaiiady bficlpimsaitober |

brom nat ed butyl bber, .chlorinated butyl . rubhe star - branc
pol yi sobut yl ene rgg’o efeé‘?;tbgb‘ipgﬂ g PSR MRt & i%ﬁ)"ﬂt feater thian %’%OO’

(pol yi sobutyl ene/ bﬁémﬁslpethe %Félyﬂﬁf had HORRT 6f RéhYdreaebikay | 190806 0more
p- met hyl styrene) and hal ogenated pol y(i sobutyl ene-co- p- net hy1 styrene),

hal ogenat ed pol y( prstrablyl cepelymephenes ddwpofrefram| gregierribyn 500,000,
Co- ! soprone. co- o1 JRATRR ThF rEBLBtPF By 4D oA PR RE 1 000 R Y T or eney
hal ogenat ed pol y(i sobutyl ene-co-i soprene-co- a-
27.  The copolymer of any of claims 1 to 5 or 26, or the process of any of
claims 6 to 25 or 26, wherein the copolymer has a MWD of from greater
than 2, preferably the copolymer has a MWD of from 2 to 6.

28.  The copolymer of any of claims 1 to 5, 26 or 27, or the process of any of
claims 6 to 25, 26 or 27, wherein the copolymer has a Mooney viscosity of
at least 20 £ 5 (ML 1 + 8 at 125°C, ASTM D 1646), preferably the
copolymer has a Mooney viscosity of from 20+ 5t0 60 £5 (ML 1 + 8 at
125°C, ASTM D 1646).

29.  The copolymer of any of claims 1 to 5 or 26 to 28, or the process of any of
claims 6 to 25 or 26 to 28, wherein the copolymer has a g'yvisave. from
greater than or equal to 0.980 as determined by triple detection SEC,
preferably the copolymer has a g'visavg. from greater than or equal to 0.990
as determined by triple detection SEC, more preferably the copolymer has
a gvisave from greater than or equal to 0.995 as determined by triple
detection SEC.



met hyl styrene),

30.

31

and m xtures thereof.

119

The copolymer of any of claims 1 to 5 or 26 to 29, or the process of any of
claims 6 to 25 or 26 to 29, wherein the copolymer has no long chain
branching.

A blend comprising the copolymer of any of claims 1 to 5 or 26 to 30 and
a secondary rubber independently from the group consisting of at least
one of natural rubber, polyisoprene rubber, poly(styrene-co-butadiene)
rubber (SBR), polybutadiene rubber (BR), poly(isoprene-co-butadiene)
rubber (IBR), styrene-isoprene-butadiene rubber (SIBR), ethylene-
propylene rubber (EPR), ethylene-propylene-diene rubber (EPDM),
polysulfide, isobutylene/cyclopentadiene copolymer rubber,
isobutylene/methyl cyclopentadiene copolymer rubber, nifrile rubber,
propylene oxide polymers, star-branched butyl rubber and halogenated
star-branched butyl rubber, brominated butyl rubber, chlorinated butyl
rubber, star-branched polyisobutylene rubber, star-branched brominated
butyl (polyisobutylene/isoprene copolymer) rubber; poly(isobutylene-co-
p-methylstyrene) and halogenated poly(isobutylene-co-p-methylstyrene),
halogenated poly(isobutylene-co-isoprene-co-p-methylistyrene),
poly(isobutylene-co-isoprene-co-styrene), halogenated poly(isobutylene-
co-isoprene-co-styrene), poly(isobutylene-co-isoprene-co--
methylstyrene) halogenated poly(isobutylene-co-isoprene-co-a.-
methylstyrene), and mixtures thereof.





