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[0002] . The invention relates to new pol ynerization nethods using

hydr of | uor ocar bons and their use to produce pol ynmers. BACKGROUND [ 0003]

| sool efin polynmers are prepared in carbgcatjonic polynerization processes.
O special inportance is butyl r]!ng-‘b‘EF"W%oB TPEES8Scopol yner of i sobutyl ene

with a small anmount of isoprene. Butyl rubber is made by | ow tenperature

cationic polynerization that %generall requi res that the isobutylene have a
purity of >99. CROSSHREFERENG BQrWKEPeEEPW*ﬁTWUS >98.0 W% to prepare

hi gh nol ecul ar wei ght butyl rubber. [0004] The carbocationic pol ynerization
of isobutylene and its copolynerization with conmononers |ike isoprene is
mechani sti cal |[90@idnpl ex ThisSgpplication claifiy tha bencfiCiof Fravisignal Spplidati&iNds.0N,
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PCT/ US2003/ 04 During the polynerization process, in what is generally
referred to as the initiation

FIELD OF INVENTION

[0002] The invention relates to new polymerization methods using

hydrofluorocarbons and their use to produce polymers.
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 iscbutylene
have a purity of >99.5 wt% and the isoprene have a purity of >98.0 wt% to
prepare high molecular weight butyl 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

system is typically composed of two components: an initiator and a Lewis acid.
Examples of Lewis acids include AlCl; and BF;. Examples of initiators include
Bronsted acids such as HCl, RCOOH (wherein R is an alkyl group), and H,0.



step, isobutylene reacts with the Lewis acid/initiator pair to produce a
carbenium ion. Follow ng, additional nononmer units add to the forned
carbeniumion in what is generally called the propagation step. These steps
typically odilsgz¢ in a diluent or solvent. Tenper atpéfysahdiddeiab
polarity, and counterions affect the chemstry of propagation. O these,
the diluent is typically considered inportant. [0005] Industry has

general ly accepted wi despread use of a s urry polymerization process (to
produce butyl rubber, polyisobutylene, etc.) in the diluent nethyl

chloride. Typicall t he pol ynerizati.on,pr.ocess .extensiyvel y uses . nethyl

chloride at | of gﬁ%&&fﬂ&ggﬁ%g@gﬁw{lw m?negﬂ@r{efeg@e{o %%lth? REHAHOR yent for
the reaction miepf idbkutylvad fetts WithQhé DewisacidlBiiane Pait @ pRodved 4 Bdrberdim I easons,
including that i1t _djssolves the nonomers and _al um num chl ori de catal yst but

not the pol yidik Fpdewiag, additianal meppraer wuts Add do fbe; formed garbenipmeleniing” and
boi I i ng poi nt : ' '  eter O Iﬁ&l’_fl tion and
effective sepjﬁhg% flgtgﬁﬁér@%%au% ﬁgﬁgg{’%/aﬁgér&ﬁasﬁég ) ﬁ%ﬁ%ﬁ%@ F}n%r@’- ﬁégsl urry
pol yneri zat i onlilpend carssolvemt. nEgohiperatede) dilaaie polafigy, sard covmbarions faffectdthe i onal
advantages in that a pol yner. 8 ent r.ati.on , of an oxi matel.y 26%to 37% by
Vol e -t he SPeRSET shibaatipe OF v, 1R Juih suaPRal iRt morint
concentration of only about 8%to 12%in solution polynerization. An
acceptable relatively | ow viscosity of the ol yneri zation nmass is obtained

enabl i ng the HEMS]of * pofieelry Awei swefa_ébbe?ce?tg%msm@de USF &l gury by _
surface heat Qdonﬁgfr?%sg (ﬁ?gﬁdﬁnﬁ ggtﬁﬂ %beﬂrﬁﬁ?&ggﬁlédg @EF)hi}il thehl ori de

are used in the “"product ar weirght yi sobut yl ene and

i sobut yl ene- i slilpentmeethyltchloridgbbEspiqally.ythe pelymietikasionsrocess extamsivebatiesns of

| sobut yl ene and ra- et hyl styrene are al ondyct ed usi n t hyl

chiori de. St mivctbi g HioBEs P Pt R bR D Rar fan syt pr e iRt i ng

net hyl chlori dgs rda@08H nikiane v MethilN@IQidRI§ einployedefor Of vaXidp|otTeasessoCi at ed
with the polynerization in nethyl chloride, for exanple, the tendency of

the polynmer pegleding that jtdissplves thgapenomes aggileniana ehlogdercagalsh beitnér and to

Ilect on th | o Brd s} and th
;Si tgfor ?2) | pﬁhﬂ%@rﬁ r%di;&gthefleghsi%hl&ﬁ&%fo%s SfabR%RR zink TELAifthe Sints 21 €

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.

[0006] However, there are a number of problems associated with the
polymerization in methy! chloride, for example, the tendency of the polymer
particles in the reactor to agglomerate with each other and to collect on the reactor

wall, heat transfer surfaces, impeller(s), and the agitator(s)/pump(s). The rate of



WO 2004/ 058827 PCT/ US2003/ 040340 3 aggl oneration increases rapidly as
reaction tenperature rises. Agglonerated particles tend to adhere to and
grow and pl ate-out on all surfaces they contact, such as reactor discharge
lines, as we) dpoddss@hy heat transfer equiprent being usefcTiiS0050%034¢ t he

exot herm ¢ heat of polynerization, which is critical since |low tenperature
reaction conditions nust be maintai ned. £00071 The commercial reactors
typically used to nmake these rubbers are” well m xed vessels of greater than
10 to 30 liters in volunme with a high circulation rate provided by a punp

I mpel  er. The Ld L.on _and .the . ho r h n i n order
to keep the sla%g]f)é{ég%]lo é,aﬁl%r%%se?erg lwoﬁsoge%’g?@m{e%gg%?ﬁg o) eﬁavggélﬂeerggzldl ity to
Eem)ve t;ﬁe hegiartioéhs tedngohdherd tosatdhngrawcamdtplaterouts oi lall vsusfaces rihel %dxmlg ][eactor
"CFSTR') is foynd in U S . Patent No. 5,6 417,930, incorporated, reference,
herei nafter reM ?se’iﬁa‘ft?x“ﬁﬁ‘bﬁﬁ?gwﬁ?’ aagveﬁas,a% g3 ransfer ntg@%%%”ﬂ". In
these reactor§o ghbid Yhe excthdrmit! B b UIARGRakMD RIS i@ chaal stxehapoer by a
punp, while boiling ethylene on the shell side provides cooling, the slurry
tenperature Bemppejatgentepdiion eenditjonsheusbbs mpintpinedhy| ene tenperature, the
required heat flux and the overall resistance to heat transfer. On the

slurry side, the heat exchanger surfaces progressively accunul ate pol yner,
i nhi biting heg00@% ansf eThe whinedercial rkattors eypitaily usai twemakectheselnublers emper at ur e

torise. This often lLimts the practigcal_slurr, concentratjon that can be
used in nost r%& V‘F*B‘Wé%"ef’%r@‘?”b/@? s i V%lﬂn\‘ié?‘“ﬂtﬁl%ghg“‘f Hon ol une
of the slurry,ai prd@ided v3ng pﬁﬁ’ffﬁﬁﬁ&l@r. NOTHRNBl$meriZzabos URdeGE fimp BethY Mer

accunul ati on has been addressed in several patents (such as U S. Patent No.
2,534,698, U. senwatedient ag, iponlegtokesp the surpseldnthengactipngyaters 09yds thowever ,
these patents %’&e%ﬁﬁi {osxfeﬁl%?izé’f.ﬂe'h\éa@%f é?:%&?l% Jf@ﬁcl{w&dtﬁﬂuﬁs WPRIfAE
associated wth polyner particle aggloneration for rnplenmenting a desired
commerci al  priegesactof (UFSTRY) B. foRad émi).SNPated; o4 5893980, sietmpasted byt er al i a,
a pol ymer i zatiop . r 4GesSrbOTRLES] B%' fihersl 8PP rbBuaGO TR ] Q@b GhoPer si ng

these reactors, slurry is circulated through tubes of a heat exchanger by a pump,
while boiling ethylene on the shell side provides cooling, the slurry temperature
being determined by the boiling ethylene temperature, the required heat flux and
the overall resistance to heat transfer. On the shury 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 shury
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.

[0008] U.S. Patent No. 2,534,698 discloses, inter alia, a polymerization
process comprising the steps in combination of dispersing a mixture of
isobutylene and a polyolefin having 4 to 14 carbon atoms per molecule, into a
body of a fluorine substituted aliphatic hydrocatbon containing material without
substantial solution therein, in the proportion of from one-half part to 10 parts of



| sobutyl ene and a pol yolefin having 4 to 14 carbon atons per nolecule, into
a body of a fluorine substituted aliphatic hydrocarbon containing nateri al
wi t hout substantial solution therein, in the proportion of from one-half
part to 10uparh s.Qf,,WO 2004/ 058827 PCTI US2003/ 040340 4,54 AdRddbd)Grosgbst i t ut ed
al i phati c hydrocarbon having fromone to five carbon atons per nolecule
which is liquid at the polynerization tenperature and pol ynerizing the

di spersed mixture of isobutylene and pol ol efin having four to fourteen
carbon atons per nolecule at tenperatures between -20Cand -164C by the
application thereto a Friedel-Craffs catglyst., However, '698 teaches that
the suitable HYoFgF aew-%%ﬁwba%ﬁ!f%gﬁmwi zglgbff%gy & Siys cakpneiomst ne
MONOMer, ConbiRioleclROuieh & lighid Q%@Sol?iﬁ@ﬁia%iﬂﬁ idthperathRSAU Polyindriinghe

fl uorocarbon naking their use "difficulf and unsatisfactory. [0009] U.S.
Patent No. 2, Shedisngsedimixhaeefisotuislene and pelyolgfis baving iy to foygesamartonat i on
process for t ' I (A Sk eNSe [ Si .

conti nuously g@ﬂﬁ%@%ﬁ%§5§%?§q%83?%@&%5% Sh %@gc %r§§§5§ ré%%h@gﬁgwsting of
a maj or propchérenaoFriedebilmfisl eatalystnd Howavenr'698 dpavhes ahati thepmenble di | uti ng
the mxture wth from1/2 volynme to, 10 vol unes of ethylidene difl uoride;
copol yneri zi n\édl%%cam%f W@%@ﬂﬂgmgwﬁ%sxss&bwﬁéhwmﬂ@%&awmms
addition to tha daBdst beig SubiaiRIPin@ bl the uoBstaiRh MAEHE Mk YseP! €par ed
pol ynmeri zation catalyst consisting of boron trifluoride in Solution in

et hyl i dene di fdiffisnltgnd unsatisfestenyni ng t he tenperature between -40C and -103C
t hroughout the entire copolynerization reaction . . . . '415 teaches the

use of boron trifluoride and its corrgpldfxes as the Lewis acid catal yst and
1, 1-di f 1 uor oet[@008 as a phEefatepedNo. chidfiHat fiseloseshinferc g dacomdinugisovi des a

ST e for do BOMEGHART bbSlss PR Hhipardts o BTERATEEr T g ectfPidihe® 21, VT
of reduced reamhtinuduskyl dediyerirgp e aepolyherization treacforu arst@emi sonsistinga opraef er r ed

rcial |, for. I rs, for, riety . of r ns.
conmmerct a Catnqaj 1§ Enropgmogugfyfsolpu?ylgnrgeansd aommgr ¥1%p5 to 1s<9prene;ead?18tu§g 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 frifluoride 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.

[0010] U.S. Patent No. 2,644,809 teaches, inter alia, a polymerization
process comprising the steps in combination of mixing together a major
‘proportion of a monoolefin having 4 to 8, inclusive, carbon atonis per molecule,
with a minor proportion of a multiolefin having from 4 to 14, inclusive, carbon
atoms per molecule, and polymerizing the resulting mixture with a dissolved
Friedel-Crafis catalyst, in the presence of from 1 to 10 volumes (computed upon



[0010] U.S. Patent No. 2,644,809 teaches, inter alia, a polynerization
process conprising the steps in conbination of m xing together a major
proportion of a nonoolefin having 4 to 8, inclusive, carbon atons per

nol ecul e, | Lnor proportion of a nultiolefin havj o 14,
Wi oy frsdly PEATLIR R fadh

I ncl usi ve, "caf atons per nol ecul e, and pol yneri zi ng t1ng
mxture wth a dissolved Friedel-Crafts catalyst, in the presence of froml
to 10 vol unes (conputed upon WD 2004/ 058827 PCT/ US2003/ 040340 5 the ni xed
olefins) of a liquid selected fromthe group consisting of

di chl or odi f1 ugy onet hane, .di.chl or oget.hane, trichl or.ononof | uor net hane,

di chl or ononof I"Yor e aﬁl?., i (ﬂlﬁl Brgg@aré‘ﬁFﬁ?f{ eﬁ?fﬁpé‘}e zﬂﬂuﬂn‘iﬂnﬁlw tHer eof ,
the rmonool ef idiciadteaifblobtiahé,n bedidHlordimeahy/ed |wichiBiothdnbfildtheti@ndl carrying
out the polynerization at a tenperature between -200C and the freezing

poi nt of the dishigrparonofipomethane, sichdoretaafiporethang, end ghlsites themobctiebons at
mai nt ai ni ng | r r L, Si: l R0 Z1 ul i ng,

but teaches tﬂgﬂoﬁgegyp%lgé?@gﬁhgﬁtbg%‘ko#esﬂ%ﬁ@?l?.Séep.milqglgéra‘g%g%é ?ﬁte gddi tion
of chl or of | uorpobyatidrizaison GFL)tempdriiue batweenk 000 aml the fheaing- phép ef theg

chem cals. Govern al. requl.ati.ons, ver, .tightly contrqls the

manuf act ur e aﬂ@“ﬁﬁ% %ﬁﬁ“?sg?\ﬂ’sPﬁ%ﬁ@f§nﬁ¥§%&%wge§at@¥%wg§8°%ﬁ‘ézw ractive
for commer ci alchameeAitics and iidkdikinddedcidr Fomlidgy butl RALRS, th¥MirdorpoRisiok|oFy, ST .,
D.J., H gh Ml ecular- Wight, H gh Unsaturatiaon Copol yners of |sobuyl ene and

Conj ugat ed Di elilefin (igo isoprepeidycthe @dditipe af chierofiyerosghonsodF Q)1 A8’ ardi scl oses,

inter alia, t tol, O 1 %gggl'z ' S .sobut yl ene
with isopr ene%ﬁ?y*oéguﬁﬁog}%)&ﬁ Ig%%é)\?vl:l t c%c%%@%%tﬁﬁg@%@é’p?%geﬁ[ 0012]
Ther ef ore, fi rightlyg catttads the tmanefadiukemmt distdbutiinerfddF (O¢ mdking éhess naterialsr eat e new
pol ymeri zati on_syste that woul d reduce particle aggloneration and/or
reduce the amdtifi agtfv%ifm%qnpﬁgfng Fﬁ{f’g\”ﬂtar bons such as nethyl chloride is
desirabl e. Such new pol yneri zati on systens woul d reduce particle

aggl oneration _and reactor., fouli rlﬂmlvm t hout having to_conproni se process
par anmet er S, Cdﬂm]ﬂl ons, Addlt]onally, €r, W.A., BHCkley, Sr., D.J., lgh Molecular-

Weight, High Unsaturation Copolymers of Isobutylene and Confugated Dienes,
49(4) Rubber Chemical Technology, 960 (1976), discloses, inter alia, the cationic
sturry polymerization of copolymers of isobutylene with isoprene (buty! 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.

[0013] Hydrofluorocarbons (HFC's) are chemicals that are currently used
as environmentally friendly refrigerants because they have a very low (even zero)
ozone depletion potential. Their low ozone depletion potential is thought to be
related to the lack of chlorine. The HFC's also typically have low flammability
particularly as compared to hydrocarbons and chlorinated hydrocarbons.



or conponents and/or w thout sacrificing productivity/throughput and/or the
ability to produce high nol ecul ar wei ght polyners. [0013] Hydrofl uorocarbons
(HFC s) are chemicals that are currently used as environnmentally friendly
refrigeran ﬂﬁﬁ o5 they have a very | ow (even zero) Eéﬂﬂgw cﬂhﬁ ion
potential . err 1'ow ozone depletion potential is thoug to be related to
the lack of chlorine. The HFC s also typically have low flanmmbility
particularly as conpared to hydrocarbons6and chl ori nated hydrocarbons. WO
2004/ 058827 PCT/ US2003/ 040340 6 [0014] O her background references include

WO 02/ 34794 't isclo free radical .pol i QN .process using
hydr of | uorocaﬂﬁ@ﬁ‘g. CIhﬁ%iﬁ%%ﬂf@mﬁ?eéﬂﬁ%s%bﬁ%@%E;Et%é'g"%’ia?ﬂ A WO
02/ 096964, - WO (R840 bolykhefoatfihl siess Ding Byt @ciddhrborls SOURAbRNrdiad
5,527,870, and U S. Patent No. 3,470,143, SUWARY OF THE | NVENTI ON [ 0015]
Thi s i nvent i ofefsreacasdadudeliEJO0 BeRy 2atWerP24P6Peh VR P/H06b.dd SeBatenssi ng
hydr of | uor ocangprgHh 378N LUsRMNeY 857 57d, A0 Hls, Bhieie WOVERH0 08, rel ates to a
pol ymeri zati on process conprising ~contadting one or nore fononmers, one or
nore Lewis acids and one or nore initiators in the presence of a diluent
conprising on I ns (RFC s) in a reactor under
pol yneri zati oﬁmﬁéﬂé%mﬁﬁbmot her enbodi nment, this invention
relates to a process to produce polyners of nononer(s) conprising
contacting, in a reactor, the nononer(s) and a Lewis acid in the presence
of a hydrof | ud®®$ir bon dhisiByention prexides AEW RelymeTiFaiion Sy Hems ankToges¥s npound
represented by -rhgﬂllo?iu%@arﬁm%érd}fucéﬁlﬁn%°“p 13 netal, X is a hal ogen.
[o) t i nventl i

[0018] In one e I ment, e in n provi des a polynerization nedium
suitable to polynerize one or nore nononer(s) to forma polyner, the

itabl e to_ pol yne or o forma ;
"ni tiator (s) . 1OEL"G IR R S oha B RGpoRen SRBRER RN <)

(RFC s) . 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.

[0017] In another embodiment, this invention relates to a process to
produce polymers of monomer(s) comprising contacting, 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 MX;, where M

is a group 13 metal, X is a halogen.

[0018] 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).

[0019] 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
comprising one or more hydrofluorocarbon(s) (HFC); wherein the one or more
Lewis acid(s) is not a compound represented by formula MX3, where M is a group
13 metal and X is a halogen.



[0019] In another enbodi ment, the invention provides a polynerization
medi um sui table to pol ynerize one or nore nononer(s) to forma polyner, the
pol ymeri zati on medi um conpri sing one or nore Lewis acid(s) and a dil uent

conpri si _ngm%oafssﬁ?re hydr of | uor ocar bon(s) (HFO); whermug \Aﬁmﬂﬁbqﬂ/lor nor e
1'sno is a

Lew s acid(s a conpound represented by formul a ere

group 13 netal and X is a hal ogen. WO 2004/ 058827 PCT/ US2003/ 040340 7
[0020] In preferred enmbodi nents, the polynmerization processes and nedia as
described in any of the enbodi ments above produce polyners that include

(pol y)i sobutyl ene honopol yners, isobutyl ene-isoprene (butyl rubber)

copol yners, isobutylene and al kyl styrene copol yners, and star-branched butyl

rubber ter pol yowo§- DRAWﬁl@ﬁneﬁ@%&&lmﬁhﬂ%@p&lyhﬁnﬁatﬂh&ﬂ@w@geshﬁ@m@ﬁhat' onshi p

bet ween di el ectrjc constant and tenperature igure 2 is a draw ng
of diluent nad§ deparird inany ﬁdhe@n@nmments\ﬁbpuquduua@:mpbmem that include

hydr of | I 0 I k
ol ecul E{?r%?Wﬁlﬂ%%?iuéﬁ%ﬁ&kéﬁm’ conorEkEhiet,  Ceinh; hiftnl™

pol yners as despolyined, ispbetylene Rid AlkylDyrEeSCibtobyihend @rﬁnﬁéﬂ-bfafmhed)umtﬁpem fic
enbodi nent s, %m ons .and exanples of the invention will now be descri bed,

i ncl udi ng prefrﬁ é R8P ent s and definitions that are adopted herein for
pur poses of understanding the clainmed invention. For determning

i nfringenment, the scope of the "invention" will refer to any one or nore of
t he appended @EAFFHN(f%cI udiing their equivalents, and el ements or
limtations that are equivalent to those that are recited. [0025] For

pur poses of this invention and the clains thereto the term catalyst system
refers to and {0eR1j udes &Higurd bus s geaph df $he wiatiobdhiyr betweal dielectric constant

and temperature.

[0022] Figure 2 is a drawing of diluent mass uptake as a function of

- volume fraction of hydrofluorccarbon in methyl chloride.

[0023] Figure 3 is a plot of peak molecular weight (M,) versus monomer

conversion of certain inventive polymers as described herein.
DETAILED DESCRIPTION

[0024) Various specific embodiments, versions and 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.

[0025] 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) 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).



conpl ex(es) used to catalyze the polynerization of the ol efinic nononmers of
the invention, as well as at least one initiator, and optionally other

m nor catal yst conponent(s). WO 2004/ 058827 PCT/ US2003/ 040340 8 [0026] In
one enbodi YR gosddd-! NVention provides a pol ynerizati onp-fRighRsaspt abl e to
pol ymeri ze one or nore nononer(s) to forma polyner, the polynerization
medi um conpri sing one or nore Lews acid(s), one or nore initiator(s), and
a diluent conprising one or nore hydrofltiorocarbon(s) (HFC s). [0027] In
anot her enbodi nent, the invention provides a polynerization nediumsuitable
to polynerize one or nore nononer(s) to forma polyner, the polynerization
medi um conpri sing one or nore Lews acid(s) and a diluent conprising one or
nore hydr of | ugoomr bon($d dnEFEhbodidABHtS the tibvenfbe ;Is\i;lbyiﬂesr% pbBMefizAtfohd(S) 1S
not a conpound represented by formula MX3, where s a grou 13 netal and
X i s a hal ogennedigp zeifabithte piyraerize ongior apfire mogopst(ynterfome a ytheto forma

pol ynmer" rel t he | . Y. ' ' It
Component s. _waP A mREE b dhe BB KETbALL AR RN, bhOWR AL ooy
t o obtai n the ipitiak(s), rha dilueat chasprisérg onp ot soer hyidrofluogdehrboh(sp (HEES)S
paranmeters and conponent properties described herein. There are nunerous
pernutations of the polymerization process and variations in the
pol yneri zati orjog@ponents aavthér @bdliméntPhedHE@bA Protedds’ £ BolyRiehiyaRh
attributes. In preferred enbodi nents, such polyners include  polyisobutyl ene
hormopol yner s, medipnsyitabietd plyperize quger yore mswempr(@dedpynarpelymersBut y| ene
and para-neth | :ar - | g

b/t R S Ebpr 5K obf B REENERAE P ard Bt | o 1

t er pol yners. uent neans uting or g agent.
speci fical |l y demprisdg tone ionghard drydiofimbmwedrbort(flafHRC N wheteimthesmievenhsref or t he

Lewis Acid, qther netal conplexes, initiafor rg or..ather additives.
In the practi gﬂ%?cqu(ﬁpels PRLASHIROHD feREesEite @’n@’hag@wgtw%ﬁ 158 fPY8ener al
nature of the 13 metal and X is a halogen.

10028] The phrase "suitable to polymerize monomers to form a polymer"
relates to the selection of polymerization conditions and components, well within
the ability of those skilled in the art necessary to obtain the production of a desired
polymer in light of process parameters and component properties described
herein. There are numerous permutations of the polymerization process and
variations in the polymerization components available to produce the desired
polymer attributes. In preferred embodiments, such polymers include
polyisobutylene homopolymers, isobutylene-isoprene (butyl rubber) copolymers,
isobutylene and para-methylstyrene copolymers, and star-branched butyl rubber

terpolymers.

[0029] 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, 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



conponents of the polynerization nedium i.e., the conponents of the

catal yst system nononers, etc. However, it is recognized that interactions
between the diluent and reactants may occur. In preferred enbodinents t he
di l uent do act with the catal yst system conpon etc.
to any apprag)cilag{)qss N> 2004/ 058827 PCT/ US2003/ 040340 o Lot ospoliibiiy > onal I y,
the termdiluent includes m xtures of at |east two or nore dlluents [ 0030]
A reactor is any container(s) in which & chenical reaction occurs. [ 0031]
Slurry refers to a vol une of diluent conprising nononers that have
precipitated fromt ilyent, mns acid, .and initiator. The
slurry concenf?ﬁ?ﬁoﬁg@ '?#@’bﬁl igﬁk § mixpures of @t lepst fwg 0T OB ot el v
precipitated pahsers based on the total volune of the slurry. 100321 As
used herein, the new nunbering schene for the Periodic Table G oups are
used as in CHENncAL AND ENG NEERI NG NEws, 63(5), 27 (1985). 100331 Pol yner
may be used to refer to honopol yners, copol yners, interpolyners,

t er pol ymers, Li kew e onpri sing
| oast ton TOBSher o BFsstif A e ERten R RHEL st RS HER S ol yiver
is referred to as conpr|5|ng a nononer, the nmononer is present in the

polymer in th yrrerl formof th fhe derivative form
t he nonormer. %‘Eﬁ&\n @Q’%It‘ilé‘tv Y& ﬁﬁ@sﬂtaﬁi‘)@lprﬁ@gcwwr%@hﬂéonpn si ng

neutral stabl %aﬁé)?fé&pﬁatea ot W8 AINRAL, Smoddmer$, MEkis acldDdfd Hifstsr. Drhene
skilled in the ar that the ionic formof the corrponent is the formthat
reacts with t sy eoreentsation for dapucvelupnsi peasert. of gbeFjartiallyobefdomplatdlers to any
ol ef i n nmononer, ?!‘IQE carbon. [0036]

Mul tiol efin rgf%ﬁ"a%gpéﬁ’yﬁ‘ rmnogrﬁ'le‘rr’ g\%{%g flme %ﬁ%ﬁmi%onds. WD 2004/ 058827
PCT/ US20031040340 10

[0032] As used herein, the new numbering scheme for the Periodic Table

Groups are used as in CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985).

[0033] Polymer may be used to refer to homopolymers, copolymers,
interpolymers, terpolymers, etc. Likewise, a copolymer may refer to a polymer

comprising at least two monomers, optionally with other monomers.

[0034] . When a polymer is referred to as comprising a monomer, the
monomer is present in the polymer in the polymerized form of the monomer or in
the derivative form the monomer. Likewise, when catalyst components are
described as comprising neutral stable forms of the components, it is well
understood by one skilled in the art, that the ionic form of the component is the

form that reacts with the monomers fo produce pelymers.

[0035] Isoolefin refers to any olefin monomer having two substitutions on

the same carbon.

[0036] Multiolefin refers to any monomer having two double bonds.



[ 0037] El astoner or elastoneric conposition, as used herein, refers to any
pol ymer or conposition of polyners consistent wwth the ASTM D1566
definition. The ternms nay be used interchangeably with the term

r ubber (s) herein. [0038] Alkyl refers to a '
hydrocarbdﬁo&&%@§&g ich may be derived froman al kane /@ﬁg%gkﬁg]one or
nore hydrogens fromthe fornula, such as, for exanple, a nethyl group
(CH3), or an ethyl group (CH3CH2), etc. 12(00391 Aryl refers to a hydrocarbon
group that forns a ring structure characteristic of aromatic conmpounds such

as, for exanple, benzene, naphthal ene,_  phenanthrene, anthracene, etc., and
typical Iy pos$®8dl 4 terﬁh‘Ft@m&bml@tW&%&P%w%@éPEﬁd&@F‘ﬁhﬁ PR i ts

structure. Angaryiﬂergf ds OEQTEOW{:S%HT%Q%‘: b IS %56‘6 itidn, COMpound
by droppi ng onhe~or ydr ogens omt ormul a suc or exanpl e,
phenyl , or %%ctmmybsmimemhengmﬂye\n&lth@tean "h@hsr(S)braeuwdlemgen group by
at | east one substituent selected from for exanple, halogen (chlorine,
brom ne, fluorine, or iodine), amno, nitro, sulfoxy (sulfonate or alkyl

sul fonate), tI[IG(BIS] al kyAlH'}-il akfersatd a puraliinicyhydrbdayon gioupi whith ehaypbanched
chai n havi ng a'rré)sg t whi ch incl udg‘y met hyilr t£h¥| , propyl,
tert-butyl, B‘BY m pgmg °&F 05 BPre org the, d chain
al koxy havi ng shchl43, f%@e%[ﬂ?&@rﬁétﬂﬂf‘gr gLy 6l aflGsy] gfr&Ip OPLEetc. MEL hOXY,

et hoxy, propoxy, i Sopropoxy, butoxy, |so Ut oxy, secondary bif oxy, tertiary
but oxy, pentyloxy, | sopent yl oxy, hexyloxy, hept ryl oxy, octyloxy, nonyl oxy,

aving 1 o 26088 Don” s ool B 4 Dokl ol oBf T L AR WY e,
and includes ,cheirmtelﬁnamﬁ b@matib Iconnpdjmﬁhytlch ab,ribfrarmiﬂhgg Ibenzfehemrapllithﬁlh)el,

| odonet hyl , 2 chI roeth 2- br onoet h ro hIor ropyl,

3- br oropr opyl P 6%4’{%3’}3 eff’c?ﬂdo'lg'BﬁBﬁX/Ipossﬁ ﬁﬁaﬁ%ﬁ‘f’@e bR omet hy| |

di br ononet hyl "unsutﬁﬂaﬁ&m Rt its stelickRél omt@ Cﬁro@, 18 thlisC (o LP AbrIVEd  from
2, 2- dlbronnnethyl 2, 2-"di fluoroethyl chloropropyl

di f | uor opea ByAmatic camapwd) rcbmmnsa onezpr norei hydrogsns fiemthe forpulersugh onet hy| |
i 1 uorobyt ¥, o xtmrnbfehb%rngrrg}?é_lg trifluoronmethyl, 2,2,2-trifluoroethyl,

di
, 3-trifluoropropy rafluoroethyl and 2,2,3,3

3,3
4, 4-
2,3

[0040] Substituted refers to at least one hydrogen group by at least one
substituent selected from, for example, halogen {(chlorine, bromine, fluorine, or
iodine), amine, nitro, sulfoxy (sulfonate or alkyl sulfonate), thiol, alkylthiol, and
hydroxy; alkyl, straight or branched chain having 1 to 20 carbon atoms which
includes methyl, ethyl, propyl, tert-butyl, isopropyl, isobutyl, etc.; alkoxy, straight
or branched chain alkoxy having 1 to 20 carbon atoms, and includes, for example,
methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, secondary butoxy,
tertiary butoxy, pentyloxy, isopentyloxy, hexyloxy, heptryloxy, octyloxy,
nonyloxy, and decyloxy; haloalkyl, which means straight or branched chain alky!
having 1 to 20 carbon atoms which is substituted by at least one halogen, and
includes, for example, chloromethyl, bromomethyl, fluoromethyl, iodomethyl, 2-
chloroethyl, 2-bromoethyl, 2-fluoroethyl, 3-chloropropyl, 3-bromopropyl, 3-
fluoropropyl, 4-chlorobutyl, 4-fluorobutyl, dichloromethyl, dibromomethyl,
difluoromethyl, diiodomethyl, 2,2-dichloroethyl, 2,2-dibromomethyl, 22-
difluorocethyl, 3,3-dichloropropyl, 3,3-difluoropropyl, 4,4-dichlorobutyl, 4,4-
difluorobutyl, trichloromethyl, 4,4-difluorobutyl, trichloromethyl, trifluoromethyl,
2,2, 2-trifluoroethyl, 2,3 3-trifluoropropyl, 1,1,2,2-tetrafluoroethyl, and 2,2,3,3-



WO 20041058827 PCT/ 1182003/ 040340 11 tetrafluoropropyl. Thus, for exanple,
a "substituted styrenic unit" includes p- nethylstyrene, p-ethylstyrene,

etc. [0041] In one enbodinent, this invention relates to the use of

hydr of | uor &ﬁéﬁ or bl ends of hydrofl uorocarbon(s) w rbon(s)
and/ or chlgﬁ?ﬁﬁge ydrocarbon(s) to produce a polyner 2?&@?@“&%@%@ Is |less
prone to fouling (i.e., also observed nmore glass |ike, |ess sticky
particles in the reaction vessel with r'dduced adherence to the walls of the
vessel or to the stirring inpeller as well as reduced particle to particle

aggl oneration),. re particylarly, thiss i,nventian relates,t.o the use of
hydr of | uorocartﬁ%ahﬁlﬂ{quoéﬂi'(g#‘ r%oﬁlgﬁmBPlFu%nf‘%ﬁ%’?ﬁsﬁy’iﬁlﬁh"rﬁﬂldw& Hbns and/ or
chl ori nat ed h){ﬂé@ﬂﬁ?ﬂﬁﬂﬁ)&tﬂﬂ%@,d@| ynerize and copol ynerize isool efins

wi th dienes and/or al kylstyrenes to produce isoolefin honopolyners and
copolynmers with significantly reduced reactor fouling. Further, this

I nvention rel to the,u I o] | Nt{ SheO I leuent

bl ends with h?g?gléar bongn aﬁ%/ g}mﬂ%ﬁlﬁ)ﬁ%ﬁ’n;@gd y@fr'&i(glcgﬂ%éﬁ rtt)(f e%(ejs%?eg A&J)I ynerize
and copol yner ihydrafuoricarbon(s) i t blenflse nf hydwoflperodarben(s)s sithe hydrocabmi(s)ner s wi th

significantly reduced.react faul j and hence longer run life for the
reactors, as a@ﬁ&ﬁﬁﬁ@@ﬁ%@%‘\’f@%@@ﬂ% prg lécleéarPé)fyn[‘%ﬁg"?jy ‘T’W%ﬁ&?ﬁ%ﬂoﬂe

enbodi ment, t he feylkeqi.¢. UalEe 6bseBRE InGrE SlabSBEE, ld3s Sticklyyartiolds ih @iCieddtion0 obt ai n
reduced pol ynmer accupul ati on_on the heat_transfer tubes and/or reduce

pol ymer accumiestel with geducerdbadhgicacs torthe, wally of the yessel o5 1o tegtiFringimpeller o
0043] | t ' : s LS ' .« L ubul
[ ] I'n anotRege e @%@&?mh@%%ﬁc Lgé%%'ﬁ%n%@@“mwg#ﬁg@g%eﬁs ubul ar

reactor at higher tenperatufes to y at nu r run
| engt hs (such iagentjom lates totbauseDf pdnofnonpcarbar diblept(s)roz &FE} ditueanbledishour s,

preferably greater.th 0_hour re, preferabl rneater.than 48 .hours
t han possibl e Wl E‘ydgg{; %e?ésh%?cg(gre%%?‘é%)atﬁlg}’%g%arr@%?egﬁﬁgézﬂo b{"ﬁengﬁoatnﬁer
enbodi ment t hecobylgimerfizdl ésoolefind avith dieresusitlori slkgBtyrenes to produce isoolefin

homopolymers and copolymers with significantly reduced reactor fouling.

Further, this invention relates to the use of hydrofluorocarbon diluent(s) or diluent.
blends with hydrocarbons and/or chlorinated hydrocarbon biends to polymerize
and copolymerize isoolefins with dienes to produce isoolefin copolymers with
significantly reduced reactor fouling and hence longer run life for the reactors, as

compared to conventional systems.

[0042] In another embodiment, the hydrofluorocarbons are used in a
tubular reactor to obtain reduced polymer accumulation on the heat transfer tubes

and/or reduce polymer accumulation on the impeller and thus obtain longer run
life.

[0043) In another embodiment, the hydrofluorocarbons 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.

[0044] In another embodiment the hydrofluorocarbons are used in an

autorefrigerated boiling-pool reactor where heat is removed by evaporation of the



autorefrigerated boiling-pool reactor where heat is renoved by evaporation
of the WD 2004/ 058827 PCT/ US2003/ 040340 12 diluent and nononmers m xture to
reduce reactor wall fouling, and agitator/inpeller fouling anmong ot her

t hi ngs. w%ﬂoob&s?ﬁm her preferred enbodi nent the hydrpé*;dgfo%@;) gns are

used in a pol'ynmerization process to obtain higher nolecular weights at the
sane tenperature than when ot her hal ogenated hydrocarbons are used. [0046]
In one enbodiment, this invention relatéé to the di scovery of new

pol yneri zati on systens using diluents containing hydrofl uorocarbons. These

di luents effectively dissolve the.sel ected catal yst sys and nmongners but
are relati veldéluffgorangol’:@mrﬁ‘ o?mfsrwg g8l mep%ﬂ?&ét ."‘é’ﬁ%&zé’f‘ﬁon
systens usi ng agitheSenpRllb B0l ahdhgl okt tfgne to foul ing due to the

aggl oneration of polyner particles to each other and their depositing on

pol yneri zation hardware. In addition, this invention further relates to the

use of these gm“gnts iﬁh&lﬁ)ﬁ?}%‘rﬁéﬁ&% ﬂﬂoﬁﬁ%%h{;@ﬁ%{ﬁ@@@%ﬁ@ﬁ%@” of high

nol ecul ar wei ol yners copolyners at equi | gher than to
t hose pol yner iina polymetieatiper procase So ushitaiy Isghee Inyoledvlayr weights dat htfael rsamar bon

di l uents such as neth chlorjde.. [0047], I.n anot her enbodi nent, this
i nvention rel PR tBre%/th?-? \HF%%@eéﬁﬂlo%?natqq]Mdﬁgp?;ﬂgsﬁrsgfq on systens using
fluorinated aliphatic hydrocarbons capable of dissolving the catalyst

system These BOl merization systens are al so beneficial for isoolefin
siurry pol ynerf i on aMoRg ebrRAmert, His ipvertiop relates fq theidiscayary 0§ nf¥ss  prone

cormerci al y BOOTSr P i haRE bR R Ao SRR, TSR T s
i nvention fur tdilgents effectivslyt dissohve the ecledted batalpstciybtemnars! mororndre bp &par at i on
Cerperatures. HetishhBeRo BT IR ng RSP Eherigie by o8RRI o i nat ed
hydrocarbon dhdseeaiiluents ued las pigichil foulih@rduel@o the agglomeration of polymer
particles to each other and their depositing on polymerization hardware. In
addition, this invention further relates to the use of these diluents in
polymerization systems for the preparation of high molecular weight polymers
and copolymers at equivalent to or higher than to those polymerization
temperatures using solely chlorinated hydrocarbon diluents such as methyl

chloride.

[0047] In another embodiment, this invention relates to the discovery of
new polymerization systems using fluorinated aliphatic hydrocarbons capable of
dissolving the catalyst system, These polymerization systems are also beneficial
for iscolefin slurry polymerization and production of a polymer slurry that is less
prone to fouling, while permitting dissolution of monomer, comonormer 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.

[0048] In yet another embodiment, this invention relates to the preparation
of isoolefinic homopolymers and copolymers, e§pecially the polymerization



[0048] In yet another enbodinment, this invention relates to the preparation
of isool efinic honopolyners and copol yners, especially the polynerization WO
20041058827 PCTI US2003/ 040340 13 reactions required to produce the

I sobutyl eng-Ji formof butyl rubber and isobutyl - - tyrene
copolynerggnw@@@k%g?ticuIarIy, the invention rel ates tdﬁggpﬁ%?%%%hgf

pol yneri zi ng and copol ynerizing isoolefins in a slurry polynerization
process using hydrofluorocarbon diluentd3or blends of hydrofluorocarbons,
and chl ori nated hydrocarbon diluents, like nethyl chloride. [0049] In

anot her enbodi nent, the pol ynmerization systens of the present _invention

provi de for céi?SFWﬂngaHﬁo#‘@SH%EBW‘IHIP‘FF'WWP’FFJOFPO% butylgubber apdon  at ons
d ra-al kyl; 3 ' : : di t
and para-al kylighiyRAE.pHHeR: cdfbl B rﬂa{emvgla@ggmer .e‘ﬁﬁ&?%lat&@o | men

of the invention, "the system pro es copo T ont ai ni ng et ween about
80 and 99.5 wz methdd t ¢fe podyrotrifingy adc rropelyinsoging ylisonkefiamditbet welamy about

0.5 and 20 wt . % of. the para-al kvl styreng such, as ra- met hyl styrene. In
accordance w tpﬁlygﬁgﬁheﬁl MBoar me g %‘B@%@% ?ca\‘xhkoenr e&glfegggsyoro?bl dgst‘)?c
materials ar éytheflagroparbshscad chtorinated hydoearbapdilugns) likeahethylblpridsed bet ween
about 10 and 99.5 wt. %of the isoolefin, or isobutylene, and about 0.5 and
90 wt. % of the para-alkylstyrene, such as para-nethylstyrene. [0050] In a

preferred enbqgygapnt 1 NirSardofs RinbBlinteRl, HeSolyRerfalbd SR%ns! &F thOpREAES _
pol ymers of cationically polynerizabl e nononer sgmhcorrprl sing contacting, in

a reactor, thavephempeyidy foreopelymeriziog an isamanemelimbaving foom 4itey 7 corbon pr esence
of an HFC dil | e or {0 r.ef bly. - or
| ower, pref erég‘ﬁ/s -%%‘E)gtj%gmg\[ﬁ@g;kﬁep@n‘e)&gﬁl y i%gg%?ﬁlfgmgﬂ %r%rfeiée?rg%l y -40C
or |ower, prebodibeynt -df0fieoinvintivay , ther syktema pladues0 Copolythersecontdhmiag er abl y
-70C or lower, prefera P or, | ., preferably -9QC or .|l ower,
preferably 716’6@%8? abq%%%gd g&gf’%'rétﬂ?\ﬁlﬁfl?%fﬁﬁ@é“ lbasc‘\ﬁ/%b‘#ﬁ%‘?ﬂnﬂ&‘e%%t of the
ggldygglr I fg | ORLHRD. 3/ Hd 26 WEYASE thd PardLailb/Bifre SLicHRE PARL mBthy siyfehe. PNONEr S
yners

accordance with another embodiment, however, where glassy or plastic materials
are being produced as well, the copolymers are comprised between about 10 and
99.5 wt. % of the isoolefin, or isobutylene, and about 0.5 and 90 wt. % of the
para-alkylstyrene, such as para-methylstyrene.

[0050] In a preferred embodiment this invention relates to a process to
produce polymers of cationically polymerizable monomer(s) comprising
contacting, in a reactor, the monomer(s), 2 Lewis acid, and an initiator, in the
presence of an HFC diluent at a temperature of 0°C or iower, preferably -10°C or
lower, preferably -20°C or lower, preferably -30°C or lower, preferably -40°C or
* lower, preferably -50°C or lower, preferably -60°C or lower, preferably -70°C 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

[0051] 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,



[ 0051] Mononers which may be pol ynerized by this systeminclude any

hydr ocar bon nononer that is polynerizable using this invention. Preferred
nononer s include one or nore of olefins, al pha-olefins, disubstituted

ol efins, g k38827 PCT/ US2003/ 040340 14 |soolef|nl;scm;§m3 ?@d di enes,
non- conj ugat € ienes, styrenics and/or substituted styrenics and vinyl
ethers. The styrenic may be substituted (on the ring) with an alkyl, aryl,
hal i de or al koxi de group. Preferably, t H& mononer contains 2 to 20 carbon
atons, nore preferably 2 to 9, even nore preferably 3 to 9 carbon atons.

o e B o T B Ty SRR e,

i sobutyl ene, &Wnﬂ'vugmeﬂﬁfk TreSfrnit maylbétsabRitutéd (G MY kringy RARLENE,
i soprene, butadi ene di net hyl - 1, 3 but adi ene, A-pi nene, nyrcene,
6, 6- di met hy| - fallwleand, halide le grown. oBeefwally.che mospmer gontzies 2 fe2fy| vi nyl

ether, ethyl %Y)na Ea%efnor{ﬁgferdbgfww'ev\éh% ngxte?e% @%W‘&ﬂ{)okx fomdDnONEr

may al so be co I 0hS nono yrenlc copolyners
may al so be udixdmplesobmpreferredPradéfensr adclhdeocdtyrenqoolpﬂamlkylsmmhe;dqaataepol ynmers

of styrenics, s as sty Par rreth |.St rene, ha-rret | st yrene, and
C4 to C30 di o|né#ﬁ’ﬁ§t>"°§%cﬁ[l’§ 'me?ﬁéydprs&ﬁ YiRYoeRtE ’aﬁﬂ QRRPeRy %“ZC A
Particularly ﬁmﬁmdrnedz-ﬂieﬂgmrbu&@m-mam P%uteh@QLtﬁétﬁyllﬁ eﬁ&ﬁmsyﬂneﬁbe and

vell
pars-nethyl styrene 2) isobutylene and |soprene, as as om)polyrrers of

i sobutyl ene. [totpdiEpe.Aididimeshlt ], %rbutﬁi’-lé\‘eerﬁrﬁae%mpés @ﬁ'@!‘ﬂﬁbﬂtfﬁlﬁ@t hat are
cationical l'y Fﬁ@k Ca@' f,%mgsn@ae&e?g;s gﬁﬁﬂkggﬁg%ﬂ Wq&; mﬁﬁ,u?eﬂ{ef Qfq of

Aefins, A ntory, ter’sci erice, New York
1975. I\/bnorrenspbntyd: Ivmdbe‘&ayandnh@hbc Mmbmersme)aalsolbe @&inbylapmlsyufetwombl e, such

as those nongners that areg,capa of s zin calipn or propagating
center becausé 't H’éor’r?gf?f)sr‘reslyé% %3’1‘?‘% “Re m& Fén ﬁg%)ng? iR ar% or a

delt ail ed di SClP&&?ﬁ%i B]Eock Co%bbl(yﬂief‘s ‘helude wp@ymb@msmmcﬁaéucn mscséyrene |

Pol yneri zation o efin tic | nvenfory, J W

| nt )ér sc: éncie W%Y]E‘ﬁ%% alp lméthalstyreneVam (54y to 8 I3101(:P§ennesuc):/h ey

isoprene, butadiene, and the like. Particularly preferred monomer combinations

(4

include 1) isobutylene and para-methyl styrene 2) isobutylene and isoprene, as

well as homopolymers of isobutylene.

[0052] Additionally, preferred monomers include those that are
cationically polymerizable as described in Cationic Polymerization of Olefins, A
Critical Inventory, Joseph Kennedy, Wiley Interscience, New York 1975.°
Monomers include any monomer that is cationically polymerizable, such as those
monomers that are capable of stabilizing a cation or propagating center because
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.

{0053] The monomers may be present in the polymerization medium in an
amount ranging from 75 wt% to 0.01 wi% in one embodiment, alteratively 60
wt% to 0.1 wi%, alternatively from 40 wit% to 0.2 wt%, alternatively 30 to 0.5
wi%, alternatively 20wt% to 0.8 wt%, alternatively and from 15 wt% to 1 wi% in

another embodiment.



[ 00531 The nononers may be present in the polynerization nediumin an
anount ranging from75 wt%to 0.01 wt% in one enbodi nent, alternatively 60
wo%to 0.1 wt% alternatively from40 t%to 0.2 % alternatively 30 to

0.5 w% t Lvely 20m % to 0.8 wt% alternatively. wo%to 1
W% in angiltohzgé%g#g\c';di ment. WO 2004/ 058827 PCTI US2003/ 0121 %%%b%g%q

Preferred pol yners include honopol yners of any of the nononers listed in
this Section. Exanples of honopol yners ilhcl ude pol yi sobut yl ene,
pol ypar a- net hyl st yrene, polyi soprene, polystyrene, polyal pha-nethyl styrene,

ol yvinyl eth such gs_.pol t hyl vi nyl et her ol yet hyl vj nyl et her). [00551
Ilgr e%/\élr r gd pol mfﬁ ;I o) 3%685’513%&#1{}]%7 °n69p°i)5£‘?r§é€?i’c3§hfv aminefazm [
al kyl styrene; liged iB)thisS 8&ition! € BRardHes i&%%@lyrr{e%oﬁﬂudcn{)&% t agi, ment

butyl polynmers are prepared by reacting a _conononer niXxture, e mxture

havi ng at' | eaBelyparp-metipistyrsnes pobdwpesng.n » 8 hemethylstmenes

i sobutene wit lé,%}j j Eﬂmma i 'R&-g, nmer conponent.
The isool efi nB? |Kﬁee{'ﬂ%}g§%§£%jrﬁol %ﬁl{lgﬁglgﬁgﬁ\tﬁ?&e@; ikgﬁ% ‘of the total
conononmer m xture in one enbodinment, 85 to 99.5 w % in anot her enbodi nent.

I n yet anot her odi t .the isoolefin.is.in the ran of .92, t0 99.5 Wt %
The conj ugat é%ﬁgf enenggﬁ?ﬁeaﬁgrwfwr%ﬂéo aicﬂgﬂ}(mprg °8ﬁé§sé’RP§’}°HeFH
cononomer  mi %i Wik@lsfykenal i X)esoBufylent Yd Bomee. enbodi nent, and from 15 to 0.5
wt% in another enbodinent. In yet another enbodinent, from8 to 0.5 w % of

the conononmer m xture is conjugated diene. The C4 to C6 isoolefin may be

one or nore @jpskPOobut ERE ol at but Wb A L -egé{[n%ng,

2- et hyl - 2- butwenej,S and 491r1rete yf)@]ﬂegen%ng. T lés m?lnﬁeg%e? ibh’ rmay eaCto
Cl4 conj ugat edomipmmesr snisture she mixtpe baving dtleasti(1d adls to Cs isoolefin monomer

2, 3-di met hyl -

hexadi ene, CW%?‘%B‘%}%Q%‘:“@ pﬁ’gisgﬁ%g%nvgl e@ gﬁé‘&ﬁ%ﬂ’ gﬁ%&‘&‘?&?&ﬁidyn%ﬁﬁ%‘?\é‘%gﬁt yl

rubber pol ymegomporeie Thevissvléfinis irsa ahiafra@dOhy 99.6 3% lowéight of tSofal W % of

| sobutyl ene wcgrgonlo?nér%ﬂgﬁl?e %Il\llt (;)x/i)eicfn%%rr.ii?:rgle%f, 8% rto gg.sr e%%ri aql%thge? extngo i]%'er?t. we %
In yet another embodiment the isoolefin is in the range of 92 to 99.5 wt%. The
conjugated diene component in one embodiment is present in the comonomer
mixture from 30 to 0.5 wt% in one embodiment, and from 15 to 0.5 wi% in
another embodiment. In yet another embodiment, from 8 to 0.5 wt% of the
comonomer mixture is conjugated diene. The C4 to Cg isoolefin may be one or
more of isobutene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-butene, and
4-methyl-1-pentene. The multiolefin may be a C4 to C14 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 wit% isoprene in yet another embodiment. The
following table illustrates how the above-referenced wt % would be expressed as

mol%.



| sobutylene with 5.0 % to 0.5 w/o0 isoprene in yet another enbodi nent.
followng table illustrates how t he above-referenced w
WD 2004/ 058827 PCT/ US2003/ 040340 16 wt
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[0057]

This invention further relates to terpolymers and tetrapolymers

comprising any combination of the monomers listed above. Preferred terpolymers

and tetrapolymers include polymers comprising isobutylene, isoprene and

divinylbenzene, polymers comprising isobutylene, para-alkylstyrene (preferably

paramethyl styrene) and isoprene, polymers comprising cyclopentadiene,

isobutylene, and paraalkyl styrene (preferably paramethyl styrene), polymers of

isobutylene cyclopentadiene and isoprene, polymers comprising cyclopentadiene,

isobutylene, and methyl cyclopentadiene, polymers comprising isobutylene,

paramethylstyrene and cyclopentadiene.

Lewis acid

[0058]

In a preferred embodiment the Lewis acid (also referred to as the

co-initiator or catalyst) may be any Lewis acid based on metals from Group 4, 5,
13, 14 and 15 of the Periodic Table of the Elements, including boron, aluminum,

gallium, indium, titanium, zirconium, 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



boron and titanium w th al um num being desirable. Illustrative exanples

i ncl ude WO 2004/ 058827 PCT/ US2003/ 040340 17 AIC13, (al kyl)AlC12,

(C2H5) 2Al CI and (C2H5) 3A12C13, BF3, SnCl4, TiCl4. In a particularly

pr ef erred % BF3 is not the chosen Lew s acid. é,p/ﬁg%}'m‘l G oup 4,

5 and 14 Lemns aC| S have the general fornula MX4; whef oup 4, 5,

or 14 netal; and X is a hal ogen i ndependently selected fromthe group

consi sting of fluorine, chlorine, bronifdé and iodine, preferably chlorine.

X may al so be a psuedohal ogen. For the purposes of this invention and the
Is . defined to be an azide, an |socyanate a

| h
fh?:)(r:rf/ana'?traa b E:i gﬁ%(l ¢ e&pél'lﬁ Al @pd { Cefds 3 Aefria) BFs, t$fl@4se ISl 85 2j ncl ude
titani um t et r 3aRAkHY PreféiddemByMh rﬂ@ﬁ?ﬁﬂt‘ﬁ?ech‘éé’éﬁ%ﬁ%%@t rachloride, tin

tetrachl oride and zirconiumtetrachlorirde. The Goup 4 or 14 Lewi s acids
may also contain nore than one type of hal ogen. Non limti ng exarrpl es

I ncl ude tlta brom t|1; rom d

vanadi um br om d tri chﬁg? Fdé Oan? Saipsl&é BFI%?B?eldtg Group 4,
5 and 14 Lew swieedinlM iss@loup 4 A, drrmzisna:tmwmt Kdﬁlalmbg&i mepdmamlytda&c@@ner al
formul a MRoX4, rein Mis o 4, 14 net al erein Ris a
monoval ent hyd?oﬁ‘bmg?ebgﬂuﬂ E(Qf?sbsélpgé’g%ée’fl% %Odﬁ?’ttff@m&%&ﬁxm ishine, preferablys A to
Cl2 al kyl, ar %Bonﬁé”tﬁla&ﬂlso i) ]Iﬁu@cidh!alo Bl ForGhOpd¥des roPﬂix:?ﬂ:'véntmﬂ@Q%n is an

i nt eger fromOto 4, i s a hal ogen |ndependen 'y sel ected fromthe group

consi sting of the clagng ﬂ'@ret@msmdohdogdﬂrlsndeﬁeed andbei adinzide, gy sbeyanteyachl ori ne.
X may al so be tﬁiodﬁﬁh{ d&&‘%&ﬁ%%mﬁ rtge Elé)osﬁén-ﬁfmi@egxam}\{%n}ncﬁlﬁ and the
seudoha e

clainms thereto |"0gen i hed o ‘be an azi |socyanate a
t hi ocyanat e, almmﬁotéuaohlyﬁdmt gitaniund  Grabdotigde, TReanddamin tetraylledidey| tfinr efers to

a radi cal cont h aliphatic.and o t|c tru res, .the radical
being at an al %ﬂ‘:hjﬁgg? ‘?’r‘l‘g1 F%‘i%?‘ﬂ %51 &E}? ef”éf‘éﬂ?‘ﬁlsé‘“ﬁ%ﬁ'ﬁ%al

contai ni ng botahsoaédnmﬁatm&eaﬂ& BhO MRkl &F hﬁsgeuctybﬁmlﬁﬁgeemﬁblssaimnae ng at an
aryl position. Non-limting exanples of these Lew s acids include

benzyl ti t ani urtitaniwre Arerpidg driclpridss Aijaniym alﬁhrgmﬁdm dphlovdel vanadium bromide
trichloride, and tin chloride trifluoride.

[0060) Group 4, 5 and 14 Lewis acids useful in this invention may also
bave the general formula MR X4, ; wherein M is Group 4, 5, or 14 metal; wherein
R is a monovalent hydrocarbon radical selected from the group consisting of C, to
Cy2 alkyl, aryl, arylalkyl, alkylaryl and cycloalkyl radicals; and » is an integer
from Q to 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 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 benzyltitanium trichloride, dibenzyltitanium dichloride,
benzylzirconium trichloride, dibenzylzirconium dibromide, methyltitanium
trichloride, dimethyltitanium  difluoride, dimethyltin  dichloride and

phenylvanadium trichloride.



benzyl zi rconium trichl oride, dibenzylzirconiumdibromde, nethyltitanium
trichloride, dinmethyltitaniumdifluoride, dinethyltin dichloride and
phenyl vanadi umtrichl ori de. WO 2004/ 058827 PCTI US20031040340 is [0061]

Goup 4, 5 W s acids useful in this invention vethe
gener al w& )"R ,, X4-(mt"); wherein Mis Goup 4, IEQJOE%"&%@

wherei n RO I s a nonoval ent hydrocarboxy radical selected fromthe group
consisting of Cl to C3o al koxy, aryl oxy,'®aryl al koxy, al kyl aryl oxy radical s;
It is a nonoval ent hydrocarbon radical selected fromthe group consisting

of C1 to C12 ar aryl al k al kyl aryl ~and cycl oal kyl radicals as
defi ned above; ﬁ‘#ﬂs an &“PH Peyet a0 x‘ihlﬁ lfﬁ Efuﬂﬂl?gnﬁip"ﬁﬁ%%@ﬁ)’ﬂsﬁm 0to4
such that the Rl odhefl ol MRD), n(sig%eﬁ,mﬁ gc%ta@hosea

i ndependent |y sel ect ed fromthe group co ting | uori ne I orine,
brom ne, and imslneherpind} @ isdmpnotalant hmocarquyachcaé @elb@eéﬁomheamhal ogen.

For the purpos t he heret o eudahal ogen is
defined to be §$151§£zuig gcgl t{lurag%oc ngfyg, a% °x§g%‘§"8‘yl%m’ rafhgéf’#gd%?anate or
a cyani de. Formdroealpntrydaearboh ridicat selsstehfrbmrthe grempsdobbibtiieg 6 Ci foeCppart woul d
recogni ze that the ter al and tru | equivalents to

al koxi des and Emka&iﬂlﬂ@s vy ap °}/"ﬁi’@é‘tl ‘ﬁ?j 5%{%93 Bpove; Zrigas 1o a
radi cal  cont %tegé}thp@twhﬂdm& h:?m?éé@rﬁérﬁ'@ﬁ&ﬂcsua{fhﬁ%%ﬁﬁ’ofw&ﬁd gl cal
bei ng at an al koxy osition. The term"al kylaryl” refers to a radical

cont ai ni ng botnet morehan #cX aneg halagarindspendemtly gelegted fromithe geottb cansistisgng at an

aryl oxy p03|t| | | 4S_.] de
met hoxyti t ani u(r% rﬁg lchio@g& ﬁ}gm“g% xyotﬁﬁk ani é;l&?fl léﬁ%r |§%aq' alg(pﬁé 4
dlh( i slopr oony)ﬁsuéchhalogandl d?lk cthé q§upqa@mﬁ>¢hirm i‘m‘tf]ntmm afid ither omnge tl;]elreto g
enyl net hoxyzi rconi.um ti i de t met ho tltanl i chl ori de,
et hyl et hoxyBPRORIETo SEtHgiD bR SHdepRb SRy Rt JHOCHRER 6F1 do.
[0062] Goup 4sotfiosyatatd br k ey eaqrdi%e;ﬁﬁﬁdgbs d)ﬂhishhﬁenhﬂﬂ%fe'sﬁiﬂemthé' so have

t he general formula M RC=00)"R mX44mt+,",); wherein Mis Grou , or 14
art would recognize that the terms alkoxy and aryloxy are structural eqmva.ien‘rs 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 ‘methoxytitanium trichloride, n-
butoxytitanium trichloride, di(isopropoxy)titanium dichloride, phenoxytitanium
tribromide, phenylmethoxyzirconium trifluoride, methyl methoxytitanium
dichloride, methyl methoxytin dichloride and benzyl isopropoxyvanadium
dichloride.

[0062] Group 4, 5 and 14 Lewis acids useful in this invention may also
have the general formula M(RC=00),R 'nX4.(min); wherein M is Group 4, 5, or 14
‘metal; wherein RC=00 is a monovalent hydrocarbacyl radical selected from the
group consisting of C; to Csp alkacyloxy, arylacyloxy, arylalkylacyloxy,
alkylarylacyloxy radicals; R’ is a monovalent hydrocarbon radical selected from
the group consisting of C; to C,; 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,



metal ; wherein RC=00 is a nonoval ent hydrocarbacyl radical selected fromthe
group consisting of C2 to C3o al kacyl oxy, arylacyl oxy, aryl al kyl acyl oxy,
al kyl aryl acyl oxy radicals; It is a nonoval ent hydrocarbon radi cal selected

from the Wd;#ﬁ«@gé}?i sting of Cl1 to C12 al kyl, aryl, ar%ﬁbﬁﬁ[&w@hbyl aryl

and cycl oal'k cal s as defined above; n is an integer 0 4 and m
Is an integer fromO to 4 such that the sumof n and mis not nore than 4,
X is a hal ogen independently selected flPomthe group consisting of

fluorine, chlorine, brom ne, and iodine, WO 20041058827 PCTI US2003/ 040340

19 preferably chlorjne. X may al so he a psuedohal ogen. For the purposes of
this inventi @ﬁefﬁrﬁalyt%f&ea?%@al’ AP den B%@GW&Q%‘PW ithe guappsea PLthispe an

azide, an 1 SG¥AE Gnd 3nd BIaBEY AR ps@ilohadidl CHARGE B BE A EYRNHACS. The

term "arylalkylacyloxy” refers to a radical” containing bo | phatic and
aromati c strugscyanate, ahthiecydhatsl 2heisothiedyanate adk yaacspaoidy. pofhe ierm The term

"al kyl aryl acyl, L hefers,to.a radical contai.ni bot.h, al i phati c and
aromatic str ug%%arllgfslacgff%:% rrg%fscéﬂ abrgﬁiﬁal gcfntgﬁmgﬂ%ﬂécaé)p%% B‘g@ﬂoﬁ?ﬁf:
Non-limting ewathiuess thé rddiabebditgV &t aai dakyaeglonyle padfdmX Yt The Methin
trichloride, henzoyl zi [colni um tri brgim' de, henzoyl oxytitaniumtrif]| uoride,

i sopr opoyl oxyt leoyloxy| defersiar pygadicalc eqrtaiging « both Alipbatichansl ppmatifd benzy |
benzoyl oxyvanagiiies thOFddfar bdifPa3h a%l%xﬁgaﬁ%ﬁ. ﬁ%@ﬁuﬂﬁf@ﬁb 1e8 Jghi s

invention may al so_have the general mula MOX3; wherein"Mis a Goup 5
met al ; wher ei thege| d.ewishadcislge included egsetionptitaniyms dicldende, f benmoylzacapivwnp

consi sting of { i N :.ne. b ' . Lodine,. .phef er chl ori ne.
N Tt e R Sl R A o R
Lewi s aci ds useétokytitaniirdichionide aid bsnziicheazdyhexygaadival chléiderul a MX3; wherein

Mis a Goup 13 netal and X is a hal ogen i ndependently selected fromthe
group consi-sting of fluorine, chlorine, bromne, and iodine, preferably

chlorine. X ngyed)so beRoipssqLnaha@eisefifian thidanRikibR T8 Abo hiMeSthel Nventi on
and the clainms théereto pseudohal ogen is defined to be an azide, an
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,
and iodine, preferably chlorine. A non-limiting example is vanadium

oxytrichloride.

[0064] The Group 13 Lewis acids useful in this invention have the general
formula MX;; wherein M is a Group 13 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 aluminum trichloride, boron trifluoride, gallium trichloride, and indium
trifluoride.

[0065] Group 13 Lewis acids useful in this invention may also have the
general formula: MR,X;, wherein M is a Group 13 metal; R is a monovalent
hydrocarbon radical selected from the group consisting of Cy to Cyy alkyl, aryl,
arylalkyl, alkylaryl and cycloalkyl radicals; and # is an number from 0 to 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



| socyanate, a thiocyanate, an isothiocyanate or a cyanide. Non-limting
exanples include alumnumtricfiloride, boron trifluoride, gallium
trichloride, and indium trifluoride. [0065] Goup 13 Lewis acids useful in
this invengj | so have the general formula: MW . MiaMis a

G oup 13 rr%‘i"gﬁ(a‘;‘@‘f’? a nonoval ent hydrocarbon radi cal )?%Tlg%g{é&wgoomthe
group consisting of Cl1 to Cl12 alkyl, aryl, arylalkyl, alkylaryl and

cycloal kyl radicals; and it is an nunbe®fromO to 3; X is a hal ogen

i ndependent|ly selected fromthe group consisting of fluorine, chlorine,

brom ne, and iodine, preferably, chlori al so, be a psugtgr?hal ogen. For

rine.. X may ,
WO 2004105882 fheurpeses ob tisiayesition a th%fﬁﬂﬁlﬁ%%@é”ﬂ@bﬂ%ﬁﬂilw eddd and t he
cl ai ms theret edﬂ%h _Q)‘é%d' ' 0 | h:30C ate, a
t hi ocyanat e, g’ﬁglisot i’%hcganat g&égetgiocﬁan%e’dg%ﬁq e ytﬁédrt%%;gfdéﬁg?ﬁymgr efers to
a radi cal contternmi"agylabot'h refeisptmta cadicall cantaining doths mliphatior &wl, atohmtic adi cal

being at an al kyl, positian., tThe term. al kyl.aryl: refer 0.a_adical

cont ai ni ng bOtSﬁ%{%ltH%% R I%Bﬂ%ﬁ Btrﬁ’tqngqﬁoglhg?'u:rg%?er?lhgﬁﬁ}'&ﬂlcﬁqferﬁg? Fig at an

aryl posi ti on.radicid cbntainingnigotie sHpitie Sind ardntigestriucintes, e iradicdl beind e an

G chl or i de. | PO BORYPLANPIREREPI S DRy a¢ Gt R SR Bl TIR
ichloride, i a , )

di met hyl al umi R okl OF byl AlALAl UNdBNHEES dtef B Mha8m MegBMbaddIM nUM

sesqui chl ori demtiiaglet hylslal um numdand triethyl leulurr‘:l num [1&)‘066] G oup 13

Lewi s aci ds udssbutylgallivnni slichinrisies | diethwlalumingm heblerideie dimethplabimifwn mul a

M RO nRmX3- ( mtg)... JoheL.el s a e X N J nonoval ent

hydr ocar boxy rcgf(?flgg é@#@@?ﬂé}‘ ros%qfouﬁcgﬂoérfa&ptn%%hr& S {nﬁgl 01%2@,110@8&'3630

al koxy, aryl oxgimehylahmbiiosind aldhylldoninomy radicals; R is a nonoval ent

hydr ocar bon radi cal selected fromthe group consisting of C, to Cl2 al kyl,

aryl, arylalkyl, alkylaryl and cycloalkyl radicals as defined above; nis a

nunber from O [odgt) 3 and GinipS1RReMaiRfls dstRMDtELindetidhmby @ko hixR @gm of n

and mis not nore"'than 3; X is a halogen independently selected fromthe

group consi st igeperalf formule MEE)R mXs-(min);, Wherein M is a Group 13 metal; wherein RO

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

C;3o alkoxy, aryloxy, arylalkoxy, alkylaryloxy radicals; R' is a monovalent
hydrocarbon radical selected from the group consisting of C; to C;, alkyl, aryl,
arylalkyl, alkylaryl and cycloalkyl radicals as defined above; n is a number from 0
to 3 and m is an number from 0 to 3 such fhat the sum of n 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. 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 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 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.



chlorine, .bromne, 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 ocyawﬁo{%&sﬁ?cyani de. For the purposes of this ipgflggi'owumﬁge skilled

in the art Wou r‘ecogni ze that the terns al koxy and aryl' oXy are structural
equi valents to al koxi des and phenoxi des respectively. The term "aryl al koxy"
refers to a radical containing both ali?phatic and aromatic structures, the
radi cal being at an al koxy position. The term"alkylaryl"” refers to a

radi cal containing both aliphatic and aromatic structures, the radi cal
being at an aryl oxy position. Non-limting exanples of these Lew s acids

i ncl ude met hoxyggzpm num@&@ipn&»@gmﬁt@&wﬂ mﬂu&tghqﬂilpm%@ ve. the

2,6-di -tert-butyl phenoxyal tm num di chl oride, nethoxy nethylal um num

chloride, 2, 6-ganeraldomupa MRETFEDM) m¥minhiy Whbngin Muse Grhvwi3 dwtal; wherein

I sopropoxygal l§Aumdi.chl ori h £ L ndi f ride. . WO

2004/ 058827 PW%QF%EB%B&%%T%[’%%}, r@"d“pu%élﬁ‘g&tgﬁmsthggﬁé’gesﬁ%‘é%| inthis
i nvention may feksthe paoup dolsistingeofalyatb Gxpalkndydoxly| RERODRIY aiidkylatylgky, wherein M
Is a Goup 13 al_; erein ~Q0 is a noval ent hydrocar bacy] radical

sel ect ed fromﬁiﬂ?"ﬂ?‘ﬁ’ srélfl’éﬁlﬁﬁ_ 13f%@ﬁ?%ﬂ4ggbg¥fgﬁc£?ﬂ?s‘%glc%§?leﬁwgéwo C3o
al kacyl oxy, afihd @i e¥kistE X, b 6 UGk hryl, BylIbA! MicPEH| Y cfdsiliGR! s: R 1
a nmonoval ent hydrocarbon radical selecfed from the group consisting of Cl
to Cl12 al kyl , radisals asaglefined abpive; ras Rynmber fromm @ to § endw ik g humberdrasmf 0 s def i ned

above; nis a r : i f ; h t hat
the sum of n gn‘gln%g{%]g r?g‘? #D’%’ g“‘fﬂ’g‘gq'{i?}"ﬁfﬁ @mggha %gae%aq%ge]%%ﬁgrédﬁ? %

sel ect ed fr omstlbeed) froup theogoup tdongstin ¢ fiwsrineg chlotihg rbrominep andriiodine, and

i odine, preferagbly chlorin X al so be .a psuedohal ogen. For, t.he
purposes of t nggm%%ﬁg‘hﬁrpﬁn%aﬁﬁy gﬁé bg?l%PW%h‘?@%@?'O%%ébﬁﬁ%ﬁ?@@ﬁ i defi ned
to be an azi dgveffion addHABRIS thRrdd QMMM RN el B BE¥ANR, @h 2
cyanide. The term "arylal kyl acyl oxy” refers to a radical containing both

al i phati c and ispcyanate, ca Buedyanaig.eqn isethigoyanaia| othed ryanide.an Bhkyigey| oxy
posi tion. The-“L&[amylacyloxy“ 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 acetoxyaluminum dichloride, benzoyloxyaluminum
dibromide, benzoyloxygallium diflucride, methyl acetoxyaluminum chloride, and

isopropoyloxyindium trichloride.

[0068] The Group 15 Lewis acids have the general formula MX,, wherein
M is a Group 15 metal and X is 2 halogen independently selected from the group
consisting of fluorine, chlorine, bromine, and iodine, preferably chlorine and y is
3, 4 or 5. 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
antimony hexachloride, antimony hexafluoride, and arsenic pentafluoride. The
‘Group 15 Lewis acids may also contain more than one type of halogen. Non-
limiting examples include antimony chloride pentafluoride, arsenic trifluoride,

bismuth trichloride and arsenic fluoride tetrachloride.



"al kyl aryl acyl oxy" refers to a radical containing both aliphatic and
aromatic structures, the radical being at an aryl acyl oxy position.
Non-limting exanples of these Lewis acids include acetoxyal um num

di chl ori de xyal um num di brom de, benzoyl oxyg | ' ride,

met hyl ace‘%’i@%ﬁﬁ gum chl oride, and isopropoyl oxyi nd%#fﬂﬁogiﬁ({%#?de

[ 0068] The Group 15 Lewi s acids have the general formula MXy, wherein Mis
a Goup 15 nmetal and X is a hal ogen i ndépendently selected fromthe group

consi sting of fI uorine, chlorine, brom ne, and iodine, preferably chlorine
and y is 3, or 5. X may al so be a psuedohal ogen. For the purposes of this

i nventi on and[ M8L cl ai Q@Whlesrb?‘@sp%@ﬁd'm ingibis nkentienmastalsohave the azi de,
t t | t
et eﬁ&% an#flgm)ny 3’(’5% of I cfu ﬁcy% 1% y%&g%eRN&n reon

exanpl es incl anti y hexaf’l uori and arseni c
pent af | uori demo"ﬁbealeﬂﬁhgd:mc&x’o‘ommdl@l saleats] ey thd gup wohsstingnafr@ tb&p one type

f hal | i hl | i d
arseni o i 11 gboh i syt sl ReT gy aRu TadisrIE o &' R pa B01D 1T O
tetrachlori dewﬂ@@@p%%%&%?ﬂaﬁi@{slﬁaeﬁa 0%034 Qalogen hAGRAlerfdyGERctdd Lew s

acids useful in this inventjan ma}élpal so have the general formula M'Xy.;
wherein Mis drony geraup srnsisting @h , Rhlosng, bromingy andiedingy medsahlyon

radi cal sel ect.giih& O l?e“zp gFgHaEJ f %E{b

aryl al kyl , al ky gr yFX] cyclo ?% gl ca &th ﬁse%gglﬁsailng%ﬂgagr%?r om0 to
4; y is 3, 4 dhe ﬂm&:ﬂmtdhaps&udpblbmsmtdmﬁne@ io X sanaazide, ogeisocyadepeadent | y
sel ected from.the nsi sting _of fluprihe, chl,,or . Drom ne and

i odi ne, pref eraBfX E,h:]mgﬁoﬁgocy%x%&rﬁg ;ﬁ]‘ tsli?aoﬁg%@é fo ESr Ot he

pur poses of t Radicadl aymhm@rbo@ildhpuaﬁe afid adokfatit @aﬁams naewdﬁmh:@iﬂgm ks defined
to be an azide, an isocyanate, a hi ocyanate, an |soth|ocyanate Qr a

cyani de. The alyhposition aT]P@y?emr"élﬂ@fa%}’l E?f%fs 1o agadical cerfamingnhoty a‘éﬂ’@ﬂc al i phatic
and aromatic ghi Ues RS sirdclffed, Al Qﬁhcé?%eﬂ'% Eﬁmﬂ%jfla% tonP O Nohl he term
ng both &

"al kylaryl" refers to a radical contal ni atic an tic
structures, texamples odl thees rigpvas mnisamydlu@osdttapmnylmumohynﬂﬂm@ and

triphenylantimony dichloride.

[0070] Group 15 Lewis acids useful in this invention may also have the
general formula M(RO)pR'wXy-(mn), Wwherein M is a Group 15 metal, wherein RO
is a monovalent hydrocarboxy radical selected from the group consisting of C; to
Cso alkoxy, aryloxy, arylalkoxy, alkylaryloxy radicals; R' is a monovalent
hydrocarbon radical selected from the group consisting of C; to C); 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 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 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



exanpl es of these Lewis acids include tetraphenylantinony chloride and

tri phenyl anti nony dichloride. 10070] Group 15 Lewis acids useful in this

i nvention may al so have the general formula M RO fR nXy.(mtn); wherein Mis
a Goup 15 | erein RO is a nmonoval ent hydrocar Gpy | sel ected
fromthe g‘?’ggé)ﬁ@g%g?sti ng of C1 to C3o al koxy, aryl oxy, ar%ﬁ‘gpﬁ%&&/,

al kyl aryloxy radicals; R is a nonovalent hydrocarbon radical selected from
the group consisting of ClL to Cl12 al kyl 23 aryl, arylalkyl, alkylaryl and

cycl oal kyl radicals as defined above; nis an integer from 0 to'4 and mis

an integer fromO.to 4_.a Is 3, 4 or 5 such that.the sumof.n and inis
less than y; Sxqmples hgroggeﬁgi n]csi%'ﬂﬁncﬁ?ﬁ{sl ymglé‘ﬁeéctt% %BW?LE%WGWHB?)“YconSi sting
of fluorine, @hﬁ&h&ﬁﬁichhﬁ@dﬁitiﬁﬁmy,adldkﬂb&ﬂieﬂﬁxyﬁiﬁé,Q:hliﬂbdim%fhbgidrﬁﬁe, afd may al so
be a psuedohal ogen. For the purposes of this invention and the clains
thereto pseuddhwrenedbexyarsies i ned to be an azi de, an isocyanate, a
t hi ocyanate, an isotbiocyanate or a cyanide. For the purposes of this
i nvention, one skilled in the art would recogni'ze that the terns al koxy and
aryl oxy are sf#t¥d} ural GeopupvEl bewis aculs ustfidbini thssineentiop meayoalsalbave the
respectively. The .term'ar kaxy'o,refers tp a radical . containi bot h
al i phatic and EhoHaforEui r%@hr’@@"%‘f‘?gﬂl‘”&ﬁi ngfrelﬂe $ & G&?Ppa}lgo? S?posi tion.
The term "al kythefeyd RO=EI@$ at Borbvakat Gidrof@bdciony ngdibalt feletddpfiehi tee and
aromatic structures, the radical being _at an aryloxy position. Non-limting
WO 2004/ 05882 BrqueT cansisting 3pH 4640  Cag adkasyiprns alacyloske ardafielagdents i ncl ude
tetrachl orone ' STa l LRy | .

%ﬁ?ﬁ%‘l&%}m@cdg e oY ¥ dvafehit ?f&;ﬁ%&ﬁcﬁqﬁl ?ﬁcal selected from

di chl or onet hox or odi met hoxyar si ne uor oret hoxyar si ne.
[0071] G oup. thbgroamicensistingf (hdb Wl imlkyt, lird, anviabiol,i alkylagd asd speldadige t he

Sherern Ro-00 FESA HRBHTERI A P dpashBORR D Vg Ty LB B P ¢ e
group consi st iangdof is@2 4t SEieh ahds Ay suax we nahy Ind tylesixthan g Xl iglakialogey | oxy,

al kyl aryl acyl oxy radical s; S nonoval ent hydrocarbon radj cal sel ected
fr o)r/n y y ?n&épen%ent y seﬁecteFay from tﬂe group conselstllng o% f[uon'ne, c%lorine, 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, 2 thiocyanate, an isothiocyanate or a cyanide. The term
"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  acetatotetrachloroantimony, (benzoato)

- tetrachloroantimony, and bismuth acetate chloride.

[0072] Particularly preferred Lewis acids may be any of those useful in
cationic polymerization of isobutylene copolymers including: aluminum
trichloride, aluminum tribromide, ethylaluminum dichloride, ethylaluminum
sesquichloride,  diethylaluminum chloride, methylaluminum dichloride,
methylaluminum sesquichloride, dimethylaluminum chloride, boron trifluoride,
titanfum tetrachloride, etc. with ethylaluminum dichloride and ethylaluminum

sesquichloride being preferred.



the group consisting of G to Cl12 al kyl, aryl, arylalkyl, alkylaryl and

cycl oal kyl radicals as defined above; nis an integer fromO to 4 and mis
an integer from0Oto 4 andy is 3, 4 or 5 such that the sumof n and mis

| ess than halogen i ndependent|y selected fr
con5|st|ng<ﬁ2$+uor|ne chlorine, bromne, and |od|ne0ﬂ%¢e$%r£ﬁﬁe chl ori ne.
X may al so be a psuedohal ogen. For the purposes of this invention and the
clains thereto pseudohal ogen is defined?o be an azide, an isocyanate, a
thi ocyanate, an isothiocyanate or a cyanlde The term "aryl al kyl acyl oxy"

refers to ar con alnl both a ic.and a Sstr ures, the
radi cal bei ng?@*‘ﬁ'gn al k QWI SHER % F&ﬁhﬁ TOEH d\@iwﬁﬁm é@‘?hiﬁxy"
refers to a r QekigRld welichommhatif) etts R sxhaRIBACFIRIAE alsd! duitabler €S, the

radi cal being_at an arylacyl oxy position. Non-limting exanples of these
Lewi s acids i ﬁ@%ﬁc?éldé@éﬂmﬁﬁéﬂmaﬁwmedmﬂﬂh%ny, (benzoat o)

tetrachl oroanti nony, and bismuth acetate chloride. [00721 Particul arly
preferred Lewis acids nmay be any of those useful in cationic polynerization
of isobutyl enénitispol yners i ncludi ng: alum num tichloride, alum num

tribrom de, ethylalum numdichloride, ethylalumnum sesquichloride,

di et hyl al um num chl ori de, methylal um num dichloride, methylalum num

sesqui chl ori degomdy met hytiiidtss NsBFuE th Qhik Afvenlioh Afe tidsé |1iaiﬁﬁﬂof»!;ewhlch' rgni um
tetrachloride, etc. with ethylal um numdichloride and ethyl al um num

sesqui chl or i deapablenef baing eqmﬁ@ced\mazmwesigsm vathrtheshows/ lonGsadd 04 [ 0073]

tg\émklsyagl)gfdis#atll ng gﬁ{ﬁl S ag@s@ &Yé%@’k@gs@?fgﬁ; gétiﬁﬁopg%‘gegnﬁgw S

aci ds within tphepagaingepolymdr chhia. |Ihmnvmamp|1‘astmdudanmbﬁ&Yd¢dd suchiaat or s

compl exed i n 20 b BCQBEE ciberi, Bisha® sl fousy Lot befidRo Sufh 8o e
conpl ex whi ch (CHRLOCY REKCEHN,CD e QLEHIbM-1, 81 8RMhi ey, 2 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
weakly coordinating Lewis acids or Lewis acid salts have been used to initiate

isobutylene polymerization.

[0075] In one embodiment, the reactor and the catalyst system are
substantially free of water. Substantially free of water is defined as less than 30
ppm (based upon total weight of the catalyst system), preferably less than 20 ppm,
preferably less than 10 ppm, preferably less than 5 ppm, preferably less than 1
ppm. However, when water is selected as an initiator, it is added to the catalyst
system to be present at greater than 30 ppm, preferably greater than 40 ppm, and
even more preferably greater than 50 ppm (based upon total weight of the catalyst

system).

[0076] 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 halide, 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.



propagating polyner chain. Illustrative exanples include Brensted acids such
as HO HA, RCOOH (wherein Ris an alkyl group), alkyl halides, such as
(CH3) 3CCl, C6H5C(CH3)2C1 and (2-Chloro-2,4,4-trimethyl pentane). Mre
recently, | 1] netal conpl exes, such as netal |l ocepesy r such
materi al s Wﬁgz{aacf:(g?\ﬁgct as single site catal yst systens, suc@g‘éﬁéﬁgn
activated with weakly coordinating Lewis acids or Lewis acid salts have
been used to initiate isobutylene poly@dgrization. [0075] In one enbodi nent,
the reactor and the catal yst systemare substantially free of water.
Substantially free of water is defined as |ess than 30 pm (based upon

total weight d90%The cat Breferredshydregep halidesipitigtors include hydragerno clypride.
preferably le : tﬁﬂﬁ; | 25,54 R | ess
than 1 ppm @ga\@@g{% (gegénv‘\i/a er g?ﬁsﬁ’?ke ééé@lgg@néﬁemtlgpg@?&{?ﬁ]dg added to
t he cat al yst islysiregentcblobide.pr esent at greater than 30 ppm preferably
greater than 40 ppm and even nore preferably greater than 50 ppm (based
upon total weight of the catalyst systen). % [0076] In a preferred

enbodi nent t hgog78]t i at oPreferadr thBskyliBQcids ifdudedoboth aliplisticogeh albalatife, a
carboxylic acid, a _carboxylic acid halide, a_sulfaqnic acid, ,an, alcohol, a

phenol, a tert"?%’PWl&’I 3cyds. hiramples of qaghorylig geids usekyl|m khis jigvention inslude ar v al ky |
ester, a terti :al . | agy. al : r, rtijary aral kyl
ether. al kyl o, e E?dﬁaﬁ‘ﬁ%ﬁ“ e%‘gﬁ?&% 2‘?131 %%g‘?ﬁ{"bﬁta&g’r bg?@"?ﬁﬁ&% aci d

hal i de. WO 20GHobBeER7ad HidBR0921i0 4G Atichia®aidio izid, Rifbfoevacetit 4vjdipogen

halide initiatgrs, ncl.ude . hydrogen chloride hydrogen hrom de, and hydr ogen
odi de. A par CHIOLTSRAS arids 49 ENRpRegic s, FABCUREY brelpatl BT le i e
[ 0078] Pref er ra€ids diude xydhilsroaveticl acid, eiflustesttddondid, antl phiorsbeasvic asidnat i C

carboxylic acids. Exanples of carboxylic acids useful in this invention
I ncl ude acetic acid, propanoic acid, butanoic acid; cinnamc acid, benzoic

?ﬂ ?i ’ é; Ogglefir[g@ayg Idc g_@hﬂmﬂk& hbiaTRAR&! Lef@Cindthid iavehtiod QRC Shlitr 361 .
 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 chloride
being preferred. Preparation of acid halides from the parent carboxylic acids are

known in the prior art and one skilled in the art should be familiar with these

Ly

procedures. Carboxylic acid halides useful in this invention include acetyl
chloride, acetyl bromide, cinnamyl chloride, benzoy! chloride, benzoyl bromide?
trichloroacetyl chloride, trifluoroacetylchloride, trifluoroacetyl chloride and p-
fluorobenzoylchloride. Particularly preferred acid halides include acetyl chloride,
acetyl bromide, trichloroacetyl chloride, trifluoroacetyl chloride and p-

fluorobenzoyl chloride.

[0080] Sulfonic acids useful as initiators in this invention include both
aliphatic and aromatic sulfonic acids. Examples of preferred sulfonic acids
include methanesulfonic acid, trifluoromethanesulfonic acid,

trichloromethanesuifonic acid and p-toluenesulfonic acid.

{0081} 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 sulfonic acids



chl orobenzoi ¢ acid, and p-fluorobenzoic acid. Particularly preferred
carboxylic acids include trichloroacetic acid, trifluoroacteic acid, and
p-fl uorobenzoic acid. [0079] Carboxylic acid halides useful in this
invention rin structure to carboxylic acids

substituti or?ezc())?b&ghé%gl ide for the OH of the acid. The ha fgg'zowtﬁo%m
fluoride, chloride, bromde, or iodide, with the chloride belng preferred.
Preparation of acid halides fromthe paﬁént carboxylic acids are known in
the prior art and one skilled in the art should be famliar with these

procedures. Carboxylic acid halides u |n th| s i.nvention |ncI ude acetyl
chlori de, acgtaﬁlmé’g‘@rﬂl P’é‘?"rﬂ%?ﬂ?ll"”@ﬁ Hb %5' F’Hé“ &5 oy |
bromide,  tri %Pdcea&a&etpﬂefeﬁ@aosmfgﬁc dcid ilbms%eﬂnhcmso dguoroacetyl
chl oride and p- fluorobenzoylchloride. Particularly pre erre aC| hal i des

i ncl ude acet y/methgnesulfgayl chlotids;| mpthanssuiéonyl rbremides ctadétnyomeﬂhhtwlfwl
L1 1 uor oacet b chl O 5B afey NFLAREIARN Sl 0L 5, AR Sl T oni c

acids useful as rnrtrators RS |nven 10N Prne I"'phatic and
aromatic sulfonic aC| ds. Exarrpl es of preferred sulfonic acids include

met hanesul f oni han ul foni c aci

trichl or omet hiﬁ@ﬁl f oni é'l‘ﬁ’bf’ ’ﬁeﬂ@?lﬂof‘omcgud&cf’}?tha[’%seﬂ}mghl fonic
aci d halides yagahibl, 20prbptindl, 'ﬁﬂféﬂﬁrlﬁébaﬁfzeols 'c?@lbﬁ’éxahél ohd llﬁh;byl &alcdhel, sul foni c
acids with the substitution of a halid of t parent acid. The

hal i de may be Bhpupdy i weeful chnoithlsjel,nvmtm d@clwie mhsn@ie 2m1qthylph¢@olch2&n de being

Bt de. o 2004 DREdpRReh POEATRR B R o RBhheldd A3 e Bp B ERLERY PO ©
one skill ed i r2-hydeoxgnaphshiatamed be famliar with these pr ocedur es. Preferred

sul fonic acid halides useful in this invention include nethanesulfonyl
chl oride, nethanesul fonyl brom de, trichloronethanesul fonyl chloride,

trifluoromet hgpwssy! f ony prefditedr itdRard Atk afM USARSIUlihiEaMEs Gabi@lel @etiary 0082]

Al cohol s useful in this invention Include nethanol, ethanol, propanol,
2-propanol , 2-=crEpeAds FEwesAnted by thedpmmulmbslewiol , and benzyl al cohol .

| | R3

Ry

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-



Phenol s useful in this invention include phenol; 2-nethylphenol; 2,6-
di nmet hyl phenol ; p-chl orophenol ; p-fluorophenol; 2,3, 4,5, 6-pentafl uorophenol;
and 2-hydroxynapht hal ene. [0083] Preferred tertiary alkyl and aralkyl

initi at or wa%mgfsﬁ ertiary conpounds represented by t,ﬂﬁ,{]gbmg@@el ow. RR3

Rl i erein X is a hal ogen, pseudohal ogen, er, or ester, or a
mxture thereof, preferably a hal ogen, ,preferably chloride and RI, R2 and
R3 are independently any linear, cycl i & or branched chain al kyls, aryls or
aryl al kyls, preferably containing 1 to 15 carbon atons and nore preferably

1 to 8 car bon qt‘pgggF&?mng,ﬁggm?unber olf%ﬂlnl t1 I%@g(egiiy es and i s a,nunber

greater than Ot~ equ érably 2505+t e preflerably n
i's a nunber f chibtohddmanfene;T hel -clilytbethidiperzeney lbe4&n&1{$-&:hlobtt-$dndﬂiylethyl)

unsubstituted, For t ur Rose f |s |nve and any clains. thereto,
arylal kyl is henzengs ECHDQ‘HSQ g’ég ﬁ?thﬂgé’e’b@!‘ﬁ z'la ro44nd

aliphatic stryghath@gentiiee! €f r ech gl b 20{4-irficktiyieAlifie] NCLUllEtoxy.2-
2-chl oro-2, 4, 4- triﬁﬁn%qt h;l pent ane : gﬂ ﬁﬁ 4 435[?1%' ma'?’hy gg%t (gne2

2- chl or o- 2- mremisiliyirepraee; 2-beprayioxy22-msthiylirepanpiane; 2-acetoxy-24466-

2 L0 2k AR 0 o R QOB iy 1

1- (l; hi (()r o- %I nehtm}&iyﬁtﬂimbdmemmeceogxyadinhmﬂm;immMOgMyel:tﬂjirlbéﬂzeﬁQ&];%h(benzene; 1,
4- bi s(1-chl oro- enzene; »-tert-hutyl - S

1 oht or o1 - Rt R IAL hemiepe addr Ry b L bR L betibn e
2-benzoyl oxy- erfrefle;t I'i n@&ﬁmlo&mt@mmahﬁg@ﬂt%y 2- . et hyjsBp &sﬁ G¥E3.4.4-

2- benzoyl oxy- 2- net hyl propane; ~ 2- acet ox 6, 6> pent anet hyl"hept ane;

2- benzoyl - 2, 4@“@3&?@5@%‘@1@%@@9&@%@% éltl:mmloxy Zronetiyilpropapebanzene:

1-aceot Xyada”ﬁﬁ&h%&?&,&{?,%%ﬂ%&%ﬁﬁm%&e”Ze”e 4- Blisdpbopoxy-2,4,4,6.6-
pentamethylheptane; 1-methoxy-1-methylethylbenzene; 1-methoxyadamantane;
1-methoxyethylbenzene; 1,4-bis(1-methoxy-1-methylethyl) benzene; 5-tert-butyl-
1,3-bis( 1-methoxy-1-methylethyl) benzene and 1,3,5-tris(1-chloro-1-methylethyl)
benzene. Other suitable initiators can be found in US patent 4,946,899, which is
herein incorporated by reference. For the purposes of this invention and the
claims thereto pseudohalogen is defined to be any compound that is an azide, an

isocyanate, a thiocyanate, an isothiocyanate or a cyanide.

[0084] Another preferred initiator is a polymeric halide, one of R1, R2 or
R3 is an olefin polymer and the remaining R groups are defined as above.
Preferred olefin polymers include polyisobutylene, polypropylene, and
polyvinylchloride. The polymeric initiator may have halogenated tertiary carbon
positioned at the chain end or along or within the backbone of the polymer. When
the olefin polymer has multiple halogen atoms at tertiary 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.



acet oxy-1-net hyl ethyl ) benzene; 5-tert-butyl-1, 3-bis(
1-acetoxy-|l-nethylethyl) benzene; 2-nethoxy-2,4,4-trinethyl pentane ;
2-i sopropoxy 2,4,4- trinethyl pentane; 2-nethoxy-2-methyl propane;

2- benzyl oxy propane; 2- methoxy-2,4, 4,6, 6- pental;}:ﬁt,ﬁ% e;

2- |sopropoxy %JI&EJ%J% 6- pent anet hyl hept ane; 1-nethoxy-|-net l;fpgtpiq’g‘?benzene;
1- met hoxyadanmant ane; 1- net hoxyet hyl benzene;

1, 4- bi s(1- met hoxy- | -met hyl ethyl ) benzen® 5-tent-butyl- 1, 3-bis(

1- met hoxy- 1-met hyl et hyl ) benzene and 1, 3,5-tris(1-chloro-I-nethylethyl)

benzene. O he jtable_initi tor n, be found in US patent 4,946, 899,
which is herE.q Egl ncor p’%ﬂfaﬁ%yb?m?@egr@ﬁ@é‘m Ry h’ﬁé‘nﬁu‘? Boss uggfuk i) s

i nventi on andcdigic ﬁdlﬁh@&aﬁ&%ﬂs@b&ﬂ@ﬁ@ i)&%’f@ﬂcﬁldﬂ%f i 8gdnCcHIGRNY
conpound that Is an azide, an I socyanat t hi ocyanat e, an | sot hi ocyanate
or a cyani de. 2{cbban]2 4An’mmvéhy1}pﬂ1@ﬂlar r ed2~ﬁhlm‘q &@mhwmomol ymérchlordrdt i de, one
of Rl, R2 or ﬁ@ f [Bai'é and the remai ning R groups are defined
as above. Pr renFelyre h pol'ymers include polyisobutyl ene, polypropyl ene,
and pol yvinyl chi ori de. The polyneric initiator may have hal ogenat ed

tertiary carb ositiqned at the chain,end or.alopng or wthin the backbone
of the pol ymefdas@ﬁ ﬁ%taléff tostPm, SPRRRSILiqRs Susgin (Ip ReTRAYRIC

tertiary car b@élﬁpns‘é' tihein ﬁﬁﬁ&t@ptandt(g) Qr sthadadtdaﬁumwn% D3FLLRAE. the
product may contain polynmers which have a conb |ike structure and/or side

chai n branchi &g %@éﬂd%d—:ﬁ@ﬁﬁ i coinitipter isgmepentynypbamsritonpabauk 8. 1adleyen at ons
in the ol efing dés &‘feffﬁtﬁtq_rl J%Ek?nyﬁ)eaﬁg tazoo%ﬂﬂés”mgf}go&ﬁ}‘ 'nﬂﬁ%tmoo' ymner
uct whi ch may

halide initia or prOV| producin
cont ai n bl ockpreegubl Lu*mﬁsﬂwﬂ&ﬁeﬁﬁ@délﬁ&ﬂﬁié’nmlhﬁwmﬁnﬂﬂat& 1s3ﬂas§1ﬂ@85]

Particularly ﬁnefer ors ? f those u g‘? atlonic
pol ymeri zati o ‘&rg ﬁga\#ﬁ’%so??fﬁ?%ﬂﬁmﬁse ‘f de,
2-chloro-2, 4, ﬁmlersldmmlﬁmop@fasaﬁe In%rﬁr@feﬁé@eﬂrbﬂ&h{éﬂ ﬂfe%@ﬁsr 1s1pﬁbén@hp | -

met hyl et hyI benzene, and nethanol . [0086] Catal ¥/st system conposi ti ons usef ul

inthis i nven@:pmhefg,gp@aahoyt 0.1 moles per liter to about 10 moles per liter. It is of
course understood that greater or lesser amounts of initiator are still within the

scope of this invention.

[0087] The amount of the catalyst employed will depend on desired
molecular weight and molecular weight distribution of the polymer being
produced. Typically the range will be from about 1x10 moles per liter to 3 x 107

moles per liter and most preferably from 10 to 107 moles per liter.

[0088] Catalyst systems useful in this invention may further comprise a
catalyst composition comprising of a reactive cation and a weakly-coordinating
anion {("WC anion" or "WCA" or "NCA"). The catalyst composition comprising
the WC anion will include a reactive cation and in certain instances are novel

catalyst systems.

[0089] 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



conprise (1) an initiator and (2) a Lewis acid coinitiator. In a preferred
enbodi nent, the Lewis acid coinitiator is present anywhere fromabout 0.1
noles tines the noles of initiator present to about 200 tines the noles of
initiator r In a further preferred enbodi nent, &??1 ' i d
coinitiat O‘P(Bizgos"g’?@g’ent at anywhere from about 0.8 ti rrelts %ﬁdr%)ﬁ(gg&of
initiator present to about 20 tinmes the noles of initiator present. In a
preferred embodi nent the initiator is pPesent at anywhere from about 0.1
noles per liter to about 10-6 noles per liter. It is of course understood
that greater or J|esser, anounts, of initjator within the scope of

re.still
this inventi onveaklyEaeriinplne o spigRs dclydse ¢ atlkyXrs(pestatiugtpphenii) | baeBend on
desired nole I i ght and | ecul ar i~gh | stribution .of the polymner
being pr oducg%b&'@\é\ﬁt%f}ﬂfﬁ?]ﬁoégﬁgﬂégow I@%“bf% %“5@\5‘%‘%‘3?&6‘%‘%@ per liter
to 3 x 1012 S5 | I : 5 "3 Mol es per
liter. [0088] %acgt al %g?dé%ég?%dng%ggﬁﬁ%mpﬁ%f%%v%ﬂ%ﬁgnmﬁgg&@lﬁﬁ% conpri se
a catalyst ceddtesantdlefin toengate s¢angpeationa r eacti ve cation and a
weakl y-coordi nating anion ("W anion” or "WCA" or "NCA"). The catal yst
conposition conprising the WC anion will include a reactive cation and in
certain instangodg] ar e nOkeiniok dap by sémbiyed itk thel 2GR by dny\Bethbl ke di nat i ng

anion is defined as an anion which either does not coordinate to the cation
or which is méodﬂw eﬁ%rﬂm%gg@hm Berle Kosiexamplenin 2 Ripfered pobedingnt the

functioning asyg hgioifiolidded9ntd Medilueht 45 &dgj&\fﬂ&‘%lﬁﬂnﬁ'xg%?% aflfs not

transfer an anionic fragnment or substituent t ' creating a

the catio
neutral by-preudithe eatiootinghe fiyar phithecastip®d aatalystPsystesr. r &al anotherppreferred such WO

2004/ 058827 P 2003/ 040340.. 29 Kl y- di. ' ' I nclude:
2l kyl tri S penEAPPIBRR, RERgPiins st B 6T naBelds S Sl 1 bor on
(B(pfp)4 ), tetddapettk|anvndphbnplesdnosronNthicatiar boreactbe, caticd sgerai.edhear bor anes

and the |ike. The, cation.i cat\won t hat anact%gt%d%)th%nttgl efin to create
e L)

a car bocat i onanion is actlvated.l fik%n se the WC anion may € presence
of the cation or cation source which is subsequently introduced. In a preferred
embodiment a composition containing the anion and a composition containing the
cation are combined and allowed to react to form a by-product, the anion and the

cation.

Weakly-Coordinating Anions

[0091] Any metal or metalloid compound capable of forming an anionic
complex which is incapable of transferring a substituent or fragment to the cation
to neutralize the cation to produce a neutral molecule may be used as the WC
anion. In addition any metal or metalloid capable of forming a coordination
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, salts
containing anions comprising a coordination complex containing a single boron

atom are preferred.



[ 0090] The anion may be conbined with the cation by any nethod known to
those of ordinary skill in the art. For exanple in a preferred enbodi nent
the WC anion is introduced into the diluent as a conpound contai ning both

t he ani on “?ﬂﬂ ation in the formof the active cat In

anot her pre er?@%ﬁngnbodinent a conposition containing ﬁ%ﬁﬁﬁﬁﬁéﬁﬁgglfragnent
is first treated to produce the anion in the presence of the cation or
reactive cation source, i.e: the anion®ls activated. Likew se the WC anion
may be activated wi thout the presence of the cation or cation source which
i s subsequently introduced. In a preferred enbodinment a conposition

contai ning the anion and a conposition containing the cation are conbined
and al | oned t @oogpct t OmfgehéfaR WAY aslbROHS) be fePRseiddBy BB SolloMng geabiaPn.
Vbakly-Cbordiggtiﬁg Aniogf 100911 Any net al g? nefgﬁioid conﬁ%%%d capabl e of
forming an anf®WMA conpl ex which is incapable of transferring a substituent
or fragnent to the cation t raljze the cation to produce a neutra

nol ecul e may be used as the é@?yﬁﬂgloﬁhﬁfn addition any netal or netalloid
capabl e of fopping.a coordination conplex which is stable in water may al so
be used or containéd in a conposition conprising the anion. Suitable netals
i ncl ude, but are ndf isla methledt metalilidimi num  gol d, plati num and the 1ike.

Suitable netall oidg include, but are pot Jinmted to, ron osphor us,
Silicon and the | i © %*ﬁnb‘&‘tee%‘*? vmim@gégmoan@thmﬁﬁ%y&% s,

coordi nation i nj .2 S| ngl | Ofk t i t are, of
course, well %mﬁﬁéﬁg %ﬁ%ﬂ’ p;?alira%flgeuléin;al y lgghgcg%bcgﬁd@égo%ﬂ?bi nlglﬁrng a single
boron at om i nsitisttutedydrqearblyl eadicaly; catoearbylohde salesnirmedshalbdaybyl [raditdlght  of

this, salts co j ni anj ons conpr.i sing a coordinaiiQn conpl ex containing
2 singl e bor ofitd BBREENE %4 e TSRS EHoRC oS P9840 30
]g0092|1 I N genga@ot mife @A BRSofTYtollE, mePbEsRAIRadi¥all he fol | ow ng general

or mul a:

m is an integer representing the formal valence charge of M;
n is the total number of ligands q, and

d is an integer greater than or equal to 1.

[0093] It is of course understood that the anions described above and
below may be counter balanced with a positively charged component that is
removed before the amion acts with the cation. The same is true for cations

described for use with the anions. For example, CpyZrMe)y may be combined
with a composition comprising the anion (WCA-R™*) where R acts with a Me

group to leave the CppZrtMe WCA- catalyst system.

[0094) Preferred WC anions comprising boron may be represented by the

following general formula:
[BAr1AnX3Xq4J”
wherein:

B is a boron in a valence state of 3;

Ar] 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



[((M)mQL. .. 1] d- wherein: M is a netal or netalloid; Q to Q are
I ndependently, bridged or unbridged hydride radicals, dialkylamdo
radi cal s, al koxi de and aryl oxi de radi cals, hydrocarbyl and

substi t ut eq(-dt;%ﬁjﬂggﬁc,byl radi cal s, hal ocarbyl and substi },g},ﬁgmpﬁ(}[‘ fly byl
y roc fa (0]

radicals an ar byl and hal ocar byl - substituted organone d

radi cal s and any one, but not nore than one of QI to O may be a halide
radical; mis an integer representing tiHé formal val ence charge of M nis
the total nunmber of ligands q, and d is an integer greater than or equal to

1. [0093] It is of course_undersiood that the .gni ons descr.i be bove and
bel ow may be count &3 BffafdedTSai iDdeRendenity iW@F‘a" c'ﬁ‘g%‘@]éd @W@ﬁtaﬂghat is
removed bef or ' t Wt .t cation a s true.for cations
descri bed for %ﬁé%%vﬂ&%y #ﬂ%g%‘(ii%%%a& orocg%é(;rpa‘?% ,Sl%ﬁﬂ%ﬁ’ﬂb%‘iﬂ H%dlﬁag i ned

W t h a conposilydmsarbelyand Shaberaityb-sabstituted( Vigandrtotallahid raditits, adifubstivuted a Me
group to |l eave the CP27r +Me - éa | yst* system [%34] Preferred WC ani ons
conpri si ng borRB¥FteRsy mdicals, subshtped ¢ Oﬁeﬁe‘ag‘F‘SF 1a8dhihalide Wik e a:

[ BAr 1Ar 2X3X4] prdi& Bht % &dﬁ%%p%@ghm@atw%gg@ ate of 3; Art and Art
are the sane or different aromatic or substituted-aromatic hydrocarbon

radi cal s containing fromabout 6 to about 20 carbon atons and may be |inked
to each other through a_stabl ridgjng group; and WO 2004/ 058827
PCT/ US2003/ 04d90] 31 xIp geperakyAzy and ARy Bssntnderengenthyy 3¢ agk apomptic of s

gﬁg;? ?? L? gl:l- ﬁ%ﬁg%%ﬁg -%Iio%néﬁ? glg 9arr it tal clal. ' uqtiagﬁlﬁdmenl%l ro %glls)wlcluadg,dbut
are not limited to, phenyl, naphthyl and anthracenyl radicals. Suitable substituents
on the substituted-aromatic hydrocarbon radicals, include, but are not necessarily
limited to, hydrocarbyl radicals, organometalloid radicals, alkoxy and aryloxy
radicals, fluorocarbyl and fluorohydrocarbyl radicals and the like such as those

useful as X3 and X4. The substituent may be ortho, meta or para, relative to the
carbon atoms bonded to the boron atom. When either or both X3 and X4 are a

hydrocarbyl radical, each may be the same or a different aromatic or substituted-

aromatic radical as are Ary and Arp, or the same may be a straight or branched

alkyl, alkenyl or alkynyl radical, a cyclic hydrocarbon radical or an atkyl-
substituted cyclic hydrocarbon radical. As indicated above, Ar) and Ary could be

linked to either X3 or X4. Finally, X3 and X4 may also be linked to each other
through a suitable bridging group.

[0096] 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.

[0097) 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



hydr ocar byl - and hal ocar byl - substituted organonetal |l oid radicals,

di substituted pnictogen radicals, substituted chal cogen radicals and halide
radicals, with the proviso that X3 and X4 will not be halide at the sane
time. [009§]0 Jobs (%?ﬁe;r al, Arl and Art may, independent!|ypchgsAabiosassgmatic of
substituted-aro I'c hydrocarbon radical. Suitable aromatic radicals
include, but are not limted to, phenyl3 napht hyl and ant hracenyl radicals.
Sui tabl e substituents on the substituted-aromatic hydrocarbon radicals,

i nclude, but are not necessarily limted to, hydrocarbyl radicals, =

or ganonet al | oi I I 0 Ladi r | and

fl uorohydrocarqgff{pg% ?%:sa glﬁaéngwg&%@éﬂisuﬁta%ﬁgﬁggeg%e&efsﬁekﬂg eg%fo and X4.
The subst i t uenvoulhpe beadily tapparented ahase skifled in thel at from the fodegoing gedrpal at ons
bonded to the horon a%ﬁ? ﬁnen either or both X3 and X4 are a hydrocar byl
radi cal , each SHRE 4070 -or a different aromatic or substituted-
aromatic radical as are Arl and Art, or the sanme may be a straight or
branched al kyl, al kenyl or al kynyl radical, a cyclic hydrocarbon radical or
an al kyl - subdi008}t ed cykclpegichlady oprafebredh W&dianign . coteprisingi beroromapdee, Ar |

and Art could | | ither X3 or X4 Finally, X3 and X4 may al so be
linked to each Bt e@#eﬁlﬁgﬂ?%ﬁgﬁw}éﬂs%ﬁ]?%bﬁy%ﬁ dgi ng group. [0096]
I'l'lustrative, but not |imtimCcexpa)tes of boron conmponents which may be

used as WC anions are: tetraval ent” boron conpounds such as
t etra(phenyl ) behevein: t etra(p-tol yl)boron, tetra(o-tolyl)boron,

tetra(pentafl uorophenyl )boron,. tetra(a,b-di.nethyl oro tra(mm
di net hyl pheny! ) bor nl,SfJ{ Pifc. C f E%?%‘r%ﬁ% %ﬂrﬁﬂ%{ %‘S‘P%ﬁgi% e tystfiye [0097]
Similar |ists ok mtilingibhg SQMPRET hekOpilefirkd NOWC! RibnsTebBpSsig Borofet al | 0i ds

whi ch are useful_ as WC ani ons nmay be nmade, but such lists are not deened
necessary to driphsayinesthylsalis where Q. is) 2 simple hydrgegrbyl such g5 Juethylp utybt ed t hat

t he foregoi ng |y J i [t q%,h %g ] . usef ul
boron WO 2004/%%%%%’9’??%%%6@008%%09%Q%g coirdrp un gﬁggoﬁﬁﬁrg%mﬁ?gf ul
conpounds contlangth suphas pelystyreng| plyisoprene airlpolyepmaramethylstyrene.

[0099] Polymeric Q substituents on the most preferred anion offer the
advantage of providing a highly soluble ion-exchange activator component and
final catalyst. Soluble catalysts and/or precursors are often preferred over
insoluble waxes, oils, or solids because they can be diluted to a desired

concentration and can be transferred easily using simple equipment in commercial

processes.
[00100] WC anions containing a pluorality of boron atoms may be
represented by the following general formulae:

[(CX)aBX)mX"b]c-
or

[[[(CX6)a(BX7)m(Xg)b]c-12Tnr+]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;



woul d be readily apparent to those skilled in the art fromthe foregoing
general discussion and fornulae. [0098] A particularly preferred WC ani on
conprising boron may be represented by the follow ng general fornmula:

[ B(C6F5) 3 s‘%?‘@f’{iﬁ@éﬂ Fis fluorine, Cis carbon and B, Pi’}m}sgg%ﬁsﬁs defi ned

above. 111 but not limting, exanples of these préferred WC anions

conprising boron triphenylnethyl salts where Qis a sinple hydrocarbyl such

as nethyl, butyl, cyclohexyl, or phenyl33or where Qis a polyneric

hydr ocar byl of indefinite chain |ength such as pol ystyrene, polyisoprene,

or pol y-paranet hyl rene. .[.0099] . Pol i C substituents on the nost

preferred ani on of fefs 3 HARSIUQR, Mg dﬁc%’f%%'r%\gf%d’ﬂ’;% a%tjl@hmﬁmgﬂ FRbly

i on-exchange afdleY@bkdlt srgronent and final catalyst. Sol uble catalysts

and/ or precursors are often preferred over insoluble waxes, oils, or solids

because they can bé& aafbgreitagerss Yesired concentration and can be

transferred easil y°q§wgﬂte?;3§fhte equi pnent in commercial processes. [00100]
p

WC ani ons containing a y of boron atons may be represented by the
foll owi ng general faor britlcarean ¢vefiiumbeil jnegebfrom Dto about 8;

CX6) a( BX7 X8) bl c- 72Tn+l d- .wherei_n: X X', X6, X7 and Xg are,
i[LEjt(apeanegt I y? %ydh&@nﬁﬁtﬂg?%}ngﬁw‘h& a‘i%(%%al s, hydrocar byl ?adi cals,

substi t ut ed- hydr ocardaylh siefie é@hsor d\difeRat iger Dadi cal s,
substi tut ed- hal ocar byl radicals, or hydrocarbyl- or hal ocarbyl-substituted

organonet al | oi d r adiiga Biteger> 2004/ 058827 PCT/ US2003/ 040340 33
a+b + ¢ = an even-numbered integer from 4 to about §;

m is an integer from 6 to about 12;
n is an integer such that 2¢ - n=d; and

d is an integer > 1.

[00101] Examples of preferred WC anions of this invention comprising a
plurality of boron atoms include:

(1) A borane or carborane anion satisfying the general formula:

[(CH)ax(BH)bx]e%-
wherein:
ax is either O or 1;
¢x is either 1 or 2;
axt+cx=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(BE)my(H)bylcy-
wherein:
ay is an integer from 0 to 2;
by is an integer from 0 to 3;
cy is an integer from 0 to 3;
ay+by+cy=4;

my is an integer from about 9 to about 18; or



Tis atransition netal, preferably a group 8, 9, or 10 netal, preferably

ni ckel, cobalt or iron; a and b are integers >0; c is aninteger> 1, a + b
+ ¢ = an even-nunbered integer from?2 to about 8, mis an integer ranging
from5 to QPSU&M%%EIﬁ and b are the same or a different gRiQR9fH05340 C 1S @N
I nteger > 2; a + + ¢ = an even-nunbered integer from4 to about %; mis
an integer from6 to about 12; n is an integer such that 2c - n =d; and d
is an integer > 1. [00101) Exanpl es of p?bferred WC ani ons of this invention
conprising a plurality of boron atons include: (1) A borane or carborane

ani on satisfying thg, gengral rmul a: ax(BH).bxl cx- .wherein: .ax is
either 0 or 1; cx @; ei Haa}al{ag%rpnezgrmgélfa%gmge 105§a%ﬁs§n%t%pf&l@&/éqg rangi ng
fromabout 10 to 12; or deRdra¥fop@umne or carborane or a neutral borane or
car borane conpound satisfying the general fornula: | (CH) ay(BH) ny(H) by]cy-
wherein: ay is an integer frdi(CHeB)mANbi$ZdeMO%AtIdger from0 to 3; cy is
an i nteger fron'ho 1o 3; ay+by+cy=4;
wherein:

az is an integer from 0 to 2;

bz is an integer from ¢ to 2;

cz is either 2 or 3;

mz is an integer from about 9 to 11,

az+bz+cz=4; and

nz and dz are, respectively, 2 and 2 or 3 and 1.

[00102] Ilustrative, 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(IlI),  bis(undecahydrido-7,8-dicarbaundecaborato}
ferrate(IIT), bis(undecahydrido-7,8-dicarbaundecaborato) cobaltate(III),
bis(undecahydrido-7,8-dicarbaunaborato}  nickelate(Ill), bis(nonahydrido-7,8-
dimethy!-7,8-dicarbaundecaborato)ferrate(I1I), bis(tribromooctahydrido-7,8-
dicarbaundecaborato)cobaltate(III), bis(undecahydridodicarbadodecaborato)
cobaltate(III) and bis(undecahydrido-7-carbaundecaborato) cobaltate(III).

[00103] 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



ny is an integer fromabout 9 to about 18; or WD 2004/ 058827
PCT/ US2003/ 040340 34 (3) A netal |l aborane or netall acarborane ani on
satisfying the follow ng general formula:

[[[(CH) az( teié@‘/@%] cz- 12Whz+l dz- wherein: az is an |n{,§ﬂ§520££|4@m49 to 2;

bz is an i romo0 to 2;, <cz is either 2 or 3; nz egerfrom
about 9 to 11; az+bz+cz=4; and nz and dz are, respectively, 2 and 2 or 3

and 1. [00102] Illustrative, but not |lifPting, exanples of WC anions

i nclude: carboranes such as dodecaborate, decachl orodecaborat e,

dodecachl or ododeca r at e, ar badecabor at e, r bgdecabor a

tri met hyl si | y[tspeg B’oﬁ‘é‘t"@ aDFQRY GEOMDS, ARV B%ﬁéoc{‘)ﬁﬁ‘lt@i@@‘aﬁd salts
of borane and rﬁﬁédﬁ%gp 1 hﬂ@éo HEH: Bsdgiecabor ane( 14) ,

7, 8- di car badecabor ane(13 7 mlgl carl%g%ndecabor ane(13),

undecahydrldo 7, 8- dlnethyl 7 8- di car baundecabor ane, 6-carbadecaborate(12),

7-car baundeca?;lilgtg 7|§ dJ[ car baudecabor ate; and Metal | aborane ani ons such

as bi s(nonahy ar banonabor at o) cobal tate(I11),
bi s(undecahydri do- 7, 8- di car baundecabor at o) ferrate(H ),

bi s(undecahydrj do- 7, 8- di car pbaundeca cobal tate(l])l),

bi s(undecahydﬂb‘g‘& L dhb%arwaaﬁr&%wgte@ ‘%PER*@P fhix nventionthe WeARRSr i do- 7, 8-
di met hyl -7, 8- Qbﬁﬁﬁx@é%ﬁ?ﬁﬁé’@f Hord fc@c{(fnéttﬁéturé Yeledtb fofd BiFRPENP Gladay i do- 7, 8-
di car baundecabor ato)cobaltate(l11), bis(undecahydri dodi car badodecabor at o)

cobaltate(lll )camabds«'{tmdewwdrl do- 7- car baundecaborat o) ‘cobaltate(ll1l).
[ 00103] The WC ani on conpositions nost preferred for formng the

[00105]) Some preferred classes are:
(A) cyclopentadienyl transiton metal complexes and
derivatives thereof.
(B)  a substituted carbocation whose composition is represented
by the formula:

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

+2

>

wherein Ry, Ry and R3 are hydrogen, alkyl, aryl, aralkyl groups or derivatives
thereof, preferably Cq to C3¢ alkyl, aryl, aralkyl groups or derivatives thereof;
(D) compositions capable of generating a proton; and

(E) cationic compositions of germanium, tin or lead, some of

which are represented by the formula:



catal yst systemused in this process are those containing a
trisperfluorophenyl boron, tetrapentafluorphenyl boron anion and / or two
or nore WD 20041058827 9CTRUS20031040340 35 trispentafl uorophenyl boron
ani on groups covalently bond to a central atomic nolec meric
conpl ex oraréW?W@WB7 Cationi ¢ conponent [00104] In vari%%@ﬁ%ﬁéwgg#gd
enbodi nents of this invention the WC anion is conbined with one or nore
cations that are selected fromdifferent¥classes of cations and cation
sources. [00105] Sone preferred classes are: (A) cyclopentadienyl transition
metal conpl exes and derivatives thereof. (B) a substituted carbocation
whose conposition is represented by the formula: RL RZ CGR3 wherein R, R2
and R3 are hydrogen, alkyl, aryl, aral kylRgroups or derivatives thereof,
preferably CI to C30 al kyl, aryl, aral yl'ng ps or derivatives thereof; (O
substituted silylium preferably those e%resehted by the fornmula: RI RZ
S+-R3 wherein R, R2 and R3 are hydrogen, al kyl, aryl, aral kyl groups or
derivatives \ r a I Y. r ups or
derivatives ttﬁﬂrr%{éeg[?;kl( g}%@r%ﬁé%t@%@%’%@%l é&gfamglgﬂe ath n‘gj %ﬁ%{egn; and
(E) cationic ceiggsSprefe of t y1U&Fy1, bialkyP brobifash defi0aved theretiiiagl are
represented by the for%ﬁﬁ%:{vm) 05%0%%é27 E@ﬁ% 2003(040340

R* is Ge, Sn or Pb.

A. Cyclopentadienyl Metal Derivatives

[00106] Preferred cyclopentadienyl transition metal derivatives include
transition metals that are a mono-, bis- or tris- cyclopentadienyl derivative of a
group 4, S or 6 transition metal, preferably a mono-cyclopentadienyl (Mono-Cp)
or bis-cyclopentadienyl (Bis-Cp) group 4 fransition metal compositions,

particularly a zirconium, titanium or hafnium compositions.

[00107) Preferred cyclopentadieny! derivatives (cation sources) that may be
combined with weakly-coordinating anions are represented by the following
formulae:
(A-CoMx;
(A-Cp)MLT;
v
Y—M'

[
CpR



36 RL R2 R* -R3 wherein Rl, R2 and R3 are hydrogen, alkyl, aryl, aralkyl
groups or derivatives thereof, preferably d to C30 al kyl, aryl, aral kyl
groups or derivatives thereof, and R* is Ge, Sn or Pb. A Cycl opentadi enyl
Met al Derl 0106] Preferred cycl opentadi enyl tr a
derlvatlve ﬁasggltran5|t|on netals that are a nDno-%EEhéyﬁﬂugﬁbis-
cyclopentadlenyl derivative of a group 4, 5 or 6 transition netal,

pref erably a nono-cycl opent adi enyl (andUCp) or bis-cycl opent adi enyl
(Bis-Cp) group 4 transition netal conpositions, particularly a zirconium
titanium or hafniun1conposit|?ﬁﬁ [00107) Preferred cycl opentadi enyl
derivatives (cation sources) t ?s conbi ned wi th weakl y-coordi nating

anions are represented by the I 1 owi ~gﬁ}gor mul ae: (A-Cp) MXI +; (A Cp) M+;
Cp* Y- M+ | CpR WD 2004/ 0%8827 PCT/ US2 3/940340 37 (CS5-Y-x x Z X
(z-1-y) Yand (C5 HS@-'))-YX\X / \
R (z-1-v) Y;and
(C H S.)

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_y_xSx) and JR'(z-1-y) groups;

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

yisCorl;

(C5Hs.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;



)V M R XY wherein: (A-Cp) is either (Cp)(Cp*) or Cp-A -Cp*; Cp and Cp*
are the sane or different cyclopentadienyl rings substituted wth fromzero
to five substituent groups S, each substituent group S being,

I ndependen i cal group which is a hydrocarbyl,

substi t ut ey—{%y'c??/g%:sg?fbyl , hal ocarbyl, substituted-hal chrcg/ﬁs,zoosmmsm

hydr ocar byl - substi tuted organonetal |l oid,__ hal ocarbyl -substituted

organonet al | oi d, disubstituted boron, di ¥ubst it ut ed pni ct ogen, substituted
chal cogen or hal ogen radicals, or Cp and Cp* are cyclopentadienyl rings in

whi ch t dj at S h.0l ned f ' to C20 | t '
A saturat ed or  unsaiiedrade paegen MGRpER BT LI Ry it Wik 10 O
substituent o %o%ﬂﬁnﬁfontﬂﬁglb_%}’ 6t &P&%Oaafj%’@%? %ﬁﬂieﬁ%&h%ﬁﬁiﬂaﬁoﬁ‘ hifpePONded to

the netal atom A s a bridging gr group may serve to restrict
rotation of t hef 2 prefantly Giirogen, phsspborus,Cagenons8ifir; and JR (z-1-y) groups; M
Is a group 4, 5, or,b6 transition netal, S r 1. (C5H5-y-xSx) is a
cycl opent adi enyl ri%g‘sg&ggﬁoﬁ%ﬁeﬁo%’P]ﬁfqr?%mg&xpgrf}uﬂ’i ve Sradicals; x is
fromO to 5 denotirng irde X{egreetdependeriit htwdrme;ramalzqgﬂi& 2 fadical,

PCT[ US20031040340 38 JR (z-1-y) I1s a heteroatomligand in ich Jis a
group 15 el eneswbstititteth hydrocarbyldiadiaslj balocarhyb eadicad, substingted halacagbyd wpdided, el enent

W th a coor di ngligh DARET on Yot Gl S8R hnb 205 a RARRP U HRRea™ YOO O

sul fur;
pnictogen radical, or substituted chalcogen radicals; and

L is an olefin, diolefin or aryne ligand, or a neutral Lewis base.

[00108] Additional cyclopentadienyl 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

[00109] Another preferred source for the cation is substituted carbocations.

Preferred examples include substances that are represented by the formula:

wherein Ry, Ry and Ry are independently hydrogen, or a linear, branched or
cyclic aromatic or aliphatic groups, preferably a C1 to Co( aromatic or aliphatics
group, provided that only one of R, Ry or R3 may be hydrogen. In a preferred
embodiment none of R}, 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 R1, Ry
and R3 are phenyl groups, the addition of an aliphatic or aromatic alcohol

significantly enhances the polymerization of isobutylene.



R' is a hydrocarbyl group, preferably an al kyl group; X and Xl are
i ndependently a hydride radical, hydrocarbyl radical, substituted
hydr ocar byl radical, hal ocarbyl radical, substituted hal ocarbyl radical,

and hydroc - hal ocar byl - substituted organonet al |0l .
substi t ut eﬁ{@%dr?iuco og’en radi cal, or substituted chal cogerll’%lrrglé?@g)ll@?loand Lis

an olefin, diolefin or aryne ligand, or a neutral Lew s base. (001081
Addi ti onal cycl opent adi enyl conpounds t it 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

Car bocations 100109] Another preferred source for the cation is substituted
carbocations. CHRukeifed$ilokamlafisnd Ncl ude substances that are represented by
the formula: R RZ GR3 wherern R, R2 and R3 are independently hydrogen,
or a linear, branched .or cyclic aromatic or aliphatic groups, preferably a

d to C20 ar onppifp)or allhph%?dtﬁe? Qfegérl'%d PERANSEAENT hg%ub%ﬂhﬁén%ﬂkgﬂ’ R2 or

R3 may be. hydrogen. In a preferred odi ment noné are H
Pref erred ar onecmpositions; [pneferablyetrigubstituted| silyliym opmpbsitibisodre opinbioed withe | i ke.

Preferred ali I.cs. include nmethyl, ethyl, .. oropyl.. butyl entyl . hexyl,
octyl, nonyl, p@?&%ﬁ’&)p&)@&w’m@p '“.“hﬁi#é%?‘{ﬁﬂ?ﬂ%‘fl#g@mﬁr? %ﬁ%&?ﬁé d and t he
i ke. In a parby thef@fdula: pr ef erred enbodi nent, when R1, R2 and R3 are phenyl
groups, the addition of an aliphatic or aromatic al cohol significantly
enhances the pol ynerization of isobutylene. WO 2004/058827 PCTI US2003/ 040340
39 C. Substituted Silylium Cations [(]Q 10] I'n another preferred enbodi nent,
substituted silylium conpositions, prefterably trisubstituted silylium
conpositions are conbined with WCA' s to polynerize nononers. Preferred
silyliumcations are those repr esRQt'e'cS_: ﬁg,

wherein R;, R; and Rg, are independently hydrogen, or a linear, branched or cyclic
aromatic or aliphatic group, with the proviso that only one of Ry, R; and R; may
be hydrogen. Preferably, none of R, R; and Rz are H. Preferably, R; R; and R;
are, independently, a C; to Cz9 aromatic or aliphatic group. More preferably, R;,
R; and R; are independently a C, to Cg 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-methylpenty! 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,

[00111] 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.



by the formula: RI R2-S1-K3 wherein Rl, R2 and R3, are independently
hydrogen, or a |linear, branched or cyclic aromatic or aliphatic group, with
the proviso that only one of RlL, R2 and R3 nay be hydrogen. Preferably,
none of Rl are H Preferably, R R2 and R3 | dently, a
C, to C2o g(ggr})aﬂ {%ésio?rs al i phatic group. Mre preferabl y,ﬁﬁfusioggrﬁg%@ R3 are

I ndependently a Cl to Cs al kyl group. Exanples of useful aromatic groups
may be selected fromthe group consisti n't? of phenyl, tolyl, xylyl and

bi phenyl. Non-limting exanples of useful aliphatic groups may be sel ected

from the gro cONnsi st.ing o thyl, .ethyl ., propyl, butyl, pentyl, hexyl,
octyl, nonyl, Lﬂﬁu’\?‘}’!p?sm%u?ﬁ. le%d%gﬂ%%ﬁm and 3,5,5-trimethyi hexyl . A
particularly preferred group of reactive substituted silyliumcations nmay
be selected fromthe grou consi st rh(;i] of trimethylsilylium
triethylsilylilQfEld ben&gquathﬁemsrlﬁyi §/¢4tighis mpmmpncié&at wilkipredess s on of
stable forns Lt S Lyl | -M%h | reof asee FA
Cotton, G WI r?%ts]gﬁﬁéhgg(}/d&fr’{gé&a ﬁlojfwgéaér‘{lé%ﬂ%ﬁ%r%d%tr Eﬁﬁ%kﬁ V'T'e ]usét?]o Sons,
New Yor k 1980. contairéng seweakly-stadineatirfgoanien. ofProtors omyi o igenerated frogetheani um and
| ead conpositions. and s hesis t.hereof,.see Dictionary of .. (xganonetallic
conpounde. - ChASTRIT & SEH SRERUST Reis e SREss Cu VRl ST et Bedga/ 040340
40 D. Conposi tihueleofkiiakhien Kith@Rite] Aédhalordphlhd) tpedtetd6 blodhice the pbtédandour ce f or
the cation is any conpound that wl| produce a proton when conbined with

the weakl y- codh@licREesmRpdingityrpreduch Ehwpasithe ease eam aleofal prophenol and
weakl y- coor di nﬁ&dheﬂinatﬁ+ t%\'iﬁf PN BubRYealifordh referel fMHeRSent tRARE ON of a

stabl e. carbocation sa ch contains a wedkly-coordinating, non-
nucl eophi | i ¢ amadionwi the cashosatjonadali o4 Gistep with lenpriotopated edditive apeanthaced t he

o1 phonol and ik BEFERE R e Gl SO0 prab el SRR wBlg o or v oo

in the event th@oxili€acids, and the like. Similar chemistries may be realized with silylium

type catalysts. In a particularly preferred embodiment, when Ry, Ry and Rj are

phenyl groups, the addition of an aliphatic or aromatic alcohol significantly

enhances the polymerization of isobutylene.

[00113] 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, i§ 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
présent 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

[00114] 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



reaction of the carbocation salt is faster with the protonated additive as
conpared wth its reaction with the olefin. Qher proton generating
reactants include thiols, carboxylic acids, and the like. Simlar
chemistriegy s&sdcal i zed with silylium type catal ysperajkshosioddadpt i cul arly
preferred enbodinent, when R, R2 and R3 are phenyl groups, the addition of
an aliphatic or aromatic al cohol signi filic)lant |y enhances the polynerization
of isobutylene. [00113] Another nethod to generate a proton conprises
conbining a group 1 or group 2 netal, preferably lithium wth water, such
as by neans of in a wet dil uent in the presence of  a Lewi s base _that does
not interfere Smssingothe HTm'mithra sesgndh corapennd fogmrising, the FEGAp adichobser ved
t hat when a Lew e S AHSHD I JS m | g LRt roup 1 or
2 et Al and {haTaban o, (B8 N BohR M R e T e BaR hent the
weakl y- coor di ngikkwize,afé OpThe @ngRund bRS&lb Heitebey cov@bined Wit and WaTeh t hat
active catalyst is generated when the group. 1 or_ 2 netal is added. ACTIVE

CATALYST SYSTEW farmche jagtivensatalys systemey ahnieally thesVeA issopthinedswitbde14] The

Cp transition tal cations .(CpTmt n.bg conbined i a i cat al yst
D ot Tenst -t iAot sottR b RS B 1 B e 2F 0B s8 HE B0ar ossiar
PCT/ US2003/ 0409A45h) absb werRii the iphidtibdef thie Ta¥endért. h @ second conpound conpri sing
the WCA- which then react to form by-product and the active

"weakl y-coordi nating” pair. Likew se, the CoTmt conpound nay al so be
directly comnbi ith t g\gﬁﬁ : i C

Typically the Mﬁms corf%i%ﬁ]e avﬁ%ﬂc{tt%gg&tg%?ibgﬁj}@éﬁdo gég%@(,geé?&ﬁﬁﬁgeﬁ os of 1
to 1, however maetal osnmfund Gbthtsome ne@pal rhewiacidaCi)chals B{Cybg)s . whichepgar act i ce
of this invention, [00115] Active cationic catalysts can be prepared by
reacting a tr arastiongyith avexdsplyzabindigsnd (%) eftheensition geatalicompopnd fapnsa  such as

B OFG) S, whi ch unot, L SRRELENANS, Sni AR M kR akion ™

transition met#He
species generated by the reaction.

[00116] 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)I\I/I--(-—CHz--CG2--)g--CH2--CG2+WCA'
X

(A-Cp)I\I/I--(--CHZ--CGz--)g--CHg--CG2+WCA'
L

™
Y—-—I\I/I--(--CHZ--CGZ--)g--CHz--CG2+NCA'
CpR



ani on, such as ([B(C6F5)3(X)]-), which stabilizes the cationic transition
nmetal species generated by the reaction. [00116] A novel aspect of this
invention is the active carbocationic catalyst conplex which is formed and
whi ch can Reg sRphggnted by the formulae: (A Cp) M- (--gagm%mm

- CHz- - C&+WCA Xl ﬁ?A—Cp)l\/# (--CH2--C&X2--)g -CHr--C&+WCA

Y-M-(--CH2--C&2--)g -CH2--C&Z+NCA CpR WD 2004/ 058827 PCT/ U82003/ 040340 42
(C5H5-y-X S7) (A) (CHZ C&2-)g -CHZ-B2+NCA- J' (z-1-y) Xy and (C5H5-y-X
Sx) 7-CG -), -CHZ-C&R+NCA- R' Xy wherein each Gis independently hydrogen
or an aromatic or aliphatic group, preferably a d to Cl100 aliphatic group,
and g is an integer representing the number of nmononmer units incorporated

into the grow ng polymner &dﬁd g preferably a nunber greater than or
equal to 1, preferably a( eFX xl)ml to about 150, 000. WCA- is any

weakl y- coor di nati ng an as descriNed above. ot her synbols are as
defined above. [00117 I n anot her di ment th| s | nvent| on al so, ﬁﬂow des
active catalyst ¢ sitions vvhlch/(xw\ﬁere ;CHQECGQ
JrR(zd-y)
;and
(CSHS-y-x Sx)

/ \(CHz -CGy-)g -CH,-CG, 'NCA”

wherein each G is independently hydrogen or an aromatic or aliphatic group,
preferably a C1 to Cjgg 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.

[00117] In another embodiment this invention also provides active catalyst

compositions which can be represented by the formulae:
(A-Cp)
|
WCA- "M~(—-CH3--CGp--)g—-CH2-CG3 ;
X1

(A-Cp)



(A-Cp) WCA-+M-(--CH2--C&Z--)g--CHZ--C&xR XI (A-Cp) WO 2004/ 058827

PCT/ US2003/ 040340 43 WCA- +M - (--CH2-CX-)g--CH2--C& L Cp* WCA-
+tM-(--CH2--C&X--)g -CH2--C&R CpR Y (c5H5-y-X Sx) / NNCA (A)y M+
(CH2-OR2-) qyo fododatsy 7R (z71-¥) X Xy and (CSHS-y- XpSidshobbitodtt
(CH2-C&XR-)g -CH2- & R. XY wherein each Gis independently a aliphatic
or aromatic group, preferably a Cl to C43300 aliphatic or aromatic group, and
gis an integer representing the nunber~of nonomer units incorporated into
the grow ng polymer chain, g is preferably a nunber greater than or equal
to 1, preferably a nunber from1l to about 50,000. WO 2004/ 058827

PCT/ US2003/ 040340 44 WCA- is any weakl y-coordi nati ng ani on as descri bed

above. Al ot her sm@gﬂ-&M_a(n.efﬁs_G@.i)Eﬁgthg@.;
|

L
™
WCA’ *IM--(--CHz--c(}2--)g--(:1{2--c:c}2
CpR
Y
(CSHS-y-x Sx)

\NCA'
(A"y —— (CHp-CGy-)g -CHy-CG,

N

R (1) X, %

pand

‘(CSHS-y-x S0
NCA™

M'—— (CHy-CGy-)g -CHy-CG,

/

R!l Xy

wherein each G is independently a aliphatic or aromatic group, preferably a C; 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.



B. Substituted Carbocation and Silylium Conpounds [00118] GCeneration of
trisubstituted carbocations and silyliumcations may be perfornmed before
use in the polynerization or in situ. Pre-formation and isolation of the
cation or cation salts may be acconplished b t he

al kali or gﬁzq%i&ne g’arth metal salt of the weakly-coor d?ﬁgtﬁ]‘l@?\dgk@%rgn wth
the correspondi ng hal ogen of the potentjal carbocation or silylium
simlarly to nethods known in the art. Yormation of the substituted
carbocations or silylium in situ occurs in a simlar manner to stable
salts, but within the vessel and at the desired tenperature of

pol yneri zat i onWCHds a@wyﬁ@lazyeoeﬂmemg anien ay desebesaabose.i All ether symbolss capabl e
of producing c§§ E‘ﬁo"gr silyliumcations otherwise too unstable to be
handl ed by the Tirst net . The cation or the precursor to the cationis
typically used in 1 to 1 ratios with the WCA, however ratios of 1 to 100
(C+ or Si+ to W . ct'ce of this invention. [00119] A
novel aspect of o ¥ Fbocationic catal yst conplex
which is forned and whi ch can be represented by the formulae: 1 R
---(CH2-CR2) g CHZ C&R+ NCA- R2 wherein each Gis |ndependently hydrogen or a
hydr ocar byl grl80bi8] nr ef &reapration of wsubsituteromrbacationstand syl cationg mpyi s a n

i nteger represgn [ i ACOr par t he
arou ng polyme Rumed SefITRSE pf e PHARRIAUD o Sn 80 L PRBRER™E ol "to 1
preferably a nisetitgm d¢fitbercdtioncordheostabld 6&8j0dGaAlts Gy bO @ddodiiiBled by reacting

PCT/ US2003/ 040340 n oord atin ni on. as_descri bed
above. Al oth ?%5%'3? garﬁ-;sx\ﬁat\éffa%%f y[cd’ﬁl'f%ﬂf] ng’e@fmgn%ﬁh novel
aspect of thi scor@sntingnhdlsgenhef aled lpmnnaadsabmaﬁmprurcmyﬁml yigdilaglpngal ex whi ch

is formed and V\/mch can he resented b or nul
methods known in t{l 5 %ormatlon o¥ the su st{tuted car %ocatlons or silylium

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.

[00119] A novel aspect of this invention is the active carbocationic catalyst

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

R;

R: } {CH,~CGy)g~CH,mCG," NCA”
Ry

wherein each G is independently hydrogen or a hydrocarbyl group, preferably a
Cy to Cyqop 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.



R R S - (CH2-CXR)g -CH2 -C&+ NCA7 R3 wherein each Gis independently
hydr ogen or an aliphatic or aromatic group, preferably a d to C100

al i phatic group, and g is a n integer representing the nunber of nonomner
units inco j;nto the growi ng polynmer chain, g is a nunber
greater thg‘ﬁp%orm@%ﬁigl to 1, preferably a nunber from1 Fgﬁlg%ogﬂ@%ﬁéo, 000.
WCA- is any weakl y-coordi nati ng ani on as, descri bed above. Al other synbols
are as defined above. Ge, Sb, Pb [00121f5In addition cationic conpositions
of germanium tin or |lead, may be used in conbination with the WCA's
described herein. Preferred conpositions include those which are -
represent ed byWCHe is ahinegklyceordinpting anign as gyscribrisgboxss AH eibsy ysbob3/ 040340
46 wherein Rlﬁﬁaﬁ fpAee hydrogen, alkyl, aryl, aral kyl groups or
derivatives t eré%?@mprefe?ably Cl to C30 alkyl, aryl, aral kyl groups or
derivatives thereof, and R* is Ge, Sn or Pb. In a preferred enbodi nent the
R groups are o Cl al k r ef,er abl hyl, ethyl,. propyl,. or butyl.
I—Iydrofluorocaﬁlf}@r'izé'tI [ 002 ]aﬁé%?o Pﬂ%r3%5?%6ﬁ§%5¥eﬁBPgFérdﬁl@muégawas

di | uents in thariocaini catdlfst @BinpRA, w0 Foreiedi aid G/hidN dantbeQBprétented diyher

hydr of | uorocarbons or in conbination with other diluents. For purposes of
this inventionfa ‘clains thereto, hydrofluorocarbons ("RFC s" or
"HFC') are defined to be saturated or unsaturated conmpounds consi sting
essentially of hydrogen, carbon and fluorine, provided that at |east one
carbon, at |east one hydrogen and at [Raast one fluorine are present.

Ry Si (CH,-CGy)g -CH, -CG," NCA”

R;
wherein each G is independently hydrogen or an aliphatic or aromatic group,
preferably a Cq to Cjqq 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

[00121] In addition cationic compositions of germanium, tin or lead, may
be used in combination with the WCA's described herein. Preferred compositions

include those which are represented by the formula:

i1
R—R* —R
+

2 3



[00123] In certain enbodinents, the diluent conprises hydrofl uorocarbons
represented by the formula: CXHyFZ wherein x is an integer from1 to 40,
alternatively from1l to 30, alternatively from1l to 20, alternatively from1
to 10, al whhalosgty froml to 6, alternatively from 2 g 9o03bigionati vely
from3 to 10, alternatively from3 to 6, nost preferably from1l to 3,
wherein y and z are integers and at |least one. [00124] Illustrative

exanpl es i ncl ude fl uoronet hane; di f I uor offet hane; trifl uor onet hane;

fl uoroet hane; 1, 1-difluoroethane; 1,2-difluoroethane; 1,1, 1-

trifluoroethane; 1.1 _2-trifluoroethane:; 1.,1,1, 2-tetrafl uoroet,hane; 1,1, 2, 2-
te!tra:‘JI uor oet hAREFIRY, 2,|§’,1 : eﬂ?éﬁ%ﬁ’%’f ALY anfl, Hah%'?gfﬂli%’ﬁgﬁg?ma%ws

2-1l " sl M ey [ .

T Dor po Miereot piebly ¢S 3R ARISE ey, albi grbity P HORANCes thercot and

1,1,2-trifluorreropeNsn of Ph, 3in i piefértar @iboaRadie thelR Zraupsiard b @r@PCQPane;
1,2,3-trifluoropropane; 1,1,1,2- tetrafl uoropropane;

1,1,1, 3-t et r af hliyly prefeogbdnmethy], Bth¥], Propyt, oabityor opr opane;

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

1,2,2,3-tetrafl uoropropane; WO 2004/ 058827 PCT/ US2003/ 040340 47

1,1,1, 2, 2- pent ghlilaauoeERBaRe; 1,1, 1, 2, 3-pent af | uoropropane; 1,1,1,3, 3-
pent af | uor opr opane; 1T, I, Z, Z, 3- pent af | uor opr opane; ‘

1,1, 2,3, 3-pentafluoropropane; 1,1,1, 2,2, 3-hexafl uoropropane;

1,1,1, 2, 3, 3-he or opr : a}m% lyuQr enL X
1,1.1,2.2 3, 3- i@é%%if | uor G rg%%fﬁé“; i i,iﬁc, pz‘%,r ?’g-aéeﬁ;%t a ~‘3§?‘8§F&’5§8€%€

1- f | uor obut aneinv@atfony calodeutoandr combimitién uwitlo bothem dyydbflRerodarbbasoroobint ane;
1, 3-di fluorobutane: 1, 4-difl.uorobutang: 2 2-difluyorobutane; 3-. .

G 11 wor obut ane ottbtapr ik pingF YR cror PRrcaSs ot PR G SHRR g e laims

1,1, 3-trifl uor thetsid tydroffuofocdrbbhid $"I—H@'s®b:lﬂt"iiH'E") dre’definkd itd be GhrbidROE;
1,2,3-trifluorobutane; 1,3,3- trifluorobutane; 2,2,3-trifluorobutane; 1, 1,
1, 2-tetraf| uor BbWfuAted campounds consistipg epsgpiiably Afdpdrogen, carbon and fluorine,
1,1,1,4-tetraf ks - rlﬁ@kﬁf@ﬂ . VAB :
tetrafl uorobut gfr?g{dg?%la@%ﬁfa%g#z% I B%E%E%Ha%}g; 1, T, 3%1?1,d t&%lgc?%folﬁﬁgpg%ﬁ ane;
1,1, 3,4- tetrabdepmseitut ane; 1,1, 4, 4-tetrafl uorobut ane;

1,2,2,3-tetrafl uorobutane; 1,2, 2, 4-

[00123]  In certain embodiments, the diluent comprises hydrofluorocarbons
represented by the formula: C,H,F, wherein x is an infeger 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.

[00124] Illustrative examples include fluoromethane; difluoromethane;
triftuoromethane; 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-flucropropane;
1,1-difluoropropane; 1,2-difluoropropane; 1,3-difluoropropane; 2,2-
difluoropropane; 1,1,1-trifluoropropane; 1,1,2-trifluoropropane; 1,1,3-
trifluvoropropane;  1,2,2-trifluoropropane;  1,2,3-trifluoropropane;  1,1,1,2-
tetrafluoropropane;  1,1,1,3-tetrafluoropropane; 1,1,2,2-tetrafluoropropane;
1,1,2,3-tetrafluoropropane; 1,1,3,3-tetrafluoropropane; 1 ,2,2,3-tetraﬂuoropropan¢;



uor obut ane; 1,2, 3, 3-tetrafl uorobutane; 1,2, 3,4-tetrafl uorobutane;
- tetrafluorobutane; 1,1,1, 2, 2- pent af | uor obut ane;
, 3-pent af | uor obutane; 1,1, 1, 2, 4-pent af | uor obut ane;

ReO Lhssgiobut ane; 1, - pent af | uor obut aR@iras2003/040340

1,1,3,4
pent af | uor obut ane; 1,1, 2, 2, 3- pent af | uor obut ane;
pent af | uor obut ane; 1,1, 2, 3, 3-pent af |l uorobut ane; 1,1, 2, 4, 4-
robut ane; 1,1, 3, 3, 4-pent f 1 uor dBut ane; 1,2,2,3,3-pentafl uorobut ane;

ent af l uorobutane; 1, 1, 1,2, 2, 3-hexafluorobutane; 1,1,1, 2,2, 4-
obut an hexafl u

, hzlxg% PU(ﬁ]Eg%aﬂflgrngwp a‘_lLe’ 12[13%5 %e%‘?'for%?rg%mteane L1,1,3,3-
hepeﬁifalﬂtmbpigpmel, 1,2,2,']3 p’len&ﬂﬁor@prdpmf l,uﬂﬁcbﬂapﬁnaﬂt Rioropropane;

e ut.ane; 1, uor obut ane;

Bt A faahiebropiet 5 351 25 EhGe ISP oRttRae. 1383 3, 4-

P
b
4-
4-
4-
obut afRaflubrdprépage;d 4- Naxed, QQ@TEQ ropropane; 1,1,1,2,3,3,3-

, 4- hexaf | uorobut ane; 11,1, 2.2, 3, 3- hept af | uor obut ane;

, 4,
3
4
3
3
4
3
r

1,
2,
2,
a

t

Qheppﬂmrpn@pmm &fﬂ@orobut@nq, 2-fluogobtangie pk, fliflnorabitaneind;2-
4 B b £aih ﬁmimtaﬁgp?% ey 223

2%

4,

4

,d&ﬂmb‘taftémpﬂpblutrﬂmerobﬁtaﬁe,n 22—21;&104014&&11&;:11;1123 -trifluolobtitane ;

, or obut an 4,4 A- t af ] uor obu

, 141 g @ éﬁ’??ﬂ?ut arllg 2 Tﬂi‘o?bﬁmﬁe »3, 3‘1 vy Fﬁ PR oggnjane
, thfifforobutade; uorzgﬂgslhﬁmmb%tahéuorpi 2 0Rt-AVRSIRRARE;  1,1,1,3-

0- 2- et hyl propane -di f | uor o- 2-"net hyl pr opane;

f | uortetrafluppobutang d5]8132 1et42@11p199m@m%/ Mmﬂaﬂsorﬁbmw ptdgae;

fl uory r ; r @-12 | } pr=apane;
![ et lrJaf uor o- ne?h??%?gp%%%ﬁo%%ﬂaﬂgﬁtlé%j Qeﬂalﬂlgérg ﬁe%’ﬁ&??gr opane;

ri f | uortetrlupfdbutanends hy,Hitprabiperobytads; 1 1,2,233 &tqaﬁnmrabllltam; 01,2:2,4-

r?E?PSftFWue?’dﬁta%% o RS, 0T A TS aR B 235 4

rocycl obtedfRidfobutane di 110 péill/aﬂu@hibhﬂﬁ@ 11,81 lef pammsmh@ﬂat ane;
rlfluorociclobutane 1 1 3- trlfluoroc obutane
r

i 1 uoroby<itonsmativarobutanc:y 2. ¢ dilplat: Pperte YEpReane; L1134

pentafluorobutane;  1,1,1,4,4-pentafluorobutane;  1,1,2,2,3-pentafluorobutane;
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-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; 1,2,2,3,3,4-hexafluorobutane;
1,1,1,2,2,3 3-heptafluorobutane; 1,1,1,2,2,4,4-heptafluorobutane; 1,1,1,2,2.3.4-

3-
4-
. 4-
uo
4-
or
3,4
3
4
, 3,
oro
3
2
3
4
2
3
3
2,
uo
i

I
r
r

I—‘I—‘Hl—‘l—‘l—‘Hi—‘l—‘l—‘Hl—‘l—‘g_Hl—‘l—‘H:Ti—"D RPRRRN
> <

3

h.

""""OCD'O"’UJ"""'_“I\)I\)I\JNI\)I\)_I\J(DC l\)-hOOI\)C w—l\)bwmw—

e

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; 1,1,1,2234.4-
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-



1,1, 3,3-tetrafl uorocycl obutane; 1,1, 2,2, 3-pent af |l uorocycl obutane; 1,1, 2,3, 3-
pent af | uor ocycl obut ane; 1,1, 2, 2, 3, 3- hexaf |l uorocycl obutane; 1,1, 2, 2, 3, 4-
hexaf | uor ocycl obut ane; 1,1, 2, 3, 3; 4- hexaf | uorocycl obutane; 1,1, 2,2, 3, 3 4-
hept af | uor @9 ; and m xtures thereof and incl udi

unsat ur at egﬁﬁé bggescrl bed below. Particularly pref erreﬂgﬁﬁg Mssm?(ﬁ ude

di fl uoronet hane, trifluoronethane, 1, 1- d| | uor oet hane, 1,1, 1-
trifluoroethane, fluoronethane, and 1, 1 , 2-tetrafl uoroet hane. [00125]
IIIustrative exanples of unsaturated hydrofluorocarbons i ncl ude vinyl

fluoride; r oet hene; | u 1 1, 2- tr roethee; 1-
I uoropropene g’f&l{&?? lfgéoprope#e 3%1@05‘?' T gtgyg%gg ehe ié#ﬁ"ﬁ’&? pr opene;
-di f | uor opr (ﬂtﬁftﬁnetﬁylﬁ)rﬁbaﬁ‘. Uit opxtemlmro-l-nibﬂﬁdﬂrbpeifnleym Gmliﬁﬁﬁhtbro-%ﬂ é g
uor opr opene; trifluaropropene; 1, tri ro -
uor opr ope??@ﬂ‘y rapage; |41 B‘gf‘%ﬁﬁ’f‘?@m‘%‘lﬁh&?ﬂa&e’l %ﬁ'@ﬁﬁaﬁm’o'}
oro- 1| -but ﬁl@@?rlp?opa!ﬁé uor, 93%@&1@&&2 (ﬂu&&xﬁ&hﬂlﬂrgﬁlﬂ%eﬁ?l 3-tetrafluoro-2-

I

I

u

-di fl uoro-1 - buf ene; | uoro-1 - but ene; ¥1’uor opr opene;
- di

d

i f1 uoro- 1 ﬁbmm@hylkr@aaﬁ,f | Ulrosocyclobetanss: 4, ldifluerogyrlebutanehut bive:

I f1uoro-I dlf ut 1,1, 2-
| uor o- 1- bu eﬁél%ggcliﬁgﬁ} f |1f:JI E@ﬁlgmfy‘g%g%g 11111,’4'?&!"{0 8 F@%‘I%to lS{]?en
- trifl uotriflubrdeytiomeane] , P2 3-ttifludrocsalabutanku tleh)® 2-tetrafluorocyclobutane;
-trifluoro-l-butepe; 1 4- trif ene;
TEr 1 or S5 DkaR g obbgime || L bonc popiuRRydobtane;  1,1,2,33-
uor o- 1- bUE)éhﬂ‘ﬁluo?oac‘ﬂ'c:lﬂvbﬁlt!uleﬂc | U0r10t QQQLH—Eékﬁﬂu&oé’yc‘Pobhfahy uor @-l>-bygene;

trifluoro-1-butene; 4,4,4-trifluoro-I-butene;

3-tetraf h@@ﬁbomcm@wge, 1, 11, 12,2@, 4-bexadnorgeyclobutasgr enel,1,2,2,3,3.4-
3t ot o il Sis L ST BUE” i LR mixores of
4-
,4-

-1

—_— -

-h-bwm woo_b.wmb—hoooo

tetraf bnaatlm&téd HEC'e ndgscrihed, beldwt et Paatidulaytyo preflaméde HEC's  include
tetrafl,yoro-1-but ene 4/ 03}@27 PCT/ l{nﬁOOB 40340 49

£1 uor o- 1- Bigrmethang, Muvaﬁﬁtammﬁ%?fﬁwm

, 4-tetraf flu&bﬁreﬂmi@é;taﬁ@?ﬂ,l,ﬂte&aﬂucﬂ-oét@inéaf | uoro-1 - bUt ene;
,4-tetrafluoro-|l-butene; 3,3,4,4-tetrafl uoro-1- butene;
4-

tetrafluoro-1-butene; 1,1, 2,3, 3-pentafluoro-I-butene; 1,1,2,3,4-
[00125] HNlustrative examples of unsaturated hydrofluorocarbons include

uoro

—_ -

o -
-h-bw”wNI—‘HI—‘:b_-th_w-hl—‘_“__w

f

2
tr

tr

2-
1
1
3,
tr

1
1
1
t

3
1
1
1
1
1
t

2
2
3

vinyl fluoride; 1,1-difluoroethene; 1,2-difluoroethene; 1,1,2-trifluorcethene; 1-
fluoropropene, 1,1-difluoropropene; 1,2-difluoropropene; 1,3-difluoropropene;
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-
trifluoropropene; 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-tetraflucro-1-butene;  1,3,3,4-tetrafluoro-1-butene;  1,3,4,4-



ent af l uoro- 1-butene; 1,1, 2, 4, 4-pent afl uoro-1-but ene;
,1,3,3,4-pentafl uoro-1- butene; 1,1, 3,4, 4-pentafl uoro-I-butene;
,1,4,4,4-pent af l uoro-1-butene; 1, 2,3, 3,4- pentafl uoro-1-butene;
, 2,3, 4, 4- ReHLG P)owgﬁ.p- | -butene; 1,2,4,4,4-pentafl uoro-| pckisSsiB8io40340
,3,3,4,4-pentaf l uoro-1 -butene; 2,3,4,4,4-pentafluoro-I|-butene; 3,3,4,4,4-
ent af | uoro-1-butene; 1,1, 2, 3, 3, 4- hexafl yoro-1 - but ene;
,1,2,3,4,4-hexafluoro-1- butene; 1,1, 2, % 4, 4-hexafl uoro-|I -but ene;
,2,3,3,4, 4- hexafluoro I-butene 1, 2, 3,4, 4, 4- hexaf | uoro-1 - but ene;
,3,3,4,4,4-h uor but e 4.4- h ene;
3544 DB Sl sy dikyido el 9B LGh Gt L
, 2, ? 4, 4, 42mg,at4a1fetrumwrozhdﬂuﬁxﬁfl nez, 4,lgﬂf5ﬂeuﬂ1m&ilu§tege$i3 24, ﬁtguafgmaibut ene;
, [ uor o- ut en 1 I uQr.o ut 1 I ro ut ene;

i f1 uor o- 20 Eﬂeen§44’z’4 -igtegilyqryyl C)b“é"'nﬁut]eﬁgg 311’39“{1“{’?‘??86*6?% 31t Ane:

[

-t

L fl Uorﬁéngﬁfgﬁﬁcﬁﬂ-%uteﬁe 1, i3‘1 bra 4- éf@é:ffﬁo?o PBLRRS: 1,1,3,3,4-pentafluoro-1-

i fl uoro-2-butene; t7i Tl uoro- 2- but ene;
i f1 uor butenep dtlehéﬂ-ppm@ﬂmo@ -I-butenst 1]k b4 pentafluore-1-tmtane; 12,3,3,4-

f | uor o- 2- put ;

. 3-tetraffuor o%?'%'bgl tggliee’ ’?}3 @JZL%% ra?ﬁh%ﬁ% e i gentaﬂuoro-l-

4-t et r af buterieo %,hmﬂqjmtaﬂﬂloﬂ)rllbxﬁer&' 080 4 it ipentafiucto- 1btitare 3,3,4,4,4-

2, 4-pent af | but en e af | uor q-2- byt.ene 1i 4, 4-
| uor o- 2- PRt ro-gbftege,g,i} %&rﬁi’ﬂ‘%’f’g’ B'i‘}f‘%néci 23, E ELhe:xaﬂuoro-}

‘21, j pent pltbaedr 0- 21 s @liRkafodo- i-b@teﬁe 4- hqmib Hqi&xaﬂﬁibﬁflﬁltene,

. 4- hexaf | uoro-?2 butene 1, 3, 4 4- hexafl uor o- 2- but ene;

: 1,
41 4, 4- hekaﬁL%f’rrbe&afbmceh@uteae,l 23, 184,4,44hexnféum¢1lch3mﬂ2 bbﬂésﬁe‘* 1, 1,
3.4, 4 et gLlupgRePaphenc: dulaaly dudiufuofiophatiaor o-f1auene and

m xtures there I NC tires of “satura HFCs destrr above.
[00126] In onehmﬁhdimia-lbutene hé,2cB 3 G,éﬂlt—h&pmrﬂponosbbutnm; pé}ubtwbbumm e@l—
conmpounds or tRhe d|Iu

is.a rfl yor | uor nat ed
conpounds bein ?rﬂozslgl il}ndd %etf“é‘?"l *hg'’ 2%‘@’%??%3“ ug ffg d 'However,
i n anot her embbgensznti, 4-m|ﬂ&6rotilBut€mel U@.EH—dJﬁQfﬂI!—bﬁt&ﬁe a ki, @nﬂﬂudrba-ﬁuc@ad may
conprise perfluorinat ed corrpound pref era the catal yst. nononer, and

diluent are prdsdifiupio-2ibuteng bl dftuduores- bﬂ%@eaié Acidupiootrbuters yddent s ar e
mscible with %&M&Q@ﬁé%z,ﬁ%ﬁb&%%&&%ﬁﬂg,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-heptafiuoro-2-butene; 1,1,1,2,4,4 4-
heptafluoro-2-butene; and mixtures thereof and including mixtures of saturated
HFC's described above.
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[00126] In one embodiment, the diluent comprises non-perflucrinated
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



50 the diluent as described in further detail below In another enbodi nent,
the blend nay also conprise chlorofluorocarbons (CFC s), or those conpounds
consisting of chlorine, fluorine, and carbon. [00127] |n another

enbodi ment ,wyheankdsgher wei ght average nol ecul ar  wei ghtpgeridddloslolos cal |y
greater than 10,000 Mwv, preferably nore than 50,000 Mwv, nore preferably

nore than 100,000 Mv) are desired, suitahle diluents include
hydr of | uorocarbons with a dielectric constant of greater than 10 at -85C,
preferably greater than 15, nore preferably greater than 20, nore preferably

greater than [ f er abl [, -MLe, e | ent s ere_l.ower
nol ecul ar wei éﬁ% gﬁ;{l)etngﬁéj‘(ﬁ:eg yeﬁl%v%\gfh %f g%t%lpﬁﬂ(?‘&)k)@ Wﬁ%%‘é’@%f‘%%@%ﬂdt han
5,000 Mv, normaypaedeombiise tidawfludracarBod(CFM), @ rthosdadimpetndsh@nsistitigect ri c

constant may b ess than 10, or by adding |larger anounts of initiator or
transfer agent°f\%ﬁ'lé’i’|‘“?=hd%‘°"‘87” QS?IEDP’& constant is above 10. The dielectric

constant of the diluent EDis determ ned from neasurenents of the
capaci tance of a parallel-plate capacitor imrersed in the diluent [neasured
value CD|, in er ende ampthier] embodimsnly When highar rweightomveragst mplreylareasur ed

[0}
val ue CR], and,L:gwdl = rég] ] e measur ed
capaci t ance %@hglﬂ\(/{é{f@}p}%ﬁg&%@% : mgg(ghéﬁi%referll;ébh?%?%fg%?rsl%@onstant
of the fluid iMwhhaeke preferablypamire dhan 400,000 Mw) areCdedired] lditabil iluents _
Gt von by the {BAHER EeiRFRHoR) ViR APl AR BRI WPE QAL v, &
pur pose-bui | t prafetdb tef URdh 35, ofe BreRAKUIR\@Eatdr bk WIE Hhor&QiréfefaBlyl ON
BIC-870 nmay be used to neasure dielectric constant of diluents directly. A

conpari son of greder thas| X tmere prefeblintd of mpotss I pwRodisiestst wherellpwiemt s at
e 5B RN AN 55 01 S B I 04 050527
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 gp 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 C,].
In each case the measured capacitance Cy is given by Cy= eCc+Cs, where € is the
dielectric constant of the fluid in which the capacitor is immersed, Cg is the cell
capacitance, and Cs is 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 directly. A comparison of
the dielectric constants (g) of a few selected diluents at -85°C is provided below
and graphically depicted in Figure 1.



Di fl uoronet hane 36.29 1,1-difluoroethane 29.33 1, 1, 1 -trifluoroethane
22.18 1, 1, 1,2-tetrafluoroethane 23.25 1,1, 2,2-tetrafluoroethane 11.27 1,
1, 1,2, 2-pentafluoroethane 11.83 1001281 I n other enbodi nents, one or nore
HFC s are wagshol/isggbi nation w th another diluent or qsbafhjgg(ﬁm@gmdl | uents.
Sui tabl e additional diluents include hydrocarbons, especially hexanes and
hept anes, hal ogenat ed hydrocarbons, espgcially chlorinated hydrocarbons and
the like. Specific exanples include but “"are not limted to propane,

| sobut ane, pentane, nethycycl opentane, isohexane, 2- nethyl pentane,

3- et hyl pent ane, 2-net hyl butane, 2, 2-di net hyl butane, 2, 3- di nethyl but ane,

2- met hyl hexane, 3-nethyl hexane, 3-ethyl pentane, 2,2- dinethyl pentane,

2, 3-di et hyl pent ane ﬁ dlnethylpentane 3,3-d ne gég pent ane,
2- met hyl hept ane, 3-g¢ P y? exane, 2,5- dlnethylhexaﬁ3 (%4 t rijmet hyl pent ane,
oct ane, heptane, bu t.hane, nethane nonane, ane, dodecane,
undecane, hexane, niﬁﬁgbdgw' @%exane cyc opropane]%g‘F cl obut anje,

cycl opent ane, methy ﬁ%f'o [ane, 1, 1I-di nethylTcyc % fane, crg 1, 2-

di net hyl cycl opent ang ethans i et hyl clycl opent trans-1,|3-

di et hyl cycl opent angé gtﬁ Iopentane CyCl ONéeX e met nyT cycl ohexane,
benzene, toluene, xyié exylene pgr a- xyleﬁg 3ret a- xyl ene, and the
hal ogenat ed versi onf_Ql_ & The above, | preferanly the cntorinated

1
versions of the aba%é11ﬁ§P@Dﬁ¢@Férably uori nat &d-Mersions df all of the
above. Brom nated VyeTrSIrons ofthe above pre atrso usefut——Spedi fi c exanpl es
i ncl ude, methyl chl philde-tetipflumocthanssg27 pCT/ US203342940340 52 met hyl ene

chl oride, ethyl chlpride Wg_r opyt—chtoride;—butyt——chtoride,——Tttor of orm and
the like. [00129] | hlARetisEnllegipbangent, hon-reactiv® ol efins |may be used as

1,1,1,2,2-pentafluoroethane 11.83

[00128] In other embodiments, one or more HFC’s are used in combination
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-
methylpentane, 3-methylpentane, 2-methylbutane, 2,2-dimethylbutane, 2,3-
dimethylbutane, 2-methylhexane, 3-methythexane, 3-ethylpentane, 2,2-
dimethylpentane, 2,3-dimethylpentane, 2,4-dimethylpentane, 3,3-dimethyl
pentane, 2-methylheptane, 3-ethylhexane, 2,5-dimethylhexane, 2,24.-
trimethylpentane, octane, heptane, butane, ethane, methane, nonane, decane,
dodecane, undecane, hexane, methyl cyclohexane, cyclopropane, cyclobutane,
cyclopentane, methylcyclopentane, 1,1-dimethylcycopentane, cis 1,2-
dimethylcyclopentane, trans-1,2-dimethylcyclopentane, trans-1,3-
dimethylcyclopentane, ethylcyclopentane, cyclohexane, methylcyclohexane,
benzene, toluene, 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,



di luents in conbination wth HFC s. Exanpl es include, but are not limted
to, ethylene, propylene, and the like. [00130] In one enbodi nent, the HFC
is used in conmbination with a chlorinated hydrocarbon such as nethyl

chloride. Agdibdspsahy enbodi nents include using the HFCdgrgaeBloid on Wi th
hexanes or- methyl chloride and hexanes. |In another enbodinent the HFC s are

used in conbination with one or nore gagfs inert to the polynerization such
as carbon di oxi de, nitrogen, hydrogen, gon, neon, helium krypton, zenon,
and/or other inert gases that are preferably liquid at entry to the

reactor. Prefe[r S%E i!ncl £bon_ di 0xj r waktrogen. [00131] In
anot her enbodi I:Irleeﬁ&legﬁec s@?ﬁ“@@%‘g"’ ipﬁopggﬁ%l;g ﬁggir‘(ﬂ;‘{pﬂm‘il}l%néghé:%léorfo%r e
nitrated al kanasd the tiké.uding CL to C40 nitrated |inear, cyclic or branched

al kanes. Preferred nitrated al kanes include, but are not limted to,
nitromet hane, nitroethane, nitropropane, nitrobutane, nitropentane,

ni trohexane, nigoagd|ePt ang, andthdr’ HAGIAREN, Moh kLB Mofin! ﬁl&f%n%&, as
ni trododecane, nitroundecane, nitrocyclonethane, nitrocycloethane,
ni t r ocycl opr op@ientsnint ombination WithHF C sni Examnles igplade.dvt arennatrlimijes) tohexane,

ni trocycl ohept gietendinkd Rt ! LAGH , nitrocycl odecane, nitrocycl ononane,
nitrocycl ododeca g, iy ocy’cﬁgloune?ilg%ane, nitrobenzene, and the di- and tri-

nitro versions of the above. A preferred enbodinent is HFC s bl ended with
ni t r onet hane. 2] The HFC i ypically esent .at 1 t.a 100 vol une %
based upon theiﬂqﬁ%‘ﬁal volfufte® an%f’ eBF?t{']‘érﬁlg(? 15y it fopaipa QtWEErPS and
100 vol ume % clbfigtétB thydRcarbbiet eR Nasl Syl HISYideO! Aadtibhal adhbddiasdty el ¥
bet ween 15 and 100 vol ume ;% alternatively between 20 and 100 _vol une %

al ternativel y bludeamingsthegHEC 1inocapingtionoyithy hexqnes tariaethylh ehloidenamd and 100
vol ume % al t efAahiy eV 88 / Q3 ticowiE 35 and
100 volunme % a tersh:l!tnia\lllé\ﬁ%%gt%v(\g%n ilée an Slflg% %§|1{3%n§’%§}93 %ter%ﬁ??{)el y
bet ween 45 andmb@dgased inemt tVthe pblymerization ehoh ds carher dioBleamittogdOhydrogen,

argon, neon, helium, krypton, zenon, and/or other inert gases that are preferably

liquid at enfry to the reactor. Preferred gases include carbon dioxide and/or

nitrogen.

[00131] In another embodiment the HFC's are used in combination with one
or more nitrated alkanes, including C; to Cyp nitrated linear, cyclic or branched
alkanes. Preferred nitrated alkanes include, but are not limited to, nitromethane,
nitroethane, nitropropane, nitrobutane, nitropentane, nitrohexane, nitroheptane,
nitrooctane,  mnitrodecane,  nitrononane, nitrododecane,  nitroundecane,
nitrocyclomethane, nitrocycloethane, nitrocyclopropane, nitrocyclobutane,
nitrocyclopentane, nitrocyclohexane, nifrocycloheptane, nitrocyclooctane,
nitrocyclodecane, nitrocyclononane, nitrocyclododecane, nitrocycloundecane,
nitrobenzene, and the di- and tri- nitro versions of the above. A preferred
embodiment is HFC’s blended with nitromethane.

[00132] 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



volume % alternatively between 55 and 100 volune % alternatively between
60 and 100 volune % alternatively between 65 and 100 vol une %
alternatively between 70 and 100 volunme % alternatively between 75 and 100
volume % b igimakivel y between 80 and 100 vol une % bb?ﬁﬂﬁfo&ﬁ{ﬁ&% bet ween
85 and 100 volume % alternatively between 90 and 100

alternatively between 95 and 100 vol umg % alternatively between 97 and 100
volune % alternatively between 98 and>100 vol ume % and alternativel y

bet ween 99 and 100 voI urre % In a preferred enbodi nent the HFC i s bl ended

h hI b d gnbodi
the HEC i scPERtEn Brii 100 e RSeraey i SRty ead i BhaphER. o

trifluoromet h&ll&natively Eet‘WewalQ%hJi'élOe volume, %, altémﬁﬂlw eawaameo aﬁmdoo
1,1,1, 2-tetrafl uoroet hane and m xt ures t her eof | n anot her

embodi ment  t h&ole ontlteznatiyely betwveenis? @pd 409 §°]§€!ee@t @Hmaﬂé{’%lé@e%% 60t s
S0l ubi 1 Ly i 1 b ODUHERY %, Gk bbiRBh 6538 100l vife 9. Al YT

Preferred diluents ha e to no solubility In pol’ymer. Sol ubility
in the pol ynebeivecme’/@smdewﬂayolhmnr%ngltmmimm batween A andi 100 Ivolupie #4i ckness
bet ween 50 and 100 ons Ki dil uen eno over the
film for 4 ﬁ]}fﬁﬂgu #ﬁ ﬁﬁﬁ\ OE’%? Em?ti"%%ﬁ@ gg@ﬁ{l%@xposed to
room tenper atvghugnef B[ al%nz&ﬁ@l?ﬂﬁﬁﬂdcﬁ %mooawuﬁm%satedwwapmeﬁﬁeems he
surface of the film and weighed. The mass _uptake is defined as the

percentage i néréd8R volupg o, atemaively Yetvesn OF rand ol; Yfﬁmn%(& dtermasrgly or
i uent m xt U 08G5E 05 9ol 48 BShIVEY bty e 9 | ess

than 4 wt % preferabl ess t an '3 W % preferabl ess t an 2 W%
preferably | eds atp:afenbdvambodnmn@ﬂm gFér ablblyndeés&mth Imacn orOn@ewﬂl%nnm@@lM] In a

Phe i ffer 2223%"?%@%# Sl e kbl b 5 7 B b PR "0, (e

pol ymer with Igeasp Bt} of dififorofmethaiye, dmﬂluoedsrheﬂlmr eacdlﬂdoroetbmma,ﬂa and
additives is w SC of t Tg rrea ured after it has been
formed into at‘F‘-{.l ‘3% ggg Eféﬂ%d@ &Fns, that has WO

2004/ 058827 PCT/ US2003/ 040340

[00133] 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 wt%, preferably less than 3 wi%,
preferably less than 2 wt%, preferably less than 1 wt%, more preferably less than
0.5 wt%.

[00134] 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



54 been soaked in diluent (enough to cover the film for 4 hours at -75C
The glass transition tenperature is determned by differential scanning
cal ori rretry (DSC). Techniques are well described in the literature, for
exanpl e, , "The Nature of the d ass Transiyi S

Det er m nat i o(y\ﬂ@ iflher mal Anal ysis", in Assignnment of tﬁte:lr@gé@gﬂilg?gnm tion,
ASTM STP 1249, R J. Seyler, Ed., Aneri cgn Society for Testing and

Mat eri al s, Phil adel phia, 1994, pp. 17-3°1. The sanple is prepared as
descri bed above, sealed immedi ately after soaking into a DSC sanple pan,

rasurenent | e apkeIRER S eioaf Wver e i for IR IS, BRhs (e PO
preferably wi ttl‘hinﬁitldﬂ.(émﬁeratm Hs détemiined by tiffeadaitivl Vdahhing cAlREmefry @sﬂ).ot her,

D o or abl y w {irehnigtssare Bl desingd i tht EieBrapifr ST T OV ardieRibn Benor
preferably w tNuite IE tRE GRS e and' i8S B&@%Maﬂuﬂw Théma? farRBAR” Ohher

preferably w thin 3C of each ot her , preferably within 3C of each ‘ot her,
preferably w tAssignmentyif thesGlassTnansition; ASTM 8EP 1244, tRaJnSeﬂﬁEEﬁ Ameticast her .
Pol ymeri zat i ong P

and batch processegpﬁﬁ%ﬁgtﬂ%rlﬁé] ggﬁﬂﬁvr%ﬁl?&élﬁ'ﬂﬁa%geg%ﬂggﬁ cﬁge %n?’a %Infjlgn:‘] Iog\?v

reactor and/ orprqiarddrasdesmbkd abmpﬂeﬂeé xminadap‘elytammswhﬁghnﬁ)aDSérsampla may be
practiced in "but react or.s ustrative es | react or
sel ected fromﬁaﬁegiﬁlr%ﬂﬂ%ﬂsqtﬁt?ﬁﬁerﬁ@eabe %%ﬁ&ﬁ?}ﬁ%llﬂlﬁ%l #YE’P@B‘Y thenk
reactor, a plugsd |MeHsireReitOr PreferBly ithée) TRSVAluea! arél within N28C to¥leact? ofifRE, OF
nozzl e reactor a tubular reactor, and an autorefrigerated boiling- pool

reactor. [00138%ferahlyawishined %5 g€ each pthar rreferably %%Vé@l“%)?f@ﬂ@l gtheheat
transfer S””&g@f@&blf%tﬂma@'? Nof2 eSO HiAY r‘é‘f%?afbw v%‘iﬁ:%ekhé 89%5&1”&11' on one
e and the poly t

side of the t merizing mxture-is on e ot her Heat
may al so be r guefemblybyithiaw Jp0r off eandy vther, purkferably zvithin rﬁ"@tuf(eacl'soﬂier as may be

found in an  ULOLELT LAREASEE BOLAh"GuB refollfy 15BSE e HYUGTLaRA™I e 13

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

[00135] 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.”
Hlustrative 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.

[00136] 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



reactor where a portion of the polynerizing mxture is evaporated as the

m xture WO 2004/ 058827 PCT/ US2003/ 040340 55 proceeds through the reactor.
Anot her exanple is where heat is renmoved in a plug flow reactor through
surface he%z{gﬁﬁd%ﬁfz?r using cool ant on the other side ofjcpytdosdd ansfer
surface. Another exanple would be a reactor where polynerization takes

pl ace on a noving belt or drum where the diluent/nononer/catal yst mxture is
sprayed onto the belt or drum and heat PY renmoved by evaporation of the
diluent as the reaction proceeds. In addition heat may be renoved in such

reactors by surf heat,,transfe uch as, where the.coglant.is present on
he.i o de” of PRIFESS Bkt FRRT.“AnebH ReE 4 Fhie o it BRoe B ca-on ¢ e
ot her side of flolv@eit@drtthiotgh §lirfa8d heabr@hsfarusing REolaht drethe bher $ide 6f 4 Wdat or nozzl e
reactor. These reactors have a shart residence tine where . the nmpnoner,

di luent and cHeasirstriases vinpther examRiaionldbei areasier Whare pelymgsization kes ¢ he
polymeri zat| o pisBeoH 2 8%ink b1t B trkdh SwiRAS RRilubAV AU RN 9l s N O

velocity. [00 referr reactors 1 nc cont 1 nuous ow stirred tank
reactors, whephyesd anpethebelt gr dmmbanddieatds repmved hy evaporatide of tadilwinteher

operating in tank. with an Itator .or. in tube type reactor. Preferred
reactors al so'in éﬁ’@ ]?Ig‘fce?%rgg %ﬂﬁ’éﬂ”& lieﬁtem%%ngﬂofg{iubﬁu LSS0l one si de
of a heat tragafee e frasfr {audhtdievhed® tHeaddblans isPpreseaton Qhe ildRleaifitke si de. An

exanple is a reactor where tube contaj ning coolant run, inside the reactor
pol yreri zat i o AR Ny G g a&%ﬁﬁplam%m used o theother gidg of thedelt 25t i on

occurs i nsi dedﬁm%)‘.ib&o%ﬂéi' t}ﬁéeof%éﬂt@r% aliét RRFAPteacRP TREseAdhctddBattl 4 t he tube
in a shell. [00138] This 1 nvention nay al so be practiced in batch reactors

where the noshkorbresidence tame  whenel thetragonpmer,a diduanh sange datelystt bstane e or  and

t hen ol ynmeri 100, |.on. [ and the
pol ymelro i g t ﬁérﬁﬁyg&;g&é?gegggﬁ%%ﬁ?qﬁén&%@ﬁ%zfaﬁ%ﬁ%c%?ﬁ %e)&lﬁ%iéh?&?%ggi%}ﬁ%ent ion is
practiced usi tigosghsheindzle aphighnelocitat i on process. However, ot her

pol ymeri zati on ‘met hods are

[00137] 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.

100138} 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.
[00139] 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.



contenpl ated such as a solution polynerization process. The pol ynerization
processes of the invention may be cationic polynerization processes. WO
2004/ 058827 PCT/ US2003/ 040340 56 [001401 In one enbodi nent, the

pol ymeri zaty,gRpdsdsdedd ' €d out where the catalyst, nonogRIyLs3A0siziient are
present in a si ngl"e phase. Preferably, the polynerization i1s carried-out in
a continuous polynerization process in V\Eé ch the catalyst, nononer(s), and
diluent are present as a single phase. Ih slurry polynerization, the
nononers, catalyst(s), and initiator(s) are all miscible in the diluent or

di l uent m xtur a1 nstit . i pal e, ph . Whi | e. Q

precipitates f grlﬁh?]he di uenﬁte#mgq%ﬁﬁ%ng’og]gspé’gg?a |%?%1 fsr%a%l%(ﬂgutgﬁ%gﬁ%e.
Desirably, recasigs, afonomepahy rdiuentsae|présegt’ ini & sitghd phdsed Prefetdbt)i, g ed by
little or no Tg ., suppression, of the polynmer and/or little or. no, di]uent nass
upt ake 86 ShowROTREREIGE L aristrons J a GORAEYS SACPSTFAHGR PloGein HBRASD 1t he
present invent b@ﬂgﬂ! Adndfr(s) nd Ndiflfend® tey PREert ORCENikgd IphRsel O IRGHAANA] ed at
| ow viscosity with good heat” transfer, reduced reactor foulin honogeneous

pol yneri zat i onpelsaenzationecthe gannosarse pajalyg(s).sand Jaitiaior(s) areaiéltmisﬁib?e’tig the run
directly on the; ti p r,_ m e e noner s
within the reac %e?n??b %rdﬁﬂglgr ?ﬁﬁg&%’a Y& lf)r&rli‘/!lm? na[ glg'%lglé}'r?g%dwﬁn%ﬁtﬁe g?}g% &
concentrati on pfecipitates fbindthe idiluedtewith goodysdparation dilont theadilugnte aDesirabliyhan 10

vol % I n another, enbodi nent, the cangentration of, soli in.the slurry is
present in t het§dn ‘E)"rmétﬁ’ﬁl_tﬂ“efos‘ﬁ&?‘ﬁ% e’a?t“é‘%ltbt‘tﬁ‘ir’i‘sz‘ 1%1:c.g§y|lﬁtl§,gf "INk her
embodi ment, t heugpaRGERLF @ld MlyMér &RIVdrAgtle Br ho Aileedihass uptake 3§ shivdm iPr equal
to 75 vol% In yet another enbodiment, the concentration of solids in

slurry is pres&igure 2.n Thie pelymerigationsig the difusntsof\ihe peesqnh ignentiomBrowides

enbodi nent, th i . i ' | yr |+ t.l react or
from5 to 70 vgﬁr%aﬁ’g%é} 5%?%?“&‘3{%%3?%#?, ‘Htlh‘é ‘Ig%cr?g%ﬁ?ﬁ g‘t %%Oﬁ % Fsol I ds
in slurry concéamtsfat ireduced yEaeternouling, t hanogeaems o polymerizaiont end/6r \tid % | n

yet anot her enbodi nent, the concentr.ation of ol tds i.n sl urr oncentration
i s present in CHECPERE: rsug§eﬂﬁ?‘§§eat°8°%t° o ﬁﬁc@epn tie esuling polymer

mixture.

[00141] The reacted monomers within the reactor form part of a slurry. In

one embodiment, the concentration of the solids in the shurry 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 vo0l%. 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 slurry is present
in the reactor from 1 to 70 vol%. In yet another embodiment, the concentration of
solids in shury 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



anot her enbodi ment, the concentration of solids in slurry concentration is
present in the reactor from20 to 70 vol % In yet another enbodi nent, the
concentration of solids in slurry concentration is present in the reactor

from 25 t owdQodiRisdéz7 ! N yet anot her enbodi nent, the congepgasslossspf solids
in slurry concentration is present in the reactor from30 to 70 vol% In

yet anot her enbodi nent, the WO 2004/058§ 7 PCT/ US2003/ 040340 57
concentration of solids in slurry concentration is present in the reactor
from40 to 70 vol % [00142] Typically, a continuous flow stirred. tank-type

reactor may be,tisethion BFSolidsah fbry' On@RREEGH i Yrdshrit'iff theYehdlor Port kb 4G €Nt
as o- i npel ler(s

agi tati on neans, suc a turb m Xxer or an external cooling
j acket and/or 70mol6.nal cooling tubes and/or coils, or other neans of
removi ng the heat of polynerization to maintain the desired reaction
tenperature, inlet neans (such as inlet pipes) for nononers, diluents and

catal ysts (Copﬂlﬂﬂd Or TeRedB! & bontinub&REY Stirkidaardepe RACIOP ARG be ABH. an
ef fluent overf]l ow or outflow pi pe which w thdraws pol ynmer, diluent and

unr eact ed nondherercierihernstaly fited vitsan effcigntrgiitionymensntush ag aHR- t ank.
Preferably, 1 CahBfbioPUA GRsaih Abing R IOMBIAN Birlosifd bl " Lhe

art will recognize proper “asse ation. [001 reactors are
pref erably desndfoechilspomiethénmeang®fdemavingithedfeat dfcpolymaeridation taamdintedmoner s

within the regctor. good.turbul ence.across or wthin the .heat transfer
tubes. or cor 1 o S ERa s Rberitire sirgn hohe Hid MESL S ebline. 1 o
avoi d excessi ditugh®d ditPéat@sts! (Ddinbined br QEpasElf), AbrhFoatireothiine nthds)end . [ 00144]
Q her reactors that nay be utilized ip the ﬁractlce of the present

i nvention i nc%&@ﬂ%_%ﬁﬂ?@hﬂ oulow gipet whish wihdsays \P_SIYEWF’Sd‘N‘F_éF asd capabl e
of perform ngnQa G MdRERKR ShéHg Yther BRRSS to SURLIAS cﬁhﬁclnog@éﬁcﬁ Radil. S.

5,417,930, herein incorporated by reference. The reactor punp inpeller can

be of the up- Ppaferpbliigtheaedctaryis purgehef aiowand pomstirng Querskdled in Theeart walkt or wi | |
contain suffi g%tggﬁrﬁ%w%ga@s&moofly gntaeopgiaahglll'yst system of the present invention

effective to

[00143] | 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.

[00144] 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 wt%
(based on the total weight of the monomers, diluent, and catalyst system),
preferably greater than 15 wt%, greater than 30 wi% in another embodiment. In
yet another embodiment, the feed-stream will contain from 5 wi% to 50 wi%



pol ynmeri zati on of the nmonomer containing feed-stream such that a sufficient
anount of pol yner having desired characteristics is produced. The
feed-streamin one enbodi ment contains a total nononer concentration
greater thagg3gndlodészf based on the total weight of the nMygqyRhesosiakeient, and
catal yst systen), preferably greater than 15 % greater than 30 w% in
anot her enbodinent. In yet another enbodjnent, the feed-streamw || contain
from5 w%to 50 w % WD 2004/ 058827 PCTI £52003/ 040340 58 nononer
concentration based on the total weight of nononmer, diluent, and catal yst
system [00145] |n sone enb t ef dstre I s substantially free
Trom il ica cHoPORS PO SRRIgRoraes o8, Be, foh bl Ramogortie dipats fad ¢ o

cation produci pgalystRe@és, it is nmeant that there is no nore than 0.0005 wt %
based on the total weight of the nonomers of these silica cation producing
species in the feed stream Typical exanples of silica cation pr oduci ng
speci es are hajgnasky! Sipl ik HOSEARLSHO REMEhAGs s kB2 ARml X or
R1R2Si X2, etc. vvherel n "R 1Is an kyl and "X" iIs a a ogen The reaction
condi tions wil Bﬂlb@cmmroﬁwmmwcmabm subs;mﬂmﬁgp@f sgimes:smxepmdubmgw dence

time are effec re n 9 % liq ate and
to produce theEi e{s%ls’rlg(!igg'l yrrers Fe @ #ﬁ% 'glem red$g1W1i{& c?fl @'F The
nononer f eed- s iweightnof shd ymzlnﬁﬁiei‘SYOB tH@set sitita @htion prodecing spees inmhurfeécy whi ch

i s adversely reactlv wi th the cajalyst .under_ the pol ymner|
condi tions. FoflreaRh aﬁleﬁa“éﬁlﬁﬁoé?&%ﬂﬁ%ﬁ’? duiRg SPRSHSAES hi‘@@h‘ygﬁlg%r ably
shoul d be subsigp f)duﬁhé Ma%ﬁw%nﬁﬁﬁél%ﬁ%ﬂﬁboﬁﬁ,ﬁﬁﬂﬁ} |80 wﬁéf&&uk*"}é)&l ai ni ng

conpounds (such as r gano- nmer capt ans . ¥ nmer capt an,

et hyl ner capt aabkyl mci Xyina daloger. rihagedstior son w}tge‘mlllcmswhrth epgahds such as
| cohol dt ' |1 t
o conol s and g, HBIGHRRIRRS, S5E Bl WS RRSFLLY 1

mc con nor e rab y no ess than
98% not | ess melimm D36 hdpﬁdptamfandrteﬂrodumm: desired pb]lgﬁmersri’mmgtﬂmeekesaeda pr esent

at less than g]?aﬂlfg?{lsg i &"Bg monoth }‘}eed-%‘xr:rgafng rlsatbylp}/cail)?%lslbstfﬂn%gll ge oF at any

preferably |es
impurity which 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, e.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.

[00146] 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,



ppm preferably |less than 150 ppm preferably | ess than 100 ppm [00146] As
Is normally the case, reaction tine, tenperature, concentration, the nature
of the reactants, and simlar factors determ ne product nolecul ar weights.
The pol ymegizZahlfes7eaction tenperature i s conveni entlyp&pigbfshodaased on

t he target polyner nol ecul ar weight and the nononmer to be polynerized as
wel | as standard process variable and ecgnom ¢ consi derations, e.g., rate,
tenperature control, etc. The tenperaturé for the polynerization is |ess
than 0C, preferably between -10C and the freezing point of the slurry in

one enbodi nent d f.rom-25C to -120C | t her.gmiodi.nment,, o yet

anot her ent)odiq’f‘ialli’slt‘l 84?’6@5@%55 5(1%"85983?&?%21 4@’ a’%‘gf’i"ﬁé"’ o(ll:;}?re'ri zation
tenperature i 0Pk y8P endther- ddimérid Il @ andier HesirabkO&EbddImMe! tiRNOt her
enbodi ment. In yet another desirable enbodjment, the t erature range is

e
from-80C to -S@pwatIre,FRage e dtony -8QCr oerl@PTC.  Lompqayantly sherentoreactign |
d d ' [ : desired
produce pro “%ﬁdﬁﬁn@@lfﬂ% \%f@%ﬁﬁ‘&fiﬂigéﬁﬁit%b{lﬁylgﬁgﬁi 851 §ymiests 'afﬁlg esire

reaction product nmay be ‘ac t he ore, nitoring t cour se
of the reacti alesiped tdacticex prdueit imap wf achievpd,ecthetefiren thyeughodiopiéring ther i ng t he
reaction; a techni wi del v, enpl oyed |.n the art. ,[00147]. In a.preferred
enbodi nent , th%’“ﬁng%f?afﬁ‘PﬁYB%%eﬁ%@%b?ﬂ ﬁaglp[e\ﬁﬁl‘{’ﬁ’ﬁeri ﬂ@dﬁf‘@&ﬁ@ freezi ng
poi nt of the Cib&dﬁﬁﬂ;tateaﬁﬁ’ci&r»ﬁbblg edpldyedindke apove the freezing point of the
di luent, preferably within 6C above the freezing point of the diluent,
preferably within 4C above the freezing point of the diluent, preferably
within 2C aboy freggi tﬁ@rﬁf Abodilend thd 6431 ef: hdhisn  1C
above the free ?in‘g'?poi n?&o%]%{ e di Ieuq?lt. rllzt’)r. t ey&er?%os@s;i%w?{r 'S i|Snvention
and the cl ai nwithihd 0% abavedhe frbezinghpainteof the dihient, x@febbly ovithie 8f¢ ebovieng poi nt

of the diluent”.is.used it neans the.freezi [ 0 he .di | uent. plus X
& For examp! dhe B of AR, RSP RIRG, BG Bbvelhe SagaSk piElSe 0150, o
the freezing phé rdiluedt, prdferabilyl wethin U3C -ab8(e the) GibdZihg Tvéntr efittid dilugnt,essure

i f 14 kPa i
W be from ap?'gtlt/:reabgf \tm%hm 2° Oa ove Ela;hel E'ee%rllzeg point 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.

[00148] 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
embodiment, 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.

[00149] The order of contacting the monomer feed-stream, catalyst,

initiator, and diluent may vary from one embodiment to another.



enbodi nrent (where 0 kPa is a total vacuum), from7 kPa to 12,000 kPa in
anot her enbodi nent, from 100 kPa to 2000 kPa i n anot her enbodi nent, from
200 kPa to 1500 kPa i n anot her enbodi ment, from 200 kPa to 1200 kPa in
anot her and from 200 kPa to 1000 kPa in ye odi nent ,
from?7 kPa to J{Jggﬁ kPa i n anot her enbodi ment, from 20 k%%ﬁpgi% 4ﬂlﬁ5gb| n

anot her enbodi nent, from 40 kPa to 60 g{’a I n yet another enbodi nent, from
1000 kPa to 14,000 kPa in another enbodl nent, from 3000 kPa to 10, 000 kPa
i n anot her errbodi ment, and from 3,000 kPa to 6,000 kPa in yet anot her

enbodi nent . Th t fe

cat al yst, ?@ﬁ ?ﬂ) dE‘g&f‘ %{Pgnd;ﬁgéawegfnﬁgaﬁ?{;%@@e a%% ?‘t ﬁ “anot her .
WO 2004/ 0588330&&*&&0&3&@&%&(&& mGhé @élél&élﬂ mlu&nﬂf@@hm&smﬁhﬁdhmt)f ht he
initiator and _Lewi s Aci re- co I ng. together I n the

sel ected di | ubfe Fggng ?’@sﬁpﬁ) ‘ﬁir’rggﬂg g‘?‘n’s’t nYi ngqi?dome %9 second
to 10 hours, @fdinhb&@d rehdtod thioBSH E@ath!?&tcho%l@ or fﬁfé&ﬁbﬁ‘ ths2 ARtyef adofifepUgh a

cat al yst nozzl e or I nj ection apparafu I'n yet another enbodi ment, Lewi s
acid and the embpediment Lawe§ @uijamlthemlh@tmr waedded todbereactor yeparately adiot her
enbodi nent, [ o] f

I nj ection to ?‘ﬁe reac?ot SI ra &?& gh%&&ﬁ%ﬁﬁf%s?%gtﬁgtﬁ)&?%gtbg T %ith the
Lewis acid, djedtoa tduhmeaoam M eziratily,nhe monbdinert i eot cortacaddowith éedteavis he
nononers enter act or Ln, an, enb di.rent of the |nve tion, the
i nitiator anda‘i’_‘é’\/\‘>?r§h ?‘H‘SQFIQ"LH’I%FG%&R%G r% eJHORRIATHEMEIHBt her i n
t he sel ected ddsbiaent at tenperatures bet vveen -40C and the freezing point
tenperature of the diluent, with a contact tine between 0.01 seconds and
several hours, and between 0.1 seconds and 5 mnutes, preferably |ess than
3 m nutes t ction
into the reac?‘?)r ii?0015 n anot Iﬁ%ﬁgﬁbo ﬁﬁn(g]ﬁ%lle(;ﬁidﬁ%%??%ﬁ{sfagiﬁl%
initiator andallewmedsto pm:mhlpimebﬁMnmgwgmepmdh@mmwdlwnmtmmmtmget her in

the selected %etlwueng t~40%I'J and the freezing point temperature of the diluent, with 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 (.2 seconds and 1

minute before injection into the reactor.

[00152) In another embodiment of the invention, the initiator and Lewis
acid are allowed to pre-complex by mixing together in the selected diluent at

temperatures between 80 and -150°C, typically between -40°C and -98°C.

[00153] 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.

[00154) 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.



tenperatures between 80 and -150C, typically between -40C and -98C. [00153]
The overall residence tine in the reactor can vary, depending upon, e.g.,
catal yst activity and concentration, nononer concentration, feed injection
rate, prodqf E&Qm?ﬁ&ﬁ1 reaction tenperature, and desire%dﬁﬂﬁﬁﬁkgﬁapeight,
and generally wll be between about a few seconds and five hours, and
typically between about 10 and 60 m nutes. Variables influencing residence
time include the nononer and diluent fe&d i njection rates and the overal
reactor volunme. [00154] The catalyst (Lewis acid) to nononer ratio utilized

b ocesces 1 1BE sithes dermbid rmbadtt e T it LORE el el oGl o
ratios will typseallbyor B8mf 0.95mSB0 Tie dRPAD corftrdtiont dTethé amERoP in #00 to

6500 i n anot her enbodi ment. WO 2004/ 058827 PCT/ US2003/ 040340 . 61 In yet
anot her desi r dB3&Tdnbypifale fom 3 RSP RPIEPrdP to oW BPHEc iThe eencenirationodihei s from

0.5 to 10, or ; / 2 ' initiator in
the reactor é@%/%?lclzatﬁ?tﬁ Stméggtsgg%gé ?%@?e@%ﬁfgg %8@(’{)%%&&'1%26&
concentr at i on enfbodhment.i Anpihet way tordeséribedhe ahywit of @dtiater indberreastot isgiycal | y

from50 to 300 m.in,qne nbodi nent.. Anat her. way .fo descri t anmount
of initiator i’ ﬁ]ﬁogn#éeé VSrtoiﬁée%@ym'frt slna?ﬁf)ﬁﬁ{goél&eggi &° {soﬁ?%é)l')‘ﬁotf)&ﬁer. I n
one enbodi Nentmoled Hl9mesmbledifitidtor tanddrotd) 0.5l I2smple! polehidridle iditttdd jat or , and
fromO0.5 to 12 nple polynmer/nole initiator in another enbodi nent. [00155]
The react or qunpﬂ’éb?m%ﬁqgm?ﬂ}fficient anounts of the catalyst system of the
present invention to catal yze the polynerization of the nononmer containing
feed-stream such that a sufficient amount of polymer having desired

char act eri st i d80155] pr od dhe deackirevitl outaint susbieientrammuetserfisbel catalpst systemai ns a

total nononer ncent Lan._qr r.than 20w % ed on th al wei ght
of the m)nomeorf(sif;i)e éﬁ%%&gﬁ’t%&z%go g%%lgfey P 89’5'{“"5‘%‘*‘,0“% ?gigetlg?n%eéﬁg '?éﬁiﬂlg% I n
anot her enbodieedstteam nsuglet thanoa heuffieietio dinimt , of heljread-lmvingardesitddl cont ai n

from30 w%to 50 0 noner .cqpcentyati on based . on, the tot.al weight of
Mononer ° c a:acte\élvgtl{?sr{?proggced. qume fgec{-stream in one embodiment contains a totalg

monomer concentration greater than 20 wt% (based on the total weight of the

monomers, diluent, and catalyst system), greater than 25 wi% 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.

[00156] 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.

[00157] 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



di luent, and catal yst system [00156] Catal yst efficiency (based on Lew s
acid) in the reactor is naintained between 10,000 pounds of polyner per
pound of catalyst and 300 pounds of polynmer per pound of catalyst and
desirably iwobffRos@arge of 4000 pounds of polymer per p@EGLuShosoflsdl Yst to
1000 pounds of polymer per pound of catalyst by controlling the nolar ratio
of Lewis acid to initiator. [00157] In e enbodi nent, the polynerization of
cationically polynerizable nmononers (suCh as polynerization of isobutylene
and isoprene to formbutyl rubber) conprises several steps. First, a

react or havin ' I c f - i - ninNg is

oy ovi ded - Tho et 30 TP 36! RErs "BRE Bl of B R il HOUBRARLTO S |
measur abl e anpedactiges. The resct@ctypically psesdiduyd iethyleneitp piraw whé hegasfaihk el
vertical reactipn tubes within a j.acket . cantaining,liquid et ene. The

ot al Crnt o o poarecitaton Tefibar ey e g frenng Sl S Byige dmpslet kEGTS

PCT/ US2003/ 04 Q3 d¢hsta8? flbe JF SNlurky) adilueht, lcatald8t lsyst@h Sandt BiBackaiPaldhémek | ar ge
scal e vol unme polymerization reactions. The reactor typically uses liquid

ethyl ene to drtbiughdheserction tilise  polegdritraagmof dhe catinmisally pakEmerizablm t he
formng sl U”Xnonﬂﬂf?r@@%% @Héigbﬁrﬁﬁe mQB&uqﬁerﬁzgﬁL ?Efg,r bl spie ch'ﬁl‘%gg%% dA' | uent,

catal yst system a monomers  t"hr o reaction t
f eed- st r eam ofthd teactogtthofecd-atréam poitaining ilesalthan 0.00050me% OFation pedduaingi sopr ene

and i sobutyl en in a poJar diluent.is charged into t reactor, the
feed tream conlaAP R sotnd Rl By DR mRMISs prOLRRTHGYHER  ca
conmpounds, ands theRichalgbd irfth Gke fehctor, MPEAtAyTRANER Having REL&AL atidshd st em is
t hen charged into the reactor, the cat%iﬁ/st system having a Lewis acid and

an initiator ipitiaslonpresens ina melas Fatiof fremd 5 todit Q. Withinghe rpagior, erfaedy t he
reactor, the fSﬁ‘@ﬂl_é o%{o%me&fanmgﬁ %rusgeﬂ?m‘éaéﬂ@{vlé&tto iéé(rﬁéc?'brh bifother] @wed to

contact one another, the reacti ormng a slurry of polyher (such as
butyl rubber) ,readtien dhus fommingsalsludy dfnpalymeers(suchr gs batyl subiberic whereax then of from
20 vol % to 50 vpl% Finall the thus forne ol.yner-Asugh @as .bupyl rubber)
s a0 owed to Bt Wik X b Seeififin of BERCaG RMTR'so ot A

thus formed polymer (such as butyl rubber) 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."

[00158] In one embodiment, the resultant polymer from one embodiment of
the invention is a polyisobutylene/isoprene polymer (butyl rubber) that has a
molecular weight distribution 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.
[00159] 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



an outlet or outflow line while sinultaneously allow ng the feed-stream
charging to continue, thus constituting the continuous slurry

pol ymeri zati on. Advantageously, the present invention inproves this process
in a nunberywghodidygsey €. 9., by ultimately reducing the gmWwhodisdal Yer
accurul ation on the reactor walls, heat transfer surfaces, agitators and/or
inpeller(s), and in the outflowline or_exit port, as neasured by pressure
i nconsi stencies or 'junps."” [00158] In one enbodi nent, the resultant polyner
from one enbodi nent of the invention is a polyisobutyl ene/isoprene polyner
(butyl rubber) that has | a S -1 0N fro out to
5, and an unsaturation éﬁe ﬁésg&% {,%Wg g@hequ Eéﬁ%&&% OQIFe cg)rf rri.rrrltg)ltr%:orner

Thi s product may be subjhydtofldotooarbensBFGisENt halogenation to afford a

hal ogenat ed butyl jgubber, [00159%3 In an er errbogfl hi s |nv ntion
relates to: A A pglynerw fB?:tég@&%Q‘r’fﬁF hezgin, ggﬁ'ﬁi‘itcpﬁﬁniﬁﬁ ¥ nore
nononmers, one or nore LeypSoR&ieds HRthAa8udh tﬁ@tb&:l'vﬂluiﬂe&if‘ﬂ{e&hllu&nm

2004/ 058827 PCT/ US2003/ 040340 63 the presence of | uent corrfprl si ng one

or nore hydr of | uoFecar HdsPreqepiaragmphvher %{‘G’é@%@%ﬁl‘[ﬁgr@g# ciic wher ei n

the diluent conprises 1 k& based upon the total vol une of
the diluent; C The progggssmgg?%a&a%%ggég(gr B, wherein the HFC has a

dielectric constabt of mpmmcem@natof-paﬁ@;apm AT Beorpl,oxleeyein dlie poiymaf
par agraphs A, B or C rei e a, d|| ent mass upt ake of | ess
than 4 wt % E. The pr\c,)\@’@ d@‘l‘ WP }X%‘ﬁ?rog %‘ﬂ% C, or D, wherein the
di luent further copBpri Serhe ﬂayﬁgqgadhpq;fp@ grafhe ,Qrgce{ssoro]‘_) Smeretf tHear agr aphs
A B, C D or E whereint initiator is. selected fromthe group

consi sting of hydrogen W&I“P‘Hé’%ﬂherﬁo@ﬂi‘ﬂ%ﬁ?ﬁ@ca&@lﬂs water, tertiary alkyl
halides, and m xtUEeS  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,  f(-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;



thereof; G The process of any of paragraphs A, B, C, D, E, or F, wherein
the nononers are selected fromthe group consisting of styrene, para-
nmet hyl st yrene, al pha-net hyl styrene, divinyl benzene, diisopropenyl benzene,

| sobut yl engyo 3goafetdgyd - | - butene, 3-nethyl -1- butene, 2- myicdPils:dzfBiENE,
| soprene, butadienes, 2,3-dinethyl- 1,3-butadi ene, A-pinene, nyrcene,

6, 6-di met hyl -ful vene, hexadi enes, cycl gpentadi ene, nethyl cycl opentadi ene,
pi peryl ene, methyl vinyl ether, ethyl vinyl ether, isobutyl vinyl ether,
and mxtures thereof; H The process of any of paragraphs A, B, C, D E, F,

or G where styrenic block copol.yners are pres ' e~Cgn} act ikng step;
1. The process of eI?;lny o] %gl}ogeésggtﬁty%spag ,S%‘,’%TC’EJEIGB’ grﬁ,_tﬁo érein the
tenmperature is OC or | owhéreinlthe HdifpepitaRds betdRyn of05p@ 289 -6(9Cs phferibly C, D, E,

F, G H or I, wherein the tenperature is within 10C above the freezing
point of the diluent; 180 Ghe process of any of paragraphs A, B, C, D, E, F,

G H 1, or J, rein I | Qtd 3 bYpaRse f1 r, WO

2004/ 058827 PCTI \(\ggoos/ E&%@TXS"*&E‘%’? &@He%%’ceé?’p? :a%y & I‘S’afﬁﬁéfg‘;ahs A B,

C, D E F, G H |, J wheiin thatyroesss comprises mpeinitiatoregreateh hansd¥nppm 05C and

-60C, preferably -80C h rocess ,of y of paragraphs A, B,C, D, E, F,
bl (e SR Tenl

G H I, J, or L, wher Ises an initiator greater than

30 ppm water (based up@he peidadhtiproduastbyNiny digangrghch, BrOdDCRF, gy Fany of
par agraphs A, B, C, D F’JIE,’L%rMH’ I, J, K L, or M

INDUSTRIAL APPLICATIONS

100160] 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.

[00161] 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.

[00162] 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



| NDUSTRI AL APPLI CATI ONS [ 00160] The polyners of the invention provide
chem cal and physical characteristics that make them highly useful in w de
variety of applications. The |ow degree of perneability to gases accounts

for the | akgesjoskags of these polyners, nanely inner tgpegsaisiodod®
innerliners. These sane properties are also of inportance in air cushions,

pneumati c springs, air bellows, accumul %or bags, and pharnmaceuti cal
closures. The thermal stability of the % | yners of the invention make them
i deal for rubber tire-curing bladders, high tenperature service hoses, and

conveyor el { bt ok BRILLA AL L AOUG THE-ROLYTRLS SGHEDT L 11 o

danpi ng and have uni que roa npIng a sorption ranges in both

t enper at ur e adednipgisheltoyusingthy polgunersio eelihstan invehtitad r ubber parts and find
wi de applications in autonobile suspension bunpers, auto exhaust hangers,
and body nounts. [00162] The polyners of the instant invention are al so

useful in tirqoomspeval Bierdddf HeGRAR@EBOHRAfventibn SWithothedmoplashid fesig! YT

characteristics inpart good ozone Tesistance, crack cut growth, and
appear ance. Tee pesidyfosrteughening of thesgetamponndsay Highsdensiy mobisthylene mndper | v

for il at ed bl quiaqut bl Olng W BEL S8R 9514 of BIBASHEILAET! | Ui Y

yi el d excell en nprovenents 1n wet, snow, a
resi st ances arid cerinapplicatiaik, the instahtyslymers pruvisie foreshighly\Masto Odihpnd 2 7

PCTI US2003/ 04034Q 65 abyasion resjstance,and r.olling. yesistance, for high
per f or mance titg@s‘s (Pé‘??eﬁé&ea’e Wkﬁté‘ﬂ & CaYPRAY- prgi“ilﬂ‘évg‘e’ff‘f 0#{1?6 i nst ant

i nvention. [ OGdast if¥leRStSmaY alkd1Be BIehdedBYith stilydntiges 10'pestub®Bthéd fnbustrial

thernopl astic resins are used for toughening of thése conpounds.

Hi gh- density @#dpYeatipgs. ene and isotactic pol ypropyl ene are often nodified
with 5to 30 wt % of polyisobutylene. In certain applications, the instant
polynmers provide for a highly elastic conpound that is processable in

t her nopl ast i c [Ael6d] ng edhe ppodyrhers Tofe theoingtaet Snwehtivthemayi misbabe tsed/emt i on may

al'so be bl endea i\agi\;[eg, quhﬁg?rpéaqgn%s,ta%dpélgglggc eco?r;[pggﬂds! gf ta?é aa.lso 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.

[00165] 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.

[00166] The following examples reflect embodiments of the invention and

are by no means intended to be limiting of the scope of the invention.
EXAMPLES

[00167] The polymerizations were performed glass reaction vessels,
equipped with a teflon turbine impeller on a glass stir shaft driven by an external
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



applications. [00164] The polyners of the instant invention nmay al so be used
as adhesives, caul ks, seal ants, and gl azi ng conpounds. They are al so usef ul
as plasticizers in rubber formulations with butyl, SBR, and natural rubber.

In linear @%ed6&sitYy polyethylene (LLDPE) blends, thepcrifddsofsiond to
stretch-wap filnms. They are also wdely enployed in |ubricants as

di spersants and in potting and electri Cﬁ%| cable filling materials. [00165]
In certain applications, the polyners of""the invention nmake them al so
useful in chewi ng-gum as well as in nedical applications such as

phar maceuti cal s rs, .and the arts for ) rs. [.00166 he

f ol | owi ng exar?ﬂ?%g%)ﬁ?ld@ﬁlfe%de% P RHARegatyee, ﬁ%%&]%@eélr#lﬁSﬁ Oy HpmeE %&9 no means
i ntended to bestenibléd Behcidk mﬂﬁaS?MBOair isaBexiafiy et Qi the EANGIKES TH0167] The
pol yneri zati ons were perforned ass reaction vessels ed with a

z equi
teflon turbi ndempgreimreepf dhe stiged dydioparpon hatty was | coakolisd Hhiegg r néll
electrically dri Sl rer he . s and..des;j 0 he . ss,gessals is
noted for eac i)gs/rgﬁlsé h@xmgnﬁngg.?vq’théﬁ%? tl(grf aeﬁ@n}gvg%: grrlgil %c l?dg gorts for

the stir shaf tcooleihBl NDGAGYe aibsplited (Hefite Ofisel Ni sbRit@ene QMuthicsed Qir
sol utions. The reactor. was %2004[ 058827 PCT/ US2003/ Q40340 , 66 cooled to
the desired rdagonydrbiesrsemathyl ehlonidestAur Produetalewersifiried byppassingdhesasy t he

assenbl ed 1 eaGhQhgh & FuiRER! AL ctimhSARERARLHRAIokife Lt YoRsed N
tenperature of t h% st%r re ﬁ};r o%ar on Eat LS CO?I'[ rolled to Zée Al l
appar at us i n landgbldectesdrsdispuidsiin thet dry bogadlieoativelti mathyleehdoritle wap dried120C and
cooled in a niytrogen nos re before use., |sobut ne eson_Qqr .
ExxonMbbi | ) anbg H%f%?ﬁ%fﬁagﬁlﬁ{%g]z Kltﬂrmlﬁsosg‘:t?étcgf r%gn r];lngél\é@'tﬁ/c p%\egsf}nﬁg t he gas
t hrough t hr ee mblatuldresiest Both matktiald sveottindensed gnd adllested ax lideidaiitheer e
condensed and, collected as, liquids |n the dry. box. ternatjvel met hyl
chloride was cﬂ’Y gﬂ"' §9Prﬁ%%§$]ﬂﬂg§h‘€as d; 9¥ien GRJ Ay g’fqﬁﬁ@s'%‘déj?%’éllegé%ﬁﬂms
contai ni ng si | AGanIglMeigistyrene (Aldrich) was dried over calcium hydride and distilled

under vacuum. TMPC] (2-chloro-2,4,4,-trimethylpentane) was prepared from

2,4, 4-trimethylpentene-1 and a 2.0 mol/L solution of HCI in diethyl ether. The

TMPCl was distilled before use. The HCl (Aldrich, 99% pure) stock solution was

prepared by dissolving a desirable amount of HCI 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.

[00168] 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



nol ecul ar sieves. Both materials were condensed and collected as liquids in
the dry box. Isoprene (Al drich) was dried over cal cium hydride and
distilled under Argon. p-Methylstyrene (A drich) was dried over cal cium
hydride angyghoglnsssed under vacuum TWPC PCT/US2003/040340
(2-chloro-2,4,4,-trinmethyl pentane) was prepared from

2,4,4-trimethyl pentene-1 and a 2.0 nol/L_solution of HO in diethyl ether.
The TMPCI was distilled before use. The HO (Al drich, 99% pure) stock
solution was prepared by dissol vi ng a desirabl e amount of HCl gas in dry

McCl to achieye co t|o t e |l u rocar S t hat

were coll ect eaacgsoigltheeareﬁaem}%leﬁ ess‘%]%qw mlxtmg’dls]éd\ﬁ/\g\ﬁe 'é%dl 3 %cei ved.

Hydr of | uor ocaslkglaRmiitkéh halidsra rIme dni@ihtot/chinicintoh aslutioms mak aiséd) hedihtely.

precipitates 95C re di st ed re'use. Pro dri¢ch), used as

recei ved, was%% méﬁ‘ﬂfi"ﬁ?é’ °5§V3§a§4 ﬁ&EﬂPd"lseAPﬁ]}qlgﬂ ’%&Hﬁ’rbﬁl bri des

(Al dri Ch) Wer@hﬁl&?%le% M@‘iﬁﬁéﬁ@%ﬁcﬂpﬁbﬁﬂ?}s -2 jabREEE. plhd TSnelSHE €1 t her
a

pur chased or prepared fromthe neat alkyl alum hum dichloride. [00168] The
slurry copol yreanplest poing ke 609 ankt slesrerpattiondvessds.vi When osasand onrlird ononomner

o he |1 QUgkigddtall UARBSR’ RODAlcBoY TR LAANAD nEoIRS! Al e and

stirred at a pre- rrring speed between rpm The use
of a processoprepamatiom| dnddaddimt rdfca stecond g thirtiobatah | efvdasiip nprepdredf  t he

stirring speed.to withi.n 5 rpm The.i r/co ni tiat rsol i ons were
prepared eit hg}l%@#@ﬁg“ﬁ%ﬁﬂﬁ?%}%ﬁ%%ﬂgﬁ Vg ‘é‘H’r‘fS“@Fﬁ igpt & gﬁ” Il -scale
experiments, bhck FH&p dysi(.@l bémRviok oﬂﬂfe%beﬁbhﬁb]bﬁlﬁnd &t bt forl uﬁ%(avﬁ@' nitiator
sol utions were prepare by dissolving the initiator into the diluent

(specified in mm ploeserd @fdhe@ﬂc@@/qfwshc:atabfﬁt daleh byf steppingfidhpl es) and
adding, with ndvitee QS&T Cha S8 éﬁlggg%fl s B e?ﬁlcﬁhfé?hgéiﬁhhaé!ﬂn%g The

initiator/coi n|t|ator sol ut1on
initiator/coi mas begunragaml mﬂlmrmnaddmhedimmfhvmsaddmon bbgrpatbrythen 10Gt i on

[ hi |1 d P tt ti | ket d
Fannel for | cRRTORES BLIRRREHE BB i PRt o il B hak 5 Second

or third monomers converted to polymer.

[00169] 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 5 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.

[00170] Polymer molecular weights can be determined on other SEC
instruments using different calibration and run protocols. The methodolgy 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.




initiator/coinitiator addition is specified in the exanples, we refer to the
preparation and addition of a second or third batch of freshly prepared
initiator/coinitiator solution identical in volume and concentrations to the
first bat ghg 200d@sdebysi cal behavior of the rubber parti glcgrisagdoidis st ate of
fouling was determned at the end of the addition of each catal yst batch by
stopping and renoving the stir shaft an6q probing the particles with a
chilled spatula. Stirring was begun again and the reaction quenched with
the addition of greater than 100 mcroliters of methanol. Conversion is
reported as i perc he . S vart ed. | yigr 00169]

Pol yrmer nol e\é\ﬁpgir’h\]/vei gh?sa&\?ég%lgrdef%%%ﬁnby&%gcﬁ%%@g%gE>F<)D§'I ugﬁ '(%M{{

Chr omat ogr aphyspedt®negya VNMRS nidaburamensts 2686 Sobtddeslt iadna rfistl| strengifjui pped

with colum heaters and a S j ff ial refractoneter detector.
et r anotr of ur daresmonde i 400 MHlrer 500 Mz - RV Shechs per reabes gpomugy or o
Styragel HR 5&e1ﬁgérh'tﬁfl§ oflf a SBRikerl Wfance? MR 48 trorhBter zs?ﬁ'tellqaoﬁﬁnQOCBCEi ze. A

calibration based on narrow nol ecul ar wei ght” pol yi sobut yl ene st andards
(Ameri can Pol ywhitios eftbepelsmenia sAl shamniea) shifls pigreaeterensedioTMB. wei ght s and

di stributions. [00170] Pol ynmer nol ecul ar wei ghts can be determ ned on ot her
SEC instrunents using different calibration and run protocols. The

met hodol gy of [B#72] (al s kmadetyasf GRIROmetelds feveatixeh oused htoo whdragierimehy) t o

characterize polynmer pol ecul.ar i ghts has heen r.eviewed in n

pubI i Cat | ons. TR MEYRPEAIOP i HEISPes ITTOY BERPRY TSy MG o
Pol ymer Year bafiée dithdds Iﬂi‘ applidabile td\the FoRfrhérk OK thifitsrentidiar Wo@gnefladem c
Publ i shers, New York, 1984, pgs. 93-100, _herejn_incorporated by reference.

WO 2004/ 05882 7eforneespbis/ gadsus theg aprigation oo MBY{Brespestipasityotat heén was
determ ned by bt NVR, F i at a
field st reng%/hch'a(::aor r east%gﬁ)gi r?ﬁ%g ?o%%@@gﬁﬁ@@ﬁrﬁﬁﬁ@%?f?w e

recorded at r oélims and R. A. Pethrick, Eds., Harwood Academic Publishers, New York, 1984,
pgs. 249-257, herein incorporated by reference.

[00173] Table 1 lists the results of polymerizations conducted at -90 to -95
°C in hydrofluorocarbons and methyl chloride (CH3Cl) (Example 10) and propane
(Example 11) for comparison. 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.



tenperature on a Bruker Avance NWVR spectroneter system using CDC13
shifts were referenced to TMS.
conononer

i ncor por at xRhegdlsksg@quence distribution in copolymers. papysabsnddiese

sol utions of the polyners.
[00172] A variety of NWVR nethods have been used to characterize

met hods may be applicable to the polynmers of this invention.
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-95 C in hydrofl uorocarbons

(Exampl e 11) for

New Yor kK,

1984,

conpari son. AL —mni-resinkettle wvas - for—thess pl es.
TMPCl (2-chlforo-2, 4'5 Pi et hyl pent a8 LGV 1as M i hi tiat orM"ﬁ" It hese
exanpl es. E2aRgle(588¢) |PCilu&R00B/ @J0330WEX%)Tabl e10t Temg/MYijel 1P
Conversi on- tMa— Moll% _Ex e () ‘Diilue () (W10 Mat 1R 16 /95 CH3F
0.80 21.1 225 24 1. 2952 Pd €8F CH2FR3®B. P8 881305 32451. 7 3.490 CH2FZ 0. 99
24.8 297 3.4-1.5 -95 - 3P3 1.88[47. 1 BOQ 4.6 3 2 5 105 E2-1. 48
37.3 842 2.5 124 4§ a-9395 CHIGF3 2| 80242, 1 337 2.|3 209 [0 305 |CHRFCH3 1. 48
37.3 384 2. :i—l—.-7—8je—-95 CHE2CHR2- D82 41.0 142 2.3.2 3,90 -C.-195 CHR?CF3
0.39 29.3 106 238 2. 6-9010| - CHEH3CL @958} 14288397 3287 1. 34 1.5

4 -95 CHF; 1.88 47.1 390 4.6 2.2

5¢ -95 CH,CHF, 1.48 373 842 2.5 14

6% -95 CH,CF; 2.89 72.1 327 2.3 2.0

7° -95 CH,FCF; 1.48 373 384 2.5 1.7

8° -95 CHF.CHF; 0.82 41.0 142 23 23

9%¢ -95 CHF;CF, 0.39 293 106 2.8 2.6

10 -90 CH;Cl 0.58 14.5 397 3.3 1.3

11 -95 Propane 2.37° 59.4 67 24 2.0

Except where noted polymerizations were run with 30 ml of diluent,

5.4 ml of isobutylene and 0.23 ml of isoprene (IP), initiator/coinitiator

solutions were prepared 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

[00174]

ethylaluminum chioride (EADC) used in place of MADC

reaction scaled to 10 ml of diluent

Polymerization in any of the hydroflucrocarbons resulted in rubber

particles that did not adhere to the walls of the reactor or to the stirring shaft. The
particles floated to the surface of the liquid when stirring stopped. The particles



11 -95 Propane 2.37 59.4 67 2.4 2.0 a: Except where noted polynerizations
were run with 30 mM of diluent, 5.4 m of isobutylene and 0.23 nml of
isoprene (IP), initiator/coinitiator solutions were prepared in 1.3 m of
met hyl chl Qi Agyddgdzpg 1.6 mcroliters of TMPCl and 11.f-pige¥dbR6s of a
1.0 M hexane SO(UtI on of methylal um num di chloride (MADC). b: Three
initiator/coinitiator batches added to H:e reactor c: Two
initiator/coinitiator batches added to e reactor d: ethylalum num chl oride
(EADC) used in place of MADC e: reaction scaled to 10 nl of diluent 1001741

Pol yreri zatiop i of ..t he .hydrof | uorocar bo ted ubber

particles that eff’nlbmaéf Syidrased by Pressine '&‘S O‘Pﬂﬁﬁe%ﬁgeg tru'l o\yﬁ o[%fetﬁ% stirring
shaft. The paeatrlreéoﬁanftérﬁpéradret PolyhRrigatiohaa emethyit didoriderebultedhis fubstet I r i ng
stopped. The partllgcl es 20049@(:58827 PCT/ US2 03/ 040340 7 wer e hard as

evi denced by ptisles that afhereddaboinihe rsacten wallspod the 8g particlesear
reaction tenp l.ﬁ’gtgey%g&, 1 r ubber
particles thatwr gezjher to bot ﬁ;@ﬁ)le)%é@?grrﬁn\%% aﬁﬁé %hgﬁgﬁg?%trr?%gbghaft The
particles weteanpstaturel melmmbEzaymmherprma@berdswml hnaa twi-phasel lispak-liqued when

tested near r i zat n_pro esulted in a

t wo- phase Ilqg?agh‘%n 3&68%5% ﬁ%ﬁngsc bylgghnglep ’Bﬁ he\?égs @?2@? Vﬁ?as%h in

pol yner wher ewasritlhin proghieer phase was rich in propane. Exanples 12 - 14

1001751 Results for polynerizations conducted at -50 to -55 C are given in

Tabl e 2. Exanples 13 and 14 are conparative exanples. A 100 ml glass mni-

resin kettle wgmpieete {04 these exanples. TMPCl (2-chloro-2,4,4-

trimethyl pentane) was used as an initiator in these exanples. Table 2B Tenp.

Yi el d Conversion Mv
[00175]

el

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 used for these examples. TMPCl (2-chloro-2,4,4-

trimethylpentane) was used as an initiator in these examples.

Table 2°
| Temp. [. - . | Yield : Conversmn M, L
Examplé | '(C) | Dilvent | (@) W %) x10° | MM, | Mol% 12
| 12 -55 CH,F;° 1'.1 29.0 265 2.2 | ‘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 ml of diluent, 5.4 ml of isobutylene
and 0.23 ml of isoprene (IP), initiator/coinitiator solutions were
prepared in 1.3 mi of methy! chloride using 1.6 microliters of TMPCl
and 11.5 microliters of a 1.0 M hexane solution of methylaluminum
dichloride

b: Two initiator/coinitiator batches added to the reactor



Exanple '(C) Diluent (g) (W. %9 x 10 MIM1 M1%tP 12 -55 CHZFzb 1.1 29.0
205 2.2 1.9 13 -50 CH3CAl 1.1 29.0 52 1.5 1.1 14 -55 Propaneb 1.2 30.9 87
2.2 1.8 a: Polynerizations were run with 30 m of diluent, 5.4 m of

| sobut yl engyo asdoédsz3 M of isoprene (IP), initiator/ cmPWﬁUSg(;ﬂg,mogﬂ,l utions
were prepared in 1.3 ml of nethyl chloride using 1.6 microliters of TMPC
and 11.5 mcroliters of a 1.0 M hexane slgl ution of nethylal um num
dichloride b: Two initiator/coinitiator ‘batches added to the reactor WO
2004/ 058827 PCT/ US2003/ 040340 71 [00176] The pol ynerization in

di f | uor onet ha eru t physi cal
properties asr@’wg ncedl?ggﬁm eﬁ?\%"?ﬁ?ﬁﬁg&oﬁrﬁ%&&% éa?g&% egtpg{n{dfr%gg@tfl on

t enper at ur e. Ibklnbrtechstlﬁ}ntbbenyfplnymwlpl@evmes e\mdcm:nd by pratiieg witkachitledwal | s and

stirring shaft on, the rrerlz L. et hyl, hIoide
resulted in a¥ cﬂ&%ﬁ % S b%’ﬁ’é ﬁ??‘ﬂ’é'gr‘@i%ﬁ‘fim&/aq €and the
stirring shaf treacidervyallsl drid mﬁgm POh Béﬁﬁpaﬂ%ﬁ ﬂﬁuﬁﬂﬁﬁ&@ﬂhoﬁlmtn’ﬂﬂlﬂl | uent

medium  The propane based pol ynerizati on_experi rrent di d not | ook

appr eci abl y dicPlogde rsultsding viscaus ¢nating of prdymerpahoth the reactoswalls and the 1o
phases were a hatt,N ﬁﬁhtﬂé%f‘ﬁ{egi ﬁé?%ﬁe po éndaﬁ'aﬁaethzé"ﬁﬁuefn&ﬁ:léd}uﬁa pol yrer

and the |lighter phase rich 1n propa ynmer 1 n the presence of the
propane di | ueﬂfhewa@auohssedemme}imtﬁmpvmmm@d nbtalook apprpcdbiydifferant ned i n

th t hyl hI 1 Tabl | ist | t
e TE 1, e sSISTRGE) B N bR ettt B,
chloride bl enggactof 1Pk déﬁselgbﬁais WhsYich" ﬁspdl%rﬂﬁ&t Eﬁ@tﬁ@aﬁghtéisﬁﬁsé @ich tﬂaese

exanpl es. TMPCL(2-chl oro-2, 4, 4-trinethyl ane) was used as an initiator
in these exanrepsne.Tabp epolymer in the presence of the propane diluent was considerably

less viscous than the polymer formed in the methyl chloride run.
Examples 15 - 21

[00177] 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°

R ‘ e Conversion| M, [:: = | .
Erltamp_‘l.e " Diluents Vol% Yield (g) | (Wt. %) X 10° Mw/M.. Mﬁl% IP
15 CH;CI/CH,FCF; | 95/5 2.97 74.0 234 3.5 | 1.2
16 CH;CIl/CH,FCF; | 90/10 1.90 47.0 600 29 1.6
17 CH;CUCHgFCFg 85/15 2.58 64.0 435 25 13
18 CH;CVCH,FCF; | 85/15 1.83 46.0 570 2.5 1.7
19 CH;CI/CH;FCF; | 80/20 1.85 46.6 285 27 L5
20 CH;Cl/CH,F, 80/20 322 30.0 312 32 1.9
21 CH,;CV/CH;CF; | 80/20 2.83 70.6 179 2.7 22




Conversion MM Exanple Diluents Vol %Yield (g) (W. %9 X 104 MNM MI % I P
15 CH3CI/ CH2FCF3 95/5 2.97 74.0 234 3.5 1.2 16 CH3CUCH2FCF3 90/10 1.90 47.0
600 2.9 1.6 17 CH3ClI/CH2FCF3 85/15 2.58 64.0 435 2.5 1.3 18 CH3CUCH2FCF3
85/ 15 1. 83 yAprddaeskhs2. 5 1.7 19 CH3A / CH2FCF3 80/ 20 1. 8pctRsinordfoss. 7 1.5
20 CH3Cl/CH2F2 80/20 3.22 80.0 312 3.2 1.9 21 CH3CUCH3CF3 80/20 2.83 70.6
179 2.7 2.2 WD 2004/ 058827 PCT/ US2003/ 040340 72 a: Except where noted

pol ynmeri zations were run with 30 m of diluent, 5.4 nl of isobutylene and
0.23 m of isoprene (IP), initiator/coinitiator solutions were prepared in
2.6 M of methyl chloride using 3.2 mcroliters of TMPCL and 23.0
mcroliters of a 1.0 M hexane solution of ethylalum numdichloride (EADC)
b: nethyl al umaium (Excd:]itomhedsathM\ mhomwbmom&eﬂhyﬁladﬂmmmnﬁ4

Conduct ed at 55 CTH B GROUNITER P> 1 OFPBEECAEL oueloTRoiafr "

initiator/coiniti ats@lﬁmsmd wére@a@awanﬁzmﬂoﬂ:ﬁéﬂxﬂ&shnbrﬁmang@,zﬁncr&ﬁt@rsm gl ass
mni-resin kettle was_used for these exanples. TMPCl (2-chl oro-

2,4, 4-trimet hyl penttAnEMBSA s and o290 smigrplitets ¢ pfateorl-4 My fhiesaee selioreof Tabl e 4
Conver5|o n" M &"Hgkflﬁet? (?fg,p ld (g) (W. %9 X103 M./M M1%IP
22 CH3CI/CI—|2FCF3 QO;H%II {,}%O%I&I L? 2 23 CH3C/CH2FCF3 85/ 15 2.96
77.7 77 2.2 2.2 2aegidinGrercichigtleo MADL) eRd2usRad . & 2thylaluminum

dichloride (EADC)

Examples 22 - 25

[00178] 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. TMPCI (2-chloro-

2,4 4-trimethylpentane) was used as an initiator in these examples.

Table 4"
Example| Dlluents | Vol% | Yield (g)| | (Wt. %) X10% | M,/M, | Mol% IP
22 CH;CUCH;FCF; 90/10 | 235 61.7 84 1.7 22
23  |CH;CVCHFCF;| 85/15 | 2.96 7 77 22 22
24  |CH;CI/CH,FCF;| 80/20 | 2.37 62.2 82 1.9 2.0
25 [CHyCI/CH,FCFsf 75125 2.38 62.5 38 2.0 2.2
a: Polymerizations were run with 30 ml of diluent, 5.4 ml of isobutylene and

0.23 ml of isoprene (IP), initiator/coinitiator solutions were prepared 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).

Example 26



25 CH3CUCHzFCF3 75/25 2.38 62.5 88 2.0 2.2 a: Polynerizations were run with

30 M of diluent,

5.4 m of

i sobutyl ene and 0.23 nml of
initiator/coinitiator solutions were prepared in 1.3 m of net hyl

using 1.6 Ry6hesoksgss of TMPCL and 11.5 microliters
solution of nethylalum num dichl oride (MADC) .
PCT/ US2003/ 040340 73 [00179] A pol ymerL,;atl on was conducted with

met hoxyal um num di chl ori de at

of

Exanpl e

-95C. The'initiator/coinitiator
prepared by dissolving 0.93 mcroliters of anhydrous nethanol

m clr :)ﬂ:J!t gr g (%1{6'05%39 o rg}‘ }%@gﬂﬁ-ﬁ:{&ﬁg&ﬁ g‘%set hg?ucggn‘fﬁil% Egétﬁﬁ&%’rl

i soprene (IP),
chl ori de

o kiRt as,;

sol uti on was

into 2.6 ni
added 23

e 1nh pentane.

Thi s sol ution dimhbnﬂe lat 956C. fThe idiflatol/cvititstor dbhstﬁmomk meparéd by dissdvipg epared in
3.2 mcrolJiters

et aReydrens ardemolyiiple % an# P.fgléﬂ%dcbblléd 95C.

the sane way. TgQ each
2-chl or o- 2, 4, 855 HEPHIESD

Bot h sol ut| on
chilled pipet ?eé}ﬁﬁ&&&%%ged
Tabl endd/LI soheiop lof Eiblylabmbiniyin eliahldr

osul 1 of a B0 JhERI | dnSEORG sObE e R 0

exanpl e.

sol uti on,

atdBORW 96 &R difion

m "glass mni-resin

%yﬂaﬁél 23hffIRGE §F koMl i Lh 2

used hIS

nﬁpenlmesfﬂﬂs le\itlon%ras stlhhd 10 M/ M

|ists the

&lﬁf 5 (VN)

blend of 1,1, koldtibr5t 3.21 mitedIRgs N e22Rdrol2,3 4-teinethyHeaRhd ang. aﬂwszﬂn was
made with 30 m of diluent, 5.4 m of |sobutyl ene, 0.26 m of isoprene and

used a initiasewingopnd tdogledr -958Cut |]iﬁ’fhp$®pimﬂédwi3ﬂ¢ addednidropésenye el or i de

using 3.2 mc tgFﬁ f ec? roI ane
sol ution of ?hhf r?ﬁnsﬁﬁ‘mwg orllgﬁ R}% @(3%1 gIas? i?s@eé}ﬂ Qﬁérem n
kettl e was usadshwdfbhuhiseampiel e.
. Table 5
Example - Diluent | Yield'(g) |Conversion (Wt. %)} My X 10 [ M,,IM,. Mol% IP

26 CH,FCF; 2.61 65 248 2.6 2.6

Example 27

[00180] 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
methyl chloride using 3.2 microliters of TMPCI and 32.0 microliters of a 1.0 M
hexane solution of methylaluminum dichloride (MADC). A 100 ml glass mini-

resin kettle was used for this example.

Table 6
N . Conversion M,, N . ‘
Example | Yield (g)| (Wt.%) .| ‘X10° | M,/M, | Mol% IP
27 0.28 7 772 2.8 1.8




Table 6 Conversion M Example Yield (g) (W. % X 100 M/M MM if 27 0.28
7 772 2.8 1.8 WD 2004/ 058827 PCT/ US2003/ 040340 74 Exanples 28 - 31 [00181]
Table 7 lists the results of polynerizations that were conducted at - 95C in
hydr of | uor Qerdobiiizgs:and a bl end of a hydrof | uorocarbon apgra8iltdsossehl ori de
usi ng p-nethylstyrene (pM5) as a cormnorrer A 100 Ml glass mni-resin
kettle was used for these exanples. C;%(Z chloro-2, 4, 4-tri nmet hyl pent ane)
was used as an initiator in these exa Table 7 Conversion M Exanple
Diluent Yield (g) (W. % X 104 MIM I\/bI % pMs 28 CH2FCF3 1.37 33 322 3.2
2.1 29 CH3Cl/CH2FCF3 0.96 23 762 4.2 2.2 80/20 V/IV E 30b CH2FCF3 3.81 92
160 3.3 3.6 31b CH2FCF3 1.18 28 278 3.2 1.8 a: Except where noted
pol ymeri zat i orBxawplee 28uB81Wi th 30 m of diluent, 5.4 nl of isobutylene and
0.34 m of p-nethylstyrene, initiator/coinitiator solutions were prepared
in 2.6 mM of nmethyl chloride using 3.2 mcroliters of TMPClL and 23.0
mcroliters ofjpg4slj0 M hﬁm@'?%sﬁ%é‘k'sﬂ& difpolyme?i%ﬁdn@mmférﬂoﬁﬂﬁd?édodt' de
(EADC). b: 32. 0 m croI iters of hexane sol ution of ethylalum num
di chl ori de vv&§°®sted1}{dncs‘llwmaxbbn$ hadairrblgnd af ot dauldnoﬂunélayarhdnn‘aed methyl. 6
mcroliters ofch%nﬁgugmo 2- lt}y R e used in icﬁ‘)OOfl tlhe TMPCl, used in
( a) ' g p-me STyre C as a comonomer. m 4SS 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°
R SR i | Conversiom - My, 1T | L
Example|" - Diluent | Yield (g) | (Wt %) “|:'X10° [:My/M, |Mol% pMS
28 CH,FCF; 1.37 33 322 3.2 2.1
CH;CI/CH,FCF;
29 50720 VIV 0.96 23 762 4.2 2.2
30° CH,FCF,; 3.81 92 160 3.3 36
31°° CH,FCF; 1.18 28 278 3.2 1.8
a: Except where noted polymerizations were run with 30 ml 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).

b: 32.0 microliters of a 1.0 M hexane solution of ethylaluminum dichloride
was used instead of the amount noted in (a) above.

c: 1.6 microliters of 2-chloro-2-methylpropane used in place of the TMPCI

used in (a).

[00182] Polymerization in any of the diluents of Table 7 resulted in rubber
particles that did not adhere to the walls of the reactor or to the stirring shaft. The



[ 00182] Pol ynerization in any of the diluents of Table 7 resulted in rubber
particles that did not adhere to the walls of the reactor or to the stirring
shaft. The WD 2004/ 058827 PCT/ US2003/ 040340 75 particles floated to the
surface of &@@L,bﬂﬂﬂ when stirring stopped. \Wen tested-rhRo3bdiSor €ACt I ON
tenperature, the particles were hard as evidenced by pressing on themwth
a chilled spatula. Exanples 32 - 37 [001831 Table 8 |lists the results of

pol ymeri zati ons that were conducted at 7B95C in hydr of | uor ocar bons and

met hyl chloride for conparison. Exanples 36 and 37 are conparative

exanpl es. A threes;negck 0. ass.Leact o s_used for . these exgnpl es.
Prior to each pﬁ%‘:{?ﬁgﬁa&egg? 61h° s"%%ﬁe ﬂf{h(g]ﬁlqﬁbdr’]‘g SPEEg StOB%Eﬁit aﬁﬁf’?‘n&ség wt % of
nmonomer s wer e nefethe fefctict wmipbatued) ithd Retidl&aedrd hard Ha@videndel ibgipadssia@ioni t i at or
nolar ratio was controlled at 1/3 and the concentration was set at 0.1 W%
EADC in McCl. thmawithiachilledspatelani ti at or sol uti on was added dropwise to the
pol yneri zation m xture and the rate of addition is controlled in such as
way. so that the reactor tenperature raise did not exceed 4C. The anount of
initiator/coi fixamplesB2sdVuti on added in each depended on the desired nononer
conversion target. Table 8 Conversion h . , M Exanple Diluent (W. % X
10"3 x 10- M /MMl %P 32 CH2FCF3 65 315 626 2.0 2.7 33 CH2FCF3 94 213

489 2.3 3.0 J00183PCHF2 Table 41iktsGRSregults of pdlynithizatidaC il wetdtohductéddt -2. 8 1. 8
36 CH3Cl 54 170 628 3.7 2.0 37 CH3A 97 135 517 3.8 2,4 a._ Pol ynerizations

were run wit h BACii8 dydeofdpensearbansmnd raetiy) chloride far pompasiser. Examples 36
and 37 are comparative examples. A three-neck 500 ml glass reactor was used for
these examples. Prior to each polymerization, 300 m! 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.

Table 8*

A ‘ Conversion | M, o
Example 'Diluent | (We%) | X MM, | Mo;%[p
32 CH:FCF:; 65 2.0 2.7
33 CH,FCF; 94 213 489 23 3.0
34 CH;CHF, 55 414 813 20 1.3
35 CH;CHF, 100 197 558 28 1.8
36 CH:Cl 54 170 628 3.7 2.0
37 CH;Cl1 97 135 517 38 24
a: Polymerizations were run with an isobutylene/isoprene molar feed ratio of

95/5



95/5 WD 2004/ 058827 PCT/ US2003/ 040340 76 [00184] The exanples in Table 8
denonstrate the production of high nolecular weight butyl rubber using an
EADC/HC1 initiator systemin CHF2CF3 and CH3CHF2 dil uents. The nol ecul ar

wei ght  of " the,Bbsk,-P0l yners made in  CHF2CF3 and %WEGT)H@&JG;;/&JOQ@B' ficantly
hi gher than pol'ymers made in McCl at simlar nononer conversion under
simlar conditions. The pol ydi spersity f(,M/v/ Wh) of the butyl polyners nade
in both CH2FCF3 and CH3CHF2 was narrowef and closer to the npst probable
pol ydi spersity of 2.0 than the polyners made in McCl under simlar
experinmental conditions. The isoprene incorporation in the copolyners nade
in MC falls between CH2FCF3 and CH3CHF2. The polyner slurry particles

made in both @#se3 andnCtd3ehbids aRPEMEY EdndiRirate| @81 frodalibh Yof! BigR Sti cky
during handling than the polyner slurry particles made in MCl _under

simlar condi tmczimlarmwbp buty] ghbanugingarg Cblfgtlﬂtﬁ’rs&yﬂeﬂh@ CRELFs s of
copol yner i zat i dI-ﬁiObdfltu&llt?ne[‘h% ochuléC}ﬁthéﬂ %'15?1 Ir]%oa);%{‘%’ﬂ(a qguct ed at

-95C in hydro uor ocar Bons and I'son anpl es 41
and 42 are co@ﬂ?ﬁFgmﬁi_@H;(hIﬁFﬁsere&gnﬁh&ﬁEkﬂﬁ&kﬂﬁﬁ@olﬁm@é made indMeflet was used

for these examples. Prior to each yner.j zat i noner feed
Lont i o g 10 SRR ORGP <rhe Rt PElaT SR oRit | ARG, | Tra
initiator/coi mivivi/Mng of Rk %utﬂ\?%d /ﬁn&@smadéoiﬁt bé&th! eplsz;;léﬁa TMICHRS was

concentration was set at EADC i n Med he initiator/coinitiator
sol uti on was agdeverdndrigssetorthe mest m@b%pqlzéﬁpmwmfﬁ%t@nwzmmrat e of

addition is c e rai se
di d not excee%%%%elgﬂn%éﬁfma?%xﬁ %l%ﬁ%%‘;}gj |()tr?|gt;[§ ?s%‘faf% fint%g%ﬁfag ed in
each depended imrhe bmpoliesdrs achderin ddell fahmbetmemﬁlH;;ECBgand 0H;CHB4/ Th8827

PCT/ US2003/ 04%34911&' 7s?un'y particles made in both CH;FCF; and CH;CHF; appeared to be

significantly less sticky during handling than the polymer slurry particles made in

MeCl under similar conditions.
Examples 38-44

[00185] 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 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 9" Conversion M . M Exanple Diluent (W. % x 10"s x 10"3 MW M
Mol €% pM5 38 CHF2CF3 22 91 298 3.3 4.3 39 CHF2CF3 57 89 291 3.3 4.4 40
CHF2CF3 98 74 244 3.3 4.6 41 CH3CHF2 56 188 1,091 5.8 4.1 42 CH3CHF2 100
169 908 5. ¢othobuosdsd7CH3CL 57 97 443 4.6 3.8 44 CH3CL 6&%523%4@34@ 4.0 a:
Pol ymeri zations were run with an isobutyl ene/ p-nethyl styrene nol ar feed
rati o of 90/ 10 [00186] The exanples in ;I:Iabl e 9 denonstrate that using an
EADC/HC1 initiator systemin a CH2FCF3 'dil uent, the production of

I sobutyl ene- PM5 copol yners with conparabl e nol ecul ar weights to copol yners

produced in a MC diluent. Isobutyl met hyl st yrene copol yners prepared
I n CH3CHF2 exhibit much higher nol emi ghts. The pMs incorporation in

the copolyner is significantly higher in CH2FCF3 than in McCl using the
sane nmononer feed ¢ ”n‘pnci tiopn under siglar r tion conditions. In
addi tion, the pol ymef- . e es HﬁS‘ appearf to be
si gni fi cant|y ExampleS| i bi v | NEYAID| MeledSpMiB ([ 001871
Table 10 |i sts<the—+ atipns—of {sobutyl enelp-
met hyl styreng ars8 i s pherss condust ed at 4395C |in an
80/ 20 m xt ut-e—hby—pi r(;'—!!:2. A-t-hrep-neck—809 nl gl ass
WO 2004/ 058827 BET/ USPHFIF4034057 78 y ead? or { wasgl usedd.3or| t hedd exgnpl es.
Prior to eachpelyreit+zation—300-m—p—rerprer—¢ed—eonfatring—td W % of
nononers wer ¢ chér ged CHRGFsthe c¥ |l ed 74 244 33 4.6
41 CH;CHF, 56 188 1,091 5.8 4.1
42 CH,;CHF, 100 169 908 54 49 ,
43 CH;C1 57 97 443 4.6 38
44 CH,Cl1 69 94 342 3.6 4.0
a: Polymerizations were run with an isobutylene/p-methylstyrene molar feed
ratio of 90/10
[00186] The examples in Table 9 demonstrate that using an EADC/HC]

© [00187}

initiator system in a CHpFCF; diluent, the production of isobutylene-PMS
copolymers with comparable molecular weights to copolymers produced in a
MeCl diluent.
exhibit much higher molecular weights. The pMS incorporation in the copolymer

Isobutylene/p-methylstyrene copolymers prepared in CH3;CHF,

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,FCF3 appears to be significantly less sticky in CH,FCF; than in
MeCl.

Examples 45-47

Table 10 lists the results of cbpolymerizations of isobutylene/p-
methylstyrene and isobutylene/isoprene that were conducted at -95°C in an 80/20
mixture (by volume) of CH,FCF; and CH;CHF,. A three-neck 500 m! glass



reactor. The initiator/coinitiator nolar ratio was controlled at 1/3 and the
concentration was set at 0.1 wW% EADC in McCl. The initiator/coinitiator
solution was added dropwi se to the polynerization m xture and the rate of
addition isy ed in such as way so that the reac ure raise
di d not exce(é\g‘ﬁéﬁllﬁ(%%!i%7I The amount of initiator/coinitiat otrP%gg{Sgdtﬁlpﬁg{\ﬁgdded I n
each depended on the desired nononer cQ version target. Table 10

Conver si on M < Exanpl e Cononoi ner (W. °/§ x 10 x103 MM WM 45' |soprene 87
309 676 2.2 466 pMs 76 449 1,048 2.3 476 pMs 100 349 1,166 3.3 a:

05/ 5 b pol ymipieRores, o o el Pl 20 R TRBhy EE W e ol ar
feled Irat i 0 OfIIrl;ﬁﬁfIﬂ?f) féeﬁocﬂc]&&inﬂgbbew% oﬂ(ﬁ[ﬂnﬁlﬁlbfsaW&& dh?@earigtdtmlé ichifle@f hi gh

nol ecul ar wei ght isgputy] ene-ispprene copol yners and_ i sobutyl ene-pMs

copol yner s usi??‘Pﬁt"éﬂ qﬁi‘-\Dé‘“ﬁ_@r/cP‘H}tgFoét@Plaéﬁchmfﬁsncoémﬂp%fli‘F e”%fan_ FCF3 and
CH3CHF2 as t heonf@HrdiBal wasdkt 410, 10 iok EADC e CP THEBitiRdoinitidid olutibeS | n the
CH2FCF3/ C3CHF2 mi xture denonstrate the same non-stickiness appearance as in

a pure CH2FCF3vagraddehdammisediol the rrohyaessizatidre hixiisvand the rateodf) 7is

PCTI US2003/ 040340 79 Exanpl es 48-117 [00189] Exanples, 48 - 117 gexenplify

copol yneri zat icoriraied in sush s yWag e thet the reackns terepeagiis rrise didmebexceprbf frer i zat i on

have been run | . d] 0, . _The

ol yror 1 zat 1 ort b ghiee B SRELREMARERRituldh A8 bk Bl o dlsired
monomer conversion target.

Table 10
I AN | Conversion |
'Example, | Comonoiner.'| . (Wt. %) -
45" Isoprene 87
46° pMS 76 449 1,048 2.3
47° pMS 100 349 1,166 3.3
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
[00188] Table 10 demonstrates the production of high molecular weight

isobutylene-isoprene copolymers and isobutylene-pMS copolymers using an
EADC/HCI initiator system in a mixture of CHFCF; and CH3;CHF; as the
polymerization diluent. The polymer slurry particles in the CH,FCF5/C;CHF,
mixture demonstrate the same non-stickiness appearance as in a pure CHFCF; or
CH;CHF; diluent described above.



16 were obtained by running slurry copolynerizations in test tubes equipped
wth rare earth magnetic stir bars. Mnoner solutions were prepared in the
test tubes at the desired tenperature, which is identified in the

par agr aphswielopsossgyy conbining 20 m of the liquid dil peRlsronssbasef |1 quid
| sobutyl ene and enough |iquid conononer to achieve a 3 nol % conononer feed.

Pol ynmeri zation solutions were nagnetic,% ly stirred at the identified
tenperature and were initiated by the dropwi se addition of a stock
coinitiator/initiator solution using a chilled glass Pasteur pipette.

Conversion i St@gl“?s wei ght percent of the nononers converted to
pol yner. 1001]@%§i%iéab e 11 lists the results of polynerizations that were

conducted at -95C either in nmethyl chloride (as a conpar at i ve, exanpl es 48,
49, 50, 57, 58, 59, 66, and 68), 1, 1, tetra uor oet hane, or
1, 1-di f | uor oet hane. Jgﬁﬁglfl ene%%él@l’]%é rqxf’é‘a ?‘H’o qreption of

p-t-butyl styrges, tne%u@oﬂl@r&%dﬁmeﬁr 'rheuaa a%ﬂ@gs(ﬂanébeénomaatmo per run)
or (i-pinene ((3 m_ per run) | cated Iin Table 18. A stock

sol ution of e’teWPlatumﬂndmﬁWéﬂﬂmsde (EADC) and hydrogen chloride (HJ) was
prepared in nethyl chloride by adding 0.320 M of a 1.0 nol/L HCl sol ution
in 1,1,1, 2-tetrafluoroethane and 0.960 m of a 1.0 pol/L ethylal um num

di chl ori de sol ut i on i n [msape toThS(polyineﬁfzatmatdxyjnpmbllmteiddﬁ TabRellreeri zati ons
were run by a se 1.5 m of this stock Iuithhontothe

stirred mono |°t?t%1 oy BRRDESITY SPPRenizafons in fost ﬁﬁﬂ%aqwne
addi tion of Opage é’ﬂrth%a@?i@ﬁ@?tﬁq}ars PotodsrRér seRitibR wbie REpar&d intth@test tubes

hydr of | uor ocarbons resulted in rubber particles that did not adhere to the
wal | s of t heatr hgcdegired teraperatyee, svhiely i ddeptified imahe parageapbs belopattyd to t he

Vi denced by orubfi o O SF o (s 38y BRE Pt BORBRRS Bal GROur L
chill ed spat uh@ndrvtmmohmetedb rwhueve @adt mol¥ teempaome feed. Pdlojymearizatini on i n
o O e Mt Sl E e ' S BEp SR 5 e B e

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.

[00191] 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-diflucroethane.
Isobutylene was copolymerized with either p-t-butylstyrene (t-BuS) (0.36 ml per
run), indene (Ind) (0.23 ml per run) or B-pinene (BP) (0.31 ml per run) as
indicated in Table 18. A stock solution of ethylaluminum dichloride (EADC) 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 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 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



Table 11 Yield Cony. Mv ": nb1% Exanple ;Diluent CoM (mg) (w.%x10-3 M /M
CoM448 CH3Cl t-BuS 496 12.8 139 2.5 1.4 49 CH3Cl t-BuS 384 9.6 130 2.3 2.4
50 CH3Cl t-BuS 485 12.6 112 2.2 1.5 51 CH2FCF3 t-BuS 345 8.9 128 2.0 2.0

52 CH2FCF3wlo fbdnsess? 6.4 128 2.0 1.6 53 CH2FCF3 t-BuS g8pyusa ﬁjdlﬁ,gﬁol 9 1.9
54 CH3CHF2 t-BuS 325 8.4 297 2.7 '1.8 55 CH3CHF2 t-BuS 433 11.2 217 2.6 2.3
56 CH3CHF2 t-BuS 333 8.6 303 2.7 1.8 5¢ CH3CL Ind 375 9.9 68 2.2 1.2 58
CH3C Ind 179 4.7 117 1.7 1.3 59 cH3C1%Mnd 130 3.4 103 2.3 1.1 60 CH2FCF3
Ind 2279 60.8 131 2.2 2.3 61 CH2FCF3 Ind 1199 31.9 101 2.1 2.4 62 CHZFCF3

ind 243 0.1 134808 Bhifled st YRRHAT pef slich Bnghad Fonglridyiol s e

10.5 20.7 1. 0 nikiigy] \éalod06 esQldiEa fubler bhifi2led BlaDddlishdd toGbttothe Chidtdr valls 406 10. 6

2051178601—!301 35 6.2 17.6 1.0 8.9 69 CH2FCF3 OP 644 17.7 29.5
1.4 9.4 70 CAgHe 22.1 39.7 1.4 8.1 71 CH2FCF3 pp 610 16.2 37.0
1.4 8.5 [00192] Tabl e 12 lists the results of polynerizations that were
conduct ed at Table 11
edn e | Yield | Conv. My | - mol% |
Exampi:é‘;': ;};a_;_])iluen:}‘ = COM (ﬁg-). (wt. %) 1;'10'3 : M‘\.,IM,. CoM.

48 ”CH3C1 .t-BuS 496 12.8 139 2.5A | 1.4

49 CH;Cl t-BuS | 384 9.6 130 23 | 2.4

50 CH;Cl t-BuS | 485 12.6 112 22 1.5

51 | CHFCF; | tBuS | 345 8.9 128 2.0 2.0

52 CHFCF; | t-BuS 249 6.4 128 2.0 1.6

53 CHFCF; | t-BuS | 295 7.6 119 1.9 1.9

54 CH3sCHF, | t-BuS | 325 8.4 297 27 1.8

55 CH;CHF; | t-BuS | 433 11.2 217 2.6 2.3

56 CH;CHF; | t-BuS 333 8.6 303 2.7 1.8

57 CH;Cl Ind 375 9.9 68 22 1.2

58 CH,(Cl Ind 179 4.7 | 117 1.7 1.3

59 CH;Cl Ind 130 3.4 103 2.3 1.1

60 CH,FCF; Ind 2279 60.8 131 22 23

61 CH,FCF; Ind 1199 31.9 101 2.1 24

62 CH,FCF3; Ind 2299 61.3 116 22 2.0

63 |CHsCHF, | Ind | 323 | 140 141 | 23 | 18

64 CH;CHF, Ind 243 9.1 138 | 23 1.8

65 CH;CHF, Ind 526 8.6 146 23 1.9

66 CH;Cl BP 402 10.5 20.7 1.0 8.3
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1,1,1, 2-

n nmethyl chloride (as a conparative,

1,1, 1, 2-tetrafl uoroet hane or 1, 1-di fl uoroet hane.

copolynmerized with either p-t-butylstyrene (t-BuS) (0.36 m per
(| b 2008es8s2711 per run) as indicated in Tabl e 13ctAsshfe#340! UtioN

et hyl al um num di chl ori de (EADC) and hydrogen chl oride (HCl) was prepared
met hyl chl oride by adding 0.320 mi ofy @ 1.0 nmol /L HCl solution in
tetrafl uoroethane and 0.960 m of a 1.0 nol/L ethyl al um num

exanples 72, 73, 74, 81,
| sobut yl ene
run) or

di chl ori de solutlon in hexane to 100 n1 of nethyl chloride. Polynerizations
were run by gcdin dropwisey 15 s—stockTEABGHIEL—sotut+on—t o t he
stirred nononer zol LJtI@E{SCbX("epﬁPfOI’ éQ@mpI ed0p2, 732074 gl 82,783 jand
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rubber partic| es69hat] CHIFOPRS | adper e t644he walfl7is pf29.fe|lreatetor &4 tjo the
stirring bar.|-The particles floated tilo thelsurface bf thelliqui whe
stirring stopped70The| CALFCE] ¢S re|(mgsh porezatiff,3@ms evidencedghy
pressing on themwth a (‘hiII bd_Spat i}l a whep fested! near feactian
tenperature, [ thap wit 3Im=t hgb chl gt dp prneparef sx@npl egs 8.5

Pol yrmeri zatiop_in net th sulted in_rubbker particles ithat adhered
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eactor walls and t he stlrring shaft. WD 2004/ 058827

PCT/ US2003/ 04000192} 82 Tdlable 12ists thé tes@tsnof. polyiviitizatidnbothaE veenptandDitediant COM

(M) (wt.% X
CH3CL t-BuS 1

DGl 45 sty ghiorige s b ramfbe ty T b B4 o

g

0

75 CH2FCF3 t- Bihd 38Y) 14,10 Rerafludrodthahel or 76,1 diffidebethdie BUSiseRdylést Swa9- 2 1. 5

4.3

copolymerized with either p-t-butylstyrene (t-BuS) (0.36 ml per run) or indene
(Ind) (0.23 ml per run) as indicatéd in Table 12. A stock solution of
ethylaluminum dichloride (EADC) and hydrogen chloride (HCI) was prepared in
methyl chloride by adding 0.320 m! 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 m! 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 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 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
chioride resulted in rubber particles that adhered to both the reactor walls and the
stirring shaft.



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
1.7 2.8 81 CH3Cl Ind 704 18.6 49.9
1.4 83 CHighobdithssd
85 CH2FCF3 Ind 464 12.4 37.9 1.4 2.0 86 CH2FCF3 Ind 496 13.2 40.8 1.5 1.9
87 CH3CHF2 Ind 328 8.7 40.8 1.5 1.4 88_CH3CHF2 Ind 338 9.0 42.9 1.5 1.3
[00193] Table 13 lists the results of pgﬁynerizations t hat were conducted at
-95Cin a 20 w.%Dblend of 1,1-difluoroethane in 1,1,1,2-tetrafl uoroethane.
| sobut yl ene was copol ynerized with o

1.
1.

6 4.1 80 CH3CHF2 t-BuS 440 11.4 70.3
4 1.0 82 CH3Cl1 Ind 645 17.1 34.1 1.4

5339 8.4 44.6 1.4 1.1 84 CHFCF3 Ind gRfudsbeshsdfe? 1.4 1.7

Llﬁ he foll ow ng cononomers or

ofatle 12

conononer pairs as indicated in Tabl soprene (IP) (0.20 m per run),
e NG T I NG B
or a 50/ 50 nbigxiRipleD PRAAMOIBEEMPCT N 00348540 x 86° Himnai( | RtelrS) of
i soprene (0.10 m) ahd p-nethylstyrene (0413 m)-per runfas indicated in
CRbori do (o] vs" o) i SR 0 U el oL 8 B0 ol 2 o5y
oot oS of SEhch; 7 b foret o 370 858 1 o 28 0] ol -
R A I T R T X A
0 10 ol 3 Fepy et Sefd R 3J0a 0L FAY o Sput o0
used. 76 | CHFCFs | tBus | 523 | 135 | 392 | 15 | 43
77 CH,FCF; | tBuS | 568 14.7 39.7 1.5 4.3
78 CH;CHF, | t-BuS | 651 16.9 68.1 1.7 4.4
79 CH;CHF, | t-BuS | 733 19.0 71.9 1.6 41
80 CH;CHF, | t-BuS | 440 11.4 70.3 1.7 |. 28
81 CH;Cl Ind 704 18.6 49.9 1.4 1.0
82 CH;Cl Ind 645 17.1 34.1 1.4 14
83 CH;Cl Ind 319 8.4 44.6 14 1.1
84 CH,FCF; Ind 424 11.3 36.7 1.4 1.7
85 CH,FCF; Ind 464 12.4 37.9 1.4 2.0
" 86 CHFCF3 Ind 496 13.2 40.8 1.5 1.9
87 CH;CHF, Ind 328 8.7 40.8 1.5 14
88 CH;CHFE; Ind 338 9.0 42.9 1.5 1.3
[00193] Table 13 lists the results of polymerizations that were conducted at

-95°C in a 20 wt% blend of 1,1-diflucroethane 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 ml per run), p-t-butylstyrene (t-BuS) (0.36 m! per run),
indene (Ind) (0.23 ml per run), S8-pinene (8P) (0.31 ml per run) or a 50/50 mol/mol



Pol ynmeri zations were termnated with the addition of 0.2 ml of nethanol.
Pol ymeri zation in any of the hydrofl uorocarbons resulted in rubber particles
that did not adhere to the walls of the reactor or to the stirring bar. The

particles yihomlmpshsi© the surface of the liquid when sti ped. The
particles were hard as evidenced by pressing on them th%&h&gwak@Ped spat ul a

when tested near reaction tenperature. gol ynmerization in nmethyl chloride
resulted in rubber particles that adhefdd to both the reactor walls and the
stirring shaft. Table 13 Yield Conv. Mv MOM Exanple CoM (ng) (w o0 o) . '

X10 -3 MW M) M 1147 31, 3 628 1.8 2.0
51 1 P 2350 64 SRR AIEMS) 3 Sbogge 3ﬁ{%éggﬁaqd7pgae}l§!3%e e g‘?&l‘@gpﬁl\%“ﬁz 19. 1
624 3.0 2.8 Qﬁkhmﬁ M TabRL00 A stociBsdlutibn of efhylalunBdtmAidhldiieqEADC)2nd 1.6 96
t-BuS 389 9.8 252 2.1 1,9 97 t-BuS 445 11. 200 / 58827
PCT/ US2003/ 04@3 genehloige @@lhﬂﬁﬁew%@%@ylfhéﬂﬁgéY Mfgné\gé Ao 9567 2.3
1.4 100 Ind %Qﬁm@l/ﬁ }ﬁéﬂso&ﬁ%nl‘n?i 1 ﬂ@-%eu(aﬁﬁorlaéﬂ&e%dﬁ) 9162)4milo§a5 02moﬂt92 (3p 375
10.0 79.4 1.4 8 103 pM5 331 8.9 632 1.8
0.49/1.7 105 ethquhmmmsdmhloadwgluﬁos 10 mﬂqe 50 100 ml of methyl chlonde

Polymerizations were run by adding, dropwise, 1.5 ml of this stock EADC/HCI

solution to the stirred monomer solutions, except for examples 98, 99, 100, 101,

102, and 103. For examples 98, 99 and 100, 3.0 ml 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 shaft.

Table 13

e Yield | - Conv. |- My - mol%

Exampfe £+ com (mg) . M,/M, CoM |
2 | 1147 | 311 453 | 20 1.9
90 IP 2061 | 559 628 1.8 20
91 IP 2382 | 646 276 | 20 22
92 pMS | 654 | 173 782 | 34 28
93 pMS | 722 | 191 624 | 30 2.8
94 pMS | 795 | 210 665 | 3.0 27
95 +BuS | 411 | 106 304 | 20 1.6
9 tBuS | 389 9.8 252 | 21 1.9
97 +BuS | 445 | 115 241 2.1 1.9
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particles thgt ddbered tqspboth eacICD(i) vvel | 39.4and tilve qtir84ng phaft.
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hi gher than tlhe 1@8cl usi orgs i mi 1 he 8BL irstrsigent used to gdeterm ne the
nol ecul ar weilghts The MM .of t lymers ils abovel 1.5 x [106 WD
2004/ 058827 FCT/1U$20(3/ 40 /Imol 8.9Vl gcukar wei ghg Qi $taoybpt | ons
(MAD) could glso not |he determni or __these sanpl es _becauyse of the high
nol ecul ar weijghtyos Tall erpkgvi¥i e V. .11m®! %| Egegrpl p Bid ugnipig7¢1m®) | (WM. %
CoM 107 CH3 503 13 7 0.2 108 .CH3CI 689.18.8 0. 1

106 IP/pMS 9.7 989 2.1 0.71/1.5

[00194] 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-tetrafluoroethane, 1,1-difluoroethane
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 methy! 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 hexane to 100 ml of methyl chloride.

Polymerizations were run by the adding, dropwise,

EADC/HCI solution to the stirred monomer solutions.
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

1.5 ml of this stock

Polymerizations were

the reactor or to the stirring bar. The particles floated fo 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°



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
115 CH3CHF2/ CH2FCF3 453 12.4 0.3 116 CH3CHF2/ CH2FCF3 777 21.2 0.2 117
CH3CHF2/ Chebedodoésy 15. 7 0.2 Exanples 118-141 [001951P5Qﬁmaﬁbﬁm§hlzatlon
exanples listed in Tables 15 and 16 were obtained by running slurry

copol ynerizations in test tubes equippedq with rare earth magnetic stir

bars. Mononmer solutions were prepared iff"the test tubes at - 95C for
exanples in Table 15 and -35C for exanples in Table 16. The solutions were

prepared by c ni 2 h||| u l'iquid

| sobut yl ene a%/c}né)l Zbgglnf&%?w?lg%tpﬁilgﬁg c@@yb j)goulgafsl? EQ%P?)‘S@H{)?&{O&M not ed
bel ow. Pol ynethezakdniplesttcaiise ofithe Myhemole@iatweight! y stirred at tenperature and
were initiated by the dropwi se addition of a stock coinitiator/initiator
solution wusing a chilled glass Pasteur Eipette. Conversion is reported as
wei ght percent of the nononers conve o polynmer. WO 2004/ 058827

PCT/ US2003/ 040340 86 [00196) Table 15 lists the results of pol ynerizations
that were conducted at -9%C. Exanples 118 Yieh] 1£bpv.¢3moﬂﬁ4w 125, and 126
are conparative exampl W th es ;118 g anpl es of this

I nvention. [00197] @?"ﬁ“ﬁéﬁ zat i Eﬁgn%ére T.uh @9 (%H k) ggﬁztldi tion of this
stock of ethylalufn di ¢hl ori gﬁl& DC)/ yﬁéj gen, £ [ori HC1) sol ution
to the stirred nono sollution t ock| soPdt i onld FADC" and HCO was

prepared in nethylf ¢ F1de by g 0.320 af : T HC1 sol ution
prepar ed ir To8 Iy & T s § Bl

109 CH,FCF; 448 12.2 0.2
110 CH,FCF; 543 14.8 0.3
111 CH,FCF; 404 11.0 0.3
112 CH;CHF, 338 9.2 0.2
113 CH;CHF, 481 13.1 0.1
114 CH;CHF, 352 9.6 0.2

115 CH;3;CHFyf CH2FCF3 453 124 03

116 CH;CHF,/ CH,FCF; 777 212 0.2

117 CH3CHF»/ CH2FCF3 573 15.7 0.2

Examples 118-141

[00195] 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.



tetrafl uoroethane and 0.960 ml of a 1.0 nol/L ethylal um num di chl ori de
solution in hexane to 100 m of nethyl chloride. The total volune of the
stock solution added to the polynerization for each exanple is listed in
Tabl e 15. Ayg9fmlosds®y St ock solution of ethylal um num di '

hydrogen chl ori de was used for Exanples 125 and 126. Tfﬁ?@?ﬁ?f%ﬂ‘jms
prepared fromthe addition of 2.0 mMl of _a 0.16 nol/L HCl solution in
1,1,1,2-tetrafl uoroet hane and 0.960 m §f a1.0 mol/L et hyl al um num
dichloride solution in hexane to 100 m of nethyl chloride. The final nol/L
concentrations of ethylalum num dichloride and hydrogen <chloride in the
stock solution is the sane for both preparations. Polynerizations were
term nated wi t[00196¢ addiTablerl 5distsAbPresiltsaif poBinteaiastions Bkt yweey ¢ondhdtatati N 3, 3, 3-
trifluoropropene resulted in rubberlIZBarticI es that did not adhere to the

wal |'s of the Pehct dixagiplasoltthel 19y il2Pi A3 nlaA, tave apdr 1260 pees compattg to t he
Vi donced by gt Gtk ERpmpRk 114 pidth SRR R el 0C P o001 o near
reaction tenperature. Polynerization in nmethyl chloride resulted in rubber
bol yrrer | zati odOffVIE, 1 PAVEFERISEE ettty By £ droDuRE RAtoR oF AR tod i n
tirring bar. W 2000 Obhasy BeT) (SP003] 0A0aa0 B Tanr g Sh e b,

Yi el d Conv. MAtFEE yaonpssienletions) deseck salytionpd)EARN: agd HCl wasprepgreding p 118
CH3CL 1.7 844 o - 1 7 s ABG 91 3,18, 120
CH3CL 1.7 597 I%%h)g %’%‘iﬂ%% %?@mg 310%9%0 2&%30}% '?&lgl“ ;ﬁ%l N n2%161,%,_1§z 2.2 122
H2C=CHCF3 1. 7 tafaflupthethafid 8nd0.96Q n of a 1.0 mol/L ethylaluminum dichloride sclution

in hexane to 100 ml of methyl chloride. The total volume of the stock solution

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/I, HCl 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.
The final mol/LL 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,



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 CH3CHC12 1.5 202 5.5 116 2.6 1.9
[00198] Table 16 lists the results of polynerizations that were conducted at

-35C. Exanpkelockidsssz7 136 are conparative exanples wth Beapeaso0dad - 141

bei ng exanples of this invention.
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HyC=CCl,

1.7

118

3.2

33

1.4

1.4

124

H2C=CC12

4.0

447

13.4

47

2.1

1.0

125

CH;CHCl,

1.5

112

3.0

108

3.1

1.7

126

CH,CHCl,

1.5

202

5.5

116

2.6

1.9

[00198]

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.

[00199]

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/I. HC! 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. 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 m! of a 0.93 mol/L. HCI solution in 1,1,1,2-
tetrafluoroethane and 0.0960 m! 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



gave rubber particles that exhibited stiff-rubbery physical properties as
evi denced by probing with a chilled spatula at reaction tenperature. M nor
anounts of fouling were evident on the reactor walls and stirring bar. In
conpari son, wbhesoBgghyneri zation in nmethyl chloride resul@&ghdfosiadssd COUS
coating of polynmer on both the reactor walls and the stirring bar. Very
little of the polyner was "suspendeq& in the diluent nedium Polynerization
in 1,2-difluorobenzene or 1,2-dichloroethane resulted in solvent swollen
pol ymer phases that adhered to the reactor walls and the stirring bar.

Pol yneri zatj ' CA-1riehl orpe I [ an. . Pol ymer was
recgvered b%/aﬁ{r%e?rdgv?’%% é\gg{:h%rﬂlsné&) O#Pﬁptﬁeag‘g?\?éﬁtq@@bﬁ%%&%ﬁ Sgl n.

Yi el dConv. dibhloride MADGIND|2echlddoid dtriraethyipéntae (TMPEY) wad Gis@l K6 M | Y 127
CH3C1 4.0 53 53.1,,45 1.2.1 4,.0.1678 45.6 54 1.3 1.3 129
CH3Cl 4.0 %&"éﬂfg‘é‘ %325?1 .é”“ﬂﬁe %@%édﬂ%“%@‘w Jgmoths 5 9" 131
CH3CC13 5. Oaddfthd 3t 8.65thickoBiteds Of TRAPCL, dndli 6.0980r eenFene1 4. todP33 55.1 35
1.6 1.5 WD 20041058827 PCT/.US2003/ 040340 89 133 1, 2-di fl uorobenzene 4.0

1901 51. 6 2wethylglumigum gdighlonide selotiowin hexgne 510 g of npsghyl chloridg Thes

5
137 cerces #YEE B yhel el gl IR B SplR, " 52 5

139 CH3CHF2ligedlinTaBle 189.5 78 1.5 1.6 140 CH3CHF2 3.0 1104 30.0 92

[00200)] Polymerizations were terminated with the addition of 0.2 ml of
methanol. The polymerization in 1,1-difluoroethane 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
N - -15Cat, _

{ 2 7 o, | Yield!| ‘Conv. | M | 7L
Example Dilweat - | (ml) | (mg) | (ve%) | x107 | MuML|
127 CH;5C 40 | 1953 | 531 | 45 | 12 | 12
128 CH;Cl 40 | 1678 | 456 | s4 | 13 | 13
129 CHsC 40 | 2339 | 636 | 51 | 12 | 14
130 CH3CCls 40 | 3068 | 832 | 48 | 22 | 09
131 CH3CCly 50 | 2093 | 812 | 59 | 22 | 10
132 1,2-difluorobenzene | 4.0 | 2033 55.1 35 1.6 1.5




141 CH3CHF2 3.0 953 25.9 95 1.5 1.6 Exanples 142-146 100201] Table 17 lists

the results of copol ynerizations of
-95C CH2FCF3. The isobutyl ene/isoprene feed

conduct ed

exanpl es.

initiator/coinitiator
concentration was set

at

Prior to each polynerization,
10 wt % of nononers were charged into 8tghe chilled reactor.
ratio was controlled at 1/3 and the
at 0.1 wt% EADC in McCl. The initiator/coinitiator

nol ar

| sobut yl ene

| soprene that were

rati o was changed

for each exggRbfmsdef hree-neck 500 m gl ass reactor was p¢gaskaodzRlosidese
300 m of nononer feed

The

cont ai ni ng

sol uti on was—added—dropw-se—to—the—pelyrertzationrrddre—andthe—rat e of
addi tion ifs cidatr gll,Bdifluoroberedenas 4@y | Q98I |t EL6 t he ZQeEl?t dr8 t enple4 atjur e
rai se di d lret—excged—4—G—Fhe—anpun t—gf——nHtat-orf-coi-pHtH-ater1soluti{on
added i n gachi3depgndedHgIiCHRE] de;i A0d |maségr 6cHnyerdi on tldr get .1.3\0
2004/ 058827%—-RCH 42003/ 04034090 TFabHe 17— B R Ablar Conrvergi-on—M{" Mv
Exanpl e Feed B&ti g (VWH,GCHYCILO' B #.01]4" 23707 /iM M4 " | 12B |143.808/|2 110 {209 905
4.3 1.2 4397131100 141 63645171144 95/5 100 127 181 3.8 2.9 1145
93/7 94 174 413 2.14 BCHZCIMECBOI | 0485 (1388848 2.6 . 27[ 00203 Thelk4¢ exanpl es
denonstr atlethe-prieparationof high | | As—w-th high
| soprene i[ncorygor dt i onCHIIMEF;aggl pneioat|i apaf| tépes $| Wery| parsi gl €531 S
Si gn| fica fJJJI reduced in the h\J/rl of ludrocarhon. Th Cltracest of these
| sobutyl ene/ i 38pr gne copRFgRers ¢oj.sndt 10fow aaws siigof| gals for i on

139 CH;3;CHF; 3.0 1085 29.5 78 1.5 1.6

140 CH;3CHF; 3.0 1104 30.0 92 1.4 1.6

141 CH;CHF> 3.0 953 25.9 95 1.5 1.6

~ containing 10 wt% of monomers were charged into the chilled reactor.

Examples 142-146

[00201]

Table 17 lists the results of copolymerizations of isobutylene

isoprene that were conducted at -95°C CH,FCF3. 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
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

initjator/coinitiator solution added in each depended on the desired monomer

conversion

target.
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[00202]

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

[00203]

The dependence of molecular weight on conversion was

determined for isobutylene/isoprene copolymerizations run in methyl chloride and

CH,FCF3

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

This dependence was determined for two different

ml glass reactor was used for these examples. Prior to each polymerization, 300

m! 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



feed. Cycl opentadi ene was freshly cracked for this experinent. The
initiator/coinitiator solution was prepared by dissolving 200 mcroliters of
a 1.0 nol/L solution of hydrogen chloride in CH2ZFCF3 into 50 m of

pre-chil | edwoGhikstsd7 To this solution was added 500 m cg@dndrbdsiasfio @ 1.0
mol /L solution of ethylalumnumdichloride in hexane. This solution was

stirred for 5 mnutes. Polynerization Vigs begun by the dropw se addition of
the initiator/coinitiator solution into the nononmer solution with stirring.
The addition of this solution was maintained at a rate necessary to keep

the polyneri zaf,oh &%F\g%sastseg%t%.{ WRREAISE Q]Z%Gégqglg yﬁ%ﬁ%@gh&hﬂmﬁfon?’is m of

theinitiator/comlgil utton was u : ssS resin kettle
was used for tvassadededripdpavisel &bthe dddymeriz@tow eristurenantdl e rateMof S6ddiin B0 1, 2
Exanple Diluent (W% a MWM 148 CH2FCF3 50 527 1.9 5.3 15 WD 2004/ 058827
PCT/ US2003/ 040®400lleddn Sadhasiwaytsp thdt tiet ragdta temperaturedDiaish idik nod exdend 4 C.

Hydr of | uor ocarjons and Bl ends, [00205]. The Olgl,um | jty tests reported in
Tables 19 - 25 “ﬁk?ﬁ&ﬂﬁﬁ’&’“‘{t}&aﬁg Sh&*é?”éﬁﬁ pashdbesnie %{bﬁg'f’%}’é?ﬁ( EADC) .
Each test was Rgidur Bfvdrsiot ggetl OThOWtH Fot\Bi¥se Polfinefization® afcofidemsiad
hydr of | uor ocar bon were charged into a dried test tube cooled to -90C in the

dry box col d bEigere 3ms ametofipegiumalesular weight (M) yessie thg|mansmer egnvemsion | i qui d
ethyl al uni numgivahd, offfigpbEraPaiig s AiEHar wiitht Ridh ifokeats SRREHGH:SDY
vigorously agitating the‘resulting mXxture. e mxture s then allowed to
warm to the boitisemepd. poiTiheseofdatahelsdi shoomt thethiH@ ag)i 4 aprefegred hmitiabwnfaent s of
the test tube. After .the dil¢|ﬁ§t Freached Its boiling point, the mxture was
cool ed to - 90COBYY PR @ast tube into the cold bath. Reported
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
chlori de was Example 148

[00204} A copolymerization of isobutylene and cyclopentadiene was
conducted at -93°C in CHoFCF3. 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/L. solution of hydrogen chloride in CH,FCF; 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, o , S
‘Example | Diluent | (Wt%) | x10° | ‘M/M, | Mol% CPD | %12

148 CH,FCF; 50 527 1.9 53 15




added. The heat/cool cycle was repeated. Subsequent additions of 0.5 m of
met hyl chl oride were nade foll ow ng each heat/cool cycle until the EADC was
observed to dissolve or a 50/50 V/V blend was achi eved. The foll ow ng

obser vat i ongowejspsssadle and recorded. 1, 1, 1,2-Tetrafl ugy, fﬂ% @&%4&%:0- 134a)
Tabl e 19 Preparation Volunme % Met hyl Cbservation Chlori %A

HFC-134a 0 Insoluble “chips' + 0.5mL netlhjyl chloride 9 -Fine-scale
flocculation + 0.5m nethyl chloride 17°Fine-scale flocculation + 0.5nl
met hyl chloride 23 O oudy suspension; slight floc at b.p. + 0.5nl nethyl

chloride 29 d 33 Less

cl oudy; no visi 1' aﬁﬁ%ﬁg@%g%ﬁﬁkg@ﬁﬁﬁg%g%#ﬁ%%ﬁﬂﬁ + 0. 5m

met hyl chl oride 38 Still less cloudy + 0.5m nethyl chloride 41 Nearly
clear + 0.5 t byl chloride.44 ar | net h chl qride 47
Clear + 0.5nl y chl Fls8gl%§ %5??12 L1rall’lﬁs qﬁem}%s"f }I/’ﬁrf e 19, the

floccul ati on aggigr ﬁeﬁﬂeﬁ Ia&iimﬁ&ﬁ&ﬁélﬂ&iﬂeqfﬁAM)l I BdchGtest W pedfor@ed it teudy
suspensi on. The origi na hi ps' were no | onger visible. Difluoromethane

(HFC- 32) Tabl dolewipg syayr af m@}nofv@f: wredensadelydyoiivopesarbpat wegp chagedintee  EADC +
Sm1TTFG 32 0 Jnaqlvhls coSidli RS -90°C in the dry box cold bath. To this liquid at -90°C,

4.1 microliters of neat, liquid ethylaluminum dichloride (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
Preparatibn" | Volume % Methyl " Observation’ | |
L _ Chloride v L ‘ a
| EA.DC + 5ml HFC-I34a 0 Insoluble ‘chips’
+ 0.5m] methy] chloride 9 Fine-scale flocculation
+ 0.5ml methy] chloride 17 Fine-scale flocculation
+ 0.5ml methyl chloride 23 Cloudy suspension; slight floc at b.p,
+ 0.5ml methyl chloride 29 Cloudy; very small particles
+ 0.5m] methyl chloride 33 Less cloudy; no visible particles




+ 0.5m net hyl
fl occul ati on

Preparati on Vol ume % Met hyl
| nsol ubl e “\wBixf3/0ss837 O- Sl et hyl
chloride 17 I nsol uble
PCTI US2003/ 040340 94 + 0.5nml net hyl
chloride 33 I nsol uble
chloride 41 Insoluble

chloride 47 |
1,1, 1-Trifl uot

chloride 9 Slight cloudy + 0.5m nethyl chloride 17 Sone

+ 0.5mL nethyl chloride 23 Cear Fluoroform (BFC 23) Table 21
Observation Chloride EADC + 5m HFC-23 0O
chloride 9 Insol uble +pdnIlosiiishy!

+ 0.5m nethyl chloride 23 Insol uble WO 2004/ 058827
chlgride 29 Insoluble + 0.5m nethyl
chloride 38 Insoluble + 0.5nml nethyl
+ 0.5m nethyl chloride 44 Insoluble + 0.5m nethyl

I'\ i | sl H
DUI UUIC — .JIIII clUllyl CTIT UTr' 1

oétowaﬂew(hmh@nﬂqsa) TabB® 22 P

+ 0.5m net hyl

() (e [ ] lal
P OU T T1TIS5U0UT T T

epar at$tBHesa@lquﬁae % Obger vat i on

Met hyl Chl ori (
chloride 9 d d

cti +—05mt—mgt hyl

chlorid eaﬂ?“@budy sugpensi on

te—EADC—=—5mt—HFCG1t4Sa 06—t sotulpte

udhP-Savk sthikehipside + 0. 51 4het hyl

+ 0. 5n] net hyl

chtortde 23 Creay sofutton I t-difturoertane (HFC152a)
+ 0.5ml methyl chloride 44 Nearly clear
+ 0.5ml methyl chloride 47 Clear
+ 0.5ml methyl chloride 50 Clear
[00206] 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 = -
LA ", Chloride- _
EADC + 5m] HFC-32 0 Insoluble ‘chips’
+ 0.5ml methyl chloride 9 Slight cloudy
+ 0.5ml methyl chloride 17 Some flocculation
+ 0.5ml methyl chloride 23 Clear
Fluoroform (HFC-23)
Table 21
‘Preparation - . | Volume % Methyl : " Observation .
o ‘Chloride .\ |
EADC + 5ml HFC-23 0 Insoluble ‘chips’
+ 0.5ml methy] chloride 9 Insoluble
+ 0.5m! methyl chioride 17 Insoluble
+ 0.5ml methy! chloride 23 Insoluble




Tabl e 23 Preparation Vol unme ' % Cbservati on

Met hyl

Chl ori de EADC + 5ni

HFC- 152a 0 Sol ubl e [00207) The solubility tests perforned in Table 24 were
performed using 1.0 nol/L stock hydrocarbon sol utions of ethylal un num

room tenperature from neagicrifN%asaigdss he

di chl ori de WwbAI)pssspr epar ed at

hydrocarbon listed in the

tab

| e.

Pentane refers to normal

pent ane.

hexanes refers to an ultra | ow benzene 9qrade of hexanes, an isoneric

m Xt ur e,

benzene. The final 1,1,1,2-tetrafluoroethane (HFC 134a) solution was

ULB

whi ch contains |ess than 5 ppm WD 2004/ 058827 PCT/ US2003/ 040340 95

prepared by gddimg the roomtenperature EADE stock—sotutTom—votume—ti st ed
in the table, | t&Smiaethyl ghlprifeHrC- 1344% n a test tube hepgplyble - 35C. I n all
cases, an initfiat_sorurion isfobtarned wiclr s ctear _ang-totortess. The
resul ting sol gt Hrmifaghy filerideqo| ed i mrer $i ng the t &8lle into the dry
box cold bath[Th stated aj F 9oC. € clroyd point S erm ned Dy
moni toring the "ngﬂngﬁi@hfﬂémb‘# he 1ighid with a therw‘g’ﬁe and visually
determ ning the set of ¢l oudi ness. ;JThe sol itions agaln came clear|by
al l owi ng the soT@??@H§€3ﬂ8ﬁ% to a t'enperatiire above ?ﬂH%"l‘R’i‘? oud point] The
behavi or of the [ ut I round the ¢l oud pofnt was obsger for sevelal
m nut es by rere%?’%ﬁ#')}et@ygg)@?rﬁ&é End War4 I ng the sol uti ona%ﬁ%\ﬁf eJhenomenDn was
found to be repf % %ﬂ ﬁn%le 24 Hydrocarbon Vol urme (i ] iters) Volume
of . Final EADC.& ﬂ(c)‘h :ﬁbl(l)l; [0 M ?ock EADC RFC- 134a q‘pfgentration Poi Nt
Solution. (M), ?(ltn%th Qrofeent ane 16 10 0.1 -87 Pentgpgul/4 15 0.1 187
ULB hexanes 114 15 0. 1)9850 |
1,1,1-Trifluoroethane (HFC-143a)
Table 22
!
Preparation o Volume% | oot Observation . .~ |
... . | 'Methyl Chloride |. .."~ R E
EADC + 5ml HFC-143a 0 Insoluble ‘chips’
+ 0.5ml methyl chloride 9 Cloudy suspension
+ 0.5ml methyl chloride 17 Cloudy suspension
+ 0.5ml methyl chloride 23 Clear solution
1,1-difluroethane (HFC-152a)
Table 23
Preparation " Volume % " Observation
ST . Methyl Chloride :|- -
EADC + 5ml HFC-152a 0 Sofuble

[00207]

The solubility tests performed in Table 24 were performed using

1.0 moVL 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



Solubility of Al koxyalum numDichlorides in 1,1,1,2-tetrafl uoroetbane (11FC
134a) (002081 The solubility tests reported in Table 25 were conducted by
prepari ng each al koxyal um num dichloride in situ. A general procedure

follows. AypQbodlokssry of the corresponding al cohol was prigaAFdehsRYes@fdi N9
0.0001 noles of the alcohol to 10 mlliliters of HFC 134a at }%é To this

solution was added 100 mcroliters of 1.0 nol /L stock pentane sol ution of
EADC. After this last addition, the HFC 134a sol ution was shaken
periodically over the next five mnutes. The solution was allowed to warm

Eﬁe; #gsct :atn ed g’”%g‘gc\ﬁ@rhe c 39%%%%“%%8&2%@&%&@%&?%98@%? 040340

96 det er mi ned bpyadding ithearobmgemperatuenPADE! stivok sofutibhevdlurnel listedvirt the gableher nonet er
and visually det he. onset of cloudiness. The solutions again
becane cl ear Fhi E‘%‘g&%’%’&?ﬁﬂ%ﬁ?ﬁ% '%aa ?’E‘Gu&asF%r?Bé’i“Bi‘ld‘P tighove the
cloud point. T&@otmﬁ@&‘%cﬁﬁs Qfeaztﬁﬁ Sdridhd. OFh@fe@ﬁlﬁﬁg Ts@l%ngd %Qﬂ{éﬁ'c%leé{"as

observed for several mnutes . by repeatedly coolihg and warm ng

solution. Thi $y ilmmmgmn twa’slbé nuuthetd:ny byecald athdhernimbﬁted'ﬁ&kﬂSéCQﬂ‘h@HBOAl cl 2
CH3CH2QAI CI 2 CF3C$20AI Cl, 2 2,142 95 171. 00
196.92 W %i: cfé“‘émfgﬁ Y (B0 8011&8\%‘% ?"’%@ d%dg BFI’H§ "85 -85

-85 wi sol i ds T&Zmoh@@l?ﬁﬂa vﬁuhu)oa&@ﬂiuﬁmgn@le Rk leidihdsal Imssomm&

procedures (such as ASTM net hods ot her docunents cited_herein are
fully .ncorpoﬁa@lé&e@m@%b&w@emsthq prautions &, vag é a deraperasag bovesthp ot

[ noonsi st ent i pbltk STROUERYEOS AOSkIAn Ablnd hyEibaf ki ARt such

i ncorporation I's permite en nunerica mts and
nuneri cal uppeeveral nintimutes byl irepeatddly cooling and warming the solutlon This

phenomenon was found to be reproducible.

Table 24
- Hydrocarbon | Volume (microliters) Volumeof . |- Final EADC | . Cloud.:
: S of 1.0 M Stock EADC: |. ]IFC-IS{:_;' Concentratlon | Point .
: . Solution. . | (ml) | (Wt %) j?"' (°C)
Pentane 100 10 0.1 -87
Pentane m |15 0.1 87
ULB hexanes 174 15 0.1 -85

Solubility of Alkoxyaluminum Dichlorides in 1,1,1,2-tetrafluoroethane (HFC-
134a)

(00208] 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



herein, ranges fromany lower Iimt to any upper limt are contenpl ated.
[00211] While the illustrative enbodi nents of the invention have been
described with particularity, it will be understood that various other

modi fi cati GRg 2goosgdsz0e apparent to and can be readily nggqR¥oossssH skill ed
in the art wthout departing fromthe spirit and scope of the invention.
Accordingly, it is not intended that t scope of the cl ains appended
hereto be limted to the exanpl es and descriptions set forth herein but
rather that the clains be construed as enconpassing all the features of

pat ent abl e no eﬁ%fn [ Hg g all
feat ures whi chd%{t/\ou gg%é@%&-ﬂg tﬂzlié;t e wa\%?gﬁp}se I%dnugurlg&?] agﬂlem%ﬂ%ést% illed in
the art to whivisuailhdetemminingitienonsetrdfalondine®7 Thé:lsd!hmsjagam becdmyaeedrbgt | on
process conpri $ing ¢ nta tin i) _a nonqgol ef i n _an

par a- al kyl styrailﬂg‘%lgoﬁl B‘gé‘%agndg E}ge&ﬂeﬁ‘frﬁ ﬁ“ ﬁlﬂF‘ﬁ]iPBng ﬁﬁh one or
nore Lew s acikéhgior @mﬂe soldlidrlg/BEndCBERIoNS | pamt wagopsrerveaq&eseveral minutes

hydr of | uorocarbon(s) (HFC's) in a reactor. wherein the one or m)re Lew s

aci d(s) is notbyxe sroling gnd wanmiag s solusiopy IThiswphsnompnongvag found tg gr oup 13
metal and Xi s l%r%?h e. 2. The process of claim1l, wherein the one or nore
hydr of | uor ocar bo ; represented by the formula: CXHyFZ wherein x is an
integer froml to 40 and y and z are Taledfers of one or nore, preferably x
is from1l to 10, nore preferably xis from1l to 6, particularly x is from1
to 3. 3. The process of claim1l, wherein the one or nore

Prﬂégéh‘;mﬁif BRI o e A G R PeidAeR ] "9
1,1-difluoro

) th 1. 2- |di r ogt ha 1], ['uor pet h
1, 2-trifl ujr ngﬁCg/ﬁgﬂ) 1, iig?i t at ra???[]%srloet hane: “H+ilob %2

1
1,1,2,2-tetr flwwuﬁmne. 4, 2- PgH af | uor oet tbaﬁe; 1f-fl Up[LProgane;
2-f1 uor opr opane; @-40°C - di f uoroprcpane;' , 2- i f1 uoropr opane; '
1, 3-di fluor oplr&&?ypeo;mt%cg diflgoropropang 1,1 1- oo o e 87
[00209] All patents and patent applications, test procedures (such as ASTM

methods), and other documents cited herein are fully incorporated by reference ro
the extent such disclosure is not inconsistent with this invention and for all
jurisdictions in which such incorporation is permitted.

[00210] When numerical lower limits and numerical upper limits are listed

herein, ranges from any lower limit to any upper limit are contemplated.

[00211] While the illustrative embodiments of the invention have been
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,



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

tetrafl uoropropane; 1,1, 3,3-tetrafluoropfopane; 1, 2,2, 3-tetrafl uoropropane;
1, 1, 1,2, 2-pentafluoropropane; 1, 1, 1,2, 3-pentafluoropropane; 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 opropane; 1, 1, 1,2, 2, 3-hexafluoropropane; 1,1,1, 2,3, 3-

hexaf | uoropropane; 1, 1, 1,3, 3, 3-hexaf{ ughg@propane; 1,1,1,2,2,3, 3-

hept af | uor opropane; 1,1,1, 2,3, 3, 3-he Ot opr opane; 1-fluorobutane; 2-

fl uorobutane; 1, 1-difl uorobutane; 1,2-difluorobutane; 1, 3-difluorobutane;
1, 4-di fl uor oQut ane; 2, 2-di.fl uorobut ane; 2,3:dif|uor9but e; i!l’l 88

CHi 1 uor obut dne: | A 1POEITERIRG, GERGSEHeComMBISAE | CHACHBE ot Ands 10 1C-
trifluorobutane; }sgmeidolefin! éiﬂré’?hlfaaﬂﬁlslirc%e,%ﬁ dii?fa| 04O Y tiaRsfinland 3-
trifluorobutane; 2,2,3-trifluorobutane; 1,1,1,2-tetrafluorobutane; 1,1,1, 3-
t et raf | uor obut ane;multiolefin] pre vetmoad Lawisodrid(a)aend B, dih@npp comprisifig goe obut ane;
1,1,2,3-tetrafl uorobutane;. 1.1, 2, 4- f luorobutane; 1,13, 3-

t et r af | uor obut ane;™4r® Lhi'ar%ﬂ,u&t‘fcéf%%p&fsls E@Fgﬁt {i, Zeacipry whergin the \ORe oF B%BBut ane:
1,2,2,3-tetrafl uorqhus 808¢s) & mot & cAripdhh@idphRERBY bARGmula R, Hhere M is
tetrafl uorobutane; 1,2, 3,4-tetrafluorobutane; 2,2,3,3-tetrafl uorobutane;
1,1, 1,2, 2-pent af | wgrowui Zimstal and X1is 2 hglogemt af | uor obut ane; 1, 1,1, 2, 4-

pent af | uor obut ane; 1,1, 1, 3, 3-pent afl uorobutane; 1,1,1, 3, 4-

pent af | uorobutane; 1, 1, 1,4, 4-pentafluorobutane; 1,1, 2,2, 3-

pent af | uor obyt ane;Thk. prodess oft tRENIAFWHERSR e Gior thork, lgx(ﬁ@f&mrocarbon(s) is
pent af | uor obut ane; 1,1, 2, 4, 4-pent af |l uorobutane; 1,1,3, 3,4

pent af | uor obut ane Temresentedebythscfarmelan Gxldfutveiesein x 15 ap, 13‘§egér from 1 to 40
pent af | uor obut ane;__1, 2. 2:3-he yor.obut ane: 1 2, 4
ail& y:lLan%lf sfg %lﬁggcﬁ@( 8f e or Iﬁ r%féerébb’r }%\iﬁamsflg)_ 10, more

hexaf | uor obut ane; exa+ Uore bt AR :
hexaf | uor obut ane; pteférablyx . florh@xafl patiolbllvRres frdml, 6,33, 3, 4-

3. The process of claim 1, 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-tetraflucroethane; 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-triflucropropane;  1,1,1,2-tetrafluoropropane;
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-



hexaf | uorobutane; 1, 1 1,1,1,4
hexaf | uorobutane; 1, 1,2, 2, 3,3 -hexafluorobutane; 1,1, 2, 2,
hexaf | uor obut ane; 1,1, 2, 2, 4, 4- hexaf | uorobutane; 1,1, 2, 3, 3,
hexaf | uor obut ane; 1,1, 2, 3, 4, 4- hexafluorg@utane; 1,2, 2,3, 3,
hexaf | uor obut ane; 1 , 1,2,2,3, 3-heptafluorobutane; 1,1, 2 2,4, 4-
hept af | uor obutane; 1, 1, 1,2, 2,3, 4-heptafluorobutane; 1,1, , 3, 4-
hept af | uorobut ane; 1, 1, 1,2, 3,4, 4-hept afl uorobutane; 1,1 4, 4-
hept af | uor obut ane;. ,3,1,1, 3, 3, 4, 4- af | uor obut , 3, 3.4-
oct af | uor obut ane; tﬁ.‘%lT rfll’i‘t,aﬂ?’& 4> 5938{1‘&% ‘f}?“beout iﬁes tr]iﬂ‘P“%b usdng; ﬁizi"

oct af | uor obut ane; taﬂam%bataaeﬂ, 4, 42 0GhakbURERD UL ane3.trifidbrdbtand; 4, £34:

oct af | uorobut ane; 1,1, 1, 2, 374 4-nonafl uorobutane; 1,1,1,2.2,3, 4,4, 4-
nonaf | uor obut ane; tmﬂﬁbnwbntan@;- &Bi,?nsrifbmmbmmxe 1,1,1 2-tdtrafluesobutane; rigt ﬂi;BI-pr opane;

1, 3-di fl uoro-2- neth , |f| r02 D .
1,1,3-trifluoro-2- tﬁé fﬁ{ﬂr‘g?‘gﬁ&ne l’i’,lé‘ t&Ffflli %“ (ot Egr% YBt ﬁk‘l‘ﬁ?’ﬁ‘?‘%‘beane; 1,
1, 1,3-tetrafluoror 2omelhyfpironanss; 1. 1, @;@8&&&%%&&&%0 2- ngy By3-pr opane;
1,1,3-trifluoro-2-(fitoromethyl)propane: = 1.

1,
(f

1,

3, 3- pent af | uor o-tetrafluongtpanepank!,3#; tet!amlcsolmé@neaf | Lbdgt-trafluorobutane;
| uor onet hyl ) pro tetrafl f t hyl) pr e,

fl uorocycl obut anepﬁg’ﬁﬂ? t&frﬁ}%%?%%%q *obut amgfi%?{ (ﬂuf)f({%l 388y0| obuf’g’ﬁre}; 1, 3-

di f1 uorocycl obut art@traﬂuolzolﬁxt&ﬂel f 1 UpBackehdisibhigie; 1 21,253 3-tetraﬂuorobuta.ne

trifluorocycl obut ane; 2, 3- trlfluorocyclobutane

tetrafl uorocycl obultsb,héz,, -pentafl@rgbutane; r afll,hbﬂé’cp@lt’dbmf%bﬁanel 1,121, b.28-

Pexat | uor ooy 1 obuitghptppuimg: 3 5 A0 RhaR okt %) 100>

hexaf | uor ocycl obutmatfludrobutang; 3, 3, 4-1h1§pugtlbd¢wm@y¢ﬂmu,t ane; Mingp3-
fluoride; 1,1-difluoroethene; 1,2-difluoroethene; 1,1,2-tifluoroethene; 1-
f1 uor opropene, 1, PEntafiuprabyiasgr opene;l.h2.2Apantaiospiuiisene; 1, 3-1,2.3.3-

di f1 uor opropene; 2, 3:.¢h bliargpy opene; 3 Fudidtanlemuenere: 1 4 2334

, 1, 3, 4, 4- hexaf | uor obut ane;
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pentafluorobutane; 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-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; 1,2,2,3,3,4-

hexafluorobutane; 1,1,1,2,2,3,3-heptafluorobutane; 1,1,1,2,2,4,4-
heptafluorobutane; 1,1,1,2,2,3 4-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-octafluorcbutane; 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-



trifluoropropene; 1,1,3-trifluoropropene; 1,2,3-trifluoropropene; 1,3, 3-
trifluoropropene; 2,3,3-trifluoropropene; 3,3,3-trifluoropropene; 1-fluoro-
1-butene; 2-fluoro-1-butene; 3-fluoro-I|-butene; 4-fluoro-I|-butene; 1, 1-

di fl uoro-1-butene; 1,2-difluoro-I-butengy 1,3-difluoropropene; 1, 4-

di fluoro-1-butene; 2,3-difluoro-I|-butene; 2,4-difluoro-I-butene; 3, 3-
difluoro- 1 -butene; 3,4-difluoro-|-butene; 4,4-difluoro-|-butene; 1,1, 2-
trifluoro-1-butene; 1,1,3-trifluoro- I-butene 1, 1,4-trifluoro- 1 -butene;
1,2,3-trifluoro-I-but

trif
3-trifluoro-I tﬁ?ﬂfﬁ“r‘?éd 2 rﬁégﬁﬁrc{pf"?? 3| uor ?%‘B’fh‘%rﬂez -(fluoromethyl)propane;

trifluoro-I-but sepentafioso-LimhéthApfdpahe;but ene; 11,3 3-tetrafluoro-2-
rifluoro- I-butene 2,4, 4- trlfluoro I-butene 3,§ 47trifluoro- 1

1, 3,

1,4, 4-

2,3, 4-t

_butene; 3, 4, 4-t (flaogoretiy)prereaee; 4, 414,3-tetrafluoroe-(flusmemetbyl)propane;
1, 1,2,3-tetraf|uor ene; af l uor 9-J. s but en
1,1, 3,3-tetrafl uoffﬁmr Cﬁfﬁfb & llijdgf%roqyg[oﬁaé}{ap g'diﬂ‘b(ﬁ?@ﬁ: dbutane; 1,3-
1,1, 4, 4-
1,2, 3, 4-
tetrafl

tetrafl uorc@ﬁlhmbwcwlﬁtan&; 2,3, 3-tet Qaﬁﬂu&b@ydlob@meene 1,1,3-
tetrafl uoro-1-butene; 1, 2,4, 4- tetrafl uoro- I-butene 1,3, 3, 4-

f1 uor o- 1- but drifiuorecwlabuanest r af | ubR-iriflygrasyelobutane;4 4- t etlsh2Luor o- | -
but ene; 2, 3, 3, 4- tg%t;%{u{,?lrj% Oh ttaH% ene; ¥3?3 E%tr%ﬂ éﬁfl‘gﬁl Jn% I4 bLitI%?PDZA, 4, 4-

tetrafluoro 1- but rafon’rb tetrarTuoro-| -

butene; 1,1,2,3, 3-ﬂ@ﬁ1&ﬂ&6ﬂobl?d’l@bdtaﬂv,lt elnla:z 3;L3 ﬁexﬂaf&oéoquembafahuor@nn;%ene
1,1,2,4,4- pentafluoro | - but ene; pent af | uor o- butene 1,3,4,4

100 pent af | uor o- | mﬁl@ﬁ@syc@bytage,4 Ilalﬁe?ﬁ»éfhe?i@)ﬂ@m@%mbé‘??@e 1] 2;2333& %.-
t af | -1-b t 4,
ent at | tor o1 - bur dEgifiprdesgiohulme PETIRS 4N Prost IR pldngons 3 Fimy

pent af | uor o- 1- but eéhwrida; 314d1ﬂuéh~oamam@flll>,ldtfmordethdmai erien- trlﬂthré’etﬁenﬁ 4-

hexafl uoro- 1 -butene; 1, 1, 2,3, 4, 4-hexafl uoro- tene; 1,1,2 4. A4-
hexaf | uor o-1 - but e,fg;orqprgp@ee 4, L1 iflugroprepene) - bu]c g U%OE“’BCQPM 413

o 1 it SR MSPRIBRS, Skl S 5134
hept afl uoro- 1 bunﬁum;opfhpﬁmﬁ 3, 43-rifludrepropéreyi ol 3;3-trifluoesyropehe; f] BI@FO 2-
trifluoropropene; 2,3,3-triflucropropene; 3,3,3-triflucropropene; 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-i-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-tetraflucro-1-butene; 1,2,4,4-tetrafluoro-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-i-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-



but ene; 2-fluoro-2-butene; 1,1-difluoro-2-butene; 1,2-difl uoro-2-butene;
1, 3-di fluoro-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-triflu - 2- but ene;
1,2,4-trifluoro-2-butene; R 1, 1, 1,2-tetrafluoro-2-butene; 1, 1, 1, 3
-tetrafl uoro-2-butene; 1,1,1,4- tetrafl uoro-2-butene;

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

1,1, 1, 2, 4- pent af | B5RBEBOIR “E‘hts‘}c;l, 1, i’,lé",a’gf‘wéﬂ HPRYG1-BUtSg, ¢ ené,5=31?’i‘, 1, 4, 4-
pent a

fluoro-2-but z)@ﬁ’t'aﬂﬁ@r%a Rbutefle;pent @Izl,maﬁmafahu&%nﬁbuténé;, 2, 414:4,4.4-
pent af | uoro- 2-buténe; 1, 1, 1, 2,3, 4-hexaf! doro-2-butene; 1,1,1, 2 4, 4-

hexaf | uor o- 2- but etpent}lﬂuom,-l-huteﬂq;4, 4- R3x%4 Hipentafliotout-butene; 1, 1, 2,34.4,44-
hexaf | uor o- 2- but ene; 1,2, 3,4, 4-hexafl yoro-2-butene; 1.1, 1, Ay 4-
hept af | uor o- 2- but é’ﬁ’ét?glﬁ?ff,?]Tg'ith‘?’4, 4&16’%{51' P 9?'83‘?"&9‘?8’, anﬁ”l%’?k?’g'r es
thereof. 4. The phaeaRRrei-tahéieM 1.1 106y LU hekiudHe-WRiter®Dr € 1,1,2,4,4,4-

hydr of | uorocarbon(s) is 1independently selected fromthe group consisting of
fl uor omet hane,  dihkkafbrovordtthwiens; t r 1,213u004.dthexaflunso-1dbutene; di f L.ddsbdtthane,

1,1,1- trifluoroetha 1, 2-tetr roet hane, d_m xt reof. 5.
The process of an eﬁé}ﬁiﬂr%ﬁlég% ©o 23%«%3%& 4 H%“’a‘rﬁ@ e comjrgisjéég’ﬁ bet ween
5 and 100 volune % SRseduiesdn 1 he 3ial alhepabivo®-pbufehe diBBeNY 4-

preferably from 15 to 100 vol ume % HFC based upon the total 101 vol une of
the di | uent, nor e hepteflaprabl-hutenes dilldidAd.SbhpptaBearofl-oiemxo t d-flupo®2vol une %

the diuent conpr Rusaer Aol aRing CArt o bt LS RE B RaeE 2
vol ume of the di | ughgifluero-Iihatdne ¢ gsdiflabroalbutehe;C2,3idiBurd-3-butene; Wheslei n t he
di luent further conprises, a hydrocarbon, a non-reactive olefin, and/or an
i nert gas. 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-tetraﬂuo§'o-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; 1,1,2,44-
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.

4, The process of claim 1, 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.

5. The process of any of claims 1 to 4, 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



7. The process of claim®6, wherein the hydrocarbon is a hal ogenated

hydr ocarbon other than an FIFC, preferably the hal ogenated hydrocarbon is
met hyl chloride. 8. The process of any of clains 1 to 7, wherein the one or
more Lewis acid(s) is represented by thg formula MX4;, wherein Mis a Goup
4, 5, or 14 metal; and each X is a halogen; or the one or nore Lew s
acid(s) is represented by the fornula MRnX4_ n ; wherein Mis Goup 4, 5, or
14 nmetal; each Ris a nonovalent Cl to Cl2 hydrocarbon radical independently

selected fromthe grou NSi, St of an.a |, arylal kyl | kyl aryl
and cycl oal kyl r ad‘?’&'ﬁpg?gﬁ’? g’?‘gﬁﬂg‘ﬂ?rgd)é?feﬁ:bt‘ﬁk@ (ﬁ@éat c%ﬁnseéﬁ% ;(8it% a
hal ogen; or the on@oofolié ¢ HFU Based uférsiheitstal esloSRaITItRE diiveri rdfeqemul a
MRONR mX4_  (mtn); wherein Mis Goup 4, 5 or 14 nmetal; each ROis a

monoval ent Cl to @BOrehprafesabdy s dlilventicomprisesdEpandene 1190 wiwme e difG om t he
group consi sting %asgdh\pﬁnﬁﬁYoaﬂa“/[c’%@éf’th%‘éﬂe%-koxy’ al kyl aryl oxy radicals;

102 each R is a nbno rocdr bon radi cal independently
selected fromthe group consisting of an al kyl, aryl, arylalkyl, alkylaryl
and cycloal kyl radicals; nis an integer fromQ to 4; mis an integer fromO
to 4, wherei bt he Bigrhrasesp ohary of ¢laimol tonh rvehergin thesdiluegh firthge pomprisgs o

hal ogen; or the ongy koI, k&bh SeRRlHbiln] diotRhGRgAERI by the formula

7. The process of claim 6, wherein the hydrocarbon is a halogenated
hydrocarbon other than an HFC, preferably the halogenated hydrocarbon
is methyl chloride.

8. The process of any of claims 1 to 7, 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 represented by the formula MR Xy, .
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'x1Xs.
(m+n),

wherein M is Group 4, 5, or 14 metal;

each RO is a monovalent C; to Cs hydrocarboxy radical independently
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy,
alkylaryloxy radicals;



M RC=00 nR nX4{ mtn); wherein Mis Goup 4, 5 or 14 metal; each RC=00 is a
nonoval ent C2 to C30 hydrocarbacyl radical independently selected fromthe
group consisting of an al kacyl oxy, arylacyl oxy, arylal kyl acyl oxy,

al kyl aryl acyl oxy radicals; each R is auﬁpnovalent Cl to Cl2 hydrocarbon
radi cal independently selected fromthe“group consisting of an al kyl, aryl,
aryl al kyl, al kylaryl and cycloalkyl radicals; nis an integer fromO0 to 4;
mis an integer fromO to 4, wherein the sumof n and mis not nore than 4,

and each X is a halogen; or the gne gr nore Lew s aci dé,s) is represented by
the formul a MOX3; €agthdy df it mongvalent, Gu e $ iprdwdrocarhen radichl sodependently ogen; or

the one or nore Lew { i e e r wher ei n
Mis a Goup 13 ngygﬁ?&e%a%ﬁ%? ?gou? %%E% gﬁﬁeﬁﬁ){?’oa%gzﬂﬂb%ydcar 0 1radi cal
i ndependent |y selaadcedodlkglmaidialsgr oup consi sting of an al kyl, aryl,

aryl al kyl, al kylaryl and cycloal kyl radicals; nis an integer from1l to 3;
and 103" each X ignaaﬂg}t?ﬁjé,ﬁr;onbﬁtq%e one or nore Lewis acid(s) is

represented by the,f {ede M AMURe am WS 28H T M4 B. 13
metal ; each ROis a%%\fgfenggggt g%rgﬁ@g%%%ar gloagly raddloggfb I ndepéndent |y
sel ected fromtheagdoup consisting of an al koxy, aryloxy, aryl al koxy,

al kylaryloxy radi %gcl:hsf;( is a halogen; or

the one or more Lewis acid(s) is represented by the formula
MRC=00),R'mX4-(m+n);

wherein M is Group 4, 5, or 14 metal;

each RC=00 is a monovalent C; to C;p 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 MOX;;
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 MR, X, .
wherein M is a Group 13 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 1 to 3; and



each R is a nonovalent C, to Cl2 hydrocarbon radi cal independently

sel ected fromthe group consisting of an al kyl, aryl, arylalkyl, alkylaryl
and cycl oal kyl radicals; nis an integer fromO to 3; mis an integer fromO
to 3, wherein the sumof n and mis frol3l to 3; and each X is a hal ogen;
or the~p one or nore Lewis acid(s) is represented by the fornula

M RC=00 nR mX3-(mtn); wherein Mis a Goup 13 netal; each RC=OOis a

nonoval ent C2 to C3o hydrocarbacyl radical independently selected fromthe

group independent lg4cipRli€aheRgls: P the 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

nonoval ent C, to Cl2 hydrocarbon radical independently selected fromthe

Padi Cal et n i s an oy e aR piod] ¥efhreenter Rodle Prtin ARROBHE R oY o
the sum bf n and ,rin)s froml to 3; ana each X is a hal ogen; or the one or

more Lewis acid(s) I's represented by the fornula MXy; wherein Mis a G oup
15 metal ; each X iwhegeinM spe@roupnid metal; yi s3, 4or5;0r the one or nore Lew s

acid(s) is represente the formul I\/Rﬁx n, erein.Miks, a Go 15
netal; each Ris a?a%%% %r’i’_i‘or’e_,valfzgt éﬁo %P%dcrg?%\ﬁ%yr %P@f"%gﬂ““.eﬂﬂ’%%%gent |y
sel ected fromthe gl fOSThet grodp Wonsittil k¥lan Akyty, ayokl kylalkaddyky! aryl
and cycl oal kyl radicals; )

alkylaryloxy 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 an integer from 0 to 3, wherein the sum of n and m is from I to 3; and

each X is a halogen; or

the one or more Lewis acid(s) is represented by the formula
M@RC=00)R'nX3-(m+n),

wherein M is a Group 13 metal;

each RC=00 is a monovalent C; to Cjp hydrocarbacyl radical
independently selected from the group 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 O 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

the one or more Lewis acid(s) is represented by the formula MX,;
wherein M is a Group 15 metal;

each X is a halogen; and



nis an integer fromO to 4; yis 3, 4 or 5, wherein nis less than y; and
each X is a halogen; or the one or nore Lews acid(s) is represented by the
formula MRONR mXy_ (mn); wherein Mis a Goup 15 netal, each ROis a
nmonoval ent C, to C30 hydrocarboxy radicgy i ndependently selected fromthe
group consisting of an al koxy, aryloxy, aryl al koxy, alkylaryloxy radicals;
each R is a nonovalent Cl to Cl2 hydrocarbon radical independently

sel ected fromthe group consisting of an alkyl, aryl, arylalkyl, alkylaryl
and cycl oal kyl radlcggf;ﬂﬂ iS an integer fron10 to 4, mis an integer from
O0to4; yis 3, 4Yd éfein the sumof n and mis less than y; and each
X is a halogen; or the one or nore Lewis acid(s) is represented by the
formula MRC=00) nR mXy-(m+n); wherein Mis a Goup 15 netal; each RC=00 is
a nonoval ent C2 t theG3@ dryahre Lawireasid(s)xy rapachientad by ithefopanbdviRL¥y.sel ect ed from

t he group consi sti l.ox aryl acyl oxy, aryl al kyl acyl oxy,

al kyl aryl acyl oxy F@%Té%»éﬁséﬁﬁ§ 36W¥¢¥ is a monovalent Cl to Cl2

hydr ocar bon radi cghch Rd@doamdsmdayem ! ﬁﬁt?;{jh dx%earbb@ radieatPindependsityng of an
al kyl, aryl, arylal kyl, alkylary and c oal k radicals; n is an integer

fromO to 4. mi selagted rfmoegéhe glroamc@nslsimg ofjan ¢ 1 arybrargalkyh elleflaryt he sum
ofnandmlsless& Dol éi
cyclo kyl radicals;

n is an integer from 0 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)nR'me.
(m+n);

wherein M is a Group 15 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;

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;

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
MRC=00),R'nXy.m+n);

wherein M is a Group 15 metal;

each RC=00 is a monovalent C; to Csy hydrocarbacyloxy radical
independently selected from the group consisting of an alkacyloxy,
arylacyloxy, arylalkylacyloxy, alkylarylacyloxy radicals;



each X is a halogen. 9. The process of any of clains 1 to 7, wherein the one
or nore Lewis acid(s) is independently selected fromthe group consisting
of titanium tetrachloride, titaniumtetrabrom de, vanadiumtetrachloride,
tin tetrachloride, zirconiumtetrachl gpide, titanium brom de trichloride,
titani um di brom de dichloride, vanadium'brom de tichloride, tin chloride
trifluoride, benzyltitaniumtrichloride, dibenzyltitaniumdichloride,

benzyl zi rconium trichl oride, dibenzyl zirconiumdi brom de, nethyltitanium
trichloride, dinmethyltitaniumdifluoride, djnethyltin dICh| oride,

phenyl vanadi um t rF"’l’Eﬁl Ry 1sq@ m%ﬂ%@ﬁ’%tqlt@npﬂn?ﬂf?%ll’?ﬂ raglical jn ‘Eﬂ?ﬂ‘éﬁk’ﬁﬁ’i t ani um

trichloride, di(igg, &&w%y’)f‘%o@?‘é@%gg‘ﬁﬁ%%ﬂ‘e“ P og_# d| cm%}gl brom de,

phenyl met hoxyzi rcontumtrif xytl t i de,
met hyl net hoxyt i nam thaatkyﬂmdldmnyl i sopropoxyvanadi um di chl ori de,
acetoxytitaniumtrichlorid %enzoyl zirconiumtribrom de,

benzoyl oxyti t ani uPrfstarqlfleﬁSrrfr?fE %% opropoyl oxytin trichloride, methyl
acetoxytitaniumd benzoyl oxyvanadi um chl ori de, vanadi um
oxytrichloride, tqglaﬁ dt%‘errlg%%g?dcﬁ | oride, methylal um num di chl ori de,
benzyl al uni num di Ehsi Hrdi e, whemubthbyumaiflnlammMISdhssdhmdg,andl et hyl al um num
chl ori de, dinethyl ahl.g;n nag}n%l chI oride, ethylal um num sesqui chl ori de,

met hyl al umi num se®§li‘tHl trimethylal um num triethylalum num
met hoxyal um num di chl ori de, et hoxyal um num di chl ori de,

2,6-di -tert-butyl phenoxyal um num di chl ori de, nethoxy nethyl al um num
chloride, 2,%-di- Thfrpropmsyolfphsenﬁsdwm&rletoh&lv@bm therang lor ondrel bewis acid(s)

i sopropoxygal i um_di.c oxy 15 i ndi um fl.uor i

acet oxyal um num di’cif erpe’i’ftenﬁ%é&e%gﬁ 81'3? él PR OB C?e titanium
benzoyl oxygal | i umethaéHitigdd, d&itariBiny ketraBRiiayy abaHadimn abirahidiRle, tin
i sopropoyl oxyi ndi um t ri chl oride, anti rmhi/omdhexachl oride, anti m)ny

hexaf | uori de, ar stetrehlerds, azireetnme tetzas py titanium bromide trichloride,
titanium dibromide dichloride, vanadium bromide trichloride, tin chloride

triflucride, benzyltitanium trichloride, dibenzyltitanium dichloride,
benzylzirconium trichloride, dibenzylzirconium dibromide,
methyltitanium trichloride, dimethyltitanium difluoride, dimethyltin
dichloride, phenylvanadium trichloride, methoxytitanium 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 chloride, vanadium oxytrichloride, ethylaluminum
dichloride, methylaluminum dichloride, benzylaluminum dichloride,
isobutylgallium dichioride, diethylaluminum chloride, dimethylaluminum
chloride, ethylaluminum sesquichloride, methylaluminum sesquichloride ,
trimethylaluminum, triethylaluminum, methoxyaluminum dichloride,
ethoxyaluminum dichioride, 2,6-di-tert-butylphenoxyaluminum dichloride,
methoxy methylaluminum chloride, 2,6-di-tert-butylphenoxy
methylaluminum chloride, isopropoxygallium dichloride, phenoxy

methylindium fluoride, acetoxyaluminum dichloride,



chloride pentafluoride, arsenic trifluoride, bisnuth trichloride arsenic
fluoride tetrachl oride, tetraphenylantinony chloride, triphenylantinony

di chl ori de, tetrachl oronet hoxyanti nony, di nethoxytrichl oroantinony,

di chl or onet hoxyar si ne, chlorodinethoxyq?gine, di f | uor onet hoxyar si ne,
acetatotetrachl oroanti nony, (benzoato) "tetrachl oroanti nony, and bi snuth
acetate chloride. 10. The process of any of clains 1 to 7, wherein the one
or nore Lewis acid(s) is independently selected fromthe group consisting

of ethylal um num_dichl oride, ethylal uym num sesqui ¢chl orj de,  di ethylal um num
chloride, nethyl beéﬁzaﬂPmﬁhﬂa’rnélm %fa@}fmwg’@ﬁw Pxfeilim éjlé’g'éﬂﬂdéhl Xe,

di met hyl al um num ghi &b ideimaR dehibh Nl 4 4 1@,&%&{,}@@1& idel NEtiRlopcess of
any of clainms 1 to 10,5{ vvheurlei nct e [’)ro!(g:%ersgiurt er cocn}%(??seégﬁlone() gr nor e
initiator(s) is imdegdoddnt antimeiye deraflvoride; tatsenicg pentpfloands] santimpnpf a

hydr ogen hal i de, car boxyl ,c acid, a.carpoxylic .aci halide, a sulfonic
aci d, an al cohol ,aﬁo‘ibc;?erl?ﬁ t,ahgorb(.gq, v tﬂﬂ}‘? > ST iﬂa&&m‘% REFFfal i de, a
tertiary aral kyl ﬂé’dridéeteu%cﬁl%fiaé,afe‘(raﬁﬁe:ﬁir{/ainﬁﬁlbﬁ{(’clﬁoﬁd%r,fﬁigPéhylalﬁﬁiﬁldﬁW ester,

a tertiary alkyl ether, a tertiary ara ether, an alk hal i de,” an aryl
hal i de, an al kyl adighlotid¢,i dietrashdoramethoxyaitinydnyci dimethpxigricldoroah@mome or nore
initiator(s) is i endﬁﬂ%égsel ec eddfro the.ﬁro consti'h?)tinﬁ of HCI,
H2O, net hanol, ( e tn\eCl—éélﬁa INEHOX AT 0S8 YPIAME PR HYT pent ane)
and 2- chl or 0- 2- mejdaiskREPRANS oA IS (RACoR6) FBhENbdaAtiBERY, (a3l Hismuth

i ndependently selected fromthe group consisting of hydrogen chloride,

hydr ogen br oni de, adgiatk ddemdd. odi de, acetic acid, propanoic acid, butanoic
acid; cinnamc acid, benzoic acid, 1- chloroacetic acid, dichloroacetic
acid, trichloroacetic acid, trifluoroacetic 107 acid, p-chlorobenzoic acid,
p-fluorobenzph.c aThdiproasiof hng bf @hintiel todf; ihytein the @i d€mogd DevRakided)! or i de,
benzoyl chloride, benzoyl brom.de, trichloroacetylchloride, .
trifluoroacetyl chisoinferendently seleeierk Atogy (the igerupdeonsisting of ethylaluminum

dichloride, ethylaluminum sesquichloride, diethylaluminum chloride,

methylaluminum dichloride, methylaluminum sesquichloride,

dimethylaluminum chloride, and titanium tetrachloride.

11.  The process of any of claims 1 to 10, wherein the process further
comprises one or more initiator(s) is independently selected from the
group consisting of 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 and an arylalkylacid halide; or

the one or more initiator(s) is independently selected from the group
consisting of HCl, HO, methanol, (CH;3);CCl, CgHsC(CH3»Cl, (2-
Chloro-2,4,4-trimethylpentane) and 2-chloro-2-methylpropane; or

the one or more initiator(s) is independently selected from the group
consisting of hydrogen chloride, hydrogen bromide, hydrogen iodide,
acetic acid, propanoic acid, butanoic acid; cinnamic acid, benzoic acid, 1-

chloroacetic acid, dichloroacetic acid, trichloroacetic acid, trifluoroacetic



met hanesul fonic acid, trifluoromethanesul fonic acid,

trichl oronet hanesul fonic acid, p-toluenesul fonic acid, nethanesulfonyl

chl oride, nethanesul fonyl brom de, trichloromethanesul fonyl chloride,
trifluoronethanesul fonyl chloride, p-tdlenesul fonyl chloride, nethanol,

et hanol , propanol, 2-propanol, 2-nethyl propan-2-ol, cyclohexanol, benzyl

al cohol , phenol, 2-nethyl phenol, 2,6-dinethyl phenol, p-chlorophenol, p-

fl uorophenol, 2,3, 4,5, 6-pentafl uorophenol, and 2-hydroxynapht hal ene; or the

one or nore initiiPrd-sllotoder e REAIBIIdoYorRaLSE LRA, Tt QM EHIBHEE, O4tRty]
consisting of 2-chloro-2,4,4-trinet hyl pent ane; 2-brono-2,4, 4-

t ri met hyl pent ane;brgmide, ocinnamybt Aylbpde pdieezoyd- ishismisle2- bazhyl pbromades ;
2-chl -2,4,4,6, 6- t | t L 2- -2, 4 6, §- .
peﬁt a(r)nrag hyl hept ar%?ﬁgpqa?$&%pﬁg’p-ﬁﬁﬁ%ﬁ?@?ﬂglﬂg’éﬁéeﬁé}m{&e&ﬁ?}g‘?}g%nt ane;

1- chl or oet hyl benzfiéeanebulféui®i S( 1- gl or o- | -tAALGNhREtMEIulfoRRNZ eNe;a¢id,
5-tert-butyl -1, 3-bis(1-chloro-l-methylethyl) benzene; 2-acetoxy-

2, 4, 4-tri met hyl pdrichlaromethanssulfypic epid2  pricjuenesytfoniyy lapish t metbanesulfonsd oxy -
2- met hyl pr opane; enzoyl oxy- 2- | propane; . 2-a XVrels 4, . -

pent anet hyl hept a n‘%’?obrg-%b e n%tgﬁe-sﬁl,@%i T]%r,cg‘-l%é; nﬁlé: H@f%%ﬁé%t%‘rﬁ%‘?ﬁ 1@%@%& y-

1- et hyl et hyl benzagif@orolmefie@eduifoasip oRBtad ep-tdlueRBHyD ehRiridy] brfzask:

1, 4-bi s(1-acetoxy-|-nethylethyl) benzene; 5-tert-butyl-1, 3-bis(1l-acetoxy-
1-met hyl et hyl ) bestbaneb:propasel, Rasrppanok, 2methyiaropan-grehicasiohexanpk hoxy-

2,4, 4-trimethyl s - h : 2 2-b I -
met hyl p; ngne?/ geﬂn‘%@ﬁgﬁﬁgﬁzbﬁ éﬂé% B@’a&%@?@ggfp gﬁoeli 8%%’05 olg%é oné%i’y-
2,4, 4,6, 6- pent andlirdptepbia0S,4,9,6-perfafloxyophénol rapd 2yhekdwsnaplthsiegs; of -

met hoxyadamant ane; 1-net hoxyet hyl benzene; 1, 4-bi s(1-nmet hoxy-1- nethyl ethyl)
benzene; 5-tert-butyl-1,3-bis(1-nethoxy-I-nethylethyl) benzene, and

b3 et TS S ke e OP pedy RneeBNES B 1,

ani on. 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-benzoyloxjr-2,4,4-uimethy1pentanc; 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-
methylpropane; 2-methoxy-2.4,4,6,6-pentamethylheptane; 2-isopropoxy-
2,4,4,6,6-pentamethylheptane;  1-methoxy-1-methylethylbenzene;  1-
methoxyadamantane;  1-methoxyethylbenzene;  1,4-bis(1-methoxy-1-
methylethyl) benzene; 5-tert-butyl-1,3-bis(1-methoxy-1-methylethyl)
benzene, and 1,3,5-tris(1-chloro-1-methylethyl) benzene.



13. The process of any of clains 1 to 12, wherein the reactor and the
catalyst systemcontain |ess than 30 ppm water, based upon the total weight
of the catalyst system 14. The process of any of clains 1 to 12, wherein
the one or nore initiator(s) conprise 9geat er than 30 ppm wat er (based upon
wei ght). 15. The process of any of clains 1 to 14, wherein in option (ii)
the &4 to C6 isoolefinis selected fromthe group consisting of

i sobutyl ene, 2-nmethyl-I- butene, 3-nethyl-I-butene, 2-nethyl-2-pentene, and
the multiolefin i sel ected, fromthe group consisting of isoprene,

but adi ene, 2,13 di B herpeesy o BRY i elaigas isfopilﬁeﬁézerwr@snaocess further

6, 6-di net hyl - f ul vepgprifiesati-gne : ﬂ%ﬁ adi ene, net hyl cycl opent adi ene,

pi peryl ene, nethyl vP%yI gﬁ]GE}?coo&@%% I nyl ether, and isobutyl vinyl
ether. 16. The process of any of clains 1 to 15, wherein the reactor is

i ndependent | selected fromth r.oup consi sting.of a continpuous, flow
stirred tank¥3"r eat[ﬁgp}'ocgsquf{%yfqefd‘%@égctp :Wiewgﬂﬁdeﬁé?%%tﬂﬁFﬁﬂyﬁ%actor, a
jet or nozzle reafdp cofi’tafntlgfk' thhn B@g?ﬁl%atcﬁbmﬁc@oﬁﬁﬁé:fo@ﬂ’w&élﬂ oftthe
autorefrigerated boiling- pool reactor. 17. The polynerization process of
any of clains 1 toatalystdystemi.n the diluent has a dielectric constant greater

than 10 at -85C, preferably the dielectric constant is greater than 20 at
-85C, nore preferably the dielectric constant 1is greater than 25 at -85C,

particularlyjfhe gdhelpsesd & a9 tTichdinsi1t0AReMhblein thedhe 47 nidre iﬁﬁﬁoﬁ_&)ﬁw 18.
The pol yneri zation process of ang@of clains 1, 5 or 8 to 17, the diluent

conpri si ng met hyl cemnpose geateritian 4@ ppin waserdbesed upon weightar bon( s)
i ndependently sel ected fromthe group consisting of difluoronethane, 1, 1-
di fl uoroethane, and 1, 1, 1,2-tetrafluoroethane in a reactor. 19. The

process of chai m Y8e préresLoMarynel elhimsento 14 rWwieEinGa optibs €5) the@Nto Ceactive
ol efin, and/or an_inert gas. . )
isoolefin is selected from the group consisting of isobutylene, 2-methyl-1-
butene, 3-methyl-1-butene, 2-methyl-2-pentene, and the multiolefin is
selected from the group consisting of 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 isobuty! vinyl ether.

16.  The process of any of claims 1 to 15, wherein the reactor is independently
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, a batch reactor, and an autorefrigerated boiling-

pool reactor.

17.  The polymerization process of any of claims 1 to 16 wherein the diluent
has a dielectric constant greater than 10 at -85°C, preferably the dielectric
constant is greater than 20 at -85°C, more preferably the dielectric constant
is greater than 25 at -85°C, particularly the dielectric constant is greater
than 40 at -85°C.



20. The polymerization process of claim1l or any of clains 2 to 19, the
process conprising the steps of: reacting the nononers in the presence of
one or nore Lewis acid(s), one or nore initiator(s), and a dil uent
conprising one or nore hydrofluorocarbgp(s) (RFC s); and wi thdrawi ng the
pol ymer fromthe reactor. 21. The pol ynerization process of claim1l or any
of clains 2 to 19, the process conprising the steps of: (a) introducing the
nononers into a reactor; (b) adding one or nDre Lewi s acid(s) and one or

nore initiatqg(s) c).,intro rrp r

hydr of | uorocg?bong& QOW@E{OHRH efsd?dflﬁyt E:? gltﬁ:ﬁr%? %ﬁ‘]ef’he

reactor. 22. The pemy gzaiet}@m cH186&S Sandf oﬁé ammnlm@r h?dhéﬂﬁéro@ér@bﬁ(ﬁ) 2 to 19

in which particles Ofxygnﬁ ynmer are polynmerized in a slurry using a catal yst
¥

system and a di | imdepe |sg1r=¢tgdﬁnm e gmpecomylamg pﬁ@ﬂ@@m‘a@g)léﬂm s) .
23. A polynerizat |dqpu0ng ?Sﬁ;d ,E‘,ﬁizetg r|°r?nga”§nlé%c§Fac ners to forma

pol ymer, the polyneri 7 At S fe Lews acid(s) and
a diluent conprising one or nor e hydrof | uorocarbon(s) (HFC); wherein the
one or nore LeW| s acid(s) is naot a conpound rePresent ed by formula MX3,
where Mis al8roughepraeasa(of ghaimx18.swherpin g edilueph firthen CQ@(PHSQSh@ ngBnoner s,

the one or nore L%@c V%feﬁf‘ﬁ%‘?d{)‘;ggﬁﬁlg&f%f’% nmore initiator(s), the diluent,

and the one or nore dro are defined as in any of clains 1
to 19.

20.  The polymerization process of claim 1 or any of claims 2 to 19, the
process comprising the steps of:
reacting the monomers in the presence of one or more Lewis acid(s), one
or more initiator(s), and a diluent comprising one or more
hydrofluorocarbon(s) (HFC's); and
withdrawing the polymer from the reactor.

21.  The polymerization process of claim 1 or any of claims 2 to 19, the
process comprising the steps of:
(a) introducing the monomers into a reactor;
(b) adding one or more Lewis acid(s) and one or more initiator(s);
(c) introducing a diluent comprising one or more hydrofluorocarbon(s)
(HFC's); and
(d)  withdrawing a polymer from the reactor.

22.  The polymerization process of claim 1 or any of claims 2 to 19 in which
particles of polymer are polymerized in a slurry using a catalyst system

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

23. A polymerization medium suitable to polymerize monomers to form a
polymer, the polymerization medium comprising one or more Lewis
acid(s) and a diluent comprising one or more hydrofluorocarbon(s) (HFC);
wherein the one or more Lewis acid(s) is not a compound represented by

formula MX3, where M is a group 13 metal and X is a halogen, wherein
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the monomers, the one or more Lewis acid(s), the one or more initiator(s),
the diluent, and the one or more hydrofluorocarbon(s) are defined as in

any of claims 1 to 19.





