HALOGENATI ON_PROCESSES FI ELD OF | NVENTI ON [ 0001] The i nvention rel ates
to inmproved pPYREWFLEW4t o hal ogenate pol yners. | n parti cPCAOS2005{e47093
invention relates to inproved processes to hal ogenate pol yners nade
from C4- 1012 isool efi ns. BACKGROUND [ 0002] I sool et hi polynmers are
prepared in carbocationic polynerization processes. The carbocationic
pol ymeri zation of isobutylene and it.s copolynerization with
conononers |ike isoprene is neHARRGENATIONPREGIESSER. The cat al yst
systemis typically conposed of two conponents: an initiator and a
Lewis acid. Exanples of Lewis acids include Al Ch and BF3. Exanpl es of
initiators inclFEEDEHOMYENTION ds such as HCL, RCOCH (wherein Ris an
al kyl group), and 1120. During the polynerization process, in what is
generally referred to as the initiation step, isobutylene reacts with

the Lewi s aci d/{nm]tl atTHe mnuoﬁ eeleaésouduﬁ@roﬁed:p:rob&ﬁusumﬂamgenaﬁqidlﬁmng,
addi ti onal g[ger u a otheforrred carbenlu ion in |s
generally cal . e t<fensS ipmvaind TEoermes 13 briogenaig po e

place in a dil| ugsde fin SP10(EBbolefigNPer at ure, dil uent poI arity, and
counterions affect the chem stry of propagation. O these, the
diluent is typically considered inmportant. * [0003]Industry has
general |y accemodxmrdeg ead use of a slurry polynerization process
(to produce butyl rubber, polyisobutylene, etc.) in the diluent

met hyl chloride. Typically, the polynerization process extensively
uses net hyl chlmphde abooldht pEFREIAkM! BoparBe B rbotatiee oiyhéﬂzau%QC
as the diluent for the reaction mxture. Methyl chloride’is e oyed
for a variety G¥OFE8s0onshe negrbefRigye heRlymerizafians opf, cisolufdengp n&e

and al uni num chbggtiaiAasRkIE! combhoxﬁéﬁ m@qso?%nxrr@rm&h&ﬁéﬁ%m y i,
chloride also has sujtable freezing olnts to permt,
respectively, IW%%W&P‘H%WMW@&QQ Qfﬁwaﬁammme@t M@l@@ﬁaﬁdﬂﬁl on
2 fromthe pol yngss and %ﬁﬁ&%@r,moms%mo# cg; Yhd ¥ Ol%agﬁ jeg @i ON

process in nethyl chloride offers nber itiona ant ages

in that a pol yrmhaté@né‘éﬂﬂerﬁlﬂmfpﬂ mldsaﬁlph @&HQIBCQOI%@UIIG&HBR% sp aliod une

in the reactio ﬂml?ﬁ'g
concentration (T%»Jﬂg?‘” y a bout 800@19961 A)l n S rﬁ%?%n pol'y ?s er| Z r|‘c'.f(;enmdAn
accept abl e rel 4o iy dleyinitigtipn, step dsdbitylené raable with thadiewisaadidsinitiatos pair 3o

obt ai ned enabl i pﬁm PionP

effectively by g(%r {:Jz;%% eat %3)1(1(: léﬁnéé’@ﬁé %ﬁ@%%@o@%&%@‘ﬁ?%ﬂ%?&n&ses
in methyl chl orcadienivmaom $e dvhiah ist benepllp galdadi the podpapatiph siepl eThdsarsteps

wei ght pol yi soQut i:sQb

pol ymers. Li kem%hlggﬁfﬁr ang% %1%%&0‘#% s%rg fﬁﬂlgml%%nadl fu&R p%fanty, and
par a- net hyl st y ceuntermngaffict the chemisicy eﬁpro;mgatgmrrﬂﬂtbdse,dhé dihieniteis typically
Similarly, star- %o &%*ﬁ%{}m- yl -rubber is al so produced using nethyl
chl ori de. [OOOXT Wever; thére are a nunber of problens associ ated
with the polynerizati on in met hyl chloride, for exarrpl e, the

t endency of th articles in the cto rate with
each ot her and?utog:‘?colnﬁ%dcl‘,1 briEh&° l?eéaglé(t 3?"6\5{%& ‘# ad[ag%ﬁsf) Shurry

sur }‘ aces, i rrpe_bbbm(eﬁr)anomrpebcbdfse(t@garddaeeobx(tyl) fubb&fpﬁa)asoﬁiﬁﬁeﬂeateﬁ)ﬁﬁ the

aggl oner ati on S. I as n tenperature rises

A omer ot eq e REEST GARde, "niRel e pelfmt ARG SRS CHERNE TR

al | surfaces t Qg éHMrﬁEtat ToStey @we@%sﬁeeﬂlydbﬁ&mgwo Béifie difient¥el |
as any heat trans er_ equij Rrrent fo rempve the exotherm c

ei ng use
heat of pol yme#iezEastion, %h M@hﬂr&qﬂéﬁtlm §ioploged &a:/ % FATRLY &f weasons,
reaction condi Qg it A&oTRE MedhdiBers [39&)9 CRABEE & aﬁ’j}st félﬂ%\){ ors

typically used to make these rubbers are well m xe vesse
greater than 1themelyser piogent.sMethylehlande alap hs suitdleyfieczing cnd bmlmﬂponas e

Generate hear ShRTTITregraa A AR b IRaE G | %W%%@Fﬁ
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process conprising the steps in conbination of dispersing a m xture

~ of isobutyl e 878160l yol efin having 4 to 14 carbon aPoOWBES3es7047093
nol ecul e, into a body of a fluorine. substituted aliphatic hydrocarbon
containing material w thout substantial solution therein, in the
proportion of fromone-half part to 10 parts of fluorine substituted
al i phati c hydrocarbon having fromone to five carbon atons per
mol ecul e whi ch fiom the gellylertdnd ifRadel H6Rmersa { THIRILHY OBtk On pitdess in
pol ymeri zi ng t he d%s er_ﬁed i xture, of |s %ut’yl ene and _p%éo efjn
having four t o8t CBOHI SffFs P Irghe ?)tle? alc eflvantages (18 it ZPglasT
bet ween -20C agghcedibdion BY apiekimpily 2634 tB7% O Rhfnedinfihd RASHonGhAIkS
catal yst. However, '698 teaches that the suitable fluorocarbons would
result in a bi GHhES achisyed.cm appessd tp deneamemmiation ofnein Akqut SHtoc A%y st
bei ng_subst ant wligh ipaBleHBlinl N AdICadbiMIOGRRIA MBKI BEcddlg br URS
difficult and unsatisfactory. [0007fU. S. Patent . 2,548,415
di scl oses, i nt eplympsization, neass s rltinsd pevelling: the dhaab of mobmesisatiopr tot bre

Br epar ati on of yifOPUAIRI ety B CATEOMRE Rilhel ORI Bl Shikizaton

delivering to a polynerization reactors a stream consi

maj or propor t i piecessesiig aistind thderidegneiused in theproduetiparof high malenglae meight

diluting the nj i t.h /. : hyl.i dene

di fl uori de; cggagwér;r]glr%éena&{ Eée%#'%?%r&ejﬁ% %g%ﬁ&?%%tﬂe 3| se%{')r g%lg %/éjt he

cont i nuous addpelywerizaonsspiiispbuiyiene edbparaimethyistyrof ae hlse cinducied vdng of
reviously pre - i |, 00, C onsi St :

(Eri fluoride in so ﬁf@%@ﬁéﬁﬁ%’i sﬁgﬁ%ﬁ%ilﬁf% lrlﬁlgf?a% i %? ta@g‘?&;gm? e

t enper at ur e bemgdglehlat@e and - 103C t hroughout the entire

copol yneri zation reaction. . . . '415 teaches the use of boron

trifluoride and its conplexes as the Lewis acid catal yst and

1, 1-di f | uor oet WemHe asHawemenf trereedrec @nbimberi ofh problens  essodiztedhtwitn the

P Lot B 55 e B B

i nsol ubi lity tpartcgetiafhe redvor beappldntesatevith esth oddr aeldo talfecf @ithe regetor

However, bor.on_trifluoride is not a ferred co rcial.catalyst, for
butyl polymer sw?lgirhezg Var Freufla%?s’ T gg%ﬁls; mﬂé%oﬁ*ﬁ?@’ﬂﬂﬁ?@-t %fz}(e of

2, 644, 809 t eacipgptomeratioarinabases rapidhy lay reactiam isnagperghure aizes  Ggglahiesdtery
the, steps in comhination of m Xi togefher a, majr _propgrtio f a
nonool ef m havi ¥ esttSm%,% ?dﬁﬁﬁe [Pgiag@,%ro agﬁ)ﬂa T°8'frgnﬁgtﬁuﬁiﬂe€ﬁﬁ¥§?§9ﬁ?’t h a
m nor proport i suoh af reactondidchapge tihes, fawelhng dhy heat drafister bdnipinetibeii ieed
carbon atons per_nmol equl e, .and. pol rizin he r.esulting ,m.xture
With a di-ssol vEdeeYS i Sepiire e 8 purmarahe, avitis.sgelfine i 1
to 10 vol unes temperpiteaedactipweonitionsinkg e elafitdined) of a |iquid sel ected

(From t he group consisting of dichl orodifl uoromnethane,
di chl or onet hane, trichl orononofl uor net hane, di chl or ononof | uor net hane,

di ?:h! olro]E et rgf[_bm]r S_t hma:pl mmwl:d i imrefa;ct;&fgpmghsafgmﬂe tiges Abbeas Eﬂeﬁwﬁ
nultiolefin elrn | SSO e | sal ul q, n carryl_g,out_te
pol yreri zat i o R gesp mﬁ%ﬁ%?@ﬁ&%@ﬂfﬂ%a u&ﬁ&l@ﬁéﬂ%%&%@ﬂ B nt
of the liquid -dprbﬁ@& 13 §§hﬁﬁ%§péﬁéﬁ Thé bblyMetatioh @l BF bR Vot BaBsteat
mai ntai ning ideal slurry characterjstics and m_nim zing reactor
fouling, but theacHdsm order;ipkesnibe slurgpolsy theireacipmsystemeieedsiodgn e py

the addition ofifpkdrafdve Hewat, DARSxbbbi®lof sbdhGa SonBhifou TROW st-Rd Rk
ozone-depl eti ng chem cals. Governnental regulations, however, tightly

control s the rEafATaCCEPER AN fornd n gUBi Satewlr Nor&437.A%ki ineprparated by
mat eri al s unat i | al tJ 0 jtdsonad |y,
Thater o WA e sereaahe SOl & fo el & d (ectoh 0 HOAHblop o
Unsat urati on Cb{sersasiorss slatry F%@Miﬂ&ddég@usih’@b@mﬁ&i@at e¢hdigemiasa purag,4)
Rubber ~Chem cajpiltas le%!’ene 98%nd ﬁ@de ﬁ#ﬁ@s%ﬁﬁﬁg {3t E{}ﬂh rathid®
cationic 5 slurry polynerization of copolymers of’ Isobutyl'ene wth




- [0012] Amrong such post-pol ynerization or "downstreani processes are
processes forwﬂaqﬂg@@?ﬁiti on of the polyner. For exanpl e, ROTRIS200§¢43¢98
No. 5,883,198 discloses, inter alio, an inproved process for the
brom nation of a C4- C6 isool efin-C4-C6 gonjugated diol efin polyner
whi ch conprises preparing a solution of said polynmer in a solvent,
adding to said solution bromne and reacting said bromne with said
pol ymer at a t ebgmy detanmined by firechnilaigatitylehe @mpemitut dbe re§ired, heainftix and

separating the brom nated. isool efin- ) d.diolefi Y. t he
amount of bromi’ 8083?@635st38%? g(’og%# r&dﬁsg% tbtgﬁ ghgeos& ?igg’n@f’ g'gitpeg?ﬂ Befe
of g onj :Jgat ted_ dsuofek ipfbgi‘d@siﬁaj{ dc@u}&t@olynﬁehdnﬁihﬁiﬁf}hﬁﬁt&aﬁsfaﬂlﬁ?; tvivaitl
said solvent is_a, m xtur onprising an inert. saturated par inic
v ocar bon. anciehi® SN o) LHDEBRE A g THY &R GL LRl fherpedes) shve
L a'([j i o of bf r Otm aélﬂyﬁéltrﬁtiﬂnjt&tbﬁl liﬁ’-\?bki in_lﬂis&ﬁa@cfrs ﬁ'alln%m@l’f@fgélhﬁ#%relaﬁxae to
ydrocarbon to gai al ogen-cont ai ni.n rocar bon, erein s

hal ogen- cont ai n@ﬁ&@f&l‘%‘%&&ﬁ%s Wy’gﬂl’r%ﬁc?}ﬁg"ﬁ@ct"&mﬁ‘?"-%' 0’8&?&%@ o1
to C6 paraffi nigolynddabsmadulifion Bhs Bech ald@eesich eeherd] pamits Gsubly S OSaplan
Preferably, the hal oggg%cont ai ni &gezhg/dr ocarhbon is_selected fromthe

“group consi sti NJo-H>3 WH-Sratess ekl PR atenh Noy 2.684,808)- pyjpwever,
chloride, ethylmieQiets hatt GRELEITREIHIN? BiresBedHs W 'ﬁ@b?%io@!%m@&gsociated
nonochl or obenzene. See, also, U S. Patent Nos. 6,204, 338, 6, 262, 409,
EP 0 803 517 B With pplymerpertiglgsaggiogepstion foy implementing i desred fomaerial new
hal ogenati on prigefsses that would easily |lend thenmselves to the use
of HFCs and/or i nprove the efficiency of the hal ogenati on process
woul d be desirable. SUMMARY OF THE I|-NVENTI ON [ 00141l n an enbodi nent,
the invention ppdyi desyEoPaRnPPNeCe534608 RALBASN & 810k %B]éaneﬁiaf%n
process conprising contacting at |east one polynmer having C4-C o

i sool ef i n deri vBeresmicempriving |ty Sleppria pamtupption - ofn dispersing o tmigge of
hydr of | uor ocar hegyfyikn@ aﬁ@%‘mﬁgﬂ}?&?‘%ﬁ%%%%ﬁ%% A aRe R gd

pol ynmer. [0015]1n yet ano the invention provides for

a process to hdtodyehatimornewbgtiteted alinfetiphisizasehon sonsrining maptasishwitheut ng
| h . 3 i - | | of i
at least one %Qﬂﬁxéﬁgl?afhu@ﬁ tﬂe?é?:f,tm ﬂié%rcg:lgl-t%ﬂ%f ﬁjaﬁ’dn@ ar P16 ?ﬁ%ioﬁ’. In

derived units pro roma slurry“polynerization process u Zing
the or nore hydhofinugibeiuiedalighatin hydrewitenibeving &opr awe divacabemstomsne
hal ogenat od POl REieckBRHRH AN stlhe pAGRASAN PSR SISO R
DETAI :_ED D][EStCIr?I’tEﬁ' digiirsed aixroal isonsylemsand pelyolefitiiveingdoirsg fondeaicarben a gd
exanmpl es o V, ) | I e lopkd] r rre
enbodi nment s an%;t%pf&ﬁ?d[o%%hlé“a{%g?gr‘gﬁmggg%g%ﬁgﬁﬁga}n& 264 g&’ygger%ggéeago%f
under st andi ng tthereto| @ikriedeliGrafin catalyst. Fdlowsedre 'G98nteaches rthati thg esvitalile
appended i ai matorRPaRHE ik i f Seblic R ule tiondREE ofporolie
limtations thahdastelysichaingasubsitntiatly tiisokibletinahe fnerotcasioont making thejrGB84 9] A
reactor is any nthgi er\§g itn whi ch a chem cal reaction occurs.
[0020] Slurry r gt %f%ywe' of diluent conprising polyners

t hat have -

[0007] U.S. Patent No. 2,548,415 discloses, infer alia, a continuous
polymerization process for the preparation of a copolymer, the steps comprising
continuously delivering to a polymerization reactors a stream consisting of a
major proportion of isobutylene and a minor proportion isoprene; diluting the
mixture with from 1/2 volume fo 10 volumes of ethylidene difluoride;

copolymerizing the mixture of isobutylene isoprene by the continuous addition to



£

precipitated fromthe diluent, unreacted nononers, and a catal yst

" system and/ oWQ@HH§SE Syst em conponents. The slurry COPCEU$206H0408 | S
the wei ght percent of the partially or conpletely precipitated
pol ymers based on the total weight of the slurry. |oonjSolution
refers to any m xture of at |east one solvent and at. | east one
pol yner, wherein the solvent or a solvent mxture is able to dissolve
the pol yner to R Rebfes rdxmid gt £-1ihidShreiin 60 Yedvitsly fr¥dawdCpolymerization
[ 0022] Pol yrmrer may be used to_refer to honppolynpers, ﬁ@gﬁo y

i nt er pol yirer s, SHEFfotoprigmg, ofberon) infugideem solgtinmom, ‘?F‘E?nqgé‘?@de»t 0 a

pol ymer conprising.a I Spo. | onabh Y, W er ..
nmononers. [002 erﬁgdlthgg%ﬁéer\r%fes éril‘g%gr'ra?aép ?‘(5)d gfgﬁc%rrﬁﬁﬁ'o}lé}%ﬁg{ha catire
nonomner, the nosmiyererizaioprestot . i.n 4he tepdicy theruse nf bdren piflugride amlat

formof the nononer. or i he. derivative rrm.of t noNnomer .
L kew se. vihon EREES g Beda0i At bl dad 31Ekfhork MRt 4 pregered
neutral stabl ecémbinmionf Thikeortlsifgtion ruiviies 4 dysies insihichulfciataish agndyerone

skilled in the t, that the_ionic faormof. the .co nent is.the form
Chat reacts wi i FHRPIHEROMERY PUFbls SEL SHLRJRF & high degres of polymer
[ 0024] | sobut y| geesmtibiyad cpnhibs bérrfirdf réducddoleyaims HukipPHowver) bafon

| east 80 nmol %repeat. units fromi sobutyl ene 0 |.soolefmrefers
o any ol efi n TS Aok MGterst CTIEEAL SHALHE™ ROT RRSERET AN — o
[ 0026] Mul ti ol ebfreasbf ers to any nononmer having two or nore double
(Ponds. In a preferred enbodinent,. the nultiolefmis any nononer
conprising two conjugated doubl e bonds such as isoprene.

[0027] :EI ast oneporsy €l B, @arhi Noc;fnm;smi Qéhch@s iﬁt@ﬁd{i&,ﬁﬁqidlmgg%ﬂ'ﬁ%i 523 g
any polynmer or conpositi,Qqn of polyners ¢onsistent with the
definition. Th%m?ecré?rf’gmﬁ‘éi}% &Sl i‘Ht@?ﬂﬁﬁ‘Péﬁa%aﬂfl TRIXTRG HORSHIST (3o MfyOT
"rubber (s)", agropsfish &fed BbkooldfAGA0inAlky I8, MmEhElvE chdor afdak 3k hblegule,

hydr ocar bon group whi ch nay_be derived from an al kane by_ dropping one
or more hydr og®R% 2MHEGH RIPROTHAD, of 4 pultiglefiy, hawang fram 4utoslfy priclusiye, f37hep |
group (CH3), Ofto@® atit%#ecﬂé,osﬂa FdRRGbkg) the Qéstiltink ORI Rith 4 BERRAt O a

hydr ocar bon group fha orms_a ring structure
Friedel-Crafts catalyst, in the preésence of from 1 to 10 volumes (computed upon

the mixed olefins) of a liquid selected from the group consisting of
dichlorodiﬂuoromethahe, dichloromethane, trichloromonofluormethane,
dichloromonofluormethane, dichlorotetrafluorethane, and mixtures thereof, the
monoolefin and multiolefin being dissolved in said liquid, and carrying out the
polymerization at a temperature between -200C and the freezing point of the
(7 liquid. '809 discloses the utility of chlorofluorocarbons at maintaining ideal shury
characteristics and minimizing reactor fouling, but teaches the incorporation of
diolefin (i.e. isoprene) by the addition of chloroftuorocarbons (CFC). CFC's are
known to be ozone-depleting chemicals. Governmental regulations, however,
tightly conirols th;s manufacture and distribution of CFC's making these materials

unattractive for commercial operation.

[0009] Additionally, Thaler, W.A., Buckley, Sr., D.J., High Molecular-
Weight, High Unsaturation Copolymers of Isobutylene and Conjugated Dienes,
49(4) Rubber Chemical Technology, 960 (1976), discloses, inter alia, the cationic



characteristic of aromatic conpounds such as, for exanple, benzene,
napht hal ene, Wh¥HHEKt ene, ant hracene, etc., and typi caPCYUBRHLHEHS3

al ternate doubl e bonding ("unsaturation”) within its stncture. An
aryl group is thus a group derived from®&n aromatic conpound by
droppi ng one or nore hydrogens fromthe formula such as, for exanple,
phenyl, or C61-13. [0030] Hal ogenation refers to reacti ons between at
| east one pol ynshurycpubyrasrizbtivg @ftcop@msers ofisobutglatewith isoprenm{burtyt orbber} t ed

with at | east one hal ogen i nc orate the at | east one hal ogen
into the polyrré‘f:‘g%tﬁ%‘g?ﬁ aﬁ’ﬁ § #8d pol ymer. The reactions

typically proceed, for exanple, elther in solution or in bulk. The

hal ogenat ed pol yner c varlous I els o

hal ogen atons dffi¥ihe gﬂﬁ?%gﬁa%ﬁ{% ?tﬁﬁrg]r‘?n‘?%%{‘gfé)l@‘%%g" gpate
unsat uration Ofpelyhgolfheizatishd sffiné Bkt ﬁﬂﬂdtrbﬁmarﬁabﬂa:le @ggdi@drmﬁmnwed
For exanpl e, the unsaturatl on_unit e a diene unit su

i soprene. O herreqyse e amongty of, @lﬁﬁm%ﬂéhﬁﬁ’%‘iﬁr@%m‘? ﬁﬁ"é‘?%’i‘th@&@
treatment, e.g.gesifibieher chemical or process related, prior to

halogenation such as pol yners cont ai ni ng alkylstyrene units, such as
para-net hyl styrene. For exanple, these polymers may be hal ogenated

using heat, |ighky andt oﬁuafo%mﬁaﬂl@ﬁrbsj et drahRfest Al MRS bl BRCS i in
such as organic peroxides or 9 his azo conmpounds, discussed |n

re
detai| bel ow. Aelymerigion pPjocesseehastbepm diselosshdn,Hiar B¥EmlsmyO FI04/ -’i§828
exanpl e, broni pgq4 vfdg'z@bmﬁssz@r ria%%r tﬁn@%&fﬁ#@gﬁﬁpolﬁﬁédzh%t 8¢bsses

refers to the , tive anount of aogen I ncor. oratednlntothe
pol yner backbor?@“%@qwﬁeﬂMMW opstipalysgaration of "desynstrepm heEPesEER 813 on

reaction. decdid6dand pgwhgevpmgggy the hal ogen utilization

efficiency (usu y expresse in percentage) can be effected by the
degree of unsaturation of the starting polyner, the anpount of hal ogen

df th "
enper at ur o and s ; a4 sRE PERGULARIARI I, MG Boceses o
pol ymers are wiptwksses sardhilegenatibnsof theapolymtrl  For mh@yle,nﬁt&\dii?ﬂbﬂo
manuf acture. Halgg Bﬂiﬁﬁo e§ !téf- %)hag Q\i;\ﬁgﬁxﬁ%dpp%é’egéef& th%rbg @L%&@L dric,-

pol ymer of ch0|te e ai'r 1 npermeabl
i nportant. The;CGans@lq'ma@f& Icynmgatndu:beldﬁmsmh'glecmhmhqmmsm ptcaaruig a

cationic pol ymerd at| " es | Oy f a

C4-C8 isool efi ﬁ ﬁclho asd:% g@?%asﬁ%hgva O%@%ﬁ%@%’}@ﬁ}éé@g org11 uch

as a plug fl owsmdauhmnewnlﬂéaﬁpaiymmaedtanpntaureaﬁﬁmn ghouf lIﬁEB)dabouﬁﬁT

enbodi nent, the,is buty ghezhase yne by
% cga.l Lu ? ?ﬂtﬁgelq IS%(FIG ITDI’OHJ rrgtgd bﬁol% etge

contacting one or e’ Few s acl dé and one
or nore initi ataooant 6f ‘arodm:lwbmng domp abaat 10 00tve atmit rm)rmoles per mole of

hydr ol | uor ocar hon al | scussed in nor i.l .hel.ow. and,
e oxanpl o 1 AoMESHERL D Al o S a e B S
t he nore conmemdktatd oraprisirigf manertlssmbmdybaaﬁnttahgdioqmdio;arrﬁm ag ligért as
"but yl rubbers re avail.ab mExxo bi 1 C \

Houst on Tx. | alEoREHPICIRE PGEOPD i & B LRSI SR b0 G480
mononers and cqumrtﬁtsaanparﬁxfﬁnﬁommwo@rt@ siifl Chalogesl cdeditig 1119drocarbon,
illustrate the vast array of vari.at %BSSI bl e al on

equal |y di ver s&heign sgidhalpggy-c U Sagpnena; i Pﬁ%ale%ﬁlﬁtf:@gt
system that nay, bgpREfEhRSHrobRbeH GAUER gt z@&héﬁm{yﬁrocarbon Preferably,

the halogen-containing hydrocarbon is selected from the group consisting of

PD

methyl chloride, methylene chloride, ethyl chloride, ethyl bromide,
dichloroethane, n-butyl chloride and monochiorobenzene. See, also, U.S. Patent
Nos. 6,204,338, 6,262,409, EP 0 803 517 B1, and EP 0 803 518 B1.
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Mononers 100361Exenpl ary nononers include one or nore of ol efins,

~ al pha- ol ef i N0 208/458a64t i t ut ed ol efins, isool efins, conjgEUSC0sHHBIES,
non-conjugated !clienes, styrenics and/or substituted styrenics and
vinyl ethers. The styrenic may be substigguted (on the ring) with an
al kyl, aryl, halide or al koxide group. Preferably, the nononer
contains 2 to 20 carbon atons, nore preferably 2 to 9, even nore
preferably 3 to 9 carbon atons. Exanples of preferred ol efins include
styrene, para-al kyl styrene, para-nethylstyrene, al pha-nethyl styrene,
di vi nyl benzene [0l i sopBgEsRy %ﬁ%ﬁ?@%{?ﬁlﬁwﬁﬁs Dzt ywpwd ieasly deidene,
3-met hyl -1 - but @lehRelves-to MRI Y bf ArES MR Smplose e @BLienBY bAGE B6genation
2, 3-di net hy1l- 1, 3- but adi ene, 13- pi nene, nyrcene, 6, 6-di nmethyl-ful vene,
hexadi ene, cycbweesawadkidsdesiigbls. eryl ene, nethyl vinyl ether, ethyl
vinyl ether, and isobutyl vinyl ether and the Wn Mpnoner nmay al so be
conbi nations of two or nore nononers. Styrenic block copol yners may
al so be used aStdRGAMRYOF BIEMVENIIMN ock copol ymers i ncl ude
copol yners of styrenics, such as styrene, para-nethylstyrene,
al pha- net hyl styrene, and C4 to C30 di ol efns, such as isoprene,
but adi ene, andbtHE | i kean embotiment, theligveptiafraevidas fornwogsss to balbgamateizons

| Soprene, as wilTias Uf ISP ARk f e pRRAUE RORIECECH |,

pref erred nonoiseslefin derivedienitsha deast dna halogen, andtat bbast onahydpofiyotogarben inabl e
s described i I QN I i i i.ns, A Critical
Ganvent ory, Josgfﬁ'n éﬁﬁgﬁgﬁ)&\ﬁl@oﬁﬁ% sca?%i ce}‘,?II New Yor k 1975.

Mononers include any rmonomer that is cationically polynerizable, such
as those monomgys, that, 84 6nGARARNGend AP VEAIAGBER PR Bicess o
propagating cehtér becal'se the nononer ‘contal ns el ectror donating
group. For a dkdlegehaela golymies shegmowss walpiising contating jtdeast anechalSaen i

Pol yneri zation_qf O efins A.Crithcal vent orv.. Jos enn

W1 oy 1t or soi s orRaSisr bR 50l RooleBY B b RRBAL AGHA SRty
present in thepqighstivetiorz@beesnutitizitigie onmare gydmflubrocabaisin a kolotion/® W %
to 0.01 wt% in oge eglb%?i magﬁ altter atively 60 wt%to 0.1 wm%

al ternativel y FPOIE 20158 98 HploBemiehPOLMSE or nati vely 30 to 0.5 wt %
alternatively 20wt %to 0.8 w% alternatively and from15 wi%to 1
wt % i n anot her enbodiyrent. .[.0039].Preferred po rs include,

ormpol yinor o oBtiahy o P A RIS ooy b AU R SHATES B os
of honopol yner anétisahlizdé hypRboatmalkoivattene, pol ypar a- net hyl styrene,

pol yi soprene, polystyrene, polyal pha-nethyl styrene, polyvinyl ethers
(such as pol ynet hyl vi nyl et her, pol yethyl vinylether). [0040] Preferred
pol yners al so HhRrcAUGD DEPORPTEON of 1) isobutyl ene and an

(al kyl styrene such as nethyl styrene, preferably para-nethyl styrene;
and 2) isobutylene and isoprene. [00411ln one enbodi nent butyl

pol ynmers may bgothy €pavatbub Ypetiia Ghobbdments, GRS BRT exdinilet! bBthe infention
m xture having at least (1) a C4 to C& isoolefin nmononer,conponent
such as i sobut WKy bedesoryjbed, W@%Pﬁ%edﬁpbegﬁﬁe%é{‘%@g&?@ﬁ% H8er
conmponent . Thedose® REdiD 58 plfpodes " SN ERIeftATNE Ohb L1d8ed Mehbidly VIRrght
of the total conononer mxture in one enbodinent, 85 to 99.5 wt%in
anot her enmbodi ¢pterminingqinfrmgemens: the scopp198 thendrventigie Will gefer fonguysone Prt he
range of 92 tQu3Q of el operdddf QU HRIAR SR CoRRERALCINA bBmERE or
enbodi ment is present in the cononomer mxture Trom30 to 0.5 w%in
one enbodi nentlimitgtigns theerel@uivelent to thasohataramseiteder enbodi nent. I n yet
anot her enbodi nent, from8 to 0.5 wt % of the conononmer m xture is
conjugated diene. The C4 to C6 isoolefmmay be one or nore of

i sobut ene, 2- ngmbly| - 1AvHusedriereil - the néwy Inuinberintge seheme forethe Perigdi Teklne,
and 4- met hy| - 1o BEALENGes INE R WRhERGIBIRRENEWS bals), 77 (Bé6b).

conj ugat ed di ene as 1'soprene,



mol 9%4C4 wt % 1 C5b Mot % 1C5 70 73.9 .5 .4 85 87.3 5 4.2 92 93.3 8
6.7 95 95.9 MOW7/47516¢ 5 : PCT/US2005/047093

[0819] A reactor is any container(s) in which a chemical reaction occurs.

[0020] Slurry refers to the mixture of diluent comprising polymers that have
precipitated from the diluent, nnreacted monomers, and a catalyst system and/or
catalyst system components. The slurry concentration is the weight percent of the
partially or completely precipitated polymers based on the total weight of the

slurry.

[0021] Solution refers to any mixture of at least one solvent and at least one
polymer, wherein the solvent or a solvent mixture is able to dissolve the polymer

to produce a single-phase homogenous mixture.

[0022] Polymer may be used to refer to homopolymers, copolymers,
interpolymers, terpolymers, etc. Likewise, a copolymer may refer to a polymer

comprising at least two monorners, optionally with other monomers.

[0023] ‘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 of 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 to produce polymers.

[0024] Isobutylene-based polymer refers to polymers comprising at least 80

mol % repeat units from isobutylene.

[0025] Isoolefin refers to any olefin monomer having two substitutions on the

same carbon.



s

99.6 30 26.1 a. IC4 - isobutylene b. ICS - isoprene [0042] This

i nvention fuMMhe79716dt es to terpol yners and tetrapol ymeCEUS2005/047093
conpri sing any conbi nation of the nononers |isted above. Preferred
terpolymers and tetrapol ynmers include p@lymers conpri sing

i sobutyl ene, isoprene and divinyl benzene, pol yners conpri sing

i sobutyl ene, para-al kylstyrene (preferably paranethyl styrene) and
i soprene, pol ymessp COoNmltidléfdeisab apembaniicr heving smbort iibre deyblabehds.
par aal kyl styrene (pyfeferapl ramet hyl. styrene ol yners. of

i sobutyl ene cy® 6@5%%’5 éﬁgméﬁg‘%i ﬁ@ﬁ@eﬁ‘béﬁ ﬁ%}@ng%ﬁ%f’?@qﬁlg two
cyclopentadien@qu%m@buﬁmmﬂmﬁnsﬁmﬁmnaﬁﬁab.cyclopentadiene, pol yners
conpri sing isobutyl ene, paranethyl styrene and cycl opent adi ene.

Cat al yst System [ 0043] The catal yst system generally includes at |east
one Lew s ‘Aci dygifl at gl.888kr Wﬁaﬁdﬁéﬂc%&?osiﬂ_&@ ab- QWddShedéih Orefedd ®0any
referred to as the. co-initiator or catalyst). my be any Lew s acid

t .
based on net al BolymesAr cPBRYFition of polymers ¢ops} f\I@@P&WPﬁ?%&?ﬁE‘W&m e

of the El enent gye jd el OO RRharfkbstT Wilithe §3hn! "ribBbr(d)") é #5284 herein.
titanium zi rc?ﬂ}rlﬁ um l#iﬂn, vanadi um  arsenic, anti rmny(/d,) and bi smut h.

One skilled 13 in the art will recognize that sone el enents are

better suited ioli%sf he Rﬁ@?{)éfé}@tooi part¥Einic Y &okd:00h %rbﬁb QRRh S odideBd

the nmetals are alum num boron and titanium wth alum num bei n(%
orT

desirabl e. || | fremmnalkges hxdapringone et morrdyaroesss fronpfhg fgmule; gich as,
C2115) 2A1C1 P 41Addi ti 1y,
(Jé_evm' S ZiCi ds ng%}%g%g@ﬁ%ﬁ %ﬁ%ﬁ{g}ﬁ’fc{?mgm %@ﬁﬁﬁzgg&' Jation of

useful 1'n"catronic polynerization of
i sobutyl ene copol yners including: alumnumtrichloride, alum num

tribrom de, et | Ny By i O hiiRocafioY by ThA URE SO KhE NhEtude,
di et hyl al um nu %Jyghl_orl (ra?e%rrs;t yl a uer)ﬁ num %riacﬁjhl oride, met h§| al um num
sesqui chl or i deghagicteristivydf atomatic pempaahdsurhies, fop example. benzens ppEhalene,

titaniumtetr i i ﬂ,ﬁl i j i :

et hyl al um num elsug{Jﬂ%Ic S:I‘EI eceﬁglé%ﬁij%%?e era?g]ﬁ%%%&?%ggw@ﬁgl gmguch
as net hyl al um ¢ensametioV)@)ithimits styetvief | Amarylgrdesisghusc sowk derived from
coordi nating Lew s i . it 1

aci ds within tHeCoN cecxﬁlpgﬁ%ﬁxgﬁ?p E&gg)g ?éﬁﬁ&%gﬁ%?ﬁg ﬁgﬁeﬂ%ﬁ)ﬁ{ﬂggﬁcﬁn
the art will raecfgexagpld, peenyl, or@dnti oned listing of Lewis acids, is
not exhaustive and is provided for illustration. For a nore

information regarding Lewis acids in polynerization proceses, see,
for exanpl e, Vih3A004/ Bi8g8ticon defei® B00ehtidm8Stween at least one polymer

containing at least one unsaturation unit contacted with at least one halogen to
incorporate the at least one halogen into the polymer to form a halogenated
( polymer. The reactions typically proceed, for example, either in solution or in
bulk. The halogenated polymer can contain various levels of incorporated
halogen atoms on the polymer backbone depending on the degree of unsaturation
of the starting polymer and the amount of halogen used. For example, the
unsaturation unit may be a diene unit such as isoprene. Other polymers may be
halogenated requiring some type of treatment, e.g., either chemical or process
related, prior to halogenation such as polymers containing alkylstyrene units, such
as para-methylstyrene. For example, these polymers may be halogenated using

heat, light, and/or free radical initiators or sensitizers, such as organic peroxides or



[0047] Initiators useful in this invention are those initiators which
are capabl e YHHANE* conpl exed in a suitable diluent WPEHUSAE WS en
Lews acid to yield a conplex which rapidly reacts with the olefin
thereby form ng a propagating polyner ¢hain. Illustrative exanpl es
include fin:lusted acids such as H20, HClI, RCOOH (wherein Ris an

al kyl group), and al kyl halides, such as (Cl13)3CCl, C6115C(CH3)2Cl
and (2- al or o- Pis£za cempaypds, disenased imepre detsildeloat: edditippalty; tast keashoneret al
conpl exes, su I - Of . SU terials that can act
~as single si tgaggﬁiﬁtt%’%gsteﬁsﬁ,’&gﬁg%’é&g@ﬂ%’eﬁjﬁgc ivated with weakly
coordinating Lewis acids or Lewis acid salts have been used to
initiate isob ene j.zal . O 14 [,0048]L.n an enpodi t, the
initiator conpkb?:l}iies g%%%%l{’rq{r#ohr%%fogf E]e<'31'om-f‘31yfdl)r &ggnw}f‘gf’? d%t?ouch%Ir gg{/%ﬁ?r} c
aci d, a car bosgbiporatediivtotild padgmerdbaskbofomidcthe anduntif halbgdhskd f the

henol, a terg] | kyl .halide, a.terntiary.aralkyl halide, a
!to ertiary al kyf‘élgé%%t?b,n %acthg?'t Gla wgpéﬁnﬂvfto%%%&l? ag’y’thﬁ E’f"{%‘?"ymﬂ-}zﬂtﬂﬁn
Pl e, "or ar yl AL kv aC A DAl o | S040) A om ekt Tl T e
alide, or arylal kyl ac i de. ope.skilled in the art w
recogni ze thexrésféf%ﬁ%ﬁf ﬁgﬁ%@nﬁpg%%ﬂ%m‘?‘?’ﬁl ?gkag’ﬂf%‘)‘seii &or Kl reaction,
exhaust i ve anghd tbe eadiondediitions sich bstRinpahiverandreideace e | nf or mati on
regarding initiator(s) in polynerization processes, see, for exanple,
WO 2004/ 058828 and WD 2004/ 058827. [0050] Regardl ess of whet her these
pol ymers are Pdiyraereed commercially such as in bale form processed

into smaller particles, and subsequently dissol ved by a sol vent, and
then subjected to a hal ogenation process, or by an continuous process

i ncor por at i ngosste polsybylérediatedPoliRass wideBaRed MLARVWRL AN their

di ssol vi ng stagtg .a#d auPaI oge %tl on gt_%g; t he hal ogenati on process
may proceed &t 0dsi JPIPAiFD gERaRTBiEt f9DWYient bass nelmser seafion the
hal ogenat i on milRe@ ST cREIEERL ASplRtiond WheSir HPRmRAbKIEE ihfordhSSPiyed i n
an inert hydrocarbon sol vent 'such as pentane, hexane, or heptané and

the sol ution 8 8FY POGEsh JEHa: soBHuYoBA CAo batolTHationit gbrmerizaion
reactor is typbéeade Em?lo}ﬁﬁéﬁﬁigh%&ié'eﬂ%@n}&f& b:,;-t@isﬁ&leﬁ{‘s‘ﬁaﬂ’h%tikﬁghéﬁes
o fed to

and an agitator. A hal ogen such as bromne Is als

hal ogenat i on R3S fyPSE OLxeactnns sueh ascaplygiflew raactorandfor sirred dankireactonn unt
of polymer and the double bond content of the polyner. The materi al
fromthe reactor is treated wth an aqueous al kaline solution, such

as sodi um hyd?8%#i de 0% gehedizenty gher obutylanabpsed Wpplyried ealormad bien t he
hal ogenat i on gt fbABhtofing 62C0: MbleM bRl YR bnObOHLAC SAL L
contacted with _hot wat'er and Steamto renove the sol vent and prdoduce
a slurry of BER@nPR:it 8 WeTey riaitiafoss viat @ diliewh domptidieg) trendiredném a
conventi onal [ is nat ed | ymer .
HRORR oLl e 1 BRORM A Lot Sl At AR SRR Y

15 [0052] I n sone enbodi ogenat on process

facilitated BYWHAQAS8EI8 agd WQB0GIASBEAN. i nitiator or radical
initiator. Aradical initiator may be any nol ecul ar fragnment having
one or nore unpaired electrons, typically relatively short-lived and
hi ghly react ilé#é As Severslebf therdeorst cmuimertiabiy siguifical idobileas-baed may

occur throug i i QN i «(phot o i.cal , t ,
(thermal | y), 553?139 or Q%hc%m% %d{xlggrg}lsse%%iatvi’%g’femgﬂ@héééuygggrﬁ@mdﬁl oxi de
or bis azo céleppansHoGlmyTX, rddlankes€srparadon]iPiebage®A, f or exanple, in
U S. Patent No. 5,162,445. In an enbodi nent, random copolyners of

‘i sobutyl ene and para-nethyl styrene as described herein nmay be

hal ogenat ed {de3spugh Stveeal nwmomérs wibcontifhatiohs éfthdroeRafe provided below

[ 0053] Exenpl ?r?ﬁgit?i ti,ators are bis azo c%g'qqou ds such ‘as azog big

i sobut yr oni t 19 FEstrale fiepyast sy of gapations possiiie plope withray eaually divere (2
met hyl butyro) nitrile, and the like. O her radical initiators can

al so be used, but it is preferred to use a radical initiator which is




52 initiator and VAZOTm 67 initiator. [0055]1n certain enbodi nents,

* the anount oWQWEI/EaI64i niti ator enpl oyed may vary bet weedr/0s0es/ards
1.00% by wei ght of the copolyner, alternatively, between about 0.02
and 0.30% [0056] Regardl ess of whether {oi ght, heat, and/or a radical
initiator is enployed, the hal ogenati on process may proceed using a
solvent or a m xed sol vent conprising a non-functionalized
hydr ocar bon sustayast ariatiane (possiiaé witatikel cqpalysafshitan ahdt ook ehsloysgush as
a non-functional ézed}écﬁ}){)d@g%ar bon sol vent and a hal ogen-cont ai ni ng
hydr ocar bon suBRME SYPPEHET: one hydr of | uor ocarbon. 16 [ 0057] For
exanpl e, the hydrocarbon may be selected fromC4 to C22 linear,
cyclic, branched al kanes, al kenes, aromatics, and m xtures thereof.
O her exanpl es"PHE4Ye but ane, pentane, nethycycl opentane, isohexane,
2- net hyl pent ane, 3-nethyl pentane, 2-nethyl but ane,

2, 2-di net hyl but ane, 2, 3- di net hyl but ane, 2-nethyl hexane,
3-net hyl | | exarl@3613. et¥xpmplent mepomers melude 9B QY PIoEh P& lefins, alpha-olefins,
2, 3-di met hyl pegéBsttuted, fiﬁﬂisﬁquﬁa%nta@ﬁ@mea, &reﬂészf%ﬁééo%iagmdafzﬁ‘mes,

2- met hyl hept ane, 3-eth exane, - 2, 5- di imvet hyl hexane, -

tri met hyl pent Sfgenigsc Subgdifited styrepigs and vinyb sthews;  dbe shrenicdmae dene,
undecane, hexagestind&t @M th Cr)ffg%%lﬁéﬁ 1, &Y% hORIQR AfkBxide DB

cycl opent ane, net hyl c(scl gp_en ane, ?&{3 %?‘(/r’re?ﬁ{‘lal cyco’élenglgg, C?ega%ly,

1, 2- di met hy| cyik¢ BERemMSEfantaips 3ie 2Q cwrben pempymery erferably drfe 9, even more
rans- 1, 3- di metbyliay ol @ReBLB s, Nk iy L | ROGKARG

nmet hyl cycl oh%ne, gnd n‘ixtureasot ere%%?ﬁ SCI erfag%a‘r)rp esjﬁ_gljf ohe,
hydr ocar bons ipaeraliadstysensy cppse-metbylsrrae, wiphemethybrstyrones ydivinglbenzene,

par axyl ene, NefigspfopefiBenzdfd0 F&ARRY, Ch. AP 65t 05 8. Pyt are
not limted to but ang),l;1 pent ane, mlalt’hycyc o%ent ag’g,sq??sdgﬂgxﬂ;lg%?’ 2

2- met hy| pent amesthyd-2msirsg, pisenrenive, butadienet By3-diuetiple] 3-butadiene, B-pinene,

2, 2- di et hyl by etﬁﬁﬁggﬁ%ﬁgmﬁ@uyﬁn@%ﬁlcg@ aﬁgﬁﬁ&rﬁpaﬁéne, methyl

met hyl hexane,

2, 3- di net hy|- painyhether, gthyl vingl etherhandisohutadnenyl 3fter atidrtbe hiked Mewtmanmay
2- met hyl hept a - & - di | hexan

2,24, -trinethy B‘e’%’?%ﬁe}%ﬂdgg%(ane, gg’ %%é%e%a%mﬁ§h°§%gp°g&%%@?y
dodecane, undelsarbe,ustries ammomast HBrkfengdt blobie xepodymery dichyde opgitymers of

cycl obut ane, t enta :

7T A et hyl o eaRE R Sl s XA RRFAC Mermenutstgme, and G to Ca
trans- 1, 2- di mdiotefins,ysich panisoprene, thutadiend,, &d tientikdy | Rayiidubaple njrafesred

et hyl cycl opent an c hexane t hyl.cycl phexane, benzene, tol yene,
xyl ene, ort hoin%/l %ﬁe¥%§?§°§§l%ﬁ§ Ritl 4 ?{}'?egﬁefngahﬂaﬁeﬁ{ygrs@g”ﬁh eof .
[0059] I n an eisblowylemrdnd isohrend) psiwelt as Hoapolymemof sebutviele. as

ycl ohexane. 17 conpounds consisting essentially of hydrogen, carbon
and fluorine, provided that at |east one carbon, at |east one .
hydrogen, andpedr} | eaAtiditomallly] profeirad mnemes dchite. thodRGhd: laré) catidhically)

enbodi nents, the_ at ast ,on y.dr Qf | uor gcarbon i s resent ed by the
formula: C ,H ym%{ﬂgl"ﬁ ‘}?Sfrg’egﬁni(?ﬁngﬁ’érlg‘%¥”6‘?ﬁzi”‘f”oo4 ,q?&f*t‘ér(ﬁ‘éﬁcf’zel y
from1 to 30, pebitennddseple KyndedpnWiley dnte@ierte! Mewavonkeloys.f ndoaohmer 10,

alternatively, frgm1l to 6, @lternatively from2 to 20 alternatively
from3 to 10,’“8{“8%?“}%{‘?1}?5@ FﬁW@W%ﬁB?OWZ%}%f‘EP&bWSWIPWI% o 3,

wher ei n y andihat B4 Capkl 6HQEMlAK L @lioh BTbpRRthg dRHOORLMIS i A dn¥Ber

exanpl es include.fluoronethane; difluoronethane; trifluoronethane;
f1 uor oet hane; SPRtainsyat efestrone damatag eroup. oiFpr dofweiled adisoussion off cationic

trifluoroet hagilysls dee2chronic! FOPREIRARE of ézée%ul, A-CrBtchBIhREHETRaRE;

1,1,2,2- tetrafluoroethane; 1,71,1, 2, 2-pentaftuoroethane;

1- f | uor opr opahemedy, WilsytaipreipresdNevt YorkdiS7$.uor opr opane;

1, 2-di fl uor opropane; 1, 3-difluoropropane; 2,2- difluoropropane;
1,1,1-trifluoropropane; 1,1, 2-trifluoropropane;l, 1, 3-



fl uor op?r“(!)(;)ane 1, 113-tetrafl uoropropane;

, tetr %PB?"HEW)pane 1,1,2,3-tetral | uoropr opane; PCT/US2005/047093
tetrafl uoropropane; 1, 2, 2, 3-tetrafl uoropropane;
, 2-pent af | uor opropane; 1,1, 1, 2, 3-3ent af | uor opr opane;

I

2-
3-
2

, 3, 3- pentaftuoropropane; 1,1, 2,2, 3-pentafl uoropropane;

3
2,
2,
r

, 3-pent af | uor opropane; 1, 1 1 2 2 3- hexaf | uor opr opane,
3, 3- hex@¥3Bluor oPicoRaRRsers Iay be Present in fropolymestionpadian in an

2, 3, 3- haptuaf JaHgh &roapw&t%%éoi w%ef%n?oué em@@%ﬂ WRLRRLAP 306

6 obut ane; 2-fl uorobut ane; | uor obut ane;
or obut ane; Wit B @il Wil lali@mtafﬁ]é' fl‘Om 40 #itY5) ta o whh aalternatively 30 to 0.5
i

f 1 uor obut glm’t‘?r e t
trifluoro animghve%lj-t t?Puoro ﬂ%%ﬁéva{%d%&#rlf gotgggﬁ(ane;
trifluor d@gﬂlambomPB t df | uor obut ane; 1,3, 3- trifluorobutane;
-trifluorobutane; 1,1, 1, 2- tetraftuorobutane 1,1,1, 3-
fl uorobutane; 1,1, 1 4 tetrafl uor obut ane;

a
2
, 3,
1
1
2
, 1,
1
u
u
- di
2-
2-
, 3
ra
2,2-tetraf I[0.113910buthcfe;reﬂpdlyﬁpﬁ-mqludcdionmbblymembﬂﬂ anyeof the monomers
3% ! wor obut AR Seotba: Brabin® 4 bomPoRiek Btinad potyobinytene,
, 2,
3,
af
1
1,
1
2,
af
, 2,
1
1
1
, 1,
2
2
2

E e% r a]f :pob«pabm@hbéstyrénez Polisoffrarey apdlystyradelt Iﬂflﬂ?aﬂpha-mc:;thylststrmie8
etra or o
or obat TASMEHRAS ncht reBiiohSvirBleien pRB UM iyieied)

pent af | uor obut ane; 1,1, 1, 2, 4- pent af t uor obut ane;

P S0 SRR vl s e Bt P At sn s

pent afkylstyrenbutiwhe as Iméhdst@em; gﬁafeﬁmyu PhARRHEERISrede; Land 4) 4-

3-

, 3-

4-

4-

uor obut an .3, 4- ent af | uor obut ane;

, 3- penté E%’EEB%%"?‘&FP " 2, 2,3, 4- pent af | uor obut ane;
2, 3- hexaf | uor obut ane; 1 1,1, 2,2, 4- hexafl uorobutane;
3

4

4,

3

4

4

hexaf | uor gbut ane 2..3, 4- hexaf | yor obut ane;
heX4fHl uor SP%ﬁE’boc%mfntlb‘@démmfé&&?aVJﬁrW%@ reacting a
hexablonfr althR e nﬁxt&ne :haﬂnglat‘leéﬁﬁﬁ?fl Y &F ©P14b ARy monomer

hexaf | uor obuyt ane; hexaf | uor obut ane;
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hept af | uor ocycl obut ane; and m xtures thereof and including m xtures

" of unsat ur at ¥ 3@78168escri bed bel ow. Particul arly pref 2BCT/BS2004RE 033

i nclude 19 difluoronethane, trifluoronethane, 1,1-difl uoroethane,
1,1,1- trifluoroethane, fluoronethane, dad 1,1, 1, 2-tetrafl uoroethane.
[0063] Il lustrative exanpl es of unsaturated hydrofl uorocarbons include
vinyl fluoride; 1,1-difluoroethene; 1,2-difluoroethene;

1,1,2-trifluor cfellcrvengtabbﬂlmsluam mﬁp@heve-mfeﬂ_enmdfwflférvmlmressed as

1,2-difl uor opr gpsge; 1, 3-di fl uoropropene; 2, 3-difl uoropropene;
3, 3- dlfluoropropene 1,1,2-trifluoropropene;1,1,3- trifluoropropene;
1, 2, 3- trlfluoropropene 1 3, 3- trlfluoropropene 2 3, 3-
trifluoropropene;—3-=3; 3f%%.fluoroprapene; 1,.!usro 1 —butene-
2-fluoro-1-butend; 9t %I04 0| -thelt®%1€4 4} f wtd6BCS™ bUit avier % IC5
1, 1-di fl vor o- | - byt-erer—gr2—chr-Htroro—+—bt — ' ene;
1, 4-di fluoro-1-bytene; 7@, 3-dilfl uot3g | - but ene; .2, 4-dif | uor.g- 1-
bttene; 3, 3-di f | jpot-o—t—bttefe—34—c++ €
4,4-difluoro-1-bytene;83, 1,21 t riSkibro-I - but erSe; 42
1,1, 3-trifluoro- I=butenre—t—+A4=triftvoro=—t=buterne—+1+—2-3
trifluoro-1-butene; 1,2 4-triflud¥aB 1-butene; 8 6.7
1, 3,3-trifluoro- Iootene—t 34—t ftooro—t=buterme
: 95 95.9 15 12.7
99.5 89.6 30 26.1
a. IC4 - isobutylene
b. IC5 - isoprene
[0042] 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 isopreme, polymers comprising cyclopentadiene,
isobutylene, and paraalkyl styrene (preferably paramethyl styrene), polymers. of
- isobutylene cyclopentadiene and isoprene, polymers comprising cyclopentadiene,
C isobutylene, and methyl cyclopentadiene, polymers comprising isobutylene,

paramethylstyrene and cyclopentadiene,

Catalyst System

[0043] The catalyst system generally includes at least one Lewis Acid and at
least one Initiator. 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, gallinm, indium,

titanivm, zirconium, tin, vanadium, arsenic, antimony, and bismuth. One skilled



,4,4-trifluoro-1-butene; 2,3,3-trifluoro-1-butene; 2,3, 4-
rifluoro-|-BW&EHEO?SIH4 4 4- trifluoro-I - but ene; PCT/US2005/047093
-trifluoro-1- butene 3,4,4- trifluoro-I|-butene;
-trifluoml-butene; 1,1,2,3-tetraflldoro-I|-butene; 1,1, 2, 4-
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saturated HFC Scr LB&f, TC
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preferably gre nore pref er abl e n

preferably 40 gil;%bﬁ% i et e &0 u('?g aé%ia%??éﬂlq'ei’ gtf E‘?Iﬂggf@’r om
measur enent s oCHJECHYH and aquRlomf-z,eM-m&nethj(lpéntanh)atMoxfeaac&ﬁil}‘é @ansition
imrersed in a flttg%?{éqr_{easu dvaI ClA in_.are af | ui d of
known di el ectrF’S 8 ?cws\ﬂﬁpﬁéheﬁﬂ}" n& s thal qan 3ginas) )

[ measured val ushgré\]s;te Icﬁtal@ﬂ(:d:vstems esubil@s WS WbipAted APiEr ety Qoéalinkfing
given by Cne b%l;lh 6.is fhe dlﬁ|eCI’IC constant of theflwd
in which the c %’gé.% %rﬁg’é‘dm@c Fe PR@ S8 o dpate BRREYIeRnd
Cs is the straylgagdetisrance. From these neasurenments ED is given by
the formula ED=qCD-CA) 6R (CRCD))/(CR-CA). Alternatively, a
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Met hyl chl oride 18.34 Difluoronethane 36.29 1, 1-difl uoroethane 29. 33
1,1, 1-trifl udFr@Womihes 22. 18 1,1, 1, 2-tetrafl uor oet hane 2BCRBS2005/047093
1,1,2,2-tetrafl uoroet hane 11. 27 1,1,1, 2, 2-pent af |l uoroet hane 11. 83

[0066] In certain enbodiments, the HFC isstypically present at 1 to 50
vol ume % based upon the tot al vol ume of the sol ution, alternatively
between 5 and 50 volune % alternatively between 10 and 50 vol une %
alternatively between 15 and 50 volune % alternatively between 20

and 50 vol une ¢ nd t er nat between 25.and_ 5 These
ngos oy var o0 i SR e PR R Pre S e A PSR o
an HFC in a sohslidepn cd’u‘a‘oﬂyhmah&pb hnybdxbh: aﬁxlhdﬂidb; 4 yulbhicpeidy a® nlcolivl,tshe
sol uti on. [0067 | n.yet oth lLume, rati

hydr ocar bon t oP &?Wogg]pggﬁ ﬂgﬁ‘thag Moes%ﬁrats
to about 50 paieﬁﬁadr@raﬂﬁd B@érlSterﬁﬁﬁﬁﬁirﬂaﬂeﬁmtéthwlhmﬁfyl\éﬂieﬁhﬂ@hﬁahde
polymer 15 hal ggegt e LR i, & WidklatPrarice.

[0049) As one skilled in the art will recognize the aforementioned listing of

initiator(s) is not exhaunstive and is provided for illustration. For a more

information regﬁrding initiator(s) in polymerization processes, see, for example,
( WO %004/058828 and WO 2004/058827.

[0050] Regardless of whether these polymers are obtained commercially such .
as in bale form, processed into smaller particies, and subsequently dissolved by a
solvent, and then subjected to a halogenation process, or by an continuous process
incorporating the polymerization process stage followed by a dissolving stage, and

a halogenation stage, the halogenation process may proceed accordingly.
Halogenation

[0051) In an embodiment, a halogenation process proceeds as follows. The
polymer is dissolved in an inert hydrocarbon solvent such as pentane, hexane, or

( ' heptane and the solution is fed té a halogenation reactor. The halogenation reactor
is typically a vessel equipped with inlet and outlet lines and an agitator. A
halogen such as bromine is also fed to the halogenation reactor at a controlled rate
in relation to the amount of polymer and the double bond content of the polymer.
The material from the reactor is treated with an aqueous alkaline solution, such as
sodium hydroxide, to neutralize the hydrogen bromide formed in the halogenation
reaction and to react with residual bromine and then contacted with hot water and
steam to remove the solvent and produce a shurry of brominated polymer in water
which is then handled in 2 conventional manner to yield the essentially dry
halogenated polymer.



to about 20, alternatively, fromabout 1 to about 15, vol une percent
of water bas®P BNYAB4total sol ution. 100691Thus, in cePEHURR005/047093
enbodi nents, using such a m xture as solvent for the polyner |eads to
an increase in the anount of hal ogen sucH as bromine which is
incorporated into the polymer to formchem cal structures that help
facilitate the vul cani zation of the polyner. 22 | NDUSTRI AL

APPLI CATI ONS [ 0070] The i nvention descri bed herei n may be used to

manuf act ure hal l@g@?at ef fofle)erbsmessf e hﬂg f
appl i cations. ow degree of perreabl g asee’k’sseaa\écb%ufa?ﬂﬂa?grbyt he
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ahsorpti on'r anaeiiie A8 ARfReh Iy @PAbr"?‘ﬁ’éq%@w&%Tﬁiﬁ@Ck&am

i n nol ded r ubbembpdintest, anautioii mdpulgmi@s a:m‘pfsmhn@tlcnﬁnaadl Paatthanpdire
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invention are useful intire si devval | s and tread compounds. In

si dewal k, the nmer character..stics ippart good i gn@resi st ance,
crack cut gromﬁﬁ ?Xand E%ppg g% I‘Th%mpgfyﬁ@r oRgpoYnds, SUGh o3 i2Fh Hiay
al so be bl endeakobﬂympﬂnleyaz‘odnm’(ﬂcaﬂmbtﬂyl Pule) Withils, iuoqhs(b.ﬁeﬁymﬁ%js

et oot o | SRR e o o sBhhe o g

tracti on withoute :cmmbhiitﬁaﬁ whithdh kdively Jobs hiSHydREen ﬁlﬁﬁacﬁﬁhl doNBlat it
resi stance for ﬁs ti.res can. be acco i shed é usi ng

the pol yners ofeaftgé’r%%?? {br dlgren melpouesrineh W&Ibﬁﬁ%lﬁ%t cples y'mar s

may al so be us&maforasthapleVR5mine athnkeSrathSCMhA WS theaéuim%fé? bf'Ebivent to

conpounds. In “ert i ﬁg@gﬂﬁl cations, the hal ogenated polyners are
useful in nedit: "gﬁg ions such as pharnaceutical stoppers, and

the arts for paint rollers. 23 [0074] The foll ow ng exanples refl ect
enbodi nents of the ingentl on and are by no neans intended to be

limting of thBY¥EopeSHRh comBoynds s commerciiba R ilesde, dorprample; asiV AZO™
Pol ymer in a HyZmakarbedvEeDue sPRitiator.

[0055] In certain embodiments, the amount of radical initiator employed may

vary between 0.02 and 1.00% by weight of the copolymer, alternatively, between
about 0.02 and 0.30%.

[0056] Regardless of whether light, heat, and/or a radical initiator is
employed, the halogenation process may proceed using a solvent or a mixed
solvent comprising a non-functionalized hydrocarbon such as zn inert saturated
paraffinic hydrocarbon such as a non-functionalized hydrocarbon solvent and a

halogen-containing hydrocarbon such as at least one hydrofluorocarbon.



[ 0075] Brom nation of a butyl polyner nade in

© 1,1, 1, 2-t et r ¥Q worwetshane (R- 134a) as wel |l as the conper/asissmstons vl

pol ymer made in nethyl chloride (MeCl) was carried out using typical

bat ch brom nation technique. Prior to thg brom nation step, butyl

pol ymer solution (cenent) was prepared by dissol ving desirabl e anount

of butyl polyner sanple in proper anount of cycl ohexane (Al drich,

99. 9+, |IPCL griaessl | oFor#cAnfle ¥i8HAFodatbon nz®e mblestal HEMTtth @R fiheas k.

Brom ne sol utions,. e prepared by diluting Iiqguid,.bromne (Al drjch

Chen cal Co. , o9k, bifodealiance, dlients, emaos, i) gigwet persats h Oes

tinmes vol ume ofexaypleshéuchiie itut@edepentde] MREGYES cHb&RAS ABh&hnd)r @01 Ne

nol ecul es i n .pol r solutjon, 100761Brom nation reaction was carried

out by adding t-méggﬁmaéw’br smethglpenang: | Smeibyiaph o 27 ipsdylbyignet 2én

Wi th vigorous agib@jibatane, A SinehIMEtng- NSGHetiyMéRsheD Ot AR 1bIRRK VBS.

utilized as the brom nation reactor. Light exposure was careful ly

m ni mi zed duri FEREREPEIS A mothuipentingn i 2%f-Simgtyipertans, o 33-dimeativl ze

the formation Qfentakgm Q@n&fi’}@ieﬁﬁhi@:- E%yh{e%g’ne ﬁﬁhimehﬂ'ﬁle%ﬁ?,ﬁedl,ﬁﬁ',—t he
an e

brom ne target, .the weight of polyner i'n the reactor,

expect ed br oni fEPERYIPEEIEE; eftengn beptaneaitang ranpnes decane, dodetiand, andecaneas
added sl oWy t Gekdie, I BRGYO! cHidHEgnaN gﬁ%{, %’f ic utan-&hecﬁk@%t%“ on

reaction was allowed to contlnue for an additional m nute. ter the

broni ne addi t i SRFRETclopeiane: d.1-dimetylcyearewanari sis ul.2-dimethylcrstrobmeneni t h
Wt % i i dr oxi de (Fi i fii 9%
(i' aqueous %@ﬁ#i,ﬂ%&ﬁyé%@ﬂb%ﬁ&%’ roxi de (Fighe gg&%%q'l{/l%%pe&%e 0

C.S. grade) in de-ioniz water to forma quenc

sol ution. The §ticeHerpnfzar prdphesane,mpdilcypieheyangomd mikiires theraofdOfber 15
to 20 minutes %W&%ﬁﬁaﬁcﬁwmriﬂaﬁ&&%&e&glu&%Q%Q%gg}.ggg%gg-gﬁ.y or

by- product (HBr) were conpletely neutralize e’ neut

sol uti on was akVeWe@ctaoxyiaet | e 24 until an aqueous bottom | ayer was
clearly separated fromtop organic polyner solution. 100771The above
brom nated, neutralized polyner solution mxture was decanted into a
| ar ge separ at o958 unndmd aeicbthes skamplssi indludgdut o netdiniwatte butswy pendne,

times until th aq ' hasg_j e al ., Th ottom
agqueous | ayer \%aegl%d‘% gﬁphﬁgﬁwf eg\ﬁ;%&gﬂ%ﬁe %ée§ﬁg’ﬂ%f ut? f)nr?ﬁ]g@ﬁ?t';il&’ THe
pol ymer sol ut i twthylhytape, adskdmethpiibione 23 dpmetbylhktane, a2 3ndthyliexardecaker

and pol yner LRLt at of i.on b addi n

met hanol  ( Fi ;\?]%Fﬁggﬁ]&%l 2331211’%&@“ gzr%%é‘%é%g’?’é‘@g@ tsioggﬁ‘}éﬂa’gﬂe? § 24-

sol ution with diowthyineotase, s3,3-fdinethy] pEhiengr 2oiethyhagte, Bottyylkexatd) Pt5b

7, 21) S S ECHA AR L Bt OB, LS ot

mol e% of ) Str gcdqﬂe@n&lmdgcmnj hexane coethdr gtbhexahe, acysiepopat) ytymﬂut#é,cf .
sition) an e ne_i ncoy parate a. primar yfic

@‘Ssi tion) i son‘g_&fs°5§‘}r1‘&[eheL‘§?‘{éﬁ1‘%ﬁ°a‘%P8§a‘%?O| y%@%ﬁ&é&?@%@?ﬂéﬁ% e b;a/d'
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spectroneter | er or, t ol uene-c anbi en rature.
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i sonmers and t Hentantatolushéd/oxBlensyairthoodietie]| rataetl1dne Ot QlRehe, Nal @6 BFes

71C0O0 ent ot Ithér‘eof.

[0059] In an embodiment, the hydrocarbon is hexane such as cyclohexane.

[0060] The halogen-containing hydrocarbon is at least one hydrofluorocarbon.
Hydrofluorocarbons ("HFCs" or "HFC") are defined to be saturated or unsaturated -
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compounds consisting essentially of hydrogen, carbon and fluorine, provided that

at least one carbon, at least one hydrogen, and at least one fluorine are present.

[ooﬁi] In certain embodiments, the at least one hydroﬂuorocarbo? is
represented by the formula: C,HyF, wherein x is an integer from 1 to 40,
alternatively from 1 to 30, alternatively from 1 to 20, alternatively from 1 to 10,
alternatively from 1 to 6, alternatively from 2 to 20 alternatively from 3 to 10,
alternatively from 3 to 6, most preferably from 1 to 3, wherein y and z are integers

and at least one.

[0062] Mlustrative examples include fluoromethane; difluoromethane;
trifluoromethane; fluoroethane; 1,1-difluoroethane; 1,2-difluoroethane; 1,1,1-
trifluoroethane;  1,1,2-trifluoroethane;  1,1,1,2-tetraflnoroethane; - 1,1,2,2-
tetrafluoroethane; 1,1,1,2,2-pentafluoroethane; 1-fluoropropane; 2-fluoropropane;
_1,1-difluoropropane; 1,2-diffuoropropane; 1,3-difluoropropane; 2.2-
diﬂuoropropaﬁe; 1,1, 1-trifluoropropane; 1,1,2-trifluoropropane; 1,1,3-
trifluoropropane;  1,2,2-trifluoropropane; 1,2,3-t1iﬂuoropr6pane; 1,1,1,2-
tetrafluoropropane; 1,1,1,3-tetrafluoropropane; 1,1,2,2-tetrafluoropropane;
1,1,2,3-tetraflnoropropane; 1,1,3,3-tetrafluoropropane; 1,2,2,3-tetraflnoropropane;
1,1,1,2,2-pentafluoropropane; 1,1,1,2,3-pentafluoropropane; 1,1,1,3,3-
pentafluoropropane; 1,1,2,2,3-pentaflucropropane; 1,1,2,3,3-pentafluoropropane;
1,1,1,2,2,3-hexafluoropropane; 1,1,1,2,3,3-hexafluoropropane; 1,1,1,3,3,3-
hexafluoropropane; 1,1,1,2,2,3,3-heptafluoropropane; 1,1,1,2,3,3,3-
heptafluoropropane; 1-fluorobutane; 2-fluorobutane; 1,1-difluorobutane; 1,2-
difluorobutane; 1,3-difluorobutane; 1,4-difluorobutane; 2,2-difluorobutane; 2,3-
difluorobutane; 1,1,1-trifluorobutane; 1,1,2-trifluorobutane; 1,1,3-trifluorobutane;
1,1,4-rifluorobutane; 1,2, 2-trifluorobutane;  1,2,3-trifluorobutane;  1,3,3-
trifinorobutane;  2,2,3-friflnorobutane; 1,1;1,2-tetraﬂuor0butane; 1,1,1,3-
tetrafluorobutane; 1,1,1,4-tetrafluorobutane; 1,1,2,2-tefrafluorobutane; 1,1,2,3-
tetrafluorobutane; 1,1,2,4—tetraﬂuorobutane£ 1,1,3,3-tetrafluorobutane; 1,1,3,4- '
tetrafluorobutane; 1,1,4,4-tetraflnorobutane; 1,2,2,3-tetrafluorobutane; 1,2,2,4-
tetrafluorobutane; 1,2,3,3-tetraflnorobutane; 1,2,3.4-tetrafluorobutane; 2,2,3,3-
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tetrafluorobutane;  1,1,1,2,2-pentafluorobutane;  1,1,1,2,3-pentafluorobutane;
1,1,1,2,4-pentafluorobutane; 1,1,1,3,3-pentafluorobutane; ' 1,1,1,3,4-
pentafluorobutane; 1,1,1,4,4—pentaﬂuorobu‘tane;l 1,1,2,2,3-pentafluorobutane;
1,1,2,2,4-pentafluorobutane; 1,1,2,3,3-pentaflnorobutane; 1,1,2,4.4-
pentafluorobutane;  1,1,3,3,4-pentafluorobutane;  1,2,2,3,3-pentafluorobutane;
1,2,2,3,4-pentafluorobutane; 1,1,1,2,2,3-hexafluorobutane; 1,1,1,22.4-
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-
hexafiuorobutane; 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-octaﬂuorobptane; 1,1,1,2,2,3,4.4-
" octafluorobutane; 1,1,1,2,3,3,4,4-octafluorobutane; 1,1,1,2,2,4,4.4-
octafluorobutane; 1,1,1,2,3,4,4,4-octafluorobutane; 1,1,1,2,2,3.3.4.4-

nonafluvorobutane; 1,1,1,2,2,3,4,4.4-nonafluorobutane; 1-fluoro-2-methylpropane;
1,1-difluoro-2-methylpropane; 1,3-difluoro-2-methylpropane; 1,1,1-trifluoro-2-
methylpropane; 1,1,3-trifluoro-2-methylpropane; 1,3-difluoro-2-
(fluoromethyl)propane; 1,1,1,3-tetrafluoro-2-methylpropane; 1,1,3,3-tetrafluoro-2-
methylpropane; 1,1,3-trifluoro-2-(fluoromethyl)propane; 1,1,1,3,3-pentafluoro-2-
methylpropane; 1,1,3,3-tetrafluoro-2-(fluoromethyl)propane; 1,1,1,3-tetrafluoro-2-
(fluoromethyDpropane;  fluorocyclobutane;  1,1-diflnorocyclobutane;  1,2-
difluorocyclobutane; 1,3-difluorocyclobutane; 1,1,2-trifluorocyclobutane; 1,1,3-
trifluorocyclobutane; 1,2,3-trifluorocyclobutane; 1,1,2,2-tetrafluorocyclobutane;
1,1,3,3-tetrafluorocyclobutane;  1,1,2,2,3-pentaflucrocyclobutane;  1,1,2,3,3-
pentafluorocyclobutane; 1,1,2,2,3,3-hexafluorocyclobutane; 1,1,2,2,3.4-
hexafluorocyclobutane; 1,1,2,3,3,4-hexafluorocyclobutane; 1,1,2,2,3,3,4-
heptafluorocyclobutane; and mixiures thereof and including mixtures of
unsaturated HFC's described below. Particularly preferred HFC's include
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difluoromethane, trifluoromethane, 1,1-difluoroethane, 1,1,1- triflucroethane,

fluoromethane, and 1,1,1,2-tetraflucroethane.

[0063] Hlustrative examples of wnsaturated hydrofluorocarbons include vinyl
fluoride; 1,1-difluoroethene; 1,2-difluoroethene; 1,1,2-triflucroethene; 1-
fluoropropene, 1,1-difluoropropene; 1,2-difluoropropene; 1,3-difluoropropene;
2,3-difluoropropene;  3,3-difluoropropene;  1,1,2-frifluoropropene; 1,1,3-
trifluoropropene; 1,2,3-triflnoropropene;  1,3,3-trifluoropropene;  2,3,3-
trifluoropropene; 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-diftuoropropene; 1.4-difluoro-1-butene; 2,3-difluoro-1-butene; 2,4-difluoro-1-
but‘fane; 3,3-difluoro-1-butene; 3,4-difluoro-1-butene; 4,4-difluoro-1-butene; 1,1,2-
trifluoro-1-butene;  1,1,3-friflnoro-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;  1,2,44-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-tetraflucro-1-butene;
2,3,4 A-tetrafluoro-1-butene;  2,4,4,4-tetrafluoro-1-butene; 3,3,4,4-tetrafluoro-1-
butene; 3,4,4,4-tetrafluoro-1-butene; 1,1,2,3,3-pentafluoro-1-butene; 1,1,2,3,4-
pentafluoro-1-butene; 1,1,2,4,4-pentafluoro-1-butene; 1,1,3,3,4-pentafluoro-1-
butene; 1,1,3,4,4-pentafluoro-1-butene; 1,1,4,4,4-pentaflucro-1-butene; 1,2,3,3,4-
pentafluoro-1-butene;  1,2,3,4,4-pentaflucro-1-butene;  1,2,4,4.4-pentafluoro-1-
butene; 2,3,3,4,4-pentafluoro-1-butene; 2,3,4,4,4-pentafluoro-1-butene; 3,3,4,4,4-
pentafluoro-i-butene; 1,1,2,3,3,4-hexafluoro-1-butene; 1,1,2,3,4.4-hexafluoro-1-
butene; 1,1,2.4.4,4-hexafluoro-1-butene; 1,2.3,3,4. 4-hexafluoro-1-butene; .
1,2,3,4,4.4-hexafluoro-1-butene; 2,3,3,4,4,4-hexafluoro-1-butene; 1,1,2,3,3.4,4-
heptafluoro-1-butene; 1,1,2,3,4,4,4-heptafluoro-1-butene; 1,1,3.3,4,4,4-
heptafluoro-1-butene; 1,2,3,3,4,4,4-heptafiuoro-1-butene; 1-fluoro-2-butene; 2-
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ﬂuoro—2—b;1tene; 1,1-difluoro-2-butene; 1,2-diflnoro-2-butene; 1,3-difluoro-2-
butene; 1,4-difluoro-2-butene; 2,3-difturo-2-butene; 1,1,1-iriflucro-2-butene;
1,1,2-trifluoro-2-butene; 1,1,3-irifluoro-2-butens; 1,1,4-trifluoro-2-butene; 1,2,3-
triflnoro-2-butene; 1,2,4-trifluoro-2-butene; 1,1,1,2-tetrafluoro-2-butene; 1,1,1,3-
tetrafluoro-2-butene; 1,1,1.4-tefrafluore-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—peﬁtaﬂuoro-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-hexaflucro-2-butene; 1,1,2,3,4,4-
hexafluore-2-butene; . 1,1,1,2,3,4,4-heptafluoro-2-butene; 1,1,1,24.4.4-
heptafiuore-2-butene; and mixtures thereof and including mixtures of saturated
HFC's described above.

[0064] In another embodiment the HFC is selected from the group consisting
of difiuoromethane, 'triﬂuoromethane, 1,1-difluoroethane, 1,1,1-triflucroethane,
and 1,1,1,2-tetrafluoroethane, and mixtures thereof.

[0065] In certain embodiments, the at least one hydrofluorocarbon has a
dielectric constant of greater than 10 at -85°C, preferably greater than 15, more
preferably greater than 20, more preferably greater than 25, more preferably 40 or
more. The dielectric constant ep is determined from measurements of the
capacitance of a parallel-plate capacitor immersed in a fluid [measured value Cp,
in a reference fluid of known dielectric constant eg [measured value Cr], and in air
(ea=1) [measured value C,]. In each case the measured capacitance Cy is given
by Cw= eCctCs, where ¢ is the dieleciric constant of the fluid in which the
capacitor is immersed, Cc is the cell capacitance, and Cs is the stray capacitance.
From these measurements ep is given by the formula ep=((Cp-Ca) €r + (Cr-
Cp))/(Cr-Ca). Alternatively, a purpose-built instrument such as the Brookhaven
Instrument Corporation BIC-870 may be used to measure diclectric constant of a
fluid. A comparison of the dielectric constants (¢) of a few fluids at -85°C is

provided below.
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Fluid : ‘ € at -85°C
Methyl chloride 18.34
Difluoromethane . 36.29
1,1-difluorocthane 29.33
1,1,1-triflucroethane 22,18
1,1,1,2-tetrafluoroethane 23.25
1,1,2,2-tetrafluoroethane 11.27
1,1,1,2,2-pentafluoroethane | 11.83

[0066] In certain embodiments, the HFC is typically present at 1 to 50 volume
% based upon the fotal volume of the solution, alternatively between S and 50
volume %, alternatively between 10 and 50 volume %, alternatively between 15
and 50 volume %, alternatively between 20 and 50 volume %, and alternatively
between 25 and 50 volume %,. These ranges may vary; however, as would be
expected, the waximum amount of an HFC in a solution is limited by -the

solubility of polymer in the solution.

[0067] In yet other embodiments, the volume ratio of the hydrocarbon to
hydrofluorocarbon is fiom about 90 parts to 10 pats to about 50 parts to 50 parts.

[0068] The solution in which the polymer is halogenat‘ed may also contain up
to about 20, alternatively, from about 1 to about 15, volume percent of water
based on the total solution.

[9069] Thus, in certain embodiments, using such a mixture as solvent for the
polymer leads to an increase in the amount of halogen such as bromine which is
incorporated into the polymer to form chemical structures that help facilitate the

vulcanization of the polymer.
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INDUSTRIAL APPLICATIONS

[0070] The invention described herein may be wused to manufacture
halogenated polymers 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. Thesé same properties are also of importance in
air cushions, pnemmatic springs, air bellows, accumulator bags, and
pharmaceutical closures. The thermal stabiiity 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.

[0071] In certain embodiments, the halogenated polymers exhibit high
damping and have uﬁiquely broad damping and shock absorption ranges in both
temperature and frequency. They are useful in molded rubber parts and find wide
applications in automobile suspensioﬁ bumpers, auto exhaust hangers, and body

mounts.

[0072] In yet other embodiments, the halogenated polymers of the instant
invention are useful in tire sidewalls and tread compounds. In sidewalls, the
polymer characteristics impart good ozone resistanc;e, 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 abrasion resistance and rolling resistance for
high performance tires can be accomplished by using the polymers of the instant

invention.

[0073] The halogenated polymers may also be used as adhesives, caulks,
sealants, and glazing compounds. In certain applications, the halogenated
polymers are useful in medical applications such as pharmaceutical stoppers, and

the arts for paint rollers,
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woul d be in a @elmer silutionwidrestsuoniutisinge T precipitaedypalynedr (9994 yieltl) t he
elative bromne utilization in the presence versus_in the absence of
ETC shoul d hav@’aﬁﬁpe‘{‘e}nsaﬂacﬁ%lq’?’aﬁt%éréw Biegercpurgs fog seyeral 4y before

dat a denonst r atsebmieéd foR propaNNR wgalisiact of HFC addi tion on bronine

utilintion. 28 .-:,." Folytner W (8):,, added %,, 'id: :
Wature ' - ,/t('9%: JSikkietuk , .1114M%m4:72.. : Total. ' Br
“.(en% . 1. \\idobs)Br  Thé i@ &F dtbuctuie X Mromine inddkperaldt aya sebHIRS a1t YHiO

HFC 50..1 2. 86 - ..
position) and Structure III (bromine incorporated at a primary allylic position)

isomers in the brominated polymers were determined by standard proton NMR
analysis using a 500 MHz Varian Unity Plus NMR spectrometer in either CDCls
or toluene-dg at ambient temperature. The total mole% Br is the sum of Structure
II and Structure II¥ isomers and the total wi% Br were calculated from total

mole% Br.
B Isdprene’ | : S
_ tent of |- R R
(/ DA o mg ;. & TOL T . 7
. sl lymer; |- Polyirief. | added”[ Struoture 1 Strughu
. Sanible (starting backborie) |: " (Mole%s): © wh (a)(-[} (g o+ 0 yo¥e) ) - I (mivg): :
A (Butyl from R-1342) 1.54 6737 | 206 | 0.146 0912 | 1.06 | 151
B _(Butyl from R-1342) 1.54 6804 | 170 | 0.137 0910 | 1.05 | 1.50
.C (Butyl from R-134a) 1.54 6994 | 214 | 0.156 0895 | 105 | 150
D (Butyl from MeCI) - 166 63.08 | 1.88 | 0.151 0955 | 111 | 1.58
E (Butyl from MeCl) 1.66 6270 | 201 | 0.144 0956 | 110 | 157
F_(Butyl from MeCl) 1.66 5462 | 163 | 0.200 0918 | 112 | 1.60




0.751 0.137 0.888 1.27 Butyl Cement + R-134a 50.0 2.86 0.791 0.180
0.971 1.39 2¥WOROHMIAE4 CeMent W 1 vol % HFC- 365 50. 0 " 2. SBCTUSRO/0¢70931 6
0.946 1.35
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J| dseprene VAR TEAL A TRl

(Contentof .| .~ .~ Froie f o 07 BRI S

 Starting | Vew CofcBrs{F A Sfo. Totalef - -
e %ec s Polymer | Polymer if Wdded. | Sirucfiife: | "Struchire | Br .)0 Br !
L cSample - (Mole) o witste): T (@3 TEi%e) 7). THGmoe) | (uoe)] (with):
G_(Butyl 2255 backbone) 0.96 15.00° 1.50 0.177 0.996 1.173 1.68
H (Butyl from R-134a) 1.54 100.02 6.70 0.268 0.736 1.004 1.44
I (Butyl from R-134a) i.54 100.01 6.71 0.346 0.674 1.620 1.46
J (Butyl from MeCl) 1.66 100.02 6.71 0.209 0.682 0.891 1.27
K (Butyl from MeCl) 1.66 100.00 6.70 0.220 0.659 0.879 1.26

‘[0079] The data indicated that the butyl polymer made in the presence R-134a
showed similar perfonnénce or higher bromination utilization than the butyl
polymer made in MeCl using similar bromination condiﬁons. Additionally, either
| result represents an improvement over traditional polymers made in methyl
chloride which were then halogenated because the inventive examples

, demonstrate the compatibilifty and feasibility of a continmous polymerization -
process including one or more HFCs followed by imventive halogenation

Processes.
Bromination of Polymer Using a Mixed Solvent

[0080] Bromination of butyl polymers was carried out using typical batch
bromination technique. Prior to the bromination step, various amounts of 1,1,1,2-
tetrafluoroethane (HFC R-134a DuPont, commercial grade, >98% purity) or
1,1,1,3,3,-pentaflucropropane (XIFC 365, Honeywell, commercial grade, >98%
purity},lwere added to Butyl 268 polymer (a commercial grade butyl rubber from
ExxonMobil Chemical Company, Houston, TX) in hexane (ULB, technical grade)
solution {cement) containing 6 wit% butyl polymer in 2 500 ml round bottom flask.
The addition of R-134a HFC to polymer cement was carried out by bubbling R-
134a gas through the butyl polymer cement for 10 minutes to reach saturation at
room temperature. FIFC-365 was added to butyl polymer cement as liquid with
agitation. Bromine solutions were prepared by diluting liquid bromine (Aldrich
Chemical Co., 99.5%, A.C.S. reagent grade, lot #10020 HR) with 3-5 times B



23. 7 Butyl
- 24.8 Butyl
26. 4 Butyl

N

Cement W 5 vol % HFC- 365 50.0 2.87 0.819 0.178 0.997 1.43
Caveemb7/owsisd vol % HFC- 365 50.0 2.87 0.758 0. 3@erhsRfsirh?
Cement wl15 vol % | FFC-365 ' 50. 0

26

volume of cyclohexane in order to improve dispersion of bromine molecules in

polymer solution.

[0081] Bromination reaction was camied out by adding above bromine
solution into the polymer solution with vigorous agitation. Light exposure was
carefully minimized during bromination reaction in order to avoid/minimize the
formation of brominé radicals, The bromine solution (based on the bromine
target, the weight of polymer in the reactor and the expected bromine utilization

under the experimental conditions) was added slowly to the reactor using an

* addition funnel. The bromination reaction was allowed to continue for additional

. minute after the bromine addition was complete and then the reaction mixture was

quenched with 2 wi% aqueous solution of sodium hydroxide (Fisher certified,
99.9%, A.C.S. grade) in de-ionized water. The quenched polymer solution was
vigorously stirred for 15 to 20 minutes to make sure all residual bromine and
bromination by-product (HBr) were completely neutralized. The 4neutralized

polymer solution was allowed to settle until an aqueous bottom layer was clearly

~ separated from top organic polymer solution.

[0082] The above brominated, neutralized polymer solution mixture was

. decanted into a large separatory furmel and washed with de-ionized water several

times until the pH of the aqueous phase is neutral. The bottom aqueous layer was
drained leaving the polymer solution behind. The polymer solution was
transferred to a large beaker and polymer was precipitated out of éolution by
slowly adding methanol (Fisher certified A.C.S. grade, 99.9%) to the polymer
solution with continuous stirring. The precipitated polymer (99+% yield) was
dried in a vacuum oven at 35°C with nitrogen purge for several days before

submitted for proton NMR analysis.

[0083] Proton NMR spectroscopic analyses were tun in either CDCl; or
toluene-dg at ambient temperature using a Varian Unity Plus NMR spectrometer
with a field strength of 500 MEz. Bromine can be incorporated in the isoprene

units in the polymer either as structure IT (bromine incorporated at a secondary



2.87 0.941 0.212 1.153 1.65 28.7 f0085]In particular, the data
denonst r at ed wham7edms4addi tion of HFC in butyl polymer eermsi005/047093
i nproved brom nation utilization or brom ne incorporation into the
polyners. The first two rows data in Tabfe 1 showed that saturating
pol ymer hexane cement with R-134a at anbient tenperature increased
the brom ne incorporation on polynmer by about 9% i.e., fromO0.888 nt
to O. 371 m)/(I) unqlgyﬁoskag'iﬁ%i) dﬁeﬁﬁictélw TIE albbintifeo mgcorpbrated of lao;;vimgyf@lyﬁc
rows data clearly showed that addi ng. incteasi noupt o - in
pol ymer hexane PegHpt iTﬁEr‘E‘glﬁ'@dogﬁié‘%FB%naé‘ i%"ﬁﬁ‘ﬁ%ﬁt?‘bﬁo n f)%?%?rer
under similar baEnal hpsbrsana i @earatidn b he Nt duabf thé sthdetireSBor t 0
pol yner cenent, the brom ne incorporation on pol roi n&:reased. b

al nost 30% i . structyre dFhrela@atorihe todal PR Signaliofsqibivians gRd IGPERR iR e
pei ng bound 10 tl8Bkpollrher STHIAbEPYCHed 8 kuch b sedhite MK Gaidtste T4
the degree of bromne utilization inprovenent increases with

i ncreasi ng anoudist sampleHFC addi ti on to pol ymer hexane cement. |t
further believed that the maxi mum anount of HFC that can be added to
butyl polyner cenment depends on the boiling point of the HEC and, the
conpati bi ity dossiFC Reldtive Haomiphtione eifisienshin the presencgngdfi BFC, iy, be
HFC s wi th | oW daobld By PRINEISHE Aot bttiBAfod B5.0) S had etinttd @tk

only very limted concentratton can be expected in _polynmer cenent
at anbi ent t enpeabiromine indomovaied ongrpolyragy afiE @esgErttger(Py) RE el bropgine
poi nt, such as HEG-.3 s Skt C bt DS bxin8MSrofin
HFC- 365 can be aggegleta%?eomx%%gﬁ%%%rg%%%&a?ﬂéa X?rent terrperat?Jref3 It
i s believed thatiligsien ie50%rhenaudeionlytdne Br rtonefrom Brimglesulas ¢ badddd too
butyl polymer cepent will, be. | ign AR Ridled $wWprBduct BEMBFC
wi th pol yner hé’)?gﬁgr gg‘?‘}%he.o é?c})nr?ﬁ?ﬁg gycﬁjggﬁtﬁe&% aqceagt abI%pIH[% | evel ,
the pol ynmer wi |Hromiaticn fracess: et wouldbeexpettediiy anirisanoive teihe difienityed

t he maxi mum acgept.abl e | evel tha d,to r %}Nm
wi t hout pol yrrerchag‘il i PP at T ER S Es)lyglg{]eér%?nleﬁéej t(t)ﬁ ebelﬁgt%({ﬁ’ 1@? VS6°and
t he brom ne i naehg@akaiondn the cemms eskdsin abed exanplistwesi signifsaeiinlpwandiant

of IEFC addition to the pol . genment.. Such an | . r s a
signi ficant i r’rﬁﬂi}?ﬁg ﬁﬁﬂpegg‘%‘éfﬁén ﬁﬁicgmﬁ%tus%ér:l ycorme%eg(gigelgoq@%%%ﬁ &
material cost, (uikeqabRly, Metibaelsiighbouaduoi ribeon, itiibalierabthet fhp-yomiact

produced fromthe brom nati on process. .[.0086].A| patent . ent
appl i cati ons, t‘@é"?a“ﬁPdEetgﬁ%%m SR S8 ?F%P’n@l‘fvﬁroglé,%ggﬁg@hgéwg
docunents cit edbolifdeRtidl Proesh.ul Nonéthsies,pdreaprntbifly thetf ereeredative cromae

extent such disclosure 1S not inconsi.stent with IS .0 nvent 1L an.

for all jurisdivwkizaieg 171@Wﬁﬁc%ﬁ%wsi%&‘&%’é?ﬁ’i°3%ﬁ‘1i028h6§1rder%a§"!f ggl?g}gg

[ 0087] Wien numejpiBadtion RigRrdlckd 6f sbale adchddmedsntaistratgefithel positiveingraet of
listed herein, ranges. fromany lower limt to.-any upper limt are
contenpl at ed. [HBO8&ditian o broraing PlFaE%t | ve enbodi ments of the

i nvention have been described with particularity, it will be
under st ood that various other nodifications will be apparent to and
can be readily made by those skilled in the art w thout departing
fromthe spirit and scope of the invention. Accordingly, it is not

i ntended that the scope of the clains appended hereto be limted to

t he exanpl es and descriptions set forth herein but rather that the
clainms be construed as enconpassing all the features of patentable
novelty which reside in the present invention, including all features
whi ch woul d be treated as equival ents thereof by those skilled in the
art to which the invention pertains.

-




30 CLAIMS WHAT IS CLAIMED I S: 1. A process to hal ogenate a pol yner,

" the process wumppigsweg contacting at | east one pol yner bpewusegos@d7063l0
I soolefin derived units, at |east one hal ogen, and at |east one

hydr of | uorocarbon in a solution to produyge at | east one hal ogenated
pol ynmer. 2. The process of claim1l, wherein the at |east one

hal ogenat ed pol yner exhibits greater halogen utilization than a

pol ynmer hal ogenated in the presence of a chlorinated hydrocarbon
under simlar conditions. 3. The process of claim2, wherein the at

| east one hal ogenated polyner exhibits at | east 5% greater hal ogen
utilization than a polyner hal ogenated in the presence of a
chlorinated hydrocarhon under simlar conditigns 4 The process. o

any of clains [2-3,~Wher ei:h I Y woEoCar Bofpel g - Ft Hy

chloride. 5. The prg&ﬁﬁs ofqgﬁw&ngMigk #§QM%dj@g;§igL ‘y-wggiel%gt1e

at | east one k@hﬁg@@m%%ﬁggomg@p off Egloerﬁ £ BT O&ESS . 9 |2 Df
1 &fly B A p%éyTer

t he precedi ng [Clrarms, mtte Fgast__of

I

of an isool efift JB“M'QG“’“‘*M J" v ot y?‘?—f’n\,, 0% ea— I Lt 2Bk il 139 | 243
preferably, isgg%ggﬁmwﬂvﬂﬁh(!ﬁﬂocess of any gf the precedin% dl ai g,
wherein the at t one- pol-Sifer— s 4 a8 m e ob Bt it hs & 237

I sool efin, pre%‘g "*‘SFW EFbuf vl ene and| et hyl|st yrene, '

pr ef er abl ypar 4= |||:L§Er’y| m({.]nc/u X 1128 phe V800 dlo Q178 1 0087 dr 143, 248
precedi ng cIa| css &A%t solmt njf hgr conpilisesta. radica
(initiator or i[S exp u?eu to |§§L O %qutﬂ&é Tﬁgﬁ%fﬁegés G??Cla?ﬁ+8,
wherein the rg ﬁ;@g‘?’e‘} WP oy, i s arzsqr japig perfa%: de qr. & pis %g

at

conpound. 10. ~The process or _any SCET 1Y ar e wWherer
| east one hal ogenat ed pol ynmer conpri ses about 1 4 or greater wt %
hal ogen based M%h thélpmnwﬂhnméagmadmmmmh@méﬂn¢ﬁmﬁﬂmnumoﬁHFﬁgmbaybd
polymer. 11. T @'B cl ai m V\herel n.t he, at

| east one hydrg orocarfbﬂr?rmrbg%nﬁjgétgoﬁﬁlgﬁdgqmntoﬁ “8? &qqylﬁto
wherein x is atheipalyegex Theofistiiwogowdanit Tablerickhawed that satumyﬁg polgieone
or nore.

hexane cement with R-134a ai ambient temperature increased the bromine
incorporation on polymer by about 9%, i.e., from 0.888 m% to 0.971 m% under
similar reaction conditions. The following four rows data clearly showed that
adding increasing amount of HFC-365 in polymer hexane cement increased the
bromine incorporation on polymer under similar bromination conditions. A 15
v% addition of HFC-365 to polymer cement, the bromine incorporation on
) polymer increased by almost 30%, i.e., from 0.888 mole% Br to 1.153 mole% Br.
( Without being bound to theory, it is believed that the data indicated that the
degi-ee of bromine utilization improvement increases with increasing amount of
HFC addition to polymer hexane cement. It further believed that the maximum
amount of HFC that can be added to butyl polymer cement depends on the 'boﬂing
point of the HFC and the compatibility of HFC with the polymer cement. For

example, when HFC’s with low boiling point such as R—i34a (b.p.=-48°C) was
used, only very limited HFC concentration can be expected in polymer cement at
- ambient temperature. However, when an HFC with higher boiling point, such as
HFC-365, was used, a signiﬁdantly higher level of HFC-365 can be added to



12. The process of claim 10, wherein x is from1l to 6. 13. The
‘process of awpafopmiecedi ng clains, wherein the at | eastCTOrs2005/047093
hydr of | uor ocarbon i s i ndependently selected fromthe group consisting
of fluoronethane; difluoronethane; trifhgoronethane; fluoroethane;
1,1- difluoroethane; 1, 2-difluoro ethane;1,1,1-trifluoro ethane; 1,1, 2-
trifluoroethane; 1,1,1,2-tetrafluoroethane; 1,1,2,2-tetrafluoro

gtpi’ane 1,11, 3 gmﬁﬁlféle%&]lcttmr@n‘tﬁédﬂ&&ﬁper&uﬁlz uaﬁr ?Fhﬂi@ﬁ’dﬂethat the meaximum
uor opr opane | pr.op i fl uoropro e:
1,3-difl uoroprs%%ﬁ#@e eyebe bat i w@ﬁmﬁw 1 polymet peatent il bilimisehiey
2-trifluor R BRIl oﬁ-ﬁh@I—]Fth{H POBMER bR Soment. Beyond the maximum
trlfluoropropane 3-trifldoropropane; 2-

1,

, 2, 1,

et raf | uor opr opReaeta blg I—@Cliegeli e pabmes i ptgig éq,@rempltate out of solution. For
i’ tetrafl LyelHar ARG mIm lacgepébfeqweﬂﬂay RLOHE SH¥ed %o polymer cement
1

1,

, 3,3-tetrafl'uoropfropane; 1,2,2,3- tetrafl uoropropane;
,1,2;2-pent yﬁthemwgbmpm@pllahpn raad%enqwdﬁ@ber thorbl$r9p andthe bromine

3 Pent SlbifA0 ARG hickaty Zind incHBhe Ll P HRRHRithn oo’ 3

2-
3-
2
3,
af Iuoroprop ropane;
2
2,
lu
f
f
t
t
t

p
, 3, 3- hendﬂmmeupnfop&m aamc;@seresremtsmestaﬁﬁmﬁammm Jbecause
2,3, 3- Hl?sohgtf !TH? rgcﬂxrc era\Jv Jlitgt?% s‘%bﬁ? als;)3 %educes the amount of
uor opr opane; ["uor o ane or

| uor obutadesirable lszioducmmgi ﬁom*tlmhzommw@mw ane; :

| uor obut ane; 2, 2- di fl uor obut ane; 2, 3-di f| uor obut ane;
r|quorobutane 1,1, 2- trlfluorobutane 1,1, 3-trifl uorobutane;
rifluor [an aneA.’ll pricts aodi fatend ppplivitons,; tis’tZ:;@:eduresf (sudlr a0 ASEME ;

2. ' It th lrjg; s gsgu%né oa:le%d%%{# %.L; ?'?e{ %%Iﬁor glbllL}'tmco‘la'porated by reference to

A-tetraf | theratmt ang disdosdwe ist pitr intdnsiseniowita s Ipnkp@or3end for all
af l uorobutane;. ,1,1,2 tet af | uor pbut ane:.
3, 3t et r af PSP huhich g Soorppraions porited o o
4. 4-tetrafl uorobutane; 1, 2, 2 3- tetrafluorobutane
2

,4-tetraf EOHS% obu on’ numenéa? ’lower ﬂu(%:tl)elf'itca upper limnits are listed

o -

2-
ra
2
3
1
1,
ent
1
, 1
ta
- di
- di
1-
4-
3-
1

= DN

(.D- -
NRPRPZTRPPWRPPRRT} o

PR RRPRRPRRR SRR I—‘I—‘Hl—""‘l—‘H

herein, ranges from any lower limit to any vpper limit are contemplated.

[0083] 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.



etrafluorobutane; 1,1,1,2
- pent af | uorobutane; 1,1,1
- pent af | uor obut ane; 1,1, 2,
- pent af | uorobutane; 1,1,1
, 3- hexaf | uor obut ane, 1,

hexaf | uor obut ane; 1,
Gex&@¥Buor obut ane; 1,
, 3- hept af | uor obut ane;
, 4- hept af | uor obut ane; 1, 1,

ent af | uor obut ane;
pent af | uor obut ane;
nt af | uor obut ane;
, , 2, 3- hexaf | uor obut ane;
1,1, 2, 4, 4- hexaf | uor obut ane;
1, 2, 2, 3, 3- hexaf | uor obut ane;
1, 2, 3,4, 4- hexaf | uor obut ane;
, 3, 4- hept af | uor obut ane;
4, 4- hept af | uor obut ane;

3-p
4,4
4,4
2,2

= -

1,]'1,]'1
1,1

Wik | .ane; 1,1 i é,é,h,4,4-octafluorobutane;
: ”pgéf%Awa}g 1.1.2.3 3- 1,1,3, 3, 4-

RPRRPRPRRPRREPRPRPRERRPPREN
FNRRRRRRPRNRPN
NNRRRRNRRPNNP®
NWRNNNRNRNWRN WRN W W
WANNMNWNPARROWPAW

e

1,1,1,3,4- 1,1,2,2,3- 1,
,2,2,4- 1,1,1,2,3,4- 1,1,1,3,3,4- 1,1,1,4,4, 4-
- 2,2,3,3,4- 1,1,1,2,2,4, 4-

£ p?éc?éésdf to ﬁélogenate a polymer, the

process comprising contacting at
least one polymer having C4-Cig isoolefin derived units, at least one

PP

halogen, and at least one hydrofluorocarbon in a solution to produce at

least one halogenated polymer.

The process of claim 1, wherein the at least one ‘halogenated polymer
exhibits greater halogen utilization than a polymer halogenated in the

presence of a chlorinated hydrocarbon under similar conditions.

The process of claim 2, wherein the at least one halogenated polymer
exhibits at least 5% greater halogen utilization than a polymer halogenated

in the presence of a chlorinated hydrocarbon under similar conditions,

The process of any of claims 2-3, wherein the chlorinated hydrocarbon is

methyl chloride.

The process of any of the preceding claims, wherein the at least one

halogen is bromine or chlorine

The process of any of the preceding claims, wherein the at least one
polymer is a copolymer of an isoolefin, preferably isobutylene, and a

multiolefin, preferably, isoprene.

The process of any of the preceding claims, wherein the at least one
polymer is a random copolymer of an isoolefin, preferably isobutylene,

and methylstyrene, preferably para-methylstyrene.



3,4- 1,1,1,2,4,4,4- 1,1,1,2,2,3,3,4- 1,1,1,2,3,3,4, 4-
3,4, ,4- 33 net hyl propane; 1, 3-di f | uor o- 2- net hyl pr opane;
i fluoro-2- nethyl propane; 1,1, 3-%§ifl uoro-2-nethyl propane;
uor o-2- (fluoromethyl) propane;
, 3-tetrafl uoro-2-net hyl propane; 1, 1, 3, 3-
fl uoro-2-net hyl propane; 1,1, 3-trifl uoro-2-(fluoronethyl)propane;
, 1, 3, 3- pedit af | The Pf&eﬂﬁﬂéﬁaﬂ}péﬂﬂﬁf’[ﬁ‘ecbdﬁ}g%lﬁniseWh@felu&'Q{eoso@utmn further
uor orret hyl ) propane; 1, 1, tetrafl uoro-2- éfluoronethyl)propane
or ocycl obut anecoqpriseélPF?‘E%@(&‘@%‘PBW&?@GSG toohesit ot lightocycl obut ane;
1, 3- difluorocycl obutane; 1,1, 2-trifluorocycl obutane; 1,1, 3-
trifluorocycl obutane; 1, 2, 3- trlfluorocyclobutane 1,1, 2, 2-
tetrafl uor occl obThapegess, of cBirf 8, tidieredrf theandical dhiolis e orgadic perbxile

ent af | uor ocycl obut 1 2,3,.3- pentafluorocyclobutane
11,223 5 hexacfrl‘ﬂﬁf’é% T |

1,1,2,2,3, 4- hexafluorocyclobutane 1 1,2,3,3,4-

hexaf | uorocycl obutane; 1,1, 2,2, 3,3, 4- hept af | uor ocycl obut ane; vi nyl
fluoride; 1,10di fThR)rP@@th%r@ anly Zlfdpl‘eb@d)ng)GCtIMmSe wherein the at least one

1,1, 2- tr|fluoroet uor ene i f1 uoroprg
1, 2-di f I uor opr opeﬂr%g&g natbd POEYIHGT nses hbodtjl f or greater with ha alogen based

upon the total weight of the at least one halogenated polymer.

11, The process of any of preceding claims, wherein the at least one
hydrofluorocarbon is represented by the formula: C:HyF, wherein x is an

integer from 1 to 40 and y and z are integers of one or more.
12.  The process of claim 10, wherein x is from 1 to 6.

13. The process of any of preceding claims, wherein the at least one
hydrofluorocarbon is independently selected from the group consisting of
fluoromethane; difluoromethane; trifluoromethane; fluoroethane; 1,1-
difluoroethane; 1,2-difluoroethane; 1,1,1-trifluoroethane; 1,1,2-
trifluoroethane; 1,1,1,2-tetrafluoroethane; 1,1,2,2-tetrafluoroethane;
1,1,1,2,2-pentafluoroethane;  1-fluoropropane;  2-fluoropropane; 1,1-
difluoropropane;  1,2-difluoropropane;  1,3-difluoropropane;  2,2-
difluoropropane; 1,1,1-triflucropropane; 1,1,2-trifluoropropane; 1,1,3-
trifluoropropane; 1,2,2-triflucropropane; 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-tetraflunoropropane; 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-
pentaﬂuoi‘opropane; 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-



- di fl uoropropene;

2
3-
3-
u
u
u

- trifluoropropene;
trifluoropropene;
ttifluoropropene;

or o- 1- but ene;

or o- | - but ene;

1, 3, 3-

2, 3-di fl uoropr opene;
1,1, 3-trifluoropropene;

3,3,3-trifluoropropene;
4-fl uoro- 1- but ene;
1, 3-di fl uor opr opene;

3-fluoro-I -but ene;
1, 2-di fl uor o- 1- but ene;

trifl uorepropene;

1-fl uoro-

3, 3-di fl uor opr opene;

| - but ene;
1, 1-
1, 4-

oro-1 - but enehelﬁaﬂu@ibf)ﬂopme} l-ﬂluufo(bn&ne224ﬂldh$ﬂdﬂzﬁfe0 Ih%iﬂ&@@outﬁme -

1,2-difluorobutane;

difluorobutane;
trifluorobutane;
trifluorobutane;

trifluorobutane;

1,1,1,4-tetrafluorobutane;
1,1,2 4-tetrafluorobutane;
1,1,4,4-tetrafluorobutane;
1,2,3,3-tetrafluorobutane;

tetrafluorobutane;

1,1;3,4-tetrafluorobutane;
1,2,2 4-tetrafluorobutane;
2,2,3,3-tetrafluorobutane;

tetrafluorobutane;

1,2,3,4-tetrafluorobutane;

pentafluorobutane;
pentafluorobutane;
pentafluorobutane;
pentafluorobutane;
pentafluorobutane;
pentafluorobutane;
pentafluorobutane;
hexafluorobutane;
hexafluorobutane;
hexafluorobutane;
hexafluorobutane;
hexafluorobutane;
hexafluorobutane;
hexafluorobutane;
heptafluorobutane;
heptafluorobutane;
heptafluorobutane;
octafluorcbutane;
octafluorobutane;
octafluorobutane;

nonafluorobutane;

2,3-difluorobutane;

1,1,3-trifluorobutane;
1,2,3-trifluorobutane;
1,1,1,2-tetrafluorobutane;

1,3-difluorobutane;

1,1,1,2,3-pentafluorobutane;
1,1,1,3,3-pentafluorobutane;
1,1,1,4,4-pentafluorobutane;
1,1,2,2,4-pentafluorobutane;
1,1,2,4,4-pentafluorobutane;
1,2,2,3,3-pentafluorobutane;

1,1,1,2,2,3-hexafluorobutane;
1,1,1,2,3,3-hexafluorobutane,
1,1,1,2,4,4-hexafluorobutane;
1,1,1,3,4,4-hexaflucrobutane;
1,1,2,2,3,3-hexafluorobutane;
1,1,2,2,4,4-hexafluorobutane;
1,1,2,3,4,4-hexafluorobutane;
1,1,1,2,2,3,3-heptafluorobutane;

1,1,1,2,2,3,4-heptafluorobutane;
1,1,1,2,3,4,4-heptafluorobutane;

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

1,1,1,2,2,3,3,4,4-nonafluorobutane;

1-fluoro-2-methylpropane;

1,4-difluorobutane;
1,1,1-trifluorobutane;
1,1,4-trifluorobutane;
1,3,3-trifluorobutane;
1,1,1,3-tetrafluorobutane;
1,1,2,2-tetrafluorobutane;
1,1,3,3-tetraflucrobutane;

2,2-
1,1,2-
1,2,2-
2,2,3-

1,1,2,3-

1,2,2,3-

1,1,1,2,2-
1,1,1,2,4-
1,1,1,3,4-
1,1,2,2,3-
1,1,2,3,3-
1,1,3,3,4-
1,2,2,3,4-
1,1,1,2,2.4-
1,1,1,2,3.4-
1,1,1,3,3,4-
1,1,1,4,4,4-
1,1,2,2,3,4-
1,1,2,3,3,4-
1,2,2,3,3,4-
1,1,1,2,2.4,4-
1,1,1,2,3,3,4-
1,1,1,2,4,4,4-
1,1,1,2,2,3,3,4-
1,1,1,2,3,3,4,4-
1,1,1,2,3,4,4,4~
1,1,1,2,2.3.44 4-
1,1-difluoro-2-



oro-|-butene; 3,4-difluoro-1-butene; 4, 4-difluoro-1-butene;
trifluoro-I|-butene; 1,1,3-trifluoro-1-butene;
rifluoro-1-butene; 1,2,3- triflugfo-I-butene,;

ri fluoro-1-butene; 1,3,3-trifluoro-1-butene; 1, 3, 4-
ro-1-butene; 1,4,4-trifluoro-1-butene;
ri
ri
;

—_ -
—_—

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

f1 uor o- 1H]hﬂiyﬂﬁepalﬁ 3, 4-13-Giflueey-DrhetypRPEse; 3. 4. £1,1-trifluoro-2-
o-| - but ene; 4. 4- trlfluoro 1- but ene;
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 4-tetraflu OLRAYE 1. 114,52 33-hentafbsogclobutane;;  vinyl
, 2, 4- pent af IfeFi8e; 2t PUtiBRoethere: 1 §dﬂm‘aﬁ§1=,rﬂ?efn uQros ﬁ-bfﬁg)"nf ene 1-

4- pent af | uoro- Z-butene; 1,1,2, 3, 4-pent aft1 ubfo
uor o- 2- bufléawpIoreng, 2, 31,,Mﬁhwaaprmmm 2- by2-diftyotoprofsna; 4 41 3-

hexaf | uor o- 2- but af | uor o- 2- byt e 111444-
hexaf | uor o- 2- but gﬁguo% p%o%eng, 4, g’-‘o’ hfﬁﬁg?fmgpg@eg- b§t3 a@ugmfropege,:g 4,l2-
trifluoropropene; 1,1,3-trifluoropropene; 1,2,3 ~trifluoropropene; 1,3,3-

o -
— -
e

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-triflucro- 1-butene; 2,3,4-
trifluoro-1-butene; 2,4,4-triftuoro-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-tetraflnoro-~1-butene; 1,2,4 4-tetrafluoro-1-butene; 1,3,3,4-
tetraﬂuoro;l-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-



hept af | uoro-2-butene; 1,1,1,2, 4, 4, 4- hept af | uor o- 2- but ene; and _
"mxtures thereof. 14. The process of any of preceding clains, wherein
the solution conprises fromabout 1 to ?ﬁOUt 70 volune % of the at

| east one hydrof | uorocarbon based upon e total volune of the
solution. 35 .15. The process of any of preceding clains, wherein the
solution conprises at | east one non-hal ogenated hydrocarbon sol vent.

16. The process Oftraflyor8f1-biltend" %Qfg,hg%ﬁllﬁkﬂdbu%f eify,’q 4?—?6&%&1{.1!)1‘%@?}
one hydrof | uorocarbon has a dielectric constant (e)’ o atr 'I'eas 9.00
at -85C or great ebuteney. 1The,3grpandafbiond-1diusnm 1 1)it3 dipentaieont 1-berss;

[ f | ur,r i zat on process. 18. A
orocess o produch s FaPEURTATed- Hurferl Sepfetuse Tcaams sh-hgitd)
a slurry pol yner i peatafluorg1 Qaems; St adel,4uhepdhdiioYo-PYuydR! | Zati 98 3 4.

rocess stage utilizing a diluent conprising at |east one _
IEly df | uor ocar bon, ReRtafiugrasl duterani catlidhhfrpdutafluotdré-butdnegenat li, 24,4,4-

B{)F;ﬁ;f- of any Ofpeﬁ{aﬂhgﬁ)-f‘-bagéné;o pr %ﬁg,ﬁﬂtﬁle%ta%tuolroq?ﬁ)hte%g? halZ??,&,ﬂ%lEed
pentafluoro-1-butene; 3,3,4,4,4-pentafluoro-1-butene; 1,1,2,3,3,4-
hexafluoro-1-butene; 1,1,2,3,4,4-hexafluoro-1-butene; 1,1,2,4,4,4-
hexafluoro-1-butene; 1,2,3,3,4,4-hexafluoro-1 -buteﬁe; 1,2,3,4,4,4-
hexafluoro-1-butene;  2,3,3,4,4,4-hexafluoro-1-butene; 1,1,2,3,3,4,4-
heptafluoro-1-butene; 1,1,2,3,4,4,4-heptafluoro-1-butene; 1,1,3,3,4,4,4-
heptafluoro-1-butene;  1,2,3,3,4,4,4-heptafluoro-1-butene;  1-fluoro-2-
butene; 2-fluoro-2-butene; 1,1-difluoro-2-butene; 1,2-difluoro-2-butene;
1,3-difluoro-2-butene; 1,4-difluoro-2-butene; 2,3-difluro-2-butene; 1,1,1-
trifluoro-2-butene; 1,1,2-trifluoro-2-butene; 1,1,3-trifluoro-2-butene; 1,1,4-
trifluoro-2-butene;  1,2,3-trifluoro-2-butene; 1 12, 4-trifluoro-2-butene;
1,1,1,2-tetrafluoro-2-butene; 1,1,1,3-tetrafluoro-2-butene; 1,1,1,4-
tetrafluoro-2-butene; 1,1,2,3-tetrafluorc-2-butene; 1,1,2,4-tetrafluoro-2-
butene; 1,2,3,4-tetrafluoro-2-butene; 1,1,1,2,3-pentafluoro-2-butene;
1,1,1,2,4-pentafluoro-2-butene; 1,1,1,3,4-pentafluoro-2-butene; 1,1,1 ,4,4-
pentafluoro-2-butene; 1,1,2,3,4-pentafluoro-2-butene; 1,1,2,4,4-
pentafluoro-2-butene; 1,1,1,2,3,4-hexafluoro-2-butene; 1,1,1,2,4,4-
hexafluoro-2-butene; 1,1,1,3,4,4-hexafluoro-2-butene; 1,1,1,4,4,4-
hexafluoro-2-butene;  1,1,2,3,4,4-hexafluoro-2-butene; 1,1 ,1,2,3,4,4-
heptafluoro-2-butene; 1,1,1,2,4,4,4-heptafluoro-2-butene; and mixtures
thereof.

14, The process of any of preceding claims, wherein the solution comprises
from about 1 to about 70 volume % of the at least one hydrofluorocarbon

based upon the total volume of the solution.



15.

16.

17.

18.

35

The process of any of preceding claims, wherein the solution comprises at

least one non-halogenated hydrocarbon solvent.

The process of any of the preceding claims, wherein the at least one
hydrofluorocarbon has a dielectric constant (g) of at least 19.00 at -85°C or

greater.

The process of claim 1 wherein the at least one polymer is produced from

a slurry polymerization process.

A process to produce a halogenated polymer, the process comprising:

1) a slurry polymerization process stage, the shurry polymerization
process stage utilizing a diluent comprising at least one
hydfluorocarbon, in fluid communication with

2) the halogenation process of any of claims 1-15 to produce the at

least one halogenated polymer.



