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relates to a hydrocarbon-rubber cenent, and to 10 nethods for
producing a hydrocarbon-rubber cenent froma polymer slurry
conprising a hydrocarbon-rubber, a drluent and one or nore unreacted
nononer (s), the nethod conprising the steps of contacting the polyner
slurry with a hydrocarbon sol vent and renoving diluent, the
hydrocarbon solvent, or both, in anmounts not sufficiently nore than

i S necessary to produce an 15 essentially honngeneous single liquid
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rubber with a hydrocarbon solvent, and removing at least a portion of the

diluent, the hydrocarbon solvent, or both, to produce an essentially
homogeneous single liquid phase hydrocarbon-rubber cement, wherein the
25  mass fraction of monomer(s) in the hydrocarbon-~rubber cement, based on the
total amount of hydrocarbon-rubber present in the hydrocarbon-rubber
cement, is less than the mass fraction of monomer(s) in the hydrocarbon-
rubber slurry, based on the total amount of hydrocarbon-rubber present in the

hydrocarbon-rubber shurry.

BACKGROUND
[0002] Isoolefin polymers, and in particular, hydrocarbon-rubbers,
may be prepared in carbocationic polymerization processes. See, e.g., Organic

Chemistry, SixTH EDITION, Morrison and Boyd, Prentice-Hall, 1084-1085,

w
(7]

Englewood Cliffs, New Jersey 1992, and K. Matyjaszewski, ed, Cationic



to generally referred to as the initiation step, the isoolefin, e.g.,

i sobutyl ene, reacts with the Lewis acid/initiator pair to produce a

car beni unwoanoes/deedsbowi ng the initiation step, additionalpcrsesenfmy1 units
add to the formed carbeniumion in what is generally referred to as the
propagation step. These steps typically take place in a diluent or in a

sol vent. 15[ 0003]Industry has generally accepted w despread use of a slurry
pol ymeri zati on process to produce hydrocarbon-rubbers, using mnethyl
chloride as the diluent. Typically, the d_i%_uent used in slurry

pol ymeri zati on processes consists essentially of nethyl chloride. Methyl
chloride is enployed for a variety of reasons, including the ability of

met hyl chloride to dissolve the 20 nonaqmer ( an al um num chl ori de

cat al yst5 of Pobyenarizadiensy Maresk Dﬁbkerbht"-’r%?wd\?%‘%llg%é'[]ﬁ& %[]Vi}c%ﬁ‘ﬁgh- rubber
pol ymer progic ro%ucﬁxgeh%)rt)éﬁm{)h-}@;ﬂepﬁ tRiGARS el hivto ebh@bhéies:ads0 has a
suitabl e freezing pornt"to permt |lowTenperature polynerization, typically
at tenper at inigstor @sd at hewisocidgedmples of §eEis agdhjicl BI¢lgend By has a
suitably I ow_ boiling.point t | f fEEGL kg, RERADAL(IWBredf the

hydr ocar bon%%&ers %&Bﬁlﬁgorrs ﬁﬁrjccl)‘?n&et ﬁ}é&“éfgf‘u"‘éﬁdtﬁ A s_% urry pol yrr_éri zation
process usi IRyisnet hikll glolupy,iand He) .t Pering theeprlymbgzatiohf rpaesshia vepfdht age of a
hydr ocar bon- r ubber I congcentr.ation, of idmtely ;:28%i8,e37% by
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hydr ocar bon-rubber  pol yner j.s at | east rtially dissolved i .50l vent .
Reaction mi xhe iy} sgpnaddiyen H‘i“?ﬁ‘r"l“&é&gémgs ﬁfi%fd(érﬁe gnsnoeghcg\rr;bee%gﬁ?el atively
| ow vi scosi tiy, i@nakhi ng gth@alteatiepfed ol yTerd paspagatiborsmpd These ngepshe

pol yneri zation reaction to be renoved effectively by surface heat exchange.
[ 0004] Typi cdypicaliviakeipiaceinacilgeat Q1dRa SPYepl oduce hydrocar bon- 35rubber in
a slurry,pol £y zat | O PEPGAsSS bdeldide a¥@iptedM@HA paead Sedes ofMat Hlury - 3 -
5vol unme ‘Sf a[ggﬁtll 10 to 30 I|§t er s,g whe?gi n tphe circul ation of thehreacti on
mxture is afdpmeprasivindadotsps atpupisdnepehydipcarpen-gibhies e U8 s MY r eact or
includes a contlauous,d LirghRdd, 2k difR6t Bled ICHSHR doigsedaion bed i n
U. S. Patent 19“%&, %f;heggg%n\?m:rgﬁl ?s}’i ncor‘por_at eed ‘t;‘y re e% e%r?e herei n. For
pur poses hergionesses caactoesssntiallabifaridtby! ederiden Metbylghigrigrolsyw N §y24t i on
process to produce. rubber 10i.s referred to i Lalorias tfidiskQacter " or as
a "butyl rea@f@r"a.”e%%%g?[ né’elnfwglr%ythrgg@gﬁ gﬂr-nrgﬁﬁ/ge?ioins. proguced at | east
a porti om of mbhemdi(uant theayiubénurembiedle emalysthef ﬂhycne@fé@nb@nmﬂr@bblé'r may be

pansterted om LTe LRGN R 104008, WEDLG! S BOTRES SkABuide
hydr ocar bon- prlbey Mem®nichiopkle also has a suitable freezing point to permit low
temperature polymerization, typically at temperatures less than or equal to -
90°C. Methyl chloride also has a suitably low boiling point to allow for
25  effective separation of the hydrocarbon-rubber polymer from the diluent. A
slurry polymerization process using methyl chloride as the diluent also offers
the advantage of a hydrocarbon-rubber polymer concentration of
approximately 26% to 37% by volume in the reaction mixture, as opposed to a
concentration of only about 8% to 12% in a solution polymerization process,
30  wherein the hydrocarbon-rubber polymer is at least partially dissolved in a
solvent. Reaction mixtures using methyl chloride as a diluent also have a
relatively low viscosity, enabling the heat of polymerization formed during the
polymerization reaction to be removed effectively by surface heat exchange.
[0004] Typical commercial reactors used {o produce hydrocarbon-

35  rubber in a slurry polymerization process include well mixed vessels with a



15 nerely as a cenent. However, the residual nononer(s) and ot her
inpurities present in the reaction mxture nay also be transferred into the
hydr ocar bwo-2oesnesszcenent . The resi dual nononer(s) and ethars2eompuroist i es are
known to negatively effect subsequent processing of the hydrocarbon-rubber.
It has | ong been recogni zed that substantial econom es in polyner

processes, inproved 20 physical properties of the hydrocarbon-rubber, as
wel | as cost and processes savings related to the slurry polynerization
process could be achi eved by renoving resizdual nononer(s) and ot her
inpurities fromthe hydrocarbon-rubber cenent. [0006] O her background
references of interest include U S. Patent 75 Nos. 2,542,559; 2,940, 960;

3,553,156; 3,470,143; 3,49 5; 3,726,843:. 4. 623, 712: 4 857 ;
5, 264, 535, BT q pROuICI BRI yhereth L el iipn gl epig{miithe

US2004/ 0119%k2f#h; prifdded BOQ pdibd inkiieli0A 6 Exatrgle Af stuth & tehcB34nAuddd;a WO
02/ 096964; WO 02/ 34794; and WO 00/0406]1. 30 SUMVARY '%Fd THE{;éNg NTtl ON
10007] I n sofRMtErEYifioenhstirreth faakgieaetrb S fr &S HR1Datsedesenoed ip btasE2'F8 produce

an essenti aNbys9noYENLAKSE i$ikeHRrittaul deRhase nbikil FoaphgRdsdsutian, cenent
froma polyner slurry conprising a hydrocarbon-rubber, a diluent, and

unr eaet ed nenerver(sjiabletfer prowesBuEY RN BEIERLIOBRIAED R BIOHNFHYTUPRE pol ymer
slurry t his%e@f%dQﬁgﬁ g?%rg‘lqs\équéct@rm%r aw“ggtggleggt%%5.zpcn US2007/ 011041

-4-. 5(b)renoving t uent in anounts not sufficiently nore than is
necessary t 0d¥Sdduce tQreeabs dytiicghibpnirohbedneoedicsi.mjlleast aqeridoppbse

hydr ocar bon-.r ubber . cenent erein M ely Hi‘?srfér? d4in the
hydr ocar bon Ehreu%ltgueerm (%%E?ﬁ f&%%\gegd a%&rl Gf%gﬁrgf%ﬁglg%%{ Q’?)af)ﬂﬁ€ gr ocar %)o n-r ubber
present in fiven tkOrdayiism edktnon intobbechicienemiprisireg treskydrhearberhenbipas s
fraction of noner (s)..i.n _the hydrocarbon-rubber s|urr based .on_the total
anount of h?gﬁ?(?csg??‘f? “ThipnE 'Cﬁréer%fTeflr{otqslea ﬁ’ffg?%acrg?lﬁ(%qbf:ﬂ %%gmsﬁﬁrry,
wher ei n 1§ he nghirklyesita canpiit $RSvevrel)thlE eédidian eaaidnaoen(s) khd GONE liAddritiesnal | vy,
this disclosure relates to a process to praoduc gnogeneous

t ) tiall h
hydr ocar bonPFiifbei? 'g‘ér‘fﬁffﬁ“"f‘r% FUIe SBE, ASP O8RS r%gd%f‘ﬁs ?ﬂ’ld%%{)cgrbon‘

hydr ocar bon st &ement. iU fRBIduMh ifohohfer@F M otted liyhpukieies afe Rnown to
hydr of | uorocarbon diluent, and a first mass fracti on of unreact.ed

nonomer ( s) @sg@w%eﬁfmwb&wer&mﬁﬁ%@e ofy (R s 8 P HIBEF- 1hPaSJERE in the
pol ymer sl unky, r&QeARA I thhEibstantial economies in polymer processes, improved

20  physical properties of the hydrocarbon-rubber, as well as cost and processes
savings related to the slurry polymerization prdcess could be achieved by
removing residual monomer(s) and other impurities from the hydrocarbon-
rubber cement.

[0006] Other background references of interest include U.S. Patent

25 Nos. 2,542,559; 2,940,960; 3,553,156; 3,470,143; 3,496,135; 3,726,843,
4,623,712; 4,857,633; 5,264,536; 5,624,878; and 5,527,870; U.S. Patent
Application US2004/0119196A1; RU 2 209 213; DE 100 61 727 A; EP 014
934 2 A2; WO 02/096964; WO 02/34794; and WO 00/04061.

30 SUMMARY OF THE INVENTION
[0007] In some embodiments, this disclosure relates to a process to
produce an essentially homogeneous single liquid phase hydrocarbon-rubber
cement from a polymer slurry comprising a hydrocarbon-rubber, a diluent, and
unreacted monomer(s), the process comprising:

35 (a) contacting the polymer slurry with a hydrocarbon solvent; and



(a) contacting the polymer slurry with a hydrofluorocarbon diluent and with
a hydrocarbon solvent; and (b) removing at |east a portion of the diluent
and the hyodnodsiwessecar bon diluent to produce the essent ipalrius2002m11041
honbgeneous hydr ocar bon-rubber cenent having a second nmass fraction of
unreact ed nononer (s) based on the total anount of hydrocarbon rubber _
present in the essentially honbgeneous hydrocarbon rubber cement, wherein
the first nmass fraction is greater than the second mass fraction. 30
100091 In sonme further enbodinents, this diysclosure relates to a process
for retrofitting an existing slurry cationic polynerization plant, the
retrofitting process conprising the steps of (a)contactlng a polyner slurry

fromthe slurry cgfion ri.zati pIa with a
hydr ocar Bon solveﬁé i@%ﬁﬁ%#ﬁ}d%%%¥a??9mwgﬁb¥ §%§€%mﬁ dFﬁﬁé n'Sr ubber, a
diluent, and a first Hﬁ:—esﬁmﬁﬁﬁpl’foﬂaﬁﬁ ﬂﬁ&sﬁﬁ‘nti‘dﬂ?%@ﬁio@énéﬂ&@@ﬁ%‘[é ﬁ%lﬂgased on

t he total anount of hy on r.ubbe resent in the polyner slurry; and
(b)renoving at |east aP ?‘iy g??cﬁ'fbof‘ﬁélgg% qGErR t"’é‘efﬁ“bﬂlﬁc@aﬁrﬁ?&@émﬂ ally

honobgeneous hydrocar bOﬂrohUhhbf:{b) G RN hy d18Y¥ArBEn fulstRe QRtheBSustd 36t %1%” of
unr eact ed nononer (s) bas§d on the taotal anount of hydrocarbon r

present in the essenti @t n85u§UWFHP§%HrE$ﬁeTubb@ﬁntenenﬂhemherein

the dil uent conprises &%Qi@&AHQﬂQF%ER@Hv i8M&s than t 08 the
first mass fraction |s§§rea{er t han t he seéon Snagg T ACET on. &@fﬁ0101ln

yet further enbodlnent%mnPWF§$UFSéh%éwdémaékmeQbmoﬂanwr¢assbonthe
total amount of hydrocarbon-rubber present in the
hydrocarbon-rubber slurry,
wherein the diluent comprises a hydrofluorocarbon.

15 [0008] Additionally, this disclosure relates to a process to produce an
essentially homogeneous hydrocarbon-rubber cement from a polymer slurry
comprising a hydrocarbon-rubber, a diluent which is essentially free of a
hydrofluorocarbon diluent, and a first mass fraction of unreacted monomer(s)
based on the total amount of hydrocarbon rubber present in the polymer slurry,

20  comprising:

(a) contacting the polymer slurry with a hydrofluorocarbon diluent
and with a hydrocarbon solvent; and

(b) removing at least a portion of the diluent .and the
hydrofluorocarbon diluent to produce the essentially

25 homogeneous hydrocarbon-rubber cement having a second

mass fraction of unreacted monomer(s) based on the total
amount of hydrocarbon rubber present in the essentially
homogeneous hydrocarbon rubber cement,

wherein the first mass fraction is greater than the second mass fraction.

30  [0009] In some further embodiments, this disclosure relates to a
process for retrofitting an existing slurry cationic polymerization plant, the
retrofitting process comprising the steps of:

(a) contacting a polymer slurry from the slurry cationic
polymerization plant with a hydrocarbon solvent, the polymer

35 slurry comprises a hydrocarbon-rubber, a diluent, and a first



for retrofitting an existing slurry cationic polynerization plant, the
retrofitting process conprising the steps of: (a) contacting a polyner
slurry frwonzbésmosisarry cationic pol yaeniszatioom4pl ant

wi th a hydrofluorocarbon diluent and with 20a hydrocarbon sol vent, the

pol ymer slurry conprises a hydrocarbon-rubber, a diluent which is
essentially free of a hydrofluorocarbon diluent, and a first mass unreacted
nononer (s) based on the total hydrocarbon rubber present in the polyner
slurry; (b) 25renoving at |east a portiaqn of the diluent and the

hydr of | uorocarbon diluent to produce the essentially honbgeneous
hydrocazbfnbrubger ceﬂent havi ng a second mass fraction of unreacted
nonomner (s ased on the total, amount of drocarhb rubber e t in the
essential |y 30homogen&iis flﬁ?fd‘l"&‘c&#ﬁ‘(’}ﬁealc %B?On&'g’r% F,basecp dn B Zoﬁgll n the
first mass fraction i snpuaabehyiiRrBrdoieusBeOp@semsa the golymer. sl®@111 | n
sone additional enbodinents, this disclosure relates to a process to
produce a single | i quigddphase hydrocar bon-rubber cement from a pol yner
slurry conprisi ng,a h¥%§189i§’1%b9@1£é§pbaerport?orfj'ca'fuﬁﬁ@t diladifl ® fprddiice NBSS
35fraction of unreacted nmononer(s) in the polyner slurry based on the total
- 6 -.mpight(o; t he hyedsentiallp drmogpbhraus ihydrgrarhastiphBer GV pr ocess
conprising: (a) contact] I r MR f r ol vent;
and (b)l enovi ng at Ié%é ahgg???%ﬁggffﬁkgéﬁ%?uentoﬁfg%?fﬁgﬁbgfsﬁir slurry
to prgduce tpe si ngl e tbiatjaimduph a dyhredaboar bber pishert inghe esgentialavi ng a
second mass fraction qgf unreacted nongner i hydr ocar bon- r ubber
cenent, based on the tBYAIEEfBHn yd(g?caﬁriloélr'é%g? %r?]-iér?lg’bb)e/r present in the
hydr ocar bon- r ubbeghe«z€if@hé¢ diluent comprises a hydrofluorocarbon, and

wherein the first mass fraction is greater than the second mass fraction.

[0010] In yet further embodiments, this disclosure relates to a process

W

for retrofitting an existing slurry cationic polymerization plant, the retrofitting
process comprising the steps of:

(a) contacting a polymer slurry from the slurry cationic

polymerization plant with a hydrofluorocarbon diluent and with

20 a hydrocarbon solvent, the polymer slurry comprises a
hydrocarbon-rubber, a diluent which is essentially free of a
hydrofluorocarbon diluent, and a first mass fraction of
unreacted monomer(s) based on the total amount of
hydrocarbon rubber present in the polymer slurry;

25 (b) removing at least a portion of the diluent and the
hydrofluorocarbon diluent to produce the essentially
homogeneous hydrocarbon-rubber cement having a second
mass fraction of unreacted monomer(s) based on the total
amount of hydrocarbon rubber present in the essentially

30 homogeneous hydrocarbon rubber cement,

wherein the first mass fraction is greater than the second mass fraction.
{0011} In some additional embodiments, this disclosure relates to a
process to produce a single liquid phase hydrocarbon-rubber cement from a
polymer slurry comprising a hydrocarbon-rubber, a diluent, and a first mass

fraction of unreacted monomer(s) in the polymer slurry based on the total

W
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wherein the diluent conprises a hydrofluorocarbon and the first mass
fraction is higher than the second nass fraction. 15 BRI EF DESCRI PTI ON OF
THE DRAWWOS0§sa0ibFi gure 1 shows a conbined LCST and UgET/isbaseidiuagr am of
butyl rubber dissolved in hexane using nethyl chloride (MeCl), 1,1,1, 2-
tetrafluroethane (134a), and 1:1 blend of nmethyl chloride and 1,1-

20di f | uor oet hane (1 52a). DETAILED DESCRI PTI ON [0013] Vari ous specific
enbodi ments, versions and exanples of the present disclosure will now be
described, including preferred enbodi mentg _and definitions that are adopted
herein for purposes of understanding the 25claimed i nventi on. For

determ ning infringenent, the scope of the "invention" wll refer to any

one or .nore of the appended c|ains, including equival ents;ther , and
el ement s or Weight t af it ﬁshxqfﬁﬁarg?‘ér%ﬂva} etﬁ? 8%ly?r‘?ﬁsalupémtthed 0?8%14] For
pur poses Ofcérﬂ‘ﬂﬁsﬂ Lsclosure and the claims thereto, the terns

“hydrocar bon-rubber pol ymer", "hydrocarbon-rubber" and rubber are used
30 int erchangeabl(z}b hercentactingthenofpen Sursy #éthrhdsoGrogd SpY S

conposi tions of K@n?gﬂ?&ﬂ gs,‘rts Leqt, ‘Hohﬂmt gpt&s}g%@gt%&nd@,fgrrmrymem In

preferred enbodi car on-rubber polyners include poI;Q sohutyl ene
hor nopol yrners, i sobutsy.lresneo ipsapiceribe (sngly ligpidoplasy sisetaybRIr 8ibbEs oput yI ene

and par g methyl styr ene, cappl ARy S oo abls BLFRENS P el BB POl YT S

in the hydrocarbon-rubber cement, based on the total amount of
hydrocarbon-rubber present in the hydrocarbon-rubber cement,
wherein the diluent comprises a hydrofluorocarbon and the first mass
fraction is higher than the second mass fraction.
15
BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Figure 1 shows a combined LCST and UCST phasc diagram of
butyl rubber dissolved in hexane using methyl chloride (MeC)), 1,1,1,2-
tetrafluroethane (134a), and 1:1 blend of methyl chloride and 1,1-
20  difluoroethane (152a).
DETAILED DESCRIPTION
[0013] Various specific embodiments, versions and examples of the
present disclosure will now be described, including preferred embodiments
and definitions that are adopted herein for purposes of understanding the
55 claimed invention. For determining infringement, the scope of the “invention™
will refer to any one or more of the appended claims, including equivalents
thereof, and elements or limitations that are equivalent o those recited.
[0014] For purposes of this disclosure and the claims thereto, the terms
“hydrocarbon-rubber poly,mer”, “hydrocarbon-rubber”, and “rubber” are used
30  interchangeably herein, and refer to elastomers or elastomeric compositions of
polymers consistent with the ASTM DI1566 definition. In preferred
embodiments, hydrocatbon-rubber polymers include polyisobutylene‘
homopolymers, isobutylene-isoprene (butyl rubber) copolymers, isobutylene
and para-methylstyrene copolymers, star-branched brrtyl rubber terpolymers,

35 and the like.



5 [0015] The term catal yst systemrefers to and includes any Lew s acid(s)
or other netal conplex(es) used to catalyze the polynerization of the

ol ef i ni c wonossawtsy to produce hydrocarbon-rubber pol ymecsjusas7oeio1 as at

| east one initiator, and optionally other catal yst conponent(s). [0016] The
phrase "suitable polynerization conditions" relates to the to selection of
pol yneri zati on conditions and conponents, well within the ability of those
skilled in the art, which are necessary to obtain the production of a
desired polyner in |light of process parangters and conmponent properties.
There are nunmerous pernutations of the slurry polynerization process to
produce hydrocarbon-rubber polyners, as well as nunerous variations in the
15pol yneri zgt i conpgnents avai,l abl e to produce hydr r bop-r ybber
havi ng one gklgﬂre de?ﬁ?eﬁnat?ﬁ?%%tgggnfdgﬁﬁﬁE%W%@t?%gﬁ@%%ggeggyﬁg of the
hydr ocar bonadid@apet ofher yeeslscampieties)cased ite danlytzeithe polyeddrizhgorc ofrpitel si ng t he
hydr ocar bon-r ubber and solvent, preferably hydr ocar bon sol vent. This
vehicle is P@?‘B’r‘:r 6’8“?’6‘3%&51 Hr°§§0?8y§r°ﬁ§r§PB€H RYYIBESy a%é‘f?gln"[‘s, s a

rubber cenephst dMe iARiafbrCATEStionElY ofher PASISS dRhRInRnt(§)hese terns are used
i nterchangeably, and refer to a mxture of ~a hydrocarbon-rubber and a

sol vent, whildbh the MY@rdtascosHitabiBRoly merizefion coaditionst rArEy IS &bl e in

the sol yent selE’Jtﬁ;fne&taé?lemcﬁﬂ%oﬁ%Hﬁmioh%@cf‘c&ﬁﬁ&%&g’z‘uaﬁ WRRRIKNAQHS, sol ution
conprising the hydrocarbon-rubber polynmer essentially 25 dissolved in a

hydr ocar bono§ gloseskilleArindbe ert Walidhyarsoresgesavoipsoliainuthe anodustienftao a
| uti wh I % h . :
sof ution 8£§%Ee€§ly%ngﬁgﬁ l?%}t%fo 51?%e%sh§ar§xgﬁlef&§ aﬁ?ecg)él?goﬁlgﬁtepkoygrtles.

hydr ocar bon-ru I ssol ved vent _ rocar bon
sol vent.) [ 00&8] Brehamatyiug, pesswtationsl dfythgl $luof pdlpmepdstowapteeass: tthber

i.e., 30 o of - .l s d i
ey oo SHERREL SRR o8 e Rl B G O BRE gl vod i
essenti a | y pblymegezason sompbdrenioavaiable 1 egatude tachyidnecahyo-obaebioavingibber  and

t he hydrocar bon solvgnt neaslng that at |east 99 wt % of the
hydr ocar bon ®PEBHEY desifed SB1198ES n the solvent. It is to be understood for

pﬁr poses hel@ur] 35t hStDM@ﬂ%reghﬁpESC];ﬁéﬁﬁif;'?%Sgﬂé ilﬁﬁdtc}bal‘tﬁtiﬁ@%@ﬁe;oyg[ym&s b
"honogeneous” is used to- - - urt her describe a rocar bon-r ubber
cenent (i.eMavahe cauisgh Pul rwahﬁﬁ&é%r?@mmﬁggdﬁ@cm%(%ﬁr DHBEROE BNt )t he

termonly refRES:, bﬁéf&ﬁaglym/gid}ﬁ@d’rb&ﬂsélUQﬂ?Th@%hHﬂ@is&@fé«f&mto hBeg@heli Ngly, an
essential |l y honbgeneous hydrocarbon-rubber cenment need not conprjise a

singl e phasé, hitiecarhgnirvlelen deenegds 2t Hanubbeyr tpor. 8613503 FsaNkdiFAG vari ous
i mpurities %ﬂppogéi"ﬁéreﬁl? WRABEALS are used interchangeably, and refer to a mixture
of a hydrocarbon-rubber and a solvent, wherein the hydrocarbon-rubber is at
least partially soluble in the solvent. Preferably, the cement is an essentially
homogeneous solution comprising the hydrocarbon-rubber polymer essentially
25  dissolved in a hydrocarbon solvent. An essentially homogeneous solution
refers to a solution wherein at least 99 wt% of the solute (e.g., the
hydrocarbon-rubber) is dissolved in the solvent (e.g., the hydrocarbon
solvent.)
[0018] Preferably, essentially all of the hydrocarbon rubber (i.e.,
30 greater than 99 wt% of the hydrocarbon-rubber) is dissolved in the
hydrocarbon solvent, such that the hydrocarbon-rubber cement is an
essentially homogeneous solution with regard to the hydrocarbon-rubber and
the hydrocarbon solvent, meaning that at least 99 wt% of the hydrocarbon-
rubber is dissolved in the solvent. It is to be understood for purposes herein

35  that when the term “essentially homogeneous” or “homogeneous” is used to



towhich are not fully dissolved in the hydrocarbon solvent. 100191The term
"polymer slurry” may refer to a reactor effluent conprising any gas,

| i qui d, swbi2dgs/m@e3seonbi nati on thereof, contained in a reatises7miuLr e
after a slurry polynerization process. The term "polynmer slurry” may al so
refer to a hydrocarbon-rubber polynmer dispersed within a 15 diluent,

whet her or not the polynmer slurry is a direct reaction product froma
slurry polynerization process. The polynmer slurry referred to herein nmay
include a hydrocarbon-rubber polyner, a dikuent or mxture of diluents, a
hydr ocar bon sol vent, unreacted nononer(s), as well as various other
inpurities and conponents which exist in the olefin feed or catal yst

syst ens d in the rry . polymerization process. The catal yst
system or5 %t'JJ %%%’tbgm%oi‘ﬁg engpbes, BNt o}-§> t 3Nt hessekiallit t hat

they are pr eﬁcﬁﬂégeﬂ%élﬁ l@@fdﬁiﬁd’dnzﬁbb&ncelﬁqg%o]tﬁ@ #aRdoher %dars khepker m
diluent refers to a diluting agent, in which the nononér(s) and/or the

cat al yst ar espsappen-ryhber and WﬁlséhfeflhéCCQQIWﬂ;%W%led@memmduced has
only a |'im tigeirs@hiti-hido¥ér Qéma{t%fegdﬁ&l%n{qi: g%scf I% fladdy torﬁ:?)g BaNgeubber is

essential ly insol uble. used herein n-ru 1S essentlally
i nsol ubl e i nlegs @liallde\’ﬁ%qu splids nmhmmgvmmsommmmehydd oter lcomponldsxmar is

sol ubl e jon t\bﬁlcﬂ'alrélﬁ&tmllg%}’s‘é& dﬁs;@%%arb ¥V PPf the diluent present.

The term dil uen ure géast two 30 or nore
di l uents. Whi00&9]a d| I udht wey frolyait surtyliemge neifel tmat teraetoefefﬂbent

conponents o perizatio ction mixture, t he conponents of
thgp cat al ystéosy‘ﬁr fSlrﬁ Aroneie ? CP Sé)ﬁ "i‘rgiaa“?"c thesre? e COYRIELd ™ Rat

i nt er act i onsrebaione anxdube attet ueﬂhnﬁqﬁ)lyrﬁa@iaaﬂhsprﬁaéssomwteﬂﬂr‘*pBErn‘ié?e slurry
pol ymeri zati 21 Var| ous other ternms used herein

rocess
inciude a ré Si‘é Whsh rFfserd%fei hé bamyuRbsH tPeilyeer dspersedaMiidin & cheni cal

reacti omsoccdlh&nt Rﬂ{etwr@Qﬁﬂ&h@Eﬂb%&ﬁr shidsy @W@ﬁédtﬂ%&ﬁ%&\%@dﬁc@’fr&rﬁ% Peri odi ¢
Tabl e G oups are ui‘fed as in CHE L. AND ENG NEERI NG N ,

(1985). The WY RRDY R REFAtIORy PRoSESSy Tihe Wlﬁm%ﬁbm“yhﬁﬁferr&dd@pmfylrlﬁema}'an

i nterpol erEl’mcl%déQ{ ROUMRBIbonANIRET potPhBE 4 idkBentbX GV & Se o% diRRRsyqer nmay
refer to a pOl% Coerrl S ng at | east tV\D nonomer unl ess ot herw se

stated. [002%] bop pwilyamsr Unseactstle mpangmen(shs a@on‘mlll sisngamousoreimer (s), the

impurities and components which exist in the olefin feed or catalyst systems
20 utilized in the slurry polymerization process. The catalyst system or catalyst
system components are present only to the extent that they are present after
polymerization.
[0020] As used herein, the term diluent refers to a diluting agent, in
which the monomer(s) and/or the catalyst are soluble, but in which the
25 hydrocarbon-rubber produced has only a limited solubility or preferably in
which the hydrocarbon-rubber is essentially insoluble. As used herein, a
hydrocarbon-rubber is essentially insoluble in a diluent if less than 1 wt% of
the hydrocarbon-rubber is soluble in the diluent, based on the total amount of
the diluent present. The term diluent may also include mixtures of at least two
30 or more diluents. While a diluent may not alter the general nature of the
components of the polymerization reaction mixture, i.e., the components of the
catalyst system, monomer(s), and the like, it is recognized that interactions

between the diluent and reactants may occur during the slurry polymerization

process.



nmononer (s) is present in the polyner in the polynerized formof the
nmononer (s) or in the derivative formof the nononer(s). Wen catal yst 15
conponentwoanes/@emser i bed as conprising neutral stable fecmasedozion®41
conponents, it is well understood by one skilled in the art, that the ionic
formof the conmponent is the formthat reacts with the nononer(s) to
produce pol yners. 100231The term ."alkyl" refers to paraffinic hydrocarbon
groups 20 having from1 to 20 carbon atons, which may be derived fromthe
correspondi ng al kane by removing one or nuye hydrogens fromthe fornula.
Exanpl es include a nmethyl group (CH3), which is derived from nethane (CH4),
and an ethyl group (C-13042), which is derived fromethane (CH3CH3).

[0024] The term"aryl" refers to a hydrocarhon r p conprising 5 to 25 20
carbon at ontO®Aht f or n{aslo¥s Mthgfatesys r‘%sﬁ‘g herqigcp cahéeraﬁ hé?qﬁ ¥ of

aromatic co As- a5 @RS (Sfin 3ién QEﬁ’éiﬁﬁapfeaMédcﬁJ%m plfokerde
benzene, naphthal ene,” phenant hrene, anthracene, and the |ike, which possess

al t er nat i nghersirbltke b@ﬂﬂ’leﬂgg (scmgtfm ‘éilﬁlflﬁﬁm}h%T@Wierﬁ@Ué?@F? gseh AuEt ure. An
aryl gro r
L " S0P o ErEh, BRI Rty B3 L104BY e ARHR BN PP O

one or 30 nore e for The ter ubstltuted
functi onal gaffeum( 8 Honrapbymsert @ qoeplyamenmmntclfpobtmdreascrmbendﬁyélmdﬁglen at om on

oact i ol i mespr S b b dehbetBrils ALRAGeR N or ne,

brom ne, f|ﬂQﬁbﬂﬁx@@Unk&dmﬂeﬁymﬁﬂhmé 35n|tro sulfoxy (sulfonate or al kyl
sul fonate), thi al thio

20081002352%?121%8’2007/ i’@&i"’lyri% 13 r%fg‘ﬁ‘é‘? SEE ‘?lod'ﬁ?rls‘%% amareer s W el i ¢

al kyl's, al k@mm@(s)aﬂskymanhawmg polifer?Gn cie bpotyateaied foxanpf ese of al kyl
substltuents |nclude met hyl , eth

i sobutyl, afmPRoFRe(s) lrEil?aerrﬁ‘F8§g/tb‘fe gqr Opg‘yc tg%%&‘%’?‘?‘ﬂu%‘ﬁi)s \&E@'F %Yyrﬁt.t hoxy,

et hoxy, pr OQgﬁ%onéxﬁgpﬁﬁp@éhn%&t @XY comBROHE OXMutral EGRABRAI rlsIt @K thet erti ary
but oxy, pentyl oxy, isopentyloxy, hexyl oxy,  heptyl oxy 10 aqctyl oxy

nonyl oxy, asdm@dengiktedyis pel @aﬂﬁrﬂow@m«@ S§<tlle§tméh@h*tt that H&ﬁa{%ﬁéﬂfﬂ&hau n
al kyl' groups,¢hgyiy gnp%mteﬁ’t rOycar N ual Qé%tg QithieNnRhoEASS t@gﬁomgrogen

atomis substitute | east one hal ogen. Mononer(s) and Pol yners
[0026]anonﬂx4wmemseful in the present disclosure include any

[0023] The term “alkyl” refers to paraffinic hydrocarbon groups
20  having from 1 to 20 c.:arbon atoms, which may be derived from the
corresponding alkane by removing one or more hydrogens from the formula.
Examples include a methyl group (CHj), which is derived from methane
(CH,), and an ethyl group (CH;CHy), which is derived from ethane (CH3;CH3).
[0024] The term “aryl” refers to a hydrocarbon group comprising 5 to
25 20 carbon atoms that form a conjugated ring structure characteristic of
aromatic compounds. Examples of aryl groups or substituents include
benzene, naphthalene, phenanthrene, anthracene, and the like, which possess
alternating double bonding (“‘unsaturation”) within a cyclic structure. An aryl
group is thus a group derived from an aromatic compound by dropping one or
30  more hydrogens from the formula.
[0025] The term “substituted functional group(s)” refers to
replacement of at least one hydrogen atom on an alkyl, alkene, alkyne, or aryl
group having 1 to 20 carbon atoms, by at least one substituent. Examples of
substituents include halogen (chlorine, bromine, fluorine, or iodine), amino,

35  nitro, sulfoxy (sulfonate or alkyl sulfonate), thiol, alkylthiol, hydroxy, alkoxy,



15 ol efinic nononer(s) that may be cationically polynerized to produce a
hydr ocar bon-rubber pol ynmer using a slurry polynerization process. Preferred
monomer ( swoiz2oeg/aees20ne or nore al pha-ol efins, di substit predsedoefoins:

i sool cfins, conjugated di enes, non-conjugated di enes, styrenics,
substituted styrenics, and/or vinyl ethers. The styrenic noieties may be
substituted (on the 20 ring) wth alkyl, aryl, halide, al koxide, or the

| i ke substituents. Preferably, the nonomer(s) conprises 2 to 20 carbon
atoms, nore preferably 2 to 9, even nore preferably 3 to 9 carbon atons.
Exanpl es of preferred ol efin nononer(s) include styrene, para-alkyl styrene,
par a- met hyl styrene, al pha-nethyl styrene, divinyl benzene,

di i sopropenyl henzene, . i sobutyl ene,. 2-methy]- 75 1-butepe, 3-nethyl-1

- but ene, 92- r%l? h%}'ia-lg}-%’pgwg & 9 scgﬁp%ﬁg‘fﬁh%%@eé’n%{ alkynes having 1 to 2

di met hy1- 1, 3athshastbase Exddpis @nakyInubeRentsGinbrudé MRl -ewll,Vﬁss L

hexadi ene, cyclo ?ntadien .. piperylene, methyl vinyl ether, e_hyr'vinyl
ether, i sobd%/‘}]b“&i nPPPEOPEE SOty end the kike. Kiavoples OF pllesy swbsiérumis| ude

conbi nat i ongn@fidé mmtrxycreﬂ@xgmag{%ﬁgom@b&gk ggfbggl, ysggﬁaﬁjs%gg,gggé g

styreni c bl gck copgelrr?_/rrer S, so be Uus honone erred
bl ock copol )Pr&‘é‘?’@”f 13¥e bXONYpNBRRBYIOEY. |inenentidoxyupdeyyiexs, dkepsiyneni cs,
such as gtyrg o yI.shy, a t hyl rene, and C4.to C30
diolefing, SooRV9e (At { ol DLRMAR P 1 sy 7 apttnt

preferred nehawelkd)greepsdiavats bis20 carbonletonsabuthitie aelehstpas ayawichy| styrene

and isobutylene. ./ | moppl vimers of isobutylene are al so
preferred. & e#g%ﬁgﬁ{éﬁ% atglgall;s?g $§a1%%'20081002352PCT/ US2007/ 011041 5for

use herei n iMohemer($)lmaddolesensi bed i n Cationic Polymerization of Aefins, A

Critical In ry, J h Kenned Wley Interscience, New York 1975.
[ 0027] The p\rlfg(();ie s di s%@gﬂ]e eqs%fuﬁa a Bée AFpEEqdisgopte fskusist i@Bh of a

rubber cenmentefodaphbsemen(s) Midastay atdafbnitAlBbeLIRALYFA! & pFyRMRI g5 of
i n¢l ude hutyl rubber, - i soprcne,

sui tabl e ru?jbﬁr gq}li%rreés i (i pplﬁ

pol ychl or opr @& P8P R YAFE HERE ol by Peharerizahgn eirespy dasiear@ r ubber
(EPM, et hyles@npredy et oneongugabed Mengsainnhifg e yLidd zed in
prepari ng EPDM tar:d WI’ll_i ch include net hyl_ag[!r)le norlr@bldrr?g%g%é%eﬁyl#%%#é

nor bor nene, 'S4 saniigatedilieyes gemmoaitastns diands.t $izrenidee sulGtinged pr ef er r ed

rubber pol ye/rénit§)Ghide _ | ' " tyrene, and
copol yners g}‘wrléi tshggmIvg%gggﬁt%e?’gggfryéﬁge%%tgeggﬁ@agggﬁ%%@gﬁ@ﬁ “the

rubber énedtnehEy . halidgl alkabider opibkyikerssbyitepas. Ricfeyatigabt i ng a
comnore (s GABELRN 1 ik G Sgple L Tpor 7 coroinens

Such as isobutene and a nu n or conj ugated
conponent . Therei podereblyn 3 stoprefcertainl yatord@ (ixespids ioff phrederped ydlefinbber

pol ymer at 70t N ) ed of the total cononomer(s) mxture,
preferably 85 togqeggs.) 5‘“%5% %gfrgeélg*plp 3?aep g%ﬁ$§”@‘f=t%f@§?%hv/§t%ell?héﬁ nj ugat ed
di ene conpomesthylisyrenafdiviallbenpimesdidopropenitbehing| isobbly@nepRInydRyl-at 0.5 to
30 wt % re. era o to 15 w% wth 0.5 US 8 w % bei ng nore
preferrég? ?lgem%f’t)o quslol())llltg??’nz'ﬁﬁ%}ﬁ%\'gﬂ%e'?ﬁ ISRRTENG butadieng opait ene,
2-met hyl - 1dbuetbpk],33suradibyd, -A-pinbhk, angrcede, &b yhe By LAl eAR, hanshidie,

met hyl -1 -pentene. .The nul.tiolefin be a to Cl 4 conjugated diene such
as i soprene,(“yellcj’(m?’incﬁl IS, BPYY '"ﬁeﬂ?&?ﬁil‘flgyloﬁ?%ﬂi%hé', veyhicHisheisohytene, 6, 6-

di met hyl - f uviretethehexddheike. MyadHELHIAL B irRNtHRIRSSiINARIRES of ko 8r PF ef er red

enbodi ment, the rubber Se nt conprises_ a butyl rubber polymer obtained by
more monomer(s). Block copolymers, including styrenic block copolymers,
30 may also be used a monomer(s). Preferred block copolymers for use as
monomer(s) include copolymers of styrenics, such as styrene, para-
methylstyrene, alpha-methylstyrene, and Ca to Csq diolefins, such as isoprene,
butadiene, and the like. Particularly preferred monomer(s) combinations
include isobutylene / para-methyl styrene and isobutylene / isoprene.

35 Homopolymers of isobutylene are also preferred. Other monomer(s) suitable



30reacting 85 to 99.5 wt % of isobutylene with 0.5 to 15 wt%iisoprene, or by
reacting 95 to 99.5 wt%isobutylene with 0.5 to 5 wt%isoprene. [0029] This
di scl osurwofwesgidogss2rel ates to a rubber-cement conpri si ngcT/ush@rpoioyrer s
and/ or tetrapol yners conprising any conbi nati on of the nmononer(s) |isted
above. Preferred terpolyners and tetrapol ynmers include 35rubber polyners
conprising isobutylene, isoprene and divinyl benzene, rubber - 12 -

Spol yners conprising isobutylene, para-alkylstyrene (preferably paranethyl
styrene) and isoprene, rubber polyners caomgrising cycl opentadiene,

i sobutyl ene, and paraal kyl styrene (preferably paranethyl styrene), rubber
pol ymers conpri si ng isobutyleng cyclopenLadlfne and hsop[ﬁnf, r ubber

ol ymers _conprising .cycl opentadiene, isobutylene, and nethy
Focgcl opént d8F Bihe ?l‘Br‘ﬁ‘HB%r g‘@??ﬁ%ﬁ%é%‘ﬁﬁ*?@ﬁl?@Ff@M%ﬂZ@H_@? op&¥efinsty| styrene
and cycl opentiadid MeverkdiPi Fosh Refrtlad! Waley 1&&9&%15@,%\1&@“%&1(6}@'75’. catalyst
(also referred to as the co-initiator or catalyst) may be any Lew s acid
conpri sing dA&Br nor eThepeacssodisphesed hapidsmpy beranplied supke formBtiod3, 14 or
15 of the PejfiaQdber @Rlcht BdmpR&nEa BEY Sinpd 8?1&6%%%‘%?19%%?&1Ex§§n‘;’>f'és%‘f‘m

gal lium indium titanium zirconium tin, vanadium “arsenic, antinony, and
bi snut h. | n siialdabelebarmetymerk énghedeabigybrubbet, polyisopredeg polycakdogreneni um

i i i re illustrative a of lews acid
oot ol yst0 oo BoRHRIAE Shkhd 3l et S BHETRE PRy 65 . 0. cro
al ky1) 2A1C1,prémer@-nc)ncahmpcaﬁdiew, WGy mSpCEIe_élutiltn&d_iiﬂiﬁéﬁhrin@rlerﬁlem,ed Lew s
Sesqut ohior g, et hieliotmra e chiriRmeRb HPARGHF nistRamEtor o,
met hyl al umi rheradiesqulicydlependaiierandnditietiky, @lHeRipRrEHED b GolyBWs S aci ds
such as net hxl al.um noxane gg/ACc)é) 25and specifjcally designed weakly
coor di nat i nd" 84§ §°8%’i>§'8§:rss S §t3a?‘@6 anglkylstyeenes gnd garehmesrs ®e as
Lew s aabd dsdtakytehsatibicepidne.

[0028] In one embodiment the rubber cement may comprise butyl
rubber polymers prepared by reacting a comonomer(s) mixture comprising a
C4 to Cg isoolefin monomer(s) component such as isobutene and a multiolefin
or conjugated diene monomer(s) component. The isoolefin is preferably
20  present in the butyl rubber polymer at 70 to 99.5 wt%, based of the total
comonomer(s) mixture, preferably 85 to 99.5 wt%, more preferably 92 to 99.5
wt%. The conjugated diene component is preferably present in the butyl
rubber polymer at 0.5 to 30 wt%, more preferably 0.5 to 15 wt%, with 0.5t 8§
wt% being more preferred. The C,; to C¢ isoolefin may be one or more of
25 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 Cy4 conjugated diene such
as isoprene, butadiene, 2,3-dimethyl-1,3-butadiene, B-pinene, myrcene, 6,6-
dimethyl-fulvene, hexadiene, cyclopentadiene and piperylene. In a preferred
embodiment, the rubber cement comprises a butyl rubber polymer obtained by
30 reacting 85 to 99.5 wi% of isobutylene with 0.5 to 15 wt% isoprene, or by
reacting 95 to 99.5 wt% isobutylene with 0.5 to 5 wt% isoprene.
[0029] This disclosure further relates to a rubber-cement comprising
terpolymers and/or tetrapolymers comprising any combination of the
monomer(s) listed above. Preferred terpolymers and tetrapolymers include

35  rubber polymers comprising isobutylene, isoprene and divinylbenzene, rubber



100311As one skilled in the art will recognize, the aforenentioned |isting
of Lewis acids is not exhaustive and is provided for illustration. For

nmor e i nf owombesmn2zsegardi ng Lewi s acids in pol ynerizati orcprise@ssesq41 See,
for 30exanpl e, I nternational Appli cationNos. PCT/ U S03/40903and

PCT/ US03/ 40340. Catalyst Initiator [0032]Initiators useful in this

di scl osure are those initiators which are capabl e of bei ng conpl exed
in a suitable diluent with the chosen Lewis acid to 35yield a conpl ex which
rapidly reacts with the olefin thereby fogying a WO
20081002352PCT/ US2007/ 011041 - 13 - 5propagati ng pol yner chain.
Il1lustrative exanpl es include Bronsted acids such as H20, HO RCOOH

(wherein Ris Hor a Cl-C20, al kyl group), and alkglﬁg$lides, sqﬁhlas
(CH3)5CC , pBlymEsCeomPynoe wabuYEnehParRRlsyEYAene: (RFETIRIY JARFRASY. |n
addition, tr Ry OMRLEREES ol yHadd didden gl | optaeatadivhept her
single sitesgﬁigéyggdgggﬁgﬁgamhich héggﬂgeen acggeated 10 with % weakl y
coor di nat i nigobewilencacindsparealkhiseyrensi (preferablyrayaraaethde sIYiEd WPOFhi ti at e
pol ymeri zatiop. [0033]1n.an {en b bkd 'Q@Iﬂ:pﬁd' sapbepe or nore
of a hydrog@HEW§%Fd89 Bn%ﬁgt%ggggkggr%gﬁépﬁg&gcéd, a G to €70 carboxylic
aci d hal i depoByndrst 0 cERfprisingf oniyclapenddicae,Cl sob@elnel cornst , mefprbnol , a
tertiary CI to 15 0 al kyl, halide, a tertiary . 0; | | halide,
a tertiaPy eyclepewd eﬁ?’kylg/“é‘sterr“tbg%fte??l?'rélre 3 Clc?quxééﬁggr 9%%k€+ﬂ%ster, a
tertiary C dapiCRylalykete tikgtlopanthdiené.ary C, to C20 arylal kyl ether, a Cl
to C20 al kyl_ halide, a CL to C20 aryl halide, a C, to C20 al kylaryl halide,

and/ or a C Leaigpgideatalysiy| acid hal i de. The af orementioned |isting of

i ni tiator(s)hsojnot exfpsskhveaaddatadysavd defdrbaro 26 the icblinisittoataron. For
nore information regarding initiator(s).|

for exa , Liator(s). Ln gol nmeri zat %&r)\%‘pr 0LHSSRS. See,
npl e,catalysst mayibsiay Leyyp reidiogPr NG | &I BRE
PCT/ U8031/5403ﬁl&n Groups 4, 5, 13, 14 or 15 of the Periodic Table of the Elements,
including boron, aluminum, gallium, indium, titanium, zirconium, tin,
vanadium, arsenic, antimony, and bismuth. In an embodiment, the metals are
aluminum, boron and titanium, with aluminum being more preferred.
Illustrative examples of Lewis acid catalysts useful herein include AICls,
20 AlBry (C1-Cyo alkyDAICl, (Ci-Cp alkyAICL, (Cy-Cio alkyl);AL:Cl3;, BFs,
SnCly, and TiCly. Preferred Lewis acid catalysts include AICl3, ethylaluminum
dichloride, ethylaluminum sesquichloride, diethylaluminuin chloride,
methylaluminum  dichloride, = methylaluminum sesquichloride,  and
dimethylaluminum chloride. Lewis acids such as methylaluminoxane (MAQ)
25 and specifically designed weakly coordinating Lewis acids such as B(CsFs)3
are also suitable for use as Lewis acid catalysts herein.
[0031] As one skilled in the art will recognize, the aforementioned
listing of Lewis acids is not exhaustive and is provided for illustration. For
more information regarding Lewis acids in polymerization processes, see, for
30 example, International  Application  Nos. PCT/US03/40903 and
PCT/US03/40340.

Catalyst Initiator

[0032] Initiators useful in this disclosure are those initiators which are
capable of being complexed in a suitable diluent with the chosen Lewis acid to

35 yield a complex which rapidly reacts with the olefin thereby forming a



Formati on of the Hydrocarbon-Rubber Polyner Slurry [0034] The

hydr ocar bon-rubber polynmer slurry utilized herein may be 25 produced in a
cont i nuouwsoanoswobsbch process. Furthernore, the processpomyush@7pimaeti ced in
a plug flowreactor, a stirred tank reactor, a continuous flow stirred tank
reactor, a noving belt or drumreactor, a jet or nozzle reactor, a tubular
reactor, an autorefrigerated boiling-pool reactor, or any conbination

t hereof . The order of contacting the nononer(s) feed-stream catalyst, 30
initiator, and diluent may vary from one enbodi nent to another. The
tenperature at which the hydrocarbon-rubber polynmer slurry is produced may
be | ess than -20C, preferably | ess than -40C, with | ess than -50C bei ng

nor e preferred 9 e |nfor on regardi ng_pol yneri zation processes,
see, for “exdpPe? 'Pﬁtpé’ aEs DR ﬁ\bﬁTaF‘(YSFF%‘HPN%HC]F‘%?FB[ﬂSGM@BS%hd 35

RCT/ US03/ 402%017120 HICA, RCQ{@QS(SA]E% Ry thr QC& per): (E QQL%?’T%Bd ¥ \Arﬁflr y may
I n a |

al so conpri hydrocar bon-rubber di spersed Wi th ch is not
the direct r $onSYsPodatt ( QHB&CQlung pf@qq}@r@lzaﬁn@n (Br@”ews2,4M4ydr ocar bon

Rubber Pol y EmcBlpdntanc) 10036 1ASitis) at eths leeme &X%ﬁ&é@r '?&']u&ﬁ ber

polymer slurry may 10 include the Hydrocarbon ru | uent,
preferably @?@H?WP%@‘F%@WD@W%& $ligeqatalpst spitring rwehxolﬁ hdvd bemtetivatedeact ed
monomer (19) » Wik WS ot her onents. in the feed or
catal yst systems. 1inh WEMderz)dggrﬁ g‘%a/rlu ths glsLer?e?c"g)??Et‘%ay ¢ RieR ¥ pol ymer
slurry mai nity igitiatg mbi'mchmtoarl al. In an enbodl ment, the concent ration of

t he rubber r 5 )0 sl ur. reater t han or ual to
about 5 vol @%gﬁg IessI]h[ Rar o ‘fé‘ﬁﬁ‘ér e "H[B%tﬁf ¢ p\?‘éf"%on%a?éeraorﬁno Re total
vol une of tHB’dprzgeymthcEL tarCy to W4, hoarbdxlgis dcwgecttwcgpeﬁgmﬂ@t Lqa of the
rubber poly r.slurry _nmay be greater than or equal to about
10 wt % prerggiﬁlg g?% %”RE éf:nacd‘ﬁ %ﬁu&{ Coaplcphioliia plaenpl.op tegliary (yrteat er t han
or equalisto CéglaQMyl Bﬁlmﬁ,%d@ﬁidﬂg Gmé T, PEET Ak 1964 §9€rﬁénrym3 Dot d‘,‘%o%n{y?“ge the
concentration of rubbercg in the polymer slurry b ess than or

equal to abditer7d 'WHRY, r@f%?oa?&'l?uqyé%tef HaterbaryeGudp Cﬂz@ aflpd ethegsavol %

wth | ess than auat, .t Bvehayt i e | uent
25[ 00371The d| ]Ia%rer(l:tq errgZo y n%eg%gd%g?lng téz Qgﬁlggél?degeng tt5 g%?:o&él ng to

the i nstant DRHgeess! %ryl Reltdsy ?fai/orﬁlﬁr\ﬁmpcdrﬂrvh&ymmhelrc(@ﬁhecat al yst,
and ot her pra(P&%ﬁx%nﬁ@rIl&!: ﬁgtn?%mPQHﬁmo? ?rlg %‘Pl %Flal?s’tlvg Ps V\'r%lvrcgfi or
bi y i n which

hydr ocar bon-r ubber pol yner |mt era
t he hydr8carlvtitatigpbdior i moess drfethatidny r¢g‘¥s®hgbinetwaer(@ein rr@diyradsrmaeon 30

Preferred digygats. g&gg&d%a%lg% t@é?z(t%%grg ”ﬁc “CIQ"%“?Q@F@ d/@bpéOOm

t enperature and 101 k a ress ents
i ncl ude chl egnd@ArBERE3&03R0as met hyl chI ori de chl oro-fluoro carbons, and

Lhe 1 ike. —MpidhbbiGhLPid,RELARLL REL DS PRef gred difuent. The difuent in
t he pol yne st essentially of, a
35hydr of | uol®@¥ibon di Threhydrocarbon-rubber polymer slurry utilized herein may be
25 produced in a continuous or a batch process. Furthermore, the process may be
practiced in a plug flow reactor, a stirred tank reactor, a continuous flow
stirred tank reactor, a moving belt or drum reactor, a jet or nozzle reactor, a
tubular reactor, an autorefrigerated boiling-pool reactor, or any combination
thereof. The order of contacting the monomer(s) feed-stream, catalyst,
30 initiator, and diluent may vary from one embodiment to another. The
lemperature at which the hydrocarbon-rubber polymer slurry is produced may
be less than -20°C, preferably less than -40°C, with less than -50°C being
more preferred. For more information regarding polymerization processes,

see, for example, International Application Nos. PCT/US03/40903 and
35 PCT/US03/40340.



- 15- 5 Process for Form ng a Hydrocarbon- Rubber Cenent [00381ln an
enbodi nent, the hydrofluorocarbon diluent is present within the rubber

pol ymer sWwornoys/@esseng the slurry polymeri zati on processpcirnusasoibisil

enbodi nent, the hydrofl uorocarbon diluent is added to the polyner slurry
after the slurry polynerization process. The polymer slurry conprising 10

t he hydrofl uorocarbon diluent is then contacted with a C4-Cl0 hydrocarbon
sol vent, preferably a C5-C8 hydrocarbon solvent. Diluent, the hydrocarbon
solvent, or both, are then renoved fromtfe_.conbi ned sol vent and pol yner
slurry mxture in anpbunts not sufficiently nore than is necessary to
provide for an essentially honogeneous single |iquid phase rubber cenent in

the form 15 n essenti.al| ono eous, solution (i.e., caonprising |ess
than 1 wt % Eﬂg)lt}?ﬁs) coﬁ%ﬁ@fdﬁ%caf °&'ﬁ§’§%8&‘ryﬁbﬁ’ﬁ-sﬁ‘ﬁ%g§aya§‘8°tcﬁs‘ rlﬁ%faocar bon
sol vent at hjdocebon-eebtepdisptisad witipe dihettewaluth ip hostherdrectli@8d&hThe

polymer slurry may. also conprise . a diluent which is essentially free of a
hydr of | uor oBHINEPIR S WERPOIYRIIZZURMPIOREISch is essentially 20 free of a

hydr of | uor ogguRRArHYN RUMer PSIveeisngdy herein to be a diluent conprising |ess
than 1 wt % of a hydroflTuorocarbon diluent, based on the total anmount of the

di | uent pres®36] |n afefBisdi #rNE, thenydsesayhrurrubbgr PELERFHYREY A2 di | uent
whi ch ig,es jcal f h I bgn gilddent Hlegerfot acted with
a C 4- C?% hi%?%dgarth%n }go ?/‘g;ﬁlt)(?h p?%]g?e%a I)E/ﬁlg%rCS%OB h{l/ééllr’oc%reborn 5 sol vent.
The combi nebygoflypmmcagionr difuemdos ohivame ofr dilversn womacied edonpmer(Dhe
hydr of | uor ocar: | t.. LIl ue r.Of | el , the
hydr ocar bongglg l%grr{-ﬂ{dngggaa Scyggr%{)%n(g ?ro%“ﬁ?g%[g%? I‘ k%?%g%ﬁfegﬁ%g%o{yg% romthe
conbi ned solTheydrqeatbpmenbbdrural ymeaerdsth ydthiri kheopagmebsinrmyi haisht asd xt ure i n

amounts not sufficient nor han i s necessary t roduce an entially
30 hom)geneSﬂlé Efaﬁedf '#r%l‘ahfnﬂgﬁ‘?f&%eé“’rtﬁ%Bg?ceggrﬁ%%? O?F] ethug)%g %P%V%%i%
essenti ab | y thopoigaiee alisrysBl gitatonthaanp@rdqaalng dboat Syl vg anbdessrtilaber and t he

hydr ocar bon sol vent.. 40] The_ampunt .of hydrqcar bgn_ sol vent ded to the
pol yner eq‘é?lutror?P‘?L&%%a?&y’lo‘?'ﬁsggd)é‘sfhree@t%i ?mﬁoo(r}fg@ﬁt‘? Y8 Sy
hydr ocar bon wiikigeihid RarigBe th#S6@iRAtraticN 6f BRY riubtet Ydeymedi theOpol9inet he

sol vent that may be renoved along -16-
slurry may be greater than or equal to about 10 wt%, preferably greater than or

equal to about 15 wt%, with greater than or equal to about 20 wt% being more

20  preferred. Also within this range, the concentration of rubber polymer in the
polymer slurry may be less than or equal to about 70 vol%, preferably less
than or equal to about 65 vol%, with less than or equal to about 60 vol %
being more preferred.
Diluent

25 [0037] The diluent employed in producing the rubber cement
according to the instant process may. be any material, in which the
monomer(s), catalyst, and other process related components are soluble, but in
which the hydrocarbon-rubber polymer has limited solubility, or preferably in
which the hydrocarbon-rubber is essentially insoluble as defined above.

30  Preferred diluents include C,;-C; hydrocarbons which are a gas at room
temperature and 10! kPa-a (1 atm) of pressure. More preferred diluents
include chlorocarbons such as methyl chloride, chloro-fluoro carbons, and the
like. Methyl chloride being the most preferred diluent. The diluent in the
polymer slurry may also comprise, or may consist essentially of, a

35  hydrofluorocarbon diluent.



5 wth the diluent in form ng the rubber cenent. The anount of dil uent
present in the polyner slurry may depend on reaction conditions and ot her
factors awmg2ads/oopizot es of the slurry polynerization proeesas20d/obast
unexpect edly been discovered that the concentrations of hydrocarbon sol vent
requi red, and the anmount of diluent required to be renoved fromthe polyner
slurry to produce 10t he essentially honbgeneous hydrocarbon-rubber cenent,
may be influenced by the selection and concentration of a hydrofl uorocarbon
diluent either present in the polyner sluj¢y, or subsequently added to the
pol ymer slurry. [1:1041] The polynmer slurry conprising an appropriately

sel ected hydrofl uorocarbon diluent may require a |arger portion of the

di luent and/or 15 t 0 be renoved to produce the
essenti al | y= 35689 : SEAGYE2EILER RSP ebber cenent, as conpared to
an identicafoopg] YMer $hWhn' ¥mub@gdent,dgnt habileaadibbandiluehtitis Waisefit enpl oys a
diluent which is essentially free of a hydrofluorocarbon dil uent

Accor di ngl yWithin fegabee I&lﬁ@%ﬂéﬁémmﬁﬁé‘? S RAY REREH O T8RS ol yrer
slurry conpgisih&9efbdimBud e hyQfPRarRAFbA dinRnat is BBIR @f theh@ightuent will
need to be renoved fromthe coirbi ned pol ymer slurry and hydrocarbon sol vent
m xt ure wheslugrydiftendim sloopmolgherdzasionypdeesss.(drcordyBEh SIUETYpIosYUHing as
conpared.to i j i ent.i - @f hy dr rbon

di | uent ?O Fo%ﬂegg#gﬁg(}mg%bg? dé 5ﬁf?soﬂ{eg?é dél)( %H/dgﬁmg‘rr%ﬂ%ﬁ{u lgf We{i ' yd‘rgcggar bon

sol vent to solpehty peefembiy ryCeGapnidsocagben 26lvhytdridituensr beahyssecaibdruent , nore
of the diluent wll need to be renmved to.prodyce ent.
horrogeneousscplﬁﬁrf)tef)r @8ﬁ)er?tre, 5" Ee6nrﬁ3’ae\fiefg°'f’oth?hcgmarlr%el?ﬁ?(ﬂg?rad%}'lht@r% l¥Lrerequi red to
be renoved gh@grmixiant incahowosdbt suffisientigreor thhae idhéaessary copsisdes
essentially _of nmethyl chloride. Upon renoval, of diluent to. produce the
essenti al | yf?foziﬂ)‘@sé?fétﬁyé’ peUsRgle ’ISHP@WS(&U ﬁSﬁ@F?ts')"%f)?%nnrﬂ ot her

vol ati | @si np@rint EREn@IR AbSOgéRIY edlutidacdredi ghsisihg 1basiHasen vt cover ed

that by appropriate selection_ of hydr of I uqrocar bon diluent, either alone,
or i n Y conbiEAMs) SAMRFEIRETLE ﬁwroem%amra ber i ahe By QFargPP&BG(FgE Sidhe .
essent.i al | ydggm%gy@ teMBBREure 8RR Ptestil¥. be produced whi ch conprises |ess
nmononer (s) and other inpurities relative to the amount of tht/}ﬂ.trjocar bon

t

35rubber prd@&M, t hanl o @PymEsHIETYT P 3lSe HPBMRIIsr dortiieat e 1f he sanme
-17- 5 conditiQnsid Rek R ARRROGErOarb B dMUAI: OAl MAAE AMRPNisEsteagnlly (1. €.,
under the sarne conditions ‘using a diluent essentially free of a

hydr of i Bor odeachofi ali ihdeptiuorogba 1dieahes eApfinfidnditein atopbscasdiledt produce
an essenti ally, 881%‘?:%&%91?1W9£8?§%8%ﬂ%@9&¥m&9&5ﬁ%t,%w b8 lobg steps of
contacting a g p6l'ymer slurry conprising a hydrocarbon-rubber, a

di luent, - amthamt ealcitled dibwotarésnt. Wi tdn @ntbpdioests bba Belywent sluand
renovi ng the diluent . S LGl i essary to
produce the 88t é‘rﬂni%aa} M}} %%g%nlggg%né%ﬂ%hgé ﬁ?%h?%@%gg%gﬂd%&@ggr gn- r ubber
cement wher eontacted wisls 8 G4 @opthydroqibonosedvent (mfarably heChfd hydweddanr ubber

cement, zg)as esglv%rr]lt.t‘ll}l% combined polymer slurry and solvent are then contacted with the

hydrofluorocarbon diluent. Diluent, the hydrofluorocarbon diluent, the
hydrocarbon solvent, or a combination thereof, are then femoved from the
combined solveht, polymer slurry, and hydrofluorocarbon diluent mixture in
amounts not sufficiently more than is neéessary to produce an essentially
30 homogeneous single liquid phase rubber cement in the form of an essentially
homogeneous  solution comprising the hydrocarbon-rubber and the
hydrocarbon solvent.
[0040] The amount of hydrocarbon solvent added to the polymer
slurry is based on a desi;ed final concentration of hydrocarbon rubber in the

35 cement, and may include a portion of the solvent that may be removed along



15 total anmount of hydrocarbon-rubber present in the hydrocarbon-rubber
cenent, is less than the nass fraction of nononer(s) in the

hydr ocar bwo-20esmioess2sl urry, based on the total anmount of poydrse@manibmat r ubber
present in the hydrocarbon-rubber slurry. 100431l n another enbodinent, a
process to produce an essentially 20 honbgeneous hydrocarbon-rubber cenent
conprises the steps of contacting a polynmer slurry conprising a

hydr ocar bon-rubber, a diluent which is essentially free of a

hydr of | uor ocarbon diluent, and a first magg.fraction of unreacted
nmononer (s) based on the total anount of hydrocarbon rubber present in the
pol ymer slurry, with a hydrofluorocarbon diluent and with a 25 hydrocarbon

sol vent ;_ and. ing the di.luent and the hydrofl uorocarbon diluent in
annunts5notwgh$&?§p$%?ﬂ9%wgpgg ‘%H‘b§rﬁnggsiﬁia?@uﬁ?%ﬁﬁggnfHg$8§$entiaIIy
honogeneousinhyie heBaidd QRntUag def@Es rdadNbm gorlitioweihdraabs fthétagtdndn of
unrcact cd nongner (s as?d on the total anount of hydrocargﬁn %ubber
present in FHPUESEhtthal Sy RO hPERCESarlh 1S r ipsrerctedeRte™ han

present in §iieovefdd tral tROLyIRAtUalisHs ¥f hiddBar8sR QdivaBRNtequited] #aPthed portion
of the hydrofluorocarbon diluent may be added prior to addition of the

hydr ocar bonamerniertditignt requised javbe ramenedyiromfthe polymer sfusty ©fprofece
hydrocapponggalsy %o%ﬁlfgeﬂ%%%dr@éa‘r‘ﬁ&ﬁrub@éf Sébid ?ru& Ols n\_ﬁ}'lrgh"sédhe

addi ti'on of the ﬁgfg}lgcar on solvent to the -polynmer s ry.i

hydr of i uor obnrtbersetiickige nand3 Sanetntratiomeothy drysall omcarbdw edituenngithérso be

added st epw Lor  1-18- .5l nC r ry, to the
\(I)\%)r%gerﬁ@g lﬂ% polyégrdsl%rg 5r%%%qﬁl£ét¥)( &?deh'IS.ﬂE’eioﬂ&érfig{Ee{ %hﬁk

conbi ned polymer ‘slurry focar ol vent m X e conbi ned
pol yner sl ufdgdlihnd hydihef lpohymoashory diompersingriant wppropoiateinysedaamdsi nat i on

t her eof [0044] Agccordi nal v,., in an enbodi ment, the. diluent .. onprise only
 bor i on_of A REGPisaSm itk By HERRE Fiftese bPEisH o Pl SRIPL o
produceislO thee legBamnibal | 301VNDEe NBO Userholdaer toc girediice ahel asseadallyt i onal
anount of the hydrofl u.ori)caﬁqban di | g@gt may be added aé any .poi nt . or points
'n the procBYRCETHORSFEHIE (il Rbvee BRDET SEMeRf SoremBI<d yHrtetiBbn r ubber
cement havi pglysefBAgr ifek lidhtiehl cBMARTBNG( Bt WELRlehipfoyista Eileenk Maéh amount of
rubber present, which is |less than the mass fraction of nononer(s) relative

to the total® eeRbaly1ies of apwdrothaseeibon Al AersrAmels | arrgducerdm whi ch
the rubber ggRBBincdRS WYRELUEESh J-RRAP]ThHE anpéap;nepfslﬁlﬂryugm%mﬁg ds to be

renoved fromthe systemin order to prepare an _essentially honpgeneous
rubber 2&neRydicdlugiacareniipent, speretrd tho dppittvidnnest toths wp@vet &ioBdn- r ubber

slurry (i. ethé@ﬁﬁbiﬁé@%&ﬂyﬁ{&? sRfrry2fhd ﬁ%r@&ﬂﬁ&??&l@&ﬂ'&i&?ﬁggﬂ%ﬂ% dilengli | uent),

the desired hydrocarbon-rubber “cenent concentration (i.e. nmass fraction of
hydr ocar boncembiieing goydrefludracarhen i/ pireserdy frospmspsrod i } daludntt Which is
conposition i { i t ent phase
behav; or of CETRTRNar ot B8 B AR ARG bR 1 R A e Pon
in the cenentgiviterowaht of atlhelraiarbmnsolvent2 apolyme shaty sofiprisingna | y nor e

than | Szé‘ec%g&%%&o%apo%%d&g%& hr%to?es 3 hd %hl%xé/nth\gﬁpgger}le?ouﬁe r}}é%l[o%&won' rubber
cement refer 0 renovi ng 11T Uen I n anpunts necessary 10 optaln a cenent
conposi t i onptdiake | & whdehtinlly Fgmqmeateusabhbben dehient,1894compaedpreftbe abl y
within 5% of the osition that defines the boundary.curve at.'a given
t enper at ur e,amém& egﬁﬂ%nﬁ ﬁ‘é‘iﬂ‘red toabe removeg under identica conmons wherein

the diluent consists essentially of methyl chloride. Upon removal of diluent to

produce the essentially homogeneous rubber cement, unreacted monomer(s)

30 and other volatile impurities are also removed. Accordingly, it has been

discovered that by appropriate selection of a hydrofluorocarbon diluent, either

alone, or in combination with methyl chloride and/or other diluents, an

essentially homogeneous rubber cement may be produced which comprises

less monomer(s) and other impurities relative to the amount of hydrocarbon

35  rubber present, than would result from a cement produced under the same



30conposition, and a given desired hydrocarbon-rubber cenent concentration
in the phase diagram [0046] Exanpl es of conpositional phase di agrans of
butyl rublerwoesmobsszane- based cenents with hydrof | uor ocarbons2ere1gisven in
Figure | along with the phase di agram of the conparative nethyl chloride
system - 19 - 5Selection of the Hvdrofl uorocarbon D | uent

[ 0047] Hydr of | uor ocarbon diluents of the present disclosure conprise at

| east one carbon atom at |east one hydrogen atom and at | east one
fluorine atom in a preferred enbodi nent, e hydrof | uorocarbon dil uent
consi sts essentially of carbon, hydrogen,” and fluorine. In a nore preferred
10 enbodi nent, the hydrofluorocarbon diluent is a saturated conpound
conS|st|ng essentlally of hydrogen, carbon and fluorine. Hydrofl uorocarbon
di | uents rrafqnﬁmoaaénathéoa}%?w&t PotheohydrpBrerocedon dikisah (i8-| uadarstheand nay

be used al ongmeOkohdlti&ARIshRt O h filvdislle, d the
like. [0048]P?§ferab?§ thgﬂﬁ§grg¥%ﬁgrgggggng Jlgdgiﬁ p 8§ﬁ8§§§g#%95c an d S

101 kPa-a (1lb@n3)of pressure and has a hi gher vapour pressure (i

| ower boili in h I rbo olvent utilized to duce the
essenti al | yr\%o%geneous hrl)y%r %‘E‘%gé’g&‘?u%b S Cetrent pr(?dr%'cg %‘? e?sé?’ﬁ@g

enbodi nent , hdnmgwdcmmf mmombcrrbmbbdr tereerit coamppises g Aegiydrcdhtaitngaar bon
represeq%ed I%qe &prnu 2¥5 wherei n X i S agllntege£ froml to 10,
al ternativelX ¥ B’ "Eyocopf'ar’@nga EAPSETR0BIYObero f Jilpeptgind, ungsasied; v el y
from1lto 7 maxhdrﬁénogt wmlaymfdmrmsodmﬁent AdrideeARivingehy dfiteiid at@uiis
alternativebxﬁfro altgrnatlvely fromlto 3, wth 2 being nost

preferred s SH q‘eerﬁ]s}t rInorean ap jiy BEcepsaRkt o Praduge piher esssamiallthodi nent

the hydrof | ugmesehbows dinghe Rufio gﬁ:iées E?dr@&arb@@?&bﬂe%eﬁ%rnp QhhAtiaNge and at
| east two fluorine atons. 25[0049]1llustrative exanpl es of suitable

hydr of | uor oda?%ofﬁacarorlu%rrﬂgnqrﬂeﬁ)de the hytresrrbpeniebbedictingols batadhemie
t r i f1 uorgnetganeambliorsget, %@arbgm 1'ubﬂ:'rf bre@@ﬁtoqlt: hfh@e ’hi'& Zo%ar%'otll P%Oet hane; 1

,litrifl uoroethane ; 1, trifluoroethane ; tetra roet hane
1,2, 2- tf@me&HlSu'@ﬁfoéha@aH@ n@sqf@ctzorznf pemmrxd:r(ﬁarmetmalm}rocarbon-

1
1,1, 1-trifl %ngrﬁwebas;d btk Hdtht drhoHR" ?%8%%%01131-11%@ present in the

hydrocarbon-rubber slurry.
[0043] In another embodiment, a process to produce an essentially
20 homogeneous hydrocarbon-rubber cement comprises the steps of contacting a
polymer slurry comprising a hydrocarbon-rubber, a diluent which is
essentially free of a hydrofluorocarbon diluent, and a first mass fraction of
unreacted monomer(s) based on the total amount of hydrocarbon rubber
“present in the polymer slurry, with a hydrofluorocarbon diluent and with a
25  hydrocarbon solvent; and removing the diluent and the hydreﬂuorocarbon
diluent in amounts not sufficiently more than is necessary to produce the
essentially homogeneous'hydrocarbon-rubber cement having a lower mass
fraction of unreactcd monomer(s) based on the total amount of hydrocarbon
rubber present in the essentially homogeneous hydrocarbon rubber cement
30 than present in the initial polymer slurry In an embodiment, at least a portion -
of the hydrofluorocarbon diluent may be added prior to addition of the
hydrocarbon solvent to the polymer slurry, after addition of the hydrocarbon
solvent to the polymer slurry, or simultaneous with the addition of the
hydrocarbon solvent to the polymer slurry. The hydrofluorocarbon diluent

35 and/or the hydrocarbon solvent may also be added stepwise and/or
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| fl uoropropane;, 2-tri fluoropropane;1,2,3-trifluoropropane;1,1,1,2-
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[0044] Accordingly, in an embodiment, the diluent may comprise only
a portion of the total amount of hydrofluorocarbon diluent required to produce
10 the essentially homogeneous rubber cement, and an additional amount of the
hydrofluorocarbon diluent may be added at any point or points in the process
consistent with the desired outcome of a hydrocarbon rubber cement having a
mass fraction of monomer(s) relative to the total amount of rubber present,
which is less than the mass fraction of monomer(s) relative to the total amount
15  of rubber present in the polymer slurry, from which the rubber cement was
produced.
[0045] The amount of diluent that is to be removed from the system in
order to prepare an essentially homogeneous rubber cement is determined
from the composition of the hydrocarbon-rubber slurry (i.e. mass fractions of
20 ,.the hydrocarbon-rubber and the diluent), the desired hydrocarbon-rubber
cement concentration (i.e. mass fraction of hydrocarbon-rubber polymer in the
hydrocarbon solvent) and the compc\)sitional phase diagram which describes
the temperature-dependent phase behavior of the hydrocarbon-rubber as a
function of diluent mass fraction in the cement. Removal of the diluent in
25  amounts not sufficiently more than is necessary to produce the essentially
homogeneous hydrocarbon-rubber cement refers to removing diluent in
amounts necessary to obtain a cement composition that is within =15%,
preferably within £10%, more preferably within £5%, of the composition that
defines the boundary curve at a given temperature, a given diluent
30  composition, and a given desired hydrocarbon-rubber cement concentration in
the phase diagram. |
[0046] Examples of compositional phase diagrams of butyl rubber in
hexane-based cements with hydrofluorocarbons are given in Figure 1 along

with the phase diagram of the comparative methyl chloride system.



2,2,3-trifluorobutane;1,1,1,2- 1 ,1,1,4-tetrafl uorobutane; 1,1,2,2- 1
1,2,4-tetrafl uorobutane; 1,1,3,3-. 1,1,4,4-tetrafluorobutane; 1,2,2,3- 1
2, 3, 3-t ewoabéswoeszbut ane; 1, 2,3,4- tetrafluorobutane; PCT/US2007/011041
,3,3-tetrafl uorobutane; 1 ,1,1, 2, 2- pent af | uor obut ane; 15

, 1,2, 3-pentafl uorobutane; 1,1 ,1, 2, 4-pentafluorobutane; 1 ,1,1,3,3- pen
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obutane; 1, 1,2,2,3-pentafl uorobutane; 1, 1 ,2,2,4-pentafl uorobu

e; 1,1,2,3, 3- pentafluorobutane 1,1 ,2,4,4- pentafl uor obutane; 1,1
, 3, 4- pentafluorob mane; 1 ,2,2,3, 3- pen ta ] uor obut ane; 1

2,3,4-pentafl uorobutane; 1,1,1,2,2,3- 20hexaf!l uorobut ane;

, 1,2
, 2,3
2,2
1,1
t af
uor
tun

a
0
u
3
2

1,1,1, 2, -xafluo obuytane; 1,1,1 ,2 3, 3- hexaf | uor obut ane,
1,1,1, 2, 3 4- on, Q1 g by drod “0" 'b ' “ Chexaf | uor obut ane; 1,1, 1, 3, 3, 4-
hexaf

oro ppesane; 1, Hyd%ﬂ@r&aﬂb&?&ﬂ‘&én‘t@BPm&tﬁ'@%t %hsl:lo%ure comprise

| u
4- hexaf orobutane 1,1, 2, 3,/3- hexaf | uor obut ane; 1,

3, 4- hex%tflﬁ%r)ae ﬁﬁnbahétonl, at lea@t onel hydrogerx atom, @Dﬂ@blﬁtaatr@e fluorine
3, 3,

4- f a
515 GO MOROREIRAR: erbdgitnefe oy BSGRRLURIARh Mifac: consists
2, 4, %§ﬂﬂhéwtaﬁlweﬂmbuthﬂbpghepMaﬂldhmuhatdmezah@pnafmnﬁnﬁhutane
g{ ogbg%{gg(?dm}%ﬁt O?ﬁeaf ﬂﬁ}h%ﬁn?é‘rtp‘é‘é‘%gnOﬁ‘}]ﬁ%'n”‘?%oguﬁgwe%? 8@%@3@‘;2“ ane,
4, @mmtragle?fmmbny gﬁehydloéefllc.aﬁao& Andfl;flllileﬂhaf Hgl&;dlfmuhﬂ:gﬂ?[on
3,4,4 t , 1, , 2, 2,4, af | uor obut ane:

3, drugnis ek dpelhis 8 uﬁ?FQHEaUOP, §f ﬁﬁrpﬁ}lﬂoa%f#enzf ilyepisy P MRane: 1

, 1,1, 2,3, 3 4be used alone, or in combination with other diluents, solvents, and the like.

exa
4, 4,
, 2, 2,
.1, 2,
251,22
1,1,1, 2,
octaflu
met hyl
1,1,2,3 ,
1,1,1,2,2
11122

[0048] Preferably the hydrofluorocarbon diluent is a gas at 25°C and

15 101 kPa-a (1 atm) of pressure, and has a higher vapour pressure (i.e., a lower
boiling point) than the hydrocarbon solvent utilized to produce the essentially
homogeneous hydrocarbon rubber cement. In a preferred embodiment, the
hydrofluorocarbon diluent comprises a hydrofluorocarbon represented by the
formula: CH,F, wherein x is an integer from 1 to 10, alternatively from 1 to

20 9, alternatively from 1 to 8, alternatively from 1 to 7, alternatively from 1 to 6,
alternatively from 1 to 5, alternatively from 1 to 4, alternatively from 1 to 3,
with 2 being most preferred; y is at least 1; and z is at least 1. In a preferred
embodim.ent, the hydrofluorocarbon diluent comprises at least two carbon
atoms, and at least two fluorine atoms.

25 [0049] [Hustrative examples of suitable hydrofluorocarbon diluents:
include fluoromethane; difluoromethane; trifluoromethane; fluoroethane; 1,1-
difluoroethane; 1,2-difluoroethane; 1,1, 1-trifluoroethane; 1,1,2-
trifluoroethane; 1,1,1,2-tetraﬂuoroethane; 1,1,2,2-tetrafluoroethane; 1,1,1,2,2- °
pentafluoroethane; 1,1,1-triﬂuor6propane; 1,1,2-trifluoropropane; 1,1,3-

30. trifluoropropane; 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-
tetrafluoropropane; 1,1,1,2,2-pentafluoropropane; 1,1,1,2,3-
pentafluoropropane; 1,1,1,3,3-pentafluoropropane; 1,1,2,2,3-

35  pentafluoropropane; 1,1,2,3,3-pentafluoropropane; 1,1,1,2,2,3-



- 1,11,2,2,3,3,4- ,1,1,2,3,3,4,4- 1,1 ,1,2,3 ,4,4,4- 1,1
2o a e a1 T attri £ voro- 2 WD 2008) 002352PCT/ US2007/ 011041 - 21
i 5i 1, 1,8et2eisrmbiswor o- 2- (f | uor onet hyppr opane; 1, 1, 2-tr ipClruse@eopeioabut ane;
1,1,3- trill uorocyclobutane; tetrafluoroc ycl butane; .
pent af | uor ocycl obut ane; hexaf | uorocycl obutane; 1,2,3 -trifluorocycl obutane;
1,1,3,3-tetrafl uorocycl obutane; 1,1, 2,3, 3-pent afl uorocycl obut ane;
1,1,2,2,3,4 -hexafl uorocycl obut ane; ohexaf | uorocycl obut ane; _
1,1,2,2,3,3,4-hept af | uorocycl obut ane; and_ 4§ xtures thereof Particularly
preferred hydr of | uorocarbon diluents include 1,1,2- tri fl uoroethane, and
1,1,1,2-tetrafl uorbethane with 1,1,1 ,2-tetrafl u;)roetpane bter ngt 4
ul arl ferred. 0050 I S tive exanpl es of unsaturat e
ﬁ%? IofCI ugr o>c/aer) iy Orgpfoﬁgﬂ% ] }lﬁgl %ég g1\‘?‘ flyoropranageyr oet hehd;1,3,3,3-
1,1,2-trifl umxeﬁnmper@ana, 1 31 L1029 3 goy e@Mf&B%}ﬁa%almz 3- t{hfllyg)r,qpropene
1,3,3 -trifluor ro ene; 3- trrfluoropropene - trrdeoropropene
U1 oot f1Eaprd Hsareaéﬁe !L=1=11-§1 YOFQHULASSE o- liﬂutréhfromltarml, 4blt1p|r-]re | wo__
| - but ene; iflu 1,2 t ro-1- en -
{?. fPuoro 1mﬂll)1§{%rlrleén%1, 3 ngtdrnrﬁfﬁ%cgirﬁganf but 1ege2 lrﬂflufl?,(glbch[tarnefI uor’6=T - but ene;
2 3 3- trifluorobutane; 1,3,3-trifluorobutane; 2,2 3-trifluorobutane; 1,1,1,2-

10  tetrafluorobutane; 1,1,1,3-tetrafluorobutane; 1,1,1,4-tetrafluorobutane; 1,1,2,2-
tetraﬁuorobulane; 1,1,2,3-tetrafluorobutane; 1,1,2,4-tetrafluorobutane; 1,1,3,3-
tetrafluorobutane; 1,1,3,4-tetrafluorobutane; 1,1,4,4-tetrafluorobutane; 1,2,2,3-
tetrafluorobutane; 1,2,2,4-tetrafluorobutane; 1,2,3,3-tetrafluorobutane; 1,2,3,4-
tetrafluorobutane; 2,2,3,3-tetrafluorobutane;  1,1,1 ,2,2-pentafluorobutane;

15 1,1,1,2,3-pentafluorobutane; 1,1,1,2,4-pentafluorobutane; 1,1,1,3,3-
pentafluorobutane; 1,1,1,3,4-pentafl uorobutane; 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-pentafluorobutane;
1,2,2,3,3-pentafluorobutane; 1,2,2,3,4-pentafluorobutane; 1,1,1,2,2,3-

20 hexafluorobutane; 1,1,1,2,2,4-hexafl uorobutane; 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-hexafl uorobutane; 1,1 ,2,3,4,4-hexaﬂuorqbutane;

25 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-octafl uorobutane; 1,1,1,2,3,3,4,4-
30  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; 1,1,1-trifluoro-2-methylpropane; 1,1,3-trifluoro-2-

methylpropane; 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-

253 %2

35  pentafluoro-2-methylpropane; 1,1,3,3-tetrafluoro-2-(f1 uoromethyl)propane;



20 trifluoro-Il-butene; 2,3 ,4-trifluoro-|l-butene; 2 ,4,4-trifluoro-1
-butene; 3,3,4- trifluoro-1 -butene; 3,4,4-trifluoro-1 -butene; 4,4, 4-tri
f1 uoro- Iwehudsaness21, 1, 2, 3- tetrafl uoro-1 -butene; PCT/US2007/011041
1,1,2,4-tetrafluoro-1-butene; 1 3,3 ,3-tetrafluoro-1 - butene; 1,1
,3,4-tetrafluoro-1-butene; 1,1,4,4-tetrafluoro- 1 -butene; 1,2, 3, 3-
tetratluoro-1 -butene; 1,2,3,4-tetrafluoro-1-butene; 1, 2,4, 4-tetrafl uoro-1-
25butene; 1,3 ,3,4-tetrafl uoro-1 -butene; 1,3,4,4-tetrafluoro-1 -butene; 1
,4,4,4- tetrafl uoro-1 -butene; 2,3,3 ,4-tgtrafluoro-I-butene;
2,3,4,4-tetrafl uoro-1butene; 2,4,4,4-tetrafluoro-1-butene; 3
,3,4,4-tetrafluoro-1 -butene; 3 ,4,4 ,4- tetrafl uoro-1 -butene;

1123§pqn fal by uoro-1 - butene; |

. 1,2, 4, 4~ pent g? 1 u‘g%ﬂ\‘&&%é %T%Tygp‘a‘m&“%ehfgr @&PB’CF@BH@H% Llge 1, 1,3

, 4, 4- pent af Itifporotydabetaes; 1 | 1, 4, 424}-ﬁmuoa$dy¢mtdn-ebutene 11 4%2% 3, 4-

pent af |l uoro J 4 4 pent af | uoro- 1- but ene; 1, 4, 4- pent af |
uoro-1 - butteet%aeﬂd%g&% cgdbﬁl%dﬁ’epent af I-lrdrsterrafueroguclobutgne; 4. 4, 41{ie§ht2éfl

uor o- I-buterpentaﬂuaro,céclébétaﬁent afil HO5.- aﬁmnra?saydob]m%e&?* fahexafl uoro- |
-butene; 1 ,1,2 3,4, 4- hexafl oro- ut ene; it

1.1.2. 4 4, 455580 qrotcloquing: ene1= 2.3 4-lmxafluptheycdsbuiare- 3512, hagene:

2, 3, 4,14, A Heexaddro@fothtarRUt 182 3334 4 fl uoro -butene; - 72 -
1,1,2,3,3,4,4- hep%%fl uor o- - buieneJ he?pta udﬁﬁ}nﬁ Tt Af rrB“‘iurﬁﬁtene

1, 3, 3, 4, 4 DerAehyt Batigwiady 1 pisfiereert: hyﬁr@ﬂ@re«mbm 4d14daﬁrst aﬁéluarr ot i 2but ene;
1, 1- f 1 2-b
; tri t;hﬂ@cﬁr%et%aﬁé’t QIIIH: T N 1‘2%5%%&{161%&%%&60 Wléh U# f,? %[&:}r&%’lggr@ﬁi}jéﬁ%,
2,

oro-2-butene; 1,1, 4- trifldoro- ene:;
4-trifl B6Pe-rArtawenheprefertedl 2- tetrafl uor o- 2- butene: 1, |

13tetraf| 2- but t etrafl uor o-

1 1,2, 3- tetraf I(ﬁoro 2- I@Bt?t(raaﬁéve]eiéq\p? Sffugf?tﬁ?alt%&@r?ﬁmﬁ’%ﬁéo“ @126”35 4-
L1731 Sttt ot e
1,1, p u u u
1,1,1, 4 b ;‘ ‘H&‘{rgpﬁmﬁ ?jﬂl“
1 1 2,

1,
5
1,
1,
u
1,

, 4- pehtaf I uor o- Oéo%roﬂer}?en%aﬁl' WIWanéne’,J 3-
4 4- péfladtbpOperd- biyt enaﬂu&mll-:bu?e,né 44 1@1&?&&&%%&@“ oney 1.1.1
, 2, exa{rj KoL -2 btute g 3,4, 4- hexafl uoro - 15 2-bu t €ne;:
1, 1, ,4, hexar 1 uor'se2- cﬁ%ﬁré “‘1“’11 -bligne; 4 142 frasiBporoubbutegebut e
1,1,1,2 3, 4;rmmm1a$mtum01zh@ﬂmo Lodtere; 214, 4th}ﬂ{;grgt f[,lllttéogo 23 but ene; and
mxturegotheb‘? 3 d includi n(g m xtures conpfi’sing at “8ast®orfe’ 8t t he
saturat&d hydrsrti YEIF bér- i ieqro st -betses:i Beti4atfvero-1-60613: Tie3,di | uent may
al so conpri a&flwor®!1ehdesd A l4SkifGoR e bov
hydr of | uor ocar gon diluents in combi ﬁaﬂt?llrieon%‘)vﬁn’ ,ﬁ%gﬂaoro pﬁﬁfge’sgt}s%’i"t uted or
unsubst i t ut BFaRPRInEbLteapk endsl. 2. 4HRiyafdenrodrbiteng mbi hatd, bretidianeei, each
conprising bueme:;l t0310i6ank Py gfe 5 carbon atonms, with
1to 3 car boLrll at ons SEI ng rm%{& gtrbg eF’r egﬁ 1{)8???{]1”8’( bé‘FﬂS’Gdl nt>?” t he
di | uent nayt@HpeIcskbateBEend VA, 3.4- tet@ﬁlmbhylbutediﬂ or i He ahesiRinoglich bl ends
conpri ses Shhend0 m%mgrg h t o the total anount of
di | uent presengt1 inthe m xityﬂdcrng) 18 H er nate ?/,,é} f?ﬁ‘ ?ewbgteé’ﬁd 84t
al ternati ve‘leffaﬂe‘t)melehufﬁnand 20. 3 YetraflorsNatiuityied;y  bESWerRtafand-60 W %
alternatlvell)M t % alternativel bet ween 5 and 40 W %
al ternativel ye%gt zﬁﬁ At egrﬁlg %8 I\V\/\%H o | téf%‘{ﬁ‘}@ orpl hutepeendg.-btd 20 wt %
and al t er nateirgBhgroblebwsee; 5, 1@2161 S3ifknedfPeord-00hRdde) RNOLNEY, eetrgﬁgg,lonF t he
pol ymer sl ug .y eof tpe j_ogigsen di sc 31 sure is pr ef er abfy essentially free of
methyl chloride, wher&rf & WHEY whi- &R 3.4 peaigBpetoal-bytepeee of
met hyl 3hl ohi 3ed, 41fpedeﬂmae;dl-®&teaepolymr4 AbeftaAu6RIRbLELEY |e88lhan 1 wt %

met hyl chl orj
y pengzﬁluoro 1-butene; 1,2,3,4,4-pentafluoro-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-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-
35 1l-butene; 1,2,3,4,4,4-hexafluoro-1-butene; 2,3,3,4,4,4-hexafluoro-1-butene;



WO 2008/ 002352PCT/ US2007/ 011041 - 23 - 5[ 0054] I n anot her enbCQdi nent the
hydr of | uor ocarbon diluents are used in conbination with one or nore dil uent
gases i novodbesgpoeaebon di oxi de, nitrogen, hydrogen, argegy/usean/joitvel i um
krypton, xenon, and/or other inert gases. Preferred gases include carbon
di oxi de and/or nitrogen. [0055i The hydrofl uorocarbon diluent may be present
in the polynmer 10 slurry at greater than 2 ww% up to 100 wt % based upon
the total weight of the diluent present in the hydrocarbon-rubber pol yner
slurry. Wthin this range, the dil uent pr_e#e_rably conprises at least 5 w%
preferably at least 10 wt% preferably at lTeast 15 w% preferably at |east
20 Wt % preferably at least 25 w% preferably at |least 30 wt% preferably

at | east 35 %~ pr.efer at least (5 40 w9% preferably at |east 45
W% prefera ’é’ga€4ﬁé%eﬁ%r%b°}8”t?ﬂeef er abl {1 &3-t&dshentaflugrosl -byteresr apl y at
| east 60 wt 9%,181364 epaldpyafhiord-@asite®d W %3 puef Bémbivoratl-baast 7.9 1M %
preferably att. Ieas£ 75 W % ér eferably at least 80 w % preférably at |east
85 wt % prefB4BI% -&ytqneasil O‘TWP%O‘%"-’FFP“& |.éastrifggrargdpumsienglidre
preferred. ldifoRehataed 1emhadhimioly bhbg.:NydLoLlMRroSARGR; 20fhLuent 1
sel ected fromthe group consisting of 1,1-diffuoroethane, 1;1}1-’
trifluoroet Hgk&luoro-2-hutong; et r bhil} lubtaseatnaree2-bateheni xtluk, b4-tetafend-2-[ 0056] The
formati op ofpAdheeSSaN bakd¥aRREBISNERYS 1hydQ on rubber cenent may be
af fected by theeterrpér'éturre and pr e%%re]’% ’ﬁ%@@% rﬁn%gng Gr r'y; >t he

conbi ned poltyeiwirar-hutaned t.hd . hyceorduban dotenentl, i 2i4pentafurdo-225 t he

| i ke. Accordi y, t ¥ ga] to produce an.e ntially ho eneous
hydr ocar bonderHu%%’er CQ?T’EIh‘%’gﬁ’g@ép%’iqﬁ%gu?%’ngi Hgﬁf’ﬁe‘lf’ AP dr e/ or
pressure of I hé.3cbppunatines-1-bu@ngar 1,1 QW apeifafasss2 SukRe; | 0 1am gmbodi nent ,

Rl fand )

temer at ur e BRAE RSP ses L § AR e Gpisaf o bdr bof hraBHeie-t ne
hydr ocarison Xbltesat , 1,&09&4,&-&%@&16&6@-&&&&36rl@%@,S‘#%@ﬁﬁLﬁ?&Zﬁ&l&&@t S
Compr | 56 any hyor JGATBBIR TR THARISS Th Ghars BOT PR AT Rroudman Ehe
di luent (s) enxhayedheRsefAtaticldisd o RERARIROLY QBst CAIIPLESRS @ Ca-C O
saturated hydrofluorocarbon diluents described above.
[0051] The diluent may also comprise a blend comprising one or more
20  of the above hydrofluorocarbon diluents in combination with one or more
substituted or unsubstituted alkanes, alkenes, alkynes, or a combination
thereof, each comprising from 1 to 10 carbon atoms, preferably 1 to 5 carbon
atoms, with 1 to 3 carbon atoms being most preferred.
[0052] ~ In an embodiment, the diluent may comprise a blend with
25  methyl chloride wherein such blends comprises 5 to 90 wt% methyl chloride
relative to the total amount of diluent present in the mixture, alternatively
between 5 and 80 wt%, alternatively between 5 and 70 wt%, alternatively
between 5 and 60 wt%, alternatively between 5 and 50 wt%, alternatively
between 5 and 40 wit%, alternatively between 5 and 30 wi%, alternatively
30  between 5 and 20 wt%, and alternatively between 5 and 10 wt%.
[0053] In another embodiment, the polymer slurry of the present
disclosure is preferably essentially free of methyl chloride, wherein a polymer
slurry which is essentially free of methyl chloride is defined as a polymer

slurry comprising less'than 1 wt% methyl chloride.



35hydr ocarbon, or a m xture of hydrocarbons. Mre preferably, the

hydr ocarbon WD 2008/ 002352PCT/ US2007/ 011041 - 24 - 5sol vent conprises a C5
to C7 al kwoeoosipelsecar bon sol vents useful herein are pretensbioyosmhect ed
such that the intended anmount of hydrocarbon rubber present in the

hydr ocar bon-rubber slurry is soluble in the anmobunt of solvent added to the
polymer slurry at the tenperatures at which the polyner slurry is contacted
with the solvent. Illustrative non-linmting exanples of suitable 10

hydr ocar bon sol vents include linear, branched or cyclic C4.C10

hydr ocar bons, preferably C5 -C8 hydrocarbons. Specific exanples of suitable
hydrocarbon sol vents include, but are not linmted to, butane, cyclobutane,

i sobut ane, t ane, t hycycl gpent ane, i sohexane,
2- net hyl pen? g%ie] neﬁﬁﬂog}gcﬁg éﬁo&%iﬁe%@? 64’%8@5%8‘:%%0? diperis AiF Usgdane, 2, 3-
15di met hyl bunamnblaatm h»ytrhenarce marerrenhgdth@sammclﬁdlﬁgmdrls)&ﬂhm%de 2, 2-

di net hyl pcnt 2.3 d| nmet h ent an 2, 4- di net hyl pentanc, 3, 3-
di net hyl pentngﬁg h|¥ef géo né‘eorB i kieaReXeons agfliostanlyer Hasdne,

2,24, - tri W%ﬂb@d ﬁmféxaﬂﬁgaslé@irﬁmﬁie &ﬂﬁn&ﬁ@xldgﬁﬂ%ﬁnltn%%%ﬁ”e dodecane,
undecane ég%ﬂl met hyJHéé/gopent ane, 2- di net hyl cycl"opent ane,
1, 3-di net hyI[ opent a yq‘{?ﬂ@t’ﬁ?f‘ élcbb@nt mnag becgt@ﬁ@iﬂemahtepolymer

met hyl cyiol ohltxaner groaszeas » W%U@ﬂ‘% 109 ventE%Lrtﬁ’of‘ﬂﬁé ?Ot elgﬁi%ﬁ},ﬁt a- xyl ene,

and conbi nat ons thereaof . A preferred s Benzene
type hexaneJCBE’Bt PrERe d} th%\hwéwcﬁré?oa-rpb@frmﬁdelgsladg Wntlhexlanaeaﬁgw consi sts

essential ly tpd dgugﬂtgrgfega@% Cgﬁlptrégsngtr %gsandqg(l/oy %thg(% &, lF‘l‘?étrrg(g(3}/‘%/pent ane,

3- et hyl pent ane, opent ane, cyei® bal ance
of these is®ReFED i)ha ewhle&amé veafq:reblyobepjemangvm m{a&rﬁmw& aekuDer .

Di | uent Remaysl, ord@OBRLLNCAR 38749 kP g an
essentially horbgeneous h§ rocar /Sr??gfn agg’rggg%éﬁg ?rﬂﬂ‘?%@? Y@ of the
di | uent 1530 4Prwi lehﬁera,ddyyamassnﬁum%, tpﬁefbfaeliustelem wntb@férmmﬁvgeneous
hydr ocar bonlgagf) eent ¢ ragl t«[? tv% of the diluent may al so include
removal of AET] east e prfERYoft S ley‘ﬁ({“arEfSFFr%IﬂVV%tnﬂeaSPéﬁb%%a of the
di luent is pr@?f@bafbhtyleeﬁtfmcwen preaerdbl_s;tath&@t nsnmwgrl%?erramy BXROSEHY the
conbi ned polv%%s %tjer b&é a% tui? Nt mxture to a reduced pressure (e.g.,
via removal > dAdet 5Pt E8Y e Vad PETETBY Yl Fash §0aviPacwitmabieasth@S ni xt ur e)
and/ or by app¥d batg @iorefpreferred. In a preferred embodiment, the hydrofluorocarbon
20  diluent is selected from the group consisting of 1,1-difluoroethane, 1,1,1-
trifluoroethane, 1,1,1 .2-tetrafluoroethane, and mixtures thereof.
[0056] The formation of an essentially homogeneous hydrocarbon
rubber cement may be affected by the temperature and pressure of the polymer
slurry, the combmed ‘polymer slurry and the hydrocarbon solvent mixture, and
25 the like. Accordingly, the process to produce an essentially homogeneous
hydrocarbon rubber cement may include changing the temperature and/or
pressure of the components in a particular process step. In an embodiment, the
instant process may further comprises raising or lowering of the temperature

of the polymer slurry, the hydrofluorocarbon diluent, the hydrocarbon solvent,

30 .or acombination thereof.

Hydrocarbon Solvents

[0057] The hydrocarbon solvent of the process disclosed herein may
comprise any hydrocarbon which has a higher boiling point than the dituent(s)
employed. Preferably, the hydrocarbon solvent comprises a C4.Cyg

35 hydrocarbon, or a mixture of hydrocarbons. More preferably, the hydrocarbon



- 25 - 5heat to the system such that the diluent is separated fromthe

hydr ocar bon rubber to produce the rubber cenent based on the reduced vapor
pressur e wb 20é8m0e3skuent rel ati ve to the hydrocarbon rublper/mpa7ooioshe

hydr ocar bon sol vent. As di scussed above, the nononer(s) and other volatile
inpurities are also renoved fromthe rubber polymer along with the diluent.
10100591The rubber cenent of the present disclosure is thus purified
relative to a rubber-cenent produced in the sane way under the sane
conditions, but in the absence of a hydrafdquorocarbon diluent, in that the
mass fraction of the nononer(s) in the polyner slurry, based on the total
anount of hydrocarbon rubber present in the polynmer slurry, is |less than

t he masss15 Hhaat kb t.he. S) 4.n_the hydrocarbon rubber cenent,
based on the tpfal &gﬁg%eﬁtéqgf qﬁ%ﬁ%@%é‘ﬁ?%ﬁ’é’f‘ Srﬂl‘é?g%t’seir}‘hl htein Gpber
cenent. Accdreferply selectedbiimh theheht icendid bedunwidshidiecdrbist #Mbedi SCl osur e
may be char i Vi a.hass fracti of unreacted nononer(s) and
ot her i npur ﬁ%i&%@ fng gﬁ%g%aég%ﬁéuwwl(%% ‘SO%Q?L}%%%Imq AmPHE 9fugshemt cenent
that is | essdded thtm pohaneresems aatel ORpoanied 235hRA (ROPOYRIL §1Lngr19 ot her
impurities icranIaF rubber in the

he .pol roslurr el atjve to the hydrocafbon
pol ymer slurty {r%gmw\}%r@ﬁ Pﬂé’e?tﬁt}bé?tr@é’ﬁeﬂ?“mn@g cFametes 00G6ldblee anmount
of diluent thyatodathonsobeentseineuad Ifeam i iensy St E?I:liiélco_gqefx &BAbSRAT € an
i ned 25'¢ rom fhe conposition

essentially h%"%g)ﬁ/n ous, rubber cenent is deter

of the hydr SEEFESN. Fapberhydresarbons; Specifigexamplest obmstable hjidrocarbon

hydr ocar bon-sblkh&ringRde! Bt Sl HEN ik Lre dr.ocar.bqn-r ubber . cenent
concentration (i.e. mass fra(?ti on lo tehi}g? gg%b%ogyér?%% S dﬁﬂqﬂ‘/‘ﬁaé’lﬁ’ " t he

hydr ocar bon P§Biag&nt FYAPRFN4E, c dhposinei omedthysiyabeediaagr afsonbiagb, descri bes

t he tenper atwdiRyidenendent,& ayi t he dr.ocar hon-rubper as a 30
function of di lI@S(Jgnt Mass frﬁg@??rggﬁ%]nytnﬁ%h@[éﬂtgﬁ ?, Eéé‘i‘mfg}l‘ng‘l‘m‘f‘%ez’drl uent in'
amount s 'hot dénethybiugne] y 2roetbytheaand, s Sneethytiaxynd, 0 PedgiRanhbe £osentially

honogeneous dyahogRLAAR- r ubper..cenent refers .empvi ng diluent in anounts
JRANRL, | OPS R e Gt < R

necessary to obtarn a cene t hat @an 1% r enoved
from t he cordposthyipentanba?-noefyiinggatd)e-dipyinehany, 2L YRedlyRexdhd 804 -
.f 2 2

35t enper at ur e, | ase diagram - 26 - 5[0061] Exanples o
conposi ti Ongﬁm%ﬂxg@e@ﬁ?ﬁa@?éa ©> SFPKEy RonaRGheseans ‘llfél?ﬁ?f@a adecanechdnt s* with

hydr of | uor odémtlbmkympenginwam,Pmiﬁé@yrc@clbﬂgg%tgg?l \Aﬁ,:is.giﬁ%agy#go ?%élgd[nggr ?hmem;ra o

the conparat] thyl chloride system

fraction of, {}&Iflcé'rgﬁ% r ﬁtﬁe?’e%"{?&%m (athylRyqlohexpgelrksaaense toles erthoerent |

based on t heyleatalpa@ruéde, Otheta-xylene, and combinations thereof. A preferred
solvent includes Ultra Low Benzene type hexane (ULB hexane), which is a
preferred grade of hexane and consists essentially of a mixture of Cg isomers,
namely n-hexane, 2-methylpentane, 3-methylpentane, methylcyclopentane,

25 and cyclohexane. The exact balance of these isomers in ULB hexane varies

depending on the manufacturer.

Diluent Removal

|0058] In an embodiment, the process for preparing an essentiatly
homogeneous hydrocarbon rubber cement comprises removal of the diluent
30 from the polymer slurry to produce an essentially homogeneous hydrocarbon
rubber cement. This removal of the diluent may also include removal of at
least a portion of the hydrocarbon solvent. Removal of the diluent is
preferably effected via distillation, either by exposing the combined polymer
slurry and solvent mixture to a reduced pressure (e.g., via removal of added

35  pressure and/or by pulling a vacuum on the mixture) and/or by application of



to hydrocarbon rubber present in the cement, is 10 % preferably 20% nore
preferably 40 % |ess than the nmass fraction of unreacted nononer(s) in the
pol ynmer sworwgsookmsed on the total anpunt of hydrocar borcrusberoprogsent in
the polyner slurry. [0063]In anot her enbodi nent, the mass fraction of
unreacted 15 nononer (s) in hydrocarbon rubber cenent, based on the total
anount of hydrocarbon rubber present in the cenent, is |l ess than 90%
preferably | ess than 80% nore preferably | ess than 60% even nore
preferably |l ess than 40% and nost preferaply | ess than 20% of the mass
fraction of unreacted nononer(s) in the polynmer slurry, based on the total
anount of hydrocarbon 20rubber present in the polynmer slurry. [0064]1n a

preferred e i ment, the hydrocarb rubber cement is essentially free
from unrseacg%gqﬁoqﬁ&?g?t(eg‘) ,Su%‘eﬁ’iaﬁgbe ﬁg'r‘eé#rfs 5§p%{ﬂt@§n€’%ﬁc¥"8§‘y NONEr (S) mass
fraction of niwsstd PadueE tleOkdbeit Gerddi Hasél B4 thAsRutEROipdpredsGR6E] | N an
enbodi nent, the recovered hydhofluorocarbon diluent, 25 solveqt,

mononrer ( s) , herdlueRkralatiie todhe Rydrogarbpr gpbhes ang to Hhs RO ry or

after subseguembcR¥d hb&AL RO mERMAE) BHSAHe 0V ol8RY GhftiRAC4e tascAn
appropriate step of the process or in an appropriate step in producing the

hydr ocar bonrgmgtsdrirgrs thaerbbeq prlygper Aleas mdibrige ¢iluert. | east a portion of the
hydr of | ybro n dil t r r; ecycl ed
y e gg{)slg? MG b8P YE e bt MI’%ehgreQQ{ty&@élosﬂré' i ¥ B YuDEed eCy

30 back to duce at least a portion of another polymer slurry. At |east a
portion of rdetivey de oxarbomi-csolont mroduasdvind the samehwapolndesrthg| Ay may be

recycl ed bagk, §igoRr adHGeaAIBLIRE ROINARINBI U Yon AlludiaRina ROFLLON Of the
nononer (s) renove romtt e polymer urry nmay be recycl ed back to produce
addi ti onal [fisadtiocaf hemontdma(s) in the polymebstNRUSHER Ah tidRItdIGATIVABNSE (00661 The

process described.herein my be us in.the nuf act.ure..of Rpal s useful
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rubber conpositions fro he rubber hydrocarbop-rubber tg cenents produced
accordi ng téo?Leamﬂ%taﬁ? Mt@éé Q8. rﬁ*ﬁ}éerl ShFEBYr e ‘3? |5‘é€thgéa6?rpf"fty to gases
that rubber ARsrAeAQURLELBRIcchdt lcangasht WwaBSthofinithasdsqosyeris, baamel y
inner rubes and tire innerliners. These sane properties are .al sq of

i nport ance icha@rterigedt AF dAYINEph BRTRdTActien of Apscactsdr meaPPELs) ant eI at or

bags, and phﬁ?ﬂﬁﬁ@?élzﬁ@e t6 1S Hy @D carbBR rittRE MkhShBdBE! édn¥erRithdihe1eb® pol yners
of the present disclosure make themideal for rubber tire-curing bladders,

hi gh t eRper dpar resmasy Factiyses ungeaered aneasyest (D andsother inppyritipgtiarthel
handling. TheinAlYIRES rab§fe &XHDdrdlaBtbrIRIBLN G MRDIMAKE: HRigYRIy broad
danpi ng andrbgh?g%%{ absf%rrpti on rar?ge}Isdri r?g{)both t enper a?pure and fgequency. They
are useful iwhipgbihgadbbarssmenpwans proguegedi nd wi de applications in 20

aut onobi | e 058 nsi on W&@htcoggﬁ@ﬁtﬁm&o RBNAGEVed AOH mgysééemqm&

100671The r cenments pro e I nstant process nay _
order to prepare an essentially homogeneous rubber cement is determined

25  from the composition of the hydrocarbon-rubber slurry (i.e. mass fractions of
the hydrocarbon-rubber and the diluent), the desired hydrocarbon-rubber
cement concentration (i.e. mass fraction of hydrocarbon-rubber polymer in the
hydrocarbon solvent) and the compositional phase diagram which describes
the temperature-dependent phase behavior of the hydrocarbon-rubber as a

30  function of diluent mass fraction in the cement. Removal of the diluent in
amounts not sufficiently more than is necessary to produce the essentially
homogeneous hydrocarbon-rubber cement refers to removing diluent in
amounts necessary to obtain a cement composition that is no more than 10%
removed from the composition that defines the boundary curve at a given

35  temperature in the phase diagram.



used to produce polyners useful in tire sidewalls and tread conpounds. In
sidewal I s, the polynmer characteristics inpart good ozone resistance, crack
cut gr owmwo 2aesthoagzpear ance. The pol yners of the instant pprasessesionny al so
be 25 bl ended, Properly fornul ated bl ends with high diene rubbers that

exhi bit phase co-continuity yield excellent sidewalls. Inprovenents in wet,
snow, and ice skid resistances and in dry traction w thout conprom ses in
abrasion resistance and rolling resistance for high performance tires can
be accomplished by using the polynmers proggced according to the instant
30di scl osure. 10068) Bl ends of the rubber polyners with thernoplastic resins
may al so be used for toughening of these conpound& Hi gh- density

pol yet hyl ene and. acti c | epe. are,.often di f mnth 5to 30
w % of ol Wbyt I e%antphe ‘gfo‘t‘éﬁ g%%ar Bgﬁeoqt‘ggrafrﬁe% Lt%b o'V mer s
provi de for haxadeliagéd Xe@bmstwieh egaﬂwmad)cbhﬂinsuase @tmeﬁlsmghﬁe i I’along

t her nopl asti c nDIdlng - 28 - 5equi pnent. ng polygers roduce by the
i nst ant pro(‘:’%!‘i“*st riRfask dieerp® fiths eRIBPHA YF WSIyARRIgHEe oduce ot her

i ndustri al Jjcati OggestQQGe?ﬂt%tﬁma%y@Wé SnREOFHGR MOVt RE hmsiced process

may al so be use as adhesives, caul ks, seal ants, and gl azi ng conpounds.
They may al smoriomqn@éﬁmlth@bwbb%bmerlmes cementy basad aroreuom iBaB1esntf h but yl,

SBA., and nat ur al i eNsh o2 NE,ofd-L DPE)
bl ends q?h %ygmdﬁrcbeogc*l B?r {“gss‘? tn dijlEa('r\/c\i/rnlaegl\évfg i Aﬁ&%rmngw%dfo%ge enpl oyed
in | ubri cantpsefa&bw sn«%shsﬂ Ehaartde inmasp ditaciiowg Oémldr@b@dtmpmeréﬁbhéhfh I 1ing

g? ggélsgl rSTB.y lp%&%ﬁ%rﬁwy,ﬁjﬁg dh Fhe(%otal a1%Q§nt%%|}%§ ocﬁrh%[n(}q dé:r' é}?%(sehth?l thQSt ant

as as In ne ppl I cati ons
such as phargshget Jleay. stoppers and in the arts 15for paint roIIers
100701l n so nbodlne ts this disclosure rel ates [ ss to
produce an gﬁg tlaIIy ﬁﬁﬁeﬂﬁb @ Fe??7qﬁ?ﬁ;dﬁgggnhfdrgggrq%ﬁ r ubber
cement ft"somrﬁorﬂﬂﬁé/r@rmShyurbyarﬁ@ﬂﬂﬁﬁbﬁdrn@naerhydﬁ&daﬁdnone rofabermouat difl uent
and unreacted nononer(s), the process co qh 2%%@)con lﬁl? t he
pol ymer sl urtAregasprarybbar BE?é?’Ho‘ﬁ BIoFEIThY 'é ?fs an preferably 1e58

than: 80%, more preferably less than 60%, even more preferably less than
40%, and most preferably less than 20%, of the mass fraction of unreacted
monomer(s) in the polymer slurry, based on the total amount of hydrocarbon
20  rubber present in the polymer slurry.
[0064] In a preferred embodiment, the hydrocarbon rubber cement is
essentially free from unreacted monomer(s), defined herein as an unreacted
monomer(s) mass fraction of less than or equal to about 0.01 mass fraction.
[0065] In an embodiment, the recovered hydrofluorocarbon diluent,
25  solvent, monomer(s), and the like, either as isolated from the polymer sturry or
after subsequent purification, can be reused or recycled back to an appropriate
step of the process or in an appropriate step in producing the hydrocarbon
rubber polymer slurry. Accordingly, at least a portion of the
hydrofluorocarbon diluent removed from the polymer slurry may be recycled
30  back to produce at least a portion of another polymer slurry. At least a portion
of the hydrocarbon solvent removed from the polymer slurry may be-recycled
back to produce another polymer slurry. At least a portion of the monomer(s)
removed from the polymer slurry may be recycled back to produce additional

hydrocarbon-rubber.



(b) renoving the diluent in anbunts not sufficiently nore than is necessary
to produce the essentially honbgeneous single |liquid phase

hydr ocar bwo-20esaloess2cenent wherein the nmass fraction of momasesy®)iosn t he
hydr ocar bon-rubber cenent, based on the 25 total anmount of

hydr ocar bon-rubber present in the hydrocarbon-rubber cenent, is |ess than
the mass fraction of nononer(s) in the hydrocarbon-rubber slurry, based on
total amount of hydrocarbon-rubber present in hydrocarbon-rubber slurry,
30wherein the diluent cornprises a hydrofpyworocarbon. 2. A process to
produce an essentially honbgeneous hydrocarbon-rubber cenent from a pol yner
slurry conprising a hydrocarbon-rubber, a diluent which is essentially free

of a hydr of hon, di ) d a first mass fraction of unreacted
nnnoner(%) bggégﬁgﬁgﬁh%gkLﬂgg?gwggnt 350f hydrocarbon rubber present in the
pol ymer sl ufgase} conpr iieNgocess AscriteliEARASE bo@séditn pel yamifas ry with a

hydr of | uor ocarbon diluent. and. wth a hydraocarbon_sol vent; and (b)renoving
at | east a pbPelvEIFrOPSHHenA Weﬂn‘faﬂgﬁao mRPlicg PRy ﬂ&sas@%ﬁ&ﬁcsap% t to

produce thengegaRtishld the HAARY PSS AN FLOSA LB RN fof BEEBEmARH Ng a
second to mass fraction of unreacted nonomer(s) based on the total anount

of hydrocar BbnimriBsed Pbgeremnesitieas efisentthel ripbabnbgsereshn-HpAFOcar bon
e e e R R e s e
pol ymer i zat pommeebgitartt, gasere thag truloifer thas rrgepunde destheolapgdst usry ethdiest eps  of
() SO0t 2t 0o POl YR ol YAk LSRR ALy 0L L0 OO 22 o0
hydr ocar bonalsubleér impodadcgent , amndushibny, spnamssid racingen af halloeact ed
monomer (s) gggu%julg%rtbggs,t%tda Ilnharmaceutical closures. The thermal stability of the
15  polymers of the present disclosure make them ideal for rubber tire-curing
bladders, high temperature service hoses, and conveyor belts for hot material
handling. The polymers also 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
20  automobile suspension bumpers, auto exhaust hangers, and body mounts.
[0067] The rubber cements produced by the instant process may be
used to produce polymers 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 instant processes may also be
25  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 produced according to the instant
30  disclosure.
[0068) Blends of the rubber polymers with thermoplastic resins may
also be used for toughening of these compounds. High-density polyethylene
and- isotactic polypropylene are often modified with 5 to 30 wt % of
polyisobutylene. In certain applications, the instant polymers provide for a

35 highly elastic compound that is processable in thermoplastic molding



20anmount of hydrocarbon rubber present in the polynmer slurry; and (b)
renmoving at | east a portion of the diluent to produce an essentially
honpgeneowe 2hysdnessar bon- r ubber cenent having a second neeg/Use@civimal of
unreact ed nononer (s) based on the 25total anmount of hydrocarbon rubber
present in the essentially honbgeneous hydrocarbon-rubber cenent, wherein
the diluent conprises a hydrofl uorocarbon, and wherein the first Mass
fraction is greater than the second nass fraction. 4. A process for
retrofitting an existing slurry cationic.pglLynerization 30plant, the
retrofitting process conprising the steps of (a)contacting a polymer slurry
fromthe slurry cationic polynerization plant mﬁth a hydrof | uorocarbon

di luent and wi.th a hydrocarbon s slurr c es a
hydr ocarbonSAHBBER hﬁéﬁe U@?ﬁg ‘Wfﬁ%ﬁ o th%é‘%sg %IBSS fiRge Sooybeagln'%éds

35hydr of | uokegaiohgdmidies wembdu@m;tha nﬁdmmﬁalmpgﬁcaftroaxei ion of WO
2008/ 002352?@7 &JSZOO?/T ]él}g)o %mg#s,ngrgguceeby trggqgsr{grlit psr)ocebsgsrr?gy also LQ %sédo tal
anmount of
as adhesives, caulks, sealants, and glazing compounds. They may also be
useful as plasticizers in rubber formulations with butyl, SBR, and natural
10 rubber. In linear low density polyethylene (LLDPE) blends, they induce cling
to stretch-wrap films. They may also be employed in lubricants as dispersants
and in potting and electrical cable filling materials. In certain applications, the
polymers produce by the instant process may be useful in chewing-gum, as
well as in medical applications such as pharmaceutical stoppers, and in the arts
15  for paint rollers. '
[0070] In some embodiments, this disclosure relates to:
1. A process to produce an essentially homogeneous single liquid phase
hydrocarbon—rubber cement from a polymer slurry comprising a hydrocarbon-
rubber, a diluent, and unreacted monomer(s), the process comprising:
20 (a) contacting the polymer slurry with a hydrocarbon solvent; and
(b) removing the diluent in amounts not sufficiently more than is
necessary to produce the essentially homogeneous single liquid
phase hydrocarbon-rubber cement wherein the mass fraction of
monomer(s) in the hydrocarbon-rubber cement, based on the
25 total amount of hydrocarbon-rubber present in the
hydrocarbon-rubber cement, is less than the mass fraction of
monomer(s) in the hydrocarbon-rubber slurry, based on the
total amount of hydrocarbon-rubber present in the
hydrocarbon-rubber slurry,
30 wherein the diluent comprises a hydrofluorocarbon.
2. A process to produce an essentially homogeneous hydrocarbon-rubber
cement from a polymer slurrj/ comprising a hydrocarbon-rubber, a
diluent which is essentially free of a hydrofluorocarbon diluent, and a
first mass fraction of unreacted monomer(s) based on the total amount

35 of hydrocarbon rubber present in the polymer slurry, comprising:



hydr ocar bon rubber present in the polynmer slurry; (b)renoving at |east a
portion of the diluent and the hydrofl uorocarbon diluent to produce the
essent i alwp 2besmpgwpeous hydr ocar bon-rubber cenent havi ngca/ise@ondiodr nass
fraction of unreacted nononer(s) based on the total anmount of hydrocarbon
rubber present in the essentially honbgeneous hydrocarbon rubber cenent,
wherein the first mass fraction is greater than the second mass fraction.
5. A process to produce a single liquid phase hydrocarbon-rubber cenent
15from a pol ynmer slurry conprising a hydregarbon-rubber, a diluent, and a
first mass fraction of unreacted nononer(s) in the polyner slurry based on
the total weight of the hydr ocar bon-rubber in the polyner slurry, the
process conpr|5| : cont ac the polyner slurry wt dr gcar bon
sol vent ;> and 90 ?ag) %ﬁb %‘F H%éydg?r ’gurﬁgﬁ‘t"iho?l{‘%(;mﬁﬂ%m&?’ibﬁgrﬁ%/luf"? tom t he

pol ymer sl ur. ry to pr odﬂ@wlﬁl@h)ﬁm@ix@od sVl vase hydr ocar bon rubber cenent
havi ng a second mass fraction of unreacted, nonoper(

hydr ocar bon- r ubb&® cefERPVingadbd 15t t Ae POBON %ﬁoﬁﬁt‘ghmﬁyd?%%aﬂﬁbn r ubber

present in the hydr OC%?E&@I\%%Q%onceﬁﬁﬂént ZQM%&@dueet hgedi EdseRtaigonpri ses a
hydr of | uorocarbon and the first mass fraction is eagher t han the second

mass fraction. 6. Thehpmegerepusi hudipepbershbsy arengr bphng viheeed™ t he

hydr of | ypr ocarbon conptdsseSadion! 8 %r@a’&f‘edcﬂ{ Oth 9fBas@c{‘qmaﬁhé gqst two
fluorine atons. 307. The process o any precedi ng paragraph, wherein the

hydr of | uor ocarbon conpriosiss df, hydidchrbwor getisanpres@itThe @wos&gsndb’any
precedi ng paragraph, \Maﬁ{o%%geotug%ydrocarbon rubber cement,

wherein the first mass fraction is greater than the second mass fraction.

LI

A process for retrofitting an existing slurry cationic polymerization
15 plant, the retroﬁttiné process comprising the steps of:
| (a) contacting a polymer. slurry from the slurry - cationic
polymerization plant with a hydrocarbon solvent, the polymer
slurry comprises a hydrocarbon-rubber, a diluent, and a first
mass fraction of unreacted monomer(s) based on the total
20 amount of hydrocarbon rubber present in the polymer slurry;
and
(b) removing at least a portion of the diluent to produce an
essentially homogeneous hydrocarbon-rubber cement havin;g a
second mass fraction of unreacted monomer(s) based on the
25 . total amount of hydrocarbon rubber present in the essentially
homogeneous hydrocarbon-rubber cement,
wherein the diluent comprises a hydrofluorocarbon, and

wherein the first mass fraction is greater than the second mass fraction.

4. A process for retrofitting an existing slurry cationic polymerization
30 plant, the retrofitting process comprising the steps of:
(a) contacting a polymer slurry from the slurry cationic

polymerization plant with a hydrofluorocarbon diluent and with
a hydrocarbon solvent, the polymer slurry comprises a
hydrocarbon-rubber, a diluent which is essentially free of a

35 hydrofluorocarbon diluent, and a first mass fraction of



hydr of | uor ocarbon conprises 1,1,1,2-tetrafl uoroethane. WO

2008/ 002352PCT/ US2007/ 011041 59. The process of any precedi ng paragraph,
wher ei n twe 2bgsdnedsbkuor ocar bon consi sts essentially of hydragen7ocaabon, and
fluorine. 10. The process of any precedi ng paragraph, wherein the nmass
fraction of the unreacted nononer(s) in the hydrocarbon-cenent, based on
the 10 total weight of the hydrocarbon rubber in the hydrocarbon-cenent,
is less than the mass fraction of the unreacted nononer(s) in the polyner
slurry, based on the total weight of the-#ydrocarbon rubber in the polyner
slurry. 11. The process of any precedi ng paragraph, wherein the diluent
further 15conprises nethyl chloride. 12. The process of any preceding

paragrapn, wherein th%nf%g{e8c%98&ﬁérg£bebrase°a°”8{.i e PRLY MELOS: 2/ or
ene, , para-nmethyl sty a

copol ynmer (s) of isobuty i'sopren rene, or

conbi nati on thereof 1dydiblerbpnooigss pofsemniy.tinr palgoiensiupat agr aph, wherein the
di l uent consists OessentLaIIytoﬁ a_ hydrofl uoro arbon.ll4 TQg rocess of
any preceding paf2gr apAIOVitEr & n 1945k %OPVHEF‘S? 1 i dlspbaaREd™en a slurry
cationic polynerizati epdiviessarfoar theeddr oduciprdiucef G- Césskmmalyef i n
polymers. 15. The proggss of any. precedi ng paragraph, wherein the polyner
slurry 25conprises gr ®QMAERIPNs BYAraepiaenePbshotmeny kaxing soIseerd 16. ~ The

process;of any precedigis PRiADRABN untbitRl qutnbﬁleﬁj WEBEd Inlidey tdefl at a
tenperature of |ess than or equal to about -20C when contacted with the

hydrocarbon sol vent. Pmourheofphygeasarhen awkbepr piesentng pheagrsapiellvnner ein
the mass fraction of }é@K&Q&xHQQ§§Rk%$OHQBgﬁ?%%?&ntn t he

hydrocar bon-cenent, based on the total wel the hydrocarbon rubber in
t he hydr ocar bon- eé¢esin the &rst wess frciiongs geeofer tha thesecondasass dracaén.t he

RLeacted TOToTerd ek LT R R R e O
15 from a polymer slurry comprising a hydrocarbon-rubber, a diluent, and
a first mass fraction of unreacted monomer(s) in the polymer slurry
based on the total weight of the hydrocarbon-rubber in the polymer
slurry, the process comprising:
(a) contacting the polymer slurry with a hydrocarbon solvent; and
20 (b) removing at least a portion of the diluent from the polymer
slurry to produce the single liquid phase hydrocarbon-rubber
cement having a second mass fraction of unreacted monomer(s)
in the hydrocarbon-rubber cement, based on the total amount of
hydrocarbon-rubber present in the hydrocarbon-rubber cement,
25 wherein the diluent comprises a hydrofluorocarbon and the first mass
fraction is higher than the second mass fraction.

6. The process of any preceding paragraph, wherein the
hydrofluorocarbon comprises at least one carbon atom, and at least two
fluorine atoms.

30 7. The process of any preceding paragraph, wherein the
hydrofluorocarbon comprises 1,1-difluoroethane.

8. The process of any preceding paragraph, wherein the

hydrofluorocarbon comprises 1,1,1,2-tetrafluoroethane.



- 32 - 518. The process of any precedi ng paragraph, wherein the hydrocarbon-
rubber cenent is essentially free of unreacted nmonomer(s). 19.The process
of any prwoedisng2gar agr aph, wherein the hydrofl uorocar begrdiscaentioss a gas
at 25C and a pressure of 1013 kPa-a. i 020.The process of any preceding
par agr aph, wherein the hydrofl|luorocarbon is represented by the fornul a:
wherein x is an integer from1l to 10, y is greater than or equal to 1; and
z is greater than or equal to I. 1521.The process of any preceding
paragraph, wherein the hydrofluorocarbon i selected fromthe group
consisting of: fluoronethane; difluoronethane; trifluoronethane;
fl uoroethane; 1,1- difluoroethane; 1, 2-difluoroethane;1,1,1 -trifluoro
et hane ; ,113- trj quoroethane 1,1,1,2-tetrafl uoroethane; 1 ,1,2,2-tetrafl
uor oet ha% b0 1,4he | Processng af | (W0 erassAiwe 1 patapranh; f | wheispy ophee; 1, 1, 2-
trifluoropropane kydiofluordedrbon f ddHRIsRPTORARSly df %y%régé{ﬂf ! HR6E0" aRgne;
1,2,3- tri fluoropropane; 1,1,1, 2- tetrafluoropropane ;1 -
tetrafluoropropa 10fIng. 2, 2- tetrafluoropropane 1,1,2,3- tetrafl uoropro
pane; 1,1, 3, 30: tetTlﬁf ﬂn’é@éé@ﬂf eéedglgzpa’?a%r%ﬁ'ﬁ Whdtin %r %)asg%cF ot of

1,2, 2- pentafluoropropane 1, 1 ent dor opro

1,1, 1, 3, 3- pent at Itb@)r‘@p?%ﬁﬁén@omomeﬂs)‘zlr81hepbmraédrbumceqnempafaeecﬂoﬂ. tRe 3, 3

- pent af [;yor opr opapgy| whight bfinhé h¥drocarbon rubber in the hydrocarbon-cement, is
‘ less than the mass fraction of the unreacted monomer(s) in the polymer
slurry, based on the total weight of the hydrocarbon rubber in the

polymer slurry.

11. The process of any preceding paragraph, wherein the diluent further
15 comprises methyl chloride.
12. The process of any preceding paragraph, wherein the hydrocarbon-

rubber comprises polymer(s) and/or copolymer(s) of isobutylene,

isoprene, para-methyl styrene, or a combination thereof.

13. The process of any.preceding paragraph, wherein the diluent consists
20 essentially of a hydrofluorocarbon.
14. The process.of any preceding paragraph, wherein the polymer slurry is

produced in a slurry cationic polymerization process for the production

of C4-C7 isoolefin polymers.

15. The process of any pfeceding paragraph, wherein the polymer slurry
25 comprises greater than or equal to about 10 vol% solids.
16. The process of any preceding paragraph, wherein the polymer slurry is

at a temperature of less than or equal to about —20°C when contacted
with the hydrocarbon solvent.
17. The process of any preceding paragraph, wherein the mass fraction of
30 the unreacted monomer(s) in the hydrocarbon-cement, based on the
total weight of the hydrocarbon rubber in the hydrocarbon-cement, is
less than 80% of the mass fraction of the unreacted monomer(s) in the
polymer slurry, based on the total weight of the hydrocarbon rubber in

the polymer slurry..



hexaf | uor opropane; 1,1 , 1,
hexaf | uor opropane; 1,1, 1,
hept af | uowopoeams2 1 |, 1,
trifluorobutane ; 1,1, 4-t I

trifluorobutane ; 1, 3, 3-t | uor obut ane; 2,2,3-frifluorobutane; 1,1 ,1, 2-
tetrafl uorobutane; 1,1,1, etrafl uorobutane; 1,1,1,4-tetrafl uorobutane;
1,1,2,2-tetrafl uorobutane; 1,1,2,3-tetrafluorobutane; . 1,1, 2, 4-

51,1, 4, 4-tetrafl uorobut ane; 1, 2, 2, 3-t et raftuorobut ane; 1, 2, 2, 4-

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

pentafl oroﬁytan 0 ent.af | or.obyt an }
pentaflﬁbro utanihe ?Q %Igdﬁlbﬁtanemgﬁ %ﬁ?uoro ﬁ?aﬁb ‘g?% dbrobutane;
15 hexaf | uor obut alh@grd:maftlmcnsalmanazrfeee dfem&fdctfdrrﬂbmﬁram@) hexaf | uor obut ane;
hexaf | uor obut ane;.. 20 hexaf | uor.obut ane:; hept af | uor obut

hept af | uor oblit an&"€ heBPEFSuoPEbutBhe: mﬁ% DF | JSdHaEr neWherem the

250ct af | uor obut apgdroflkerbcdsbdnddiRent af hUghl’sQ{@LESa(Iearild 3, freskuge of 101.3
1,1,1, 3, 4- pentaflgoro butane;1,1,1,4,4- 1,1, 2,2, 3-pent af | uor obut ane
$1,1,2,2, 4

10 20. The process of any preceding paragraph, wherein the

2, 3, 3-hexaf | uoropropane; 1,1, 1, 3, 3, 3-
2,2,3,3-heptafl uoropropane; 1,1,1,2,3,3,3- 30
1-trifluorobutane; 1,1, 2-trifl roraisesaneiosi, 1, 3-
rifluorobuta,ne; 1,2,2-trifluorobutane; 1,2, 3-
rif
3-t

hydrofluorocarbon is represented by the formula:

C.HF,
wherein x is an integer from | to 10, y is greater than or equal to 1; and
z is greater than or equal to 1.

15 21 The process of any preceding paragraph, wherein the
hydrofluorocarbon is selected from the group consisting of:
fluoromethane; diflucromethane; 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;

20 1,1,1,2,2-pentafluoroethane; 1,1, 1-trifluoropropane; 1,1,2-

trifluoropropane; 1,1,3-trifluoropropane; 1,2,2-trifluoropropane; 1,2,3-

trifluoropropane; 1,1,1,2-tetrafluoropropane; 1,1,1,3-
tetrafluoropropane; 1,1,2,2-tetrafluoropropane; 1,1,2,3-
tetrafluoropropane; 1,1,3,3-tetrafluoropropane; 1,2,2,3-
25 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-
30 heptafluoropropane; 1,1,1-trifluorobutane; 1,1,2-trifluorobutane; 1,1,3-
trifluorobutane; - 1,1,4-trifluorobutane; 1,2,2-trifluorobutane; 1,2,3-
trifluorobutane; 1,3 3-trifluorobutane; 2,2 3-trifluorobutane; 1,1,1,2-

2r272

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

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

35 tetrafluorobutane; 1,1,3,3-tetrafluorobutane; 1,1,3,4-tetrafluorobutane;



1,1,2,3,3 -pentafluorobutane; 1,1,2,4,4- ] ,1,3, 3, 4-pentafl uorobut ane;

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

,1,1,2,2A¢0hﬂmmmhymrobutane 01,1,1,2,3,3 - 1,1,1, 2, 3, 4- rexafshaonotvyt ane

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

1,1,1, 4, 4, 4- hex afluorobutane 01,1,2,2,3,3- 1 ,1, 2,2, 3, 4- hexaf | uor obut ane

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

1,2,2,3,3,4-hexafluo robutane; 1,1 ,1,2,2,3,3- 1,1 ,1,2,2,4,4-heptafl uorob

utane;1 ,1,1,2,2,3,4- 1,1,1,2,3,3 ,4- hepIy@L uorobutane; 1 ,1,1, 2, 3,4, 4-

1,1,1,2,4,4,4-heptafl u orobutane 1 1,1, 3,3,4, 4- I

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

1,1, 2,3,3,4, 4-oct af e 1 1,1,2 quorob n

1,1,1,2,3, 4,4, 4- bk {?Cllﬁ‘é 1, 11%22 32‘%”?”2“’ Bshat | LGrobut ane;

1,1,1,2,2,3,4,4, zbtnaﬂuambhmpbm}a,eaeua]ﬂmdbmﬁrrd fll,m,om%traﬁhdsmbptraﬁﬂane 1,1,3

-trifluoro-2-net Ppro é -tetrafl th Ipro ane; 1,1,3

,3-tetrafl uoro- ZEéET §$‘f331elt95 anei 1,13L E’tza&‘P?‘U%tﬁ‘EPmma“g/ P r} )

302- (f1 uor omet hy b:itaARAOButknd . 1, 31,13, PaYcatdfuersniad®et hyl propare ;
pentafluorobutane; 1,1,1,3,4-pentafluorobutane; 1,1,1,4,4-

10 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-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-

15 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-

20 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-

25 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;

2-methy1proparie; 1,1,3-trifluoro-2-methylpropane; 1,1,1,3-tetrafluoro-

1,1,1-trifluoro-

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-

(fluoromethyl)propane; 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-

pentafluorocyclobutane; 1,1,2,3,3-pentafluorocyclobutane; 1,1,2,2,3,3-



1,1,3,3-tetrafluoro-2-(fluoronethyl)propane;1,1,1, 3-tetrafl uoro-2-
(fluoronet hyl ) propane; 1,1, 2-trifluorocycl butane;1,1,3 -

trifl uor owpchesmersne; 1, 2, 3-trifl uorocycl obutane; 1, 1, 2, PET/US2007/011041
tetrafl uorocycl obutane; 1,1, 3, 3-tetrafl uorocyc | obutane;1,1, 2,2, 3-
35pent af | uorocyc | obutane; 1,1, 2,3, 3-pentafl uorocycl obutane; 1,1, 2,2, 3, 3-
5hexaf | uorocycl obutane; 1,1, 2, 2, 3, 4- hexaf | uorocycl obutane; 1,1,2,3,3,4- h
exaf | uorocycl obutane; 1 ,1, 2,2, 3,3, 4-heptafluorocycl obutane; 1 ,1, 2-
trifluoroethene; 1 ,1 ,2-trifluoropropenessl ,1,3-trifluoropropene; 1,2, 3-
trifluoropropene; 1,3 ,3-triflitoropropene; 2,3 ,3-trifluo ropropene; 3
,3,3- trifluoropropene; 1 ,1,2-trifluoro-I|-butene; 1,1 ,3-tri

| uor o- 1- but ene; tol 1, 4- trlfluoro rlflu r ut ene;

t 13 f 1 uor o- hexaflugracyglobugnesl éjzb%f#ﬁl?ﬁ?éucfoﬁmlg% ane; 1, 102 3,3, 5P
trifluoro-sbiffeRSycibbliate; t1hid2 B'Qr@héptaﬂkhﬁr@f,\)%lobutane 1,1,2-
trifluoro-1-butene; 2,3,4 4-trifldoro- 1 - but ene;
trifl uoro- Irifjereethenes B12-triflupropspreng; -lbbﬁéﬁﬂéom\?r‘lpe@e{ li%$uor o- 1-

hee 4.4 4-tr uteng:, 2o r.:efglgaj{ﬁgfoq b r@dt?j}@., 1,1, 2, 4-
5 tetrafl uoro- rﬁﬁlgo%lgrnée‘p ,leﬁl r@ut eotpr félnuor 0-1 r- but %%epe >

, 1, 3, 4-tetr af | uoifhdoropuopens; 1,1L2-#iflhored rtaft¢ngor ol L—)ti&*(ﬂelﬁ@'lfl?l@ns;

t trafluorol t.e 4-t fen 1-

2.4, 4 etrafl ug JII%Jiﬂucbutzleﬁléﬁem Tl%ajf AfHﬂ'{e r;‘ﬁt%gar’o 4bttﬂltﬂélﬁg’ 1,3

4, 4-tetrafl uor oblitenbut enB3- tﬂ.lﬂ,lxéroéll-tbutaabi afll Tu,éftoﬂlueltwt@nwne 1,4,4-

,2,é34tetrafluor 1- but ene; . 3.4, .4-tet uor 1but

702. 4, 4, 4-t et " at HTESTE: ]I%Btﬁflévné’?’égﬁﬁ?’%{%ﬁeﬁﬁ For Gt SN 4 4 4.
tetrafl uoro-1 - batenesiflpedt pblicae0- B;thxmfopcmaﬁé uoB @:4tirifhuteie; pent af |
uoro- 1 -butene; 25 pentaflu

pent af | uoro- 1 lﬁ&feéﬁe4%%>§%ﬁ1“ﬁfz9fébﬁtggé;§ﬂ??n s égqog(chu che; qulbg’tﬂene

hexal | uggo- 1- but Q&?aﬂubré-alzbtﬁenég 4,143 ineemﬁaabbtmubuﬂenebun enel- teﬂraﬂluorB 3 4, 4, 4-
hept af | uoro- 1 -butene;

4,4, 4- be taf|lil %ﬁ‘{en é
.3, 3, 4,4, 4- hept drbuisne- 111 %ﬁ%@@m@ h-byteng; £ | o%:ert%tf Ozfid rbuf ff

, 2-trifluoro-2- qui,g,ﬂxeteémﬁum% tBhﬂ‘ehétorq—imuttaeraﬁuémrllbérehélfllupm-Z but ene;
123 trifluoro-2-butene; 1 4-trifluoro-2 -butene1112tetrafluoro 2-

35butene; 1,1, 1, 3-tc:reafﬂtwfrodowelze,bupednfértqtraﬂuoao-lt -huggneaf 1. hdeblepafip®ne:

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

fur
1, 2, 4-
1, 3, 4-
2,3, 3-
2,4, 4-
but en
1 e
1
1

20 ‘ 2.4 4 Atetrafluoro-1-butene;  3,3,4,4-tetrafluoro-1-butene;  3,4,4,4-
. tetrafluoro-1-butene; 1,1,2,3,3-pentafluoro-1-butene; i,1,2,3.4-
pentafluoro-1-butene; i,1,2,4,4-pentafluoro-1-butene; 1,1,3,3,4-

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

25 pentafluoro-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-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-butene; 1,2,3,4,4,4-hexafluoro-1-butene; 2,3,3,4,4,4-
30 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; 1,1, 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—bﬁtene; 1,2,4-trifluoro-2-butene; 1,1,1,2-tetrafluoro-2-

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



WO 2008/ 002352PCT/ US2007/ 011041 51,1,2,3-tetraf|uoro-2-but§ne;
1,1,2,4-tetrafl uoro-2-butene; 1, 2, 3,4- tetrafl uoro-2-butene;

pent af | uowo-28esetmpe; pent af Luor o- 2- but ene; pentafluorOPéThmm@nmlﬂﬂl
hexaf | uor o- 2- but ene; hexafl uoro- 2- but ene hept af | uor o- 2- but ene; t hereof. .
1,1,1, 2, 3-pentafl uoro-2-butene; 1,1,1,2,4- 1,1,1, 3, 4-pent af | uor o- 2- but ene;
1,1,1,4,4- 1,1, 2,3, 4-pentafluoro-2-butene; 1,1 ,2,4,4-

1,1,1, 2,3, 4- hexaf |l uoro-2-butene; 1,1,1, 2, 4, 4-

1,1 1,3,4,4-hexaf|uoro-2-butene;1,1,1,4,4h§g_

1,1, 2,3, 4, 4- hcxaf | uoro- 2- but ene; 1,1,1,2,3,4,4-
1,1,1,2,4,4, 4-hept afl uoro- 2-but ene; and m xtures 27. The process of any

, , . - C10
d ar agr aph, rein t hydrocaron 15sol vent conprises CA4

Rvar ocar bone. 96, e BraRbs SRS orELdA i Biemor hpiehendr apri-1 ne

hydrocarbon sol vertrafigorpi2-betsnd;i neari,1 brapahetlordn-Mehd:C C3:1P7 4

i efein the
hydr ocar bons. 24. Th rogess of any preceding para raph, whe
hzdrocarbon so|véﬁ?“§8ﬁﬂr§§%§m§ac5 blEér-apwgHeoro-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-
10 ~ 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-hcxaﬂuorof2-butene; 1,1,1,2,3,4,4-
heptafluoro-2-butene; 1,1,1,2,4,4,4-heptafluoro-2-butene; and mixtures
thereof.
22. The process of any preceding paragraph, wherein the hydrocarbon
15 solvent comprises C4-C), hydrocarbons.
23. The process of any preceding paragraph, wherein the hydrocarbon
solvent comprises linear, branched, or cyclic Cs-Cg hydrocarbons.
24. The process of any preceding paragraph, wherein the hydrocarbon
solvent comprises a Cs to C5 alkane.
20 25, The process of any preceding paragraph, wherein the hydrocarbon
solvent is selected from the group consisting of: .
butane, cyclobutane, isobutane, n-pentane, cyclopentane, n-hexane,
methycyclopentane, isohexane, 2-methylpentane, 3-methylpentane, 2-
methylbutane, 2,2-dimethylbutane, 2,3-dimethylbutane, 2-
25 methylhexane, 3-methylhexane, 3-ethylpentane, 2,2-dimethylpentane,
2,3-dimethylpentane, 2,4-dimethylpentane, 3,3-dimethylpentane, 2-
methylheptane, 3-ethylhexane, 2,5-dimethylhexane, 2,24, -
trimethylpentane, octane, heptane, nonane, decane, dodecane,
undecane, 1,1-dimethylcycopentane, 1,2-dimethylcyclopentane, 1,3-
30 dimethylcyclopentane, ethylcyclopentane, cyclohexane,
methylcyclohexane, benzene, toluene, ortho-xylene, para-xylene, meta-
xylene, and combinations thereof,
26. The process of any preceding paragraph, whérein the hydrocarbon
solvent is a mixture of n-hexane, 2-methylpentane, 3-methylpentane,

35 methylcyclopentane, and/or cyclohexane.



2025. The process of any precedi ng paragraph, wherein the hydrocarbon
solvent is selected fromthe group consisting of: butane, cyclobutane,

| sobut anewonegantare, cycl opentane, n-hexane, nethycycl epenisane/otiosphexane,
2- net hyl pent ane, 3-net hyl pentane, 2- nethyl butane, 2,2-di nethyl butane, 2,3
-di nethyl butane, 2- 25 net hyl hexane, 3-net hyl hexane, 3-ethyl pent ane,

2, 2-di met hyl pent ane, 2, 3-di net hyl pentane, 2, 4-di nmet hyl pent ane,

3, 3-di net hyl pentanc, 2- nethyl heptane, 3-ethyl hexane, 2, 5-di nethyl hexane,
2,24, - trimethyl pentane, octane, heptane, fyonane, decane, dodecane,
undecane, 1, 1-di net hyl cycopentane, 1, 2-dinethylcycl opentane, 1,3- 30

di net hyl cycl opent ane, ethylcyclopentanei cyclohexanF, nethygcychghex?ne,
benzene, _toluene, _ortho-xyl ene, para-xylene, netaxylene, and conbinations

t her eof . °26.2The pHScBLSeSt ol Hr%%‘?f‘é%ﬁ RerageaPhg FEHIST CORPFising theisteRydr ocar bon
solvent is a m xtgge of n-hexane, 2-nethyl pentane, 3-nethyl pentane,

35met hyl cycl opent ane, and/or cycl obexane. - 36 - The process of any
precedi ng paragr dsh, fiEmayre eblepstispergionind the dpdroffuordeaybanefimmi thg at | east
a portion of the hydroﬁélyﬁ{epgﬁ op.d romthe polyner slurry; and (d)
recycling at |least a portion of "the renoved hydrofl uorocarbon to produce
addi tional pol yneld)s| urecyclidehat Isagcepsrtioh adripe perecedi hydimpftageapbn furt her
conpr i Sil'ag the steps Olfo:prg&cera%ﬁm/cjng cﬂgfr;llegsallsl;['ry.a' portion of the hydrocarbon
sol vent; and

28. The process of any preceding paragraph, further comprising the steps

of:

(c) removing at least a portion of the hydrocarbon solvent; and

(d) recycling at least a portion of the removed hydrocarbon solvent
15 to produce additional polymer slurry.

29. The process of any preceding paragraph, further comprising the steps
of:
(c) removing at least a portion of the monomer(s); and
(d) recycling at least a portion of the removed monomer(s) to
20 produce additional hydrocarbon-rubber.
30. The process of any preceding paragraph, further comprising:
. adjusting the temperature and/or the pfessure of the polymer slurry or
the mixture of the polymer slurry and the hydrocarbon solvent.
31. The process of any preceding paragraph, further comprising:
25 adjusting the temperature, the pressure, the weight fraction of the
hydrocarbon solvent in the resulting mixture, and/or the weight
fraction of the diluent in the resulting mixture so that the resulting

mixture is maintained as substantially homogeneous liquid phase.

32. A hydrocarbon-rubber cement composition made by a process of any
30 preceding paragraph.
[0071] All patents and patent applications, test procedures (such as

"~ ASTM methods), and other documents cited herein are fully incorporated by
reference to the extent such disclosure is not inconsistent with this disclosure

35 and for all jurisdictions in which such incorporation is permitted.



(d) recycling at least a portion of the renoved hydrocarbon solvent to
produce additional polynmer slurry. The process of any precedi ng paragraph,
further owopoésmiorgs2t he steps of: (c) renoving at | east acpawsteonimilt he
nmononer (s); and (d) recycling at |east a portion of the renoved nononer(s)
to produce additional hydrocarbon-rubber. The process of any preceding
paragraph, further conprising: adjusting the tenperature and/or the
pressure of the polyner slurry or the m xture of the polyner slurry and the
hydr ocar bon sol vent. The process of any py§fpding par agr aph, further
conprising: adjusting the tenperature, the pressure, the weight fraction of
t he hydrocarbon solvent in the resulting m xture, and/or the wei ght
fraction of the diluent in the resulting m xture so that the resulting

m xture i% né0f2hi ned déhepupumenieal dpwgr Rensgndepusetical uinpep hists. ara

hydr ocar bon- f4bPREre 2 MRIES %WQ‘? KBWp'iHPtqg_aH%élﬁparlﬂﬁﬁ%% chné%{}]%lg{%?ecem ng

paragraph. Al patents and patent applicatio test proce such as
ASTM net hodsh0073hd ot hdYhitkodlinsratiye cembodinentsi thame ebdenl ysdribedr pithat ed by

reference to i sure i s not jnconsi.stent with this
di scl osure S%Aarﬂg"lg %‘&?gf Fﬁ#&% g’éifeg%tﬁgﬁsthﬁtn&a" PR eﬁcwofiﬁ{c%ﬁ%rgr S’flit']&ﬁ is
permtted. appaent tb] 867 2kVWtenraaditpringdd blyoivese Iskifiedsinaftk aunwitheal upper
limts are |j,sted herei ranges from.any lower. . limt to any upper limt
are cont é)npl%?pé'gfng rf"ﬁ’d%fp%g?‘is‘ﬁp?t?&%?%‘fﬁe?é“élffﬁl?&}“r?eﬁ‘tcgorﬁ&\ﬁiﬁﬂb’én :
descri bed widt jpahtied wharthé ¥copd oftel clignsuspenaédacretd8t 1uAdOWSIHRE her
nodi fications wll be quatent to and can be readily made by those skill-ed
inthe art V\ﬁ”iaﬁ‘Bﬂ?S_ #gd SPaR 1IN gSa Rt hrgeidp bt irallisy teeloHe élla“f‘ﬁé’epre_sent
di scl osure. Aasfued AgbNcompaséifig AAtihé MaAREE8r bitehiabRenERPEVAEN tiRIC! ai B
appended hereto be Iimted to the exanpl es and descriptions set forth
herein, but PattfePretemtdistiesuss.ainglndig albfertiseavhishenewdpbs sieaigdaisl ¢ he
featur es;0f QalieMEADhSrBIVE) Inbs¥RkifR St LD Wi BIeSHEN: dissfkamur e,
including all features which would be treated as

pertains.



i sequi val ents thereof by those skilled in the art to which the
present disclosure pertains. - 38 - CLAIMS 1. A process to produce an
essentially honbgeneous single |iquid phase hydrocarbon- rubber
cenment froma polymer slurry conprising a hydrocarbon-rubber, a
di luent m xture, and unreacted nononer(s), the process conprising:
(a) contacting the polyner slurry wthsg hydrocarbon solvent; and (b)
renmovi ng the diluent and sol vent _in ambunts not sufficiently nore
than is necessary to produce the essentially honbgeneous single
l'i quid phase hydrocarbon-rubber cement wherein the mass fraction of
nononer ( sCLANMIShe hydr ocar bon-rubber cenment, based on the total
anmount of hydrocar bon-rubber present in the hydrocarbon-rubber
cement, is less than the Hass fractjﬁn of nononer,

hé

% in, trfje
hydr ocar bon- r UbBEICSE) Brirguucs F8e By BOPBERFO ligpid phase hydrocarbon-

hydrocar bon-r yghgd: RiR§ERbm' A pbiyehdd WHIrAL 86hREHbiNd PR roehibbh Yubbéh&f @ilfent
the diluent m xture conprises a hydrofluorocarbon. 2. A process to
produce an esgeituralang unsasiebmenemens)dhoprochssompidag: cement from a

pol ymer slurry, _gconprisi ~ ' t ichis
essentially fr(g)g g}% ogéh@%rtg? Fét}g%lglg%? ﬁ'lté;éﬁﬁgﬁoic?l%gﬁgl lg.&)?i arn\g? mass
fraction of unbeactresloving aie dilsont had edlvernt_inhendwaitahotasudficientyf more than is
hydr ocar bon rubber present in the polyner slurry, conprising:.(a)
contacting the pol YITEFSEY ufr Profiveh e hﬁfa%ﬂliﬁofl%a%aﬁa%sd?lflagnllétaﬂdphase
with a hydrocar bon 138to¢&Bba-nasder Cdhhert IMRYIN thetthadseBattioR oP BidnbRBr(9f in the
the diluent and the hydrofl uorocarbon diluent to produce th

t
essenti al |y hompgereaisamyewar siow.Libroncbinitl amewning hydsesedng rubber
rass fracti on of unags! SGTORRER6S) IBSETk O Re:LOhal oRTRUR e Rlicn or

hydr ocar bon rubber “present 1 e essentla nogeneous hydrocar bon
rubber cenent, whermomontel(g) fn thsthyde=srbbnagibeonlurty, basedtoartht ihaal drheunt of

second mass fractiqn. 3ér I Qeess for.n t oritténg efisting slurry
cati oni ¢ pol ymer i 2 dBHBHBPEAELEE HESPLE BF PPHPBroBEE S eSpr 's: ng
the steps of: wherein the diluent mixture comprises a hydrofluorocarbon.

2. A process to produce an essentially homogeneous hydrocarbon-rubber cement from a
polymer slurry comprising a hydrocarbon-rubber, a diluent which is essentially free
of a hydrofluorocarbon diluent, and a first mass fraction of unreacted monomer(s)
based on the total amount of hydrocarbon rubber present in the polymer slurry,
comprising:

(a) contacting the polymer slurry with a hydrofluorocarbon diluent and with a
hydrocarbon solvent; and

(b) removing at least a portion of the diluent and the hydrofluorocarbon diluent to
produce the essentially homogeneous hydrocarbon-rubber cement having a
second mass fraction of unreacted monomer(s) based on the total amount of
hydrocarbon rubber present in the essentially homogeneous hydrocarbon
rubber cement,

wherein the first mass fraction is greater than the second mass fraction.

3. A process for retrofitting an existing slurry cationic polymerization plant, the

retrofitting process comprising the steps of:



- 39 - (a) contacting a polynmer slurry fromthe slurry cationic

pol ymeri zation plant with a hydrocarbon solvent, the polynmer slurry
conpri ses a hydrocarbon-rubber, a diluent mxture, and a first nass
fraction of unreacted nononer(s) based on the total anount of

hydr ocar bon rubber present in the polymer slurry; and (b) renoving at

| east a portion of the diluent and solwent to produce an essentially
honogeneous hydr ocar bon-rubber cenent having a second nass fraction

of unreacted nononer(s) based on the total amount of hydrocarbon
rubber present in the essentially honbgeneous hydrocarbon-rubber
cement, wher ei(@) t heofliabtit@d pdlimiéisl@re AomIths Slarrf ciuhiofdlnacdadsd plant with
and mhereln the first mass fraction is_greater than the second mass
fraction. 4.A procdstydresartoasplyent; thergharer slirgt qomprisess kydresygnupber, a
pol ynerization pl a%lueﬁthﬁmaﬁé raaﬁ' o filsPhaly REERA o@%myabéa BEbnbASr(S RS on
of : (a) contacting a polyner slurry fromthe slurry cationic

pol ynmeri zati on pl aribe tetal hmaUMMhmmgmb@tmbb@mr@ﬁhMQme rohydmeristumrya and
hydr ocar bon s t he ur ey,

hydr ocar bon- r ?@\SEP t reOYHg 8@% S%I %’ﬁm Oé g‘%{‘t a&ﬁ I%P‘?t gduge an essentially

hydr of | uor ocar bon diolm@&ieouaﬂpldracefrbcsxﬁfubﬁasaenfdhaﬁﬁm@gl acstecdiﬂrlﬁmttﬁitlon of
nmononer (s) based on the total anmpunt of hydrocaybon rubber present in
the pol ymer sl urry;ungsvted grorames(sicbapeda g " the dotal @pupl ot H@dr&ﬂrb@htmbber

and the hydrofl uor gﬁ%‘&ﬁ?ﬂﬂ gl ésé&%ﬂ&ll} H’orﬂég%ﬁktﬁ;% h&@x%cﬁﬁ&?ﬂib‘b@ﬂ detnent,

honogeneous hydrocar bon-rubber cerient having a second mass fraction
of unreacted n@hﬂ@ﬁﬁﬂ(@s@llmmwﬁcqmmswaévdraﬂwn@arbﬁn Aydr ocar bon
rubber present kll kl}fergfent 'ﬂ%lcljf lhortco%e;heag ese}( casr n r ubber
cenment, wherei n%r?‘}% HEE BN 1 grea PHAN ftne second

mass fracdion. A Spricss ofof S8tréfitting cwlueyastmgs lsh‘ngiyecdtioqw golgth@seation plant, the
hydr ocar bon-rubber cenent from.a | ymer gl urry conprising a
hydr ocar bon- r UB% mn%P’EfPFFSGéH"t“Pﬁ?‘W SP8ARY a first mass fraction of

unreacted nonqger ( %nﬂaalﬁé?p%yf@linﬁ Frbf e Das¢datthid fgyth@iAtioNBlatWith

of the hydrocarbon-rubber I'ymer slurry, the process
conprising: (a) contaabYdrﬂ@UQrmrtmtl lelt ghdinyith @ hydrogarhpd rsobvantodhe polymer
solvent; and -

and sol vent from t ﬁleunép% Elﬁ)g}rg ggs?%ﬁéca% %SIJPB U(llg‘{e)EI E%gp\g?whw%g{naﬁg fibe of a

phase hydr ocar bon- rhytiedizome anboi dhmnrt nagda faecaad fraegsn f)f mbacmal mbnomer(s)
unr eact ed nononer ( in the %gr ocar bgg. bber, ¢ based o

th
total amount of hydP¥aPbdle I[UHLEROWYE elmlé‘r?%rﬁorqggﬁ%rw&%@ba% tﬁwa@wer

cenent, sharry;

{b)  removing at least a portion of the diluent and the hydrofluorocarbon diluent to
produce the essentially homogeneous hydrocarbon-rubber cement having a
second mass fraction of unreacted monomer(s) based on the total amount of
hydrocarbon rubber present in the essentially homogeneous hydrocarbon
rubber cement,

wherein the first mass fraction is greater than the second mass fraction.

5. A process to produce a single liquid phase hydrocarbon-rubber cement from a
polymer shury comprising a hydrocarbon-rubber, a diluent mixture, and a first mass
fraction of unreacted monomer(s) in the polymer slurry based on the total weight of
the hydrocarbon-rubber in the polymer slurry, the process comprising:

(a) contacting the polymer slurry with a hydrocarbon solvent; and



wherein the diluent nixture conprises a hydrofl uorocarbon and the
first mass fraction is higher than the second mass fraction, 6. The
process of any one of clains 1 to 5, wherein the hydrofl uorocarbon
conprises at |east one carbon atom and at |east two fluorine atons.
7. The process of any one of clains 1 to 6, wherein the

hydr of | uorocarbon conprises 1, 1-difluoyget hane. 8. The process of any
one of clains 1 to 7, wherein the hydrofl uorocarbon conprises 1, 1,

1, 2-tetrafl uoroethane. 9. The process of any one of clainms 1 to 8,
wherein the hydrofl uorocarbon consists essentially of hydrogen,

carbon, and flupri nemovilg alRest ArpRERRSofAhe AMENPAR] Riveat fbMEhd pdlPmEs sturry
wherein the mass fraction of the unreacted nononer(s) in the )
hydr ocar bon- cenent ,to séiseothet Hegle dicxid whpsghhydspcarlpa-whberoeapend rhaving a
rubber in the hydr op- e i t S§.f I (

t he unreacted rmno%g(?or(n g) liilllzén‘S ?ﬁ%ﬁgo(}fiw{er?&zﬁdu?@%&l%@g@ %ﬁ l%)ﬁg&ctd %pgl%bber
wei ght of the hydr eemetuprbasadbterthe mothlhempuaitysfe hydrbembon-rublier fhfesent in the
process of any one of, cl %i ns to 10, wherein the diluent or diluent
m xture conprises MEEIVPOLKTUPEEE™MEPL  The process of any one of
claims 1 to 1lghethRKIR dilubeniWAE RGeS a hidiBahor6&FhdH HRThPHIsY MREs(fPaction
and/ or copol yner(s) of isobutylene, isoprene, para-nethyl styrene, or
a conbi nati on l’éh@h@dﬁ@ntils.secpﬁéﬁf?%%@é@nof any one of clains 1 to 12,

wherein the di ' ' ' 1
nydr of | uck ocarf s o4y BE oLl fo P MrSh i @hydidffuopgearbon comprises
any one of cl deassore catbch3tomiradet leadtlreo flobymeatorsb.urry is produced in
a slurry catiaopic pol rizatiop process for the production of CA-C7
ool et | -pol yHsrbeest OF ih Bhe OF GRLRCF B2 0. SherpiiciB ni o SEarom, goraoifss

14, wherein thegl-pllugrRthagéurry conprises greater than or equal to
about 10 vol % solids. 16. The process of any one of clains 1 to 15, .
wherei n the polbgrspcess gf pyy pae af claimsehiref awhbsreinghe hydroflppraparben gopupmses
to about -20C 1",‘4‘,?,@—': éﬁtﬁ?&eﬁﬁn@th t he hydr ocar bon sol vent. 17. The
process of any one of clains 1 to 16, wherein the mass fraction of

t he unredtt ed Thenmoessé of anp anheofhpfadme clatd 8nwbeneanthe Hydsdhiomeatba consists
total weight of t 8 h%/gjrtsagarébogrbr lﬁlbzp r i%mtahe hydr ocar bon-cenent, is

| ess than 80% 01" I?\éy IS RCETON O f%urgl’e Unreacted nononer(s) in the
pol ymer sjurr yTheliaseds ohartyhené of elhinwel ®h®, wHerdih eéhehwisks dattroof the hhfacted

in the polymer slurry,, 18 he process Qf an ne qQf ¢l ai o 17,
wher ei n t he hymr@eaqr%bw-tﬁa bbépcae&?é?ﬂn%%égfgﬁhtgﬁrq@ vieight Ogﬁiejhyﬁrocarzon

unreact ed MONGHBEel 3 -thd AydrbbAbH-058%8, RfleRMMa® AR RbsCHAIHIR oF the uhfacted
wherein the hydrofluorocarbon diluent is a gas at 25C and a pressure

of 101.3 kPa- anorzguer(Fhén fropelysenflupny bessd wf thel lalsveight ofithe hyHeeatban
t he hydr of | uorm&?&&elpglﬁepgﬁ%pt ed by the formul a:

11.  The process of any one of claims 1 to 10, wherein the diluent or diluent mixture
comprises methyl chloride.

12.  The process of any one of claims 1 to 11, wherein the hydrocarbon-rubber comprises
polymer(s) and/or copolymer(s) of isobutylene, isoprene, para-methyl styrene, or a
combination thereof.

13.  The process of any one of claims 1 to 12, wherein the diluent or diluent mixture
consists of the hydrofluorocarbon and 5 to 70 wt% methyl chloride.

14.  The process of any one of claims 1 to 13, wherein the polymer slurry is produced in a

slurry cationic polymerization process for the production of C4-C; isoolefin polymers.



Cx1-1yFz wherein x is an integer fromi1 to 10,” y is greater than or

equal to 1, and z is greater than or equal to 1. 21. The process of

any one of clains 1 to 20, wherein the hydrofluorocarbon is sel ected

fromthe group consisting of: fluoronethane; difluoronethane;

trifluoronethane; fluoroethane; 1,1-difluoroethane; 1,2-difluoro

ethane; 1,1,1 -trifluoroethane;l ,1,2-tri.fluoro ethane;1,1,1, 2-

tetrafluoroethane;1,1 ,2,2-tetrafluoro éthane;l , 1,1,2,2-pentafluoro

ethane; 1,1, 1- trifluoropropane; 1,1, 2-trifluoropropane;

1,1,3-trifluoropropane;1,2,2- trifluoropropane;

1,2,3-trifd uorgpr ﬁBé‘é&@ o all Jond-dredisiak! QS OB RRABR; the bolyndr slurry comprises

etrafluoropropane g tetrafluoropropane

1,2, 3- tetraﬁﬁﬁﬁwdbﬂuyéﬁéﬂfqa@“@1@Y0@%ﬁﬂdﬁluoropropane

,2,2,3-tetrafhuyo nt af.l.u opan - -

en uoféopr O"i{)l‘%nér%gisg grgl g&e éogt%i%ﬁngglr tg?‘rll‘ijhg%ﬁn R solymer %ﬁm’y is at a
, 2, 3- hetmfad:rammmfo};eamehanl oi: équal 3¢ Jablvex al2DUOr whero pamacted with the

3, 3- h opr ane ,2,2,3,3- heptafl uoropropane;

, 3,3 Eé? opane 1 1,1-trifluorobutane; 1,1, 2-

r Opﬂt a”ﬁw ﬁko@ess?’of dd dﬂéfo Qﬁ%@'ﬂ@o 18, whedeih lihd hﬂ@r@éﬂéﬁﬂﬁh‘a unreacted

rifluorobutane: 1,2, 3-trifluorobutane; 1,3,3-trifluorobutane;

ri f | uortogReReane) imthg hydrocarpas: eemtent dnesisipmahe total weight of the hydrocarbon

| uor ob YLBEs: 1;1 th% l'é(dfbc% %&lﬂ&ﬁr ?@f&@%ﬂlw% ]Ule’hg mass fraction of the

uor obut'ane; 1,1 Iuorobutan

-tetr aflhmcmﬂumamanér(s;l 13 fBe pedymaf blurrypbaﬁednm the total weight of the

tetrafIHoro utaq&;l,l 4,ﬁ tetrafl uorobut ane; 1, 2, 2, 3-

uor obut!RECEEN 510bet forthe be PRI Ane

- t B r afTHegirodued anshylond, of cthimé ¢té af | WRr&R Uk@RRirocarbon-rubber cement is

-tetrafluorobutane; 1,1,1, 2, 2- pentafluorobutane 1,1,1, 2, 3-
essentially free of unreacted monomer(s).

t

1
111
1

ww_-b-b__“""'"o I\le\)_

19.  The process of any one of claims 1 to 18, wherein the hydrofluorocarbon diluent is a
gas at 25°C and a pressure of 101.3 kPa-a.

20.  The process of any one of claims 1 to 19, wherein the hydrofluorocarbon is
represented by the formula:

CH,F,

wherein x is an integer from 1 to 10, y is greater than or equal to 1; and z is greater
than or equal to 1.

21.  The process of any one of claims 1 to 20, wherein the hydrofluorocarbon is 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; 1,1,1-
trifluoropropane; 1,1,2-trifluoropropane; 1,1,3-trifluoropropane; 1,2,2-
trifluoropropane;  1,2,3-trifluoropropane;  1,1,1,2-tetrafluoropropane;  1,1,1,3-
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-



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

1,1,1,3, 3- pentafluorobutane 1,1, 1, 3, 4-pent af | uor obut ane; )
1,1,1,4,4- pentafluorobutane;l,l 2 2,3- pent af | uor obut ane;

l,1, 2,2, 4-pent af | uor obut ane; 1, 1, 2, 3, 3- pent af | uor obut ane;

,1, 2,4, 4- pent af | uor obut ane; 1, 1, 3, 3, 4- pent af | uor obut ane; 1, 2, 2, 3, 3-
pent af | orobutane;1,2,2,3,4-pentaf|uorg@ptane

1,1,1, 2, 2, 3-hexafl uorobutane; 1,1,1,2 hexaf | uor obut ane;

1,1,1, 2,3, 3-hexafl uorobut ane, 1, 1, 1, 2, 3, 4- hexaf | uor obut ane;

1,1,1, 2,4, 4- hexafl uorobut ane; 1, 1, 1, 3, 3, 4- hexaf | uor obut ane;

1,1,1,3, 4, 4- h%ﬁfa!ﬂﬁ@troﬁ hidie, 111 QSZB zﬁbnfh:ﬂﬂo ¥ophhd! Or QR UL ML hexafluoropropane;
1,1, 2,2,3,3- hexafl uor obut ane; exaf I'uor obut ane;

1,1, 2,2, 4, 4- hebehi 261 bwﬁaﬁ@pr@alle 2, 3,13, b3 Adxpllomopopanse:  1,1.1,2,2,3,3-
11112131414h - -
1,1.1,2,2, 3, 30 g{a{ﬂk{?ﬁf ﬁg%% 1al’ll(]31 233 i’%’fﬁﬁ‘ﬁﬂo’ﬁgﬁ’% ept ai?1 %ﬁﬂﬁm?'étﬁ%e 1.2
1, 1,2,2,3 ,4- thﬁpdnablhtum&‘ Oﬂ);lthtmﬂuoﬁq‘oumne 1,121, @-tmﬂﬂ.lox@ﬂbdmt af.p Barlﬂbm‘bbmme
1,1, 1,2,3, f | uor obu 1,2, 4,4, 4-hept af ] uor obut
1115 5 o heRORRRUBTSEE anebhd tHMOgbEis 5 22 SR EOPIBIR anch b2
1,1,1, 2, 2, 3, 4, #rahloadthti@e obut BN e tetdafthorbbatase; 3, 4,14;4-RehAbdupuitakyt ane 2-
1,1,1,2,2, 4,4, 4-oct af | uorobut ane; 1, 1,1, 2,3, 4,4, 4°oct af | uor obut ane;

1, 1, 1,2, 2, 3 etgaﬂu@rqbuﬁp@ﬁ,af Lilo?s éﬁgfaélﬁgrobgtanqz j_,l 2,4-tetrafluorobutane; 1,1,3 3-
1 1 21 31 41 ) -t a 7 uo 2 - e,
1,1,3-trifl uor o- %{ met h%Pgr oqglﬁé te&a{lﬁgro&ﬁ‘{aﬂ% ra 1 ifblf %ﬁ%r%&%n 1,2,2,3-
met hyl pr opane; tetiafmo&;h’atmei ratz m&nﬁraﬂunmbmphqgr op2r¥e3-tetrafluorobutane;  1,2,3,4-
1,1,3-trifl uor.o- or o

T 5 5 pentBriSi nﬁ’em L BB anes 514,120 pepiplagrobugane; 1,1,523-
(fluoronet hyl )eaapasebiland, 1, 3,1 1,2urrblabasobdadd; | uonames Biehaflofsm@ane;
1,1,2- trifluorocyclobutane; 1,1,3-trifl uorocycl gbutane;

1,2, 3-trifl uorobydiprmaiiverobutanesy 2. t eb hAfdRGEeTbBERSNe: 1, 1 1,B23.3
-tet raf | uor ocygl0RybABEade: 1 212,82 4RRHaALLHOEAL!C! OBULERS: Lnafidordbitard;
- pent a quoroc?% Eutane 1,1,2,2)3, SQEﬁexaéluorocyc obut’ anéén
1,1,2,2,3,4- hekhﬂﬂu%WQm#hmmbuwame 1, 1, 21,83.3,4pentedluafdbuaneicy cl obutané;3-
1,1,2,2,3,3,4-he afI rocycl rifluqr

T 15t b uorpRBReRlags oA S Benantosfuldae! | U L LB éxattuorobutane;
1,2,3-trifluorgpt Qm@mﬁexaﬂuamButaﬁel f 1 uor,0arHPeMexafluorobutane, 1,1,1,2,3,4-
2,3,3-trifluoropropene; 3,3,3-trifluoroprope

1,1, 2-tri | uorhXaffinreiptaney 4,1l gﬁt“f@“&éﬁ@m'&“tarﬁut erlet,1,3;3,4-hexafluorobutane;
1,4-trifluoro-pi;3bud ﬁé}&ﬂuém%m%né ri fl PQf1Qr44heQéﬁu%%utane 1,1,2,2,3,3-
1,2,4-trifluoro-1-batene; 1,3 ,3 -trifluordo- 1 -butene; 1,3

L 4-trifluoro- hexaftuerehwanel 4, 14112 23i4harofleprabuancene:1,1,2,2,4,4-hexafluorobutane;
2,3, 3- trlfluor ut ene 4-trifluor

2,4,4-trifluor ohﬁﬁ%f%ﬁ%"aﬂﬁm’"gmaﬂ Strifl v 14 Q%e"%ﬁ%‘mbman% 1.2,2.3.3.4-
, 4, 4-trifl uor dexafludpobivesie; 141 41,242-3 BthajJtuﬂnlid)obulanebuI eneg, 2, 4,4 heptaﬂuorobutane
,1,2,3-tetrafluorqg-_ 1 buii 1,1 24tetrafL fﬁwﬂgb

'103" )3 -t et rdbhigrobA-hepta ‘e&r%‘wéanei 118514336t F utaile butlén‘e23 44
1,1 ,4,4-tetr @febféﬂﬁ@robﬂtan@ui €nei4 4 4+h%pt%ﬂ§oro§1ﬂ5ﬁ@-fi E’Q@O_‘j 4 hq{eﬁt@ﬁuorobutane
1,2,3,4-tetrafl toro-1-buténe;’ 12,74, 4-tetrafl uoro-1-butene; 1,3, 3, 4-

1,1,1,2,2,3,3 4-octaﬂu0robutane 1,1,1,2,2,3.4, 4—octaﬂuorobutane 1,1,1,2,3,3,4,4-
octafluorobutane; 1,1,1,2,2,4,4,4-octafluorobutane; 1,1,1,2,3,4,4,4-octafluorobutane;
1,1,1,2,2,3,3,4,4-nonafluorobutane; 1,1,1,2,2,3,4,4,4-nonafluorobutane; 1,1,1-
trifluoro-2-methylpropane; 1,1,3-trifluoro-2-methylpropane; 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-



tetrafluoro- 1 -butene;1 ,3,4,4-tetrafluoro- | -butene;
1,4,4,4-tetrafluoro- 1 -butene; 2,3 ,3 ,4-tetrafluoro- 1 -butene;?2, 3.
,4,4-tetrafluoro- 1 -butene;2,4,4,4-tetrafluoro- 1 - butene; 3 ,3
,4,4-tetrafluoro- 1 -butene; 3 ,4,4,4-tetrafluoro - 1 -butene; 1,
1,2,3,3 - pentafluoro- 1 -butene; 1, 1,2,3 ,4-p entafluoro- 1
-butene; 1, 1 ,2,4,4-pentafluoro- 1 -huwtene; 1,1,3 ,3 ,4-p

ent af |l uoro-1 butene 1, 1,3 ,4,4-p entafluoro- 1 -butene;
1,1,4,4,4-p entafluorol -butene; 1, 2,3, 3, 4-pentafl uoro-1-butene;

1, 2, 3,4, 4-pent af |l uoro- 1- butene; 1,2,4,4,4- pentafluoro-I-butene;

2,3, 3, 4, 4- pent@hbraictnd)phipagse; 213 143 fkuéﬂmaiz LRty PESRRE ; 1,1,2-

3,3,4,4, 4- pentafluoro 1- Eﬁ%ene 1,1 3,3, 4- hejgfluorgﬁgﬁb&?ene

1.1, 2. 3.4, 4- Hefuewogwebutane; By hrlupropyclobufang; 4. hawaflvaiesyslobuigne; ehd2,2-

1,2,3 ,3 ,4, 4 & but eney 11

25,4, 4 heta iRk Bpudne. UL CRCI I 3 eupfiporocuclobutanes | L1223-

1, 1 ,2,3,3,4,peatadipbmticlongane] - but gdg;3, 1pénta'&1®roo4rp1@bdtah1@,pt af | udr,d2,38-

“but en ne; 1, , 4, 4- hept af | uqr.o: but 1.2.3,3

a4 45 hept af 1 GSRROREYHUBRE, 1, | D erRTsGTeoBlbRES 112334

I, 1, 2-trifl uorexmbitd8RRBbuthné;, 3 ltZQB|3lm}ié}JTa3}ukac9<El6butane 1,1,2-trifluoroethene;

1,1, 4-trifluoro-2-butene; 1, 2, 3- 11§l uoro- 2- but ene;

| 2 4-trifl uorlol.2tpfleerperopgncy 11é Fwiflugrapiencac: 2 - Hud-arwdtluoropropeng; 1,33

44 tetrafl ug 3,35 ugr _

1, 1, 2,3-tetraf Pgogrgpi.zéﬁjgufeng 3 %‘fq} JLZO(?’Ei(KtéJi:rg’ %J%ngi&%&ﬁ ene . 1,1,2-trifluoro-1

1, 2, 3, 4-t et r aftutemen- R} Bunﬁumfp IHierk; 21,3 4gafitab! luortene? - lbﬁttaﬂeoro~ 1-butene;

1,1, 1,2, 4-pent 0- 2- ene; 3 ent af |

1,11, 4, 4- nlta%rf‘#ﬂ@‘r‘%m’z‘b%ﬁ?“&nel %131 Tjﬂk‘o’? h’rgbtéﬂ? aflp ﬂ%ﬁaﬂwﬁ%éﬁ%w 1:4,4-

1,1,2,4, 4-pe nttﬂﬂhmfpb&eﬁltf}'ﬂSﬂmﬂu&oﬂlr&t&e‘i 2lmexaifluees-0-batdaul eaestrifluoro-

1,1,1, 2,4, 4- hexafl uoro-2-butene; 1,1,1, 3,4, 4- hexafl uoro-2- but ene:

1,11, 4, 4, 4- hexhytparerb3.s-tntlised -buteng; 3.4x1-tnfluoppslhptensr 642l -triffgpronksbutene;

1,1,1, 2,3, 41 ]E?Q%at %réfﬁfo?o ?'Iﬁi:gngne 1,1,2 4-tefrafluoro-1-butene; 3.3 tetraﬂuoro—l-

1,1,1,2,4,4, ept af [ uor o- 2- but ene; "and m xt ures t her eof 22

process of anybucnmls b1, 34-tritaBudrotlebidne; \Aﬂe‘lf,é{tﬂﬁraﬂhe‘owmtmrlbbmS@ita:ﬂsmo-
S

conprises C4- ro 3. The proc n

Co 52 “wer o ri-CHEMLy B a3 LTRG24 P taef Filen Sl 3
cyclic C5-C8 hyadfnas-Ddntene24. ﬂhm-mxaﬂﬁﬁs 1dfutéaiay ongm tettadlu oM - 1lb1htene
23, wherein the hydr ocar bon sol vent co rises algf)Suttto C7_al kane.

The process of>hy-igwalugro-dibyieng 1 2.4 tetr@\ﬂi‘é}’%'l S CE hy%lﬁ&edaFeHéﬂuom 1-

sol vent is seligeded fram iR 0LH4R GRS St 3NG4 Bftétrafluoro-1-butene;  1,1,2,3,3-
but ane, cycl obut ane; i sobut ane, n- gent ane, cycl opent ane, n- hexane,

met hycycl opentmn@ﬂUDmbutam 1,12 ﬁﬁtﬂ’?}ltaqﬂgnmah uterss; rielt,llfmmtﬂﬁn@m 1-butene;
2- met hyl but an 2 di t t

et exand L3S PULARE: 1 Fad 4‘3%6 TTATNSHPE8RGe: 1.1.4.4 4 penaflugro-
2, 3-di net hyl penbwaass; 2243d4ﬁaﬁ&ﬂdop@mtbafbae, 2354, d4peﬁthﬂydrpanmam 1,2,4,4,4-
2- nmet hyl hept ane, % et hﬁ hexane, 2, 5 di thyI Eexane é4, - _
trimet hyl pent dsataflyeroaliauiengs g hhd.4 FH’& ero-lyBignRs 2,3rhAddeRtsfluoro-1-butene;

undecane, 1, 1-3 dlunefpethaiernentane, 1. 2t diamei Rxlayusloonsmtane. 1,1,2,3,4.4-
1, 3- dlnethylcyclo ent ane, ethyl cycl pentane cycl ohexane,

met hyl cycl ohexunetludserAeiene; t ol Udried 4 bexaflvosoy [-bniene; parla, % 4eikexafluoro-1-
met a- xyl ene, 3&% %Q”b' ng ,:2 04‘%4&'3%%%]‘0 %%ute}gge pr 02°?§§f 2. P%X‘lu&gel Bltene;

claims 1 to 2 Wher ei n rocar bon sol vent a I X

n- hexane, 2- net, ny 3me4;uamptaﬂ6?era:atwmérme rt B84 zmahdsmfhm-omrmam 1,3,3,4,4,4-

and/ or cycl ohex . 27, The process of any_one qf cl ai

further conpri p upial Eltltélb% Js2> g § 4.4 4-heptafluoro-1-butene; ﬁ 1- tn&luoro-Z butene;
1,1,2-trifluoro-2-butene; 1,1,3-trifluoro-2-butene; 1,1,4-trifluoro-2-butene; 1,2,3-

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



- 45 - (c) renoving at |east a portion of the hydrofl uorocarbon from
the polyner slurry; and (d) recycling at |east a portion of the
renmoved hydrof |l uorocarbon to produce additional polynmer slurry.

28. The process of any one of clains 1 to 26, further conprising the
steps of: (c) renoving at |east a portion of the hydrocarbon sol vent;
and (d) recycling at least a portion of44the renoved hydrocarbon

sol vent to produce additional polynmer slurry. 29.The process of any
one of clainms Ito 26, further conprising the steps of: (c) renoving
at least a portion of the nononer(s); and (d) recycling at |east a

portion of theaetdhRyed-bawnaeer (,$) 4 RupladuCehuiad] t i ong,3 tetraﬂuoro 2-butene;
hydr ocar bon-rubber. 30, The_ process_ of ané one of clains Ito
¢

further conprilsl ’64‘3‘5@}‘1&"5‘1 Prgtenme Ledgetelpllyaso-grimese; « hd. 1;»)'4 %@@HF@“%P -2-
the polymer slyptd\y. Of,l,tﬂhezt g&ﬁf{aﬂlfo?o beu$£9 PPy XW?&H{EBVO-@'BE%E@G 1,1,1,4,4-

hydr ocar bon sol vent . process of any one clains
further conpri wnta@uome@ hutt:meng lt,hé,éltwmaﬂnamt& bytenehd, g2, é,ésmneﬂumhe?-butene

ndior the.wei ohb2rHRPRERORTZ PRGN | bt 2o PR TR FREle | 1 g

resul ting m Xthekgfhipo-Ltbakenthe 1,834 4-hexaflusioZ-Butese; MRI1[IL A3 ARchex8fluoro-2-
substantial l'y honngeneous I|qU|d phase. 32. The Erocess of any one of

claims 1 to 3butsRerlelh2oKbt-Bentytinoro-2bussne; doblithdhbsniatinoro-dedutape; and

styrene pol yngfhixRlrefflelesobuUt yl €ne/ i soprene copol yner. 33. A
hydr ocar bon-rubber cenent conposition made by a process of any one of
cl ai 8 1 32 32JThe process of any one of claims 1 to 21, wherein the hydrocarbon solvent comprises

C4-Cyp hydrocarbons.

23.  The process of any one of claims 1 to 22, wherein the hydrocarbon solvent comprises
linear, branched, or cyclic Cs-Cg hydrocarbons.

24,  The process of any one of claims 1 to 23, wherein the hydrocarbon solvent comprises
a Cs to Cy alkane.

25.  The process of any one of claims 1 to 23, wherein the hydrocarbon solvent is selected
from the group consisting of:
butane, cyclobutane, isobutane,  n-pentane,  cyclopentane, n-hexane,
methycyclopentane, isohexane, 2-methylpentane, 3-methylpentane, 2-methylbutane,
2,2-dimethylbutane, 2,3-dimethylbutane, 2-methylhexane, 3-methylhexane, 3-
ethylpentane, 2,2-dimethylpentane, 2,3-dimethylpentane, 2,4-dimethylpentane, 3,3-
dimethylpentane, 2-methylheptane, 3-ethylhexane, 2,5-dimethylhexane, 2,24.-
trimethylpentane, octane, heptane, nonane, decane, dodecane, undecane, 1,1-
dimethylcycopentane, 1,2-dimethylcyclopentane, 1,3-dimethylcyclopentane,
ethylcyclopentane, cyclohexane, methylcyclohexane, benzene, toluene, ortho-xylene,
para-xylene, meta-xylene, and combinations thereof.

26. The process of any one of claims 1 to 23, wherein the hydrocarbon solvent is a
mixture of n-hexane, 2-methylpentane, 3-methylpentane, methylcyclopentane, and/or
cyclohexane.

27.  The process of any one of claims 1 to 26, further comprising the steps of:



28.

29,

30.

31.

32.

33.
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(c) removing at least a portion of the hydrofluorocarbon from the polymer slurry;
and

(d) recycling at least a portion of the removed hydrofluorocarbon to produce
additional polymer sharry.

The process of any one of claims 1 to 26, further comprising the steps of}

(©) removing at least a portion of the hydrocarbon solvent; and

(d) recycling at least a portion of the removed hydrocarbon solvent to produce
additional polymer slurry.

The process of any one of claims 1 to 26, further comprising the steps of:

(c) removing at least a portion of the monomer(s); and

(d}  recycling at least a portion of the removed monomer(s) to produce additional
hydrocarbon-rubber.

The process of any one of claims 1 to 29, further comprising:

adjusting the temperature and/or the pressure of the polymer slurry or the mixture of

the polymer slurry and the hydrocarbon solvent.

The process of any one of claims 1 to 30, further comprising:

adjusting the temperature, the pressure, the weight fraction of the hydrocarbon

solvent in the resulting mixture, and/or the weight fraction of the diluent or diluent

mixture in the resulting mixture so that the resulting mixture is maintained as

substantially homogeneous liquid phase.

The process of any one of claims 1 to 31, wherein the polymer is an isobutylene/para-

methyl styrene polymer or an isobutylene/isoprene copolymer.

A hydrocarbon-rubber cement composition made by a process of any one of claims 1

to 32.





