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Conmon Sol vent Process for Producing H gh Ml ecul ar
Wei ght Hai obutyl Rubber Field of the Invention The

WO NPk rel ates to an integrated process tHRAT/EREE9/¢8743
conmon medi um for both sol ution pol ynerization and
subsequent hal ogenati on of ?utyl rubber. More
particularly, the invention'relates to a process that
enpl oys a conmon al i phatic nedium such as a C6 sol vent

urrreacted nononers. Background I n the conventiona
kahﬂﬂﬁ&ﬁ&ﬁmﬁﬂr produci ng hai obutyl rubber, isobutylene

i SO rene mononers .are first pol nerlzed in.a polar :
The sty GFGRa baR. REGTLHS PEheh BY BBt Hy FehrbrFaicy p it sluton
polymdMzhfonadid ahudbduetthaR@sedon off Hubydkibber. SHEt saicdlapi, t}ﬁluhvytntmn relates to a
ei ther alum numtrichloride

e L RSl orce (81 b o, oL Bt LAY, i
and haBRBTA61 eHuyy] Eibs SOl iMEinteinddiiiSdiRDlaBén tIRehaRunREdted Sonomers.

present as suspended particles and so this process is

normal ly referred to as a slurry process. Residual
Backgropdhner s and pol yneri zati on nedi um are then steam

In the SR8 phdc8f thhgolidtnglhaloblbBiibbeb 8iMuSloht aahcﬁs&iﬂr&&@ﬁdﬁ@ﬁiers are first
i n a hal ogenati on nedi um typlcalkg a _non- polar

medi
polymeyized, itgg PR hzﬁ@hy@(%yrboq-ﬁ@dlﬁ% wgﬁlé wle {MeCl) Wlth an aluminum

based Wifidt¥BLs ?&té‘m pfy‘BQHW%HﬁéP enfnhiR@h Shhade r@ﬁ@lg) 8F ethyl aluminum dichloride
rom na roduct. The conventi onal process therefore

(EtAICéz}pTFbeybutslep@bat ¢oep gloy ppireciaily dissArrdinh Biisoprafamiedinms balpis present as
suspenﬁ%a?tyél%ganh b ﬂgén% o&ds§ ﬁt no%ﬂ fegpc? toua%eﬁ %ﬁgl@é’ésér Residual monomers
rrzation a a non- ar dium for
and pdhahaggivat m@mm etee@sn stadne strippedefrore dhwab\éylsmbb@p,pbeiﬁfge anig dissolved in a
halogenatxo%onlle\ﬁ]gung ti%ve 3 aaH(Sjnt Iljo?ar %&Ln% gl%cg{h% he£a?xf@: (@ﬁ%ﬁgﬁégﬁo%nﬁmn process
ultimatl\ﬂg)q:roﬁu‘oem}tehﬁlaﬁ) uhlphnq:b@i ym’enonmatedmrddmt éithe bwhromgonal process therefore
emplo%isl&a;%%%%%]:y%gﬂ%a?@? r?éi‘ {1511? %ﬁirmé asg E gi%plg in, nﬁ\ro grilferent me«%a ¥he use of a
polar 1Eddkh Ter p\tblg‘nhertzﬁﬁd:rdhk&il a AONpsTRT medu]ih e'omh}zﬂmmhatb)nlﬂebﬂgtates intermediate

_ .points t he conpone ed in the ocess are:
Stnpp1§%régi dlsséﬁméée’?ﬁ he 1&1ﬁ1étl'§om7an(f6ﬁrg§ﬁaxgg vbe&, ene,

OC. Any stripping process that renoves the heaV|er of

SR A R TEIE ER  E—

in ordeQ OGRS ForfBIMVIMBIA foxRfbyblouddnfrdr® 8etreLi60 BNAMERE Sr bromine with
fromthe rubber slurry requires significant amounts of

residuad mropgmers Thee rrpakberinggrastdie pepgintsuartintifairegest e MeCl, 24 °C;

1sobutﬁé19:he}r oCDQhd, '1§?>gr699'3m°)3 Qiny s%pﬁ@lp%%ﬁe%ﬁa@ %M%Qﬂﬁ@ém@ér%@the residual
precl udés the renoval t hese s$e0|es | ow ng the

monomfas Geroreae) vl plsoceseye esﬁﬂnmilmﬂl P %é\ﬁs@saffdolﬁoﬁ ne. The process of

I
oo R P 62100 AL AR B B MR s o oy
The gmtexemahpﬂa wéight Hends thexefire higheroraléng painty e§ thei lisbgenated monomers also

preclug:as aeqenalgva 311 tﬁ@s% species following the halogenation process.

Solution processes for the polymerization of butyl rubber have been known for many years and are
practiced commercially in Russia. An example of the solution process is described in Canadian patent
1,019,095, which discloses the use of iso-pentane (C5) as the preferred polymerization medium. The
polymers produced using the above process are non-halogenated. Although halogenation could take

place in the saturated C5 medium, the presence of residual monomers (isobutylene, iC4, and isoprene,
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1,019, 095, which discloses the use of iso-pentane (C5)
as the preferred pol ynerization nmedium The pol yners
WQrae0wess usi ng t he above process are non- hal GYSMER280P/058743
Al t hough hal ogenation could take place in the
saturated C5 nmedium the presence of residual nononers
(i sobutylene, iC4, and isop#ene,i C5) would lead to
formati on of the afore-nmentioned undesirable
by- products during hal ogenati on. The renoval of the
iCs) “wnlrdelaaﬁtte dormehiomefrte iforetthentionrsl|undesigeblé by-prodedis durppe deleganation. The

FEMOV; t ea %Trga%{ed%&%mel%ﬁ kh\éec%ai}/e%%mfo'r“s‘%cﬁo ﬁgxgcés% P{EPLEQ qxopgeﬁ:g resolved yet.

O renove e nono atlon
Althm@hl 1’: wngldriml debisabdn‘ tot ﬂamo@thneuhnumr@bsrap‘erhham the2@ild@) paigs of the C5
mediu%?g@%ﬁ%#ag%n%%‘l@ %Pﬂlga?\elk d reehre'i?vsierdrgﬁ? ual ROBESR Ronomer (iCs, 34 °Q),

theref&e [ag dihd GflsdpSrandimts Sﬁipd&;lszble Brenifinbrmd pm&neﬂmhm’lmm‘t 36 °C) were used

MCENTETY TEN M Ry N ——

isopredd bW EdtilleGdd t\i@m[cﬁHSDV/&sl a fefulf, BR résSPY BfRNES dg medium would all have to
distillation technjques. As a result, the.r

e srORIGRET 67 SAE HE PSR ES © ° HEORPPiSsba G b BB beie subsequentl

re-disdoROE B halbgeRRidnhe TRt Y| inf fABD&ore @fergyN irdtdiRive | thAd Malogenation from the
process, wth the rubber bel ngc subsequent |y

convertiongfi Sy RFeRFSY: oFheriite shisprRaniaph (CoTas & cprgmon HlEﬁléE& for prgfging halobutyl
rubbe§ 9 BeWord H&%P&%‘m‘/&? ulihoie BalLgRAALbIARA §:088s4. he
conventional slurry process. The use of isopentane
(C5) as a common nedi um for producing hal obutyl rubber
Itis k}llo%vn 19 %{eedfrtotlé%s@ﬂéxaﬁ @5 he oi%ér&gtl&ﬂﬁecﬁ&ﬂmg LQB&n process. However,
sol ution process. nown in the art to use hexane
the vigaGa)y ak aaopoicy nselrumlatls erongiydilapendent ena Be|vigcpsiy of the medium used.
r I
Becau?e R %ﬁgdﬁzgtmy\%g% en’r1] Lﬁrt? 1suﬂngcﬁ%?%1tgy @?’gg‘%‘sw Mgﬁ{ed%& FHT %rer:]n molecular
we1ghuaadd)01yﬁer_: aligeleviiathy r@‘dﬂsg Yl',?co@lty el t@@oﬂm@hr gPhuiicn 1myl@¢1much higher. This
limits \Rglgzéi%rso 195 cop ﬁin%o re{ativ?l}(/:? W eveis n’hex{ ﬁge 13?11165%5 %ﬁe D S&Pén? CsHmQ otherwise the
sohmoﬂ I&G@ﬁesttgyo ﬁécohh éor poddyinear tr&@feu tpuning sndhamolimg c’fhemvg’ab economics of a

procesis S ! %ﬁy %g h]%gee ]siigoobg&eécﬁgﬁ% %?Ftsglg{le art Sb.l%&?%g%OI} %mergmg from the

polym%ﬁﬁn&iﬁ)lrdd&tb@ i dDECRINES e QO mearSig phes cf)rﬁférsgﬁeidd heproved economics. In order

o ol BB A DRI NG LR P eE AL PRI 5 ecesary i

butyl $ONESzatibn tt@%nﬁﬂﬂy%dl@ﬂel?rlo&ufeﬁ@&‘ém%@ QB QshGhdnr csrm td1e These low
pol yneri zati on reactor i gher solids |evels nea

tempefffuspietcacsotietis Pt cahef hlalwog«{;@a vageHeRns Ea ip piendmy golids levels. Tn

the soﬁﬁgﬁﬂﬁ@ésg i RlneA@¥ie Qgit@dlﬁ%fuft h&hBbd ¥ BloBEmITRLBGULRY (conversion) at the
for comrercial ur poses, it is necessary in

desxre@wbraplm (predeciian WEIGHD w I@mgéxyxarné 2 sajeent dycdqhigh viscosity.
tenperatures, often less than -80 C. These | ow
tenperatures exacerbate the problem of high solution
In UVipsteosiStoz1 409 4 earetsoisedisplosedweherdnl prpsiugtelrems the| porpprsional slurry
polym%r? laHBﬂ gﬁc&r [ RCHSEd “)1‘[}1 he;?a_ng lEbe}er(E&F AL tr@obgf {ch tf'Each&‘ %]nQent The hexane
chi eve an. econom ¢ SO evel (conversion
is adddb@ltheeMe€bm’plBﬂr aluuy eft¢mesitiag teapolywetigtion _rwhtenm_u'sﬂqngo dissolve the rubber
bR 28 502N ED Bl 0Ll VPRI iy gl 4 sstaion s
is theypuisodl ttCrtamﬁVedﬁbCMd@ﬁliﬂﬂ&hCﬂ @n@iCSshmmyersﬁai poseld, Fatihgjust the rubber in a

hexang g@ﬁf@%@%f&%ﬁ%&*@h ﬁ%)r(] gﬁi(i)e% “golvenlfl re%la%er%énltl’dprogess S5l requires that

all of the original media left with the rubber after the polymerization stage are removed. The energy
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Is added to the MeC -rubber slurry after exiting the
pol yneri zation reactor in order to dissolve the rubber
WO 2910/8069%% while still finely divided and suspRITIERROPINSS743
the Med /nmonomer m xture. A distillation process is
then used to renove MeCl and residual iC4 and i C5
nononers for recycle, |leavifg just the rubber in a
hexane sol ution ready for halogenation This so-call ed
"sol vent repl acenment” ﬁrocess still uires that al
requirgyfent iy @sssntiadlyed samedh & @ﬁqnvmttonaitpﬁ@e$8u ngfenesplveids employed for
both pRLYABGLZALIKM.SLAGE are removed. The
thgg&rg #eq%ﬁreng ?g essentially the sane as in the
conventional process. No conmon solvent is enployed
There 39 ﬁ rggéxgs R e¥5n%t¥l g%‘fdcgsgotg%gussgfhoc%ﬁﬁ%élss%gfent-rﬁ? rbﬁthslbeiweﬁzation and
halogesaliomeﬂﬂfh@ﬂykmpﬂocqss Ithptrepﬂrztat witlrin an dcdralablgemegei adryjscosities in order to

allow %a}ég%ﬁeggghdsﬁ gjf:%esx g% efﬁerg&e?th?s'ﬂ\é\é eém(f‘ess I%Psit aIIovF] segﬁration of the

residud] UinbeinesO fiohs tHeeSbé&}eSt atiort hJe haleginat@a 1 beleu k@ mitigitg ite. formation of
ﬁ@% <FSS nmust al |l ow separation of the residua
undes; &gé? om the solvent prior to hal ogenation in
order to n1t|gate the formati on of undesirable
SummbBy-opthe@uehtton Summary of the Invention According to an
aspect of the invention, there is provided an
i ntegrated process for the solution polynerization and
Accor§ibP $€ GHeRpech ak age nathion, Herd h;eprbuﬂaaﬁ fan qhxte@uae Cimbd&ﬁ ePythe solution

in a conmon aliphatic nedi risin ast
polymgggzatia, gid eWéeoantnw%e%aﬂpb Z{% B Bfa%%%ﬁﬁ H@f@ﬁﬁw fgoagumon aliphatic
mediuR@binbGndPR ikt JoNwit-BEo oA BEMAE athsHatit BydBEdAkBoad ha@mg a boﬂmg point in the
pressure of 1013 hPa, the process conprjsin | eas
range ?fr &FErtaBiy wvorersivy ef {018 hBa.dheprecest compyisigg 68 fegfty rpgefarably cxclusively
the stefBGH UM conpri sing the conmon aliphatic mediumand a
honomer m xture conprising at |east one isoolefin
nmononmer and at | east one nultiolef n nonomer in a nmass
‘ LRl o TROGHRT coflpXbig Gnd LoGRBROMpRldPRRkLG MRAL UMb Rner mixtur
D¢ PO a0 95“0[%’ 1 S oo gt de R Rk Ebmer mixure
amjnmmg apl'egft ong b;pyleﬁm oanagier 3gd @tdezg‘()e@gnuibt)leﬁn monomer in a mass ratio
po% ﬁ{lg%rn{e% B-%)gure (ﬂ?xﬂ hﬂlcxr}léﬁg&n X\f ﬁ'&'}x H%%&ﬁ) é.geg n%gfe}agly from 50:50
rma ru ution onpr sing a rub
V\,tu &5hl 5i asd atord mafstabbflﬂmt @nid tal80320,d| ssol ved in t he
b) ; 8 %%%%}O g ghél?rgert IEI%{L}%GO 2 &?reelfneé;ﬁ%{tg fglcgldl El%lber solution comprising a
s apatraiol yager ivdsihds af leasd nbeEnt&llQdiskdiesdnn mlmermed1m xbraprésing the common
fro t. he %ubbe¥ a Qtlon to prma se arat ed rubber
e SRR (19BOBUE 91 1T UBEET BT WYer and the

) ceamﬁng,akdsmbat BndiREd YMheOhokie® GERAEd AEmt e robhebesiution to form a
pol yner in the separated rubbgr soI%tloq
separated rubber solution comprising the butyl rubber polymer and the common aliphatic
medium, '

d) halogenating the rubber polymer in the separated rubber solution.

The scope of the invention encompasses any possible combination of definitions, parameters and

illustrations listed herein whether in general or within areas of preference.

As used herein the term “at least substantially dissolved” means that at least 70 wt.-%, preferably at least
00 wt.-%, preferably at least 95 wt.-% the rubber polymer obtained according to step b) are dissolved in

the medium
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The scope of the invention enconpasses any possible
conbi nation of definitions, paraneters and
WQ 2010/836P%% | ons | i sted herei n whet her in gener #CIGEP2009/058743

within areas of preference. As used herein the term

"at | east substantially dissolved" neans that at | east

70 wt.-% preferably at least 90 w.-% preferably at

| east 95 wt.-%the rubber polynmer obtained according

to step b) are dissolved in the nedium n an enbodi nent

of the invention the polynerization according to step
In an eggmoﬁﬂxgn (J? %eﬁﬁx%\ﬁhgﬁ {@e p&%&ﬁ@&dﬁcb&@m@%é@éﬂ) REd 1 pidv&ibn of a solution

I's effected using a solution polynmerization

accordingde stop 2) iSeffactadiueing ea@lvmomnﬁmg acakien W itahde repors are those known
to the aéﬁ}ed'u?%g oft b RS aRNTheb2E Ul LG BNON

pol'ymeri zation reactors cording to anot her aspect
Accordifig toh@oithw emectmf th¢ eemiopsthpnegy prieifiedan |nm$@tp@p@éess for the solution

rocess f t.L QN h

I e e R e
procesmedmprmmgt reovipding e sslutanpelisenigtiopresbdongpising dieut ehiphatic medium
mixed %{ét %%@rnlﬁ{nz %t | %ﬂ% %o%%tn%ﬁ% nt ?an i3 og?flen né%nomeza énl %3%‘&1{1&&11 monomer in a
mass rbt&asat“ nidforh& ik o M e s ! fami 6 B39m:| &0i: 28); e&@mammngme mjonomer mixture
w1thm(§11e @Jt]to% %tg ggatlgg F%%{; Xt u{nﬁa ﬂeﬁg %n?ﬁg{k?%ﬁ %gl]ﬁyl rubber polymer

dissolvaitiRithe Eﬂ%@mﬁlolnid{t in@lﬁdﬂ@kb@i@él ihaﬁdrﬁﬂﬂs bf et mbnofm):r frﬁiﬁﬂiﬁea separating the

rubber solution _conprising a b t r b po
monors o o RSBt 8 5 oG SO Sorprsing ke oty

rubber TRINMER I8 8f Melemmang 'Tﬁfogéﬂaﬁﬁ% £ i@ Rkt |pBErrrIeh@n the separated rubber
nononer m xture fromthe rubber solution to forma
solutiogepar at ed rubber sol ution conprising the butyl rubber
polynmer in the nmedium and, hal ogenating the butyl
rubber polyner in the separated rubber solution. The
The pprcevesey waplosngiFiption de iseras on-reasicd efseifen enememesadeede isoolefin
monorﬁe??sﬁxgy L ARRABR! Sondms sG] 1§9%@§(‘5@ ﬁgﬁocﬂgﬁédﬁﬂzd 1€ mitigates the
&f m MORONers such as i CA fromt
formatiredofnmdeTibdbse: hilbgegaticss biphalufis rfbt\fm1 |thﬁn umfeaqnfr@d@@mﬂmﬁ e The process is
conduc? otgg rgl%tdleroa ¢ erPeﬁa?%igtﬂ flta(i.)gn otfqg(al%ﬂlrégat%tc% nﬁ%&tfb medium or C6
cess 1S erate or relatrvely
mediudni glypmﬂtyl, cheofsontefio mmnmnefs cnd:htﬂmmrajf iiEh acruqnomnietjasumswniﬁcantly lower

Bt R ISR e ——
resultstif @owek hﬁerﬂbﬁﬁﬁbﬁlt)& Dvﬁlbﬂbmeﬁgynﬁﬂd:lm@f tHe |peac€ﬁ igvimghironed h}n diiminating the

st S 1A R TP B R B ivesin

second§dD&aS for hslopdhafi @V €thdiytegtatedi ool Goliviie pieed th@ecfore provides improved
separate the rubber fron1 first diluent or so] vent

energy (HEIHE A0 I P Bt B ATPHEA PFOCH; LB Y SOTRAr iR conventional non-

inteerS&GRNG s O1oY 8lkink BflofAbRIBRAL YRy, The integrated comon
sol'vent process therefore provides inproved energy

. efficiency and a reduction in the nunber of process
Bﬂﬂ3§§@§§Q§§ié§£¥§ﬁ§% with conventional nonintegrated

processes for maki ng hal ogenated butyl rubber.

Having summarized the invention, preferred embodiments thereof will now be described with reference

to the accompanying drawings, in which:

Fig. 1 shows a process flow diagram for a process according to the present invention that employs
purification and optional recycle of unreacted monomers following separation thereof from the polymer

solution; and,
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Brief Description of the Drawi ng Havi ng summari zed t he
i nvention, preferred enbodi nents thereof will now be
wQadepiepssd with reference to the acconpanyi ng RUTARR2G0H058743
in which: Fig. 1 shows a process flow diagramfor a
process according to the present invention that
enpl oys purification and optitonal recycle of unreacted
nononers followi ng separation thereof fromthe polyner
solution; and, Fig. 2 shows polymer solution viscosity
as a function of solids level. Detail ed Description
- i 0, ri zation reactor
Fg.2§%&§§5%?%v%gg§hgfgﬁﬁ %?Eggyﬁbgﬂ%ﬁgn%gg conprising i C4
and i C5, and a feed of a C6 solvent via an optiona
heat exchanger 10, preferably a recuperative heat
exchanger, and final feed cooler 20. The nmononers may
xed with the C6 solvent or mxed within the
DeailfE tﬁhlt shoul d be noted that the terns "C6
Referrigl tpelig” 1, 2CRluwiogarvilonesiohtipantetctemdd iOpravisigil mith asfeers @f monomers,
compx{gﬁargexbﬂ a%lil Qeaﬂgt e@d S:P a ?6 p@ t' Ha '.'IE t&lcm:iﬁﬁ&? %gdhgxgﬁell (?0 referably a
presen |nven I on. yst so ut1on, conpr
recupegativa hbo cathaogsr,candriing] fedcodetIOv aTlmrm@yostBGrm@zf b pre- my@‘ewnh the C6

Solveng %r rmxec? w1t1%a i}%:e reae:?ory ﬂ%{lﬂﬁé‘ Eelz 190@% tﬁe%'él%g??nsg‘% lvg“nr@’t “EEE 1%|am'c solvent”

and “Gﬂ&h@ﬁ@m” dsSisqal &Fﬂnx ﬁﬁ dasiotetn Gdﬁzﬁlpﬁﬁlc&ﬁ)dduﬁmﬁccbudirg e ﬂiea)ll’qs&tt invention. A
aration unit also. .intr

castyf P TRE. SOMEFPr? BOPOHEPTS bt BN E RO T Shgle (e (hed for buty

polym@eaHéns Wk.hd ﬁhvbﬂaﬁ h@#AGh&iesdfhch SOdthinomn, Aol el aeduhOst water) is pre-
reactors 40 of type suitabl

mixed iIgF 5P SIVBY G 6 SER VR ANPR ﬁn%?@ s BibfgpTlahe reactor 40, The

squt1dﬁQ>%fyﬁIeth@1oQ@sf BERLRARd &f o RUCHItHiS BRlrichr 481 Sol 3Gl PRRMization reactors
for exarrgf in EP 0 053 585, which i s herein
tiggy

40 of 3 fpe PP $5y/n Hhernsesem dBCETaiSh PEPE GiPTesv it PrgvRstcqngol and operating

paramBERSERLN tQcthReard g%cﬁﬁe‘él fox E}@ampleafi@ﬁ 0833 BRI 9REK {sWRrein incorporated by
stoppi ng agent, for exanple an al cohol such as

referengpt ﬁgmrsqu 1§ alégmaédo Bivecedhitx B¢ devited cxtpd apd {6 g feaction stopping agent, for
exampﬁjé Eﬁx%'hgl%uéﬁ £selﬂ§he{ngl 03 XRLd A mikBEinfRRY Ha!:t&gdl%héélg%eam in mixer 50.

ution conprising unreacted nononers é
The re(s)@lus@ belgmer sofidiobLroyrprisind beseac(ddRpotomera@eddnd HéDugh sglvent and butyl

mbberr 5”?56 é%gédvtﬁro?g]?é rgaﬁg!;}?tﬂx%el{eatj'&c %Erv\i']d fvhéré 1tV\§rV55§x§1ecp¥y the incoming

el n omn reactor the sane
feeds ibltheereh@brp lwhge tiohe sofe tirhelbdpifedwobbésriecds he’t‘yreethcsewtetrhlee final feeds

coolert%qn?he | grxencej:? évglomexe Lol ﬁzon is FhI%n ALIEG, %ocim\( 'ﬁgtbonf u%ﬂ @(pfor ?emoval of the

en dl Fec 'St I'on col um
unreactdd rhdr@manr Sact e unflenosiensnonEnce vt heenusapeacd, eln:byrnxn drmr the top of the

o SR G SR 5 S I S B LB 0 » s

haiogehﬁtﬁﬂréd&&}r bot Aadiiefal Cheolcat bifor&ick taf bs plouided the haiogenatmn reactor
or .70. i.tional sol vent an

. | ogenat rea
70 0 Giaral PHACGES (SR GUGTOR £ SAPIgEndl oMM P BRL GRS e thesame 6
solvent Bse@ rfélelﬁoiiqﬂerﬁa@ﬂ &eorhhgict 8%l el reaeinkdu@A Shd @bcess to halogenation and
hal ogenation. It is inportant to note that the sane C6
that there is no need to separate the polymer from the solvent prior to halogenation. A feed of a
halogenation agent (as described hereinafter) is also provided to the halogenation reactor 70. The
halogenated butyl rubber (XHR) exits the reactor in solution and is then finished using finishing
equipment 80, as is conventionally known. C6 solvent removed during the finishing step is sent to
solvent recovery 110 prior to introduction to solvent purification section 120. Additional make-up

solvent may be added before purification 120 or afterwards, if the solvent has been pre-purified. The

purified C6 solvent is recycled back to the recuperative heat exchanger 10 and final feed cooler 20 for re-
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sol vent used for polynerization acconpani es the butyl
rubber through the process to hal ogenation and that

WwQ Hap/e06p83 no need to separate the pol ynmer fromGIEP2009/058743
solvent prior to hal ogenation. A feed of a
hal ogenati on agent (as described hereinafter) is also
provided to the hal ogenati ofi-reactor 70. The
hal ogenat ed butyl rubber (XIIR) exits the reactor in

solution and is then finished USIngfInIShln%g o
use in gepuirparest TIB0Inregsted sonemere AEH erbiddy stoatind. ras thegrolyast solution in the
d f Runi SoS Gl afcORR I piRAL
i G4 o o 28Rl P85 LIRS i monom
purificptiomi sketzatlie pnsne:e briopretgded badidtOtthmaltpemt(@h@pe@bmgemtﬁ and final feed

add ef or rifica £

coolerm Sg(li V%%a? %Hegh oggnﬁ.&% rnéaypl:ber gc*dg@ g&@ﬁe or % g’rﬁ%ﬁ%&&tﬁtﬂc&t@n 100 or
afterwadd, vinthe | momoeeysc hedt baokpregutifial. r e"ﬁtepeaeabf vecdugadn solvent for both
po]ym%i(z%tgcgg rhf. Oenaﬁ?xé eé?c?ela el%glﬁ)glﬁ}gl% l Y Qﬁioangnpnag? %ceonlorl%lc pe?formance of
the mthe@acr@t)&ds fsroonpirhé wpb byiverttioadlappromihed. N t he

distillation colum 60 are sent to nonomer recovery

unit 90 and are then purified in nmononer purification
The d&€6tio@ndT 10pPEdsOEive® hEeinfidvE %é&@h@ﬁrybﬂﬁikcah@etdpghed to an other media

recuperati ve heat exchanger nd final d cool
includipg the cegmon GHplatie med W45 ropREes a%]efog o ﬁ(gppostttons mentioned
hereinPf i Or t o nononer purificati on 100 or afterwards, if

t he nononers have been pre-purified. The use of a

common sol vent for both polymerization and

The mB@HnRY §RAlQRed BIMERS: £ Y&H%@rn pRAL Ay i PRACGHLIRR D, SBRFOY Sftymerization
econom ¢ performance of the int egrat ed process as

is not Hotpd et skl itsirfieneiowided thalgpe sWeRds! nypRnge B hetling points lower
than t}%fCé slaﬁfelﬂt 9&)%? t}ﬁg{l M% 4 ?6%‘1}?95&‘@4& 1&1§n0%? Hﬁ)}ltﬁre}ﬁa@dq\qsc%ﬁ@ less than the

applied her medi a including the conmon
C6 solagrit phiéit p@nmmdaimﬂrﬂtasmvdemh Rowever, abolefmsnothér tha mpepelbigre d to 5 carbon
e L

atoms, s%(qgg ) (s)tgbu?eggduig%lntﬁlklgﬁﬁg%r% §%{eﬁ1 l Et?tg%%o Q%@lbﬁ?ybiﬁe?% E mtxtures thereof
areprdﬁgnedoMtistmefep@hymbmtzrmtl on i s not limted to a

specific isoolefin, provided that the individual

nononers have boiling points |ower than the C6 sol vent
The m@fiorheéd Wkiktutend mod Sfditad tdl Jqﬁﬂai?ﬂ midoltfve gmtﬂtﬂehatrthe(hﬂi\@iual monomers

has a .vi COSIt es tha or the commp
heve DTG Rt SRR TR OB SO Srte (4 BT HL REP ARG istre as
Viscos@f leky tﬁiﬁl tﬂtle Cg sOlvenbboa c@hﬁﬂ?ﬁ aliphtehm@sunh. SMlitidlefiss, that are known by those
- met -| - but ene,
sklloG3D Hhecryp b o BIEIGTe Tkh e Rhar gt een BF e o ven, multiolefins

comprVRStdiPee i€ pir@sildrScohfaphet &B%s, Wilen FRNOFRIof Fokt 415 &aibdn atoms, such as
not limted to a specific mul tiol efin, provi ded that

isoprefgy Butpdigrey a%tatueﬁt?ﬁtﬁﬁ%%rgpttw@ YRS | BRP OGRSt PR bLY Wi
C6 solvent or |ower than 45C at 1013hPa and the
nononmer m xture has a viscosity less than the C6
In oneseshhpdimtenirthe menerasiiainiuag fop ke PreParRipnUTh NS threferepygbutylrubber, may

comprfsgﬂf 1A @y%ttﬁ 05 b5 el éh?gf dt TeakiRGe Bbbieti® Bfomer and in the range

copo ynerlza the i sool efi ns nentioned can be
of fromsi8d o Sy ereighinal Bi ishsbfons nedinseinsinrpriiiedere rirgferably, the monomer

rmxtut% _%g&l%lgsrlé% %{]thtg ?a%Jﬁ‘éBJ 9@%(512 ﬁg‘% 29 1378 vaJelEhp of e!t FealiN ?SngeﬁIl LR mer and in

the range of from 2% to 4% by weight of at least one, preferably a multiolefin monomer. Most
preferably, the monomer mixture comprises about 97% by weight of at least one isoolefin monomer and
about 3% by weight of at least one multiolefin monomer. The isoolefin is preferably isobutene and the

multiolefin is preferably isoprene. The multiolefin content of butyl rubbers produced according to the
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I soprene, butadiene or m xtures thereof are preferably
used. Isoprene is nost preferably used In one
WaEHhoteasnt , t he nononer m xture for the prepdtG/ERAIWISS743
rubber, preferably butylrubber, may conprise in the
range of from95%to 99% by wei ght of at |east one
i sool ef m nononer and in the-7range of from1%to 5% by
wei ght of at |east one multiolefin nononer. Mre
preferably, the nonomer m xture conprises in the range
inventoh if atdeas0B %rtoMQ@@ﬁemyefvveblg lgteatsf thaw 1i0ewwte, meiendre prsfasdbly greater than
1.5 mo noveenggs'r{o?eg&eilerabb eeagegb l%fmcgi‘r Q_{p %0/ oluﬁ?, ﬁ;é%g’)ég%}n%g%{e?&ab}y greater
&mnimnmﬂ%n@bbyprmﬂ% nonomner n1xture conpri ses about 97% by
wei ght of at |east one isool efmnononer and about 3%
by wei ght of at |east one nultiolefin nononer. The
In anotlgoeheddmés, the efoasad yixiusotm tienee@angiot beé byl tubidr eﬁeiyrcompnse in the

IWRERE T TR e

monorh&aeﬁlﬂ i0.1he ABLYLT HHE3 S%etﬁ)eﬁa@m‘eiﬁﬁﬁéltﬂ% td hewm dy Qeﬂgﬁ] 86 at least one
et nore preferably greater than 5 nol % evg1 .
multlf%if BIIRREY  YIOEPEET Ra e e o5y %’Wﬁe N0z o 1oV ] mn ecff“’n‘%ﬁ|°<f/ff°m 20% to

95% b@fr{ﬁ’e /;EHP%? aPeRt 8haRb@ BaddRler bRAM the &nBOLIEURA 2O tozltf% by weight of a
I n anot her enbodi nent, the nononer m xture fo

muitw@eﬁ‘!@ NGNS X9 BRTOTeiBiably) th SRRIRCT AUYUCSHTRPTISE 1 He fRee  of from 929% to
94% b?z%%gxt Hat fe%&%gﬁtﬁt{%i%ﬁh I%Qno@le%l&ﬁ’m\fﬁ' rgltge’of ph&f6es oy b BRHent of at least

| east one isool efin nononer an
one njulfiofdia mamg@r of Ther tﬁml@“ 150% prsferably ispbuiensr 26| (e 3ogltiglefin gy preferably

1sopregé/ ?ﬁl xﬂ\lgfiolgﬁn gtl;nt(lrﬁ 9?5111:%%1)%@:@ ﬁhﬁcb@a&gﬁgﬁqB 'theMm}é?ltlon is at least 2.1

e nonomer ‘m'xture conprises in the ran%
mol% mﬁor¢ p@tﬁqrgibﬁ/xgte@tegm By mel¥ghtet obreaprefershbt grovier 'ih@bbpeﬁ ¥ cven more

prefera Y %’ngr t?ﬁldﬂ _%e olt";]e VAR m%Re é{réfgﬁbigoé?eta% '&191 %Xm%% ugl% 5.0 mol%s

N rononer pre era
nmononmer m xture conprises in the range of fron192@6to

One o R BV PP 55 PR bR, o TPRAEE SR ) sl

high it bf @bednias rDROVERT in thh@olyaealeibh mteps Artehgh aiahsyratxos of up to 60:40
I sobutene.and the nmultiol efj abI | sopre

monory iR SRR BYIPoRBR N G b PGPy e PRy by iy pect the presen

mventaﬁeﬂnges gli%hte@rahbke fdr%‘sﬁﬁﬂ;ﬁlb GOmi & : ?tto |86&6tpr2fsfabm11'<%h FRIE65:35 to 70:30,
preferably greater than 2,5 nol % ef er

more @F%%‘P’é(rab?‘l‘?aﬁ% 0P aIvEnEs AT 8105?%?ré?‘f§§ b eigreo Flondanty 4 and

have 16P&@Risdosty 'fﬂ%h%e G6 SRR sddbddk tHRbRLG AERERNL YvilleBleRble limits and also
than 3.5 nol % up to 5.0 nol % One of the ways_ in whi

ch
permits g digheiodife ]‘?f’?ldﬁ &g aHieEd gpq_aryg Rﬂl}g}gﬂnéﬁtonh &{ﬁg 0[5 ggﬁer monomer levels also

aIlowso%echéi’;%lé ﬁol@%lé%@e’?ﬁﬁ kst RadRbOR 4 Bhhe® tQHpc IR BRA SvHeR lower levels of
solvent in the polynerization step. Although nass

monomegtaroemplpyadp F@ 50 ol BighwrieTararagire dn Him pdEeqseolution viscosity and pormits
greate M&@Sipﬁ levépiln\ﬁ%ns%lu“@{e been used in the prior art,

one aspect the present invention utilizes higher
ratlos for exanple from61:39 to 80: 20, preferably

A Co6 Eog\?eghl.%%%%tc&géy ge@ec‘ie% azg %igre PRg @ho%eet{neﬁ J\l/ g?iﬁ%%?‘.cﬁ lower molecular

€ presence o nonomner )
weightisadvept, sddminGhtor Viglidr, duiag a Hvaﬁmg lpoine clogs gctbsimgnonharanﬂhbe monomers
6 salivent, reduces the uti o COSi,ty .t h L hi :
theref?rs lcgt?%gf)tgbel’ Teﬁ?rfas an ttﬁ sglutlon by &st\ﬂa’?ion A Q{ghe? m‘%ec@lap weight solvent,
such as C7 or heavier, would be dlfﬁcuit to separate from the rubber after halogenation. The solution
viscosity provided by use of a C7 solvent is also significantly higher than with a C6 solvent, making the

solution more difficult to handle and impeding heat transfer in the reactor, even when provided with the

high monomer to solvent ratios described above. As a result, the C6 solvents of the present invention are
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permts a higher solids Ievel to be achieved during
pol yneri zati on. Use of higher nononer |evels also
wWres98in accept abl e nol ecul ar wei ght to be rRECCZERGOMISS743

a higher tenperature than when | ower |evels of nononer

are enpl oyed. The use of higher tenperature in turn

reduces solution viscosity @&nd permts greater polyner

solids level in the solution. A C6 solvent is

particularly selected as one preferred choice for use
a preferredt delestiqur fyore siond theoavaitabirp sademisar Cavediyinis s@hllefer, use in the present
iven SN AT b0 Bbott 3 Hefleen ISP, HdBpBOb M OB bffyonts inlude n
hexanesexplwxateesblﬁam wudhhes 2smoéthigli pentaipyordi-sethyll mehiaom .or Aittinghef n-hexane and

t sol vent, such as C7 or heavier, would

Su‘:hlsr?gle{ffaﬂmféui%ycgoexsa%par ate fromthe rubber after
hal ogenati on. The solutlon vi scosity provided by use

e so si.gni.ficantly her than wt
i ancf el SRSk A Rt L S Pl Rl s s
wt.-% Bapgd & radd alqﬁ[ﬁﬁd hytgodmﬁ»hs havasd wiilingpdihen neaatgerof €3€no 80°C at a

when rOV|de th the hig noner to solvent ratios ... ..
pressuffu dP D BB Sl SOl hd(HER BB Gy 8L Gr PhET-%. Alipharic
hydrodﬁﬂ:%§§ﬁ‘ztv;ﬂgrﬁ/§&hhg3}9mﬂtr ﬁah@fa@é@bﬁf edosel eeti 00 Fréwire a)mmg hPa include
the avail abl e so sol vents suitable for

cyclopppfatich &, g dpitbuiepgy cht FimeT G BRIV RTER nt rugihylpentanc, n-hexanc,
methyfe%le!&ﬁﬂané&d@@mﬁ%@ylpEﬁ@dsp| es of preferred Co solvents

i ncl'ude nhexane or "hexane isoners, such as 2-methyl

pent ane or 3-nethyl pentane, or m xtures of n-hexane

The c@fﬂﬂ?nc‘ Hﬁ!'hgﬁes QIBLS RSy, Wel J:xaﬁﬁle%ﬁh&%ﬁﬁﬂ% oth®t @RYRKS which are inert

preferred enbodi ment of the invention the conmon
under ablwhlazaifm cemlitines cotiprsi gby aélphfwedwrowbms likg, fof ewmeplopeptanes and

I| y.Gr o [ [4i [ ;
oo 1 NG USSR O LG8y RS s, s, o
pentanp,r cefbleha@hwasateﬂl aeéuslbhﬁmowbon%uamb esthyichiorids apd ether chlyiripated aliphatic

drocar bons having a
hydrocbarbops WElCh are 1 ert un{?r reac 1gn condl%f)rt;% 5C to 800C at a

pressure of 1013 hPa |nclude cycl opent ane,

In ano eh%rtefﬁ;fle% 8%‘%%\ ; an %f %taﬂwg%%xgﬁérgrﬂén glghgthcemedmm is substantially free of

hﬂdgﬂﬁkﬂ%bﬁyclopentane and 2, 2-di net hyl pentane. The conmon
al i phatic nmedium may, for exanple further conprise
ot her conpounds which are inert under polynerization

As usmiﬁ HRNSmS UkBstagialy hes” bdnp AabhentftaREArbQtSNE khiBin the common
exanpl e heptanes and octanes having a boi

PR 5T Bk By BCBOCHODHS FEE dFe B OTOTS B, e than 01 we.%

and ev@ﬁ %@%&eraplyta@éﬁﬁ& of RRIBAIRREbokY Cl Ohexane as wel | as
hal ohydr ocar bons such as nethyl chl ori de and ot her

chlorinated aliphatic hydrocarbons which are inert

The p}éﬁ%é B¢l ABmEL Ak H/(Q&,Sdrboh RoRARREs REATRS €R8ing of the prior art and
enbodi nent of the invention the common aliphatic

was npleclalrblesinsubseant itengly irfcpeaeing fherpataghly efr Beransshshouldsreduce solution
Vlscongﬁgaeﬁ}fgra%Pﬂﬁ %i'?'i- I by Cp cg&%h?@f {héle!\(ﬁéntf quﬁat BRRAASh B not feasible due in

ons wthin the conmon
part to the complex effect on vxscoszty of the interaction of various components of the solution at the

concentrations and temperatures employed in the process.

In one embodiment, the process temperature is in the range of -100 °C to -40°C, preferably in the range
of -95 °C to -65 °C, preferably greater than about -80 °C in the range of -90 °C to -75 °C, more preferably
greater than about -75 °C in the range of -85 °C to -75 °C, yet more preferably greater than about -70 °C
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aliphatic nediumof less than 2 w.-% preferably |ess
than 1 w.-% nore preferably less than 0.1 wt.-% and
wWaEam046d33e pref erably absence of hal ohydr ocar BSHEEPZUPRAS8743

preferred ratio of nononers to a hydrocarbon sol vent

differs fromthe teaching of the prior art and was not

cal cul abl e in advance. Although increasing the anount

of nononers shoul d reduce sol ution viscosity, making

accurate theoretical predictions of the extent of that
in the raageict B0 ACits -TTC, Peasndit prefumbly greparthant @ eghad te el e °C. Although
bS5 RSHRT YL PR o Pl 5l B 8 SRRl 3 g e o
viscositemheghai tﬂmﬁﬁateﬂfp hreyeticddnthisiengiaibdesls to loweaneecular weight polymers that

enbodi nent he progcess te rature is. in the ran of . .
sre nof ORPRErE 1Y, SO6EIE o BV BTy G °F BRhEBPTegs Pacigerios in the
present GBveQfon, PF efdatbby gﬂEa&cﬁﬁtaEIBaﬁolaﬁwtwciﬁﬁ €& bd obfaied with higher

range f -90 0Cto -75 0C r ef er abl reat er
temperlaﬁlgﬁq ore, 48 ap) @tgrRAtive @m}n%cﬁrgi tgmpggtu{?&u%/ 81% Tangepb- %petC to -74 °C,
preferdw 85 pCes enabl o mRat@blyLhnt aboytc vEOmbEipherébifly LANGELo -69 °C, are

-80 0Cto -75 C, even nore preferably greater than

used “@ﬂe silliehtaippe slssiredgeplerelar ReehofPRYRTGheT A BAY @FdeTRddgnperature is
axmtggecde3|rable in that energy usage for refrigeration

and punping (due to |lower viscosity at hl%hey )
The weighfrapragumelpcudrev g g gyl rublies pejemers aradycadaisigps thegprocesses acoording
to the lng}éﬁtgonngé ﬁféhgugééSI s ag{halg%ﬂtﬁr ﬁ/picgﬁ? 1saiﬁech@9atng@%f 300 to 1000 kg/mol,

comer ¢i al wever’, due to the use of

preferdbibgﬁmrt@nm@ekg/m@i swofe/pmierablyt $%st0|650tklgénq§r @gpgore preferably 350 to 600
e I

kg/mo ngt xﬂ{)lje %?efel‘g cl?g%(gy%mgﬁ kén xﬁ(gx;é %?%f@n%gig 51-?8 rt(g g% fY/mol. Molecular
WEIghﬁ'haeét‘ ebteine] using gnl mrmeqrtmatqhmammw e frtrahydegfpran B solution using
ol Sti n th%ecﬁl%?%%ig?l{st ngo OCto -74 0C, preferably -55 0C to
POLYSLITES 18 ., or e =pre era%ly -59 0Cto -70 0OC, yet nore

preferably -61 0OCto -69 0C, are used while stil

e 5L I S5 L S L5 G BoH g 20 o

preferabBl B thaVEINage, ok @edftratily Wed Gt 1600 dPutd mostidfered range of viscosity is
ol ymers_produced using the processes acoording to the
ﬁmnsB%VéﬁEPB% as neasured prior to hal ogenation,
typically is in the range of 300 to 1000 kg/ nol,

preferab 300 to 700 kg/nol, nore referabl% 325 t P
The sofidpeqagm te&}@wnﬁelﬂ@% BEReiRjoms praf el i fog Fange of from 3 to 20%,

&traPRNe 191 8%, 5P kY éfiglyﬁﬁ% kO{onBbs, yBMERe BRIE&ably from 14 to 18%,
nmﬁ”%réaggabl 400 to Sgg% o Nblgculay v\/elegﬁrf 3 y om e

even g5 alief?é@%@fﬁé“ééi? Lpér lampr@ reéeiphir éfg%/pﬁyosr nreferably 16 to 18% by

weightt €Tl sa&xg{b‘gé r%l&l-g Ei)gh@to Ldtfab QBvelts 51‘@ %r@@ﬁé’c{stt}ﬁ %ﬁﬁﬂ increased solution
nmol ecul ar wei ght standards. The viscosity of
viscosigo| Thei lmgheamwmerm @é‘r?a? yaosofsed wdbe pesenprpessy %m%@ghey solids levels to
p e [enab I
be acfiffl ‘%%? % aht 3{)6%“[6 Htageggﬁy so PRICEALY o e LBRBN for borh
polymg@izfigr and dalogengeorof VISCOSIty is fron1500 to 1000 cP.
The solids content of the solution foll ow ng
pol ynmeri zation is preferably in the range of from3 to
As use2 B8fein the terms “solids contermt” or “solids level” refer to weight percent of the polymer

obtained according to step b) i.e. in polymerization and present in the rubber solution.

Unreacted residual monomers are removed from the solution following polymerization preferably using a
distillation process. Distillation processes to separate liquids of different boiling points are well known in

the art and are described in, for example, the Encyclopedia of Chemical Technology, Kirk Othmer, 4th
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nore preferably 10 to 18% even nore preferably from

12 to 18% vyet nore preferably from14 to 18% even
WOREH0p48&f er ably from 14.5 to 18% still mnor e PCT/EP2009/058743

preferably 15 to 18% nobst preferably 16 to 18% by

wei ght. As described previously, higher solids |evels

are preferred, but entail ingreased solution

vi scosity. The hi gher nononer to solvent ratios used

in the present process allow higher solids levels to
Editidae pachB ey eﬂﬁ&}hanmboapctm@d pasin By ecfachcant Bgeddgsdeyofadegmation is largely

deper@%rﬂﬁéﬁ 25 é]hl Fr tra lu%ggxg ltq\%:qgﬁﬁn{?o?,ﬂ%g%eg}aﬁg a%gg)Hf%getdl I(e)vrt]el of residual
monoﬁiéﬁtlﬁ mﬁe sdllftzon&“@lhdvﬂﬁg bepution fs@ELrthinONRIrg Her pEilicE By wefght. About 40
bt ai ned accorglng to s

he tep
trays %F;‘?ﬁeé‘rff"fﬁltsfl 15e8hia AprESSHE IPgeh éePP{i‘BB‘érgE‘%"aH?I} Yihe C6 medium or the
commdA! 2RtROmERSH Hesth D RRARKSs 3 Bot’ B! hEOMvERES around 1 wi% are
solution follow ng polynerization preferably using a
accepfpletin fhe g ¢bend ﬁF%?é’é@%m “& R H PR BisSpr ocesses to
separate |iquids of different boiling points are well
known in the art and are described in, for exanple,

Following Emeyd| efptsi anredctedhessidesl] mauelsriol ldy Putykinokmer Hrghelogenated. The
haiog Eﬁ%ﬁ{%ﬁ Ri@bcl_@@pm@.lcg&&sm%’%hﬁt}n 1§asé; legﬁtglgf ak egennzﬁ{’ ’%bl%p}k?s)fng a solution

ere degree 0 sepa ation | ar ge
of thaihpaérrd@t diggrdvedtihet Ivasriver Cobreeniayelvens ed therwtnlir@n@d}phﬁmn medium used

dunn$ﬂv ?)%&%L?aﬁitolg 8 < ?ot?{age&dﬁxﬁ{he dhal%\'ég%tllog 2 eirngs Flg(%?elmeﬁ&p Qd;%[hts for example

comppang &eghe€6 polventam flegh wem@hn ahﬁtawtmed@m raag/sr Watee npgd added to the

sufficient to achieye thi r.ee. of
separzgee péu?’g T s(g))nut18%1 iy or(}ebgo g ﬁ]e%?‘nt f 6}1%6[%1 %cf p OPI r?xes 2 "halogenation.

Halog&ﬁdi{)ﬂ e fhe O of dr@icrovetter ﬂqel cemnodh ah;shancr mbdlcmlusahdjmhxgml p®lymerization
. ag ar oun 1 ww%are accegt abl e, in the ovlerlhead Sstr g m; tine th
step g R FFLE PR i OPREEE e SPTRINR Yemp ke Py climinating the
need FrGcpiMiBaahepolyRsi flvalthpiiga@izationt Medibuf then pOliysdBsind § in a different

_ha}o %nated The hal ogenat ed butyl rubber i s produced
meditgy, Oﬁga PP on phase techniques. A "cement" conprising

Prefeﬁbl%‘roﬂhb”bh@f‘p&?méﬂg biiiddted SHD@Fingled $OIhY @@lokéhaBén bz@@e&l’: Preferabiy, the
organi c solvent or the conmmon aliphatic nmediu

amou@scé‘élalaaw lﬁgn theeanss10) fer et bhiostey §% RPN feunes of 0.1 o 8%,

more B@ke@gm%m WbuRISN 1o aRIPBYEHBRA eI VSR aboi Q88 XAIHRIE%, even more
omprising fresh Co_ sol vent or fresh conmon ali phatic

preferﬁ@u iy the tanag/Brl Akt ?e$%nwn 56l agereRsciembivhiors et dt5€/d t0 about 2.5% and
most Hégg%fgde%&{ Mglle%!t]eférgblg s gl.hl i@ Zfi‘a/g B @m%ﬁ%‘?ﬁ{e plagr\ﬂ’{e g the

esir properties al ogénation.” Hal ogenatl on in
the C6 organic solvent or the conmmon aliphatic nmedi um
' & LA puS) dha hali
i G L, P RBLTSAIAR R0/ AR AOERS oy o
precupmsdh@stObv;orekatmphadlbrngmtdheethuéd@dimn,stmdﬂfabilmyartmec amd (TC1A), n-
brom(g?suc dméusd& {\)/rotne pet pr%%e}{a%Fr #}*e%t Oﬁqtana 1011 é%én? gfoth?mses or is bromine or chlorine.
The ahﬂhmgﬁmalogemlodemﬁgrthsb Ipchcddne mby by korpollydrer thasthe final polymer has the

et S 8 T USSP LSRR 1 RUBESRreesn o s
polyrdef Mo patitulfrllrédspicabaud % oﬂ)sl‘kelf a1 @bl Wil rédognibatigemodes other than
those %es]énbed a (cJ)/%e may be used while achieving the benefits of the invention. Fer additional details
and alternative embodiments of solution phase halogenation processes, see, for example, Ullmann's
Encyclopedia of Industrial Chemistry (Fifth, Completely Revised Edition, Volume A231 Editors Elvers,
et al.) and/or "Rubber Technology" (Third Edition) by Maurice Morton, Chapter 10 (Van Nostrand

Reinhold Company © 1987), particularly pp. 297-300, which are incorporated herein by reference.
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15

nore preferably from about 0.5%to about 4% nore
preferably from about 0.8%to about 3% even nore
WORRG/06283 y in the range of 1.2 to 2,5% even PSIVER2009/058743
nore preferably from about 1.5%to about 2.5% and nost
preferably even nore preferably from1l.5 to 2,5% by
wei ght of the polyner. The #i&l ogenati on agent may
conprise elenental chlorine (Cl2) or bromne (Br )
and/ or organo-halide precursors thereto, for exanple
di br ono- di met hyl hydantoin, tri-chloro isocyanuric
Refe aﬁl-lggfé) 1 tﬁp f)l%g%§ Hf:&ll&: fegéng ﬁweﬂ%{ong)lf@ergﬂﬂy Scludes I])uriﬁcation of the un-
ogena I on agent conprises or 1s
reactebrmnomersosep@rhﬂed)rﬁme theTpvdyragrzetivn splution|woigerthe idotiildimi gpgpmn 60. A
pur1ﬁcat1f)n S uldf ﬂ@ E% gn(?v)fde Z"?r?t%n %urﬁo uﬁ?te?n% 1&%}2};)8}1%%&%%%%"[&1% CflCC offsite in
a sethIﬁB @unﬁbﬂme mifTh é“hs pediidd momode of namtady Im:qyglecﬂ heck into the process and
mixedg\%xjah ?r%sglst glg}nggs B?\ivé/ Vel t}%ep{énzg/oz{lteglah'ell eclgtélhl Ene:{is h.lg{erenF process or sold
separarmﬁ @sclofrdiedmtodatentshd sie: (desey inkiedt ke \wetisray plificus@chnd recycling steps
achi eving the nefits of .the invention. For
in ol P SR A AP S PRI TE ATV erbodt rent s of
sol uti on phase hal ogenati on processes, see, for
exanpl e, UHmann's Encyclogedla of I ndustrjal Chem str

Pumﬁ‘(applf pf]momfsﬁq Bie ?czﬁé%q QU Y ERFSIOE gﬁougyz@i $Aeenhoymns conta%/ning suitable
molecER} bRV &l M@hi%a bBiedldsdrbdd HaldialsRUBOGHer I8 ChMOhiOY Ynterference with the

(Third Edition) by Maurice Mrton, Chapter 10 (Van
polynKEzipm erctias. ribfo fh! CORFFaRgHoNCYf WOE7ynd yarcet Fueh a5 Qigphols and other
organi@ %Zyg%Q;Qes tﬂﬁ'a@thas%%oﬁsncg %qearcas@g&e B?éf&am R¥tuced to less than around 10 parts

reference. Referring again to Fig. % rocess of
per milken g5y eweight hagive dbe oreppitier ef mppgmer rﬁhﬂt EFOPé@ﬂfﬁ)lﬁr fof rasuele depends on the
e e A VR bR Bt T St B g pretomed o
of moe@nerﬁo parlipiagaiedinmadics: 3400 theaglidsdevgk m\lh@@bbﬁr@pluﬁm pyoduced is 10%,
then 88?&@ (afe%hon%lntep i Q'@ZII a?ﬁ% ltcy be 1 efd b t%E &e%ﬂ 1€ ?H%a{])a lﬁethg Eevel is increased

ki I'n"a sep arate puritication he pur

to1@mmmmméM&ﬁﬂﬁnwmwmmbwymbhbj@hadwback into the process

and m xed with fresh nononers; however, they nmay

alternatively be utilized in a different process or

sol d separately. Preferred enbodi nents of the process

i nclude these optional purification and recycling

steps in order to achi eve advant ageous overall process

economi cs. Purification of nononmers may be carried out

by passing through adsorbent col unms cont ai ni ng

sui tabl e nol ecul ar sieves or al um na based adsor bent

materials. In order to mnimze interference with the

pol yneri zation reaction, the total concentration of

wat er and substances such as al cohol s and ot her

organi c oxygenates that act as poisons to the reaction

are preferably reduced to |l ess than around 10 parts

per mllion on a weight basis. The proportion of

nmononer that is available for recycle depends on the

degree of conversion obtained during the

pol ymeri zati on process. For exanple, taking a

preferred ratio of nononer to C6 aliphatic nmedi um of

66:34, if the solids level in the rubber solution

produced is 10% then 85% of the nononmer is avail abl e

to be returned in the recycle stream If the solids

| evel is increased
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to 18% then 73% of the nononer is available for
recycle. Exanple 1 - Viscosity Fig. 2 shows sol ution
WO2080/005P83y as a function of pol ynerizati on nedGEEP2009/058743

starting nononmer content, solids |evel and

tenperature. Val ues cal cul at ed usi ng t he net hodol ogy

of VMl adykin, et al (Polynerl?science U.S.S.R Vol. 29,

No. 25 pp. 354-363, 1987) are provided on Fig. 2.

These val ues are based on a polyner with a wei ght
Example Lp Xis808iX| ecul ar wei ght of 450 kg/ nol . However, the

t@achisRgss &flutidnadiydokity afb fBhotioAlE ﬂolﬁﬂeﬁq@ﬂzoﬁ@nﬂﬁ%ﬁnQMmg monomer
i SO entane and m xtures thereof with up to 50% of i C4.

contentyglds 1yl 7@d tapReTamSWY Blucshralielsird) ysiesthp mqtiqgology of ¥ladykin, et al
(Polynﬁpﬁaé{c@ W4 §ROSol. 108SNEf2, 5,19 bBhenssabsthia oﬂﬂ&ﬁ&f?ﬁg USTHRE values are
feeds w th higher initl mononer l'evels with
based gt eEPIEIPIOHiEh # FEight Herags BEiERIA Wage Rf AYSkeBPl | Hawgver, the teachings of
Viady{iRNPAEL ard 1%}4&%@% Nk SRORbIN B AR BIR BB Gitle 85 §d 6% of iC4. These
out using solutions from actual polymerization
values @seprdpresh brokerThies inlHiga2 WA compate siseasiige df sbagolptiens produced using
0 ef..l f
feeds ggt{; :'1190%\%{* ?IQM?I Igloé#ﬁ%g)eﬁ&\?gl %feeg %gérﬁg&lg oxgglagles‘g{ag)gmf teachmgs for lower
mononien Hfaiekg wgcosak)t miessuworehiswhird eartiel motwing ratutiewd ﬁwmcantual polymerization
expenrﬁ%n V\SB ver é(:%t dx%gsatg ex%en%ed gsrmovth dgletikmé]oi%yl\% O‘V(r?]éigzh%}?% té%ver ft\ wider range of
solids B:tveié.O(Théh@ vafuey @rel.shb\tfls as bdlidslineo 1 E@p@ﬂdﬂzstv@r&uﬂlﬂt ghﬁote that solution

Vlscosy.fyh glﬁcrém Jl'r?gzt U%M Q%; é9§}1?\%evt%ﬁ g‘lq%lgé%%ls 6?0v1 ea é%naiq\#)c?ney viscosity at

100 DCEing udits; iR b&eRpondkid 4 Seighthvihge I&BIEC&M?W@&{I’EM@%M& 615 kg/mol and is

ni fican y hi gher sol ution
heretog ol oBREBE ¥ Hb 08 s P mpl\é o gﬁﬁﬂaawet © it ppuid expect
mgmﬁéah@ﬁEigﬂtﬁ\ébmgoﬂwmsi@)evﬂlﬁs fmiogmbnso(ff tﬂe':'g@ pK& eDpolythds as compared with
operating the process, is desirable to obtain the

those}ﬁi’l%%wleﬁﬂérs‘f’%g}é O%W@émr evel while still achieving a
target viscosity that is | ow enough to permt
sufficient heat renoval to take place in the reactor

In opergieg the PrEesabl & desirgblmtp oblai e hightsb rossiblenglidolsved rithile pg] achieving a
target ﬂ@o%ﬂﬁcﬁé‘t%@fokﬁ%og@ﬂb REEAL sufﬁdihngﬁé'é?feﬁlovalttg' gkt ﬁfagaeﬁl the reactor and to be
viscosity shoul d be bel ow 2000 cP and, when surface
able tolpuap the whyioa using cenventionaldolymskieaiion GOPEEN. Whesmeab the target viscosity
should%g ‘889@ D8O Eard @ﬁ&%ﬁufa&%@at‘fﬂaﬁs? é Ltlt}ilzgé bEIler 800 cP. When no monomers
'utirons 1 n plure isopentane eries 1) pure
are prelsrmic almevigcBaiy Césutgﬂ)ar miut%on@@ PO laipentsrtec(ﬁmas ri) midgpur@hexAne (Scrics 3) at -
80 °Ct ens%g&nq toHrPe Oj emp r%tureS Qf z?rc W0 $8|V§a%ts%gcte Tor com anson since it is
arison, &dj nce £ fntioned I'n Severa pla
mentioﬁ:eﬁ ih, B19al00meca s Chel fﬁl@@é raathmrtempm;urerreqhmed to bbtamrpoiymers with the

I TNTT T O -
range (ﬁ\rseﬁdst d@ﬁteﬂﬂ@hrﬁsdhﬁfmge inikoreafahdl SWhenthesd soldians ﬁ6|ptttvidaﬂ Svith 50% iC4

monon@@so F&eﬁ%ﬁgﬁgfegﬁ fr%@%?tgvégésagﬁqgfgégg? ﬁ?f \ggcgsxgzrtgl\(/es p?ace at al[1 solids levels.

Mthougles REEH MEBdsity of Rsd taamezoon @P@hn Nd SHtAasddtay atpedeasal Phlase eevalt of about 16%
all soljids |evels. hou%s El% get viscaosity of

when IpRR 0o Ll DA R XBredt pieddperd dlae e slics

level tHaBMBlts B 1ABAWLscdsYaIMMBR 1490 PENE SNBt s Sx4SBAte@ShbNBie target viscosity is
sol vent (Series 2 when hexane is used (Series 4)
lowereg fral GRR %7+ mlgj@plfiﬁgmammum solids content in isopentane of about 14% and in hexane of

about 12%. However, as mentioned previously, it is desirable in an integrated halogenation process to

operate using hexane (C6) as the solvent.
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| evel that neets the target viscosity is about 14%
This effect is exacerbated when the target viscosity
WO 210/606883ed to 1000 cP, which yields a maxi nurRGEBER2689/058743
content in isopentane of about 14% and in hexane of
about 12% However, as nentioned previously, it is
desirable in an i nt egr at ed gl ogenati on process to
oper at e usi ng hexane (C6) as the solvent. The benefit
The b%%ﬁ? %fl;all %glge% Hgllﬁélﬂf-ﬂl’ltgllomﬁr P geg‘r?rlg glgeryga%io/&{fe%{ihgne Bf[a%‘%g tn? lgzgf S,es%n'es 5. At the
same fe@ppemneat off-80°f the 8006 hbRnRl GherwitiDn CoBblvbe veduliid sﬂséhually the same
C6 sol vent res}&lts in essertl aII t he sanme vl?scos

viscosh AP EPISF SeA SRR B e VR 850 GO DI RSP Y: 1t has been

found ﬂﬁﬂ&gﬁfghkﬁﬂ&ionéﬁ@ﬁél B8 2hirthdrladNAsgbBRBust B atpetiMBnts demonstrate
mononer | evel has a further advantage because

that it %‘BB’F éftr%ertymé%ﬁ@f iFEERtssto s A& & elshprarolypeTigpliqpjgperatures. In pilot

scale v&f@{cgﬁﬁas MRbERUABIhaVRli B WhSlediPar BRI SR @436 Ug@lol BAORESbtained at -65°C and
%/rrerl zation tenperatures. In pilot scale work it

this Iqa%ﬁs ObiefieR el 28 HAtRSICHP Fistosp charittistivves gt iafFigsd Series 6. Tor a

hrrutnl%gjxé'@éltyc(ﬁ’@ob@ PRLaLMGH @thd@@&fgmﬁﬂgtﬂs RirSanh 8BRS deB tRMh the reactor of

even nore advantageous Vi scosity characteristic as
arounds hgewand For Riligniting ‘Sémﬁlésofe;l 00¢gP the doligs qonisgt sande@siung 16%. The added
d ainl d t
o0 SFedlf o RS A3 08 BOLE Nl S AT oroves s
economicmandi mgiuwssmsomen@ﬂ niiﬁm) TR trhieuspbiodsss operkgng candition to produce
polymﬁrs oﬁa mc{}%&%ﬁg%ﬁ Tp gf a%%gteggq(gyr%oqtagg sol?clfs &gﬁgﬁtg}f Il@QB@I{qm hexane is about
66% nonnaY esa PmPaess: cé ebnomsCEs. ahd cbmblluﬁ:tem o proicese paremetals could not have

been SRR T FBEY B UARaBa0 AA QBF R G e BT il opimizaion of

solvenk o] médonger SOkt ﬁﬁtﬁ]treﬁﬁoroﬁcemi&aﬂa&%nﬂ RolBXafkenti véhile meeting a target
about 660 norrer nperature of about -65 OC.
solutiAISgoss A W?ﬁ“ﬁn Tc‘l 8’8 's paraneters coul d not have
been predicted using previously published data and was
xamﬂbuaimaﬁwaﬁgghnenaﬁniﬁmt al optim zati on of sol vent

oi ce,  nmononer, tq, sol vent ratjo, reac ture
Key GEPIS o] POSCOMCEITOTHPLE tBTe G SPEARLUPISLIEBE R rebctors of 2 e

total cHpaSRPRinhiig ANE cPRINEBR mbiR| BEddk &S thvRéglts w3181 1@/h2ot-iC4, 0.09 kg/h of
. Pal msr|zat|on and D|st|IIat|on Key el enents of the
iCs am6|26]y JEEAEE BIYES 3 Ippnppﬁr exangyass e gl %éﬂr atlEdeagtion temperature used

was -68Pd 9ld §§rﬁﬁt§m%ﬁﬂ"'16 8% P hslyRbr wad hrbdiRed OTRL nGARPRALKIdYa weight average
running in a continuous node. Feeds to the reactors

molecylargeight gi7abieyy +#0dwe/ matand an igmrreagepntent of dpubhdmpl’d. Ky selution from the
reactoRfwAEXARE finllAth SRR ReYanR s%?a?zoh%? &Jnoﬁ@rs%n the rubber
The reaction tenperature used was - aso ution
solutiopi vy pegomedo dhe paihtjanerasasheprd thted andrh rfesbcnht wr$ wded hide bottom of
gnt
oL Y PERGR R S35 LRyl A $H0AA TRl o
overhesd) lswtanore fhedop ohéer @aotromgingasng edemr@rzaurdiﬂs&ré: bf 46%ConThe separation
achxev%c? mu c (:Wiumnb{ggrlgsssg u %%pnsie args‘rfl ol ISCﬁ%rgne ﬁaﬂ%or%e(r)lng%he separated rubber
solutldwasd parzem@fdteemehm t%&@éﬁhsaﬁdnmorrer Behine ITheaspatiseidn@tontelsevere purified,
umm to. maintain i)@bottomte

t .
thn sy Elo Bl R . (RGO et B U i (e hexane

solvenofwai Rech that bromination could be accomplished by conventional means with addition of

supplemental hexane solvent.
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overhead streamto the top of the colum maintaining a
tenperature there of 360C. The separation achieved in

wQ Ha0/ewPBm | eft | ess than 10 ppm of residual REEER209RA058743
nonomer in the separated rubber solution and 1.2% of
hexane in the overhead nononer stream The separated
nmonomers were purified, thelre-introduced to the
sol ution polynerization reactor. The separated rubber
solution in the hexane sol vent was such that
brom nati on could be acconplished by conventiona

Emm@gni{am%mmm tion of supplenental hexane
solvent. Exanpie 3 - Fblg?enation The separated rubber )
The sepgiaisdirglpep pol | Exapples? iraliptpermaicdasing Mgt prajsohalegsngtion cquipment.
SuppldA@hROEIAh AMnSbuRBINT 0, SYRRM 8B e akpaSRdV8Pler sBlu@bh in order to lower
anount of 10%is added to the separated rubber
the visgetityt-i dndiomingredeutyl pobmwe conthiaing| § s proynine ig produced in the separated
bber¥oRIELAATRAR ALK @945351% S ARgs dhef MnREAThAS, dofventional dryi
nlbep?oﬁhce _?n t etgep ratedﬁrutgér sol Ut 1 on. Thes’rlll(?g ventional drying
and firhehinggeahaideet. separ at ed rubber solution is then finished
usi ng conventional drying and finishing techniques.

Examéé D ll%lﬁx%%lzgﬂ#ﬁ/ %ﬁ]i ﬁﬁ%ﬂgﬁl M\Aﬁonleﬁe G lR%%cMan@? gﬁﬁ’elﬁnﬂqe process of

Exampdep @riatpetated twhithaa purifiedli drheadestivam dhughengedwal gheeaddaghn of recycled C6
ith t diti.on of. recycl aobt aj r.

s g D 0 AN S B SPLIRP, PSP o

and a ribiger s@aBinas proguce 8t s pengrade @t rablren bdd@iongiedcuibedin Hxgmple 2.

produced that is conparable to the rubber solution

GE3Cr elz 'Exa%llfeczcledge%s {iRePc0| l%(ringﬂv%tel on
s L1

pThc posesofof Exanpl el # dpsragidersaizedmisraglycomilglc teahiyal hexane as the
avai | abl e techni cal_, hexane as the common aliphatic
T PSRRI CAF SRR BN S GRETCRERD of - 2.0
W . - % but anes and pentanes having a boiling point
bel ow 45C at a_ pressure of 1013 hPa, ., 97 wt . - %

. piﬂffﬁ-n‘% Uit SR REARDES HviABrigro msawrlﬁwé%éﬁfﬁ atjaprgspge of 1013 bPa,

o  IaN9610% Adends0and Mkardt havipy eBSIRE pofnt 1013 AR, of ASE to 80°C at a
W . - % hexanes, heptanes and octanes having a boiling
poeHtreh 60 IBB0C at a pressure of 10 13 hPa, The

. 0) §INONBLRInkd Gt hdSdciandihadikla Woliae pbigbevagiod at WB@ssure of 1013
di ssolved in the technical hexane and activated by
thces of water. Key elenents of the process described

The oxjg%hogjelﬁliicjca%&fe aalp&@iﬁrﬁg@ﬂev@g Al WPk ARG R iMHeRedhBRANOK e and activated

I'tre total capacity running in a continuous
by traqgpefevatfeeds to the reactors were fresh nononers (0.874
kg/ h of isobutene and 0.0204 kg/h of isoprene), 3.160
kg/ h of recycled nmononer fromthe recovery and 1.9
Key elkigéits of the process described in Fig. I were operated at pilot scale with reactors of 2 litre total

capacity running in a continuous mode. Feeds to the reactors were fresh monomers (0.874 kg/h of
isobutene and 0.0204 kg/h of isoprene), 3.160 kg/h of recycled monomer from the recovery and 1.9 kg/h
of technical hexane giving a monomer/hexane mass ratio of 68:32. During this run the
monomer/common aliphatic medium mass ratio was changed from 50:50 to 74:26. The reaction
temperature used was about -65°C and a solution with 15 wt% of polymer was produced thereby. This
material had a weight average molecular weight of about 475 kg/mol and an isoprene content of about
1.75 mol%. The solution from the reactors was fed to a distillation column with 40 trays and separation
of the monomers from the rubber solution was effected. The solution was preheated to 42°C and a re-

boiler was used at the bottom of the colurmn to maintain a bottom temperature of 113°C. A reflux
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of technical hexane giving a nononer/hexane mass ratio
of 68:32. During this run the nononer/conmon aliphatic
wOdd/0eP$Pass rati o was changed from 50: 50 to RCTZBR200HE8743

reacti on tenperature used was about -650C and a

solution with 15 wt % of pol ymer was produced t hereby.

This material had a wei ght "average nol ecul ar wei ght of

about 475 kg/ nol and an i soprene content of about 1.75

nmol % The solution fromthe reactors s fe 0 s
condeffge ey (s Grfeih G hetih HOHES Ay it BopR A Aol meitaining a
tempetafi@e FRAOEEISCT ro sthieatiod bbigEved ah Wid @MuasficliseGhed0 ppm of residual

. The solution was preheated to 420C and a rebojler was
isoprepfs BANORRCr R P EB YT SFPoeher At &6 Trefint Rl B BoeYBhed monomer
streant ETIRESAIrMEE nRhorkdrd Were AriiRE labkX 6RAJENSSHuBA S 18adIutibh polymerization
return part of the overhead streamto the top of the
reactog ol unm mai ntai ning a tenperature there of 360C. The
separation achieved in the colum |left |less than 10
ppm of residual isoprene nononer in the separated '
The sengistrsy ibbtrutolusion ars Rlasnasdopsipe R anlet iseple Aelogipatitte aepipment.  10%
suppleﬁgg@leﬁghnﬁztaf £&Mhe ¥ REPA AL &a0RA AUBESso WL R aQ&JfHebecﬁﬂnaﬁon effected
and then re-introduced to t solution polynerization
by using sbanental Praenisepdibatcby] # bivherataslobuiyli pmymerscontsinoege h§betiromine was
i i 0 i on: ' 9 . .
produld 0 BoRbinih AR Rl RELRE MR RO B Riehtfhl drving and fnishing
technigepar at ed rubber sol ution and the brom nation effected
by using elenental brom ne. Thereby, a brom nated
butyl pol yner containing 1.8% brom ne was produced.
The fdrbgidyr devotihes \nlyr cdraér pbimed icabodiasntt hed dilienifedueds asd agects of the

v PR R R R ETRBSED Wi g

functiching ti@tshaE wheabvbesubante@spRal strafing he wiapwenhicDthe Wvehtion works. All

be evident to persons skilled in the art. Variants or
sub-<ogipyaisat e JrABEEFBED B SHEHES MYt THEY FoRe isRecpessed by the
followi@¥Risddy may be substituted w thout affecting the way
in which the invention works. All sub-conbinations of
the described features are intended by the inventor to
be enconpassed by the following clains.Cains 1. An
i ntegrated process for the solution polynerization and
subsequent hal ogenati on of the rubber obtained thereby
in a conmmon aliphatic nedium the process conprising
at | east the steps of: a) providing a nedi um
conprising - a comon aliphatic nmedi um conprising at
| east 50 wt-% of one or nore aliphatic hydrocarbons
having a boiling point in the range of 45C to 800C at
a pressure of 1013 hPa, and a nononer m xture
conprising at | east one isoolefin nononer and at | east
one
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mul ti ol efm nononmer - in a mass ratio of nononer
m xture to common aliphatic nmediumof from40:60 to

wW®B10/80698%) pol yneri zi ng the nononer m xture wiRGEH/BP20PRAS8743

mediumto forma rubber solution conprising a rubber
pol ymer which is at |east substantially dissolved in
t he medi um conpri sing the c&tmon al i phatic nmedi um and
resi dual nononers of the nononer m xture; c)
separating residual nononers of the nonomer m xture

Claimg r om t he rubber solution to forma separated rubber

1.

S @tk @M€ BRFBES Sore dolioh yapﬁénﬁﬁbrymrsu@d@@ehh@wg@MH of the rubber
al i phatic nmedium d) hal ogenati ng t he rubber
€

i AbteiRed Gk Breammngd B’ér?ha%ma@\naﬁ PrOCCSYHANRSISHE @kéa%fhe steps of:
chpi i ddinh 8kghh bRgridipbber is a butyl rubber and the

nonomer m xture conprises isobutene and isoprene.

An it égeamed ipbriiessedian comeriteg gt leew SPoviyrer! 2ar % ore aliphatic
and suRseQUAaRhs RPN iR in MU tHke HERBRT 1ol gde@ £1013
commn% al i p?ﬁatl c medi ug%&t hne pr o%{aéss cont'p())rl SI ﬁtga prgs.sureo
provi di¥gaed sol uti on pol ymerl zation reactor containing

t he .05, 3h0RAAL iR EACS. WaliNoR IBOOAPLHIbALIGR at least one
conprising at |east an ef m nmononer and

mul t i ohelwafipmememei N a mass rat| 0 of rmnorrer m xture

to nediu

ITDHOITE}H anilngs agrt%) \?\A]n}%ﬁo nertnﬁétulgag? ?mmon al F%lit}/cqgédné{l Qigfr(;nq §0:60 to 9s5: 5,
r b}aqio@nneﬁ@mg drermtalonmbmeamrs @/llthmltba‘lmethwp o ﬁ:rm@ rabt’@u to,hhtlon comprising

P s LA T 0 PP

s e pabaiion gmbﬁm&c n‘ﬁmlﬁmrud ras¥tial heonbhagot the nfouchhﬁ'rrmxture

lution to forma se ed rubber. soluytio
PR IRG TEHEDIOYIPUBLEE O P ROFIRRC ERE e &R somution o form a
an d, sefhratbtPuBge B otpasiBEthY bubbet8 imep OhdyHe EorhrAor A1@hatic medium,
ﬁarat ed rubber solution. 4. The process of claim3
whk rhalogenatiag e Al BeRenes i85 FSPRrgtep &bﬁFr glEgk-er t han
about 45 0C. 5. The process of claim3, wherein the
medi um has_a boiling point in the range of about 50-69
o@%proqqﬁ%ofml%@elsgf grindhehRes is afe aybhen 398 thpempngicr mixture comprises
CRARLiSEGSd Rafiexane, hexane isoners, or a mxture
thereof. 7. The process of claim 3, wherein the
multiolefin conprises a conjugated diene. 8. The
p [ , | efin
B R T ARl ARG, S BB B gcnaton of bued
| sbperéme corgnomhiealimhetesslion thd persgconwhiengi n t he mass

r Qt (Pov%mgg %Q%n%of)&eﬁ%tl\ég peactopcoglg%nggetﬁg CIS Qhﬁlﬁﬁc medium mixed with a

monomer mixture comprising at least an isoolefin monomer and a multiolefin monomer in a

mass ratio of monomer mixture to medium of from 61:39 to 80:20;

b. polymerizing the monomer mixture within the solution polymerization reactor to form a
rubber solution comprising a butyl rubber polymer dissolved in the medium and including

residual monomers of the monomer mixture;

c. separating the monomer mixture from the rubber sohition to form a separated rubber solution

comprising the butyl rubber polymer in the medium; and,
d. ‘halogenating the butyl rubber polymer in the separated rubber solution.

The process of claim 3, wherein the medium has a boiling point greater than about 45 °C.

The process of claim 3, wherein the medium has a boiling point in the range of about 50-69 °C.
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10.

11.
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s about 65:35 to 70:30. 10. The process of claim3,
wherein the polynerization step b) is conducted at a

wQ 2ipercdsure of from-50 to -74 0C. 11. The prRSCER20¢#/058743

claim 3, wherein the polynerization step b) is

conducted at a tenperature g from-95 to -75 0C. 12.

The process of claim3, whéréin a solids |evel of

butyI rubber in the C6 solvent exiting the solution
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é)depsgoftc En R U‘thgr&ﬁ gneﬁ)tor}@réﬁ]za%fon E@Fbﬂg @mgte&t)ﬁtt%;%ramre of from
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p@é@e§é“@f claim 3, wherein the hal ogenating in step
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The process of claim 16, wherein the process further comprises recycling the purified stream of

the monomer mixture back into the solution polymerization reactor.

The process of claim 3, wherein the halogenating in step d) comprises brominating or
chlorinating the buty!l rubber polymer.

The process of claim 3, wherein the process further comprises adding a supplemental solvent
and/or water to the separated rubber solution prior to or concurrentty with step d).

The process of claim 3, wherein the separated rubber solution contains less than or equal to about
20 ppm by weight of residual monomers.

The process of claim 17, wherein a halogenated butyl rubber polymer is produced in step d) and
wherein the process further comprises separating the C6 medium from the halogenated butyl
rubber polymer followed by purifying the C6 medium to form a purified C6 medium.

The process of claim 21, wherein the process further comprises recycling the purified Cé

medium back into the solution polymerization reactor.



