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un-reacted conponents_fromthe rubber slurr¥ requi
and polymerization medium are then steam stripped from The butyl rubber before it is dissolved in a

halogenation medium, typically a non-polar medium such as hexane, The halogenation process
ultimately produces the final halogenated product. The conventional process therefore employs separate
polymerization and halogenation steps employing two different media. The use of a polar medium for
25  polymerization and a non-polar medium for halogenation necessitates intermediate stripping and

dissolving steps and is inefficient from an energy point of view.

The step of separating the monomers and methyl chloride from the butyl rubber is conducted before
halogenation in order to avoid the formation of highly toxic by-products from the reaction of bromine
30 with residual monomers. The normal boiling points of the components used in the process are: methyl
chloride, -24°C; isobutylene, -7°C; and isoprene, 34°C. Any stripping process that removes the heavier
of the residual monomers (isoprene) will also remove essentially all of the methyl chloride and

isobutylene. The process of removing all of the un-reacted components from the rubber slurry requires
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economics of a process depend strongly on the level of polymer solids in the solution or suspension
emerging from the polymerization reactor; higher solids levels mean higher conversion and improved
economics, In order to make material having a sufficiently high molecular weight for commercial
30 purposes, it is necessary in butyl polymerization to employ relatively low temperatures, often less than -
80 °C. These low temperatures exacerbate the problem of high solution viscosity and lead to even lower
solids levels. In the solution process, it is therefore quite difficult to achieve an economic solids level
(conversion) at the desired temperature (molecular weight) when using hexane as a solvent due to high

viscosity.



is added to the nethyl chloride - rubber slurry after exiting the
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There is now provided a process for the preparation of halogenated rubbers comprising at least the steps
of:
20 a) providing a reaction medium comprising
e a common aliphatic medium comprising at least 50 wt-% of one or more aliphatic
hydrocarbons having a boiling point in the range of 45°C to 80°C at a pressure of 1013
hPa, whereby the common aliphatic medium further comprises a content of cyclic
aliphatic hydrocarbons of less than 25 wi.-%, preferably less than 20 wt.-% and
25 ° a monomer mixture comprising at least one isoolefin monomer, at least one multiolefin
monomer and either no or at least one other co-polymerizable monomer
in a mass ratio of monomer mixture to common aliphatic medium of from 40:60 to 99:1,
preferably from 50:50 to 85:15 and even more preferably from 61:39 to 80:20;
b) polymerizing the monomer mixture within the reaction medium to form a rubber solution
30 comprising a rubber polymer which is at least substantially dissolved in the medium comprising
the common aliphatic medium and residual monomers of the monomer mixture;
c) separating residual monomers of the monomer mixture from the rubber solution to form a

separated rubber solution comprising the rubber and the common aliphatic medium,
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15 relatively high ratio of monomers to the common aliphatic medium. Typically, the isoolefin monomers
have a significantly lower viscosity than the common aliphatic medium and therefore, a higher monomer
level results in a lower overall viscosity. Overall energy efficiency and raw material utilization of the
process is improved by eliminating the need to separate the rubber from a first diluent or solvent used for
polymerization, then re-dissolve it in a second solvent for halogenation. The integrated process according
20 to the invention therefore provides improved energy and raw material efficiency and a reduction in the
number of process steps as compared with conventional non-integrated processes for making halogenated

rubbers, in particular halobuty] rubbers.

In an embodiment of the invention the halogenation according to step d) is performed in a continuous

process, for example using a commonly known flow-through halogenation reactor.

25 Brief Description of the Drawing

Having summarized the invention, preferred embodiments thereof will now be exemplarily described
with reference to Fig. 1 which shows a process flow diagram for a process according to the present
invention that employs purification and optional recycle of un-reacted monomers following separation

thereof from the polymer solution.

30 Detailed Description
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al i phatic nedia conpositions as well as to all nononer and product
conpositions nentioned herein. It is within the scope of the present

i nvent i orwohatvmb@®2conpositi on of the conmon aliphatic mwediEp2om@yshave a
slightly varying conposition before and after renoval of the un-reacted
nmononers due to different boiling points of its conmponents. 10The nononer
m xture used to produce the butyl rubbegr, by solution polynerization is not
limted to a specific isoolefin or a specific nmultiolefin or to specific

ot her co-polynerizabl e nononers, provided that the individual nonomers have
boi | i ngoqmizmt SAdicﬁum} frsmmérdoemeal Mp hay ibe ahd@dl‘eﬁ)tﬁaﬁbﬁiﬂ% afonéhie pRef®Bn 100 or
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than 45C at a $r essure of 1013 hPa, if the aliphatic hydrocarbons of the

com"mnthﬁlni‘tﬁgﬁ%ff: BropRsHRLATTRAEd dath senvartianal approAchES.way t hat their boiling poi nt
is h| gh]elr than that of the hjighest boiling conponent of the _nonomer m xture
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preferably | ower than 40C at 1013 hPa. Preferred isoolefins are
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m xtures thereof. The nost preferred isoolefinis iso utene Preferred

mul t i oh®riasssbeavigsenaesities hefue enlalior rempyal af s UpFRapsmonaTpRss fusge different
pref er p&enHifts o i&fdoMpbnisSOPr ene. 251 n one embodi nent, the nononer m xture
may conprise in the range of from80.0 %to 99.9 % by weight, preferably in
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one isool efin nmononer and in the range of f y weil ght,
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component of the monomer mixture but still below 80°C at a pressure of 1013 hPa.

Preferably, the individual monomers have boiling points lower than 45°C at 1013h Pa, preferably lower
20 than 40°C at 1013 hPa.

Preferred isoolefins are isobutene, 2-methyl-1-butene, 3-methyl-1-butene, 2-methyl-2-butene or mixtures

thereof.. The most preferred isoolefin is isobutene.

Preferred multiolefins are isoprene, butadiene or mixtures thereof. The most preferred multiolefin is

isoprene.

25  In one embodiment, the monomer mixture may comprise in the range of from 80.0 % to 99.9 % by
weight, preferably in the range of from 92.0 % to 99.5 % by weight of at least one, preferably one
isoolefin monomer and in the range of from 0.1 % to 20.0 % by weight, preferably 0.5 % to 8.0 % by
weight of at least one, preferably one multiolefin monomer. More preferably, the monomer mixture
comprises in the range of from 95.0 % to 98.5 % by weight of at least one, preferably one isoolefin

30  monomer and in the range of from 1.5 % to 5.0 % by weight of at least one, preferably one multiolefin

monomer. Most preferably, the monomer mixture comprises in the range of from 97.0 % to 98.5 % by



In a preferred enbodi nrent of the invention the ranges given above apply to
nmononmer m xtures wherein the isoolefin is isobutene and the nultiolefinis

i sopr ene.wblznt1ianse09enbodi ment, the nmultiol efin content ofPChrPgé11ONEBEr S
produced according to the invention is for exanple in the range of 0.1 nol %
to 20.0 nol % preferably in the range of 0.5 nol%to 8.0 nmol % nore
preferably in the range of 1.0 nol % to.5.0 nol % yet nore preferably in
the range of 1.5 nol %to 5 nol % and even nore preferably in the range of
1.8 mol %to 2.2 mol % One of the ways in which the aforenentioned

Vi SCOSkk)hPEOR!18RB o RAVRIRAHN o AVREQSTEMbSonRY af® Bt irlige af 1dH 15 ghtor B POLPT
nononers to solvent 1 n _the polynerization step. Al though nass ratios of up

to 60: Hichrfahises ore PRIGTHRRe I HIIF HLEPMOK S0l vent have been used in the

prior art, in ogne aspect the present invention utilizes higher ratios, for
exanpl & 2 PETsd embodigensf 2y InynEeTLE Hinges SR BH8YSPHGO MPISHCTABMSHeUEHIR of
hi gher 4IRORIEH i SWRlde aththERuRbRARSMERant |y C4 conpounds and have | ower
viscosity than the conmon aliphatic nmedium reduces the solution viscosity

to %ol & gl Gaohiichs vRNHuIBbREn B&HH: bE bRyl rhBbe SB8Ices Ydoklitng BMBR! inl&htibe is for
achi eved during polynerization. Use of higher nononer |evels also allows an
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reduces solution viscosity and permts greater polymer solids level in the
sol ut i ow! “andevearmap pregfabhhie thvapageioh hihmad Ao toPe2 mpldrenent i oned vi scosity
probl ens have been overcone is by 20 selecting the common aliphatic nmedium
as a somyehthe ways ol whinh thearergendiopddghissosiyaretderns ave dernsivstcomg ioby sednepedinds
havj ng Ji | ' 0 |l ess :
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provi ded use of such saolvents is also. significantly higher an wth the
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nonomer to sol vent, ratios descrjbed above. Furthernore, . i s found
that u8§sBteNe meliqular VpighktP ge ﬁ%ﬂ#“i&lrﬁt\%ﬁ‘fﬂ%‘ﬂéw%ﬁf“éﬁﬁ theg W SFelerEr 'ﬁ}"?t‘i) promer

30hydr geadroned. B8 Sust RAMigRS: WhperXburdmelue! ABhdks Is6i6od Middbs#P ald perfiits greater
significantly reduces viscosity. WD 2011/089092PCT/ EP2011/050530 -8- In

anot hePolEmpiodiideare! 8¥the spdutiolvent i on t he common al i phatic nedi um has a
content of cycl ohexane (boiling point: 80, 9C at 1013 hPa) of less than 5
W . - % ApBprepngtlythe g@xs twhich s fpremeptiongd ViseREIRRECDIRES Kt REFTt & STREF d 8%
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i nvention the common aliphatic nediumhas a content of branched, non-

cycl i ccampgynds havingypchodivampishst epvhang! S3C 9oleps #1d 0 pbilierwould kave abailige peint 9sic t o
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reduce viscosity rther. Branched, non-cyclic aliphatic hydrocarbons

havi ngrandyel. | i ng point in the range of 45C to 80C at a pressure of 1013 hPa
i ncl ude 2, 2-di net hyl but ane, 2, 3-di net hyl but ane, 2-net hyl pent ane,

3- met hyhpeset fpresobna 2viRg dihtabthspnisentranssisting of compounds having a boiling point of more

25  than 80°C at 1013 hPa would cause difficulties in the separation from the rubber after bromination. The
solution viscosity provided by use of such solvents is also significantly higher than with the common
aliphatic medium, 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.

Furthermore, it was found that using common aliphatic medium with a content of cyclic aliphatic

30 hydrocarbons, less than 25 wt.-%, preferably less than 20 wt.-% significantly reduces viscosity.

Cyclic aliphatic hydrocarbons include for example cyclopentane, methylcyclopentane and cyclohexane.



10In a preferred enbodi nent of the invention the comon aliphatic medi um
conprises at least 80 w.-%of one or nore aliphatic hydrocarbons having a
boi | i ng peoOnb1/es9vke range of 45C to 80C at a pressure ®CTHEPIA1I0RH30
preferably at |least 90 wt.-% even nore preferably at |east 95 w.-% and
yet even nore preferably at least 97 w.-% Aliphatic hydrocarbons having a
boiling point in the range of 45C to 8QC at a pressure of 1013 hPa i ncl ude
cycl opent ane, 2, 2-di net hyl but ane, 2, 3-di net hyl but ane, 2- 15net hyl pent ane,

3- et hyl pent ane, n-hexane, nethyl cycl opentane and 2, 2-di net hyl pentane. The
comoN Akl lembodiBeht LN thRYhvedtdh (BX adhén hlivhhhie hleﬂaﬂﬁiﬂ’(ais Secodichest @amnamds

which are at |east substantiall ert_ under t|on cQ ns such
25, ot here i oML T Dytr L OiRS ot B o S LRt A e b klsgeeant
havi ngwas RAhd fonBerfRt MRty TBFeBerk BAMIBRCaAbuA Pressure of 1013 hPa,

propanes, butanes, pentanes, cyclohexane as well as hal ohydrocarbons such
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t enper aiethy BSntenepB-mead Ientakd) @-hptane,asshylcyclopergare aedrbodimeitipentsne process
tenperature of step b) is in the range of -100C to -40C, preferably in the
range Ohe c&ﬁrﬁbﬂ ﬂ}phﬁiﬁ:ffmemnen@[ B ekally firfhet &tﬁlp&ﬁmgﬁeﬂfomﬂ;ﬁﬁrﬁs techich7bEat pat
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punpi Ngerfshde aﬁcooétm@ tha¥th$ € BSilin¥ palnt Bt glaer thhe sper ﬁteufneésuﬁr(ﬁ" es mpeobroﬁahé§
generally leads to | ower nolecul ar wei %ht pol ynmers .t hat %&HEJH%V
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wei ght can be obtained wth 10hi gher tenperatures.
as hydrofluorocarbons whereby hydroflucrocarbons are for example those represented by the formula:
CH,F, wherein x is an integer from 1 to 20, alternatively from [ to preferably from 1 to 3, wherein y and

Z are integers and at least one.

In another preferred embodiment of the invention the common aliphatic medium is substantially free of

25  halohydrocarbons.

As used hereinbefore the term “substantially free of halohydrocarbons” means a content of
halohydrocarbons within the common aliphatic medium of less than 2 wt.-%, preferably less than 1 wt.-

%, more preferably less than 0.1 wt.-% and even more preferably absence of halohydrocarbons.

The preferred ratio of monomers to a hydrocarbon solvent is not calculable in advance, but may be easily
30 determined by very few routine experiments. Although increasing the amount of monomers should

reduce solution viscosity, making accurate theoretical predictions of the extent of that reduction is not



Therefore, in an alternative enbodi nent, tenperatures in the range of -50C
to lower than -75C, preferably -55C to -72C, nore preferably -59C to -70C,
yet nore woehawmbioy -61C to -69C, are used while still @braPréngsishe
desired nol ecul ar wei ght of butyl rubber. The wei ght average nol ecul ar

wei ght of butyl rubber polyners produced using the processes according 15
to the invention, as neasured prior towghal ogenation, typically is in the
range of 200 to 1000 kg/nol, preferably 200 to 700 kg/ nmol, nore preferably
325 to 650 kg/ nol, even nore preferably 350 to 600 kg/nol, yet nore
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The solids content of the solution obtained following polymerization is preferably in the range of from 3
25 to 25 %, more preferably 10 to 20 %, even more preferably from 12 to 18 %, yet more preferably from 14
to 18 %, even more preferably from 14.5 to 18 %, still more preferably 15 to 18 %, most preferably 16 to
18 % by weight. As described previously, higher solids contents are preferred, but entail increased
solution viscosity. The higher monomer to solvent ratios used in the present process allow higher solids
contents to be achieved than in the past and advantageously also permit use of a common aliphatic

30 medium for both polymerization and bromination.

As used herein the term “solids content” refers to weight percent of the polymer obtained according to

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



15 purification unit 100 may be provided for this purpose; alternatively,
purification can take place offsite in a separate purification unit. The
puri fi ed worzonmeissosar e noi mal ly recycl ed back into the pProT&EP301a0&0589 Xed
with fresh nononers; however, they nmay alternatively be utilized in a
different process or sold separately. Preferred enbodi nents of the process
i ncl ude these optional purification andgrecycling steps in order to achieve
advant ageous overall process econonics. 20Purification of nonomers nay be
carried out by passing through adsorbent col unms contai ni ng suitable
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30 hal obutyl er 1s produced using solution phase techni ques.
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agent is in.t an fromO.1 to 20 % efer from0.1 to 8%
pr ef er 251 "flﬂ‘o’%g Otnafmb;eweéf%ﬁwmaé 63? SR eyutr 7 QOB B 9GS B <
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1.5%to about 2.5%and nost preferably from101.5 to 2.5% by wei ght of the

r ubber in qrser & eRhieEe AQRPBEOHENCr A EEEFLRPTNYSof  hal ogenating agent is 0.2 to

1.2 times_the nplar quantity of double bonds contained in the rubber

pr &t er BWiSeatipreoneRpmers iBdehe capisdrauf B pipsing rpughadmrben poluppseqoaieaig sugatie ¢ o
.6 ti PRRcHRESIBRE & MHARL bidd adsorbent materials. In order to minimize interference with the

polymerization reaction, the total concentration of water and substances such as alcohols and other
organic oxygenates that act as poisons to the reaction are preferably reduced to less than around 10 parts
per million on a weight basis. The proportion of monomers that are available for recycle depends on the
25  degree of conversion obtained during the polymerization process. For example, taking a ratio of
monomer to common aliphatic medium of 66:34, if the solids level in the rubber solution produced is
10%, then 85% of the monomers are available to be returned in the recycle stream. If the solids level is

increased to 18%, then 73% of the monomers are available for recycle.

Following removal of the un-reacted residual monomers, the rubber is halogenated In step d). The
30  halobutyl rubber is produced using solution phase techniques. The separated rubber solution comprising
the rubber and the common aliphatic medium, hereinafter also referred to as “cement” is treated with a
halogenating agent, which is in case of using a brominating agent optionally at least partially regenerated

by an oxidizing agent.



Sui t abl e hal ogenating agents include brom nating and chl orinating agents.
15Sui tabl e brom nating agents nmay conprise el enmental brom ne (Br2),

i nt er hal oyons1imseiv2as brom ne chloride (BrCl) and/or or gam@EPh@lioses3o
precursors thereto, for exanple dibrono-dinethyl hydantoin, N

br onmosucci nim de, or the |like. The nost preferred brom nating agent is
nol ecul ar brom ne (Br2). Suitable chloni-nati ng agents nmay conprise

nol ecul ar chlorine (Cll1). The nost preferred chlorinating agent is

nol ecul ar chlorine (Br2). 20If brom nating agents are used in conbination
Wit h oXigfil@heng! a@emt Stor sxeint;ﬂdob@nmsingiﬁeism goragen hliptatie nfedlungd atdobeateainmey be

| ubl t whi ch_cont ferred oxidizing agent
per oxi GUETRAPDEPERRIPGE R RO o Pl et BRI #1%A BY CRP PRI DU h

subst anglegenadyndr ogen per oxi de, sodi um chl orat e, SOdI um bromate, sodium
hypochlorite or bromte, oxygen, oxides of nitrogen, ozone, urea

per oxi tRlo@enadibi MShSeiminadSlipRil intedtiCush@ i in R YobymepiRit bR s PlagvanfagsolEll ¥0ds C,
pertungstic, perboric, 25perphosphoric, per pé\j ﬁhos horl c, (g rsul fat esh
per thl GRY®), a5, BRI Wit ﬂ%fn‘d’nﬁ"é’l“f)%@dls@“é(cf?ra%ess chmBging v e g%ﬁﬁgarﬁw the

ei t her pBiemusEdn (e poRIRINAbA 2Bdin! daeﬂérd‘s@awﬁa?ﬁtsn%lffe%t mbdlud e HRfREda86h.
enbodi rrent no surfpact ants are added. Suitable surfactants are for exanpl e

C6- C24paddeibly, tRY an%n%aﬁfa}iﬁan%b' héegﬂisqn aﬁlrghg% Rk Sm o ﬁ{ot:w 3| obRbS AR 1 to

et hoxyl at ed fatty al cohol s and the like materials.

2011/ 08%ogorErsiEpdly froroh e 4y oen F@re wafeeply frand8ido 3?~fyu¢t6§fé»rmfﬁépff£qr@téy is

pref er ahyi 2pP? sRdeleR sfi H&@fnrefe?a%lyaﬂ&ﬁ%'én §abAILY B8 2.5 aﬁé%b@é%éﬁfab!ytf%m
aqueous solutions conprising 25 to 50 wt.-% preferably 28 to 35 wt.

mot@ piléfte?abi by verighintthgomher: - % of hydr ogen per oxi de. The amount of
oxi di zi ng agent used in accordance with the invention depends on the anount
and ki hdar@fhesmhﬂéim@t tha guagibnat haloeshatimprzertia b e £ tiows e Mol qudsptof o  of

oxi di z r f rL.om
oL, RS SHRAL PR Rl LGRIRL LI0 SESPLp B4 RT A, EChRTGYof 0
0.6 times the molar quantity.

Suitable halogenating agents include brominating and chlorinating agents.

15 Suitable brominating agents may comprise e¢lemental bromine (Bry), interhalogens such as bromine
chloride (BrCl) and/or organo-halide precursors thereto, for example dibromo-dimethyl hydantoin, N-

bromosuccinimide, or the like. The most preferred brominating agent is molecular bromine (Br,).

Suitable chlorinating agents may comprise molecular chlorine {Cl,). The most preferred chlorinating

agent is molecular chlorine (Br,).

20 If brominating agents are used in combination with oxidizing agents, suitable oxidizing agent were found
to be water soluble materials which contain oxygen. Preferred oxidizing agents are peroxides and
peroxide forming substances as exemplified by the following substances: hydrogen peroxide, sodium
chlorate, sodium bromate, sodium hypochlorite or bromite, oxygen, oxides of nitrogen, ozone, urea
peroxidate, acids such as pertitanic perzirconic, perchromic, permolybdic, pertungstic, perboric,

25  perphosphoric, perpyrophosphoric, persulfates, perchloric, perchlorate and periodic acids.

Such oxidizing agents may either be used in combination with surfactants or not. In a preferred

embodiment no surfactants are added.

Suitable surfactants are for example C¢-Cys-alkyl- or Cg-Cys-aryl-sulfonic acid salts, fatty alcohols and
ethoxylated fatty alcohols and the like materials.

30 Preferred oxidizing agents are hydrogen peroxide and hydrogen peroxide-forming compounds, such as

per-acids and sodium peroxide, whereby hydrogen peroxide is even more preferred.



The oxi di zi ng agent may be introduced into the reaction zone at the onset
of the bromnation reaction, it may be added prior to, concurrently with or
subsequenwoto1ttdseodaddi ti on of the brom nating agent. POTAPRO1@f0SSBRd
enbodi ment the oxidizing agent is added prior to the brom nating agent to
allow its 10di spersal throughout the reaction nediumthe oxidizing agent is
added concurrently or before the brom.pating agent. |In another enbodi nent

t he oxidi zing agent is not added to the reaction m xture until after at

| east about 50 % of the brom nating agent has been consuned in the

br om nabd safety ?@s?hi, @ﬁg&ge@hgéiga Iiggef?abiy%?pmﬁ[d@ &ﬁr?odg&y a@ﬁo@&@l’uﬁblﬁdinﬁjartﬁular
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to 30 @kYLESdroBephbadsuUre in the bronmination reactor may be fromo0.8 to
10 bar. The level of hal ogenation during this procedure may be controlled

so t hatrhd Aifodnt FRdxidAhy ARAt RESintDer@med Rtk B8R iRARREGH &p&ids BAlRALBLAREE kinb et
her ei nabove. The specific node of attaching the halogen to the ymer. i

ol r-is
not3 paPiordiatiag psent est rfos exnpimidiorn Raste abgut Sigrql pf pHdigkE agint Pl OE veBgRinge
that mpdasm,of fielsed, BAferaidd bR ASE A8 %ﬁ&%&e%&@é&%ﬂ?ﬁ%m% td3edyhi | e achi eving

the benefits of the invention. For additional ils and alternative

embodi FRNESdi%he S8 HELPBe IBSK P IRMNE 08l PHhOSERS Stet 9K brbRnafARR R, it
U | mann's Encycl opedia of Industrial Chem stry (Fifth, Conpletely Revised

Edi t i omay botddeepriRa. craiurrertly \Efhassebsequenttp e addidpn ol thebiomanatimeedshol ogy”
(Third Edition) by Muurice Mrton, Chapter 10 (Van Nostrand Reinhold
Conpanip 4 98fyrredpemlodindng theyoyidizing 9genB 00 addghi peler & & biedinpidrcatasat Werlbivhitpy
refgre ou i A4 he balogenatio b Qrr) Cor! SRRETthEBY
be recg%%?%%§@%&%8ﬁvgﬁp%%%g?qﬁ%&ho@%, e.b.g ﬁ%ﬁi?adggg%?gﬁmaﬁ Hﬂdiluté
caust i bromamtieg aggashi ng and renoval of solvent such as by steam stripping or
precipitation using a | ower al cohol such as isopropanol, followed by

dryi ngln #pteesshadgnai the caiiizizgagenxs detraddedrayheomaatior adxtwietuntit Hr hialewgelmat | on
r ubber . pg.o ri.or. 1o bsequent Mol 8 sol vent. 30The
haIoge%@fbgHﬁigﬁgwwﬁﬁvgﬁgﬁggg?%C§&$E$ hﬁ%gé%g%%hQﬁgggﬁ?ing of hal ogenat ed
rubber Thd I'?aicyg\%tl'ialltiog r;])9)\/(\:/5'3'5 may be %ge]fél’t/e e?t%qgtgé%g[i/jrggg 8&%/09(;5 9059%9(3, preferably from 20°C to

15 80°C and the reaction time may for example be from 1 minute to [ hour, preferably from 1 to 30 minutes.

The pressure in the bromination reactor may be from 0.8 to 10 bar.

The level of halogenation during this procedure may be controlled so that the final polymer has the
preferred amounts of halogen described hereinabove. The specific mode of attaching the halogen to the
polymer is not particularly restricted and those of skill in the art will recognize that modes other than
20 those described above may be used while achieving the benefits of the invention. For additional details
and alternative embodiments of solution phase bromination processes, see, for example, Ullmann's
Encyclopedia of Indusirial 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.

25  After completion of the halogenation reaction, the rubber may be recovered by conventional methods,
e.g., neutralization with dilute caustic, water washing and removal of solvent such as by steam stripping
or precipitation using a lower alcohol such as isopropanol, followed by drying. Processing aids and
antioxidants may be mixed with the halogenation rubber product prior to or subsequent to stripping the

solvent.

30  The halogenated rubber may cured in a further step. The curing of halogenated rubbers is well known.



-13- Suitable curing systens for use with the present product are those

al ready known in the art for use with hal ogenated rubbers, in particular
hal obut ylwoubti&ssosand general |y i ncl ude conventional cuPCREPIYI0EIFE0 such as
sul phur, resin and peroxi de curing systens. The hal ogenated rubbers and
cured hal ogenat ed rubbers obtai nabl e using the process according to the 5
i nvention may be used as a part of a tiige including, but not limted to an
inner liner, tread, sidewall, an adhesive, as part of a thernoplastic

el astotner, footwear, storage nenbranes, protective clothing,

phar mageitdhiccaking s ypper iz ude iwithngsS presontiplodiict bRrthde alréadg &nownlNB the art for use with
2011/ 089092PCT/ ERP2011/ 050530. - 14- | e Exanpl.e . 1l - Polynerization and
Di stil S&lf’fﬁe&ﬁtglé‘g’b&seﬁéﬁf@“gf héif%té‘“ﬂ Eﬁ@ggsﬁmg SERTH yBClgr qemyprtional Srang R ERmS
oper at ggthak sphidlreSE aldpewxidd chg@cdeems.of 2 litre 5 total capacity running
in a continuous node. Feeds to the reactors were 3.87 kg/h of isobutene,

0.09 kg/h of isoprene and 2.0 kW of a co n.al | phati¢c nedi um as_ descri bed
bel ow gMtigesse ‘islaégﬁﬂfﬁg halogeraiet irﬁiﬁ’ﬁgjﬁ%&ﬁ s@lﬁgég‘? BIOBYSS GeComing tprjac
reast i @ivedt@NRAYyAUIsEd MSLBhrNeSa 1@ Sfel@itch, BuSidt UlnhiodioNavihig 1RerS @bddl§id60nL ent

of 16 wt % was produced. This material had a weight average nol ecul ar wei ght
of aboathediip ®gP#b ot dntheappriastip cBlemED P eiiearo oSS LeTbranssp PLoggetivey glothing,
sol uti gﬁlarﬁlﬁ&{ﬂi@amﬁoélﬁ%grggﬁ%, WRSahed cd@ng. 10 distillation colum with 40
trays and separation of the nononers fromthe rubber solution was
performed. The solution was preheated to 42C and a re-boiler was used at
the bottomof the colum to maintain a bottomtenperature of 113C. A refl ux
condenser was used to return part of the overhead streamto the top of the
colum maintaining a tenperature there of 36C. The separation achieved in
the colum left less than 10 ppm of residual isoprene nononmer in the

separ ated rubber solution and about 15 1 % of conponents of the common

al i phatic nediumin the overhead nononer stream The separated nononers
were purified, then re-introduced to the solution polynerization reactor.
The separated rubber solution in the common aliphatic nmedi umwas such that
brom nation could be acconplished by conventional neans with addition of
suppl emental common al i phatic nmedium 20The common al i phatic nedi um was
consisting of: less than 0,1 wt.-% butanes and pentanes having a boiling
poi nt bel ow 45C at a pressure of 1013 hPa, 98,7 w.-% pentanes and
hexanes having a boiling point in the range of 45C to 80C at a 25pressure
of 1013 hPa,



t he residual anmount to 100,0 wt.-% hexanes, heptanes and octanes having a
boi li ng poi nt above 80C at a pressure of 1013 hPa. The total anount of
cyclic alwphatwosoisgdr ocar bons present in the sol vent wa®CI&PZomi560%30 30
(et hyl cycl opent ane, cycl opentane and cycl ohexane). The total anount of
cycl ohexane present in the solvent was 1,4 w.% The total amount of
branched, non-cyclic aliphatic hydrocafdons present in the solvent was 34,4
wt. % (2, 2-di met hyl but ane, 2, 3-di met hyl but ane, 2-rnet hyl pent ane,

3- et hyl pent ane, 2, 2- dinethyl pentane). WD 2011/ 089092PCT/ EP2011/ 050530
-15- Theampge@nornetal | ic catal yst, ethylal um nunsesquichloride, was

di ssolved in the common aliphatic nmedium and activated by traces of water.
5 Exanple 2 - Hal ogenation The separated rubber solution was hal ogenat ed

usi ng gxﬂhbz@tz-sm}:smwaqmaﬁdmﬁnm pnent. 10% suppl enent al commn
al i phatic nmediumwas added to the separated rubber solution and t

br oni n&FY Bfimetts et 8 A5 GecHbEEn &%ﬁthave brep ppgiEed atdipkisyle Vﬁ’fhbrﬁ%ﬁtﬁrﬁ aﬁ%hﬁe
butyl pelvEREinERAkRE H NnimBRR ROQTFRSS 1&%%&%&%@31 87 TR oP1sosmh! 0/do kubber

solution was then finished usi g conventional dry and fini shing

t echni aﬁfé@prene ang R ebt efgoiangnaiediehatis aucda 45 %&i’ftbaqi hgla Ef S BAORYASH EPTHBPR S

and ot Qlﬁ{hatfl@ﬁéélﬁlﬁ%aéﬁgnéﬁp%%ﬁ Bfe r’ei’&%oﬁ {Mﬁ:a@xfa{u?@us% bhs Beoeyiqdeniuibe h%ﬁgsé)ns
skilled in the art. Variants or equival ents of described el enents that

15f uncsdligh comiert né 16 wihe weapradusedb d hsunenial hake waighwyetagampleetlamiveighieof opypt i n
whi ch Emké/&}ﬁeﬁ}d' aQQSé'ﬁQJnIé%onter 2:19(]1&/ 1083022 P EFRAGL £0RARS Ractors was fed to a

10 distillation column with 40 trays and separation of the monomers from the rubber solution was
performed. The solution was preheated to 42°C and a re-boiler was used at the bottom of the column to
maintain a bottom temperature of 113°C. A reflux condenser was used to return part of the overhead
stream to the top of the column maintaining a temperature there of 36°C. The separation achieved in the
column left less than 10 ppm of residual isoprene monomer in the separated rubber solution and about

15 1 % of components of the common aliphatic medium in the overhead monomer stream. The separated
monomers were purified, then re-introduced to the solution polymerization reactor. The separated rubber
solution in the common aliphatic medium was such that bromination could be accomplished by

conventional means with addition of supplemental common aliphatic medium.

20 The common aliphatic medium was consisting of:

® less than 0,1 wt.-% butanes and pentanes having a boiling point below 45°C at a pressure of
1013 hPa,
° 08,7 wt.-% pentanes and hexanes having a boiling point in the range of 45°C to 80°C at a
25 pressure of 1013 hPa,
] the residual amount to 100,0 wt.-% hexanes, heptanes and octanes having a boiling point above

80°C at a pressure of 1013 hPa.

The total amount of cyclic aliphatic hydrocarbons present in the solvent was 18,7 wt.%

30  (methylcyclopentane, cyclopentane and cyclohexane). The total amount of cyclohexane present in the
solvent was 1,4 wi.%. The total amount of branched, non-cyclic aliphatic hydrocarbons present in the
solvent was 34,4 wt.% (2,2-dimethylbutane, 2,3-dimethylbutane, 2-methylpentane, 3-methylpentane, 2.2-
dimethyipentane).



-16- Clainms 1. A process for the preparation of hal ogenated rubbers
conprising at |east the steps of: a) providing a reaction medi um conprising
5a conmmorweal2opbmbise medi um conpri sing at | east 50 wt. - ¥POfi/EPR@E 1LOS058®T €

al i phati c hydrocarbons having a boiling point in the range of 45C to 80C at
a pressure of 1013 hPa, whereby the common aliphatic medium further
conprises a content of cyclic aliphati-¢gs-hydrocarbons of |ess than 25 w.-%
and a nonomer m xture conprising at |east one isoolefin
nmononer, at |east one nmultiolefin 10mononer and either no or at |east one
ot her co-polynerizable nononer in a nmass rati o of nononer m xture to conmon
aliphatic nmediumof from40:60 to 99:1, b) polynerizing the nononer m xture
within the reaction nediumto forma rubber solution conprising a rubber

pol ymemrhwhir@hom&aldt Jda@ast Shibsimntmakdycitirsisobvedisaviden mRAtdh&OaRFHasE N
t he commpn al i phati ¢ nmedi um and residual nmononers of the nononer m xture;
15c) s&f Wﬁ&@ﬂ@ﬂ"’é@%ﬂ%“%ﬁﬁﬁ@rs of the nonomer nixture fromthe rubber
solgition to forma separated rubber solution conprising the rubber and the
common_al i phatic medium d) hal ogenating the rubber in the separated rubber
sol ut i §xamBledg Balpgangtiethat i ng agent. 2. The process according to claim1,
wher ei frpd REEHRDBIbbES suthIt Whs hMBRGkted %Qi_a?lgTahﬁikW&Qﬁsﬁoﬁﬁl‘é%rﬂle&égpzﬁ&n.c| o 1
or 2, wherein nononmer m xture conprises in the range of from80,0 %to 99,9
% by weingivmept! epmopondiphaig anddgoivas 4ddedviorionisparaiaéi rubher splutipm pythe profingiipo | 1
%to 2 %y i | ea 1 ' : opr

accor di g e Snd ihorl s e ThorE kb L E D BB Replahink LRSS

i sobut eagproduced. The bromobutyl rubber solution was then finished using conventional drying and finishing

techniques.

The foregoing describes only certain preferred embodiments and other features and aspects of the
invention will be evident to persons skilled in the art. Variants or equivalents of described elements that

15  function in the same way may be substituted without affecting the way in which the invention works.



and the nultiolefin nononmer is isoprene. 255. The process according to one
of the clains 1 to 4, wherein the common aliphatic nmedi um conprises at

| east 80 wiD.2020P0%2Ne or nore aliphatic hydrocarbons havCmgEraoihosisBng poi nt
in the range of 45C to 80C at a pressure of 1013 hPa. 6. The process
according to one of the clainms 1 to 5 wherein the common aliphatic nmedium
has a content of cyclic aliphatic hydrogarbons of Iess than 20 wt.-% WO
2011/ 089092PCT/ EP2011/ 050530 -17- 8. The process according to one of the
claims 1 to 7, wherein the common aliphatic nmedi um has a content of

br ancheghimgon-cyclic aliphatic hydrocarbons having a boiling point in the
range of 45C to 80C at a pressure of 1013 hPa of at least 30 w.-% 9. The
process according to one of the clains 1 to 8, wherein the reaction is

per f or med Iﬂp@oc@@qu@ﬁﬂeg@&ﬂo%fﬁ;ﬁageh%d ruBBds WG Ring of 08t eSeesdit y of the
solution at the discharge of the polynerization reactor is |less than 2000

CP. 10. The¥pmsrdting e PHW@‘“WOSWES‘% the clains 1 to 9, wherein the

sol4ds contgnt of cthRok lahaea&c SRttt @&n@m@ fedast bl wmbngr bR St 8RrddMlighgtd N
the range of from3 to % by weight.” 11." The process according to one of

the clainms 1 to m@rocwﬁeﬁ%iaﬁmm*@d@g@pmbmm rrago Pt dh1Cotei eC pisa ot pf4813
hal ogenati ng agefy, V\;Ih%ﬁ:b?- e REQRES SiBREe Hlditn PR & oRbritdd e CbAMTrloybRe 11,

wherei n the anount of ogenat 1 ng agent used is in the range of fromO0.1
to 20 % by wei ghtlipbfitictydrocubdyerof lesgthammewvipfotrdss according to one of t he

claims 1 to,12, X"&%B&hé};ﬁﬁﬁ anh@gﬁggy Gk %gee{;golgﬁh RS2 RN AR AN

is used in conbl natiron wt Zi ng agent
10 monomer and either no or at least one other co- polymerrzable nmonomer

in a mass ratio of monomer mixture to common aliphatic medium of from 40:60 to 99:1,

b) polymerizing the monomer mixture within the reaction medium to form a rubber solution
comprising a rubber polymer which is at least substantially dissolved in the medium
comprising the common aliphatic medivm and residual monomers of the monomer mixture;

15 c) separating residual monomers of the monomer mixture from the rubber solution to form a
separated rubber solution comprising the rubber and the common aliphatic medium,

d) halogenating the rubber in the separated rubber solution using a halogenating agent.

2. The process according to claim 1, wherein the rubber is a butyl rubber.

20 3. The process according to claim 1 or 2, wherein monomer mixture comprises in the range of from
80,0 % to 99,9 % by weight of at least one isoolefin monomer and in the range of from 0,1 % to

20,0 % by weight of at least one multiolefin monomer.

4. The process according to one of the claims 1 to 3, wherein the isoolefin monomer is isobutene

and the multiolefin monomer is isoprene.

25 S The process according to one of the claims 1 to 4, wherein the common aliphatic medum
comprises at least 80 wt.-% of one or more aliphatic hydrocarbons having a boiling point in the

range of 45°C to 80°C at a pressure of 1013 hPa.

6. The process according to one of the claims | to 5, wherein the common aliphatic medium has a

content of cyclic aliphatic hydrocarbons of less than 20 wt.-%.

30 7. The process according to one of the claims 1 to 6, wherein the common aliphatic medium has a

content of cyclohexane of less than 2.5 wt.-%.



1514. The process according to one of the clains 1 to 13, wherein the
process further conprises the curing of the hal ogenated rubber obtained in
step d). wb.20ligms9®e a hal ogenat ed rubber prepared accor @cmEreaioss3of the
claims 1 to 13 to prepare cured hal ogenated rubbers. 16. Use of a
hal ogenat ed rubber prepared according to one of the clains 1 to 13 or a
cured 20hal ogenat ed rubber prepared aceprding to claim 15 as a part of a
tyre.

8. The process according to one of the claims 1 {0 7, wherein the common aliphatic medium has a

content of branched, non-cyelic aliphatic hydrocarbons having a boiling point in the range of

45°C to 80°C at a pressure of 1013 hPa of at least 30 wt.-%.

9. The process according to one of the claims 1 to 8, wherein the reaction is performed in a
5 polymerization reactor, and wherein the viscosity of the solution at the discharge of the

polymerization reactor is less than 2000 cP.

10. The process according to one of the claims 1 to 9, wheremn the solids content of the rubber

solution obtained following in step b) is in the range of from 3 to 25 % by weight.

11. The process according to one of the claims 1 to 10, wherein molecular bromine or chlorine is
10 used as halogenating agent.
12. The process according to one of the claims 1 to 11, wherein the amount of halogenating agent

used is in the range of from 0.1 to 20 % by weight of the rubber.

13, The process according to one of the claims 1 to 12, wherein the halogenating agent is a

brominating agent and is used in combination with an oxidizing agent.

15 14 The process according to one of the claims 1 to 13, wherein the process further comprises the

curing of the halogenated rubber obtained in step d).

i5. Use of a halogenated rubber prepared according to one of the claims [ to 13 to prepare cured

halogenated rubbers.

16. Use of a halogenated rubber prepared according to one of the claims 1 to 13 or a cured

20 halogenated rubber prepared according to claim 15 as a part of a tyre.



