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25  polymerization and bromination steps employing two different media. The use of a polar medium for
polymerization and a non-polar medium for bromination 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
30  bromination in order to avoid the formation of highly toxic byproducts from the reaction of bromine 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
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EP 709 401 A discloses a process for inproving the brom nation efficiency

i n rubber brom nation processes by carrying out the brom nation reaction in
t he presenoeoafosgdsenent al brom ne and an aqueous sol uti @QTEP2@N/0605¢ANI C azo
conmpound such as azodiisobutyronitrile and/or an alkali or alkaline earth
nmetal hypochl orite. 30However, there still remains a need for an efficient,
environnental |y favourabl e process forythe preparation of bronobutyl
rubbers that significantly reduces energy and raw naterial consunption and
oper at es mﬁthin an acceptabl e range of viscosities in order to allow high
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prefer 513GEnate the polymer any further. Hydrogen bromide is subsequently neutralized with a basic material
such as sodium hydroxide solution and washed off the bromobutyl rubber, as described for example in
US 5,077,345, As a consequence, farge amounts of diluted alkali metal bromides or alkaline earth metal

bromides are disposed off every year.

20 A known method to enhance the bromine utilization during butyl rubber bromination involves the
application of at least 0.5 mol per mol of brominating agent of an oxidizing agent such as hydrogen
peroxide or alkali or alkaline earth metal hypochlorite, optionally in the presence of an emulsifier which
reoxidizes the hydrogen bromide back to elemental bromine. The regenerated bromine is thus available
for further bromination of butyl rubber, thereby significantly increasing the bromine utilization. Such

25 processes are disclosed for example in US 3,018,275, US 5,681,901 and EP 803 517 A,

EP 709 401 A discloses a process for improving the bromination efficiency in rubber bromination
processes by carrying out the bromination reaction in the presence of elemental bromine and an aqueous
solution of an organic azo compound such as azodiisobutyronitrile and/or an alkali or alkaline earth metal

hypochlorite.

30 However, there still remains a need for an efficient, environmentally favourable process for the
preparation of bromobutyl rubbers that significantly reduces energy and raw material consumption and

operates within an acceptable range of viscosities in order to allow high rubber solids levels at the
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monomers and the multiolefin monomers from the medium. This mitigates the formation of undesirable
halogenation byproducts from the unreacted monomers. The process is conducted at a moderate or

relatively high ratio of monomers to the common aliphatic medium. Typically, the isoolefin monomers
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'SI?Xeﬁﬁk%?ﬁmﬁ%%ﬁ@%@éﬁmﬁ&ﬂ!'ed to all comon aliphatic nedia conpositions
as well as 't noner and product conpositions nentioned herein. It
is wthin the scope of the present invention that the conposition of the
common DstailehRescrptimadi um may 25have a slightly varying conposition before
and after renoval of the un-reacted nononmers due to different boiling
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poi nt of, the nono her than 45C at a ress re of 1013 hPa,
el P e RO e & rhaka Bl feS ko s AT Felhoar R oL aren  a
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oilin nent t he, nononmer .m. xture but sti el ow 80C at. a pressure
of 101%%95 0 3\% %8 HORPSOHSIEREPN HPPER 2SI gocty Wiy 1B Aply(rerizapien feﬁ%}P‘i/‘i‘Q:Jual
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t han 40C at 1013 hPa. Preferred i sool efins are iso-butene
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are isoprene, butadiene or m xtures thereof The nost preferred nmultiolefin
is i SOB?‘éﬁ’én a reaction stopping agent Q, for example water or an alcohol such as methanol, is added and

mixed into the reactor discharge stream comprising the common aliphatic medium S, un-reacted
30 monomers M and butyl rubber 1IR in mixer 50. The resulting polymer solution comprising un-reacted
monomers M ie. isoprene and isobutylene, the common aliphatic medium S and butyl rubber IIR is
passed through a recuperative heat exchanger 10 where it is warmed by the incoming feeds to the reactor,

while at the same time helping to cool these feeds before they enter the final feeds cooler 20. The



I n one enbodi ment, the nonomer m xture may conprise in the range of from
80.0 %to 99.9 % by weight, preferably in the range of from92.0 %to 99.5
% by wei gD 20f1/®bodlleast one, preferably one 10 isool ef i RCEEPROTROSER2L | n t he
range of fromO0.1 %to 20.0 % by weight, preferably 0.5 %to 8.0 % by

wei ght of at |east one, preferably one nultiol efin nononer. Mre
preferably, the nononer m xture conprises in the range of from95.0 %to
98.5 % by wei ght of at |east one, preferably one isoolefin nonomer and in
t he r angandf pdlyrman sblubiofoid eheb.ddededyo u\mﬁ@hhﬁcﬁf coliimd 6@sdr r@meval pif ahe nabdaytedne
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nononers that their separation fromthe solution would also result
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reactor, 10even when pr mononer to so rati
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al i pha at least 80 wt.-% of one or nore aliphatic
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be higher than 45°C at a pressure of 1013 hPa, if the aliphatic hydrocarbons of the common aliphatic

medium are selected in such a way that their boiling point is higher than that of the highest boiling

component of the monomer mixture but still below 80°C at a pressure of 1013 hPa.



substantially inert under polynerization conditions such as other aliphatic
hydr ocarbons |i ke for exanpl e heptanes and octanes having a boiling point
of nore tweroB@8Y@1 a pressure of 1013 hPa, propanes, POTHRR@EN®S)529

pent anes, cycl ohexane as wel|l as hal ohydrocarbons such as nethyl chl ori de
and ot her chlorinated aliphatic hydrocarbons which are at | east
substantially inert under reaction cogdltlons as well as hydrofl uorocarbons
wher eby hydrof | uorocarbons are for exanple those represented by the

formul a: CxI-Isz wherein x is an integer froml to 20, alternatlvely from

1 to ppefer froml to 3, wherei and z are ipnte ast one.
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hal ohygﬁe%?fﬁii BRjtdo! rtsrﬁrwswfém‘egm%ﬁnw T BRAEPT el uiomortgedershpubiolffin iy,
pref er abbynd. €ss than 1 wt.- % nore preferably less than 0.1 wt.-% and even
nore preferably absence of hal ohydrocarbons. WO
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of - 80 ﬁon@ner7M05@reﬁkabhodg=hn¢noghemnﬁeﬁpemmm astheraagelesirea 57 8 % o Phato by

en gnggﬁtg% dh sl féegiﬁ%a%ﬁ | ol %})‘f‘ fﬁ“rﬂ@doﬂ%r QIFPHJ% thQ raéxéQ of Al LY hSEOSH Y, gf‘t

hi gher erature & reduced genera mer ol ecu
meight“p@myﬂhrkmthmipaﬁmﬂmpmwamﬂ@ﬁﬂhanmmmkty deS|rabIe. However, due to the
use of high nmononer to solvent ratios in the present invention, a reduced
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temmrtwe al.ternative enbodi nent, tenperatures in
the ra 5§m8§ﬁn§@“% %86?§V£§m?ﬁgﬁﬁn?§a%¥ “15 preferably _55 Cto -72 C, nore

pr ef er abl 9 70 .C.. yet no 61.Ctao.-69 C.are use
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20 kg/ nol, yet nore preferably 375 to 550 kg/nol, even nore preferably 400
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invention utilizes higher ratios, for example from 61:39 to 80:20, preferably from 65:35 to 70:30.The
presence of higher monomer levels, which are predominantly C4 compounds and have lower viscosity
than the common aliphatic medium, reduces the solution viscosity to tolerable limits and also permits a
higher solids Ievel to be achieved during polymerization. Use of higher monomer levels also allows an
30  acceptable molecular weight to be reached at a higher temperature than when lower levels of monomer
are employed. The use of higher temperature in turn reduces solution viscosity and permits greater

polymer solids level in the solution.



preferably | ess than 1500 cP, nore preferably I ess than 1000 cP. A nost
preferred range of viscosity is 25from 500 to 1000 cP. If not nentioned

ot her w seyowhsIdB309i es are neasured in a rotational rhe@®CEEPR010/050529
cone--plate type (Haake). Al given viscosities refer to the extrapol ated
zero shear viscosity. The solids content of the solution obtained follow ng
polynerization is preferably in the rgnge of from3 to 25 % nore
preferably 10 to 20 % even nore preferably from12 to 18 % yet nore
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- As used herein the term"solids content” refers to wei ght percent of the

pol ymerhodeairagvat qavidd R8ich@ ShER Ploksisfing bﬁccﬂ%ﬁ(ﬂﬁrhh@lﬁé b ORLADELIRY B3R I N
the rubber solution. In stép c), un-reacted residual npnoners are renoved

from t Hen §81CLati16H Rsl Wew ﬁg%é!f%ﬂétrqs Hathp @ﬁpavti@f Bembhorubler pgerpramisation] db¢ on
pr ocesmu&nsmché@tkéf%d@r@ﬁﬁs%so%%uéhos RA" &L%o Jill’ibg-glyq'Lg}Q Haﬁrvﬁﬂtth%)%rﬁ%lﬁrg

poi nts bare wel nown i the art and are or exanpl e,
Encyc| olimbdiiamedivighetingthe Tdethmohag giffigalirtk h@dﬂmeeud impedingFigat traopfer pphe 8a@ard

LN, Loty LERRACKE! St BRNEH DM ERLSEFOS ErThEARILER O separation is

| ar gel epen on th er o trays use colum. An

I [ 0
accept ?rPal S‘reéf}gd @odﬁﬁén?g{ﬁqg}’n%%rﬁl%ﬁt C%&pn%#) Sahg%?@mﬁ{% 1| Imonn%ggevsvséi?%%{t '_86’%.6/& of 19

fol |l ow ng separ fon1s
trays bave nbee mhn’naumhlydm:fbpm lentngtadodmiipeineint the singkegfi ¢ Cab SO‘TKDatSiQpasza’e obn.
Separ atI

f t
orPRr 430! phiGaRO W RA R RESL Sl Bk BRI b RefTAROTEER sh xliohefare
corrrmnp;afarqbﬂbaﬁtlkfasmdmum Aﬂlﬁhm chgqhbaiﬁbcﬁs hmﬁgtebcﬁwmﬁﬂﬁh St rgenf A0 th136°C
| | at f nbodi t of t
G el rocsesy g praler g, smelt oot g Sonten e fomperen s

pr ocC esmetk Rett@%S3-tddfipentide, nHexai®metiplStRpeiRiny ahcez,s-dtdmm;ienme.- % 15Wth
reference to Fig. 1, the process of the present invention preferably
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are normally recycled back into the process and m xed with fresh nononers;
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purification and recycling steps in order to achi eve advant ageous overal |
pr ocesss sulsriyaiosarbons whereby hydrofluorocarbons are for example those represented by the formula:

CH,F, wherein X is an mteger from | to 20, alternatively from 1 to preferably from 1 to 3, wherein y and

z are integers and at least one.

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

halohydrocarbons.

In another embodiment of the invention the common aliphatic medium has a content of cyclic aliphatic

hydrocarbons of less than 25 wt.-%, preferably less than 20 wt.-%.

In another embodiment of the invention the common aliphatic medium has a content of cyclohexane

30 (boiling point: 80.9°C at 1013 hPa) of less than 5 wt.-%, preferably less than 2.5 wt.-%.

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.



Purification of nononers may be carried out by passing through adsorbent
col ums cont ai ni ng suitabl e nol ecul ar sieves or alum na based adsor bent

mat eri al swolzn11a8d@n to minim ze interference with the peCymPeéizasisen
reaction, the total concentration of water and substances such as al cohols
and other 25 organic oxygenates that act as poisons to the reaction are
preferably reduced to | ess than arour]@ 10 parts per mllion on a weight
basis. The proportion of nononers that" are avail able for recycle depends on
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The solids content of the solution obtained following polymerization is preferably in the range of from 3

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

30 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

medium for both polymerization and bromination.
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25  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

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

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

Following removal of the un-reacted residual monomers, the butyl polymer is brominated In step d). The
bromobutyl 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 brominating agent, which is at least partially regenerated by an oxidizing agent.
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pespXi gg &ﬂdi%ﬁ &&ents which have been found suitable for the purposes of the present invention are water

soluble materials which contain oxygen. Preferred oxidizing agents are selected from the group
consisting 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,
25  pertungstic, perboric, perphosphoric, perpyrophosphoric, persulfates, perchloric, perchlorate and periodic

acids and mixtures of the aforementioned compounds.

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 Cg-Cyy-alkyl- or Cg-Cig-aryl-sulfonic acid salts, fatty alcohols and

30 ethoxylated fatty alcohols and the like materials.

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.



25 (at a nolar ratio of 1:1 with brom ne to be added) was introduced into
this solution and the resulting m xture was agitated at 50C for up to 2

m nut es pwoapi1es9idme additi on of brom ne. The anount of PoTmPRee/oaded was
24 kg per ton of base rubber (= 65 % of standard, non-recovery brom nation
anount ) ._After.a reaction period of up to 30 m nutes, caustic solution was
added to the reaction mxture to neutralize any residual hydrogen brom de,
brom ne and hydrogen peroxide. The ne@u?r alized cement was 30 rinsed with

vat er  irB: @fely kadtis %yﬁt‘%&én%erd%ﬂfe'1Q&ﬂ%§ysap&hé’dgﬁ@&?ﬁ)of 18 h@Rbhd 8isny RAT-ARLEX)

and cal cium'stearate were dispersed in the cenent before steaminjection

was Us &g agusovseipbiieny eosindiging 28 60 Y&t Yo helerebly 2811 A§ Whotey e nikferably jregndidf ng
a hot %I%Oyg};&r&eh?%mﬁ@an 0.1% nmass | oss was achi eved, and anal yzed usi ng
proton NVRto determ ne the microstructure. The NMR results are tabul at ed

bel ow, c o e %
0 201170560y KEILTRURRSE SROESTZehans, NEbar 1 Gollkam oM

Chefri cakidatAddedorttn@HRitBrydfogen perOxidelp. 04 exo- CH2-Br (+1-0.02) % trans endo
Br Total Functional
The weight ratio of hydrogen peroxide to water within the reaction mixture is therefore preferably below

1:100, even more preferably below 1:50, and yet more preferably below 1:10. In one embodiment of the
invention, the total amount of water present in the reaction will be provided by the addition of the

hydrogen peroxide solution.

10 The amount of oxidizing agent used in accordance with the invention depends on the amount and kind of
brominating agent used. For example from 0.2 to about 5 mol of oxidizing agent per mol of brominating

agent may be used, preferably from 0.5 to 3 mol and more preferably from 0.8 to 1.2 mol.

The oxidizing agent may be introduced into the reaction zone at the onset of the bromination reaction, it

may be added prior to, concurrently with or subsequent to the addition of the brominating agent.

15 In a preferred embodiment the oxidizing agent is added prior to the brominating agent to allow its
dispersal throughout the reaction medium the oxidizing agent is added concurrently or before the

brominating agent.

In another embodiment the oxidizing agent is not added to the reaction mixture until after at least about

50 % of the brominating agent has been consumed in the bromination reaction.

20 The bromination process may be operated at a temperature of from 0°C to 90°C, preferably from 20°C to
80°C and the reaction time may for example be from 1 minute to 1 hour , preferably from 1 to 30

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

The amount of bromination during this procedure may be controlled so that the final polymer has the

preferred amounts of bromine described hereinabove. The specific mode of attaching the halogen to the
25  polymer is not particularly restricted and those of skill in the art will recognize that modes other than

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

After completion of the bromination reaction, the polymer 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



Brom ne (+/-0.02) 2a 10.0 65 %Br2, 1.0 mol equiv 0.02 0.51 0.04 0.57

H202
WO 2011/089091 PCT/EP2011/050529

-13 -
antioxidants may be mixed with the brominated polymer product prior to or subsequent to stripping the

solvent.
The brominated rubber may cured in a further step. The curing of brominated rubbers is well known,

Suitable curing systems for use with the present product are those already known in the art for use with
5 brominated rubbers, in particular bromobuty! rubbers and generally include conventional curing systems

such as sulphur, resin and peroxide curing systems.

The brominated rubbers and cured brominated rubbers obtainable using the process according to the
invention may be used as a part of a tire including, but not limited to an inner liner, tread, sidewall, an
adhesive, as part of a thermoplastic eclastomer, footwear, storage membranes, protective clothing,

10 pharmaceutical stoppers, linings, and barrier coatings.



2b 5.0 65 %Br2, 1.0 nol equiv 0.03 0.69 0.03 0.75 H202 2e 2.5 65 %
Br2, 1.0 nol equiv 0.04 0.74 0.07 0.85
WO 2011/089091 PCT/EP2011/050529
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Examples

Example 1 — Polymerization and Distillation
Key elements of the process described in Fig. 1 have been operated at pilot scale with reactors of 2 litre
5  total capacity running in a continuous mode. Feeds to the reactors were 3.87 kg/h of isobutene, 0.09 kg/h
of isoprene and 2.0 kg/h of hexane giving 2 monomer/hexane mass ratio of 66:34. The reaction
temperature used was -65°C and a solution having a solids content of 16 wt% was produced. This
material had a weight average molecular weight of about 440 kg/mol and an isoprene content of about
1.7 mol-%. The solution from the reactors was fed to a distillation column with 40 trays and separation
10 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 1.2% of hexane in the overhead monomer stream.
15  The separated monomers were purified, then re-introduced to the solution polymerization reactor. The
separated rubber solution in the hexane solvent was such that bromination could be accomplished by

conventional means with addition of supplemental hexane solvent.

20 Example 2 - Halogenation

The separated rubber solution of Example 2 was halogenated using pilot scale bromination equipment.
Supplemental solvent in an amount of 10% was added to the separated rubber solution in order to lower
the viscosity. To simulate varying plant conditions, supplemental water (if necessary) was added to the
solution and allowed to disperse throughout the reaction medium. 30 wt.-% hydrogen peroxide in water

25  {(at a molar ratio of 1:1 with bromine to be added) was introduced into this solution and the resulting
mixture was agitated at 50°C for up to 2 minutes prior to the addition of bromine. The amount of
bromine added was 24 kg per ton of base rubber (= 65 % of standard, non-recovery bromination amount).
After a reaction period of up to 30 minutes, caustic solution was added to the reaction mixture to
neutralize any residual hydrogen bromide, bromine and hydrogen peroxide. The neutralized cement was

30 rinsed with water in a 1:1 mass ratio. Antioxidants (irganox), stabilizers (paraplex) and calcium stearate
were dispersed in the cement before steam injection was used to remove residual solvent. The resulting
polymer was dried using a hot mill until less than 0.1% mass loss was achieved, and analyzed using
proton NMR to determine the microstructure. The NMR results are tabulated below, sorted for varying
water concentrations. Values are given in mol %.

35



H202

10

2d 1.0 65 %Br2, 1.0 tnol equiv 0.06 0.79 0.07 0.92 H202
WO 2011/089091 PCT/EP2011/050529
-15-
Experiment Water | Chemicals %o % Yo Total
content Added CH,-Br exo-CH,-Br | trans endo Functional
[wt.-%] {+/-0.01) (+/-0.02) Br Bromine
(+/-0.02)
2a 10.0 65 % Bry, 0.02 0.51 0.04 0.57
1.0 mol equiv
H,0,
2b 5.0 65 % Bry, 0.03 0.69 0.03 0.75
1.0 mol equiv
H,0,
2¢ 2.5 65 % Br, 0.04 0.74 0.07 0.85
1.0 mol equiv
H0,
2d 1.0 65 % Bra, 0.06 0.7 0.07 0.92
1.0 mo! equiv
H,0,
Ze 10.0 100 % Br,, 0.07 0.8 0.07 0.94
(for comparison) no H;O,

Example 3 — Polymerization with Recvcled Monomers and recveled common aliphatic medinm

The process of Example 2 is operated with a purified overhead stream augmented with the addition of
recycled common aliphatic medium obtained from the drying and finishing of brominated butyl rubber.
The reactor is then operated and a rubber solution is produced that is comparable to the rubber solution

described in Example 2.

Example 4 — Polvmerization with Recveled Monomers and Recycled solvent

The process of Example 3 is operated using commercially available technical hexane as the common

aliphatic medium. The technical hexane was consisting of

° 2,0 wt.-% butanes and pentanes having a boiling point below 45°C at a pressure of 1013 hPa,
® 97,5 wt.-% pentanes and hexanes having a boiling point in the range of 45°C to 80°C at a
pressure of 1013 hPa,

2e



(for conparison) 10.0 100 % Br2, no H202 0.07 0.8 0.07 0.94 Exanple 3 -
Pol ynmeri zation with Recycl ed Mononers and recycled common al i phatic nedi um
The procewe 20f1/@Bs@ple 2 is operated with a purified ovecha&edoigiosesam
augnented with the addition of 5 recycled common ali phatic nmedi um obt ai ned
fromthe_drying_and finishing of brom nated butyl rubber. The reactor is
then operated and a rubber solution i produced that is conparable to the
rubber sol ution described in Exanple- 3 "Exanpl e 4- Polynerization with
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operated usinhg commercially available technical” hexane as the common

10al i phati chR®di um The techni cal hexane was consisting of 2,0 wt.-%

but aneg-;@g?%%%@n@% Yl By E]e ulnés uilRbe, BEL gwscﬁ%a f%tth@tetaﬁﬁgai%ganefan@l?»

hPa, pen es an xane aving a boiling point in the range
of 45CamOM&G®yaBﬁaObws$sure of 1013 hPa, WO 2011/089091PCT/ EP2011/ 050529 -
0,5 wt.-% hexanes, heptanes and octanes having a boiling point above
80C§at a pressure of 1013 hPa, The organonetallic catalyst,
et hy| alksgierumrss 96 the phicessi ddexribwbi g .slseére eperatad tifglot @sknvitiakadiex afizliantdtal
activat eccjiCl r&ni;lg'l?ge:% aOI:on\{\{%lgo%g'm{?cle. 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

10  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 wi% 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 mo!%. 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-

15  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 0.35 % of hexane in the overhead monomer

stream. The separated monomers were purified and then re-introduced to the solution polymerization

20 reactor,

The separated rubber solution was halogenated using a pilot scale bromination equipment. 10%
supplemental technical hexane was added to the separated rubber solution and the bromination effected
by using clemental bromine. Thereby, a brominated butyl polymer containing 1.8% bromine was
25  produced. The bromobutyl rubber solution was then finished using conventional drying and finishing

techniques.

In a different experiment, the bromination solution was prepared as above, but including hydrogen
peroxide solution. Elemental bromine (in a molar ratio of 1:1 with hydrogen peroxide) was used in
30  amounts of 65 % of the typical rate to create a comparable brominated butyl polymer containing 1.8%

bromine. Conventional techniques were used to finish the product.

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

35  function in the same way may be substituted without affecting the way in which the invention works.
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solution was prepared _as above, but including hydrogen oxi de sol.ution.

Bl emental  br orfCREFPIAE SRBTAP STRIATG™EHR 294 (Gr EH MORPEHER BoPOXTERE RS used

ibn 3|0arm:mt 8) Ofep&brifo z@iidﬁamalggwrg&r@ af tHeaﬁ%ghﬁr ﬁﬁ;&@%&“lroan a@hrmweabck;aichzrte rfb;ﬁtaté ed
ut pol ymer contai ning 1. 8% broni ne. nventional technjgues were used to

i ﬁ%’ sh the progh¥fted rubbepsalufion comiriaige e ehbendyd teinfopmpasatigatic Gediugy 1 ed

enbodi nent s dﬁnﬂoxﬂing_ﬁ;{g the AlbYESS 1RREhaRsRIGGher SfluidAQising ¥ @RInhifNinlakdnt RRICBYY Aent
to persons skilled in the art. Variants or equival ents of described

el ement s that 8%t ptialygreeneraie by anmedigiag 28p8Y be substituted without
affecting the way in which the invention works. WO

2011/ 089091PCT/ EP2011/ 050529 -17- Clainms 1. A process for the preparation
of br oRi nat é4e pgbtse pesoriggse Plginh g, velerdinths rubbprds g pelpkrublier. a) provi ding a
reaction nmedium conprising 5 a common ali phatic medi um conprising at | east

30 o). L 3% of 48 Ero@éss ?dix?é[ tlo Q{&% ii Gr Q,y@ﬁe?gﬁﬁlggﬁer tﬁﬂ%&l{&%oﬁzph@s liﬂ g ra[ﬁ%j: Hf fr&ﬂ
the range of 45C to 80C at a pressure of 1013 hPa, and * a nononer m xture
conpri si ng &0.01%&s39- Dby wagitef pirleasbensriego]etiztmanermst andrie thewhnge of &pind. hvriener

and ei ther Bg 9L pAheiafdFhe 1RAC R RAfioI6A ROAMEE! | zabl e 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 5. The process according to one of the claims 1 to 4, wherein the common aliphatic medium
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 1 to 5, wherein the common aliphatic medium has a

content of cyclic aliphatic hydrocarbons of less than 25 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.-%.



10in a mass rati o of nononmer m xture to conmmon aliphatic nmediumof from

40: 60 to 99:1, b) polynerizing the nononmer m xture within the reaction

medi um t owbennv@9ubber sol ution conprising a rubber polPgEmEP20¥i06(529 s at

| east substantially dissolved in the nmedi um conprising the conmon aliphatic
medi um and resi dual nononers of the nononer m xture; c)
separating residual nonormers of the mpgoner m xture fromthe rubber
solution to forma 15separated rubber solution conprising the rubber and

t he cofimon &hd ploadss accosliigiinone df the olinmalt forlly whheinrtbib bperess rentpheatse patgt Bds
rubber sol uti.on_ usi Jrompating agent which is at |east partially
regeneratednﬂgegﬁg3§95ﬁ5¢ﬁ3' ggnt. 2. The process according to claim1,
wherein the rubber is a butyl rubber. 203. The process according to claim!l
or 2, Wher eilhe pooomsmarcondingtuoee cihhprihises? tor, wheemangesight af-¢rag 80 Gildotegeht

99.9% b ight .of at | t ' lefin. j f f
0.1 9% 00 20°0 0y Bkt qe bre B RGr i b Bres i ohBngRE kR g O

process according to one of the clains 1 to 3, wherein the isoolefin
nononed0.i s Tsobuenacanding he onelof itled dhinn ImMoné&eherkis ths ogreneis Robridiein a
process accordin o one of the, clai 1l to 4 erein the,co n aliphatic
e um comp1LEgali®h SRR rnasofe sy ho e it Bratt L PRt aHe
havi ng a bopdlingifodéhicadtdt i§ Res thamyeoep. 45C to 80C at a pressure of 1013
hPa. 6. The process according to one of the clains 1 to 5, wherein the

o thin D4 TbRSE e ) OG0gHpUTFRpbaY otz phte EEEEIHIRSE.

accordi ng t eleita obfaidel Golohaighs stp bisin theh@icebNirbhie tPLHEEess t enperat ure of
step b) is in the range of -100C to -40C. 9. The process according to one

of .t he. cl ai 2 to 8, erein the weight avera nmol ecul ar i ght. of butyl
P Ubber 156 B s drrting 80 BPOAT oS o e, Fitbeler Bt s 6 o 7

kg/ mol . 510brbhsnapir@gRss according to one of the claims 1 to 9, wherein the
reaction is perforned in a polynerization reactor, and wherein the

viscosity of, the solutign at the discharge of the polynerization reactor is
| ess t:’n%n 2{‘56?)1""8?5?35 €N ﬁ?r%’&é’géhea‘“gé‘:%’rsditﬁg&t HL%‘F\‘& *g? X‘Pﬁ‘éﬁ 8?&1’?%?:%“‘”’1‘“% 881,

wher ei n t heugakd id sheGRie@n oM. t B0 LUBPREIRQI tHeirgibenbt ai ned fol lowing in
step b) is in the range of from3 to 25 %

14. The process according to one of the claims 1 to 13, wherein the oxidizing agent are selected from
15 the group consisting of peroxides and peroxide forming substances.
15. The process according to one of the claims 1 to 14, wherein the oxidizing agents are used in

combination with surfactants.

16. The process according to one of the claims 1 to 15, wherein the oxidizing agent is hydrogen
peroxide.
20 17, The process according to claim 16, wherein the weight ratio of hydrogen peroxide to water

within the reaction mixture is below 1:100.

i8. The process according to one of the claims 1 to 17, wherein the amount of oxidizing agent used

is from 0.2 to 5 mol of oxidizing agent per mol of brominating agent.

19. The process according to one of the claims 1 fo 19, wherein the oxidizing agent is added
25 concurrently or before the brominating agent is added.
20. The process according to one of the claims 1 to 19, wherein the process further comprises the

curing of the brominated rubber obtained in step d).



1012. The process according to one of the clainms 1 to 11, wherein nol ecul ar
brom ne is used as brom nating agent. 13. The process according to one of
t he cl ai ,w0o2o0ti08d®1 wherei n the anmount of brom nating agemEPaEI@M50529 1 n t he
range of fromO.1 to 20 % by wei ght of the rubber. 14. The process
according to one of the clainms 1 to 13, wherein the oxidizing agent are
sel ected from 15the group consisting._gf_peroxi des and peroxi de form ng
substances. 15. The process according to one of the clains 1 to 14, wherein
the oxi2di zi Kge aferrraniasted ubbe repacdrastarding dn owd ¢hhths glfract &ani® to pEparT yered
process acc e of the claims 1 to 15, wherein the oxidizing agent
|s hydr ogen%g{r"g&gﬁdt Bt‘b%gSOl? The process according to claim 16, wherein the
wei ght ratio of hydrogen peroxide to water within the reaction m xture is
bel ow £2.100Usd 8f aThemredessbacmearadidngecodingne ofe ehéectlamss! 1o 26 @74 cured
wherein the, S
oxi di zi ng aglg’n Ilfg[[:P)ée(zirl%z&)e élle A d%g’?rﬁ%‘ Oon% 0%%6 &alrf{af)% a% arpgrégfszgggccor ding to
one of the clainms 1 to 19, wherein the OXI d| zing agent is added
25concurrently or before the brom nating agent is added. WO
2011/ 089091PCT/ EP2011/ 050529 - 19 - 21. Use of a brom nated rubber prepared
according to one of the clains 1 to 19 to prepare cured brom nated rubbers.
22. Use of a brorninated rubber prepared according to one of the clains 1
to 21 or a cured brom nated rubber prepared according to one of the clains
1 to 21 as a part of a tyre.



