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- [0002] This disclosure relates to-a ﬁnishing'process for an elastomer. More particularly,
this disclosure relates to a method for reducing and removing solvents from an elastomer
slurry or elastomer solution.

10 BACKGROUND OF THE INVENTION
[0003] In the production of elastomeric polymers, such as isobutylene-based elastomers,
the product obtained from the polymerization process is often in the form of a slurry
comprising the precipitated polymer and unreacted dissolved monomers in a solvent. The
solvent and dissolved monomers are stripped from the precipifated polymer, with the polymer
15  solids sent to a slurry tank. The water-slurried elastomer is then dewatered, and extrusion
dried to form elastomer crumbs for bailing and/or packaging.
[0004] U.S. Patent No. 5,729,911 discloses a process for continuous dewatering/drying of
EP(D)M. The process comprises continuously charging wet EP(D)M crumb into a single
screw extruder having particular structural features and conveying the wet crumb through the
20  length of the extruder under conditions sufficient to expel water, increase the pressure across
the die plate of the extruder and heat the crumb. The dried crumb thus extruded is
characterized in that it contains less than 1% water. |
[0005] However, processes for ﬁnishing EP(D)M clastomers may not work for other
types of elastomers, such as isobutylene-based elastomers, and especially temperature
25  sensitive halogenated isobutylene-based elastomers. Different elastomers have different
slurry cherﬁistries and different viscoelasticity which affect the ability to dewater and dry the
elastomer. For example, a slurry of butyl elastomer, particularly halobutyl elastomer, has a
higher pH than a slurry of EPDM. This higher pH makes the butyl elastomer crumb more
slippery and thus harder to dewater and dry than EPDM crumb. Additionally, elastomer
30  characteristics, such as Mooney viscosity, molecular weight distribution, and the presence or
absence of long chain branching, may also affect the ability to dewater and 'dry the elastomer.
[0006] US. Patent 4,909,898 (Padliya et al) discloses a polymer finishing method

wherein a slurry comprising a precipitated polymér and a volatile diluent is feed into a
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dried to formelastomer crunbs for bailing ancUor packagi ng. [[0004].U.S.,
Patent No. 5,729,911 discloses a process for continuous dewatering/drying
of EP(D)M The process conprises continuously charging wet EP(D)M crunb
into a single screw extruder having particular structural features and
conveyi ng twe 2¢Alz&e4D through the 20 length of the exd#uaeriowder
conditions sufficient to expel water, increase the pressure across the die
pl ate of the extruder and heat .the crunb. The dried crunb thus extruded is
characterized in that it contains |ess than 1% wat er [0005] However ,
rocesses fo hi ng EP as r ot her.
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a single fi m uidd 1{'10%1 an ¢ astomer%aRnY tg]:h ocarbon'f:l'hlrlﬂd(sjﬁleing either a diluent or a solvent
15  with respect to the elastomer. The method comprising the steps of a) preparing an elastomer -
stream, the stream comprising isobutylene-based elastomer solids and hydrocarbon liquids; b)
introducing the stream into a kneader,' wherein the kneader has a central axis, an outer shell
wall radially outward of the central axis, at least one flight of paddles extending radially
outward from the central axis, and at least one flight of hooks extending radially inward from
20  the outer shell wall toward the core, the hooks having at least one vertical shearing surface
and at least one horizontal shearing surface greater than a nominal width of the hook; and c)
shearing the eléstomer in the stream between the paddles and hooks whereby the elastomer is
Subj ected.to shearing forces and at least a portion of the hydrocarbon liquids is volatized from
the stream.
25  [0010] In another aspect of the invention, the stream entering the kneader contains at least
10 wt% of elastomer relative to the total weight 6f the entering stream. In other aspects of
the invention, the entering stream contains 20 to 45 wt% of elastomer.
[0011] In another aspect of the invention, shearing of the elastomer in the kneader results
in an exiting stream containing greater than 20 wt% of elastomer relative to the total weight
30  of the exiting stream. Alternatively, the exiting stream contains greater than 70 wt% of
clastomer. In another aspect, the exiting stream contains elastomer solids in the range of 50

to 95 wt% of the exiting stream.



[ 0008] Descri bed herein is an apparatus and a process for renoval of
hydrocarbon |iquids froman el astomer follow ng poly- nerization and
optional hal ogenation of the elastonmer. The 10 process conprises the steps
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aspect of the invention is directed to a nmethod for renoving hydrocarbon
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20 purposes of understanding the claimed invention. While the following detailed descnptlon

gives specific preferred embodiments, those skilled in the art will appreciate that these
embodiments are exemplary only, and that the invention can be practiced in other ways. For
purposes of détermining infringement, the scope of the invention will refer to any one or
more of the appended claims, including their equivalents, and elements or limitations that are
25  equivalent to those that are recited. Any reference to the “invention” may refer to one or

more, but not necessarily all, of the inventions defined by the claims.

[0016] Definitions applicable to the presently described invention are as described
below.
[0017] “Diluent” means a diluting or dissolving agent. Diluent is specifically defined to

30 include chemicals that can act as dissolving agents, i.e., solvents, for the Lewis Acid, other
metal complexes, initiators, monomers, or other additives, but which preferably do not act as
dissolving agents for the elastomer obtained through polymerization of the dissolved

monomers. In the practice of the invention, the diluent does not alter the general nature of
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acconpanyi ng draw ngs i n which: FIG 1 is a diagramfor ,
manuf acturing a polynmer in accordance with the present 10i nvention; FIG 2
is a cross-sectional schematic of a kneader useful in the present
invention; FIG 3 is a cross-sectional end-view schematic of a kneader;

FI GS. 4A ando4Biasessheari ng paddl es; FIG 5 pergs20iiagdedm of the
prior art process for manufacturing a polynmer via slurry 15pol yneri zati on;
and FIG 6 is a diagramof the prior art process for manufacturing a
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not alter t nat ure
polymers consistent with the ASTM DI1566 definition of “a material that is capable of

recovering from large deformations, and can be, or already is, modified to a state in which it

15 is essentially insoluble (but can swell) in boiling solvent.” As used herein, the term
“elastomer” may be used interchangeably with the term “rubber.” Preferred elastomers have
a melting point that cannof be measured by DSC or if it can be measured by DSC is less than
40°C, or preferably less than 20°C, or less than 0°C. Preferred elastomers have a Tg of -50°C
or less as measured by DSC.

20  [0020] As used herein, the term “isobutylene based elastomer,” refers to an elastomer or
'polymer comprising at least 70 mol% repeat units from isobutylene. These polymers can be
described as random copolymers of a C4 isomonoolefin derived unit, such as an isobutylene
derived unit, and at least one other polymerizable unit. The isobutylene-based elastomer may
or may not be halogenated.

25  [0021] Preferred elastomers useful in the practice of this invention include a) polymers
derived from at least one C4 to C7 isoolefin monomer and at least one multiolefin monomer
and b)- homopolymers of C; to C; isoolefin monomers. Some such copolymers are
conventionally referred to as “butyl rubbers.” For the copolymers, the isoolefin derived
content in the copolymer is in a range from 70 to 99.5 wt% of the total monomer derived

30  units in one embodiment, and 85 to 99.5 wt% in another embodiment. The total multiolefin
derived content in the copolymer is present in the range of mixture from 30 to 0.5 wt% in one
embodiment, and from 15 to 0.5 wt% in another err_xbodiment.. In yet another embodiment,

from 12 to 0.5 wt% of the polymer is multiolefin derived units. In yet another embodiment,

4.



WO 2011/ 136884PCT/ US2011/ 029611 t he conponents of the pol ynerization
medium i.e., the conponents of the catal yst system nononers, etc.
However, it is recognized that interactions between the diluent and
reactants may occur. In preferred enbodi nents, the diluent does not react

with the 03;,@5@1@5 stem conponents, nononers, etc. tq,c%ﬂ%z(ﬁ?lgi’g%‘ﬁl abl e

extent. tironally, the termdiluent 5 |ncludes mxtures 0 | east two
or nore diluents. Diluents, in the practice of the invention, are generally
hydrocarbon |iquids, which may be hal ogenated with chlorine or fluorine as
disclosed in U S. Patent No. 7,232, 872 0018]." Sol vent " ns a hydrocarbon
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cycl ohexengondsQfd Haf BE ak %ﬁﬂﬁh €533 R monofier, Used herein, refers to any
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i ncl ude a) PRlMS L4e theyigyentip iy oftaingdy ot regrims 2 t9<99é7ws°/s BBPBWtHe‘Fﬁ)WBlPrer

and at jkseagts tersemms%sr@Aeesm {8099 Y, isbdtyRhe u&mmﬁ%@o Qo Gbptefe lyet
i sool efin nmononers one such copol yners are conventionally rePerre to as

"butyl rubleetierembgdimeple copol yners, the isoolefin derived content in the

copol ymer igosgp a iy M40 af t f~d ed 30
units in orgg0 e[r:bodl ﬁen%fstdcngérﬂd ggatsg %3185&1%%0?{1 ano hée}rédglni%g%gn% f%'rl'E\é
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20  alkylstyrene units, and about 1.1% to about 1.5 wt% of a halogen. In one embodiment, the
polymer may be a random elastomeric copolymer of a Cs to C; a-olefin and a methylstyrene
containing at about 8% to about 12 wt% methylstyrene, and 1.1% to 1.5 wt% bromine or
chlorine. The brominated poly(isobutylene-co-p-methylstyrene) polymers are also referred to
as BIMSM polymers.

25  [0025] Other C4 to C5 isoolefin derived unit containing elastomers suitable for use in the
present invention include terpolymers comprising the isoolefin and two multiolefins wherein
the multiolefins have different backbone structures prior to polymerization. Such
terpolymers include both block and random terpolymers of C, to Cs isoolefin derived units,
Cs to Cy4 multiolefin derived units, and alkylstyrene derived uhits. One such terpolymers

30 may be formed form. isobutylene, isoprene, and alkylstyrene, preferably methylstyrene,
monomers.  Another suitable terpolymer may be. polymerized from isobutylene,
cyclopentadiene, and alkylstyrene monomers. Such terpolymers are obtained under cationic

polymerization conditions.



enbodi nent, and from 15 to 0.5 wt % in another enbodinment. In yet another
enbodi nent, from1l2 to 0.5 wt% of the polynmer is nmultiolefin derived units.
In yet anot her enbodi ment, WD 2011/136884PCT/US2011/029611 from8 to 0.5
wt % of the polymer is nmultiolefin derived units. Herein for the purpose of
this i nventwornoiinedst4 ol efin refers to any nononer havi ngctdofdfo2969r € doubl e
bonds. In a preferred enbodinent, the multiolefin is any nononer conpri sing
two conj ugated doubl e bonds and nay be an aliphatic or aromatic nonomner.
5[0022] The C4 to C7 isoolefin may selected from conpounds such as
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i sobutylene with 0.5 w%to 5.0 wt% i soprene in yet anot her enbodi nent.
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[0028] If the butyl is to be halogenated, for polymer prepared via slurry polymer, the
slurry is treated to remove any remaining unreacted monomers and replace the
polymerization diluent with a hydrocarbon to dissolve the polymer and create a solution, i.e.
a single ph.ase liquid, see FIG. 6. The dissolved polymer solution is also referred to as
20  polymer cement, and it is then treated to remove any remaining unreacted monomers. For
halogenated butyl polymers, the solution should be essentially free of unreacted monomers or
low molecular weight side species may form during halogenation. Such species  can
negatively affect the desired end properties of the final halogenated polymer. |
[0029] Halogenation of the dissolved monomer is carried out by adding bromine or
25  chlorine to the polymer cement solution. Halogenation of isobutylene copolymers is also
described in U-.S. Patent No. 5,670,582. The halogen wt% in the formed elastomer is from
0.1 to 10 wt% based on the weight of the halogenated elastomer in one embodiment, and
from 0.5 to 5 wt% in another embodiment. In yet another embodiment, the halogen wt% of
the halogenated rubber is from 1.0 to 2.5 wt%.
30  [0030] After halogenation, the solution is subjected to a neutralization step wherein the
by-product of the halogenation, HBr or HCI, is conventionally reacted with an aqueous
caustic solution to yield a soluble salt in an aqueous phase. Following neutralization, some or

all of the aqueous phase may be optionally removed prior to removal of the hydrocarbon
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present invention include terpolyners conprising the isoolefin and two

mul tiol efins wherein the nultiolefins have different backbone structures
prior to polymnerization. Such terpolymers include both block and random
terpolynmers of C4 to C8 isoolefin derived units, C4 to Cl4 nultiolefin
derived unige,018)dssd! Kyl styrene derived units. One SUCQc&R%gﬁbU s 30 nay
be forned forn1|so utyl ene, isoprene, and al kyl styrene, prefer

nmet hyl st yrene, nonomers. Anot her suitable terpolyner nay be polynerlzed
from i sobutyl ene, cyclopentadiene and al kyl styrene nononers. Such
terpolynmers are ned. ynder ionic i Z on condi ti ons.

2011/ 13688%5PYeR] B’s?%ﬁ/tbﬁ‘z ‘i%nf“é ftES{léfn‘alsah;f{TE 'ﬁ%‘f o iRy ich, patex fefpoyal éP‘? zed
by a narr ownipelaeé!| I thieio@ition khshldi it &:x@Bed MICMD) 0Pfthd BfopedtBRADS Ihe final
alternatlvely | ess than 2.5, an exenplary viscosity average nol ecul ar

wei ght in h#egsnatsd solymepmay brwseaiyvelirtiEcisdo, 000 and an exenpl ary number

aver age m)!@@w ar F@Fb&htthé mlafogéla{e@nﬂﬁ IQ;n }?aﬁ)gQIQaQedt 901;1%91' Qﬁplsaﬁutﬂ@ﬁeeﬁd%cped by

gel perneation chromato 570 Formati on of butyl elastoners is
vel | kndwnpelymehie ghendiai eda $tnpn1n@0ﬁhc sol'eamtis fram dlélpcthebbmrymt@eaomtlbn ard for

exaﬁp'e Slig POy hRP &J Ehm Be Bdiga Ik - That ent
T O, G e O Fopliing oiig BB ingdy cymEoRR ol fha a%én?ldﬁﬁ“‘?agﬁi, 01. As

d| scl osed dryutghl@s:enmmemlwesomnlisbednmmmnm hcmaamtbtestradees vhesiol ved i n

a hydrocarhon sol vent n ch th I ri zati.Qn_occurs

pol ymer | gatr ot B bR yhE R e XS 5B B idecibs MR mterdt sucr

that the rthednge\pnpblylwémuwﬂtlhe pixgce py thathelialibladds of the esohdeent upon

f t . t t I i el t

10" o Y8 UL Y T8 PR AT RSB BRSBTS Sh B BBk ™
so: uti o)n pﬁhmnﬁ:ag i@aﬁuymﬂe bwe@elamamteﬂa;aespedladmalcrgeﬂawserﬁlbmth@é elaBto]Eﬂaﬁ .
sol vent a yr.r e reco re rom e
colvent Thoatindtifdehene Phissh hsBier Ty E b St o eoH AR e

15dryi ng OflsdﬂﬂﬁxeﬁﬁﬂbMWne Tr&bb)ét e‘llﬁ”ﬁl badbiRAr (“GdrtbFdhchet’) aﬂ&prubsdrr fHialirakhand
package, see FIG 5. [0028] I'f the but§ny|s to be hal ogenated, for polymer

prepared vPAYSPRHtYlEnesybhariromebytylsghiorpbutyls bloflsternolymess ploiserrenczisgpuidshst ni ng

unreactied BHRAEEfAIANEop& aﬁ%ftlktﬁ,umén)é MR ZAL-hRthytkyrétRN hal0bdiated random
hydr ocar bon to di ssalve t pol ymer ‘and create a Solution, I.e. a single

phase |i quFepobaesss of @obetylepﬁeandug%mﬁélwlwpwﬁn@m trrpedymers of| isepuidensy r ed
to as 20 pobyRRL, %”Eﬂﬁdmeﬁ{}qist)lrgne' Sinh gl ﬁﬁ@& echdbR fe%m%ﬁerﬁw HERIENT

unr eact ed nononers hal ogenaf ed buty mers, the solution should be
essent i al | ysopicas apd p%ﬁméwlsédemmglr@rthqr mol ecul ar wei ght side species

dosi red entl330 ot AABRER A MY bR SR AR B AL b S P ARl 1t on
of the2@i sbdbgendtion m;tved of emplaying @cconventipnal selvén gtrippingi epgiopally sz@rxww@r ine
to the pol n | uti I tio b vl rsis
al so descr%%gé ﬁﬁl F@.&gd$%ﬁ?ﬂ%oﬁ%5%%%@?§éfgrf%8”§§|%Een %@gﬁn %e f%r

el ast oner kmeaﬁermmn@:mkamo isliscivttdghasae siorar toek vuethg rdlastimet Ivehidhals cgrberained

el astoner in_one.e

wt ¢ di. t.
T ver anot Ny CErboRCHRNER fori R PSRy dhGeT pheo heo fERPE R B aHE <
from1.0 tpnﬁmﬁ:mt?M330100301After hal ogenati on, the solution is subjected

to a n tr i.zation s erel t he by-product, of the hal tion, .HBr or
HCl ;i ﬁi?é%]u ) F‘ %Fgg Ay rtaﬁ %ﬁ%aﬁ ‘Efgfﬁg‘iqngat%llﬁq? gﬁ“’ﬁ}e@ el d a
sol ubl e sartcs 4 ﬁqpr@qméad@hg@@rauwaé an@g:ynmﬂcalaédnﬁg;rh% hawltrga @fingd | of

t he agueous phase nmay be optionally renmoved prior to renoval the -

hydr ocar bolnSd Ebiliy‘litSB@SWWf 88126511}]02@63111“63‘1“ 10 has o central core 12 located

about the kneader’s central axis. Along the outside length of the core 12 are at least two
flights of shearing paddles; with three to ten flights in one embodiment, and four to eight
30 flights in another embodiment. A “flight” of paddies is defined as a grouping or series of
paddles along a common line or angle. The number of flights in the kneader is dependant on
a variety of factors including the kneader diameter, the core diameter, and the width of each

paddle 14. Each flight of paddles 14 contains at least four and up to 100 paddles. The
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solvent in which the hal ogenated el astoner is still dissolved. For . such
wat er renoval, the tenperature of the solution should not exceed 100 C or
the properties of the final hal ogenated polynmer may be negatively affected.
[ 0031] For both the hal ogenated and non- hal ogenated pol yner, the

i sobut yl enewbasgdsdssgol ynmer is then finished by strippigtadehoitifo®ehol vents
fromeither the slurry or the solution and drying of the resulting solid
polymer into a crunb formthat nay be baled or packaged. The drying is
conventional |y acconplished using continuous helical path extruders

wher ei n, [ ol ids
e oot i oa e ARKIE | PR IARRIOEL AP S UL LT OB BB TR B o
by the hel itbatorb Idadmt;er ahe kﬂmdamammlﬁr the oot @F zljleairlal&rgy dssesbtochetzeagpiad at us

descri bed her n for.assisting iR finishi

i sobut yl ené” bg &lgs 8'In§ Eﬂ‘rﬁ@ ?’esé%é’f}? ‘r‘ﬂ A5 ‘é‘agtrétdeﬂ @Vé’r ﬂ’iggtﬁswgge ?ﬁ‘ésé

el ast oners. 111Nmratels thieet flipigts emaﬂip;IaﬁSIes saabut yl ene based el astomers incl ude

pol y(i saobut e bber rene- | ene rubper, "HR'),

br anche [é{""}r? r%’ﬁglﬂé@l‘) H‘Ig Tt‘i/"lte &6 angl:?t ﬁ%ﬁ‘?&ﬁ&’d“ﬁg%ﬂgdﬁﬁt‘fﬁ@%

r ubber, br QIROUL: Vo the fth hQﬂ%é’knea@érolQ)kaﬁded'oP@hymfe%ségf thle S8, @qaanedstgbwcul ene-
15 styrene random copolyners of isaobutyl ene and para-net yrene

hal ogenat ed]‘glé{rﬁ%‘?f?téﬁ)ﬁ‘éﬂ ¥ helicel pttersehout B epre land” OparlanW%I}rng@lyra@héTlgm andom
ter pol ymer snght fufip Qedpyits8itas lehs? BRMBEut tﬁé‘&r@@f aphElohid Sfeld, G/Mn thdRMeader is

hal ogenat ed random terpol ytriers of isobutylene, isoprene, and

par a- met hy|¥ewWadepm eaazh@ndnamoam@ftewélrsemesswmgelp 114 imersh fligh isevisibleh It the
present g MRNiaRA knbk! 90 dAth BRINITRY haAH bfifbarel o gatar npL. €0 Fig pRCRAL! on.

i nstead of enploying a conventional solvent stripping, optionally slurry
wat er wash wiflthl afdhvephddle ldxis medsuneyl achess dicasaneveese Width afahmecat 12f Aalam upffert he
wat er, i r n.

et CTRRLEF G BRRIY 1 e, 49T P oEREIAL P RRE ML AL o

vol ati | e difraxe thoscin BGI Rlﬁrltciarrt}r «tfrbat Ih@) r‘iihramlttatratad clagringrbac 865, orisated Bofig a 1.

T ustr b edoROR a8 Bt o RRng HEAREFefotBr e RREEROM ey 16 MY ca

conf i gursat itenntlard ngam atieé redatvelte mtgat ]Iibrl.zoiit@l ahia nE&:eerxaﬁpreathed;aefmaatfohe ast
1:1. The knea r 40 ha entra 12 I cat ed ab

cent ral ax DR 5n0 Dok Br FERRR] afy helfur RaiEhet Piter Wi PR
flights of tBéIEﬁaddig:ofkam f@Ssuchbrd fholddr e 16 avill @Rabid the Ibtnsw Iy ;ﬁlll@ ﬂeremwnrm nt,
and four to ht 30 fli ghtds i_n anot her egbodl ment . Ilfﬁsrg paddl es
s defined ciber agk Gl HhrdnGrdes &oriback-rxipmg heselaatoaﬁgoat%ra Ilrr’rlwe etﬁ‘?“r%mgl e.

The nunber rﬂéveﬁllemgﬂtﬁsedlgrgtotrﬂeetﬂfa%adwmegdedependant on a vari ety of factors
i ncl udi ng the kneader di anete the core dianeter, and the width of each

paddl e 4. [BO36h 4% fenarwaaehiileeb‘l 1ushowmtinFHa 4B whegiathe dearngbar U beva 100
paddl es. Thigore Vb ARLIH3AATIP GRS LRI hoIEEHRlor RRGALAS. Mgk
dependant on a variety of factors'including the I'ength of the kneader, the
core di anetterthe padalerde isde pecandamepaddle 145e Enepasandey pspdiard42hes yglering baed t o
be gener at eg»i I I » ed in
Coo T 1 gnt o0 un] no g gf A SRRhdary Paddk e e B! KpPBRAILER, 1 R el ghiaL ol

5[ 0035] Eachl4 addIiJéCEfﬂF itgylthe paddiendd and B, dnghe@lallerh\gmteﬁéolnohgtewdrtmu thg engt h
of the nt

[ ncreasée?s(sa crl Eangéﬁé’?‘“’l'%“o 8&%?2 eagéc]%ﬁeﬁ&%ﬁ{ Egeoﬁglr%:?&ad'}lgth%gg S[%Sﬁ“ pat tern
about the crhmessmz) Fog krgadlayrig) rmyrcentpes@ﬂightseﬁdte sIeI:ongImy pard@ht14’fultheyﬂ1glntap
itself at ader
v eved 1900 wEER TSNS L0 SoPé or BB 1R AUE ORI Dy ienS 38
flight is vpaédlblle Id metdm&odﬂnﬁbnt ItlIleumtml&t efipdddzadé? inlédch ﬂ@hhlbﬂ)ﬂd-(ﬂhlé taldnehas a

truncated t sha FI 4A, Th mn th of dd e.14 is
reaour ed. adsee Pidber A RBGangEden i infre ko, thepstontery Zabole iacige o

t he padidl e tHdshesrirg ukfaey arbginofe kdddérd hHleCSEleetNeaIsb and Iﬁcdﬂ&ddbteth&%doﬂdﬂ G 4A
is reversed fé nLéhose in FlG 2 for c arlt of . har émégge |II trated
clearing bdRrd4® |4 Frblenils ¢'agioBrge Man AFtyShigPtiiFsthe Fes tp gy e Ges ¢ he
flow of el apdsonRr istshbjediah the kneader, the bar 16 may 15 be inclined at an
angle relative to the horizontal axis. For exanple, the bar may form an
angle of 5to 30 to the horizontal axis. The radially innernost edge of the
bar 16, relative to the kneader core 12, for such an angled bar 16 w ||
enabl e the bar 16 to push the el astonmer_gither back into the kneader for
back-m xing of the elastoner or towards the exit to ensure novenent of the
el astomer through the kneader. 20[0036] An alternative paddle 14' is shown
in FIG 4B wherein the clearing bar 16' has a nore slab |ike configuration,
thereby |ncreasrng the shearrng surface of the paddle Adjacent to the
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25 cl earance between the core 12 and the bottom 22 of the kneadi ng hooks 18
(see further discussion). The kneader 10 may conprise flights of the
secondary paddle 14" - the flights of the secondary paddl es 14" havi ng sone
or all of the sane characteristics of the flights of paddle 14. In one

enbodi nent er of paddles 14" in each flight ﬂ%f[ﬂ
one-fifth W’ne nu ggr:'l of primary paddles 14 in the kneaj]er Zisgg%:londary

paddl es 14" increase 30 the shearing surface area in the kneader. The
sel ective use and pl acenent of the secondary paddl es 14" enables the
el astoneric nanufactérer tg optim ze the shear forces to whic

el ast oner i1803dlib;j &t 188 corevd eptesy thsauddlietd B@E@fﬁ@?%ﬂe“f%@m}&% 1§F1}é1tcor e

12 rotates ’extreﬁ@fr%qgé &ﬁerléalmso? tﬁéthfés@epto t @hé<heaath@godte%§reia%o a%ﬁge@ﬁi end
fromthe outer wall 20 of kneader 10. knead |ng 18oo S are al so

arranged i flighty glaeg thel @ﬁ%}ht(ﬁéh@t &rgeder H: P“—H%h k’t*ﬁ?é@érho!l? Hipe 1t t@ﬁ@&ﬂulmr hook
18 has a r"i‘é“-rh o ¥nd PP Blat H@ersrﬂop%ntﬁ:@%ez%ré hat TﬁQﬁﬁeaﬁ&? gt1§9§ ?&Jﬁgrm%ﬁrt@ 12.
n ire ac

The kneadi ook 18 iIs configure btain a sur area for
shearin§ ofobtahea desirsd ownface atdaifor shesmng of the chstowabitinatrdsolts vfa wentinatiah of

shear i ng_sychagesc 28, 36 AO5) ZOMhAlz0RREREL 565 180yl KGEALNg hook
SRR Palte BitboeRab i

has at Ieast one eari ng sur has a vm greater
t han t he ndeastmle hmzttnltal\ah@hng hwrfalcctéétd]an@asmmldth gsaterﬁhmjhedommala\h/idﬂi wiob t he

angl e formed b he, kneadi ng h Fl . 1f the h 8
Torm nat o e RbadiBs ol RO R Mo au B Fortief by Rie frpdB g ettySer e
- 10t er m nal Fe@OS5.20 tied lsodk AQNérfiikiutds @S a thorizdheal bﬁédtﬂmﬂt@hllss’rma&ﬂ thel kddiatle 1ﬁfeﬁa
[ 0038] Wi | e the, hooks . 18 ar £ il]lustrated | nounted in a straight
o (d0e ErtamabfiCitng onbun iR bR BSHRICRTE t he hooks. 16 may. al 5o
be arrangeqoosg] an WhigH @e ﬁéﬁHsQSQEHh@hﬂ@tédQs@émgBﬁ)uhﬂé&ﬂ{§§rdiléht1hh@(s@élﬂi@ 30f the

paddl e flights. The nunhe hook flights may correspond to the nunber of
paddl e fli @Et“g th ggelaﬂte t&é ?‘BFadf’héOnth?b ooks { 155K 450 G srangs dn¥y2hé@nglpre or

I ess than thQePurddey ok AR JtkicdAER of [HRQ38dII NRhE! GRAE hiddbRJF hddk @bhit he

paddl e 14 passes over the radially outernost horizontal shearing surface

26. By t he DRaytEFrayONdip te rwa@erpmdée flightarsee FHe doqe s mgnbsoekookdlightst he

core 1%5roq§gy%,m&$&slg§gqﬁgntggﬁ§%0f dtiféfﬂ gader 10, either in a solution
or in aslurr %b I's sheared between t paddl es and hooks. As the el astoner

i s subj ect ¢80 t Hdeslearng bry 106 ﬁ@gpaddle 14 passes over the radially outermost horizontal
' shearing surface 26. By the interaction of the paddles 14 and the kneading hooks 18 as the

core 12 rotates, elastomer present in the kneader 10, either in a solution or in a slurry, is
sheared between the paddles and hooks. As the elastomer is subjected to the shearing forces,
20 and the kneader is operated under vacuum conditions, the elastomer is heated and the
volatiles are evaporated out of at least one vent 28.
[0040] In one embodiment, the kneader 10 is initially filled to not more than 90% of the
capacity volume of the kneader 10. In another embodiment, the kneader 10 is filled to not
more than 60% of the kneader volume capacity. In yet another embodiment, the kneader 10
25  isfilled to between 40% to 55% of the kneader volume capacity.
[0041]  As noted above, following polymerization and optional halogenation of the
eletstomer, the stream entering the kneader may be either a slurry containing precipitated
elastomer or a solution containing dissolved elastomer; regardless, the stream has a defined
elastomer content which may .be expreseed in terms of weight percent relative to the total
30  weight of the stream, either the entering or the exiting streatn depending upon which value is .
being discussed. The solids content of the entering stream is at least 10 wt%; in another
embodiment, the entering stream is at least 20 wt% solids, is at least 30 wt% solids in yet

another embodiment, and is in the range of 20 to 45 wt% solids in yet another embodiment.
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20 and the kneader is operated under vacuum conditions, the elastoner is
heated and the volatiles are evaporated out of at |east one vent 28.

[ 0040] I n one enbodi ment, the kneader 10 is initially filled to not nore
t han 90% of the capacity volunme of the kneader 10. In another

enbodi ment , wbhenksgader 10 is filled to not nore than 6% @hoiiasskneader
vol unme capacity. In yet another enbodi nent, the kneader 10 25is filled to

bet ween 40% to 55% of the kneader vol une capacity. [0041] As noted above,
fol l ow ng pol ynerization and optional hal ogenation of the elastoner, the

t t er s| conta at ed
St eam et k4 40 sy BASAYBR, A RSedhl DR o B FBALS) B R USER2
st ream has the cfmﬁll sdid @dngeat ofrehie exdtidige Bircawh isC frefrery tHag mxm%s;sﬁat; i I Eﬁftlﬁm'hof
ht I { to 30 we ht of the t rte
ot o et odtoig e’ et Sp L b B e B St e e T M sk

di scussed. ahbthes embatiimemntherfinadfolidneonsmt f ktitgexiingedithiSs Fteateeddn S0WWL% 10
anot her enbo he enteri n% streamis at |least 20 wt% solids, is at

t
| east 30 wt¥ f ésonﬁ?ld’é‘o‘i A Sattodinaad g Solide 6RNtSHE AT the SHENE Stream s 1R theaarps o§P020 t o
45 wt % sol i g95rA%Y ek a@@ﬁiaﬁk%rwﬁ{’ffﬁé’ﬁiv@iﬁ% any\eﬂt%%é%ele%&%g%’&ldt/fégﬁé&/r&g%éll As

the stream passes through the kneader, thé solids content increases. In one
embodi ment , reaked te pohigve apy oidhedevepiteddnhenexitng selifirogieream i s greater than

20 wt % sol i ggg)| N EQRLRAY, §rRad A, to'PEthé s&@énts&'dtﬁleﬁoﬂt vl frBﬁtethe

exiting streamls greatei than 70 wt% solids. In anot odi nment
final soli cclastomasrtreafs tnh@Oéb@tembgdlmenéa@mhragt 60 e/at°/eroftthelaolSGItwtr%ll@ntsr@I i ds

I'n anot ?ﬁS LB AR ke élgk‘%orﬁegl o ﬁnczﬁl'atlﬁ %t Qrktﬁep%mﬁ6(dtﬁl%ﬂg6§ td §§"P?)lb/s of t he

range o 0to 95 wt% [n accordance wt e 1 nvention ove
entering SCﬂOIVdBthddu@mmrmayvddémtm‘éatswnto achi eve any of the above ci ted

hi gher exi tg sol onten el 20 vol % of..th
sol vent or @P‘Pﬂen t wze ﬁ is osm%le ft(g 1evkc%(‘f WF(% 5 les in Ehg exf’% %]streiam a tﬁf: r%ollds
enbodi nment , weight| gasht Greasds%lafg theclemph W rhe daneaderl l(Erthe isgeab) beemies atorEr om

ol vent or GePEeni ot PR bREFPORAIY EATEARIY BoHsIRANFE ey SOf6iannl o
t o achi Bve the ¢RBomk% Thisiinlsedsed SHeer enerdyl vy Isdve @andgatilg itnpectSoal thel @lastomer.
Elastomeric materials have ‘scorch time’ memory and can tolerate being subjected to high
temperatures for a limited time. Once the scorch time for a material is reached, the torque
properties of the elastomer begin to degrade. To maintain processability of the elastomers for
further processing and shaping into articles, it is desired to limit the heat applied to the
20  elastomer as it is dried. In one embodiment, the temperature of the elastomer exiting the
kneader 10 should not exceed 180°C. In another embodiment, the temperature of the exiting
elastomer should not exceed 170°C. In another embodiment, the temperature of the exiting
clastomer should not exceed 150°C. In another embodiment, the temperature of the exiting
elastomer should be in the range of 60°C to 130°C. The temperature should be greater than
25  the boiling point of water to evaporate any remaining water, and also greater than the boiling
point of the volatiles in the stream. If the temperature of the stream is controlled to not more
than 180°C, the exiting stream may achieve greater than 95 wt% solids.
[0044] ‘The configuration of the paddles 14 and kneading hooks 18 may vary from those
illustrated so long as the follow basic requirements are met: each paddle flight should
30  helically wrap about the kneader core 12 and the shearing surface area of the kneading hooks
18 is maximed for the desired amount of shear energy to be inputted into the e¢lastomers. As
the shearing surface area available to the elastomer increases, from both the paddles 14 and

the hooks 18, while the amount of devolatilization increases, the scorch time memory also
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wei ght percent increases along the length of the kneader 10, the stream
becones nore viscous. This increase in streamviscosity in turn results in
hi gher shear energy worked on 15 the elastoner. This increased shear
energy can have a negative inpact on the elastonmer. Elastoneric materials
have ' scor I e nory and can tol erate being subje J
tenperaturgg)%%pﬁgﬁgfnited tinme. Once the scorch tine ?%?thﬁg?%gﬁal IS
-reached, the torque properties of the elastoner begin to degrade. To

mai ntai n processability of the elastomers for further processing and _
shaping into articles, it is desired to limt the heat applied to the 20
el ast omer T§apes; sFof femperapye SRRSIBITHIRAGMRTE, Such & efpgaraitd, by epgsbased

el astomer epmithinBg, tﬂaetelﬁP@IaQ% ofl theSE1 R hlerNAbuIAX R @G cct80G0°¢.n 1RRRENKY or

enbodi ment, the tenperature of the exiting el astoner should not exceed

170C. I n adetRérthesassanaten of tharaddiembdpnd keading haoks 1 may vary atong dhedargth
shoul d not e &R IO Fol BxaAMK, Wﬁre@éﬁpg@emtheattbnﬁdl%ﬁﬂ RS @dstinfer Qhe il
exiting elastoner should be i'n'the range of 60C to 1I30C. The tenperature
shoul d be grdslaseandt kngadingBooksemppihkyng lpwémshear susace rrea sha theopadiles ang
remai ning Yaling AP ApSP1HE Bslard VAR o B R N 1BARIeL0 bl et | €5
in the stream Ff the tenperature of the streamis controlled to not nore
t han 180C, withalifgsrént ishegr srfaeesrarennyn each kesadergnaydtearrangedin $fiest % sol i ds.
[ 0044] The i guration of .t he .paddl es 14 d_kn i.ng. hooks. 18 ary
fromthos e‘ﬁﬁ]FLst Fg)t ® Stsgl F%Vr?ganglgaqkoﬁ’ewf %f Iz’%\li;v1 eartts g%g?se%fﬁ ?’8 it ejtgd g@ é t}/lr%t :
each paddl| é&ndaderghThes bvapbdti®) wiatel mdlhlalsy aor agpa abaing héddurkneesdae conveatidrial and

t he shearing surface area.,of .the kneadi ng hogks. 18 is. maxi ned.for the
e T odB Bt T RS B B B P 8 Tind Bovh e e Pl TG Hofloe wAG e
sheari ng suf aee tiis diecaorpofl vedidrevill @ot daduce lilestmowil of he kelasae Sroml thOstrdamt h t he

paddl es 14 the hooks.18,. while the anoupt. of devol atilization .

hcr eases, (RHEI scdr AFEriE HeRofgrattes” EoBHEte RIBHIIPCIF WS (2081 1

i ncreases. sirédim isSHPRIcRUUDEleSERGE el e whb@ IHORRAa8er RHEM adedbdl QEaRALRE a

_i sobutyl ene-based el astonmers, the tenperature of the elastonmer should not

. exceed 180€9onVeRtiGRakdeyelafiging extauder. - This redygescihn peayehy e semory phibe slagiemss 14
and kngadi Bad RAMS tHeB e HRYMMA YN Fh@REr td)BrepSROdIisidHherd RAMKRSRORM PrBeesifg

exanmpl e, to prevent excessive heat buildup in the elastoner, the initral 5
paddl es an@roprrigy Pacylimégledesirable parrsssing dweactesibfisa forsthe fetasiomar sed-usen The
paddl es andq ke ANAL K te! @RBImdr CrnbilfiBleARERA B8y 80L& tof L2RickD BRN a1

Al ternatively, multi ae kneaders wth different shear surfaces areas iIn
each kneadelestemgr, Bemplemeniiga@r raplasiagiteesise pHOWSFTignal siying extruders.

devol atil i @4‘75”’ ﬁﬂ@ﬁr%nﬁh%af B&nl deJAHIE oI TR it Fetefth & Gl R}ug hbSuikeggder
The evaporating water w al so act as a cooling medi um Kst Re
conventDonand d@sific examrdes. Sehyi varintsamis wil beggest izxswdlved tashaaekifedimthis arthoi | i ng
poi nt less.tha he . boi Ling point of er,..this injection of.water will
ot 1 educe "ERCT AR r R, "Richet iR8 Bp JfEoh Bee"lidtRURE !

: intended scope of the appended claims.
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[0046] In distinction fromconventional devol atizing extruders, the ,

el astonmer in the streamis subjected to | ess heat even when the kneader 10
has a | ength greater than a conventional devol atizing extruder. This
reduces the scorch tinme nmenory of the elastonmer 15 and enabl e the el astoner
manuf act ur ewobmipiespar e el astomers with inproved processig:0hepRiti es and
limt undesirable processing characteristics for the el astoner end-users.
To conplete full drying of the elastoner, nultiple kneaders may be used to
achieve the final elastoner, conplenenting or replacing the use of _
conventional drying extruders. [0047] pqwvention has been described above
with reference to numerous enbodinentgﬂgghgid speci fi c exanpl es. Many ,

vari ations 'elltli au&ggst t henmsel ves to those skilled in this art in |ight of
the above det4it €4 8eleription. Al such obvious variations are within the
full intended scope of the appended clainms. WO :

2011/ 13%88$PCT/ S2011/ (%29611 CLAI V\ha& L%’e laimed is: 51.A method for
renovi ng hydr oc ofl fterereving diyfgrarhen, Uquidseiron ian elgsfomer, atreagy. gy method
conprising the sb@pssitdthe stdps gIf epari ng an el astoner stream the stream

conprising isobutyl ene-based el astomer solids and hydrocarbon |iquids; b)
i ntroduci ng t he 25 PFPATRE #t FesiPGs sensd theyiispma icpmprdngisebiddencrbascdelastomer o

axis, an 10 OUTs@l'Ids%h@g}dréfﬁl-ﬂonrlia&id@,' |y outward of the central axis, at
| east one flight of paddl es extendi nﬂ@r adially outward fromthe central

axi s, and at | e&sintgducing fhgrtreasn inio 8lkacatier, evhstoinythe dapater hasi mopatral dxipmnt he
outer sfell wal Ioulrep‘é‘f?crlldwﬁlh?ad@a@l'&eout&zi}g,c;?qgé(t?einlﬁ‘gl\ébﬁg,a@tlealstegr?etaf(lzlgﬂleof/ ge{dhlegal

shearing surface and at |east one horizonta earing sur greater than
a nom nal wi dt hexfndipg radodly; ovdward 1B thehecatriingxis, red et destoonsy flight ofhbkoaksr eam
bet ween the pad . r i j tQ. .
shearing for Cesgjggrzdngé‘ﬁpfe&gglgﬁﬁng‘@%?ﬁ?%%&%% Sﬁ ﬂg&h@g}% c%%?’ﬁ%ﬁgjl @gh?‘g‘é hlg‘émg

vol ati zed from tah&astengaverti@l Fhmring sirfde gihd Gt déamt dne Idrénostiah shdagngs suréam

i ntroduced int gggcfg&{Bgﬁgggn&.&lgg‘?}dg%Orﬁm%eaﬁool(,eﬁ%t 10 wt % of el astoner. 203. The.

met hod as cl ai I'n"¢C erern shearing of the el astoner
resul tslsin an ex) sheagngthe elsoteninathaisteangbaatar tht paddlesCanditiokf widretst therer .

elastomer is subjected to shearing forces and at least a portion of the hydrocarbon
liquids is volatized from the stream. -
2. The method of claim 1, wherein the stream introduced into the kneader contains at
least 10 wt% of elastomer.
20 3. The method as claimed in claim 1 or 2, wherein shearing of the elastomer results in an
exiting stream containing greater than 70 wt% of elastomer. |
4. The method as claimed in any of claims 1 to .3, wherein the temperature of the

elastomer in the kneader does not exceed 180°C.

5. The method as claimed in any of claims 1 to 4, wherein shearing of the elastomer
25 results in an exiting elastomer having a temperature in the range of 60°C to 130°C.
6. The method as claimed in any of claims 1 to 5, wherein the residence time of the

elastomer as it passes through the kneader is in the range of 5 to 30 minutes.
7. The method as claimed in any of claims 1 to 6, wherein the isobutylene-based
elastomer is a halogenated isobutylene-based elastomer.
30 8. The method as claimed in any of claims 1 to 7, wherein the isobutylene-based
elastomer comprises units derived from at least one multiolefin.
9. The method of claim 8, wherein the at least one multiolefin is selected from the group

consisting of isoprené, butadiene, 2,3-dimethyl-1,3-buadiene, myrcene, 6,6-dimethyl-
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4. The nmethod as clained in any of clains 1 to 3, wherein the tenperature
of the elastoner in the kneader does not exceed 180C. 5. The nethod as
claimed in any of clains 1 to 4, wherein shearing of the el astoner
25results in an exiting el astonmer having a tenperature in the range of 60C
to 130C. 6ywdhgiRiqod as clainmed in any of claims 1t LN the
resi dence t‘YJrre gﬁt he el astoner as it passes through t%géﬁﬁé\gc%?“lls in the
range of 5 to 30 mnutes. 7. The nethod as clainmed in any of clains 1 to 6,
wherein the isobutyl ene-based el astoner is a hal ogenated i sobutyl ene-based
el astoner. 308. The -nethod.as clained in any of clains 1 to 7, wherein, the
i sobut yl ene- basBd"*8f-a ’é?giéer"e’cc?ﬁfaf’?‘%‘?éheﬂﬁit etl&l’éﬁcl}’@a‘“i“?‘% atkylgtgepe, o gad

‘mul tiolefin. Q.B}B@F‘{r@g@_hod of claim8, wherein the at |east one nmultiolefin
is selected fromthe group consisti nfg of 1soprene, butadiene,

2, 3-di met hy9- 1, 3bpusidréaeclaimpd dppy, ofglagmg i rﬁ%gwherem tho clastomer 1s a copolymer
2011/ 136884PCT/ NS0 A2963H, TinssaR LiBBR dEYHuBRE A hERRes about
nmet hyl cycl opent adi ene, al kyl gt yre%e, Olzl;lsn.d_pi pleryl ene. 10. Tﬁe n@ﬁ%é Oéls
cl ai medSi n any ®fo aboni i2swtlo ofligyIstyhes mointigshe el astoner is a copol yner
havi ng a sybst apfd gl A6RgH L ionahodi | [ '
conpri ses ahb)'out géS. teo%grt}%{]? ii?lggwt ang%‘]qﬁt/n%slt 3’? é?\’e{virir%%lg??{ %se?argtffg p%ﬁ%amrret hod
as claimed in aenferoig e dingadet containg at udwst é9 rwtth eolisls aatd ohre rstream eaitingrther i ng
t he kneader con{ain | east % 0l i and the streamexiting the
kneader cont ai nfg%écriezac Ilg?lnf ﬁrgﬁteégalmq%vg}gf?l%g. 12. The method as clained in
any of cl ail2s 1Thométhpd whetadmed at aryeafsdlaiz® lvel b, ofhetdire atl Rhgt dOOwdYobefnthe | qui-d
enteri t he knegader .is.volatjzed.fromthe el astaonmer,stream 13. The net hod
2o ol ailfied | n apy P ooR LR Cie(iBE s KRGHEE K olaPitd TRPLLY SiAPmEr &M ent eri ng
t he kneaden3hasTke &fthiodSascaditn@dtiniany tdiecldimpde todfi2,2@hdreindthe Wdktoated strbien

e . . o
QXI ting stream an%esrinag tﬁe(:) fqllegger%gsn atl_ goqltds Icc?nténrt] ?n trh%rr] ege (c)); 2(? 8) AISOwt%/? ar\{g té% exiting

stream has a solids content in the range of 50 to 95 wt%.
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