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BACKGROUND Field of Invention 10001] This application relates to

el astoneric reactor blend conpositions-dnd to continuous processes for
maki ng an el astonmer conposition that conprises a first polyner and a second
polymer with differing |levels and/or types of crystallinity. Description of

Rel ated Art 100021 % mm@ﬁﬁmtngpwmpmﬁﬂoﬁsastomri c

reactor blend conp . ts to make
Ypol ynmer conpositions having a desirabl e bal ance of properties and

ttributes, CROSSREEERENENCEO RELATED ARMICGAEIONSe useful in a nunber of
«applications

Such _compositio enhanc n ca Lfes elves in a
vari ety of Wgy’ss %@ﬂ)‘éﬁﬂ?nnéa’ﬁﬁ t ﬁ@en{}ge%ffﬁ@ﬁ z&ﬂﬁi Bﬁggh?aﬁlﬁh'ﬁé%é pfic
olend cont enbhed,eenq B8/ s3IRANREERLEy DOCHHEE: 1B disAbSurBOLr Wit o L0 (1)
processibility i'n the noltern state in-“such™ processes as mlling, extrusion,
cal enderi ng ardrporpted by eefereidedi ng; (2) initial physical properties in a
solid state such as toughness, tack, adhesion, tear resistance, tensile and

el ongati on ( j 0 nts in cure rate and state if curing or

vul cani zati o f d; and (4) long-term physical properties such as
heat agi ng . 3510 R Gt the retention of such physical properties at

el evated tenperatures. vari ety of approaches have been suggested to
obtain pol Y Me6001§ RO shpHcaioh My {ohQademibsie dedeio? e @&nqd}ﬂio%tahﬂ%'t es, but
t hose approaches have ‘experienced various shortcom ngs. 10003] U S. Patent

No. 6.635. 715oniimirius pescebice fistsnaking an efdsydnmreompopyiberibat whgsissnefirtavi ng a
|28\6V6} Sﬁ'l 48f @é@?r%y%%é%lsgé}@}glylng? Iv&i}i) c\ﬁnﬁtepmg iefv]; sragcrﬂ}or ?yr{;%‘sf %}'gry(s%;];lli%ityfp

Description of Related Art

[0002] Embodiments of the invention relate to elastomeric reactor blend
compositions. There have existed ongoing efforts to make polymer compositions
having a desirable balance of properties and attributes, leading to enhanced
compositions that are useful in a number of applications. Such composition
enhancements can manifest themselves in a variety of ways depending on the
specific application and the specific blend contemplated. Such enhancements
include, but are not limited to, (1) processibility in the molten state in such
processes as milling, extrusion, calendering and injection molding; (2) initial
physical properties in a solid state such as toughness, tack, adhesion, tear
resistance, tensile and elongation (3) improvements in cure rate and state if curing
or vulcanization are intended; and (4) long-term physical properties such as heat
aging as defined by the retention of such physical properties at elevated
temperatures. A variety of approaches have been suggested to obtain polymer
compositions with the desired properties and attributes, but those approaches have
experienced various shortcomings.

|0003] U.S. Patent No. 6.635.715 discloses blends of an ethylene propylene

elastomer having a low level of isotactic crystallinity with different amounts of a



hi ghly crystalline propyl ene based pol yner. The bl ends are produced by
physi cal |y bl endi ng the conponents. r [0004] U. S. Patent No. 6, 329,477

di scl oses the use of series reactors in the production of polyner

conposi t i 3H326i0#4d4H bi scycl opent adi enyl type netal | ocen@cTambedspsiosbut t he
conpositions do not have two polyners with widely varying propyl ene
contents. Other patents relating to the production of polyner conpositions
are U S. Patent Nos. 6,319,998 and 6, 207756. 10005) WD 98/02471 and U. S.
Pat ent No. 6,545,088 disclose the use of series reactors in the production
of EP rubbers using a nonocycl opentadi enyl type netallocene catalyst.
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crystal I'i ni t physially hikndaig the comppriens.ded for using inplenentation in
continuous operation_using a recycle or process conditions permtting
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[0008] It iscasRRIbhththeOtingsdsRicis dd1@iot MaRNtWO HolEnES OPith REdeIROV. _
conpositions where the benefits of series and/or parallel reactor operation

are expl oi t ppylsnpr oviterds.us &ther glatestorelpingdei thy anodigtionl of odimsr from 16

t 180, dt | t i t t th ti
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anong the objects of the invention to provide continuous nultiple reactor
process condr¢actoms in Hae medistien safc EPpuibpensr using mpuenodysiopentadizayiviyde
efficiently on Gomer cigl scale plants. WO 2006/ 044149 PCT/ US2005/ 034946 -J
SUMVARY [ 008%12i5cenq (l8¥therei n are vari ous processes, including but not

limted to ajppoe)twouslie4R09? Bk Toskd theBdel JTGeRel RLASH 9@@5&&8%&1@ 4 hGR. having

a Mooney Viscosity (M. (1+4) @125 C) of from 16 to 180, the conposition

i ncl udi ng a metallocene type catalyst to produce polymer compositions with varying
crystallinity. No indication is provided for using implementation in continuous
operation using a recycle or process conditions permitting molecular weights etc.

appropriate for commercial elastomer use.

[0007] Other background references include U.S. Patent No. 6,747,114, U.S.
Patent Application Publication 2004/198913, WO 1997/36942, and WO
2002/34795.

[0008] It is among the objects of the invention to scope new polymer
compositions where the benefits of series and/or parallel reactor operation are
exploited to provide useful elastomers having an overall Mooney from 16 to 180,
and to employ the series reactor recycle yet at the same time provide polymers in
the composition with have different crystallinity (isotactic propylene type,
ethylene type, or fully amorphous). It also among the objects of the invention to
provide continuous multiple reactor process conditions that enable such polymer

compositions to be made efficiently on commercial scale plants.



first polyner and a second pol yner, the process conprising: polynerizing a
first nononer systemthat includes propyl ene and one or both of ethylene
and propyWVér804/#419s0l vent using a first catal yst systemdTUs065/033946
pokFymeri zati on zone to provide a first polynmer, having 60 wt% or nore units
derived from propyl ene, including isotactically-arranged propyl ene-derived
sequences and further having a heat -of-fusion less than 45 J/g or a nelting
point less than 105 C or both and a Mooney Viscosity (M. (1+4) @125 C) of
from1l to 45; polymerizing a second nononer systemthat includes ethylene
or an al phaynigiA or both, in a solvent wusing a second catal yst systemin
a second pm'vn%gti on zone to provide a second polynmer which is an

8l ast oner i 0409 Yhsrlogelaherein @t veetous greassest alchideg dut noadingitddy |teng- der i ved
crystallinith/; conbining fhe first poL’%/rrer and the, second pQlynmer in a

m xture t h&PORIRONE JEecess| 108 fnaking YhcEalomen (RsARATHIon ﬁﬂﬂgé’rg\@ §¢Y sol vent

fromthe myy [ tf&[ipé L . ' Mooney
Vi scosity (‘é&%@i@%@_\%(@)ﬁgf@ﬁm ﬁ?ggqg@%ﬁocg%oggﬁggﬁc g{é(ggjgﬁ%r ein are
various pr dasigéymer and aisdcogd polynne] the ipiddesdcdmprdsing: qrolymerininsg gy fisess f or

maki ng an el astonmer conposition that includes a first po‘%rrer and_a second

pol yner, t HBONSISE cSystesd Pt ichigtes ppppyigne Andons o rkath afppbmercsypad em t hat

i ncl udes pr e.an r_ho e i sol vent
LS ng a1 | RORERAR LI OR el Aotk PleafH MRS ro BERRGLERRr. hoffe 001 e,
first polynBrprovidyh figstGdlyhés BEviiR68 witd dismeRy intedddrivednidhopiopsiene,

including isotactically-arranged propyl ene-derived sequences; polynerizing a
second nondhelpdisg d3cianticaldy-airarged peepydeneydesived spqugncesiapf fubhesfigVingr bot h, in

a solvent i Ng-a. second ¢ st _system.i.n co rization zone to
provide a }g%{c%ngls 8%?‘?&&‘&? agtajll @l g 8Ir§e§?mcr“%%3§§’a§?ﬁ?ga érgﬁqt}ér ?/%4 811ine or
has et hyl engooftsr ViseskisT (¥el al+4)nit d2s “CoaP oy té bs; polyseripial ¥dcoand t he

second polyner in a mxture that includes solvent and unreacted nononer;
renovi ng sonoramerfsystem Hhat inplydes ethWenepr i elpha-plefial axbotein &6eIwaitt i on; and

| | d WO 2006/ 044149 PCT/ US2005/ 034946 -4 et hyl
oo & i Eop ere GotdlT VSRR de o) SRR s s R MBS to
depl et e pr opybeNEolYREP FHich iLarfelhsieflerid pbIoWenial is sSitete soheeyst0L ingwti ng t he.

i second polyner; the second polynerization and recycle are operated to
reduce t he has ethylene-derived crystallinity; combining the first polymer and the second

polymer in a mixture that includes solvent and unreacted monomer; and remaoving
solvent from the mixture to provide an elastomer composition that having a
Mooney Viscosity (ML (1+4) @ 125 °C) of from 16 to 180.

[0010] Disclosed herein are various processes, including but not limited to a
continuous proceés for making an elastomer composition that includes a first
polymer and a second polymer, the process comprising: polymerizing a first
monomer system that includes propylene and one or both of ethylene and
propylene in a solvent usiﬁg a first catalyst system in a first polymerization: zone
to provide a first polymer, having 60 wt% or more units derived from propylene,
including isotactically-arranged propylene-derived sequences; polymerizing a
second monomer system that includes ethylene or an alpha-olefin, or both, in a
solvent using a second catalyst system in a second polymerization zone to provide
a second polymer that is elastomeric and either non-crystalline or has ethhylene-
derived crystallinity; combining the first polymer and the second polymer in a
mixture that includes solvent and unreacted monomer; removing solvent from the

mixture to provide the elastomer composition; and recycling propylerae and



et hyl ene nononers to a | evel below what is required for nmaking the first
polymer, wth additional makeup propyl ene nononer being added for the first
pol ymeri zati on and additional makeup ethyl ene nonomer being added for the
second poMME¥F441#bn. The process can be configured eit RET/GR0GSEBI%96
reactors or parallel reactors. [0011) Also disclosed herein are nultistage
reactor systens, including a nultistage reactor system for naking an

el astomer conposition that includes a -first polymer and a second pol ymer,
the systemconprising: (a) a first polynerization zone in which the first
polymer is formed, the first structure having at |east one inlet for
receiving a hjiRhe MRINBAREs MK ESUEtARHeSR e HrstaitilydbrizatRASs coOffuchiditbet for
di spensing a first effluent that inhcludes the first polyner; (b) a second
pol ymer i zat i deplete peopylenshinuinotress $@ @dave! pwdl gwewhatsisfdasired! fohmakimg te, | east

one inlet for regeivin second noner, m xture and sol vent and at | east

one outl et f%qcoﬁ‘ggﬁlgﬁ??%fgeée%@g(ﬂ?g})@?fﬁﬂﬂ%?n‘i FReYCle 255 oRfated R ERABRgthSol yrrer ;

(c) a vesse r , W @é}ﬂﬁf gl ] ? ; bﬁ'ﬁ? solvent, =~
unr eact ed n%%g%?gﬂb%?#g{%p% 5%@%&1 gggon Solfylerr‘gtfﬂ;(ﬁl 3§e gmnhl |r’r st

ef fl uent | i nerithoraddifionelctimakews fpropylend rmondrher fbeiisg sddedctfor ethieo firlte second

structure, such that the _reactor, system ap be operated in a series node
usi ng the naPplyEenzgion angd gdditoppl gakep,gthylepe rapnqingn beaipg added fenthecausi ng
the first ef ¢ . tor
system can béé%;ﬁ)gﬁjgbgndé? %ﬁﬁgﬁ.pgﬁg#«%ﬁ&%g@g:g%ﬁguﬁeﬁgﬁggkp%sgghe% ltr?gn i ne;
and (f) a sepanilelakhdtgnt line for directing effluent fromthe second
structure to the third structure. [0012) Al so disclosed are nultistage
react or syst é0d 1 d¥sqrpdiselgsedn hereint aigemuliBagrosicasioh SYSBMS; neclvding & fir st

ol ymer and d | t ri.sjing. I
ol yror i pa | ROGRE ot FRhrer, B FUGHE  SREFE S Pbontph Bl ey o
structure hatirftg palymepastd ofesdcbh@! pdiphed et ¥ydiema coinpfibingon@yed fivst ure
and solvent and at |east one out]let for dispensing a first effluent that

i ncl udes t he Polymesizaiies zape ;in(which the disld pplymeneisi anednthgofiest istrugirech t he
second pol rod 006/.0 PCT/ 4 . 0 t cond
tructure hayPageal NeSad Bk F st s i Rut R e R B
and sol vent aggdt ate hiaRs forodiepensinged fifsOéffldenbAsno@des the dsticolymer; (b) a

second polymerization zone in which the second polymer is formed, having at

-
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least one inlet for receiving a second monomer mixture and solvent and at least
one outlet for dispensing a second effluent that includes a second polymer; (¢) a
vessel or other zone for receiving an effluent that includes solvent, unreacted
monomers, first polymer and second polymer; (d) a main first effluent line for
directing effluent from the first structure to the second structure, such that the
reactor system can be operated in a series mode using the main effluent line; (¢} a
bypass first effluent line for causing the first effluent to bypass the second reactor,
such that the reactor system can be operated in a parallel mode using the bypass
effluent line; and (f) a second effluent line for directing effluent from the second
structure to the third structure.

-[0012] Also disclosed are multistage reactor systems for making an elastomer
composition that includes a first polymer and a second polymer, the system
comprising: (a) a first polymerization zone in which the first polymer is formed,
the first structure having at least one inlet for receiving a first monomer mixture
and solvent and at least one outlet for dispensing a first effluent that includes the

first polymer; (b) a second polymerization zone in which the second polymer is



effluent that includes a second polyner; (c) a vessel or other zone for
receiving an effluent that includes solvent, unreacted nononers, first

pol ymer anN¥03¥edkd49 pol ynmer; and (d) a recycle |ine confPgousehososis ect
effluent that includes solvent and unreacted nononers to the first

pol yneri zation zone, or the second polynerization zone, or both in series
node or in parallel node. BRI EF DESCRI-PT1 ON OF DRAW NG [ 0013] Figure 1
illustrates an exanple of a reactor configuration capable of operating in
series reactor or parallel reactor nodes. DETAI LED DESCRI PTI ON [ 0014] A
detai |l ed deggmidal i s¥idhll fRWNDE HAVIRYT AelastDRa HMtNGDr Webdivingrd Qbond
definitions and properties, followed by an outline of specific enbodi nents,
Some of whimdnomes mixfurecinddsalvent laed git deast onarmitieh&r dispensingea de®odssi ons of

tai ts of the claimed methods, . A Definitions, .Properti d Test
Pr ocedur co: ST hAREGR B PR AYTEhO LR DR O BOM SR To  ho

extent -t eruniusPdhati fchded abfis? \BRoRB DRSS At hdiyBBOUAS sBeorl ven e

broadest definition persons in the pertinent art e glven that term as
refl ected i rpoltmdreasi (d)reerepyclaiine copfihired tt dicevt €Ehgnt that dichides salvgmtor
article), issyed patent or published application. [0016] For purpgses of
conveni ence,““éaﬂ“@ﬁ%te p‘@@??mﬁrst@sttheprfg‘égd{ﬂ?}é@eréﬁagoni BN § 95 L rsgrond

determ ni ng A C ] I I y Viscosity,

pol ydi sper si‘{}’r@q’?ﬁi@‘sﬁé c.’B %%%&&m@‘ﬁe\ﬁé’gﬁ%ﬁ%’?gﬁdi nary skill reads
this patent and wi shes to determ ne whether a conposition or polyner has a
particular property identified in a claim then any published or

wel | - r ecogni BRIEEDHSCRIBPTION OF BRAWING: can be fol | owed to deternine that
property, al ey Id cal Ly identifi r ?% . .S etg ed. Each
cl ai m shoul dlh Egﬂgfgﬁst r Lelgﬂgt gdtégcgr\?eér)‘xﬁgg ;& Eés%k‘fagwgf 8:3'1”1 H%aﬁlogu%q%gl%o@;dur es,
even to the @xtaing iflsdries reattorior paaticlreactiOnd@éi6/ 044149 PCT/ US2005/ 034946 -6
may yield different results or neasurenents. Thus, a person of ordinary
skill in the art is to expect experimental variations in measured '
properties t ; {n the clainms. Al nunerical values can be
consi der ed tﬁﬁ Al D Td 6N roxi mtely" the stated value, in view of

the nature ofo0143sAi dgailed deseeiplbn will now be provided, beginning with various

definitions and properties, followed by an outline of specific embodiments, some
of which are reflected in the claims, and then separate discussions of certain

aspects of the claimed methods.

A, Definitions, Properties and Test Procedures:

[0015] Various terms as used herein are defined below. To the extent a term used
in a claim is not defined below, it should be given the broadest definition persons
in the pertinent art have given that term as reflected in at least one printed
publication (e.g., a dictionary or article), issued patent or published application.

[0016} For purposes of convenience, various specific test procedures are
identified for determining properties such as molecular weight, Mooney Viscosity,
polydispersity (MWD), etc. However, when a person of ordinary skill reads this
patent and wishes to determine whether a composition or polymer has a particular
property identified in a claim, then any published or well-recognized method or
test procedure can be followed to determine that property, although the
specifically identified procedure is preferred. Each claim should be construed to

cover the results of any of such procedures, even to the extent different procedures



100171 Conti nuous. Wien used to describe a process or an aspect of a
process, e.g., a process step, the term"continuous" and its derivatives,

i ncluding "continuously,"” shall cover any process or step in which reagents
and react &P 2006842 s are supplied and renpved conti nuoudCT/EREBYesBt eady
state, stable reaction conditions can be achieved. [0018] Non-crystalline.
The term "non-crystalline"” shall nmean atactic or anorphous, shall exclude

i sotactic or syndiotactic (as defined ebsewhere herein), and shall also
exclude any material that either has a neasurable nelting point (using a
DSC procedure) w thout annealing, or devel ops a neasurable nmelting point

af ter anneal j 1 ) . required
by the part iﬂé{lhgﬁe?%gﬁ?%%%{f&?#g@gp%ﬁ%@eyﬁ%%@’a% Bgtség%ﬁeorrel %ﬁpéklﬁﬁlé pr oduct
produced by thardrt dsiltar expeot ickpepingentdll yaktioaatinomehsured ppapdrtiedikign are

pol ymeri zation zone or reactor. 10020] Pol ymerization. As used herein, the

t erm " pol yneteflgeied omthe laimes. phll grmericalt vadudscan desaonpidensd iy hes@liowy oser sons

killed in th t o, th ' f i nt | :
Pol yror i zat | ORPRBREFLF ape SBist YFE LT oF oo BB RRae BB ¥ ces pi ace
and is gener@ply] CeftimibulY Whiesded T REciRAE bfcefOor arf B§FECH BT @ pratesd, anti al |y

random pol yner. 100211 Polysplit. As used herein, the term"polysplit" shall
mean t he cal &gl at eprocesssaiep, diie tthmn wiioghtuafs”t fred fity gleripativaseringlpdingy| ene

olymer) that is produge rom the first polynerization zone divided by the
Corbi netl e IPTBRORRL” SPFL COfRS| Peproctsicor HEB SEOURED pOrRPrEy rbishgedne
pol ynmer). Th oﬁﬁ&?,é}‘éfédﬂ?&g?'ﬁné%lﬂo%éd €@Hahbohstyt Qo St %_&aéjﬂ%lta‘iéi,r &hbre!

react or configurations. I's, the propylene polyner is " always regarded
as t he nuner efaotion d@ddinsMeh be achi®R@dnt , Heat of Fusion and Crystallization.

e e BT sl S BN HRHAHEE S, e
B L e TN
by the pol ynend chall ako ékelidpranpanitersl thah ehperdetser meaasdrable mEltihg epodutt i al
Scanning Cal ?&siinngegrﬂSé %?’gc):e’dm% ivxrrll%otu? %m’?\esa iI\r{Ig,E 61‘7 g\-ze%gps( X %esa{s%pabl% melting

point after annealing for one week (168 hours).

[0019] Polymer. Except as required by the particular context, the term “polymer”

as used herein is the product produced by particular continuous polymerization in

a particular polymerization zone or reactor.

[0020] Polymerization. As used herein, the term “polymerization” is to be given

the broadest meaning used by persons skilled in the art refers to the conversion of

monomer into polymer.  Polymerization zone refers to the zone in which

polymerization takes place and is generally formed by a back mixed reactor for

forming a substantially random polymer.

[0021} Polysplit. As used herein, the term “polysplit” shall mean the calculated

result of the weight of the first polymer (propylene polymer) that is produced from

the first polymerization zone divided by the combined weight of the first polymer

and the second polymer (ethylene polymer). The same definition applies equally

to series and paralle] reactor configurations. That is, the propylene polymer is

always regarded as the numerator.

[0022] Melting Point, Heat of Fusion and Crystallization. The polymers and

compositions described herein can be characterized in terms of their melting

points (Tm) and heats of fusion, which properties can be influenced by the



794-01) procedure or the procedure disclosed in U S. Patent No. 6,747,114,
colum 8, lines 14-31, which patent is hereby incorporated by reference in
its entirWORWGEANS] Conononer Content. The conopnomer c@UTAR2MBNG4EEqUENCE
distribution of the polyners can be neasured using 13C nucl ear nmagnetic
resonance (NVR) by nethods well known to those skilled in the art.

Comononer content of discrete nolecul ar7wei ght ranges can be neasured using
nmet hods well known to those skilled in the art, including Fourier Transform
I nfrared Spectroscopy (FTIR) in conjunction with sanples by GPC, as

described in heglerr flﬂncWoHe < or ARBYd qg1 urBES HhAS hofYr thO9Brm¥n 7 pp

1128 1130. Fgr a propylene et yl ene cop yrrer contal ning greater than
Wit % propyl enerystdliites obpnherepolpmat e:ﬂ’lhm(s etThgl erepertasntanthe afetesmideda byol yrrer
can be rreasure%j as follows: A_thi horm(geneous film. is §4§ssed at a
&

tenper at ure Siiigratial ﬁ@@@ngﬂaéqrggﬁtgf (D8hl usngribe AIM E£-PetRp AVertioRd- PE 1760

i nfrared spe C 0, cmlto
4000 ont 1 5 roudhdohORhTY pr e MhoceBREChispBkY i 185" FARYE NA. 74 PEEA T

cal cul at ed agehinh 189 lines ulnsl f WhicﬁV\peﬂ@taﬁ uﬁteb@nmc&tpbzsahaheywe%encazn 885 -

111. 987X + 30.045X2, where X is the ratio of the peak height at 1155 cm1

and peak heleQﬂfet)}t either 722 cm-1 or 732 cnt, whichever is higher. For

propyl ene ofo al i % or tent, the
cononomner épme ? %eﬁqﬁ@éaﬁﬁ %%rdcoﬁgcnﬁﬁifi ﬁgqg%(%%@&fc%uq{%‘scrl bed
in the V\heel &f th@ﬁ@iyf%l-d dafi be hidaatbd Iﬁﬁé i”@ fnvoleal Rfaghelidiesbimbe QUMR) byef ers to
the stereoregularity of the orientation of the methyl residues from

propyl ene i n methods wel knowa t0 thrdsegkilledan |th;d ang" (BﬁnQﬂ@@lqg(ﬂoyWB'fr ef dﬁé@@tﬂ bed
herei n can be‘gt@mne froma_ 13C nucl g};ﬁl}f eﬁ%plancei EI

spect rum of tATCHHRY MEIELLANEES E7T 8dn?ar°i‘u{§ Sus‘% Ods\ge 97#8%5€nd U. S.
Patent No. 6,@fi#d3ihothe G, lt'rf@lhtﬁﬂdg Fb{iﬁér ﬁ%n&i‘&hﬁl{ﬂhaﬁz‘a' Sﬁf@&tro&:-og%r '(P’?{M%Bt whi ch

patents ar e hereby i ncorporate y reference in their entir
2006/ 044149 ROTjUISHOD5Yiteskerpies-19- GP0D 25 Hesaibpé ne Wheelerand Whlbs,aﬂpplmd of the

POl Yene P eSSl okRebhs, RO oo REIEH SeeAhov kAL E085s Rk 1,

the polynmer afohn@diniBg! yreRed aRh! PN -wilepeSpHene, the comonomer content (ethylene
content) of such a polymer can be measured as follows: A thin homogeneous fiim
1s pressed at a temperature of about 150°C or greater, and mounted on a Perkin
Elmer PE 1760 infrared spectrophotometer. A full spectrum of the sample from
600 cm™ to‘ 4000 cm”' is recorded and the monomer weight percent of ethylene
can be calculated according to the following equation: Ethylene wit% = 82.585 —
111.987X + 30.045X?, where X is the ratio of the peak height at 1155 cm™ and
peak height at either 722 cm™ or 732 cm™', whichever is higher. For propylene
ethylene copolymers having 75 wt% or less propylene content, the comonomer
(ethylene) content can be measured using the procedure described in the Wheeler
and Willis.
[0024] Tacticity. The term "tacticity" refers to the stereoregularity of the
orientation of the methyl residues from propylene in a polymer. The “triad
tacticity” of the polymers described herein can be determined from a *C nuclear
magnetic resonance (NMR) spectrum of the polymer as described in U.S. Patent
No. 5,504,172, and U.S. Patent No. 6,642,316, column 6, lines 38 through column

9, line 18, which patents are hereby incorporated by reference in their entirety.



procedures such as iodine nunber and the determ nation of the olefin content
by 'H or 13C NWMR have been established. In the particular case where the
pol yene is ENB the amount of polyene present in the polynmers can be
neasur ed Y4 AY6O0A3M D3900. The anpunt of pol yene presentPOTEUS2ApY03ss6d ON
the basis of the total weight of (for exanple) ethylene and
propyl ene-derived units. 100261 Tacticity Index. The tacticity i ndex,
expressed herein as "mr", can be deteBm ned by 13C nucl ear nagnetic
resonance (NVR). The tacticity index mir can be calculated as defined in
H. N. Cheng, Macronol ecules, 17, 1950 (1984). 10027] Isotactic, Syndiotactic
and Atactic. " [l S eLal he | :AS
referring to@%@ %%Pé/ﬂﬁegérﬁavi ﬁ%‘ e\é\é}?g"g#i@ﬁ@ Fﬁgg?(e §Fg§#ﬂrtoﬁr}1 gﬂssqlgﬁgﬂéo The
term "syndi otongidnetits wlaarbeuiderréd bgithe Sjuahtitatiec dedasme dofathe rafiemt iofight 0 any
pol ymer having a tacticity index of from1.0 up, to (but not including) 2.0.
The term "iR3CER: fige QlsER pEsepthay dhe rRAlumer Adteg cpolyaerizationes YAVEFR) to any
pol ymer havj L GLEtY.lnde V. ) r I

S8t Nish & SrbE AEPROC Y iorinath deeeieolnlly, 4 )

Characteri st arl ous nol ecu char ac

and nol ecul atH wel@uME Bavei teeh eaabidhedNIn (MR i@flartdas: Whdne MR %cqwﬂzqaent s (or

pol ymers) descri bed herein can be neasured in accordance with the
procedur es dFNE gweampuntpiSpolyane prespiat in hespslynsys cew bgrmessured pang1- 44,

whi ch pat ent ,i inhcor por at ed reference in its entiret 100291
Vooney vi scotSat DY, o il Pobeb S FoenprPast i BRAEG of e

char act er i zeigggrkaasii of Y BRdriipl %]@‘ﬁé RAtenddiuni?@l ynmer conpositions
herein. As used heg%ei n:g}ot he te?jr)r?h one?/ |sggsity ?I\/L (1+4) @125 C), or

si mply " Mooni029] Feaiwityylndex.sTheo tangicipfinded episeshdercisdandod’ deargbeo t he
definition and nmeasur engnt ocedure. set forth.in U at.ent . No. 6, 686, 415,
Whi ch 15 ner BBSPTAED PoraebeRy mReraicceemthe (MMRR: The taFHeR, g Bhcul ar 'y
the text foufhd fhiGMitdBs fefirdetie HON. CﬂérfagI?th?&hHlé'@uIZs, 17 195039984).

Al ternatively, any "Money Viscosity" value referenced herei'n (i'ncl udi ng
those in thel¥23] hwactis, YRG0 4d] ASdBCT[US2005/‘68E3S 6whemustdereseint o

CTETPRSS. Sl PET Ok £ RS2 SEEEERES, A o DO 200

4.0. The term “syndiotactic” when used herein shall be defined as referring to any

polymer having a tacticity index of from 1.0 up to (but not including) 2.0. The
term “‘isotactic” when used herein shall be defined as referring to any polymer
having a tacticity index above 4.0.

[0028] Molecular Weight Characteristics. Various molecular weight
characteristics (e.g., Mw and Mn) and molecular weight distribution Mw/Mn
(MWD) of the polymer components (or polymers) described herein can be
measured in accordance with the procedures disclosed in U.S. Patent No.
6,525,157, column 5, lines 1-44, which patent is hereby incorporated by reference
in its entirety.

|0029] Mooney Viscosity. The term “Mooney Viscosity” is a term psed to
characterize certain polymers, polymer components, and polymer compositions
herein. As used herein, the term Mooney Viscosity (ML (1+4) @ 125 °C), or
simply “Mooney Viscosity,” is to be defined and measured according to the
definition and measurement procedure set forth in U.S. Patent No. 6,686,415,
which is hereby incorporated by reference in its entirety, but particularly the text
found in column 6, line 59 through column 7, line 59. Alternatively, any

“Mooney Viscosity” value referenced herein (including those in the claims) is



[0030] The term "MFR' as used herein stands for "Melt Flow Rate" and is used
to characterize polyners, conponents and conpositions. The units for "MR'
are gransWVEA0HBIMINUt es and the test to be herein for detTRUSIOeNEgWNFR is
set forth in any version and condition set forth in ASTM 1238 that uses
2.16 kg at 230 C. 100311 Internol ecular solubility and conposition
distributions. Other characteristics that may be referenced in certain
clainms are "internolecular solubility distribution”™ and "internol ecul ar
conposition distribution.”™ Also, particularly with respect to certain

enbodi ment's ofeehB 1d LhSImPRL YA Modhey PREDGS NGRS B AdcBiah@N Wi Smysed

herein is defined as a statistically” insignificant internolecular
di ff erence ofretmgnized miblisied procesiurenfot heasuwrmpdslobnaynVséosityhe copol yner and in

the tacticity, e pol ymeri zed propyl ene.. The definitions of those terns
gnd t he rranneltoﬁimtﬁ’ﬁltgw aﬁ&b E{Sh@%{ %&é“&?@@ﬁg%reﬂéh#l@?@%mpaﬁ%‘ﬁ ufigst to

, 925,157, colyinm; ll}%?e - - lin Mpdweh patent 1S
her eby incorpé)rat g@z%?b e é‘%cebr??:%oﬁﬁﬂ? %gagﬁ?tﬁpré’ge{%lgﬁé Bﬁ%%@g$ﬁCW%o I'ments of
Processes andgrfiaspasi(t mimses dhdAB2lestSpewi Hersin dobddermining MFR iset fdrdrinh bel ow,
sone of which are also in the «clainms. Each of the appended clains defines a

separ at e i nveHvivsmsiongndgendsion setforth iy AP - 1348 Mt veesiZsl G ka8 dil2€d as
C el udi . . SN fied i
the o a o, COSNOMeGmbRebRE NGNS SFPhiefiidl afibips TRahE o 1

“invention" nEpardcRriSOCE tiASRay I'ef eéfefede&Eih atdttatp @limk Care tthRehoRAlg onl y.
In other cases it wil| be recognized that references to the "invention”
will refer toschibblitycdistrition” raadi tiatermaleswlar crompssisionbdistribotiomdcedbsaril y
all, of the clajns..FEach of the invent.ions.w.,| now d ribed in greater
detail bel oml?aré“’%%i‘ﬁghs seitf; " ety REnPimerty heote S 2B but

the inventi onshonpenddt UistRdnt Oad hewa @eheEi D Mefined €41 PNGatiicAKaND! es,
which are included to enable a person having ordinary skill in the art to

make and use Nignifisemininteomeleculanéiiferdnse joh betmdisiributiprs nHhe cpmpesition ef

conmbi ned wi t h,avai l.able_info 1,0n. a t echnol , 098/ Q4414

PCT/ US2005/ 03%2539011"1’6’ %@gﬁ%‘“‘éﬂy Bt R@Yg}eglggogé@g%géc e deidign o

el sewher e her gf fose!tB@nSadMBE manAérbfealcaRting ¢heih BRMREcI6seddy UK. fPatm Nbe

m xture can be recycled to the first i i )
6,525,157, column 9, lines 30-41 and column 10, lines 16-53, which patent is

hereby incorporated by reference in its entirety.

B. Specific Embodiments of Processes and Compositions.

[0032) Specific embodiments are set forth below, some of which are also in the
claims. Each of the appended claims defines a separate invention, which for
infringement purposes is recognized as including equivalents to the various
elements or limitations specified in the claims. Depending on the context, all
references below to the “invention” may in some cases refer to certain specific
embodiments only. In other cases it will be recognized that references to the
“invention” will refer to subject matter recited in one or more, but not necessarily
all, of the claims. Each of the inventions will now be described in greater detail
below, including specific embodiments, versions and examples, but the inventions
are not limited to these embodiments, versions or examples, which are included to
enable a person having ordinary skill in the art to make and use the inventions,
when the information in this patent is combined with available information and

technology.



pol ynmeri zation zone or to the second pol ynerization zone, or both. [0034] In
any of the processes descri bed above or el sewhere herein, the solvent and
unreacted nononer can be at |east partially separated, in the course of
recyl i ng, WPRMSH4%ei ng introduced to the first or secorRCTHS2YIRABHZIEL i ON
zones. [0035] In any of the processes descri bed above or el sewhere herein,
the first polynmer can have, for exanple, a Money Viscosity (M (1+4) @125
C) of from16 to 180 and a heat of fusilBm |less than 45 J/g or a nelting
point less than 105 C or both, and the second pol yner has a Mboney
Viscosity (M (1+4) @ 125 C) of from1l to 45. 100361 In any of the
processes de ahaL LJ3, ot an be,
for exanpl e, ﬁgrslf,’aﬁg% gg%oel é/rr?gérgof etcﬁb{tgrﬁlgd‘}a}n(g %%Sgs%e)ﬁgmrp%%%@{iaﬁn any of
the pr ocesseandjamteacttbm‘achcaimm rannoed:ckﬁwhet}m Iméxtetencanabe tezgysled parthe fipdt t he
effluent of the first polynerization zone can be contipuously directed to
the second B WE%‘W%@W‘Q%@CSFWQP X’Hefwoﬁﬁoﬁ%@g‘?@cesses descri bed

above or els t

pol yneri zat i WQL& aﬁr l@jee @%w%ssgigeﬁﬁp %d (Eve &?luen}i&g%reﬁ&e&%gﬂ&%ﬂ

pol yneri zat i @ad 2@ffactell OR3AdmEN cabeOht 1dast Fé B SsepardRdc fih hie cabmy eofor

el sewhere herein, the first and second neri zation zones can be changed

from - operat iresyling prior itcebemgwdérqduced)q@ethaﬁrsé T F9¢Opé Pally MerZatereeases.f r om

0040
any of the plBEEE L dycBcthe SatRR0 oSk abiiG € HEneere Brmis Bt SR c can
range, for exgRmied cahMR 5fotrfex&%p1el; %%%bnéwwms@} (ke 149 @SB estcr i bed

above or el séewhere herein, onposition can be a nodifiéd EP rubber with
a polysplit rrngil6ge 8@ mms atl'[Ea'Bﬁf ﬁaloﬂ\bam&yn%sldgsr aynalfing pomt 1es tthani 00

80wt b6 1004205 1 Sirkpty ok B sprnel g B8 F DA R VeSS aME GEDBhor ci

the conposi tihgRCEaEHA 1& rﬁ@dl fied propyl ene el ast orrer with a polysplit
ranging from WO 2006/ 044149 PCT/ US2005/ 034946 -11 65 to 95, a Money
Vi scosity of [#036nidGny ®fabe Pomwasses esarii tapoyd/or elsewher@herein, the second

polymer can be, for example, a random copolymer of ethylene and propylene.

]0037) In any of the processes described above or elsewhere herein, at least part
of the effluent of the first polymerization zone can be continuously directed to the
second polymerization zone.

[0038] In any of the processes described above or elsewhere herein, at least part
of the effluent of the first polymerization zone can be combined with the effluent
of the second polymerization zone.

[0039] In any of the processes described above or elsewhere herein, the first and
second polymerization zones can be changed from ‘operation in series mode to
operation in parallel mode or from operation in parallel mode to operation in
series mode, or both.

[0040] In any of the processes described above or elsewhere herein, the polysplit
can range, for example, from 5 to 95.

[0041] In any of the processes described above or elsewhere herein, the
composition can be a modified EP rubber with a polysplit ranging from 5 to 35, a
Mooney Viscosity of from 16 to 100 Mooney Viscosity (ML (1+4) @ 125 °C) and
an ethylene content of from 30 to 80 wt%.

{0042] In any of the processes described above or elsewhere herein, the

composition can be a modified propylene elastomer with a polysplit ranging from



125 C) and an ethylene content of from25 to 50 wt% [0043] In any of the
processes descri bed above or el sewhere herein, the mxture that includes
the first WORYEOAIAhd t he second pol yner can be fi ni shedPB¥/US2005/034946

devol atilization to formpellets or bales, and unreacted nononer and sol vent
are recovered and recycled to the first and second pol ynerization zones, or
both polynerization zones. [0044] Any1of the processes descri bed above or
el sewhere herein may, for exanple, further include recycling propylene and
et hyl ene nononers and solvent, in which the first polynerization is

conducted t ek et ropyl.ene. nmopener 0 | evely,:.bel qw what, i esired
for maki ng t%ﬁgogé’c% OSS?yﬁ%CP%%S??Wn}/\E?té%‘l?%oong cvolg%?sbﬁl(@ﬂéhﬁéz@on and
tecycl e ar e j9perinddniethyiaduentdnlef fbRyIEReomanmers to a |l evel bel ow what
is required for making the first polymer, with additional make up propyl ene

nmonomer  bei i@P43hdreany of thenprotesses desoriberbabarator eiseahdre heteint thermixturake up

et hyl ene nononer .bei ng a d for the,second I rization. . [004 Any of

t he processggatdageg?sbg?f g‘ggv@lﬁlpe’él@gmﬁ@rgcﬁ&%ﬂﬁﬂgﬁ% E’F ﬁ@%ﬁ?@pl , further
| ncl ude pr oy (ialiZA6E & frfh SIICRAGH balEs, Wik GlirehbiRd i ok n@fsolaft k! 1 St

pol ymer and the fraction of the second pol ynmer produced are controlled by
splitting t hecoxemsdrandofecycled entths fppl amdl secnd lplymesiatiandzanes, oordboth

pol yreri zat i 0{1 fromthe recycle stream and by providing additional fresh
feed to var PODRIZEHQN E1€Sf | ow and t he heat renmpval capacity for each

| vt | ; o) SOV _ bei .
pol ymer | za '[%ﬂ%é?%{ tprB&@st! Eiéécn}a@?ha)gff&{ !o%aélk%g?e% q‘fe?élﬂglll]tX%, fdn9 at a

t enperature Ing point o irst ynmer an e second
pol yner i zat iexample] fugthet inglude mastHhg peopyicvmard ethyle2® GnorGnitrgéret sdlem, t he
tenperature for ,the first_ polynerizatiqgn. [0046] In anIy of the processes
descri bed adByithe fissprbymerizatien 1 copdygtediodepletepropyleag BIPng@merifadogen can

b d to liLyyt [ : 4 t
dosor t bed_ atov oivg Ry R Heiea M Mhbking Jhe focoh® jPm ol PRGBS0 he

responsi ve tseca@tmiyvméerizagomand fetyclenge operated pd rdduee thieesthplens niohomers
presel ected pol ]}éspl it. WD 2006/ 044149 PCT/ US2005/ 034946 -12 [.0048]_ In any
of the react'®r By ehew qukat is pranined ok making kg firet Bolymesi with adgitiontlon of a

paral I el modgcan, he oL ASRONS)VendrObaRh CEdHeR B9 hberRl PXIEdation and

additional make up ethylene monomer being added for the second polymerization.
[0045] Any of the processes described above or elsewhere herein may, for
example, further include providing a recycle stream, iﬁ which the fraction of the
first polymer and the fraction of the second polymer produced are controlled by~
splitting the amount of solvent supplied to the first and second polymerizatiora
from the recycle stream and by providing additional fresh feed to vary the rate of
flow and the heat removal capacity for each polymerization separately, the first
polymerization preferably being at a temperature below the melting point of the
first polymer and the second polymerization being at a temperature from 20 to 200
°C higher than the temperature for the first polymerization.

[0046] In any of the processes described above or elsewhere herein, a transfer
agent such as hydrogen can be used to limit the molecular weight.

[0047] In any of the reactor systems described above or elsewhere herein,
adoption of a parallel mode can be responsive to determining whether the

polysplit corresponds to a preselected polysplit.



content of the propylene polymer. [0049] In any of the processes described
above or el sewhere herein, changing froma series node to a parallel nbde
can be, for exanple, responsive to determ ning the ethylene content of the
reactor bVeAQ@O@EHEBSi tion. [0050] In any of the processescigesnibedonbove or
el sewhere herein, the parallel node is preferably used when the polysplit
Is greater than or equal to a C3C2 Factor that constitutes a cal cul ated
conbi nati on of FPP (first polyner propybkene content) and BPE (bl end pol yner
et hyl ene content). [00511 In any of the processes described above or

el sewhere herein, the parallel node is preferably used when the polysplit

IS greater 75 * - FPP). 014 * BPE) -, S1 erein FRP is the
propyl ene CL@@J‘I “(Wo%)ﬁgg? H&? ?roﬁyylftEWé %3%?‘?163 Eb%lv qoéﬁ%qv@ef%}eé?ﬁ’yl ene
content of ghshiRm bhe ﬁﬁﬁ]‘lésmﬁg@ccbﬁrb@E@BQ}]&W%&E‘I’&M}% thé ReopaeRd | el
reactor bl end conposition. [00521 Any of the processes descri bed above or

el sewher e heortent ofdlye pragliene polyhiey. conprise splitting the recycle stream
into a firs cle streamand a .secpn ecycle stream directing the
ot ey hOBT A e BRprorenss ASRURES ahoie o sSubEe Meacthr FiAnely 1 ne
second recy I Lzl | %ﬁﬁé of the
processes dgllsO?% %Sgﬁgb%@gkg? gf@@%é?@bﬁgﬁa?n@éﬁn@p ad |%e|’01% ylvgérrwpri se

di recti ng adewrminihythefethyienercoaient of de rermrtvderdvengestiod. pol yneri zati on

zone. 10054] Any of the processes desgribed above or el sewhere herejin may
addi ti onal | JOQ\ﬁﬁﬂF‘i% C@ég%@chﬁﬁfeﬁ Hescaivsd bovs oxelsehare hareamdhe paralligl r ecycl e

X £31 of ant . ; . _ . .
Cemper at ur e MR ppfiy 1808 A In03lysE BeRe: BRARELEP 8Cacy
processes ddxetor ked cdhstittedn calatuwbe cemb@dagbm of FERQTrs Goliemdrvigopylend

unreacted nmononer fromthe m xture can include (i) subjecting the mxture
to a first SepkphandBRE lendpobyraes elaylang gandgntlsol vent -rich stream extract ed

[ om e S 0 Pl s B RO, 5 S L e
pol yner - ri chnedd Bastefefably ud@ WRAHHRAMIADIIPETN20 Hah B34 946 00-F3P)8Hfbt ectii ng
the TITSt POBBETSa! \ercin FBD 1 the propylens coment (wiv of the propylond polymer
and BPE is the ethylene content of either the series reactor blend composition or
the parallel reactor blend composition.
[0052] Any of the processes described above or elsewhere herein may
additionally comprise splitting the recycle stream into a first recycle stream and a
second recyéle stream, directing the first recycle stream to the first polymerization
zone and directing the second recycle stream to the second polymerization zone.
[0053) Any of ihe processes described above or elsewhere herein may
additionally comprise directing a majority of the recycle streamn to the second
polymerization zone.
[0054] Any of the processes described above or elsewhere herein may
additionally comprise selecting the amount of solvent in the second recycle stream
sufficient to (i) obtain a desired second polymerization temperature; or (ii) obtain
a desired polysplit.
[0055} In any of the processes described above or elsewhere herein, removing
solvent and unreacted monomer from the mixture can include (i) subjecting the
mixture to a first separation step to provide a first solvent-rich stream extracted

from the mixture (which may also be defined as the first polymer-lean stream,

which preferably contains little or no polymer) and a first polymer-rich stream; (ii)



second, nore concentrated, polymer-rich streamy and (iii) conbining the
solvent- rich streans to provide a conbined recycle streamfor feeding to
the first WHoH0EI4®at i on zone or the second pol yneri zat ip@T/esp0es/@49460t h.
The solvent rich streans can contain equally volatile unreacted nonomer.
The first step may involve |liquid separation or evaporation, whether heat
assisted or not. The <concentrated polyngr rich stream can be subjected to
vacuumto extract the last traces of solvent and nononmer. This can be done
by vacuum extraction froman agitated nmass of polyner. The agitation may be

provi ded by hin fil r.Sstrand vapor at or LN.:SCr [ r, or a
devol ati | i zi %Bﬁlﬁ%‘glﬁ i TrSCot Bl SHELHS éﬁzﬁ%"r“g‘. é%'%géﬁ? STl GO
processes deseédndethoddeReMirated, SRMBES NS tRAM; ah@ TBY icObirfieg MRNHolvne
unreacted nonomer fromthe m xture can include subjecting at |east a

[

portion of tHhrstxeamsela @rovideial cpmbingd stepraletsirgam( foref Yo 4he Hirgh
pressure) to rovide a solvent-ric rtion.(polyner-|ea ortion) ,and a
sol vent - | ean ¥ ‘?rl?ﬁgmﬁ ARG, e ?P?Wgﬂgﬁﬁ%ﬁ?t,lérgﬁ%‘y%\ﬂe‘?oéﬁn&?‘Eéc’lgﬁ? Wt_—ri ch
portion is dig@shedahCoditain Aually VO GnfthteathohdmbMeTHd Fitdh & W/ i zation
zone or the second pol ynerization zone or both. (0057] In any of the

processes desovélpedigidb\separatial sewhaperahien,eivhetheeeal agsisted| ore not. ahiek

unr eact ed nmononer from tlhe rri,>6<]]tlure can 'hncl ude subjecti n? at Ie%iqt] a
portion of t HOPRTIEALRIPRIYDERTIEh StrFar CfthRe SHPIRFIEY Q) ¥achuy IQ, EXFadt thlasor t i on
and a _sol Vel Bs @0k 08 mdithet IR dn'ti%icHE BYAHoulin Fhoetidd 8Bn &
directed to the firrst polynerization zone or the second polynerization zone
or both, e.g.agitatedprass obbolyirety dhe agitfdndiay be prowided tynetlin Gitress etrastescr i bed
above or el sewhere herein, the rec%q%e stream_i_a_n be d‘;ljr ected.,to the first
pol yneri zat i OiY2RRfATaAdWD SPIFY §¥EHARE ohal drvelatiiaingohlSonaitias dessubere a
recycle spli telsé§¢l'fae¥e]ei n the recycle split is adjusted based at |east in part
on a preselected polysplit or at least in part on the tenperature of either
the first or [0b8élsiacandopdieypriceszad desribahabovk005 Blsewhsre dier¢iherapodgsses
descri bed above or el sewhere herein_can be operated in a _series_ reactor
mode wher ei n $91yeat ped wrgactedmonemer framithgymiyutecansinglude gybiowing ah deasud

PCT/ US2005/ OSpAtg'ﬂgn of #ft mixture to liquid phase separation (preferably at high pressure) to
provide a solvent-rich portion (polymer-lean portion) and a solvent-lean portion
(polymer-rich portion), and wherein the solvent-rich portion is directed (e.g., as a
recycle stream) to the first polymerization zone or the second polymerization zone
or both.

[0057] In any of the processes described above or elsewhere herein, removing
solvent and unreacted monomer from the mixture can include subjecting at least a
portion of the mixture to devolatization to provide a solvent-rich portion and a
solvent-lean portion, and wherein the solvent-rich portion is directed to the first
polymerization zone or the second polymerization zone or both, e.g., as part of
recycle. _
[0058) In any of the processes described above or elsewhere herein, the recycle
stream can be directed to the first polymerization zone and to the second
polymerization zone to provide a recycle split, wherein the recycle split is
adjusted based at Jeast in part on a preselected polysplit or at least in part on the
temperature of either the first or the second polymerization zone.

[0059}) Any of the processes described above or elsewhere herein can be operated

in a series reactor mode wherein a recycle stream is directed to the first



pol ymeri zati on zone and to the second pol yneri zation zone to provide a
recycle split, wherein the percent recycle to Reactor | is equal to 2.8 *
(PS)067 * (RT2/RTI)"'"1, and wherein PS = polysplit; RT2 = second reactor

t enper at urwO 20@y04488d RT1 = first reactor tenperature (COpct/0960d03A86 of the
processes descri bed above or el sewhere herein can be operated in a parallel
reactor node wherein a recycle streamis directed to the first

pol ymeri zati on zone and to the secondipoel yneri zation zone to provide a
recycl e split wherein the percent recycle to Reactor 1 is equal to 4.5 *
(PS) 0.55 * (RT2/RTI)O067, and mhereln PS = polysplit; = second reactor

temper at ur Sly Qn’th"il(ghdamh ?Iéq { CEO&% gglin%r?% Sh oy ?? é?%vzlg%ooqza’%ﬁrmng t he

conpositio i'on Inpel ale form

having a cepii, Hﬂﬁhré{ﬁOHQYyérM}mlﬂ yak tézﬁea@oroﬂ ﬂ‘sr@mallﬁotpslﬁo(m&“a* heat of

fusion of |ess thap 50 J/ g conpri si n%l a first polyner being an el astoneric
random pol YRER/RI| Ngand vdrerentPHE plvspjit;eRE2 destwad 1eattos tofupsratizsast 60

per cent i nc n otactically-arg nged propyl ene-deri ved sequences
and a heat re%f,) ‘Lgﬁllﬁ%'é?{eé%@fi %@r or a melting point |ess than 105 C
and a Secog agmgﬁ Q%%s&s%?&iblé&‘%ﬁo@ orS W HRAELGEE RLAPY b Barder i ved
units havi n y ene type crystallinity. [0062] In cer aln processes
descri bed atnoa/@amlleblrsaa:rdsrenmdbewhtram ahec?db@rseyam\flssdmscteq/ toVithe ¥ird) @] 25

(@) of the con)})osltlon ranges from16 to 180;, or fromany |l.ow of 16, or 20,
or ANYMETHALSR 298D an@ao ihegsecend polymerioaism 2qng to e preFelses

d b d I

ffggnr ;) 20, 3B Swhlrofl BRVBEICENTRLELY o' REMEICE bl 1 45" sPepifTEs ¥ anges |

to any hi gf(Rd‘Q/HDl)“ o aﬁﬂ,wmreanP@/—lﬁolmpht RGQGA]sebwndcwatmrnemmﬁms
descri bed above or el sewhere herein, the MFR of the reactor blend ranges
from 0.05 t& ) and BT1G hrstreacksy terppsmatyi®*Cbw of 0-05, or 0.06, or 0.07 g/ 10

mn. to an miﬂhAJ%f né 1 cdth OpoJSIt?dné scf%sg LA 1%{&81‘1{ %D%%L +§ (ﬂ%{&@d ﬁl:[ (MY of

processes describe OVE ere er el n, ecu

the first mhnaffaem Ha@ti@es cdmbiied 0HdRed MMAE0G4QRQ25 aT) of fasin aeyolmaa:ﬂfa 100, 000,
or 120,000, or 140,000 to any high of 400,000, or 350,000, or 300,000. WO
2006/ 04414depty fuspoad)/lesabam S0 J/g comprising a first polymer being an elastomeric

random polymer having a content of propylene-derived units of at least 60 percent
and including isotactically-arranged propylene-derived sequences and a heat of
fusion of less than 45 J/g or a melting point less than 105 °C and a seconid polymer
being a copolymer of ethylene and propylene-derived units having no or ethylene
type crystallinity.

[0062] In certain processes described above or elsewhere herein, the Mooney
Viscosity (ML (1+4) @ 125 °C) of the composition ranges from 16 to 180; or
from any low of 16, or 20, or 24, to any high of 180, or 140, or 120.

[0063]) In certain processes described above or elsewhere herein, the IMFR of the
first polymer ranges from 0.5 to 100 g/10 min; or from any low of 0.5, or 0.8, or
1.0 g/10 min. to any high of 40, or 30, or 20 g/10 min.

[0064] In ceriain processes described above or elsewhere herein, the IMFR of the
reactor blend ranges from 0.05 to 1.3 g/10 min.; or from any low of 0.05, or 0.06,
or 0.07 g/10 min. to any high of 1.3, or 1.0, or 0.8 g/10 min.

[0065] In certain processes described above or elsewhere herein, the molecular
weight (Mw) of the first polymer ranges from 80000 to 400.000; or from any low
of 100,000, or 120,000, or 140,000 to any high of 400,000, or 350,000, or
300,000.



-15 100661 I n certain processes descri bed above or el sewhere herein, the
nol ecul ar weight (M) of the first polynmer ranges from 40,000 to 200, 000;

or from amyd0owe4@fse50, 000, or 60,000, or 70,000 to any r],idglm Hosa3994000, or
175,000, or 150,000. 100671 In certain processes describe a%of.gdag%ﬁ

el sewhere herein, the nolecular weight (Md) of the conposition ranges from
60, 000 to 800, 000; or ranges from any.{sow of 60,000, or 90,000, or 120, 000
to any high of 800,000, or 700,000, or 600,000. 10068] In certain processes
descri bed above or el sewhere herein, the nolecular weight (M) of the

or ranges from .a

conposition nges from 30,000 to 160, 000; e n ow of
30,”800, or 4@36%3@ GSFtagD PIRSESSES dswgﬁé GROV5t orlelé?‘@%es,e 119#%461,80591,60 pr

120, 000. 100 J r i ) ) rein,
the pol yai snartt (B AR SRRERT ndiEHonL RO B0T RO 000, B R RPN 5 or
fromany | ow 66,000,%r 60/000, & 70000020 @nY highrof 200900.0dr 12590006r B50000r 2. 1.

10070] In certain processes described_above or_ el sewhere herein, the
pol ydi sper si POTINGY oemtain praogases Gaissibed jabave an glsewhersherein, the II'G!CC‘G)‘PT from any

cortai n_pr oo eiel g or e ob RpBont o< lro 0,00 B.s BFogt, Br st by "
(amount of f jgystowst 601800, BRA,G00, SNET H00Sto £8! MER OF 360000, @S700,008 6ent _of

total conposition) ranges fromb5 to 95; or froma low of 5 or 15 or 25 to a
hi gh of 95 0600,@.0r 60. [00721 In certain processes described above or

el sewher e hegel the first polymer.. conprises.fromb5 ta 95 wt % of, the total
corrposition.f@é&@lceﬂ?énﬁ??gseérﬁg%@fg X%Pﬁﬂfg{”gef@%?%l& e ?ﬁ?’él,"“or t hey
can be di ffe(w%@ht (MIHS of ki E&ﬁﬁ@hﬁﬁbn@%ﬁ@é@'ﬂﬁ@rﬁtﬁ),mmoh%(ﬁoﬁdﬂ%ﬁﬁ@s% vator,
as noted el sewhiere herein in " greater detail. In certain processes described
above or el semhlmeoh36.800, ort 5080, 0s160,008ttalany thigndf 360,006, eebBhtlcat al yst
can be a net ﬁ%‘ﬁﬁne' In a nore specific aspect, the first and/or second
catal yst is cycl opent adi enyl conpound. The first and/or second

catal yst. Can[db%ssylrbi S&r¥Th OpBsHeads CQudcribeIP ALt  JhCelséWidoPaRtad apy! | igand
of the first and/or second’catal yst can be an indenyl 1ligand. The first
and/ or secongolydispdrsitt (MawiMal) of theefirat Zolpglerranges framc h84b2s3;. orfham any
low of 1.8, or 1.9, or 2.0 to any high of 2.3, or 2.2, or 2.1.
[0070] In certain processes described above or elsewhere herein, the
polydispersity (Mw/Mn) of the composition ranges from 1.8 to 10; or from any
low 0of 2.2, or 2.0, or 1.8 to any high of 10, or 6, or 3.5.
[0071] In certain processes described above or elsewhere herein, the polysplit
(amount of first polymer made in the first polymerization as a percent of total
composition) ranges from 5 to 95; or from a low of 5 or 15 or 25 to a high of 95 or
80 or 60.
[0072] In certain processes described above or elsewhere herein, the first polymer
comprises from 5 to 95 wt% of the total composition.
[0073]} The first and second catalysts can be the same; or they can be diffe;ent, but
in certain embodiments can have the same activator, as noted elsewhere herein in
greater detail. In certain processes described above or elsewhere herein, the first
catalyst and/or the second catalyst can be a metallocene. In a more specific aspect,
the first and/or second catalyst is a monocyclopentadienyl compound. The first
and/or second catalyst can be a biscyclopentadienyl compound.  The
cyclopentadienyl ligand of the first and/or second catalyst can be an indenyl

ligand. The first and/or second catalyst can also be a Ziegler-Natta catalyst. The



WD 2006/ 044149 PCT/ US2005/ 034946 -16 first and/or second catal ysts can al so
be a pyridine amne catalyst. In a specific aspect, the first catal yst can
be any of the catalysts referenced in PCT Publication WD 03/040201,

parti cul aiwe 20lsm3a49 ef er enced as being supplied to the figStusReHEsss IN a
dual reactor schene. Simlarly, while the second catal yst can al so be any of
the catal ysts referenced in PCT Publication WO 03/040201, a nore specific
second catalyst is any of those referenged as being supplied to the second
reactor in a series reactor configuration. 100741 In a broadest form the
conposi tions can be prepared using any SSC (single sited catalyst). Such a

cat al yst t ti | _,compl n I t

Crans: ti on H 0o SR80 el lfGifal R BP ngHROER B i R Rele, one
anci |l ary | agpeaditelfabt ¢R4T06tNSn BeRHe Gt ¢didydts seteieht@NinBCRIPuBHE D8

pol ymerization. Preferably the transition netal is used in a reduced

cationi c st 3@ 0304026, gisiticulasky tbgseare&@mélaybmnarsuaphﬁd/@ttbc firgtoemesyr 1 n any
of the processes ri bed abqv o ere herei the i r,st an second
atalysts clne BRAl SRAAEER Ui S FEsomR Falyot B8 et B BBts s
descri bed aﬂﬁV@atél%s@'éfé%}%& RePETPubIRG&EIWOA 034aba0YSh AR fRcTR! ect ed
and used to incorporate higher alpha-olefins with substantially no

st er eor equl sgdonhy cathl3eia] anlymfdbmsberefqu:med es being deppliddotedhelsecond aeactdrsewher e
herein, the first cataly is.a chiral biscyclopentadienyl -derivative and
the second &8 g{qr%fechorgo%gurgwq al bridged fluorenyl cyclopentadienyl
derivative. pPHQC C o élgyvlg her ein,
the first alléj{p’qucon 0%8 S-Itai;c/){—l-[ls{h(a%r g&ﬁg&éﬁcﬁﬁ %%nﬁjﬁ%ﬁ@éﬁf@d % sce

non- coor di n@single ﬁtﬂdowtﬂyﬁtb vasahsa caslgst haysbére mhsmaﬁometaaroempmd for the

first and the second reactor, and are_  opti onallg acconpanjed by a scavenger
such as a scE&vEHY santaning ﬁwﬁﬁﬂsnl%rﬁl&‘iahl%uﬁﬁa? it 4P jof ghe Heapdda Tblecand; aji n

processes d%??éa bg %}&?&H&y"l h$6 %\g\n%l&%ogfggd tBhﬁ%rﬁ%ﬂsm AGhAbLNa e?r;" on

is a boron conp avin eas rng sy

preferably pelyherigatisrat Bfkférbblg sheatrghsife mprabiscuseBliy adedwicdaationit sapl ex. WO
2006/ 044149 PCT/ US2005/ 034946 .
and stabilized by a cocatalyst or activator.

[0075] In any of the processes described above or elsewhere herein, the first and
second catalysts can be unsupported catalysts.

[0076] In any of the processes described above or elsewhere herein, the second
catalyst can be selected and used to incorporate higher alpha-olefins with
substantially no stereoregularity.

[0077] In certain processes described above or elsewhere herein, the first catalyst
is a chiral biscyclopentadienyl derivative and the second catalyst is a non-chiral
bridged fluorenyl cyclopentadienyl derivative.

[0078] In certain processes described above or elsewhere herein, the first and
second catalysts are used in conjunction with non-coordinating anion activators,
and the same activators are used for the first and the second reactor, and are
optionally accompanied by a scavenger such as a scavenging aluminum
containing derivative.

[0079] In certain processes described above or elsewhere herein, the non-
coordinating anion is a boron complex having at least two ligands with fused ring

systems, preferably perfluorinated rings and most preferably a tetra-aryl complex.



17 [00801 Certain conpositions described herein contain no or less than 5
w%of fillers and no or less than 10 wt % of an isotactic pol ypropyl ene
fracti on hawo mgéedsrsmel ting point of 110C or higher. [008lpctRissBthiubsk
conpositions described herein, the conposition has an overall heat of
fusion of from1 to 45 Jlg. [0082] In certain conpositions described herein
the Mooney of the first polynmer is |leggthan 25 Mooney M. (1+4, 125C) and
at least 10 units | ower than the Money M. (1+4, 125C) of the overall
conposition. [0083] Certain conpositions described herein have an overall

content of e .derived.units le t han 95 .wt 9% based on.t conmbi ned
contont of PRI BB SRl Serb bhaR soPpt npobraRSs e ve S
COMPOS t | ONSIERS dd RS Er A @al 100K i0f &n hisRUBHE PolfrtbrRNENe BRIk havidg aM % Of
et hyl ene derived units and preferably from45 " w% or 55 wt% 100851 Certain

conposi t i onsmeltisg poinedf hHI’€ian highee | ess than 30 wt % of et hyl ene derived
units. C | .11 st.age Polynerizatio 0861 The,reactor. bl ends descrj bed
herein ar e%b%ﬂd“i%r@%éﬁ?‘ﬁmﬂ% ‘ﬂ'ﬁ‘%}%eﬁ g thﬁcﬂoﬂpé’ﬁt‘?&t%aéﬁp"ov ing that
two (or nor q}eafjé)ifﬁlﬁﬁﬁ;&&“fr%ﬁ Y 44 ﬁgti ons (or polynerization stages) are
conducted. More specifically, a nfiltistage polynerization may involve

ei ther two d008drla ceetgirccdmsdsitionk Wesoribzd thersirs tHeaMeoney of drerfat palytner ein as a

"series process"), or _two or mpre parallel polynerizations (also referred
to herein aslsiessdh%lzlseMOBF%’cE@sﬂ‘&» 1@@@@&%@&%%%@1‘%@1‘@% than e

respective rmgﬁ‘g{ﬁ&t -1+5P?25fﬁg§{fﬂ9%9§fall% gghgn_ reactor solution plant are

bl ended when I'n on’ w prior iso on from the solvent. The

bl ends may b@083leCérefitl lcbmPbsitisi dScrilacliedéindaet ah iooeralloatedt bihdhylehd | uent of
a first reactor enters a second reactor and where the effluent of the

second react divednie lesshan 92 avtt% tased emithgyeespkiped cortgnt phefhylene and

devol atilization. The. blend may also be the result of parallel reactor
operation \A&rog%%eég%f‘ﬁ%u@ﬁ?‘s of both reactors are combined and submtted
to fini shi ng[oeB4PSertdih tcbiposibhsOdeschb@Vhatein cdfprist iffoai d0acy sthylege @ t he
polynmers in the devol atilized blend. Ei ther WO 2006/ 044149 PCT/ US2005/ 034946
60 wt% of ethylene derived units and preferably from 45 wt% or 55 wt%.
|0085] Certain compositions described herein have less than 30 wt% of ethylene

derived units.

C. Multistage Polymerization

[0086) The reactor blends described herein are formed in a continuous “multistage
polymerization,” meaning that two (or more) different polymerizations (or
polymerization stages) are conducted.  More specifically, a multistage
polymerization may involve either two or more sequential polymerizations (also
referred to herein as a “series process”), or two or more parallel polymerizations
(also referred to herein as a “parallel process™). |

[0087] The polymers made in the respective reactors of the continuous, multiple
reactor solution plant are blended when in solution without prior isolation from
the solvent. The blends may be the result of series reactor operation, where the
effluent of a first reactor enters a second reactor and where the effluent of the
second reactor can be submitted to finishing steps involving devolatilization. The
blend may also be the result of parallel reactor operation where the effluents of
both reactors are combined and submitted to finishing steps. Either option

provides an intimate admixture of the polymers in the devolatilized blend. Either



-18 case permits a wide variety of polysplits to be prepared whereby the
proportion of the anmounts of polyners produced in the respective reactors
can be varied widely. [00881 The first polynmer and second pol yner naking up
the react VOB M41480nposition are di scussed bel ow, fol | oReTIUBI00&03®84 i on on
the series process, and then a section on the parallel process. Pertinent

di fferences between the series and parallel processes will be identified
where appropriate, but otherw se the sedBes process discussion should be
regarded as equally applicable to parallel processes. D. First Polyner
(Propyl ene Polynmer) [0089] As noted above, the reactor blends herein

preferably ip I | o Rtk
pol ymer formne eﬁ%%gﬁtf Fr@?é B%‘?E;%gfﬁélg%@gﬁyﬁégrgwgﬁ (ﬁ%‘@fﬁ%?ﬁﬁﬁ‘? %&nés.l‘e
descri bed el sedmownthef gilpheramdodueed er thblryspective reddtostecantbeaatiad Widedy.part of
a series process or a _parallel process. [0090] The first polyner (also

referred to IBWJ i hgs firsh epolypespend riscoryl \pesmer making drnhiigerepgier rﬁl'?ﬁqun) 50
Wt % pr opyl eng L b%iﬁt)n %dequJu‘iée%r&PA g fgﬂé{i’red 8y a@g{:t?cgl off ﬁ*eoégries-;r g&%c{eésr g‘ﬁc} pol yrrer
y % erably a y Do

shoul d be a propylene polymner (pre pol'ypr opylene™c yher) having

60 wt % or nDRigenNsdctof @k itheashralled Frdee e Reethtent difRyém@s bemicas theotikyad r anged
propyl ene-deri ved sequences and having a heat of fusion less than 45 J/g.

The first polppradlel praseesealtill bealdentifiede wheresappropriass- bysrashemmiseethe swtiponer
its, . g, t hyl | t f | 1 t 1 wt %
ot byl ene. oni FXo%eh BSerSich Sho i Pe JRdsrodt S ERAG: AnsdicghERS pertlle ot om ©

i sotactic polpyproppi-@NIpRer Frepsiend PRlymaYacticity of the first polymer can
be illustrated by the presence of a preponderance of the propyl ene residues

in the pol yrmeos9)nashvied abéle, tHeQ&tdr TlBGdsCHeysih ?}h‘éféf&bﬂyirﬁfud% helchitr Stirspol yner
can be expressed in terns of heat of fusion. The first polyner of the

i nventi on carpoliymer, avhight is ofreferatilprihe apolymien denmiasedyby ST pohyameyizagod r om any

I i m f 1. / . [ Q.. . / . , « /g,
9870 LT Skl B St 3ot e ¥ st .80 0 O

75 J1g. Pref apahbir.astpas dFeabri@fprbdist 6ha phralifieprbidsst pol yner is less than 45
J/g. Wthout w shing to be bound by theory, it is believed that the first

pol ymer has [§8%@rBbe firstspelmroer (alser refera¢d o Abtein @e dby | erepylemquenlymer”) and t he

above heats of ot EieTaAhiSh) SHSHd SofSied Gt hindfehbly o of BS2E
below. The first polymer should be a propylene polymer (preferably a
polypropylene copolymer) having 60 wt% or more units derived from propylene,
having isotactically-arranged propylene-derived sequences and having a heat of
fusion less than 45 J/g. The first polymer preferably has at least 5 wt% non-
propylene comonomer units, e.g, ethylene units, and more preferably at least 10
wi% or more ethylene units. The crystallinity of the first polymer is derived from
isotactic polypropylene sequences. The isotacticity of the first polymer can be
illustrated by the presence of a preponderance of the propylene residues in the
polymer in mm triads.
[0091) The crystallinity of the first polymer can be expressed in terms of heat of
fusion. The first polymer of the invention can have a heat of fusion, as
determined by DSC, ranging from any lower limit of 1.0 J/g, or 1.5 I/g, or 3.0 J/g,
or 4.0 J/g, or 6.0 J/g, or 7.0 }/g, to any upper limit of 30 J/g, or 40 J/g, or 50 J/g, or
60 J/g, or 75 J/g. Preferably, the heat of fusion of the first polymer is less than 45
J/g. Without wishing to be bound by theory, it is believed that the first polymer
has generally isotactic crystallizable propylene sequences, and the above heats of

fusion are believed to be due to the melting of these crystalline segments.



WO 2006/ 044149 PCT/ US200-,/034946 -19 [0092] The level of crystallinity of
the first polyner can also be reflected inits nelting point. Preferably,
the first wolyremisia@s a single nelting point. However, acSAMRhed/Biose

propyl ene copol yner will often show secondary nelting peaks adjacent to the
princi pal peak. The highest peak is considered the nelting point. The first
pol ymer described herein can have a nel.tjgng point by DSC within the range
havi ng any upper limt of 115C, or 110C, or 105C, or 90C, or 80C, or 70C,
and any lower limt of 0C, or 20C, or 25C, or 30C, or 35C, or 40C, or 45C.

more pr ot or alP2I 0 et ot g oL Bt R PR b ity oy edEPeRdR 16 C

Also, it is tohat | reater
Chan about | iRAEAE bR FRAtbAE e %%ﬁpﬂﬁéyﬁ?{%%@%%e%%@wﬂﬁ e by

wei ght of t hea parhyleeof pmpywnel egelym@0%ilbyofieni sty secordaryl esdting peakisy
wei ght, or least 90% h I ght,

| . 95% t | t
97% by wei ghta djggent o %H§P°1 opegly &@P&P&heétﬁ?qsé ds cwlwﬁxegnglbpgbpﬁ i nezs
single te”pef Uﬁ%t k&@ﬁ}e& ﬁg?crf%d Br ﬁNQa fiacenie éﬁ%}}@pﬁbﬂ RC lﬁﬁﬁ fns, with

t he bal ance o ate y precedi ccee

t enperat ure frangd havisg %he@@rmmcemafgesoﬁneo"o @cuom,ormfcwamc(& in
hexane, beginning at 23C and the subsequent fractions are in aﬁﬁ oxi mately

8% i ncr err:ant'%p ebavbap3lewentogl ¢f90°§ueh2%c;, PrédiCormatldn Té‘éﬁ,rféf Pfeans
of tacti by ty BYCr Aaeriy bt Bk pOR RS ah ek arihe o s ife 1%, ot ont o

the per cent aggofpreférdbly RESthian 100%C, fahdl $VerPRbiBreferatds 16is tRhHoTed Riol he
met hod for determ ni ng triad tacticit is in the range having any_upper

limt of 98%itirprefyied ghat dodirsbpolgmes Kfme agpeiing pogu Ereagar thrmngbouhdd “Gny | ower
limt of 50%00 % 100951 Certain first polynmers have an isotacticity
i ndex greater Tt ‘0% or within the range having any upper limt of 50%

or 25% and anm(le]V\Fér the rﬂr&t ]ﬂflyrﬁ% aPleastl P9 bLORLIEht 68 iHedpdlyky, Pr aPMa¥fTEr S can
have a tacticity index (m Within the range havi ng any upper limt of
800, or 1000, 8Wh byz&aghtanua't Jeagt S5hoby m@tn@wtﬂaﬂ 907 by weight, or at least
95% by we1ght, or at least 97% by weight, or at least 99% by weight of the
polymer is soluble in a single temperature fraction, or in two adjacent temperature
fractions, with the balance of the polymer in immediately preceding or succeeding
temperature fractions. These percentages are fractions, for instance in hexane,
beginning at 23°C and the subsequent fractions are in approximately 8°C
increments above 23°C. Meeting such a fractionation requirement means that a
polymer has statistically insignificant intermolecular differences of tacticity of the
polymerized propylene.
[0094] In certain embodiments, the percentage of mm triads in the first polymer,
as determined by the method for determining triad tacticity, is in the range having
any upper limit of 98%, or 95%, or 90%, or 85%, or 82%, or 80%, or 75%, and
any lower limit of 50%, or 60%.
[0095} Certain first polymers have an isotacticity index greater than 0%, or within
the range having any upper limit of 50%, or 25% and any lower limit of 3%, or
10%. |
[0096] Certain first polymers can have a tacticity index (m/r} within the range
having any upper limit of 800, or 1000, or 1200, and those polymers may have

any lower limit of 40, or 60.



any lower limt of 40, or 60. WO 2006/ 044149 PCTI US2005/ 034946 -20 100971
As noted below, the first polynerization (and al so second pol yneri zati on)
may in certain cases be conducted in the presence of an a-olefin; thus the

resul ti ng wpabysmaaisbor mred when such a-olefin is present wéi §ﬁg§,&gg4ﬁ units
derived" from such a-olefin. Either the sane a-olefin or /P er ent
a-olefins can be introduced to the first and second polynerizations.
Conveni ently, such a-olefins preferablysghave from 3-10 carbon at ons.
Particul ar exanpl es of those a-olefins are C3-C20 al pha-ol ef ns, incl ude,
but are not Iimted to propyl ene; butene-1; pentene-1,2- nethylpentene- 1,3

- et hyl but h t hyl pent.ene- 1

ot < ed ALt oS RbEA s creond poeegeteRbne- 1.
di met hyl pent | 5

ot byl pent onerd G e R CoRRRd p Qe o R R RS e emlung

met hyl et hyl pegiyane- ﬁnnedibvth‘emshﬂutx&ﬂeﬁn Is plﬁsmyinﬂantlade“ﬂmtsjwmé” Ifom
met hyl nonene-1; nonene-1; dinethyloctene-1; trinethyl heptene
et hyl oct ene- such pelefip. i H}qrﬁbﬁ gayac o-plefiniprediffprant geaiefing: cand e@wtlcpd ind

hexadodecene- 1 Th 0 n i ene.

The opti onal é%l%g % 98% Me V&%ggar(g%}r? eﬁﬁ’ﬂg’t ﬁlrc éy%g\i)eﬁlwé perff%fagji%%/ t wo
unsat ur at ed tm@%dﬁhgrl@l Earbétt aloBRS Paft@lR fexhplddnsTahoead-StkiMangs G, ,f eadi |y
incorporated into a polynmer. The second bond nmay partially take part in

pol yneri zat i oaiphaaoltﬁnsmmdn@e chi are brod inmiesl tmptomleaﬁeb@bnvlppw:mhet 2at | east
post ‘52?3%?&1&% ighesLdsuelyeidiertios JEGS ot onal BBV PEREN R ude.
but are not t di X

ﬁn@!hk gntE li"3 ??gﬁ’é&ﬁ%rlb%%gé A¢ ﬁ‘é;ﬁ ehff 3k&ERE1: (ffetBylhexene-1;

1, 4- hexadi ene ene hépt adi en€), octadiene (e.qg., 1,7-
oct adi ene), ndmmthyﬂ:rmte@e-lgmmélhﬁbumnad; etﬂlgbpenttaeddnetame Q;angthylpentene 1;

1, 9- decadi ene decadi ene 1 adi eng decadi ene (e.g.,
1,11- dodecadlé’ hyq‘ef‘Fli‘edécaHi”é%%P‘émﬁne ?=1 qu i‘%cladl‘g?fg)’leﬁly&elnéed‘éﬂadl ene
(e g., 1,13-t i ere) ]:8,?}5& cadi ex h cadi ene,
oct adecadl ene&%{hg %ggad?engm i cogzg1 ! ‘Eeﬁ%ng c@gagﬁgﬁgﬂgéocgﬁﬁgghe

tri cosadi ene, dinethybsosizdi; enmmethgrhteptensadl afleylotiena o s ankithylethylbutene-1;
hept acosadi eng oct acosadj ene, nonacos¥aﬁc(i)| ene, _triacontadiene, and
ie

pol ybut adi enedieHithexgpeal sifodeesne drangdiey EM“F bf less than
[0098] The first polymer may optionally include a polyene. The optional polyene

may be any hydrocarbon structure having at least two unsaturated bonds wherein
at least one of the unsaturated bonds is readily incorporated into a polymer. The
second bond may partially take part in polymerization to form long chain branches
but preferably provides at least some unsaturated bonds suitable for subsequent
curing or vulcanization in post polymerization processes. Examples of the
optional polyene include, but are not limited to butadiene, pentadiene, hexadiene
(e.g., 1,4-hexadiene), heptadiene (e.g., 1,6-heptadiene), octadiene (e.g., 1,7-
octadiene), nonadiene (e.g., 1,8-nonadiene), decadiene (e.g., 1,9-decadiene),
undecadiene (e.g., 1,10-undecadiene), dodecadiene {(e.g., 1,11-dodecadiene),
tridecadiene (e.g., 1,12-tridecadiene), tetradecadiene (e.g., 1,13-tetradecadiene),
pentadecadiene, hexadecadiene, heptadecadiene, octadecadiene, nonadecadiene,
jcosadiene,  heneicosadiene, docosadiene, tricosadiene, tetracosadiene,
pentacosadiene, hexacosadiene, heptacosadiene, octacosadiene, nonacosadiene,
triacontadiene, and polybutadienes having a molecular weight (M,,) of less than
1600 g/mol. Examples of straight chain acyclic dienes include, but are not limited

to 1,4-hexadiene and 1,6-octadiene. Examples of branched chain acyclic dienes



1000 g/ nol. Exanples of straight chain acyclic dienes include, but are not
limted to 1,4-hexadiene and 1, 6-octadi ene. Exanpl es of branched chain
acyclic diwoemosMs2d06/ 044149 PCT/ US2005/ 034946 -21 ing e not
limted to 5 nethyl -1, 4- hexadi ene, 3, 7-di nethyl -1, 6- oct a‘ti(?’gﬁsemm 3484s

3, 7-dimethyl -1, 7- oct adi ene. Exanples of single ring alicyclic dienes
include, but are not Iimted to 1, 4-cyclghexadi ene, 1, 5-cycl ooctadi ene, and
1, 7-cycl ododecadi ene. Exanples of multi-ring alicyclic fused and bri dged
ring dienes include, but are not limted to tetrahydroi ndene; norbomadi ene;
met hyl - tet rahg/ldr oi ndene; dicyclo

di e
bi cycl o- (2. 2. WSiude byt sats_ gpl am “gcﬁnt aaﬁ R’{Sﬁv 1,4-hexpdiengie el -dirgsthylshfy eny | - |
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5-et hyl i dene- onene nor bor ne

5-i sopropyl i déiases2ndiadd) bungmeaot 5n(1&dctycll,43¢ﬁﬂrh}mam&ne2 lcﬁac)hﬂmaiicrﬁz; and
cycl ohexyl i dene- 2- nor bonene, and 5-vi 2- nor bonene] | es of .
cycl oal keny! - buts¥el P@Qﬂeé@dlﬁm%eﬁéémpkél‘ljyd@u ltiing ﬂ#@chétﬁl?ﬁd Ehn@%?dv’ﬂ?ﬁll

cycl ohexene, R v cl ene,
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12) - 5, 8- dodecrighydr§id8&ie; Anmci(ubﬁémwbxyer’rer bth'élb -(Conhtepta-2Shdibwne ar@f erably
has statistically insignificant int ranmol ecul ar di fferences of conposi tion,

which is the alkenyd, alkylidengpy crelealkenyds, IﬁﬁﬂefFYéCO@Jkdhgnft herbomemen {inchidingne sane
h t I Thi t f d f th
brocess used For t HOLMPHEL OB Res o ool PREFAOBRHeetn STRGPERID
det er m ned bynér%&n%IIé?s 1% RAELERorbbECELTRRNTR o geﬁ@ﬁym%rﬁmeﬁ gpyl ene

insertion errors in rel at to the nei ghboring propyl ené  residues.” [00100]
The first pol wumheayhdenpf%ﬂ@baﬂnhye,hmdst &wirgt-2emirbyrnemedi gni Ekaapies  of

i nt I I fe f t t h d t ti
or | entat i o oFqeakensEaaale aifes S, biEC sabmied oy R ddisenma o
(i ntranol ecul g cy-Emh%xs\rlﬁaD “ﬁﬁﬁ' £ QR erRN -yl s CI{aoﬁe&feﬁé refhvif EQRdend, esul ts

of a detailed &analysis i ncludes differential scanning calorinétry,
el ectron ni cr ssybpiclaivdecenk sandttetoacyclos@s Ut éh)ehs-doﬂacdnhe presence of
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propyl ene residuesiadi aGeHholbQuAN 8 RRHRE of! SniPbsiliod! AN is the ratio of
propylené to ethylene along the segments of the same chain (intramolecular). This
compositional analysis is inferred from the process used for the synthesis of these
polymers, and can also be determined by '3C NMR, which locates the comonomer
residues and propylene insertion errors in relation to the neighboring propy]rene
residues.
{006100] The first polymer also preferably has statistically insignificant
intramolecular differences of tacticity, which is due to isotactic orientation of the
propylene units along the segments of the same chain (intramolecular). This
compositional analysis is inferred from the results of a detailed analysis which
includes differential scanming calorimetry, electron microscopy and relaxation
measurement. In the presence of significant intramolecular differences in
tacticity, ‘stereoblock’ structures are formed, as described below, where the
number of isotactic propylene residues adjacent to one another is much greater
than statistical. Further, the melting point of these polymers depends on the
crystallinity, since the more blocky polymers should have a higher meliting point

as well as depressed solubility in room temperature solvents.



than statistical. Further, the nelting point of these polyners depends on
the crystallinity, since the nore blocky polyners should have a higher
melting point as well as depressed solubility in roomtenperature solvents.
WO 2006/ 04xtd40060644140)S2005/ 034946  -22 E. Second Pol ymer (fd ﬁéﬁﬂ%ﬂﬁ?iﬁy”er)
[ 0100] The reactor blends described herein include a second polyner
conponent (second polyner), which preferably is (or includes) an el astoner
having nore than 30 wt% or 40 wt% or 50,wt % units derived from ethyl ene
nmononer. The crystallinity, and hence other properties as well, of the
second polyner are preferably different fromthose of the first pol yner.
[0101] Preferably, the second polyner (also referred to as the "ethyl ene
polymer") is non-crystalline, e.g., atactic or anorphous, but in certain

nbodi d | i i i ncl udi
Fse?n' I(r:nrsgtsfa;thenZgjggoq‘dBﬁ{’)‘y%r@i@ég%ﬁyﬂ’ﬁmewgf (It Rg gelcggd pol ymer is

f bly deriwmed f th t i d hods,
P ocedur e ati®fc i ot et HUTRCaraRPef AP hoRle AR RAFOHRE" "

crystal lini t Yoboren®YEéddonll! golymef)enildth iprefbiy o (of TiMdRENYh edl@stomhbe
crystallinity of the second pol yner can be distinguished from the

crystal | i ni t javing trherefthas 30pwi’g mar 4bwibie msvithytichenits destved drgmrenthylensm t he

it d th ipg.th tallinity of th | d
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crystal lini t??%%%%ﬁeyémﬁHM& eﬁ.ﬁﬂqh(gs_glogﬁﬁq-ﬂglcbg %eﬁormnorrer content.

1
The percent ty | such cases 1Is neasured as a percentage of
hono- pol yet hyj0HH¢ crystRatlerably,thasdcorichpalytee (adsd geferred td he ther Yethylkhe ni ty

fromethylene is established. [Q1021 Preferably, in addition to units
deri ved fromF@kW}qre)ne‘,S PRB-CESHINRE 5oy nAiRcls) 5 AR » UMt & desFfaled from
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enbodi nent s iButadny enstallpdint iofll thy shcbhé rubymérr smpteferablyodafived frmnaher used
in formng the first gol ymer, in which case it is referred to as a "second
a-ol efin. " Afiesne 3ad A SUBOEn ofgivbhiehed metiods BISSEANET Rh ACABHIUER tAISf  t he
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formul at ed usfdig ethylene. The crystallinity of the second polymer can be distinguished from
the crystallinity of the first polymer by removing the first polymer from the
composition and then measuring the crystallinity of the residual second polymer.
Such crystallinity measured is usually calibrated using the crystallinity of homo-
polyethylene and related to the comonomer content. The percent crystallinity in
such cases is measured as a percentage of homo-polyethylene crystallinity and
thus the origin of the crystallinity from ethylene is established.
10102] Preferably, in addition to units derived from ethylene, the second
polymer also includes units derived from an o-olefin monomer, which in certain
embodiments is the same as the o-olefin monomer used in forming the first
polymer, and in other embodiments is at least partially different from the a-olefin
monomer used in forming the first polymer, in which case it is referred to as a
“second o-olefin.” Any of the o-olefin monomers listed above in the context of
the first polymer can be used, particularly butane-1, pentene-1, hexene-1, heptene-
1, or octene-1. Advantageously, the second polymer can be formulated using
different a-olefin monomers, selected from the list above for the first polymer,

and/or different amounts of monomers, e.g., ethylene and o-olefin monomers, to

prepare different types of second polymers, e.g., ethylene elastomers having



different a-olefin nononmers, selected fromthe |ist above for the first
polymer, and/or different anounts of nononers, e.g., ethylene and a-ol efin
mononer s, W& 2pEdi%e different types of second pol yners,rargs2005d3aydsene

el astonmers havi ng WO 2006/ 044149 PCT/ US2005/ 034946 2;_ desired properties.
Accordingly, a blend conposition can be prepared in which the conposition
I ncludes a first polynmer having one set23f properties and a second polyner
having a different set of properties, so that the conposition has the
desired m x or balance of desired properties. Advantageously, a continuous
mul ti st age l.es I C : t - .
conposi ti On?&e@%@fﬁgo&t% ﬁ[ e ‘Aﬁ%{g{fﬁ ﬁ%@’h%gﬁl%/nda%@l@g%%?}gflok% ért é%bé E&? é"hwhr enoval

of sol vent s, the c@mpodition HeM@keah diritZatyrod havihg wink Bewdf pasperfieentdtaosepbivdi cal | y
conbi ne polynmers after separation. [0103] Preferably, the second polyner is
formed duri rRplymser bgying tee diftesemidset pd| grapdriiostsoothat e epmpesitione haaége of

series reactors js preferabl opducted in.a r r I tioned stream
of the react% lrf% [ 851%?%_8‘: iO?s eglﬁ%ci yﬁ@reﬂiegt [ éﬁl%ﬁritggecoglg@u& %%fm}uﬁﬂ ich -
nost of the mutiiagh Pryd@E (s&idsOsBakalitly dafebeC s & fAnP Al doBhposRioACesS,

i nvol ving paral |l el” polynerization and/or parallel reactors, the "second

pol éme [ " n?ywnbomdh?plﬂ?da;o &}Pﬂé}(fj lgayreepa‘iramnaﬁéell, Weg-;'ﬂemsal Eﬂ‘bﬂic?ht'ml&, :[Bhg)u?yt h;a .
pr oduc strea St i. i ncl.udi ng sol ven re i ned after e first an
econd pol ynidaaliation b Syiief b opetitd By SafidpeerBien PyImeR 286k ond

pol ymer incl gdesy6Rr is) an elastoneric polynmer, which is preferably an

et hyl ene- al pha-ol efin el astoner (including ethylene-cyclic olefin and
et hyl ene- al pfd03pl ef i nPrifabblyi the sheoridyeplymehs foinedduang (wehy) ke fegondeasur ed

by Mooney Viscosity).and. lLqw crystallinity. The second ol r can be
o epar od” ut | POSTREEAIA SO Phceoal S etk pperaralh coidied Bealyst
descri bed belQu,, ?Bsi%néde&’c?&ms%%ﬁﬁﬁﬁ% tdafrof TP QP AIEMRE firk ol afxgish?i,pgiqtky”er IS

formed in the presence of a catalyst (e.g., the "second ca hat is
diff er ent fcmrdlut:tlaé,"mamiblymosueéﬂheffu‘st paoymereis ifanimegl. tlhahé casstofaglayatted (e. g.
he Lo RSt kTS Sacong, ROL LS L g2 Slest o0
[0105] One pysipARe: Rby bRGofhd®it ROLMAR lineSskRe SARAPSSER® vat e RHbgR of the
streams (still including solvent) are combined after the first and second polymers

are sufﬁciently formed.

[0104) Preferably, the second polymer includes {or is) an elastomeric -
polymer, which is preferably an ethylene-alpha-olefin elastomer (including
ethylene-cyclic olefin and ethylene-alpha -olefin-diolefin) having high molecular

weight (as measured by Mooney Viscosity) and low crystallinity. The second

polymer can be prepared utilizing any appropriate catalyst, but preferably the

catalyst described below. In at least one specific embodiment, the second polymer

is formed in the presence of a catalyst (e.g., the “second catalyst”) that is different

from the catalyst used for polymerizing the first polymer (e.g., the “first catalyst™).

Any number of second polymers having a selected composition (e.g., mbnomer

type and content) and properties can be formed.

[0105] One purpose of the first polymer is to enhance the attributes of the

second polymer. Such enhancements can manifest themselves in a variety of

ways depending on the specific application and the specific blend contemplated.

Such enhancements include, but are not limited to, improvements in cure rate and

state; processibility as defined by such processes as milling, extrusion, calendering



second pol ynmer. Such enhancenents can mani fest thenselves in a variety of
ways dependi ng on the specific application and the specific blend

contenpl ated. Such enhancenents include, but are not limted to,

i nprovenerWO 2M6/B4148 rate and state; processibility as deft/oemhodyssach
processes as mlling, extrusion, cal endering W 2006/ 044149

PCT/ US2005/ 034946 -74 and injection nolding; physical properties such as

t oughness, tack, adhesion, tear resistdldce, tensile and el ongati on and heat
aging as defined by the retention of such physical properties at el evated
tenperatures. 101061 For exanple, any one of the ethylene, alpha-olefin,
vinyl norbo t 0 r any
of such el agﬁ gﬁé?‘é?@n@gﬁ ‘3% }%ﬁl%mgﬁﬂpéﬂe#ﬂéh an&%-Fn e%}ac%ar%]%sgl}lh eg{rjlded for
use in a powedistadel eensﬂatanﬂgﬂ@sgmﬁomradd }ﬁatnagmgfa@rdeﬁdecasayahseet@ﬂtﬂorpefyrrer
The portions of t hat patent describing the elastoners, their properties,
and met hods fs8¢h plyeioed Propegiies ahelevated emyeratwss-por at ed by ref erence for

pur poses of pat ent. practic 01 I | ene

al pha- ol efi nlfgﬁ%@torrerll:coo SFWBF %’h’ %@‘Jltoﬁoﬁ%e’ aegﬁglﬁ%eéﬁj?‘ﬁ % Myént No.
6,271,311, omofhinée EldGBmRIsAEELABES in NNSOPRGHENONG, IV 185 of ARy REIvERE,
which are primarily intended to be fornmed into extruded articles, can be
formed as a sxastoroerpdhgarperatifpeEleBrasi tinspdﬁeneh@rlnmlknmendwlsﬁm lhﬂenlgl the

el astoners, their E@opertles and rret o% makl n %a@g her eby

i ncor por at ed BV & Féﬂ@@gf‘tﬂmlﬂﬂ}ﬂ" 0 ARSOE ?)?ﬁcg i ca¢ PPPES]
Further, a Sedmgl Qedcribhfh ga% ARYorRtrs, B8 E}dpémean@hﬁﬁﬁdgk&fmamgv' nyl
nor bor nene el asto escrl bed in U'S. Pate 946, or any of

such el ast onghemi med:embyanumgoﬁNBtazsrefdnmcmeseppf WEeS.ipatent ptaeticked f or use

in vehicle @ é The t| ons qf that at en descr.i bi t he, el ab't oner s,
their proper® and r hgaiet hasplefif o plaB\PMERE o PRYITET e d by
reference fo t Ckh 0, [ any of
AR i ?%f%b‘-’s?% 3 9?‘%3%‘%&‘7 A bomerty 8ESlch, afihdts 7

Pat ent No. 1ﬁ6ﬁp6ﬂaﬁng<ﬁNant}mfpcﬁymﬂa ehizhtaonprimarilyninended &t banfprinbiBists t he
pol yene, prlnarlly I nt ended for use in vehicle hoses, can be forned as a
second pol ymefXtrugfd apisiss; eansbgformgd as gaeeand £ bl PfgParHans &f that pteiKs,

their propert &g iniad e ted OthelPEiopenttiCMd Metnd¥s ©P¥naking them, are

hereby incorporated by reference for purposes of U.S. patent practice.

[0108] Further, a second polymer can be any of the ethylene, alpha-olefin,
vinyl norbo_mene elastomers described in U.S. Patent No. 5,807,946, or any of
such elastomers incorporating ENB as the polyene, primarily intended for use in
vehicle parts. The portions of that patent describing the elastomers, their
properties, and methods for making them, are hereby incorporated by reference
for purposes of U.S. patent practice.

[0109] Additionally, any of the ethylene, alpha-olefin, vinyl norbornene
elastomers described in U.S. Patent No. 5,766,713, or any of such elastomers
incorporating ENB as the polyene, primarily intended for use in vehicle hoses, can
be formed as a second polymer. The portions of that patent describing the
elastomers, their properties, and methods for making them, are hereby
incorporated by reference for purposes of U.S. patent practice.

[0110] Also, any of the ethylene, alpha-olefin, vinyl norbornene
elastomers described in U.S. Patent No. 5.698.650, or any of such elastomers
incorporating ENB as the polyene, primarily intended for use in vehicle brake

parts and power transmission belts, can be formed as a second polymer. The



I ncorporated by reference for purposes of U S. patent practice. [0110] Al so,
any of the ethylene, al pha-olefin, vinyl norborene elastoners described in
U.S. Pat e’YORBI6/34888 650, or any of such el astomers i n®EAPINeNSIBLPIENB as
the po]yene, primarily intended for use in vehicle brake parts and power
transm ssion belts, can be forned as a second polyner. The WD 2006/ 044149
PCT/ US2005/ 034946 -25 portions of thaf-patent describing the el astoners,
their properties, and nmethods for making them are hereby incorporated by
reference for purposes of U S. patent practice. 10111] Furthernore, any of

t he et hyl epRrtichk RR &z bfhhdeskibink tROS1DAGBAE, thelrpedpeitdss aldshéthbadiorn U. S.
Patent No. 5,656,693, or any of such elastoners incorporating ENB as the
pol yene, havakiag thepy, owe deraby engrrppratedi ysreferancehtor ruspasesl s UsS.spatenid

pol ymer. The portions of that patent describing the elastoners, their
properties,pr “met hods for making them, are hereby incorporated by

ref erence fof3ur POSqurerrthrS; af'of Me BRARTECAphd 3R] vALOPnoRinR e

et hyl ene, al pha-ol efin, non-corijugated bicyc i ene €l astoneric polyners
descri bed ietastdn®rs MaseivedNa. US. @aterB Ny, 9656683, afr aycof sathstlasiemers

I ncor porati,ng ENB.as ol yene, which_can then be conpounded an

cal ender ed PYRIBOTtRg, &y : %aﬂkl%éo#yﬁ?m"g@ @E@B%&%P%meﬁﬁhémbgﬁet i ons of
that pate i bi o] S LI ProRertLg8s aet hads for
maki ng the%nﬂ%?(eéghée)r%g?ﬁéﬁjcoﬁlg%é a{@{cf E’)?Mrbgjk e(r)fe)rtlfgdg ?é(}%rﬁpudre%glg%lg&o u. S.

pat ent pracdlastemerd 0%} piopettley, @dy nidfthddse fei hyhldng, tiehphaael dieteby vi nyl
nor bonrene el astoners described in U S, Patent No. 5,571,883, or any of such
el ast oner s iNfeipeRRRE LY el geRRBoRRUPPES pblye Matentpraetiteean be used to form

ot or venhi f%%]\/i br at}\gg gﬁ?%gq%ep Hete, %ﬁglagqq%fgxg rﬁ@lqco ?1{%&%3(:8 l&m ymer.

The portion t hat " pat escriping’t oners, err properties,

and net hodsdiémy elasdeheric poighiers doseritedrieLyS. eat . 8163d,309, ophay enegch or
purposes of U S. patent practice. 10114] Therefore, as exenplified in the
above pat erflastomers incorpsating E)Ress the pelyenes Wik csadhen bagprmnepadeshand

N

i s consi dergferit Gesibidpy tHeyelanemepthef tpropsdrti¢ss and methods for making them,
are hereby incorporated by reference for purposes of 1.S. patent practice.
[0113] Finally, any of the ethylene, alpha-olefin, vinyl norbomene
elastomers described in U.S. Patent No. 5,571,883, or any of such elastomers
incorporating ENB as the polyene, which can be used to form motor vehicle
vibration damping parts, can be formed as a second polymer. The portions of that
patent describing the elastomers, their properties, and methods for making them,
are hereby incorporated by reference for purposes of U.S. patent practice.
[0114) Therefore, as exemplified in the above patents, the second polymer
can include one or more optional polyenes, including particularly a diene; thus,
the second polymer can be an ethylene-propylene-diene (cormmonly called
“EPDM™). The optional polyene is considered to be any hydrocarbon structure
having at least two unsaturated bonds wherein at least one of the unsaturated
bonds is readily incorporated into a polymer. The second bond may partially take
part in polymerization to form long chain branches but preferably provides at least
some unsaturated bonds suitable for subsequent curing or vulcarization in post

polymerization processes. Examples of the optional polyene inchade, but are not

limited to butadiene, pentadiene, hexadiene (e.g., 1,4-hexadiene), heptadiene (e.g.,



havi ng at | east two unsaturated bonds wherein at |east one of the
unsaturated bonds is readily incorporated into a polynmer. The second bond
may partially take part in polynerization to formlong chain branches but
pr ef er abl WQRHS0dE49 at | east sone unsaturated bonds sui trEbi/esfoosremusequent
curing or vul canization in post polynerization processes. Exanples of the
opti onal polyene include, but are not Ilimted to butadi ene, pentadiene,
hexadi ene (e.g., 1, 4-hexadiene), heptddi-ene (e.g., W 2006/ 044149

PCT/ US2005/ 034946 -26 1, 6- hept adi ene), octadi ene (e.g., 1, 7- oct adi ene),
nonadi ene (e.g., 1,8-nonadiene), decadiene (e.g., 1,9-decadiene),

d d . - di ,
ondecadent o fgienty IREREL nSlocndls Al NAC (240 1 s hoasbiload! ene

tri decadi ene ecadi

1, 13-t et r ademdibnenele,. g pent, adecaiierehe, uhdecadienadiene, 1ldptuadtensdiibreie,
octadecadlene nonadecadi ene,_ icosadi ene, henei cosadi ene docosadi ene,

tricosadi efedecadiens csidi bhb-dogeradicas) atiidesadiente X dos dal Etridecadiene),
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1, 4- hexadi ene and 1, 6- octadi ene. Exa ol es of branched chain acycllc di enes

i ncl ude, bldpcmaélen@t tricopadiehe, t debaqesadisrie, 1 pentaesaadicope, hexacosadiene,
3,7-dinmeth ct adi nd 3, 7-di net hy oct adi,en

single ri né Baf:q’sg e Q‘ff %asce‘?nr?e Pﬁ'&ﬁgosage Wéc%?dlfﬂ?erﬁa{lgtﬂ’oﬁﬁ’ul%g‘nges

1, 4-cycl oh%@ﬂfgeﬁﬁml&u& QSR ?dbiel@ﬁs th%ﬂﬁloé@ o7yt edAHBRAM £8Raighkanpl es
of multi-ring alicyclic fuSed and bridged ring dienes I nclude, but are not
| i mited to chaiat aeyh!zxdr@emkem:]udaorﬂmbrmdn@ehmrted hol 1 ddtexadiigde oan@lehé;

G orelopent atshe, pauele il et libet ez s st cond ket
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tetrahydroindene; norbomadiene; methyl-tetrahydroindene; dicyclopentadiene;
bicyclo-(2.2.1)-hepta-2,5-diene; and alkenyl-, alkylidene-, cycloalkeryl-, and
cylcoalkyliene norbornenes [including, e.g., S-methylene-2-norbormene, 5-
ethylidene-2-norbornene, 5-propenyl-2-norbornene, 5-isopropylidene-2-
norbornene, 5-(4-cyclopentenyl)-2-norbornene, S-cyclohexylidene-2-norbornene,
and 5-vinyl-2-norbornene].  Examples of cycloalkenyl-substituted alkenes
include, but are not limited to vinyl cyclohexene, allyl cyclohexeme, vinyl
cyclooctene, 4-vinyl cyclohexene, allyl cyclodecene, vinyl cyclododecene, and

tetracyclo (A-11,12)-5,8-dodecene.

F. Series Process

[0115) As noted above, one form of multistage polymerization 1s a series
process (e.g., series reactor process). Preferably, in a series process, - involving
sequential polymerizations, two (or more) reactors are connected to one another in
"series" via a conduit (e.g., piping) so that material exiting one reactor (e.g.,

effluent) is fed to the other reactor, although valves or other componenis may be



10115] As noted above, one formof nultistage polynerization is a series
process (e.g., series reactor process). Preferably, in a series process,

i nvol vi ng Weasé4i48| pol yneri zations, two (or nore) rea®CoNs280503H960Nnect ed
to one another in "series" via a conduit (e.g., piping) so that material
exiting one reactor (e.g., effluent) is fed to the other reactor, although
val ves or other conponents may be WO 2Q06/.044149 PCTI US2005/ 034946 27

i nt erposed between the two reactors. Sonetimes the two (or nore) series
reactors are referred to as a single "series reactor.” [0116] Preferably,

the series pr.ocess s a continuous sol ytion | ymerj zation process that
| nvol ves contIIRES beieFRAs NP Hataini SOTRES MG (oF RATSHERS TRFRI of

reactors (serjesefb@aficdssinahbesehic@dace@f »reactors includes at least two
pol ymeri zation reactors conngect edl In series (i.e., sequentially) where the

i ndi vi dual fi}0316jpol ynePrefarablgectind eoleyngro@se nede icontineowsepsolatien

reactors. (The first, and second ,polynmers nay alsp be referred.to as the
first and se ﬂnewlyﬁmroceéamﬁmlg@s"sonﬂnflwsix dF&‘éE”cgo’lnaEeé‘ﬁﬁb@I‘?ﬂggraat ed to

I ' t hg, [ ' ' f; th
reat react or rei R ERaldueih g, THE ot BherBis bt 188 et or

whi ch i's opersiegolymepiohtydte réattors ROmseee@dnth s@ddsy (iR, sefhemially) avigeeahy
ensures that the second polyner, made in the second  reactor, is nade in the
presence of tHdividuatdirgopalymmer anchpesand pohears arp made i thetseparatecreaetors) ¢ wj | |

e o0 2 PN SRR S AR b e 9 3 1

in the second*ré€ac s and a fu

pol yner, the pelyimeerédapdmensP?) Otluist ehaQibt CAT b pefald BESEINthefied ElieOfirst Whi ch
is ,or includes a "reactor blend conposition”) may include not only the

second pol ynpelymer insdodwicon eTherrepatoree P oty from Siseliisersactanis ther inpduend, have

I ncorporated .therein.a "first polyner" qr .,a "sec polynmer. ", but do not
Falt heatl y i I GRQIR oF i gb A gediPa E5RRlos Hick s FERRRO PTG e e Sienhd o
pol ynmer " accopgliyier, 'Thif Bitaenten enstdsi thitt the RecdMar Rilyimer, imdde iAAh& Secoh@WeVer,

that the "second polyner" can nevertheless be separately identified using
any of a numbweactef, is enasigninztbd presaadeyef thalfirsepolpner, ameich éx madededhe fitset her by

0y ect, Teasur CARRL F, 58 Ak, L b Tk e 6 SERU TR U, e
pol yneri zat i OpolpfRfigstitned Hhe QWebrdNeddd® include both monomers and a fully formed
first polyﬁner, the polymerization product from (or in) the second reactor (which is
or includes a “reactor blend composition”) may include not only the second
polymer but also one or more polymer species that include or have incorporated
therein a “first polymer” or a “second polymer,” but do not fall neatly into the
category of either a “first polymer” or a “second polymer” according to any of the
definitions herein. It is noted, however, that the “second polymer” can
nevertheless be separately identified using any of a number of recognized
analytical methods and techniques, whether by direct measurement or calculation.
[0117] In general, except as noted otherwise, polymerization in each
reactor may be conducted by any of the polymerization procedures known in the
art, including making adjustments as needed or desired based on the
circumstances and equipment being used. However, it is preferred that the
polymerization be conducted under conditions where the reactants and products
are completely in solution. These polymerization conditions can be obtained by
using a solvent, in sufficient quantities, common to both of the polymeric

components as the polymerization medium at suitable reaction conditions,



art, including nmaki ng adjustnments as needed or desired based on the

ci rcunst ances and equi pnent being used. However, it is preferred that the
pol ymeri zati on be conducted under conditions where the reactants and
products VW 0Bkt ely in solution. These pol yneri zat i eorTam206sid399%g can be
obtained by wusing a solvent, in sufficient quantities, conmon to both of
the polyneric conponents as the polynerization nmediumat suitable reaction
condi tions, WD 2006/ 044149 PCT/ US2005/ 884946 -28 including tenperature and
pressure, such that all of the conponents of the polyner mxture are

mai ntai ned in solution. [0118] CFSTR A-particularly preferred arrangenent
is atrain of ntinuous flo

t least two cC Sti,rr tank reactor.s, (CFSTR)
connect ed i IHClé'aVligegempFﬁ%mrep ﬂg@ipggﬁsugﬂt rYER JPEs 2 n‘ajeglben&?]@e’f‘?rﬁ% ob théuch
ar r angement 5 }eheSRiHIAR HE mARANENH M@lon. However, each reactor shoul d be
capabl e of %EI ng fed independently wth nononer, solvent, catalyst, etc. In

addi ti on, t{a18fgit at i GASTR: cAipdettulanlyqpraferfed amngeraei8iRashainlofl atleasti gor ous
enough to avoid unm xe zones.in the reacFL:ﬁ,r ngch desc'i qn cqnsi g_géati ons of
CSFTR are w9 cRipBHeuE dloy stred tank geactasn (CASTR canpecisq Mnsgrigte dd&irable to
remove pol O%Hfé a .cat aty. [o]aT! sqQl vent ;and
nonomner fe:@‘ﬁg&gﬁ e %J%?ﬁngd%%%sﬁnﬁ% g}(;uﬁ%glr] gﬂlré%gn’ent;‘: i ?1{;1 edé),@ or ot her

absorbents esvkmiomal.i n Hoeveasr! . edch redcedrershealderteodapabié sof hieditg | fedr enoved
fromeach reactor, during polynerization. Heat renoval can be acconplished
by met hods Rdependaailin with masomer, salvantagatalysto ete oflpjagdition, dhe agigatin
prechilling i tiGa: t.o C I I rj ous. jnations of
t hese technp%ggigaqioéu;aggf %g % gﬁ%?%r%%\b\}c{]ﬁe %?%dgﬁ?ﬁ ?Iéod’\éﬁeue) S édr g’%%lre ferred.

101191 Pol ypErek 3@ theoread@iPSush dedgn cohsdebeinsad CSEIRIGR: tlltkhewhRtoaess of
formng the reactor blends herein is the different tenperatures at which the

di fferent r&bed perso pothenart.ily ey desdesiable to rrmetecpplarmenmprouads et actan be
Femer at ur c*hRaBost TR catl phet 2t BPatebC R A Pa pBCBHE skl 1 oo
in the art moldtukerdieVed, Qriidh B2AS,So08fr | pesrbbaiseANkndWE iBCGONS. In
pol ymeri zation tenperature (e.g., ten;jperature in the second reactor) is
hi gher t hanpréaiered gmbodiments, heat 1s removed from each reactor during polymerization.
Heat removal can be accomplished by methods well known in the art such as auto-
refrigeration, feed prechilling (adiabatic reactors), cooling coils, or various
combinations of these techniques. Adiabatic reactors with prechilled feeds are
-preferred.
[0119) Polymerization Temperatures. A preferred feature of the process
of forming the reactor blends herein is the different temperatures at which the
different reactions (polymerizations) are conducted. Temperatures can be
measured at one or several points within the reactor using one or several
temperature probes, using equipment and procedures known to persons skilled in
the art. In certain embodiments described herein, the second polymerization
temperature (e.g., temperature in the second reactor) is higher than the first
polymerization temperature {c.g., temperature in the first reactor). Those
temperatures are specified above, as part of the specific embodiments.
{0120] Reaction Pressures. Pressure in each reactor should be sufficient to
keep the reactor contents in solution at the selected reactor temperature.
Preferably, the first polymerization (e.g., polymerization conducted in a first
reactor) and the second polymerization (e.g., polymerization conducted in a

second reactor) is “maintained” at a particular level or range, meaning that the



pol ymeri zation tenperature (e.g., tenperature in the first reactor). Those
tenperatures are specified above, as part of the specific enbodi nents.
101201 ReX¥Oi2BM/@#H8sures. Pressure in each reactor shoulrtTes2e0sfBimisent to
keep the reactor contents in solution at the selected reactor tenperature.
Preferably, the first polynerization (e.g., polynerization conducted in a
first reactor) and the second polynert2@ation (e.g., polynerization
conducted in a second reactor) is "nmintained" at a particular |evel or
range, neaning that the WO 2006/ 044149 PCTI US2005/ 034946 -29 pol yneri zation
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1050 kPa, or of @eeskin@, rahfesamiiy b 9éttah cdshs MOutiibad, aris phefed@d thdrahe Girst12, 600
kPa, or 11,900 kPa, or 11,200 kPa. It is pref erred that the second
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or 1050 kF’a,13<3'0071&% kPfo ee@kﬁmbrhngjompalé]r 1080k RRa. O is bPefS3PQ thRBtheOr
12,600 kPa, or 900 kPa 0 [0121] Resi dence Tines. As used

her ei n, the wammﬂ"pcéymdMent(whmh imeanain dntdmdanemtageseu armhﬂmmm@vel/rasch

reactants for, a_ particul ar poI zation are sent toget
Catal yor i n SO HP RaVHFRAaLRE: OF Wb e Sritn oy GRictings) (5 Griittge ohe

reactor volu S%etﬁﬁﬁbg‘ﬁﬂn‘x‘ﬁﬁﬂdv@ o?g,% kb Cor 750 mﬁ'o@qmmr@ A reactor

is dependent on many ctors,” including the size of the reactor. An exanple
of resi dencéPtj oe 700 kPaathamehighorf 14700 bha,l ort 13,380 kRanot E560bkPayore

narromy fro tq 30 mputes. Al though other residence tines or ranges of
resi dence ti %3095@) {T]Lg(h]&)s% cases be utilized, it is preferred that the
first residengeyime raf@&?dem&ﬁn?es |A3%s08 nérclH, R €Fm -Risienll L Chenty 6

m nut es, utes, or 8 mnutes, or m nutes, to a high of
m nut es, or 9be avemagectime dnm@wmchmteemntsofor E@amcmlamn@]ymmzatmn are present

E

together with catalyst in a particular reactor. This is calculated by dividing the
reactor volume by total volumetric flow rate. The residence time per reactor is
dependent on many factors, including the size of the reactor. An example of
residence time for each reactor is from 1 to 180 minutes; or more narrowly from 5
to 30 minutes. Although other residence times or ranges of residence times may in
certain cases be utilized, it is preferred that the first residence time range from a
low of 4 minutes, or 5 minutes, or 6 minutes, or 7 minutes, or § minutes, or 9
minutes, to a high of 100 minutes, or 90 minutes, or 80 minutes, or 70 minutes, or
60 minutes, or 50 minutes. It is preferred that the second residence time range
from a low of 4 minutes, or 5 minutes, or 6 minutes, or 7 minutes, or § minutes, or
9 minutes, to a high of 30 minutes, or 25 minutes, or 20 minutes, or 15 minutes, or
12 minutes, or 10 minutes.

[0122} Monomers. The monomers used in both polymerizations are set
forth elsewhere herein, and are determined based on the desired composition of
the particular polymer that is being formed. The monomers may include, for

example, ethylene (C;) and a-olefins (“alpha-olefins™), including higher alpha



60 mnutes, or 50 mnutes. It is preferred that the second residence tine
range froma low of 4 mnutes, or 5 mnutes, or 6 mnutes, or 7 mnutes, or
8 mnutes, or 9 mnutes, to a high of 30 mnutes, or 25 mnutes, or 20

m nut es, WO 2086/d4im es, or 12 minutes, or 10 m nutes. [ @tTAis20d3nme4mEs. The
nononers used in both polynerizations are set forth el sewhere herein, and
are determ ned based on the desired conposition of the particular polyner
that is being forned. The nononers may. 3gmcl ude, for exanple, ethylene (C2)
and a-olefins ("al pha-olefins™), including higher al pha WO 2006/ 044149

PCT/ US2005/ 034946 30 olefins (C4-C20), as well as polyenes, e.g.,

non- conj ugat ed.di gnes. . A particul.arl useful al pha .ol.efin js propyl ene,

ot hough of HEPTRT Griet i 8 ML Rgtekeg B otical G difreso A Rl Rlie: o
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solution polymerization, requires a solvent. Exanples of solvent that
can be used asset fdrth disevdieredmdeinecond pol yneri zati ons descri bed herein (e.g.,

i ntroduced t firs and second. reactors) .are hydrocarbons such as

al i phati cs, @égﬁaliphs@i‘fﬁ%‘?' dhoted ghes: @ Hgﬁé?%%dapﬁegb&d IORNEE rPBHIO0| vent s

are C12 or | | = ' s ranc = ' ar bons,
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sol vent s ar etheefiengnd feusmigolyperizaivgs debeiediRreis Y€ O petrddaned tocthe Ifititexane,
cycl ohept ane, methyl cycl opentane, nmethyl cycl ohexane, isooctane, benzene,
t ol uene and R4 sprondHERAPKS) iate hydiosarbens sush @ calipbpaycs, cielosliphaties| andnt i s
used in both_pol ynerizations, £.4..41 N0, both reactors, and is.recycled, as
i scussed. berbupFomdftanin, Seftard (RhdRtonates Bt JuctoweE TalaherBStche: 1,
during oper abtfiahedéhain) Csabfiel NHRUScAbOKLSEhd €RCTH (RASHtRatedX RBEYcHBCHS _
pol ynmeri zation that produces an effluent stream That effluent stream can
be conposed eforpaicyhisiroqarhetiscExemples of tsheh palivemis rarg heiang, butang|pentagecat al yst
and any unreﬁct ed m)ng)mars. ef f | uent be, char act er|

Each d
havi ng a par DFRANS CYERPSHHEIS CoHICBRTANS: FAIOhPIne, Pelty] BIEloPeRiARe, sBebRo,
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range of | to 30% by wei ght or between 3 to 20% by wei ght, based on the

total wei ght Potferably, thaersaine sblventeis fusedim botihpolemizhtitise d.gi, in bbb reaciens) e
and is recycled, as discussed below.
[0124] Effluent Streams. As discussed elsewhere herein, during operation
of the continuous process, each reactor experiences polymerization that produces
an effluent stream. That effluent stream can be composed of polymer produced
from the polymerization as well as catalyst and any unreacted monomers. Each
effluent stream can be characterized as having a particular polymer concentration.
As an example, the polymer concentration in the effluent of each reactor can be
maintained in the range of 1 to 30% by weight or between 3 to 20% by weight,
based on the total weight of the particular effluent. As exemplified in the Example

. below, involving a series reactor configuration, the polymer concentration of the

first effluent preferably represents the first polymer only (which can be measured,
for example, by separating the formed polymer from non-polymer materials). In
contrast, the polymer concentration of the second effluent represents all the
polymer material present in the second reactor, measured at a given time, e.g.,
after a particular residence time or some other set point. That polymer material
includes at least the reactor blend, which may include a certain amount of the first
polymer together with at least one other polymer, e.g., a second polymer that is

either a reaction product of the first polymer together with other reactants present



bel ow, involving a series reactor configuration, the polymer concentration
of the first effluent preferably represents the first polyner only (which
can be neasores44fi9r exanpl e, by separating the formed pehrwR6osisoT
non- pol ymer materials). In contrast, the polynmer concentration of the
second effluent represents all the polymer nmaterial present in the second
reactor, neasured at a given time, e.g.,3; after a particular residence tine
or sone other set point. That polyner naterral i ncludes at |east the
reactor blend, which may include a certarn anDunt of the first polyner
together with at |east one other pol yme .g., a second polynmer that is
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[0125] Pol yner Recover ymer can be recovered fr ei ther__effluent
(e.g., the ef PGefit> W%rﬁrt%\?t%r pis{ Wt & W1y tq 3y ueh Pﬁ@ﬂ"‘%ﬁ Pt Wesecond

reactor) by SERFLAL |d;|q8t‘ﬁe/o %9'1%% Orrqgrvas/her constituents of the effluent.

Convent i onal separatron nmean yed For exanpl e, polynmer can be

recovered fro[oi@sf | uentpaymﬂagwoaéﬂyomwmlpnﬁr nansbé¢ weddvesad roas dithepr opy!|
al cohol , acetone, or n-butyl alcohol, or the polynmer can he recovered by

stripping t helflient (s, the esiuent fraseithe first reastatt orothe sffugmt Trom ther sasem
conventi onal q?‘]ﬁ}e) \{ch \Psa}‘a?mg C@éf ?Ré%' dgnt.s, @1@1“ c%ﬁ G %?rﬁ,ge%g e t he

pol ymer during ery =pr 0%s bie ANt oxI dant Soi
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heptyl at ed di phenyl ami ne, 2,2'- methyl ene-bis (4-nmethyl-6-tert- butyI}phenoI
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recovery SUChal%ghoqyace Uie ugren Butyll Oy\efro}? poﬁymer can be recovered by stripping
the solvent or other media with heat or steam. One or more conventional additives
such as antioxidants can be incorporated in the polymer during the recovery
procedure. Possible antioxidants include phenyl-beta-naphthylamine; di-tert-
butylhydroquinone, triphenyl phosphate, heptylated diphenylamine, 2,2'-
methylene-bis (4-methyl-6-tert-butyl)phenol, and 2,24-trimethyl-6-phenyl-1,2-
dihydroquinoline. Other methods of recovery such as by the use of lower critical
solution temperature (LCST) followed by devolatilization are also envisioned. In
both series and parallel configurations, the catalyst may be deactivated when the
reactor effluents have been combined. Deactivation shouid be used to reduce or
eliminate further uncontrolled polymerization downstream the polymer recovery
processes. Deactivation may be effected by the mixing with suitable polar
substances such as water, whose residual effect following recycle can be
counteracted by suitable sieves or scavenging systems. |
[0126] Polymerization Rates. For an adiabatic reactor using feed chilling
as the method of heat removal, the overall polymerization rate is set by the

difference between the temperature of the second reactor and the feed



solution tenperature (LCST) foll owed by devolatilization are al so
envisioned. In both series and parallel configurations, the catalyst nay be
deactivated when the reactor effluents have been conbi ned. Deactivation
shoul d bewseastoasineduce or elimnate further uncontrol lpegdERbisiBEdsgat i on
downstream t he pol yner recovery processes. Deactivation may be effected by
the mxing with suitable polar substances such as water, whose residual
effect follow ng recycle can be count-8Racted by suitable sieves or
scavengi ng systens. [0126] Polymerization Rates. For an adi abatic reactor
using feed chilling as the nmethod of heat renoval, the overal
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Ci r cunst ancegare witljthSéiRfce ety upon the desired properties of the
reactor blend. Those nol ecular weight characteristics are described
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reaction tenperatures, and raised by increasing nononer concentrations. G
Paral | el Prodepesding upon the desired properties of the reactor blend. Those molecular

weight characteristics are described elsewhere herein. For example, the molecular

weight characteristics of each polymer can be set by choosing the reactor

temperature, monomer concentration, and by optionally adding chain transfer

agents such as hydrogen. Also, molecular weight can generally be lowered by

increasing reaction temperatures, ard raised by increasing monomer

concentrations.

G. Parallel Process

[0128] Another form of multistage polymerization is a parallel process
{paralle]l polymerization). In one example of a parallel process, two reactors are
configured such that monomers, catalyst(s) and solvent are fed independently to
each reactor. Note that the terms “first” and “second” do not imply any particular
order or sequence, but the terminology is used for convenience so that all
references herein to the word “first” (polymer, polymerization, catalyst, reactor,
etc.) can apply equally to both the series and parallel processes, unless stated
otherwise. In fact, the first and second polymerizations are preferably taking place
simultaneously in a paraliel process. The input (feed) for the first polymerization

(preferably taking place in the first reactor) may be the same as the feed described



[0128] Another formof nultistage polynerization is a parallel process
(parallel polynerization). In one exanple of a parallel process,

reactors ay@odsR?iis@ur ed such that nononers, catal yst(s) . t are fed
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conveni ence so that all references hergu,n to the word "first" (polyner,

pol ymeri zation, catalyst, reactor, etc: ‘3 can apply equally to both the
series and parallel processes, unI ess stated otherwise. In fact, the first
and second polynerizations are preferably taking place S|nultaneously in a
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paral l el reactor operation wl ypl ca y require the recycling o arger

amount s of sdéthplene ahdanfoeolefin)y ca‘qusvmmmre and solvendf "ﬁml gutput avi ¢ffluelte sane
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monomer, e.g., ethylene monomer.

[0130} For a particular plant design, the plant productivity may be limited
by the bottleneck presented by the recycle system. For example, a parallel reactor
operation will typically require the recycling of larger amounts of solvent than for
an equivalent amount of polymer with the same polysplit as series reactor
operation. Also, a parallel reactor operation will permit wider variation in the
residence time and reactor conditions than series reactor operation. In series
reactor operation the residence time in the second reactor can be decreased over
that in the first reactor by adding additional solvent to the second reactor up to the
capacity limit for recycling the solvent. With parallel reactors the residence time
of each reactor can be chosen independently as long as the total solvent flow does
not exceed the recycle capacity.

[0131] The use of different polymerization temperatures is also an
important feature of the parallel process, and the discussion above for series
reactors applies equally 1o the parallel system.  Also, the discussion above

relating to reaction pressures used in series reactor processes applies to paralle]



residence tine and reactor conditions than series reactor operation. In
series reactor operation the residence tine in the second reactor can be
decreased over that in the first reactor by adding additional solvent to

t he seconwO mmeHom4up to the capacity limt for recycli pgrhiosazyqet. Wth
paral l el reactors the residence tinme of each reactor can be chosen

I ndependently as long as the total solvent flow does not exceed the recycle
capacity. 101311 The use of different _pgglynerization tenperatures is also an
i nportant feature of the parallel process. and the di scussion above for
series reactors applies equally to the parallel system Al so, the

di scussion above relating to reaction pressures uysed in series reactor

processes apEFesees inghp seme manne Dutwr.odldiaossion/of yespdemse timedies seres
processes in_t.h nner . r r. all discussion of residence tinme for
series rea%:f’%tpgs az%ginpigﬁﬁ %agal etf) r%)agfogﬁ'l el reactors. [0132] Effluent Streans.

As di scussefispewher EffiedneiSireadbir ADdiseRREAEIseWherehetdig, @xﬁm;gi dpepationPr ocess,
each reactor experiences polynerization that produces an effluent stream
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bet ween 3 t effRifb siscaneigiiie chabfseitedas hheing atpartioubargiolymér doheemeaationcul ar

effluent. In parallel reactors, there can be three effluent streans, i.e
one from ead¥s ancuemple.dhe pelyanes soprenaatien fin theneffluent efasach TRactorotainks

concentratign.aof. the effl tefr h of. the t react ghg,  prefarably
represents 38%5‘%&; rlr%?he_rr%t EQ ioﬁ lttﬁar?}oe/? égcwédghta?ro%%&f ¥ ?gt{zl “@ ?nbgéﬁ e@gas ured,
for exanpl ebafd crefhertafal Reidhhof i pitlciel ¥MBentt 10 paAne- RadttyfEtherdB4er i al s) .
Pol ymer concentrati on of the conbined effluent represents al [ the pol yrer

mat eri al pr bsdhiee ieffluénd strgems.dac:t oresfromeeash reabtan ard gieveombinedeffbiegt | after

a particular, residence tine or sone other set int. Th ol yner, materi al
el Udes. at SRR T BOWERE ERTCBRRN hATEFIREY HBISR6E oL R R G unt o
the first palfyaBly (QEEHAT thy fa(gl?/ﬁ‘l%rlrﬁé’d%t i At OleR&br RAINENBIhicle- @n. b second
polynmer or a reacCtion product of the other reactants thenselves, e.g., the

monomner s, omndastrhd, for example, by separating the formed polymer from non-polymer

materials). Polymer concentration of the combined effluent represents all the
polymer material present in the two reactors, measured at a given time, e.g., after
a particular residence time or some other set point. That polymer material
includes at least the reactor blend, which may include a certain amount of the first
polymer together with at least one other polymer, e.g., a second polymer or a
reaction product of the other reactants themselves, e.g., the monomers, or both
forms of reactant product. Although other polymer concentrations or ranges of
concentrations may in certain cases be utilized, it is preferred that the first effluent
polymer concentration range from a low of 1 wt%, or 2 wi%, or 3 wt%, or 4 \ﬁ%,
or 5 wt%, or 6 wt%, to a high of 30 wt%, or 25 wt%, or 20 wt%, or 16 wt%, or 12
wt%, or 8 wt%. It is preferred that the combined effluent polymer concentration
range from a low of 3 wt%, or 4 wt%, or 5 wit%, or 6 wt%, or 7 wt%, or 8 wt%, to
a high of 30 wt%, or 25 wt%, or 20 wt%, or 18 wt%, or 16 wt%, or 14 wt%.

[0133] Polymer Recovery. A polymer can be recovered from the effluent
of either reactor or the combined effluent. by separating the polymer from other
constituents of the effluent. Conventional separation means may be employed.

For example, polymer can be recovered from effluent by coagulation with a



forms of reactant product. Although other polynmer concentrations or ranges
of concentrations nmay in certain cases be utilized, it is preferred that

the first vehhigdRf140 POl ymer concentration range froma | . or 2
w% or 3 W% or 4 ww% or 5 w% or 6 w% to a high g&%m\i\)ﬁ’%"&% 25

w% or 20 ww% or 16 wt% or 12 w% or 8 ww% It is preferred that the
conbi ned effluent polyner concentrati Qr835_range froma lowof 3 w% or 4
w% or 5 w% or 6 ww% or 7 W% or w% to a high of 30 wt% or 25
w% or 20 wt% or 18 w% or 16 w% or 14 wt% 101331 Pol yner Recovery. A
pol ymer can be recovered fromthe effluent of either reactor or the

combi ned ef MEpERYent BycksesHupRrOPHleohel AsEipRe ror-Birfy balgakol, %ﬁh@rppimt s of the
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by the use of LCST followed by devol ati|ization are al so envisioned. [01341
Pol yner i zat i e useidLSTFépllogyed diyi dewglatibization aralsq.emrigorekd chilling as the
nmet hod of h enoval : rj I : reactors
is set by tﬁgi%{]f fer en%%&%%ﬁl%@hﬁ%%g@%%%rdgﬁ%%{gg?ffcg&ggﬁmrgeggé girnlugﬂrﬁj t he

feed tenperatih¢ sethodndthebeicfrio¥el, diid Grerdlbpdlimietifdioniratensf pavadiel sdatlord y of
commercial refrigeration units that are capable of chilling the feed to
about -40C, istet bedbadhifferengesbetwese the) jempeeatiiegple sach: waapier andrtbe feedihi ch t he

two reactors,_can _be operated and still produce_the. . with desired
properties < erﬁﬁ’“ﬁnlg@ﬁ? é?gl%%aﬂt’salﬂfﬂﬁ‘?dgﬂ’ﬁ ‘f‘ﬁaﬂ}"%ﬂg@gﬁgﬁfﬁamﬁﬁ’ factors
that i nfl uenegigelipiehhitd ithfNareatsabledbf RhiBhg GHe Fed U6t Ayt r-A0E) theé €
solvent type and rate, nononmer type and pol ymer conposition since the heat
of pol yner i zesohemicyas deagemby ithet l’mggcm@mperaiﬁrfmnmh the 1w BBFtorbERCHE ar

Veight. The orrp%lrag !n? st\l’ﬁipgor}ltucg %r]?o%&re} \SNEtil %Sesige%' ﬂ'bi:)erties such as molecular
weight and long chain branching. Other factors that influence polymerization rate
(also called production rate) are solvent type and rate, monomer type and polymer
composition since the heat of polymerization varies with the choice of monomer.
[0135] Molecular Weight. The molecular weight characteristics (é.g.,
Mw, Mn, etc.) of the reactor blend and also of the individual first polymer and
second polymer (polymer components) can in certain circumstances be adjusted
depending upon the desired properties of the reactor blend. Those molecular
weight characteristics are described elsewhere herein. For example, the molecular
weight characteristics of each polymer can be set by choosing the‘ reactor
temperature, monomer concentration, and by optionally adding chain transfer
agents such as hydrogen. Also, molecular weight can generally be lowered by
increasing reaction temperatures, and raised by increasing monomer

concentrations.



My, Mh, etc.) of the reactor blend and also of the individual first polyner
and second pol yner (polyner conponents) can in certain circunstances be
adj usted dependi ng upon the desired properties of the reactor blend. Those

nmol ecul a{"q%ﬁ‘%{g 4t characteristics are described el sewhere herein. For

exanpl e, 't AUl ar i ght characteristics of each BETiF0SHIP4be set by
choosing the reactor tenperature, nononmer concentration, and by optionally
addi ng chain transfer agents such as hydrogen. Also, nolecular weight can
generally be | oweied by increasing ¥act i on tenperatures, and raised by

I ncreasi ng nononer concentrations. WO 2006/ 044149 PCT/ US2005/ 034946 36 H.
Conbi ned Seriesl Parallel Configuration. [0136] In a particularly

advant ageqlls ertwflbiiRaSeriks/ParslQCdayuemiosonfi guration is provided that
i ncludes a series reactor configuration and a parallel reactor

confi gur atjd1d6] and daeacpatitgunat adanagedilie embbéimean abecaswlr egysdm dependi ng -
on certain criteria, For, exanple, a process is directed to _using a series
process t SORBREAHOR B e vided thahichusies 8 seresosasiansonfizarationgnd aepagllehr oper t i es

and/ or hayi r ve porti f1rstnol r .and_se ol yner,
e.g., a giargééjg& 5§ﬁ§§‘%ﬁﬂ|‘¥n’ %@I%&&S%glgéﬁl% 03 par al el c%'r g’ges%?%ge‘fmke a
reactor bldpehdig® bR eertdih @AtdiRY i g Xampl0BPré®bs Bf difcRidablusig anredliey having

respective proportions of first polyner and second polyner, e.g., a given
pol yspl i t .pro®eseiemakes § reagtar biend psepsisigniHayingtanlerst sat wé prapedtiet Handsbend

itian .e. g-, havi fi t. of i is r d f th
Systom bef By apssty s PReorfomscaicirsf Boly e PafBfoad Toby B Skbe AHIET at t er
reactor b'ﬂ?ﬁpﬁﬂ”ﬁ&ﬁi&iédofby heh37h pRraf6r tibeks®MROGhAKRNES readtdLAEM bl end

conposition 1s forme usi'ng a series process, as described above, e.g.,
i nvol vi ng qaoipossianz ihagingn aa seéarsit sepalfy peoperédsi andoonbaving arssseeve a f eed

f first t dafirst t t t bl f. i di
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provide a plefdratii§, Gt nobBedesdatily, RRE Ydhler flHetd! MERCAdRthosORCER! Shavig d T rst

pol ymer being a propyl ene polymer, having 60 wt% or nore units defived from
propy!l ene, a first sefdbfiygropaties ¢t ramdved-foom drpedtom bpfpretie-meallel pdocessgsiences and

further hai\llllqugrngntgg ?(;[ prgfdugeutiie ?ar‘:telr ?esa%totr tt])?erlllddf:%m‘%nlogitiga. a melting point
[0137) In certain embodiments, a reactor blend composition is formed
using a series process, as described above, e.g., involving polymerizing in a first
polymerization zone in a solvent a feed of a first monomer system amd a first
catalyst system capable of providing isotactic stereoregularity to sequences of
propylene-derived units to provide a mixture of the first polymer and unreacted
monomers, said first polymer being a propylene polymer, having 60 wt% or more
units derived from propylene, including isotactically-arranged propylene-derived
sequences and further having a heat of fusion less than 45 J/g or a melting point
less than 105 °C or both and a Mooney Viscosity (ML (1+4) @ 125 °C) of from 1
to 45; and polymerizing in a second polymerization zone in a solvent a combined
feed of the first polymer mixture, a second monomer system and a second catalyst
system to provide a mixture that includes the first polymer and a second polymer,
said second polymer being a random copolymer of ethylene and pxopylene-
derived units, wherein the second polymer is either noncrystailine or has ethylene-
type crystallinity; wherein: the overall composition has a combined Mooney (ML
144 at 125 °C) of from 25 to 180 and a heat of fusion less than 50 J/g.
[0138] Then, based on predetermined criteria, the process may be shifted

to a parallel process (preferably after the series-produced reactor blend



| ess than 105 C or both and a Myoney Viscosity (M. (1+4) @125 C) of from|l
to 45; and polynerizing in a second pol ynerization zone in a solvent a

conbi ned Weedsaki4tshe first polynmer mxture, a second noRRAREsG0FERNEaNd a
second catalyst systemto provide a mxture that includes the first polyner
and a second polyner, said second polyner being a random copol yner of

et hyl ene and propyl ene- derived unitsj37wherein the second polyner is either
noncrystal line or has ethylene- type crystallinity; wherein: the overal
conposition has a conmbi ned Mooney (M. 1+4 at 125 C) of from25 to 180 and a
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the second polymer wherein the combination of the first polymer and the second
polymer has a Mooney (ML 1+4 at 125 °C) of from 25 to 180 and a heat of fusion
less than 50 J/g. .
[0139] An example of a flow diagram of a multi-reactor configuration 1s
shown in FIG. 1. The flow diagram is intended to illustrate certain processes
described herein (particularly when viewed in conjunction with the process
descriptions above), including processes involving alternating between series
reactor flow and parallel reactor flow, as well as variable recycle. Each box in
the flow diagram (identified below) represents apparatus or equipment, which camn
be conventional and need not be described in detail. Each of the lines (described
below) connecting the boxes represents streams or flow of material, it being
understood that streams can be directed through any of a variety of types of
conduits, e.g., pipes, which may have intervening equipment (not shown) such as
but not limited to standard connections, valves and pumps. The contents of WQ
2002/34795 relating 1o reactors and other components are hereby incorporated by

reference, particularly the details relating to the components also found in FIG. 1

herein, e.g., the separators and reactors.



descriptions above), including processes involving alternating between
series reactor flow and parallel reactor flow, as well as variable recycle.
Each box in the flow diagram (identified below) represents apparatus or
equi pnenWwoO ablemiiaar e  be conventional and need not be g/SGHd:BRGHshdycdEt il .
Each of the lines (described below) connecting the boxes represents streans
or flow of material, it being understood that streans can be directed

t hrough any of a variety of types of -g®nduits, e.g., pipes, which may have
i nterveni ng equi prent (not shown) such as but not |imted to standard
connections, valves and punps. The contents of WD 200264795 relating to
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place, and is preferably a second reactor."” Box 16 is a structufe that can
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12 and 14 (e. ffluet stream 36 and/or can al so jnclude a
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devol atiliz X i ructure
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either together or separately. [01411 The pol yrrerl zation in FIG 1 can be
practiced astractugs thag TSF%Ef'és@’ disc@argegéﬁawm BOMYERY Eﬁ@l%@nﬂ]& as a

parall el pragddes £ thctioRfhabl ShmePRhd 14 g%ss ﬁf—'zl [ bfolBrd b 1 @

first catalyst can beIn oduce I'rTs on“zZone 12 (e.g.,

reactor) vi aokkrgaithez3ogethepioe sdgayately. part of a cat al yst m xture, described
el sewhere herein. Mononers can be introduced to polynerization zone 12 via
stream 26. B nononBiespdwnenationtn Fddc bgagibs P@F’F@%ﬁﬁ AgFerigs Pracsss. pol ymer

(e.g., propyle .e,n%ecﬁi%ﬁgie rﬂol&rﬁex‘?{a?%ﬂﬁe%r' s a parallel process, e.g., parallel
polymerizations. Referring to FIG. 1, a first catalyst can be introduced to the first
polymerization zone 12 (e.g., reactor) via stream 23, typically as part of a catalyst
mixture, described elsewhere herein. Monomers can be introduced to
polymerizatiion zone 12 via stream 26. Fresh monomers can be introduced via
stream 28. A first polymer (e.g., propylene polymer) is produced in
polymerization zone 12. When a series configuration is utilized, the propylene
effluent (including the propylene polymer) is directed via stream 34 to second
polymerization zone 14, where a second polymerization is conducted to produce a
second polymer (e.g., ethylene polymer). The effluent leaving the second
polymerization (including both propylene polymer and ethylene polymer) via
stream 36 is directed to a first separator 16 where 1t can be treated to separation,
¢.g., liquid-liquid phase separation, to separate a polymer-rich component from a
non-polymer component (i.e., substantially no polymer). The non-polymer
component includes solvent, unreacted monomers and catalyst. The polymer-rich
component preferably includes primarily the polymer composition described
herein which can be described as a reactor blend that includes propylene polymer

and ethylene polymer. However, the polymer-rich component also includes



pol ynmeri zation zone 12. Wien a series configuration is utilized, the

propyl ene effluent (including the propylene polyner) is directed via stream
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condenser t hgﬂtiﬁfgglﬁ’v%éra? gfe? Fleaﬁ %gﬁgiﬂ%éﬁgﬂﬁo‘%ﬁs&r gegnné(%g’ ?é dﬁ%t%lgl%(lﬁqgu qui d
out put streanvrhbinadyn.i Soucidee 2O maywils, inchidd ai condarseathat casestsihd vapor, and

that stream 50 can he introduced tq the liquid recgycle, s%ream 42, the
conposi ti on GPULGHE O Sweam Hé tailﬂulét ddawd quirit sueam phaery Bgludemaonomeght or

ot TOSR, Sl Sl Ul LG Y LA Y.,
and addi t i onadcyoiersnemnsi?, ehgcompishionesfewldch darebesdjustad abdesictdetased ohhe | nput
the extent or amount of monomers being reintroduced, to provide recycle stream
44, Recycle stream 44 can be fed via stream 30 back to polymerization zone 14, °
and additional monomers, e.g., ethylene or dienes, can be added to the input
stream 30. Recycle stream 46 can be fed via stream 26 back to polymerization
zone 12, and additional monomers, e.g., propylene or ethylene, can be added via
stream 28 to the input stream 26.
[0142) As noted above, the process(es) in FIG. 1 can be practiced as
parallel polymerizations. Further, the configuration in FIG. 1 provides for
changing or switching between the series approach (discussed above) and paraliel
polymerizations, which will now be discussed. With a parallel polymerization
approach, the effluent stream 34 leaving the first polymerization zone 12
preferably bypasses the second polymerization zone 14 via bypass stream 38.
Meanwhile, monomers are fed to the second polymerization zone 14 via input
stream 30 which can include fresh monomers via stream 32 and/or monomers

added as part of recycled stream 44. According to the paralle] configuration, no

first polymer (propylene polymer) is introduced to the second polymerization zone



stream 30. Recycle stream 46 can be fed via stream 26 back to pol ynerization
zone 12, and additional nononers, e.g., propylene or ethylene, can be added
via stream 28 to the input stream 26. 101421 As noted above, the
process( eaD J006/844§39 | can be practiced as parallel poly ' j

Further, the configuration in FIG | provides for changﬁﬁgbgghiefég%ing

bet ween the series approach (discussed above) and parallel polynerizations,
which will now be discussed. Wth a panal.l el polynerization approach, the
effluent stream 34 |leaving the first polynerization zone 12 preferably
bypasses the second pol yneri zation zone 14 via bypass stream 38. Meanwhil e,

Wbt ohcan 1 ié1 Bildsheb SRsTBRERERS S A srlst SR dibe WfsaRE s0ddans
part of recygl ethStdcaal éftyleRS$RIIhdIYs Fnledn R lcbRl peRRldrahtia JopRe, no

I .
first polymer (propylene polyfmer) is introduced to the second pol ynerization
zone WO 2006h044fluént REAV BSRAESEOZENS Gpolymibr, hhredoted manbmersy sbiyemoamdrer s,

solvent and catal yst are added vja streans 30 and 24, The, second (ethyl ene)
pol yner is F&Pﬁé@&l}{%’f“fﬁ}éﬁ SO RONBIRRNOY, 2P HIa PHRAm JQﬂﬁl‘Efsf‘Fqﬁ‘gﬂpé‘f hat

i ncl ud t , I I
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t he second polynerization zone via's IS co t he
ef fluent fr qprdphlent) pslynpe) sithier befokd enteringehe whsseh (asnsHowmdemn FIGE 1fi drst
(propyl ene) Fﬁﬁ)olymar, either before enteri ng t he vessel. (as shown in FIG 1)

or, alternaltevanyelyarfier eaierngithg Yeseel vi@et shoyvRbt Ashdirhssedaabeyies dbgsed

above, the ' . i : AR

conpri ses th"@?’[ﬁ%ﬁ eﬁgﬂj lg‘gpéleﬁéﬁecﬁig&’?fewﬁgﬁ%% |aF g%ﬁ%ﬁﬁhef (z)gﬁ%%% zone)
and the et hyjotyiferdOfoysied in(therfired pblynichieat@r eose) ahy e i iafleRNpaone) -
Certain enbodiments relate to processes for naking different el astoner
conposi t i ondfergledgin e segaad rpodymeization ezage). | Gerigincembedimspisylets do of
propyl ene pa te_ethyle Y. ' different, . r espective
conpositi onsd r}é&%ﬁ?e%ﬁr% ylp% ﬁgfeg%tyer]rn;ésgo‘{é%dmné?%%c%{r%eu%% %gnér?mger %Qﬁlogs? erent.

Using the proporihi WRichf tHehﬁrDE@hMﬁ'ebf PresuERd pblymérn & le@BhEaRt pMomeedst oF s can
be varied. In_an aspect of the invention, a plant arrangenment is provided
for changi ngliffeent.t omyherer den raspsetive sompositiers of dhe ingepyaenconolymen apdr al | el

process Confétﬂﬁgget iagl'}m%?%/:eoﬁiff\éire%g I}]ls%gs the Brro%ﬁ{o%bcl)fy the polymer produced in
the respective reactors can be varied. In an aspect of the invention, a plant
arrangement is provided for changing (shifting) from a series process
configuration to a parallel process configuration and/or vice versa, preferably
based on prédetennined criteria. Preferably, a parallel process is selected based at
least in part on one or more (and preferably all) of the following measured values,
which can be determined in advance of the change or shift (predetermined): (a) a
preselected polysplit (calculated as weight of the first polymer divided by the
combined weight of the first polymer plus the second polymer); (b) the propylene
content of the propylene polymer (e.g., first polymer); and (c) the ethylene content
of the reactor blend composition (combined first and second polymer).
Particularly preferred embodiments include processes involving forming a first
elastomer composition using'a series process, then changing the flow of the
monomers and solvent to a parallel process to provide a second elastomer
composition that has a different polysplit, or different monomer (C3 or C2)
contents. Preferably, the parallel process is utilized at the same time {e.g., while
or when or during) the polysplit is greater than or equal to a preselected “C3C2

Factor.” Broadly, a C3C2 Factor is defined as any value that depends on, e.g.,



based on predetermned criteria. Preferably, a parallel process is selected

based at least in part on one or nore (and preferably all) of the foll ow ng
measur ed wad bRG0441¥1 ch can be determ ned in advance of r shift

(predeterm ned)/: 4(11;? a preselected polysplit (calcul at e}c’ig'g@gg\@%gi?%of t he

first polynmer divided by the conbined weight of the first polyner plus the
second polyner); (b) the propylene cantient of the propyl ene polyner (e.g.,
first polyner); and (c) the ethylene content of the reactor blend

conposition (conbined first and second polyner). Particularly preferred
nmbodi ts incl . | Wi f ' first I
conpos 1 on B EHEE] FORORRUEELs, HER i RAGrA RSt SHER BhEPEmonomer s

and solvent @Qna ﬁﬂgﬁbﬂ elhyRhECRnEent)) PIVh IR Pref@fednd3€haBARIEls meRITPOSI ti on
that has a different polySplit, or dl{ferent erTF]norrer (C3 or C2) contents.
a

Pref erably, pracsgndafine aspr76ce€@90iRPRLY i (BEE) AT’ (Equaticm®). (Rrefierably, ghe  whi | e
.or when or durin t he .g)o(%l splijt is agrfaater than or.e uatl to ah$r§$el ected
"C3C2  Fact oRCHeS Hirpcess to-garalel PEOGEST RAE SECUMSIances Wbt e dopends
on, e.g., 3 lygds i nation
of , FPP (fﬂ%9%%$éﬁ}§gé§%9%@§?? @:osz%%(l)Els'o?E? gr?légggﬁ/ﬁgr&et yl ene
content), orcHaapéh mak ot afecessmily GCitleal tand widl gereeallypoemir ether afef ithed as 575

* (100-FPP) 14 * (BPE)"0-81 (Equation 1)., Preferagbly, the series process is
changed to pBelysnta changss erafter thptarget P%‘M?Pét‘éﬁw’@é@“ﬁﬁla%ﬂ mggeﬁsbﬁwgmae- i s equal

to or greate n r.eel tLm f hﬁﬂg e my
not necessar ??@Qgeb%:ﬂr;ﬁt %@%,ﬁﬁﬂﬁﬂaﬁ‘g‘e‘ﬁﬁ ﬁsﬁgtso%%é?&g?tt%tgﬁezﬁ@er t he
pol ysplit champBPEO/ahrf}®ch the atRirgdRl prrkys@ather thaniadkeries proeeks) Basulduggest s

t he change. Table | bel ow shows djfferent maxi num polysplits correlated to
di fferent FPbe implgmepied\iar asy polysphit ather abpvedheipdicated geadmun, paly®litt han a

series procegs | | ppl emented for any polysplit at or above the
i ndi cat ed miﬁ%ﬂ%?%gf)%gﬁﬁ%fﬂn@e g., a proposed setpoint). TABLE 1 Set point

Maxi mum Pol s lit FPP (W% C3) BPE (W%2) 1 46 95 24 2 36 95 40 3 22 95

64
TABLE 1

Setpoint Maximum Polysplit FPP (wi1% C3) BPE (wt% C2)
1 46 95 24

2 36 95 40

3 22 95 64

4 48 38 27

5 38 88 42

6 23 ’ 88 64

7 S0 80 30

8 40 80 44

9 25 30 65

{0143] The following spectrum of blends in Table 2 may be produced in

accordance with processes described herein:

TABLE 2
First Polymer Second Polymer Polysplit Range Series or Paratlel
{wt% C2) {wt% C2)
8-16 40-80 <20 to <60 Series
8-16 40-80 >20t0>60 Parallel
I Recycle
[0144] A particularly advantageous feature of certain processes described

herein is the variable recycle feature, which contemplates several different

versions (embodiments). 1n at least one version of the process, a given amount of



4 48 88 27 5 38 88 42 6 23 83 64 7 50 80 30 8 40 80 44 9 25 80 65
101431 The followi ng spectrum of blends in Table 2 nmay be produced in
accordance with processes described herein: TABLE 2 First Polyner Second
Pol ymer WoOR&gH#t49Range Series or Parallel (wt% C2) (vwW&/G8200503464640- 80 <
20'2 < 60 Series 8-16 40-80 > 20 to > 60 Parallel 1. Recycle 10144] A
particul arly advant ageous feature of certain processes described hereinis
the variable recycle feature, which edfit-enpl ates several different versions
(enmbodi nents). In at |east one version of the process, a given anmount of WD
2006/ 044149 PCT/ US2005/ 034946 -42 non-polyner (e.g., in the formof one or

nore streaggy). effl el the farst e nt, second
ef fl uent OIBB%. pé%rﬁ(gﬁ"e@ftﬁgg% %Ifgm i?re}élttoghdgt{%msgiP{%Zrano%gﬂ%gﬁh&t%’e first
and secondejphdrytiver firzatiflvenz geesnd effiueht b ar @pitbsede€lhent) Rt dirdc@sio certain

enbodi ments, by first and second reactors. Preferably, the respective
amount s of €HBe-95doiinie Tiastiand seepnd polyieerization zonrs, vbichris gpsespnediizat i on zones

L A M e S

NDNONEr'S,  iathouf@BIRAtPoRInG difteRa SR Hrst 6 debnd PdFmerZatoPEste8 afed
enbodi nent, a continuous process is provided for nakln? an el ast oner
1

conposi ti odiff¢rent framl oekesnethéi r Heppadipgem thednatureobtie fipwlapdesecéutbscri bed
above). The process preferably includes formng the first .polynmer and
second pol VB ﬁfer §%°Y§1ﬁ@ ’§’é@5‘ﬂg R }’ﬁe?‘?@eﬂ‘i SR e & (WH'P%%F’eén or
parallel') eggbiddiiohdesifapi@pce of a solvent that is preferably a common (the
same)

-

[0145] Thus, in a preferred embodiment, a continuous process is provided
for making an elastomer composition that includes a first polymer and a second
polymer (described above). The process preferably includes forming the first
polymer and second polymer in first and second polymerization zones (in series or
parallel) each in the presence of a solvent that is preferably a common (the same)
solvent, using the same or different catalyst systems (described above in greater
detail); and also using monomer systems for each polymerization zone that
preferably include propylene and ethylene, albeit in different proportions. As
noted above, the second polymerization temperature is preferably higher than the
first polymerization temperature by a substantial amount, as noted above, e.g., by
20 °C or more, and the second monomer system that is introduced to the second
polymerization zone preferably includes dienes, whereas preferably either no
dienes or an insubstantial amount of dienes (less than 2 wt% or less than 5 wt%)
are added to the first polymerization zone. The process involves polymerizing the
first and second polymers in different polymerization zones, and providing a
reactor blend that includes first polymer, second polymer, solvent and unreacted
monomer. Then the process includes removing solvent and unreacted monomer
from the reactor blend; directing a recycle stream that includes solvent and
unreacted monomer to the first polymerization zone and the second
polymerization zone; and recovering an elastomer composition that includes first
polymer and second polymer and has a Mooney Viscosity (ML (1+4) @ 125 °C)

of from 16 to 180, or other levels (or ranges) as specified elsewhere herein.



solvent, using the sane or different catal yst systens (described above in
greater detail); and al so using nononer systens for each polynerization
zone thawo petefoesiadl y include propyl ene and ethyl ene, apbgivisadososhold er ent
proportions. As noted above, the second polynerization tenperature is
‘preferably higher than the first polynerization tenperature by a
substantial anobunt, as noted above, e4g.., by 20 C or nore, and the second
nononer systemthat is introduced to the second polynerization zone
preferably includes dienes, whereas preferably either no dienes or an

added 1o t G4t BrRREn T 08 eSS bR sHlifidint FRSslevdBamuiad. i 2 ng

-the first RAdeSRRANEaRUY rﬁesregoﬁmreé*afeegx%m Rﬁ}dﬂﬁg thefirsPRc 3618 8freard Nd
providing a reactor blend that includes first polyner, second polyner,

sol vent ando timy ﬁ&tpekj'mmmezoneThd\durwnpg dhe§scomlcreuy|ds streamvtiorthe sol vent

- and unreacted fromthe reactor b)end; direct r cle,stream
t hat incl u&%“s"r‘g&?@ qnnggp Z0R%- e&%’?@&ﬁﬂnéﬁ%@q%‘“ﬁﬁ 5‘?33{ éﬁey dation

zone and t hg SRC RO! JefBREdZ 36 | 0 sﬁ‘iﬁ@xen@“{% Q gdieh '&9 d84iredl ﬁﬁﬁr

conposi tion that Tncludes first polymer and s po ymer an as a Mooney
Viscosity (Pulynjelizdtjon@hperatire r«:iﬁtﬂertomh‘e&inst)pﬂﬁﬁ;emanm teatpetatwel or (iOr r anges)
as specifi e%E el sewhere herel n. 006/ 044149 ECT/ U52005/ 034946 -43 101461
Preferably® %aﬁ?sefeéﬁgymame% lppy andyelspwhereberIR streaminto a first

recycl e st r[ﬁﬁzi‘)]a”d aA§eﬁ%BgssE<? %ﬁévﬁueﬁy fi8{%in dd]fee%x'nﬂ bhﬁfféoi@ht CFS‘&VC' ©

stream first yneri zatl on zone and recting-the secon recycl e

stream to tdmeeac&eomﬂmlfwﬁethez&hmﬂbzmcumm‘lecﬂeah) yubjé(hﬁlgaﬂelléﬁctd?f sol vent
in the second  recycle streamis selected . to he sufficient to (i) obtaln a
desired se ;@dyr%parzta@n SIEP @ RERYY G @ Trst eolyentoachy ppritpa apd agecond

pol Y | 2atdoak RIPSHAIN 9i b, B! A0 BFRIGACLA00 8! 4 ecdtf, Ot o

bel ow and e eref i scusse ere herein,

renovi ng ofsepxrhw@rﬁtepamqsroudé gaet@d saboerertcl pmiohhad racseCoral sdwamabman
include (i) subjecting the reactor blend to a first separatlon step to
provi de a fROrden; {i) vempbining theplnst salwerahiich rosiaanand the) srepnd pINeptdisht i on;

(1) 0, i o SNk oty B (9D pe3RE R BaRaUgl. o0 o o0
(iii) conbignens tb he firirRlymairaaoh zonc And diid sexond pdlyhireizavewnshesol vent -rich
[0148] | Furthermore, the removing of solvent and unreacted monomer
from the mixture can include subjectin g at least a portion of the mixture to liquid -
phase separation to provide a solvemt-rich portion (typically a polymer-lean
portion) and a solvent-lean portion (typically a polymer-lean portion), énd
wherein the solvent-rich portion is directed to the first polymerization zone and
the second polymerization zone.
[0149] Still further, the removing of solvent and unreacted monomer from
the mixture can include subjecting at least a portion of the mixture to
devolatization to provide a solvent-rich portion and a solvent-lean portion, and
wherein the solvent-rich portion is directed to the first polymerization zone and
the second polymerization zone.
[0150} Certain embodiments relate to processes for making different
elastomer compositions using the same reactors but varying recycle splits between
the reactors. The processes may thus include adjusting the recycle flow(s) to the
different reactors. Broadly, the “recycle amount™ (a term applicable to both batch

and continuous processes) can be varied. 1n a continuous process, however, it is



portion to provide a conbined recycle stream (iv) directing the conbined
recycle streamto the first polynerization zone and the second

pol ymeri zati on zone. [01481 Furthernore, the renoving of solvent and

unr eact edwon@na4149f rom t he m xture can include subj ectip@rashsiabsd
portion of the mxture to liquid phase separation to provide a solvent-rich
portion (typically a polyner-lean portion) and a sol vent-|ean portion
(typically a polyner-lean portion), anrd4-wherein the solvent-rich portion is
directed to the first polynerization zone and the second pol ynerization
zone. [01491 Still further, the renoving of solvent and unreacted nonomer

from e Ml Ul R ol C e YRLAEELN 02 (EEAS! orPOT LhPRoR dfieien XL ure

to devolatizatio a so rich portion an

portion, angrowdwd &i é}stziHﬁ@h@pbase@tonrdeﬁlaxrp@ﬁtbh@nThé ﬁtycﬂ@traé” §Da tgberhl 1 St
polynerlzatlon zone and the second pol ynerization zone. 101501 Certain
enbodi ment s 1181 thaé angoppasses §dstheototatadneonptdef resveled matersk &dkbio dotposi ti ons
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batch and conti nuous processes) can be varied. In a continuous process,
however, it the aydua0©f/©dycletd nfaGFial20 0%/ ﬂmmnd -iactohevér ecyuit dimat e”

(amount intr du to a re ctor, over a unit t t ha ovj ded, or
establ i shed & Q Wdé’échéi rE‘Fl)ceﬂtgoseT‘F?ées r‘é@@?@l?&a’f@mrﬁag dﬁgﬂ‘?} al term
t hat enco %m{ﬁ; th
reactors g\egrﬁﬁgﬁﬁgﬁ)aﬁ&gt éo?{{ I ne arlgegclf/éc ewf‘l&?‘g“g £dt€:§ Hoﬁgmgﬁogﬁt of

recycl ed rreetsetmahlredyelédtefﬂndfm vﬁhlcls lmayeaisds mme]udmrecycladllcatalysme In' Eértads r eact or

recycle rate"), or (c) the amount of ycl ed materlal fed o the second
react or overe‘%l’oéﬂ??ntﬁslwOf(th"s%feﬁﬁ’ée"tt‘@a EﬁcyP]@c‘?@FQ P gt ke yper h?l‘“g Gske cases,

the "recycl [ [ I Yt may
al so be sol \e/%lﬂt pl ust%lﬁrr]l? ggc}?ﬁgin%on%%dﬁgfs‘? E@c@ra?%)}oafﬂrﬁgegéﬁglré?ﬁﬂ uent
whi ch may al @g.,inetastd marcych akird atw| y&t)) (kgl perchmtrpl rThee‘rrquilmﬁpﬂit’s isany of

t he aforerrentloned recycl e rates (Ilbs or (g htg can be adjusted in
terms of chatf§inpg a8 BenfEsy reagior r‘"@"d?lﬂ galg éiﬂ%‘d? by the rqogptanad Ff‘éé’%lféteﬁate

ggl ? £ ?Ssechh E&t Be 9>Epr@ss£c§] i @rh@bfa p&knthed (8 dRELssBPHEbw) The "recycle

[0151] In at least one embodiment, the recycle split is adjusl_ed based at
least in part on one or more (and preferably all) of the following measured values,
which can be determined in advance of the change or shift (predetermined): (a) a
presélected ‘polysplit (calculated as weight of the first polymer divided by the
combined weight of the first polymer plus the second polymer); (b) the
temperature of the second polymerization zone (e.g., second reactor); and (c) the
temperature of the first polymerization zone {e.g., first reactor).

[0152} Particularly preferred embodiments include processes involving
forming a first elastomer éomposition using a series process, then changing the
flow of the monomers and solvent to a parallel process to provide a second
elastomer composition that has a different polysplit, or different monomer (C3 or
C2) contents, based on the criteria discussed above, i.e., the C3C2 Factor; and
further changing the recycle split, preferably in accordance with the following
criteria. A conventional flow control valve is preferably used to control the
recycle split.

[0153] When an elastomer composition is prepared using any of the series

processes described above, the “recycle split,” defined as the percent of total



defined as the first reactor recycle rate divided by the conbined recycle
rate, which can be expressed in terns of a percentage (as di scussed bel ow).
10151] In 2b lj49ne enbodi ment, the recycle split is ' d at
| east in Sg?t %ﬁﬁdﬁg or nore (and preferably all) of the%?hﬁﬁ%ﬁﬂﬂggﬁgasured
val ues, which can be determ ned in advance of the change or shift
(predetermned): (a) a preselected palggsplit (cal cul ated as wei ght of the
first polyner divided by the conbined weight of the first polyner plus the
second polymer); (b) the tenperature of the second polynerization zone

e.g., second reac and erature of t first I ri zation
Sons (e-g.  MpHESOERLFiEed tfﬁ%%istmﬁxmn%mawu?rﬁr@fge Facreai R s
tncl ude pro%@%&ﬁ ehf&ﬁg@’ ggaan *Pg?@%ldh?ﬁ;ﬂﬁé 84 WeLuatiPPSho LR pESi NO @

series process, en Ing t e nononer's and solvent 'to a

paral | el prpmeas iﬁtOS(m’l@\podﬁ m ﬂﬁcpnmdess;ahastdmng mamn foff ahe tehastohnz a
di fferent polysplit, or different pongoner (C3 contents, based on the
criteria di SeRBeHHOR Rl if raore Elﬁ@r@%mnwa@ws# th‘é’h‘ﬂ oyt the HEPceSHalliitng t he

| | i .
recycl e, P! uowipToE AP Lo ECAS S3BRIM Bot B KORAPHS i bR, 2
split. 10153k Vhnihudls Rr@RbHTEY ByRaR&s D! PSn- lp‘elﬁpm@&m:d =UsdcBad aBaceir t he

series processes described above, the "recycle SF|It " defined as the
percent of teapdratwe @@m&r@zmhg frsTressEyosnpRagwe C) 4 Eqpatigie? epesifiesnt
directed to th | r st atlo zone I kS puishoul d be
r epr esent edtwﬁf:edfféﬁ E fg“la‘ﬂg‘zg?fﬂ]é lstiﬂugg(‘%?egsé%él E%@ﬁiﬁz Shoul d be
present at §184JPOi Nt Whed he) PlSBARS compsitiol Us! éphuel Niing Qn?f ofNhe
el astomer conposition, and it is nore pref erably mai nt ai ned i hroughout the
process (butpara.élbl DWCQ@ESF dﬁswi’wed tﬂbm, Ithe reopde splitscd¢finediasrthe pouventorf bel ow
t hi s anount t| n cess Equation 2,.PS olysplit;
2 = second g?ﬂf?@? S0 V§H{) ’rrﬁ‘ft *%)stéﬁa ypgﬁlzanq%' St F@‘ﬁﬁ rature
(C) Equat i qp @d%@‘? Eb&ﬁe ﬁ')%})ebﬂFse\UﬁhE ohe, ttlﬁe ERAG ksedqequal to
.8 * (PS) 670 g(erT nH1 t 101541 When aﬁlﬁél ast oner cotgp%(sﬁgrtel on is
pr epar ed usum@qaa‘gfomﬂ shireld ‘parprflselﬁl atpoorsepsrtsindds @rodessl andas greféreblyr ecycl e
split,” defined as

Frrst pol ymiPH DG REEREe T dng process G ECRY piciuitont H EqualET 54 2 e

polysplit; RT2 = second reactor temperature (°C); and RT1 = first reactor

..G"'
m+

lemperatﬁre (°C). Equation 3 specifies that the percent recycle to Reactor 1 is
equal to 4.5 * (PS)"™* * (RT2/RT1)**".

[0155] Table 3 below shows different recycle splits correlated to different
PS wvalues (polysplits) and RT2/RT1 values, for a series reactor conﬁgﬁration.
Table 4 below shows different recycle splits correlated to different PS values and
RT2/RT] values, for a parallel reactor configuration. Reflecting at least certain

embodiments, each combination is identified as a setpoint.

TABLE 3
Setpoint Recycle Split (%) Polysplit RT2/RT]
1 44 | 10 3.0
2 61 10 4.0
3 78 10 5.0
4 28 10 2.0
5 39 10 2.3
6 50 10 3.3
7 2] 10 1.5
8 28 10 2.0
9 36 10 2.5
10 83 50 2.0
1] 60 50 1.5




shoul d be represented |.X4quation 3. As with Equation 2,
in Equation 3 should be present at sone point
is preferably maintained throughout the process (allowi ng for oscillation).

expressed

| n Equat V0 2@6/0R84¢ pol ysplit;
tenperature (C).

RTI

= first
recycle to Reactor |
3 bel ow shows different
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WO 2006/ 044149 PCTI US2005/ 034946 -47 TABLE 4 Setpoint Recycle Slit (% Pol
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17 54 13 5.0 J. Polynerization Catalysts [01561 In a broadest form the
conposi tions can be prepared using any.478SC (single sited catalyst). Such a
catal yst may be a transition nmetal conplex generally containing a
transition nmetal Goups 3 to 10 of the Periodic Table; and at |east one
ancillary ligand that remains bonded to the transition nmetal during

pol yneri zation. Preferably the transition nmetal is used in a reduced

cationic state and stabilized by a elqmg?hyst or activator. [0157] The
ancillary ligand may be a structure capable of formng a 7t _bond such a
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J. Polymerization Catalysts
[0156] In a broadest form, the compositions can be prepared usinag any

SSC (single sited catalyst). Such a catalyst may be a transifion metal complex
generally containing a transition metal Groups 3 to 10 of the Periodic Table; and
at least one ancillary ligand that remains bonded to the transition metal during
polymerization. Preferably the transition metal is used in a reduced cationic state
and stabilized by a cocatalyst or activator.

[0157] The ancillary ligand may be a structure capable of formimg a =«
bond such a cyclopentadienyl type ring structure. The ancillary ligand may also be
a pyridinyl or amide ligand. The transition metal is preferably of Group 4 of the
Periodic table such as titanium, hafnium or zirconium which are wsed in
polymerization in the d° mono-valent cationic state and have one or two ancillary
ligands as described in more detail hereafter. The important features of such
catalysts for coordination polymerization are the Jigand capable of abstraction and
that ligand into which the ethylene (olefinic) group can be inserted.

[0158) The transition metal complex may impose a degree of steric order
on the propylene monomer by suitable chirality. Where first polymers of higher

molecular weight are desired or higher polymerization temperatures, it is
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PRI I(J)Id tétra-aryl-substituted Group 10-14 non-carbon element-based anion,

especially those that are have fluorine groups substituted for hydrogen atoms on
the aryl groups, or on alkyl substituents on those aryl groups.

[0160] ~ The non-coordinating anion may be used in approximately
equimolar amounts relative to the transition metal complex, such as at least (.25,
preferably 0.5, and especially 0.8 and such as no more than 4, preferably 2 and
especially 1.5.

{0161} The transition metal complex may be a pyridine amine complex
useful for olefin polymerization such as those described in WO03/040201. The
transition metal complex may a fluxional complex which undergoes periodic
intra-molecular re-arrangement so as to provide the desired interruption of
stereoregularity as in Waymouth, US Patent No. 6,559,262. The transition metal
complex may be a stereorigid complex with mixed influence on propylene
insertion, as noted in Rieger EP 1 070 087.

[0162] Preferably the transition metal complex is a chiral bridged bis

cyclopentadieny! derivative having the formula:
L* L L MDE



i ntra-nol ecul ar re-arrangenent so as to provide the desired interruption of
stereoregularity as in Waynouth, US Patent No. 6,559,262. The transition

metal compDeposnAyiIde a stereorigid conplex with m xed IWE’ 0?55
propyl ene insertion, as noted in Rieger EP 1 070 087. referably the

transition netal conplex is a chiral bridged his cycl opentadi enyl
derivative having the formula: LA LB Lgy_.MDE WO 2006/ 044149

PCTI US2005/ 034946 -49 10163) where LA and LB are substituted or
unsubstituted cycl opent adi enyl or hetero cycl opent adi enyl ancillary | i gand
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mol ar al umi mumﬁo@n@@hﬁldsm&mahfsaipmcm\ioﬂ iomeant to include those compounds
effective for removing polar impurities from the reaction environment and for
increasing catalyst activity.
[0165] In at least one embodiment, a polymerization process consists of or
includes a polymerization in the presence of a catalyst including a
bis(cyclopentadienyl) metal compound and either (1) a non-coordinating
compatible anion activator, or (2) an alumoxane activator. Non-limiting examples
of catalyst systems which can be used are described in U.S. Patent Nos. 5,198,401
and 5,391,629, the disclosures of which are hereby incorporated herein by
reference. In a particular aspect of this embodiment, an alumoxane activator can
be used in an amount to provide a molar aluminum to metallocene ratio of from
1:1 to 20,000:1. In another particular aspect of this embodiment, a non-
coordinating compatible anion activator can be used in an amount to provide a
molar ratio of biscyclopentadieny) metal compound to non-coordinating anion of
from 10:1 to 1:1. In yet another particular aspect of this embodiment, the
polymerization reaction is conducted by reacting monomers in the presence of a
catalyst system described herein at a temperature of from -0°C to 200°C for a time

of from ] second to 10 hours.



1:1 to 20,000:1. In another particular aspect of this enbodi nent, a non-
coordi nating conpati bl e anion activator can be used in an anount to provide
a nolar ratio of biscyclopentadi enyl netal conmpound to non-coordinating
ani on of WG 200640491 to 1:1. In yet another particul ar agpeais:ffoblyss

enbodi nent, the polynerization reaction is conducted by reacting nononers
In the presence of a catalyst system described herein at a tenperature of
from-0Cto 200C for a time of from4psecond to 10 hours. WD 2006/ 044149
PCT/ US2005/ 034946 -50 [0166] In certain enbodinents, the first polyner of
the present invention may be produced in the presence of a chiral
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as used to produce el astoneric polypropylene wth an Wh of up to 4 mllion.

See SassnafifgiRsyclenentadienviaing, afkpntageopsly gubstitutedyagd/ion dermmingparhof @1997) 548,
23- 28. [Olg&& ﬂlﬁes“[ f5e! éhgear %&H@fb Sofl fgan&i‘lg?' yx%h%;g%{ g oﬂ?tﬂt.p%ﬁ S whi ch

are bis nt"a enyl ivatlves’hiavin ans taI

pref er abl Ya1|§@fa hodPhofis &b PhetbxyZ6h s@tnatheact@a lg%/trﬁﬁsm&bﬁie@g,w as in
U S. Patent P 6? 522,982 orr}]ih 5élga?ent %% 21. The netal |l ocene may

be adapt edpre&fablmrtdaumnh@ueppml;}mrcwm 0B |hh§11@medmmla;cample is

propyl ene- V. un| a 69. 070 i ch ses an
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cycl opent adi enyl rin ee/ be substituted and/or part of polycyc i C systens
as descri bé@rganonies &Bﬂm 1908.54Pa2®e@8s. [0168] Other possible netall ocenes

I ncl ude t h?(?l%ﬂ n whi %}her possﬂc\)?e single site catalysts are metallocenes which are bis
cyclopentadieny] derivatives having a group transition metal, preferably hafnium
or zirconium. Such metallocenes may be unbridged as in U.S. Patent No.
4,522,982 or U.S. Patent No. 5,747,621. The metallocene may be adapted for
producing a polymer comprising predominantly propylene-derived units as in U.S.
Patent No. 5,969,070 which uses an unbridged bis(2-phenyl indenyl) zirconium
dichioride to produce a homogeneous polymer having a melting point of above
79°C. The cyclopentadienyl rings may be substituted and/or part of polycyclic
systems as described in the above U.S. Patents.

[0168] Other possible metallocenes include those in which the two
cyclopentadienyl groups are connected through a bridge, generally a single atom
bridge such as a silicon or carbon atom with a choice of groups to occupy the two
remaiﬁing valencies. Such metallocenes are described in .U.S. Patent No.
6,048,950 which discloses bis(indenyl)bis(dimethylsilyl) zirconium dichloride and
MAO; WO 98/27154 which discloses a dimethylsilyl bridged bisindeny! hafnium
dimethyl together with a non-coordinating anion activator; EP1 070 087 which
discloses a bridged biscyclopentadienyl catalyst which has elements of asymmetry

between the two cyclopentadienyl ligands to give a polymer with elastic



cycl opent adi enyl groups are connected through a bridge, generally a single
atom bridge such as a silicon or carbon atomw th a choice of groups to

occupy t hwotavs/o4e8i ni ng val enci es. Such netal | ocenes i 453 in US.
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zirconiumdi chl oride and MAQ WO 98/27154 which discloses a di nethyl silyl
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activator; EPI 070 087 which discloses a bridged biscycl opent adi enyl
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such as the‘qﬁigﬁ%%ﬁ é? gﬁtﬁp‘ﬁg Lﬁ%lg%og%rr\&e% Iec{)%re(ﬁga%:ﬂgtaaﬁl gé\r?&éﬁgﬁggt}lg\@%ﬁcor di ng
to sone |itdurpedinnd gehdrhediinasy ofthe beayspigdv destribéén Haklished patergairt can be an

ion pair of a borate or aluminate in which the precursor cation is
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abstracted fromthe nmetal |l ocene. (See EP 426 638). K. Specific Catalysts
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(catalyst systenm) includes at |east one catalyst and at |east one
activat or, Hitylhwuagamonium derivatives of tetrakis pentafluorophenyl boron (See EP 277
004). The NCA precursor can be a neutral compound such as a borane, which is
formed into a cation by the abstraction of and incorporation of the anionic group

abstracted from the metallocene. (See EP 426 638).

K. Specific Catalysts

[0170} As noted elsewhere herein, polymerizations in the different
reactors may in certain embodiments be conducted in the presence of the same
catalyst mixtures, and in other embodiments be conducted in the presence of
different catalyst mixtures. As used herein, the term “catalyst mixture” (catalyst
system) includes at least one catalyst and at least one activator, although
depending on the context, any reference herein to “catalyst” usually also implies
an activator as well.

[0171] The appropriate catalyst mixture may be delivered to the respective
reactor in a variety of ways. For example, it may be delivered as a solution or
sturry, either sepafately to the reactor, activated in-line just prior to the reactor, or
preactivated and pumped as an activated solution or slurry to the reactor.
Polymerizations are carried out in each reactor, in which reactant components

(e.g., desired monomers, comonomers, catalyst/activators, scavengers, and



depending on the context, any reference herein to "catalyst" usually also
inplies an activator as well. [01711 The appropriate catal yst m xture may
be delivered to the respective reactor in a variety of ways. For exanple,
it may b&VQ6P&14Y as a solution or slurry, either separai®bisdssghe
reactor, activated in-line just prior to the reactor, or preactivated and
punped as an activated solution or slurry to the reactor. Pol ynmeri zati ons
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desi red nononers, conononers, catalyst/activators, scavengers, and WO
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embodiments, the first catalyst is a chiral catalyst while the second catalyst is a

non-chiral catalyst.

[0173] In certain embodiments of the processes and compositions, the
same catalyst mixture can be used for each of the first and second
polymerizations, whether series or parallel. For example, in certain processes,
certain catalyst mixtures described in U.S. Patent No. 6,207,756 can be used in
both polymerizations, and that patent is hereby incorporated by reference in its
entirety, particularly the portions describing the catalyst mixtures, e.g., column 8
line 20 through column 14, line 21. Preferred catalysts are those that are
isospecific. A procedure for forming a specific example of a useful catalyst
system is 1dentified in Example 1 of that patent. _

{0174} First Catalyst. The first catalyﬁ is preferably a chiral catalyst. In at
least one specific embodiment, the first polymerization is conducted in the
presence of a first catalyst that is a “single sited polymerization catalyst,” which
preferably allows only a single statistical mode of addition of two different
monomer sequences, €.g., propylene and ethylene sequences. The first catalyst is
preferably well-mixed in a continuous flow stirred tank polymerization reactor,

such that it allows only a single polymerization environment for substantially all



i sospecific. A procedure for formng a specific exanple of a useful catalyst
systemis identified in Exanple | of that patent. 101741 First Catal yst. The
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coor di nat i ngPigEhejapsiadienyh; watahsempaynst argt be oompined with eAther &0t 3 waor. (Al |
f h b " s ] b i i . 1,
o erences gl SR VPR B G R AP

(whi ch i ncl ugt€ererdfet | hepdiQI8) “oMtl P’ C prefirablys tbhadee actdacrs edwell, Wnfess Pat ent
Nos. 5,198,401 and 5, 391,629, the disclosures of which are .hereby

i ncor por at edspeeiisidrotipywised) e Nendimiting rexamples tafcaatadyst supierns (which indude

enbodi nent, an. al unoxane activator can b seqd. Lhy. .an anou, royi de a

o T e it BTV AR RS b Bed e B Bed 1 ST po@B REB S 1o P B her

particul ar aspotk29fthé QistloSiree et Wit ard h@aabgcﬁewm@éd RGeinGMRadrkklee ani on
\"A|

activator can be used in an anount to provide a nolar ratio of ]
bi scycl opent hdk panpiculae espectoafrtpisiemsbadimensnan ebmaixane iaeigyvagori aan befustd o 10: 1 to

1:1. | t th ti | t .of thi di 1, | i ti
Feaction i s SoRRAERLE BPitArPaa brasrs Y PRl Eh.of S b var | O
system descpj beet 1 hemeiddiiat Pl @IReLBid T Bis EmBBAinRG:, tPnef0boriiRftiagt i me of

from!l second to 10 hours. [0176] Second Catal yst. The second catalyst (if
di fferent theempdtiblé amien acipatal opstbe used pn eh ermading ta proyidech moddr retie afyst and

|5 2L 0 br el prabl oieller il xed L0 .ot Louous. £t S bR S5O

1:1. In yet another particular aspect of this embodiment, the polymerization
reaction is conducted by reacting monomers in the presence of a catalyst system
described herein at a temperature of from -0°C to 200°C for a time of from 1
scéond to 10 hours.

[0176] Second Catalyst. The second catalyst (if different than the first
catalyst) is preferably a non-chiral catalyst and is also preferably well-mixed in a
continuous flow stirred tank reactor. The second catalyst is preferably activated,
meaning that it is combined in some manner with an activator. Examples of a
second catalyst are set forth elsewhere herein, and are also set forth in WO

00/24793, which is hereby incorporated by reference.

EXAMPLE

[0177] The following example describes formation of a reactor blend
composed of two different types of polymers, by continuous polymerization
conducted using two continuous flow stirred tank reactors, arranged in series, to
which different monomer mixtures and catalyst mixtures were fed continuously.

Hexane solvent was fed to each reactor to maintain the contents of each reactor in



meaning that it is conbined in sone manner with an activator.

Exanpl es of a
second catal yst are set forth el sewhere herein,

and are also set forth in WO

00/ 24793, which is hereby incorporated by reference. EXAMPLE [0177] The
f ol | ow ng veoraonsloedidescri bes formation of a reactor blendp i 49f two
different types of polyners, by continuous polynerization conducted using
two continuous flow stirred tank reactors, arranged in series, to which

di fferent nonomer m xtures and catal ystsqn xtures were fed continuously.
Hexane sol vent was fed to each reactor to naintain the contents of each
reactor in WO 2006/ 044149 PCTI US2005/ 034946 -54 solution. The tenperature
of the second,reactQr was substantially higher than th of the first
eact or - Eac o) e apsaths dadesPRukHEacey e S e hiey Bin i
activator i no@Re i r8fctdrOliRAatR [ R%rk Qb PP BrehliXfe GRAYATandSI NY 2
metering punp. @tél f'st I\E/Fh?turae A (Sﬁrgﬁﬂt% éal%tfor g?&v\és 5%&2 ur"%l "of
unsupport ed adivaet iy$60 iny bf tilsdrenaiehihieh fad o respebtive tdagior watngl a/mieteaing
dimethyl anilinium, tetrakis (pent gfl uoropheni/l ) boron actiyvator. Catalyst
M xture B (fE¥MPo GaalystoMixniye faéled 1o Reapter o) Wassupp¥inieQf unsupported

yl

di-(p-tri-ethylsi (g e ) ) s | =t~
fluorenyl) h%\eﬁﬁ r%éﬁ }ne?@(#&&gé%%usnél gﬁé&f?ﬁn %%wéfar%gt gﬁﬁaﬁﬁﬂ aghg? , 857
(Catalyst At @ftaflu eﬂfl)fl:@g@i B&tvavdrt NCAthIgstSiBurea® (fadodooRedesrd in
Catal yst Mxture A. See. Catalyst addition rates are shown in Table 5. Tri
n-octyl al unBhunWeélas ausdtixéigrea ofavengwporied Redictpdri-ethylsidy-eengyeasbylor Can

rate (/b (GPROPRRis SR A R RIS BERSp Ralypr aenny B id08%4% 1 160

12 199.8 0 3904, Phient N&. 8584,839 (@a@lﬁ@)\?ﬁx@n&l&%ﬁ%ﬁﬁt@ eHf3 vl the shal € 6
Reactor Production Polysplit C, Conv (% C3 Conv ENB te (g/hr) (99 (9
Conv (% activator used in Catalyst Mixture A. See. Catalyst addition rates are shown in

Table 5. Tri n-octyl aluminum was used as a scavenger in Reactor 1.

Table 5
Reactor { Can | Can Catalyst | Catalyst | Scavenger | Hydrogen | C, G ENB | Cq T
Wi | Time | Mixture | Rate (g/h) @h | egm | @h | @ | co
{2) min)
1 534 10 A 0.00233 | 0.118 0 12 1998 [ O 3564 | 47
2 2484 | 30 B 001101 | O 0 228 45 32 1782 | 117
Table 6
Reactor Production Polysplit C, Conv (%) ‘ C; Conv ENB
Rate (g/hr) (%) (%) Conv
(%)
1 14.6 26 134 29 N/R
2 289.6 74 44 48
[0178]) Reactor 1 polymerization produced an effluent that included the

first polymer product. That effluent, including unreacted monomers and catalyst

mixture, was fed to Reactor 2, where polymerization was conducted under

different reaction conditions. For example, in Reactor 2, a significantly higher

reactor temperature was used. Also, a polvene (5-ethylidene-2-norbornene) was

introduced.

The production rate of each reactor was determined by timed



1 74.6 26 134 29 NR 2 289.6 74 44 48 (01781 Reactor | polynerization
produced an effluent that included the first polynmer product. That

ef fl uent, wachewdiumgounr eact ed nmononers and catal yst  n XpeiRis20i3p3{086 t O
Reactor 2, where polynerization was conducted under different reaction
conditions. For exanple, in Reactor 2, a significantly higher reactor
tenperature was used. Al so, a pol yene-§H-ethyli dene-2-norbornene) was

i ntroduced. The production rate of each reactor was determ ned by tinmed W3
2006/ 044149 PCT/ US2005/ 034946 -55 collection of effluent foll owed by

evapor ati ng the..sol ve d ning the _.renplni | i,d n ration.
Theppr oduc'? iCSﬂeCP '?eo\fo#}hﬁgrgcgogggf%&vbﬁsg@?ﬁ%%%ggé gB%é‘f%ﬁSﬁi‘a&ﬁﬂgg ﬁé%cti on in
Reactor 2 a&_éinéiﬁﬁﬁ sBRdd @ndbiifhtiont THE rédict Rl taBoPOReactdte] Qb detehinkd om
Reactor 1 using that sanme procedure. The conbi ned production rate was

measur ed f oltyotipping the rezotion pn Reactar @ andi thgnt pesfonting e thedealdaction f when
bot h t 2] full ti. | .. Usi that i Lon, t rati f
Reactor 1 pribAians fam Reatiat | HEE Sl sHREERPEHOLET e PARLIPredtER at ed.
That  ratio g vl heflurddofolioRidg! the | SAmMEGRbE e@ure Uity td Sutpdi 8f Rehctd@ke- up and

feed rate and production rate, catalyst productivities were calculated in
terms of Catwllepdbth Efatiots waryfully apetapioeall g Yainal that infoiniation;) théanatio wd

properties t he_pol yner products formed in_each reactor _are reported in
Tables 7 an?}{e’&‘?w‘A% Pé‘é‘é-ﬁt‘f’ﬁ ratg i dhezcqrpingd RFRAVCHS) TALY Yas cﬁé?&%‘ff@r 'Pli‘athad an
et hyl ene co h Otz 10b re@Styya: C L L

Reactor 2, %tl?d;ﬁ (%gg@apérﬂgs/é{topx S?[gtrg\c?at r%stlﬁ?ﬁgP&geg botE ?ﬂ’f&%@ﬁﬁeﬂgformd
in Reactor andpretuctionirhteocedlyqgirydeotivities nedre taltektddoin Brmbad Catalgdthyl ene
content of 61 W% _ The value of ethylene for the second polyner, calcul ated
fromthe fi rfciengy (gROIYEEHE ¢3881¥¢thr bl end et hyl ene content and pol ysplit was
75% The val f ENR/ MRS 0. L &6 el prid.ned
i ncl uded l\/bo[‘rqug? Vi scil ty?g@é%neﬁl gi):'f 5‘%‘%‘3‘%&9{‘%% t&(ﬁ%ntgatcgﬁ }sr?anchi ng

measur enment sard gporetlin Bibles Ainld 8. eAk eedreid T abléabihe polymedfoimed abReactorReact or
C2 ENB M. M. My Mz M. .
1 had an ethylene content of 21 wt%. In contrast, the polymer preduct exiting

Reactor 2, which was a reactor blend that included both the polymer formed in
Reactor 1 plus additional polymer formed in Reactor 2, had an ethylene content of
61 wt%. The value of ethylene for the second polymer, calculated from the first
polymer and reactor blend ethylene content and polyspﬁt was 75%. The value of
ENB was 6.9%. Other reporied properties determined included Mooney
Viscosity, Melt Index, molecular weight data and branching measurements (g’ and
BI), all reflected in Tables 7 and 8.

Table 7

Reactor C, " | ENB ML Ml Mw Mz Mw

(%) (%) (1+4@125°C) Lalls Lalls DRI
FIRST 21 0 33 1607 7704 1639
POLYMER 37 19 66
SECOND 75 6.9
POLYMER
Reactor 61 51 54 2506 4573 730
Blend 01 61 310




(%9 (% (1+4@25C) Lalls Tails DR
37 19 66 SECOND 75 6.9 POLYMER Reactor

61 310 WO 2006/ 044149 PCT/ US2005/ 034946

-57- CLAI M5: What
maki ng an el astoner conposition having a Money
Viscosity (M. (1+44) @125 C) of from 16et.o 180, the conposition
first polyner and a second pol yner,

first nononer system i ncluding propyl ene and optionally

solvent using a first catal yst syst
provide a first polyner

havi ng 60

WPl

vh DR
+ 8694¥cPu8mbsH: 840 2. 88

is clainmed is:

FIRST 21 0 4.2 1697 2704 1639 POLYMER
61 5.1 54 2506 4573 230 Blend 01
-56 Tabl e 8 Reactor
MV Mh Mz NWO 2096/04488646 0. 963 0.963 2.03 1.59 Rxl
1.83 Rx2 WD 2006/ 044149 PCTI US2005/ 034946
1. Continuous process for

g Bl

i ncluding a
t he process conprising: polynerizing a
ethylene in a

a first polynerization zone to

nore units derived from propyl ene,

i ncluding isotactically-arranged propyl ene-derived sequences and further

having a he
or both and

pol ymeri zi ng
an al pha- ol ef

systemin a §
an el astoneri

Reddor T USTRADRESS [Ran 45 J[gror a neMwNE POl Me/Mn€SS han 105 C
Mooney|Viscosity (M. (1+4) @125 ) of fromlto 45;

&xsecond| sy ner sy3a£n1thdbSEmclﬁanogthyFe1@5mnd optionally

in, pref&rably ethyl ene, ih a solveht using & second | catal yst

b@eDAd pol pecar | zat [ 0R5zone f 0.94r ovi de2.88 secongd1godl ymer| which is

®xpol yme that is{either non-crystalline or has ethyl pne-

allinity]

derived cryst




conbining the first polynmer and the second polyner in a m xture that

i ncl udes sol vent and unreacted nononer; and renovi ng sol vent and unreacted
mononer frwo lobgosanast ure to forma recycl e for the firstppg| %ﬂg 635911' on
zone or the second pol ynerization zone, or both and to provi an el ast oner
conposition that having a Money Viscosity (M (1+4) @125 C) of from1l6 to
180. 2. Process according to Caiml imywhich the solvent and unreacted
nononer are at |least partially separated prior to being introduced to the
first or second polynerization zones. 3. Process according to Claiml or
Caim2in m&g}e first polynerization 1is conducted to deplete propylene
nononers to " bel ow what is desired for making the second polymer;
t-he second p%émar' zatjon and recycle are operated WO 2006/ 044149

PCTI US2005/ 0 ’tso reduced the al pha-olefin nononer, to a | evel bel ow
what is required for making the first polymer, with addltlonal makeup
propyl ene nononer being added for the first polynerization and additi onal
makeup al phal.ol efContmmogsrerotess nipr anhdkidgf e eldst@nere congopitiby nhaviigmt aon. 4.

First pol yneHosa Y€asbintbol Gre the gr 6888 Soripr i Al HBRMESRz: ng a
fr st IonOMEhRRE R hBCNCE S BRI BE oo aRLbARALLY. oL hylene 1n a

sol vent usi ng a yst system I zat.i on zone to

provide a first ggdlymmnglavﬁnagnﬁaom%memrmmdmg psop)diﬁmandobpfnmﬂly
propyl ene, |nclud|ng i sotactjcally-arranged propyl ene-derived sequences;
pol ymer i zi ngtthYleR& B r\’émgsay@tsb?ﬁttlﬁﬁts}"ﬁtﬁ@ 19&@5@?%%%%&0%&& onal | y

an al pha- ol e%ﬂ Didk " & sﬁ%YfrHér H; econf%g%%ﬁ@%aéerﬁégmﬂﬁlﬁgOnd

pol ymeri zation zone {% provide a ric ’and

ei ther non- mekdingl 1b¢tﬂﬁ1e@tlyiaa&n@dmbpﬂendd@afrlv¢ede@weyﬁé@érld farthyy, havig@iani ng t he
first polynmer and the secaond in.a mxture that i ncl udes sol vent and

unr eact ed nobfshef fusianlsss Hgn J/%r‘i’? adﬁéi“}é% opyt dess thamy 161 F@Ioéll?@thr@ﬁ%r?ers from
the mxture Mooney Viscosity (ML (1+4) @ 125 °C) of from 1 to 45;

polymerizing a second monomer system that includes ethylene and
optionally an alpha-olefin, preferably ethylene, in a solvent using a second
catalyst system in a second polymerization zone to provide a second polymaer
which is an elastomeric polymer that is either non-crystalline or has ethylene-
derived crystallinity;

 combining the first polymer and the second polymer in a mixture that

includes solvent and unreacted monomer; and

removing solvent and unreacted monomer from the mixture to forma a
recycle for the first polymerization zone or the second polymerization zone, or
both and to provide an elastomer composition that having a Mooney Viscosity
(ML (1+4) @ 125 °C) of from 16 to 180.

2. Process according to Claim 1 in which the solvent and unreacted monormer
are at least partially separated prior to being introduced to the first or second

polymerization zones.

3. Process according to Claim 1 or Claim 2 in which the first polymerization
is conducted to deplete propylene monomers to a level below what is desired for

making the second polymer; the second polymerization and recycle are operaied



to provide the el astoner conposition; and recycling propyl ene and ethyl ene
nononers and sol vent for polynerization; wherein: the first polynerization
is conducted to deplete propyl ene nononers to a |evel below what is desired
for maki NY:2986/8dtnd pol ynmer; the second pol yneri zat i onpen@st@ensdess ar e
operated to reduced the ethylene nononers to a |evel below what is required
for making the first polynmer, with additional nakeup propyl ene nononer

bei ng added for the first polynerizatisgn and additional nakeup ethyl ene
nononer bei ng added for the second polynerization. WO 2006/ 044149

PCTI US2005/ 034946 -59 5. Process according to daim4 in which the first

pol ynmer has_a_he of . .fusigen.less than,45 Q el tin Qlnt.less than
105" C or bt Redif uplaliaede O PR Ry R pusty it S Rapngd BB ings" 45!

and the el ahé GrR bosAEPOWIth h@itioRaSmakelP RS vk M@tintet belg ddlied For@He?S C) of
from16 to 180. 6. Process according to any of the preceding clains in which

t he second firgopolymerizagion and nddirovalpoakenp alndi-adefin/inonemanbeipg eddede fier and
optionally g di en&. 7. Process according to any of the preceding clains in
whi ch at 1 d8&8e8ad POlSMeriZRRONt £ | yent of the first pol ymerization zone is

continuously directed to the second polynerization zone for series node
operation and /or at least part of the effluent of the first polynerization
zone i s combi nedContinnobd eraeksd frenhalofig bl elasteaon donpokiior rthataintlmdesane f or
paral | el node operation. 8 Process according to any of the preceding clains

in which t H&spptlymey and psecopd polymerghe Bioset CORPISWE i r st pol yneri zati on zone

to the total pol aduced_i.n i p Rl i on zone
ranges from5 toly (ggl.ﬁe‘g#lﬂgr gcggéé glcoéjgﬁlallf nd'§ 1{5813 gﬁ3é§§8P%§ %&%ﬁ%ﬁgﬁ%‘?ai ns in
whi ch the noptionaky téthylené nigl wdeslviche Jsingsta [fiedty oBtalydnykiet si@candiuol yner is

fi,ni shed by devolatjilization to, _formpellets or_ bales. ,A0. Process
accor di ng teelsmgrigrionheongrtecraviig & ifiastmolymesiaving o0 WiV Br tpere WRKEt i on of

(e 1L7EL PRUMERY @ MRS . SR TRRRO IR oRBR SR
second sequences;
polymerizing a second monomer system that includes ethylene and
optionally an alpha-olefin in a solvent using a second catalyst system in a second
polymerization zone to provide a second polymer that is elastomeric and either
non-crystélline or has ethylene-derived crystallinity;
combining the first polymer and the second polymer in a mixture that
includes solvent and unreacted monomer;
removing solvent and propylene and ethylene monomers from the mixture
to provide the elastomer composition; and
recycling propylene and ethylene monomers and solvemt for
polymerization; wherein:
the first polymerization is conducted to deplete propylene monomers to a
level below what 1s desired for making the second polymer;
the second polymerization and recycle are operated to reduced the ethy/lene
monomers to a level below what is required for making the first polymer, with
additional makeup propylene monomer being added for the first polymerization
and additional makeup ethylene monomer being added for the second

polymerization.



pol yneri zation fromthe recycle and by providing additional fresh feed to
vary the rate of flow and the heat renoval capacity for each polynerization

separ at elwg 1doBB44154 r St pol yneri zation being at a tenperg&,pﬁlg,éa%&\ybt he
melting point of the first polynmer and the second pol ynerizati on Bei ng at a

‘tenperature from20 to 200C higher than the tenperature for the first

pol yneri zati on. WD 2006/ 044149 PCT/ U?%OOS/ 034946 -60 11. Process according
to any of the preceding clains in whifch a transfer agent is used to limt
the nol ecul ar weight in the first or second polynerization zone. 12. Process
according to any of the preceding clains in which the process is operated
in paral | 8. no®eoaskeactondingabySlaim t4 of whadhyther fitst polyowd bas &Heaf iof st

. pol i . t he total. pol. in th d.the first and
Cacond | poryetblees i b 18e s radtBapbf e Biem LS o o both andlcsbAoBei or ¢ nat

consti tut @ﬁg&éi%%u{elﬁlé&?@gﬁy rret? 3k iﬁ%}iﬁ Pho BEPad {He)sélas‘f%}#é’f;@&mgbﬁ%he”e

.. content) an I et hyl ene content). rocess according to
any of t héapa dboedien Y isdoaityr@VIL(1wh) @hi 251€) pf froesks tiosl 80oper at ed i n paral | el
node when the polysplit of polyner produced in the first polynerization
zone to the total polyner produced in the and the first and second

pol yneri zg i on i ter 7H * L ) 1 ( ; , Wherein
FPP is t?e' pr %@%%éé%‘gﬂﬁ%n?’ ?ﬁv?/{] %](t)l% ?ﬁge%l}g%}/ 1§r§:emé\§1’lfﬁe,r§f)e§% ogéE is the
et hyl ene pbyrhenis a edndehd dupolyher ofethylene afd piopyidnk and optisiad by & idismeor t he
paral l el reactor blend conposition. 14. Process according to any of the

preceding clainms in which the recycle is split into a first recycle stream

and & second 1 SSXCLe o3l 8o Ut SE UL LS o SRS P 1S44SR dp0 he

first polynerizZatron zone second recyc reamto the

second poltyereffivent ofthe Henolytheriddtiore eak i8comiiongly idireCledittn thd sedbnghi ch t he
anount of solvent in the second recycle streamis selected to be sufficient
to (i) obthRMlymerizatien zaue s ssries meds opasrtionaandoer aleleps part pfcthestflpent)y obtain a

desi 1 ed Palyal ke AR RLRREPSORE SO UL MO lerh i RICRRAIBGel alrs I

whi ch renovi ng unreac nononer fromthe m xtare 1 ncludes (i)
subj ect.i nq:dljﬂﬁeﬁmi&hd()@ fop parallel BbdéSeleyfivn, separation step for concentrating

t he polyner in
8. Process according to any of the preceding claims in which the polysplit of
polymer produced in the first polymenzation zone to the total polymer produced in

the first and second polymerization zone ranges from 5 to 95.

9. Process according to any of the preceding claims in which the mixture that
includes the first polymer and the second polymer is finished by devolatilization to

form pellets or bales.

10.  Process according fo any of the preceding claims in which imx which the
fraction of the first polymer and the fraction of the second polymer produced are
controlled by splitting the amount of solvent supplied to the first and second
polymerization from the recycle and by providing additional fresh feed to vary the
rate of flow and the heat removal capacity for each polymerization separately, the
first polymerization being at a temperature below the melting point of the first
polymer and the second polymerization being at a temperature from 20° to 200°C
higher than the temperature for the first polymerization.



remai ning solvent (ii) subjecting the concentrated solution to a second step
for WO 2006/ 044149 PCT/ US20051034946 -61 further renoving solvent and form

nol ten polyner for pelletization and ; (iii) conbining solvent extracted
fromthe WO 3068Md4Second step to provide a conbined reeyeh&6isi@ais (i V)
directing the conbined recycle streamto the first polynerization zone or
the second pol ynerization zone or both. 17. Process according to Claim1l6 in
which the first step includes subjectigg-at |east a portion of the m xture
to liquid-liquid phase separation to provide a solvent-rich portion and a
sol vent-| ean portion. 18. Process according to any of Claims | to 11 in

which the process is operated series.reactor. erein a
recycl e st rL‘a a;srseag{:%r “’cgotota% c?;l?esgrecw%,g]g lgtrmlaﬁh fgﬁ’é‘ hEBYY t he
second polvy; t et he percent
r ecycl eto %E]g%ct?%rﬁrﬁﬁ|t§@121?]beg@aitog&¥hgﬁ*tﬁ? %?%%%gc’? nd ?!I)?}‘FEZ.?CIIQIT 61?%&1 and wherein
polysplit of polymer produced in the first polymerization zone to the

tot aI pol yner produced in fhe and glﬁlfl rst_and second_. polynerization zone;
RT2 = secontr eabtosess; aseprding ie any eapfacedme clams yy Whichathe drogestifer at ur e

(©. 19. Pr ht cess is
bper atod 1 Panas AR nbdt Bk Bhe Tl be blvikr sRodilel ! BE M50

directed t Opélbﬁxeﬁzaﬁfdn zdhelty MR {oZd tpobyind qitedwurd ih ¢hd &Rl t&ecfﬁm%naldewﬁr i zation
zone to provide a recycle split, wherein the percent recycle to Reactor 1

i s equal topqumenzqtmsy goTESIS*greateXTHAIRTE Jeqed, toan §3GRdiaston th eonp@ﬂuw;ﬂ it of

I d d f
b otiuced | et g dorignach S FRRG %%Ec%chia%%r'pﬁa% SRR sttt ol e @39 "Cecona
react or tenpgl@ﬁ{eygﬁy{eg}:,coﬁt@gﬂ RTI first reactor tenperature (C). 20.

Mil tistage reactor plant for making an el astomer conposition that includes
a first polyner and a second polymer, the system conprising: (a) a first

structuret?%\ gcludes a IrStFE‘glﬁ rizat(h.o one.in V\ﬂ'bﬁ] the first
pol yrrer i s a1 medTosERuaescrdpe It e obie piGrdine sl i hishu e ragest o5
receiving aof!@at%ﬁ%lﬂeﬂéﬁé%nﬁ’@ MH%BQQ@%%%@ of p@?ymer produced in the first
polymerization zone to the total polymer produced in the and the first and second
polymerization zone is greater than 575 * (100-FPP)*'* * (BPE)"® | wherein FPP
is the propylene content (wt% of the propylene polymer and BPE is the ethylene
content of either the series reactor blend composition or the parallel reactor blend

composition.

14, Process according to any of the preceding claims in which the recycle is
split into a first recycle stream and a second recycle stream, directing the first
recycle stream to the first polymerization zone and directing the second recycle

stream to the second polymerization zone.

15.  Process according to Claim 14 in which the amount of solvent in the
second recycle stream is selected to be sufficient to (i) obtain a desired second

polymerization temperature; or (ii) obtain a desired polysplit.

16.  Process according to any of the preceding claims in which removing
solvent and unreacted monomer from the mixture includes (i) subjecting the
mixture to a first solvent separation step for concentrating the polymer in

remaining solvent (i) subjecting the concentrated solution to a second step for

-



first nononmer m xture and sol vent and at | east one outlet for dispensing a
first effluent that includes the first polyner; (b) a second structure that
i ncl udes woemeeondigol yneri zation zone in which the sec r is
formed, the second structure having at |east one inlet ﬁ%$”8$%§g¥5%ﬁg a
second nononmer nixture and solvent and at |east one outlet for dispensing a
second effluent that includes a secondgpolyner; (c) a third structure that

i ncludes a vessel for receiving an effl'uent that includes solvent,
unreact ed nmononers, first polyner and second polyner; (d) a main first
effluent line for directing effluent fromthe first structure to the second
structure, dSudherinsmovingesoleastand oyt mpliganolyaes der pebetization a8dri @8) node
-using the i f.fluent .l ine; ss.first, effluent.line for causing
the Tirst orphudiibe 5%y salied BomdneiRe Pasetdie SnldPRivide {ipehed tor
system can QecyeRersileas; | (IVT‘_ dAfdchhg etheEmbinédi Necycle MaRs Stochiild UBRE | i ne;
‘and (f) a second effluent line for directing effluent fromthe second
structure t gohmrrizatipn dorst ordiet secend palymPhzattonazovepubeiy. t o C ai m 20 i n whi ch
the plant is used to performa process according to any of Clains | to 19.
22. Plant according to Cdaim20 or Claim?21 in which the first and second

pol ymer Zat 1100 207688 heakdhEIPORRRALEH hieiNRE Firk SKAARGLAG, LbRRAPAr at | on |0

series node to operation in para node or from ration. imn al I el node

to operatideast m pertioasofntite mixtureate digbidaladuiid phage separeSorand poavidd lael nodes.
23. Conpositi fn in ]gel | eti zgd or bg‘l e form having a conbi ned Mooney (M. 1+4
at 125 C) ofSopveBhalspeitiongnd a seiventrlgan PHOR.ysi on of |ess than 50 J/g
conprising a first polymer being an el astoneric random pol yner having a
content of propylene-derived units of at |east 60 percent and including

i sotacti cal | )8 ar rianged acqurdipy kene- diClained] sebuanwrihahe procbsad opratbdisi on of -
| ess than 45 J/g or a nelting WO 2006/ 044 t 49 PCT/US2005/034946 _ - 63

poi nt | ess tiRh SaLs reaglon T%Ufge@@nﬁ’hﬁ’@ﬂlyﬁﬂﬁcb‘é? fyeamcispdirssted totheafiry| ene and

Compos 1 on Langacipdh ot 8 ko PURRAIBEGIH Bdld ey,
split, wherein the percent recycle to Reactor 1 is equal to 2.8 * (PS)* *
(RT2/RT1)""!, and wherein PS = polysplit of polymer produced in the first
polymerization zone to the total polymer produced in the and the first and second
polymerization zone; RT2 = second reactor temperature (°C); and RT1 = first

reactor temperature (°C).

19.  Process according to any of Claims 1 to 11 in which the process is operated
in a parallel reactor mode and wherein a recycle stream is directed to the first
polymerization zone and to the second polymerization zone to provide a recycle
split, wherein the percent recycle to Reactor 1 is equal to 4.5 * (PS)°> #
(RT2/RT1™, and wherein PS = polysplit of polymer produced in the first
polymerization zone to the total polymer produced in the and the first and second
polymerization zone; RT2 = second reactor temperature (°C); and RT1 = first

reactor temperature (°C).

20.  Multistage reactor plant for making an elastomer composition that includes
a first polymer and a second polymer, the system comprising:
(a) a first structure that includes a first polymerization zone in which the

first polymer is formed, the first structure having at least one inlet for receiving a



EP rubber with a from5 to 35% by weight of a polynmer having 60 wt % or nore
units derived from propyl ene, including isotactically-arranged

propyl ene-derived sequences and further having a heat of fusion |less than
45 J/ g orwa meé/eddng point |ess than 105 C or both and apiMpRREMsHsHEPSI Y
(M (1+4) @125 C) of from| to 45 said rubber having a Money Viscosity of
from16 to 100 Mooney Viscosity (M (1+4) @125 C) and an ethyl ene content
of from30 to 80 wt% 25. Conpositiongccording to Claim23 in which the
conposition is a nodified propylene elastoner with from65 to 95 wt % of a
pol ynmer having 60 wt' / Qor nmore wunits derived from propyl ene, including

Sotacti call. S anged BLOpU IS e astuencen, and lher N 1o &
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C) and an et hyl b acecdmidtruofurd thatminefudes aS8comd’polymerization zone in which
the second polymer is formed, the second structure having at least oné inlet for
receiving a second monomer mixture and solvent and at least one outlet for
dispensing a second effluent that includes a second polymer;

(c) a third structure that includes a vessel for receiving an effluent that
includes solvent, unreacted monomers, first polymer and second polymer;

(d) a main first effluent line for directing effluent from the first structure to
the second structure, such that the reactor system can be operated in a series mode
using the main effluent line;

(e) a bypass first effluent line for causing the first effluent to bypass the
second reactor, such that the reactor system can be operated in a parallel mode
using the bypass effiuent line; and

(f) a second effluent line for directing effluent from the second structure to
the third étructure.

21.  Plant according to Claim 20 in which the plant is used to perform a process

according to any of Claims 1 to 19.

22.  Plant according to Claim 20 or Claim 21 in which the first and second
polymerization zones are interconnected to permit changing from operation in
series mode to operation in parallel mode or from operation in parallel mode to

operation in series mode, or a combination of series and parallel modes.

23.  Composition in pelletized or bale form having a combined Mooney (ML
1+4 at 125 C) of from 16 to 180 and a heat of fusion of less than 50 J/g comprising
a first polymer being an elastomeric random polymer having a content of
propylene-derived units of at least 60 percent and including isotactically-arranged

propylene-derived sequences and a heat of fusion of less than 45 J/g or a melting
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point less than 105 °C and a second polymer being a copolymer of ethylene and

propylene-derived units having no or ethylene type crystallinity.

24.  Composition according to Claim 23 in which the composition is a modified
EP rubber with a from 5 to 35% by weight of a polymer having 60 wt% or more
units derived from propylene, including isotactically-arranged propylene-derived
sequences and further having a heat of fusion less than 45 J/g or a melting point
less than 105 °C or both and a Mooney Viscosity (ML (1+4) @ 125 °C) of from 1
to 45 said rubber having a Mooney Viscosity of from 16 to 100 Mooney Viscosity
(ML (1+4) @ 125 °C) and an ethylene content of from 30 to 80 wt%.

25.  Composition according to Claim 23 in which the composition is a modified
propylene elastomer with from 65 to 95 wi% of a polymer having 60 wt% or more
units derived from propylene, including isotactically-arranged propylene-derived
sequences and further having a heat of fusion less than 45 Jg or 2 melting point
less than 105 °C or both and a Mooney Viscosity (ML (1+4) @ 125 °C) of from 1
to 45, said composition having a Mooney Viscosity of from 16 to 45 Mooney

Viscosity (ML (1+4) @ 125 °C) and an ethylene content of from 25 to 50 wt%.





