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CROSS REFERENCE TO RELATED APPLI CATI ONS This application clains the benefit
of Seri alwbaesos/G@14618, 301, filed Cctober 13, 2004, andpré®/B4esb3B4sfil ed
January 20, 2005, the disclosures of which are incorporated by reference.
BACKGROUND Field of Invention [00011 This application relates to

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

Descri ption of Rel atg%ﬁm&@ﬁ%&@@kmyméowmommw relate to
el astoneri c reactor T ons. ere have existed ongoing efforts
to make pol yner conpositions having a desirable bal ance of properties and
attributes, CROSSHBEFERIHN REJof i AHAONN e useful in a nunber

| 2 ,. 4 Al
of applications. Such. conposition n cengnt s ni | ves in
a variety ofﬁﬂéﬂ’p %aB]é)ﬁ qﬁ@s&]ﬁeg ﬁ?é)g?(%f]fl c%p%@?@éﬁaldrg lgﬁgc{oﬁgﬁg%’eci fic
bl end cont enpiga ethd S0/6hs ed)amee MaRtEy 20120088, thd Wiscidsaresosf whivht e€ to, (1)
processibility in the nolten state in such processes as mlling,
ext rusi on, chcerpdeatehby tadefenosj ection nolding; (2) initial physical
properties in a solid state such as toughness, tack, adhesion, tear
resi st ance, B! b%@ﬂﬂ | ongation (3) inprovenents in cure rate and state
if curing or—gagcanrzaggon are intended; and (4) |ong-term physical
properties sPiddaslh@ationagi ng as defined by the retention of such physical
properties at elevated tenperatures. A variety of approaches have been
suggest ed t o[98l hiThispaipinsion relotrsdeicldstamserig tehctoh blege siopmpgsiperspand i%es and
attributes, but.those approaches.have ., experienced.vapi - I ngs.
100031 U. S. %tHWPuNB?OCg%%’%%E)f ﬂ%lrtﬁ %Flggtgg‘ebf’%r%%mé?n glr?{)g?rﬁ@l{ﬂsgélécfg&opyl ene

el ast omer haw\}\lg%e@ ah@WséWEbol9fnel SahaténgCleyas ahd/bmiybys oM ciystalliifityer ent
anounts of a 2006/ 044149 PCT/ US2005/ 034946 - 7 highly crystalline

propyl ene based pol yner. The bl ends are produced by
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 propérties 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



physi cal ly bl ending the conmponents. [0004] U.S. Patent No. 6,329,477

di scl oses the use of series reactors in the production of polyner
conposi t iwoeemisrgea bi scycl opent adi enyl type net al | ocereT/Usad03loy®lc but t he
conpositions do not have two polyners with widely varying propyl ene
contents. Qther patents relating to the production of polyner conpositions
are U S. Patent Nos. 6,319,998 and 6, 207756. [0005] WO 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.

[ 0006] WO 03/ Q040201 djscl e [ I §1RRdL arOPGH&Lde@NsyUSi Ng a
non- netal l i‘é%ﬁ‘é (frﬁ)%hlggt §ﬁs"§’§¥e¥‘€ob%r%§dﬁ@é&g%| gﬂgr corrpoagi ﬁiﬁons evm' t?fu varyi ng
crystal |i ni toysidalyi blehdiag ierohdopemyi ded for using inplenentation in
continuous operation using a recycle or process c?ndi.ti ons (ﬁer.rri ting

mol ecul ar WP U8t Pateny - opPERHFE! rBICIsERT U5%I0T IPHES SR IB YP0007]

Q her backgrg .r ef i nel & torNRadif ihdiallbkede Pat ent
Appl i cat i on %ﬂf%‘?gt"?g@%’%@ﬁﬁ@%ﬁ%’#‘%ﬁ%ﬁ%@%ﬁg6842,a lal;l]%l 5 72002/ 34795.
[0008] It i scagfndut hBe ebnpositions do hmtimvetwd grolymers cwite widelypuiryimar

conposi tions where the benefits of series .and/or, parallel reactor gperation
are expl oi tRsEPXlenecopteal- useisr RAtEER orﬁfﬁ‘?lgg h viﬂ?'fg péﬁé%\%? a?iia H@%%y from
16 to 180, — and, (i RIMLQY st PReRANILS,316308 9id 6o0ymee yet at the same time
provi de polyners in the conposition wth have different crystallinity

(i sotactic pjoogy]l wite 9840471 ard Ry.BeRatentyNe, 6445088 Idjscloserthh ases pf seresa| so

anong the objects of the inventi 0 rovi.de caonti nuous L react or
process condicB§tetsTy Higt POFUHI® Qgrchr# &tftgﬁepsm%oan&%l P%cgor?se n{%le%lgpb&ge
efficiently aﬁg&gﬁgrcg@aglst_scal e plants. WO 2006/ 044149 PCT/ US2005/ 034946
SUMVARY [ 000 D scl osed herein are various processes, including but not
limted to a[0006hMNMG3W40} odieclssesche HetkoirgriahTeartas OBFAHORSIHPEs £P¥n havi ng

a Mooney Viscosity (M. (1+4 125 f : o ition
i ncluding a meaﬁg‘fé/nﬁoltWerca?%?ﬁ%os E%Qr%lﬁgp%cglggrrlg}r 1‘:%% he S%g)g%egvgﬁco rising:
pol ymer i zi ng.@sthilisty. NeORamRfios ¥$ bRividddaor uspllidgsenemgidneinecaniiuone or
both of ethyl éne and .. . .

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.



propylene in a solvent using a first catalyst systemin a first

pol yneri zation zone to provide a first polyner, having 60 wt% or nore

uni ts derwoedodicueormpr opyl ene, including isotactically-acrasged/ 034946

pkopyl ene-derived sequences and further having a heat of fusion |less than
45 J/g or a nmelting point |less than 105 C or both and a WMoney Viscosity
(M. (1+44) @125 C) of from1l to 45; 8ol yneri zing a second nononer system
that includes ethylene or an al pha-olefin, or both, in a solvent wusing a
second catal yst systemin a second polynerization zone to provide a second

pol ymer W@Lﬁ\tf%;&[&n el astoneric polyner that is either non-crystalline or

has et hyl ed crystallinity; conbining the first Eiol,ymer and the
second  p@HO09E Disalosad Miextinr are t Veaious rprocaskes, Boludengt bandoutiméigdt é@l arononer ;

and renoving, solvent fromthe mxture to provide an_ el astoger conposition
that havi S§TEUONEJHESESY; 19F JBF 9 (FL e{ﬂit%fr (&PE’B@S’%PHS*P&V#%& %O?%WIBO.
[0010] D%ﬁiké&&dg r@%@qzya@%ﬁmafp@aﬁmm R6hpelifeh Beludiop 4 i mited to
a continuous process for nmaking an el astonmer conposition that |ncludes a
first polfirsrrolane andseswenod polyyreer the prisessr eowsisings pphindriage Bdliyheri zing a
first nononer systemthat.includes propyl ene and,ope or o] t hyl ene
and propﬂ‘g}?@qrﬁsyétegblt n{ncﬂgdleﬁdorgpﬁ?qﬁ%n{ac{ngl ?/rstbosyé)? eer;[j)ﬁ%ﬁ]% %rllérasty

pol yner i Z%&%&%e& sdienP Sk 6Bt EdtdI$dt sPQbiTBIa, ﬁﬂ@aﬁl@ﬁleﬁﬂaﬂtﬁf/@me nor e

units derive rom propyl ene, including isotactically-arranged

propy! ene-tderavwidsa Sies| potoesy; hpongy A Mtk ergnere %@é@ﬁd"?%ﬁ@@eﬁmg?&ném t hat ‘
i ncl udes et .ene or .an,al pha-ql efi . i i d
catalyst SYSHURE R SRSy s Rbreet Boubflel and ctiEFha U0 B secon

pol ymer t haht bSAiRloASEQMRAL @5 andoeh iingnsuiniCleysthah 1106 €Coor Hoals atdhy| ene-
derived crystallinity; conbining the first polyner and the second polyner
in a m xtMpenayh¥iscosiy| (e §1<01@rd “anal Tamehit & FRANE 3 87691 hg sol vent

br opyl ene "I 68T bRk S BLE RSB BB TERCR R aAe SO % and
sol vent; wh@igeh netdi@ Edtalgst Peleymem zatdond fodymendition edne o pieypldet @

propyl ene nmononers to a |eyvel helow what. is desired for maki the, second
pol ymer:  t36€onskpQiieeh YRRk IS FnelrSAMERYPIERGE | té?reégﬁbg?ﬁfgatapgn? 8luce the

e W Al oMok s sl ot (Lo

first polymer in a mixture that includes solvent and unreacted monomer; and removing
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 ethyleme and
propylene in a solvent usiﬁg a first catalyst system in a first polymerizatioxa zone
to provide a first polymer, having 60 wi% or more units derived from propyleng,
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 ethaylene-
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



pol ynmeri zati on and additi onal makeup ethyl ene nononmer being added for the
second pol yneri zation. The process can be configured either as series

react ors wo 20@ansaldbel reactors. [0011] Al so disclosed heceius2a@se3suéti st age
reactor systems, including a nultistage reactor systemfor naking an

el astomer conposition that includes a first polyner and a second pol yner,
the systemconprising: (a) a first pol4uerization zone in which the first
polymer is fornmed, the first structure having at |east one inlet for
receiving a first nononmer m xture and solvent and at |east one outlet for

di spensing g first_effl I t | : ; d
pol ymeri zat ieéwlezngr{ggl?oﬁn é\%ﬁ?&%%@ ﬁ%mlé g@%ﬂég]e%&ﬂ)}%eédlyég?%?%g? E?}%é/l?anegagt Sefggst
one inlet faepletCpiopyRge ansenned toonkerer befowt wha antkssed Venmaking @e. | east

one outlet for dispensi d effl. h : _
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sol vent, unreﬁ@ﬁ%ﬁ%o@?&gﬁ 8 1eviel bbw MY FBEqARM foLmakilg IR Hiepolyln@d), a main

first efflue I ne recting effluent fromthe firrst structure to the
second st r uckitli eadditiertal t hakethepropglant omosymeenbang bddedpdentibg ifiista series

node using the main effluyent line; fi . i
causi ng t he #qlymgrizafipp L?é‘Ht QC{ tl%&gé’?&‘g‘%ﬂgthgg%%?%g?%ré%ts %‘?‘ﬁé falg ggcgtf?ljhgjt@et Lgr
reactor syst &%rgﬂ}gol?%ﬁﬁﬁfoﬂ:[ ethel RodsP@HnMe @nfigRAA cithibnd defies kypagsor

ef fluent |ine; a second effluent line for directing effluent from
t he second dralietteac®rd.o the third structure. [0012] Al so disclosed are

mul tistage reactor. syst Ki .el L 1.on;
i ncl udes a fﬁ)ﬁ)gi] %Wzr%sr%{%ﬁ%o ergllécl(g%g ’ﬁ‘g‘i“g‘ aeffr%gﬁtrgr s{yg{ég%’sl %gféglrr%ggfdhg (a)
a first pol ynRiiszat ireidofRtdm fhiaking e dhdisheDodnypasitidrs tHao invhatles at he

first structure having at 'l east one inlet for receiving a first noner
m xture andfisol pdpmenrddar Isecond pelment ther SYHEMJICOBBHENAY @) 13 &Pt

effluent that includes the .fi I r. dio. i j on zon
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the second shiid b i8ashave MgleBfor r@@Bingomfirst mabnfeo mixmoeand swjvent sed end

nmononer m xture and sol vent and at | ea one out| et for.di spensi a second
Rluepcy i
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pol ymer and Sécon
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; (c)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; (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
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



polymer; and (d) a recycle line configured to direct effluent that includes
sol vent and unreacted nononers to the first polynerization zone, or the
second pwbyo®vl4ZADI On zone, or both in series nbode or iPoTpER@slogdo46rDdeE.
BRI EF DESCRI PTI ON OF DRAW NG [0013] Figure 1 illustrates an exanple of a
reactor configuration capable of operating in series reactor or parallel
react or nodes. DETAI LED DESCRI PTI ON [00414] A detail ed description will now
be provided, beginning with various definitions and properties, followed
by an outline of specific enbodinments, some of which are reflected in the
clainms, andgthen HeRREGE sHiGeYSEvaS atleasebldinet fsPRE¢SIN! a tshendl ai med
met hods. A. Definitions, Properties and Test Procedures: [0015] Vari ous
terns as usmdndmereinixtarecardefolred dand| @wieast onehaitiek fendispenseaent psedd in a

claimis not_defined helow, it .should. iven the br ini.tion
persons i nefﬂH@ltﬁléaﬁﬂ‘?Cg‘é# aaﬁﬁfoqﬁlé??&md?r\’/gcﬁ atqﬁagﬁeﬁ]f) re%)t%e%%o%r%gﬁf}eeggxgyg{ﬁh at | east
one print ederrpeth! tha@tdcBMet Bolrent, uréaetddonRAYmONs, irdti Sdlgher a8 8 wecbndat ent  or
publ i shed application. [0016] For purposes of conveni ence, varjous

speci fic t eptlypenend(des resyele hndemmgglﬂré@i tq dire ffdyent Hahdnglydssspives such as
nol ecul ar wei ght, Nbqney Vi scosit | vdi d Ly C wever,
when a pers Weﬁfﬁﬁnﬁ’ LRI Iorﬁeé%dg%? hﬁy"g&‘%glg%azlﬁﬁ 5‘% ’V\,i3 rsﬁgés Ste% eterm ne
whet her a cpslpgsiitdtion he,ReIbyiER sbass rmodeaditih paalél mpdoperty identified in a
claim then any publi shed or wel | -recogni zed nmethod or test procedure can
be followed to determ ne that property, although the specifically

identified ﬁgﬁﬁgiﬁigﬁpﬁﬁf‘%F% :ﬁqﬁb cl ai m shoul d be construed to cover

the results —even to the extent different
procedur es W013PPRuAA41ARSKEES UG2005I084946 reacbormegnfiguedttbndtdpfableent resul ts
or neasurenents. Thus, a person of (I')rdi nary skill in the art is to expect

exper i ment aPPe/ainginissnes repctaedPeradls! KREBEICAeS that are reflected in the
claims. Al nunerical values can be considered to be "about" or

"approxi mtely" the stated value, in view of the nature of testing in
general . [ ODEMAKED DESCRIPTW¥N used to describe a process or an aspect of

Seﬂ 8;? ;s\s/ ’es [@Qlﬁkﬁugpﬁag& edsegcrlsl;[ti% ’wal[lp%o%ve & prgx%ggci, nf5leoglilr?ning"§:l n\gfitlll rious
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



"continuously," shall cover any process or step in which reagents and
reacted products are supplied and renoved continuously so that steady
state, stwbl2e06/ugmgti on conditions can be achi eved. [0028ir/uSesvsoBa93é al | i ne.
The term "non-crystalline"” shall nmean atactic or anorphous, shall exclude
isotactic or syndiotactic (as defined el sewhere herein), and shall also
exclude any material that either has agneasurable nelting point (using a
DSC procedure) wi thout annealing, or devel ops a nmeasurable nmelting point
after annealing for one week (168 hours). [0019] Polymer. Except as

requi red by the.part.pcul ar nt e 0, P p ; einis

t he productnﬁWdﬂ%@é%H%Vnpg?@gbdié%m%%%ﬁ?%ﬁéﬂgmb% §%§§f§§?§3ﬁ§?§ﬂh§{
particul ar pRl ¥Aek #Alkkgdtt Zzapaimentileaatiaions [@0R0}suRal prepertest theh ards used
herein, the term"polynerization" is to be given the Qro%pesﬁ%ﬁianing used
by persons s¥flacteddnithe elaimsr Allamsrigak plygie Eg’ﬁ\f:é’ geadp oo Plinto

POl POLYIRLARLONE RANBIRL B {iOw I hcPRGe bl h gareday Ter | zal | on

t akes place I's "gener al forne y a back m xed reactor for formng a
subst anti al [y 17 CiRemAcLsy "When L8] deBalityes pipidcessier ars espehepld processe term
"polysplit" shall nean the cal cul ated result q%.%he wei ght Oﬂ,%ﬂﬁ first

pol yner (pr 614 En@rEEy ) Phaf™Ps SHEGHCEd APbnS [EV#TYS nbé yieri zation
zone di vi ded_py. engj ' { b lifi twilieh ¥8®entsadird tehetedecond
pol yrner (eth§]éﬁggg%?ygg??%g¥ﬁghggkggdz??ﬁ?%?én ap Iigggequally to series
and par al | elprodret are eapyflied Lmdt remmsved Tévatinheuslyt Ise %ﬂbﬁ%@hét%l gakle s

al ways regarded as the nunerator.. 40022] Mel ting Point, Heat of Fusion and
Crystal | i zattPeHon FABIIHENS 5A81%€ 28HEV*% onposi ti ons descri bed herein can be

characteri Zﬁltﬁoisg N ELBE s@flideNei ThdMBbinh MhonP@A4ISné TrghaRnehehgattactinf drusi on,
whi ch properties can be influenced by the WO 2006/ 044149 PCT/ US2005/ 034946
-7 presence avfiorplonsnelmdl sxchide dsasadtie drriyndiotdcie (andafingd rdemberdardihat i on of

CrYELl et BRI, Shehy TR FBREL EnGatebE Sphepmad bY
C 134,50) RpgoROprkitay s ansleg st la et
r éf er ’ence’ i npaintsafter aﬁnealing for one week (168 hou?s). ereby incorporate y

[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 parallel 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



entirety. [0023] Conmononer Content. The conpnoner content and sequence
distribution of the polyners can be neasured using 13C nucl ear nagnetic

r esonancewONbyo4lbmo net hods wel | known to those skill edpcmusb@sasioss
Cormonomer content of discrete nolecular weight ranges can be measured

usi ng net hods well known to those skilled in the art, including Fourier
Transform Infrared Spectroscopy (FTIR-7n conjunction with sanples by GPC,
as described in Wieeler and WIllis, Applied Spectroscopy, 1993, vol. 47,
pp. 1128-1130. For a propyl ene ethyl ene copol yner containing greater than

75 Wt % pr op)f,IBe%Q&e tokaecoﬁsggaggﬁgg%%r coent i(‘ﬁh ERE hindeN LB brRAicUGR a

pol ymer can*be neasure | ows: onobgeneous film is pressed at

i?g gnpe][ aturcgysm‘uitabobty th5 0o lpmegrobainer , Thengrapeitrese darorbea degrkingd  BY mer  PE
infrare t hot .

om 1 to A00UTErARIY SET 8 QUGG DR TORBrBF AT Sor L CIR=i8? 2ot hy! ene

can be cal cubatad accondi ng 40 LhedhQl hwoa aauati PaienEtN | &N, WA =

82.585 - 1113{91@}r g%{ugé4§€<§ \B%ere Xis the ratio of the peak height at

1155 cm -1 apthmp&akinbeil4Bi, ahichi pdient i3 2Rraby ingorperakdp by pefgrengphit Hever i s

hi gher. For pr.opyl ene ethylene copolyners having 75 wt % or | ess propyl ene
content, théMEEMBnomer (ethyl ene) content can be measured using the

procedure de[?g%ﬂgh?&lnbﬁbrﬁé?ecé%&@ Bhe caMBnIMiér dchtert 0Q4kqukass diztibutiokhe term

"tacticity” rs to the stereoregul arjty of the orientation of the

rrelt hyl r ez i chfel;cbpaélgﬂ)emaapy)b ereesurpd asipg| WheycleaTimagnetiq reonape ONMRO Py of t he
pol ynmers descr rein can be d r.m.ned. from 3 : ti
resonance ( NIE© i)%'éﬁrliﬁlwago% eﬁgﬁ&ﬁé’? ﬂ%\esa%es%’ﬁ%‘@élﬁgﬁgﬁg@?&kgégﬁ@neNl)f:
5,504, 172, afdicbhif wWRaleMndo caf Hedhedbfed edhd Metfods! welk&nd8n thitbasgh col umm

9, line 18, which patents are hereby incorporated by reference in their
entirety. Wakdbgsinodw 149 mdndmgfegsstro@mgaf@m-Isfrmdz%]ecm%?%él?E ti8nt: The

anmount of the pol yene .pr t i h G . . ]
by the quantRERTEUEn AL RPNy o FEC5 a8 el i WRURANAN Wilbe hbificd B ¢

present in téwechob I 1861 esl. pnlppreriszatitorFor Sgrepydbne ghylesdenpedynsearch as
i odi ne nunber and the determ nation of ﬁhe ol efin conten H,or 13C NMR

. t b
have been estaAipsgeereateh thane’Hartts FEeRyicICadle FRBPBOPHE C%Plée ylehe

content) of such a polymer can be measured as follows: A thin homogeneous film
is 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 wt% = 82.585 —
111.987X + 30.045X2, 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 pyocedufe 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 B¢ 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.



ENB t he anount of polyene present in the polyners can be nmeasured using
ASTM D3900. The anpunt of pol yene present is expressed on the basis of the
total weiwbtoafosgfsor exanpl e) et hyl ene and propyl ene- dercras2e8i08946 [ 0026]
Tacticity Index. The tacticity index, expressed herein as "mr", can be
determ ned by 13C nucl ear magnetic resonance (NVR). The tacticity index mr
can be calculated as defined i.-n H N. C8eng, Micronol ecules, 17, 1950
(1984). [0027] Isotactic, Syndiotactic and Atactic. The term "atactic"
when used herein shall be defined as referring to any pol yner “having a
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pol yrner conponents and po?yner c np05|t|ons herein. As used herein, the
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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 used 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



grans per 10 minutes and the test to be herein for determning MFR is set
forth in any version and condition set forth in ASTM 1238 that uses 2.16
kg at 230Ww0.200q/A0R3] | nternol ecul ar sol ubility and conpesiTtiseMs/034946
distributions. Qher characteristics that may be referenced in certain
claims are "internolecular solubility distribution” and "internolecular
conposi tion distribution.” Also, parti&ularly with respect to certain
enbodi ments of the first polyner, a "honpgeneous distribution" as used
herein is defined as a statistically insignificant internolecular
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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.



and unreacted nononer can be at least partially separated, in the course of
recyling, prior to being introduced to the first or second pol ynerization
zones. [WO3bje/damaany of the processes described above ectalss@shsmas herein,
the first polyner can have, for exanple, a Money Viscosity (M (1+4) @
125 C) of from 16 to 180 and a heat of fusion less than 45 J/g or a

nmel ting point less than 105 C or bothjJoand the second polyner has a Money
Viscosity (M. (1+44) @ 125 C) of from1l to 45. [0036] In any of the
processes described above or el sewhere herein the second polynmer can be,
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the second polynerization zone. [0038] In.any of th ocesses descri bed
above or el Swhesrizatian zns,or &9 thesgeqnd ¥merb?a“¥‘i’1€°n§f?e?fght of the first

POL YT | 22t 1 354§ 150§ 4 (HE pRRERENBBAED bl 81 hasantc hotir g soand

pol ymeri zati‘o one I'n any o he processes descri bed above or
el sewhere hezrnEIumreetcltml frionsmenmdn tee e hahsp phiyiaky isgperitod, b tess cewrse 96 changed
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[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



that includes the first polyner and the second pol yner can be finished by
devol atilization to formpellets or bales, and unreacted nononer and

sol vent awe 2006aaomer ed and recycled to the first and seeomdspasysm®aé zati on
zones, or both polymerization zones. [0044] Any of the processes descri bed
above or el sewhere herein may, for exanple, further include recycling
propyl ene and et hyl ene nononers and sqljvent, in which the first

pol ymeri zation is conducted to depl ete propyl ene nononers to a_ |evel
bel ow what is desired for making the second polynmer and in which the

second pol yrreri zati.on and,.recycl re er.at t . e et ene
nmonomer s t6get8 eé}é\&%’ﬂm&%@ Ol?st?%ciﬁi??égl\]&%orneﬁa\&?%oéﬁyﬁylf |(fr3+s4?>t%ol ymer,
Wi th additijeBRal) afibfetiPeRd QRYROE fiTaNDIRISOeIAg added for the first

pol ymeri zati on and additional nake up ethylene npononer being added for the

second pol Jf843]1Zntanpref the peweisendgscaibed pbovsrB cdsadsredadein; Bdnabyse or

el sewhere rein v g exanpl e, further. . d} cycle
stream in f B’ﬁlutraﬁg ‘qa? g%fti qully%%rtz}_lned &Hei rpegcfm%gﬁ)ll ma%r génrg\qehgﬁglrlidc!tb on of the
second pol ygwblaRligfeaad fame peitds bebhies, M unsqkietittha@nidreandnoivent afe sol vent
supplied to the first and second polynerization fromthe rec c&g stream
and by proviegvistpdaantl tecyplefl tor ks himk 8ad tsgcapdy ROlYRErFAIOB FIeSf 'f\’/ro Bnd the
heat renoval ,capaci.t r. each pol ynerization separately, the first
polynerizaﬂ%gﬂnd?%¢8¥5%(§'being at a tenperature below the nelting point of
the first po4ynEhy aidibkhgrosesendepaibedesioratdroelsbebearg lerein meppéerat ur e
from20 to 200 C higher than the tenperature for the first (ﬁg(%lé rization.
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[0047] In any or systens described above or el sewhere herein
adopt i on of leselpsaial | vehat v diesicain fdremekingahe iseentl opodigner achimgvhagtethiser t he

pol ysplit corresponds .to. a presel ect ed polvsplit. 06/ 044 ,
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of the proceskesipdespyldnedmahover deingl sddidefas Her Brsh, PRYaPIgFatgn an

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 polymér 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 transfex
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.



froma series node to a parallel node can be, for exanple, responsive to
determ ning the ethylene content of the reactor blend conposition. [0050]

I n any ofwbheogrueonesses descri bed above or el sewhere hereirnus2dosesas al | el
node is preferably used when the polysplit is greater than or equal to a
C3C2 Factor that constitutes a cal cul ated conbinati on of FPP (first

pol yner propylene content) and BPE (hbend pol ymer ethyl ene content).

[ 0051] In any of the processes descri bed above or el sewhere herein, the
parallel node is preferably used when the polysplit is greater than 575 *

(100- FPP) 0, 1 1., (BPE : [ Pk SRty vepryl engwseRt g8fein( Wt % of
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react or bl @agpte@nppai paralie] omodé¢ hen par adspaisiveetnc tieernbingred theoprepylent on.

[ 0052] Any of the processes descri bed above or el sewhere herein may

addi t i onal lcpnieangfrthe proppleng PPIHQ’eF'he recycle streaminto a first recycle
stream and G416 90 SCHYYBeMELRrifls BRHENG SBGyekd Strcieeheimpt T eam Lo

the first i'on “zone an Irecting the second recycle streamto
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above or el sewhere herein may additionally, c rise.directing a majorit
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sel ecting vent in the second recycle stream sufficient to
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desired I lif. [0055] | t he. pr i
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provide a first 'solvent-rich streamextracted fromthe mxture év¥h| ch may
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contains little.or po,.polyner) a j I - hER ! 01fixi ) WO
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provide a cowbBRBEds thecsfeylaneseqraeithof sitherdlBeseriys reActqyePlend eqmposition 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 the processes described above or elsewhere herein may
additionally comprise directing a majority of the recycle stream 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)



pol yneri zati on zone or the second polynerization zone or both. The sol vent
rich streans can contain equally volatile unreacted nononer. The first

st ep may wonves/o4ei4bi qui d separati on or evaporation, whetrherush@ansassi st ed

or not. The concentrated polyner rich stream can be subjected to vacuumto
extract the last traces of solvent and nononer. This can be done by vacuum
extraction froman agitated nass of potyner. The agitation may be provided
by a thin filmor strand evaporator, a twin screw extruder, or a
devolatilizing LIST unit as described elsewhere. [0056] In any of the

processes desgcri.bed,ahove 3 er ej r i : d
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pol ymeri zati'o e second p I zation zone or both. [0057] In
any of the presasses ceasidi idedlpbolktilomebsedhroromher dibe, firskrstap M§y sol vent
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portion of tIREOINE Yiqwd SERATEUYD| At PRIt 8’%&‘8‘/%@ gsgésgﬁ/i:?ﬁ?mﬁl (;]ﬂl%ggr t iaon
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directed to t I'rst meri zation zone or the second pol ynerization
zone or bot hiaces gf soleant pad tmafomer.e s e@n HeOBBE oYl vacawmy exfragtion HpBEdsses

descri bed above or el sewhere herein, the r cle.,stre c i ted t
Che first podaihime voRobEHs dh8 PR bt iRt M Ak B sthiee 09 1O

provide a regycbaiciPhi tvin WoRNEIeRIrhdM, 51€6YdhBlasilking LIST adit ustddciitrgied at
| east in part on a preselected polysplit or at least in part on the

t enper at ur e dfevdiether the first or the second pol ynerization zone. [0059]

Any of the p es descri bed above L ted
o ser os {SEE B hodb nBer s drsapel eSS BLEPEhak oA RBCURRL® T,
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pol yneri zation zone to provide a recycle split, ei n .t he percent
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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 least 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



(RT2/RT1)" ", and wherein PS = polysplit; RT2 = second reactor tenperature
(O; and RT1 = first reactor tenperature (C). [0060] Any of the processes
descri bedvakosa4eroel sewhere herein can be operated i npaTpseaslogloss eact or
node wherein a recycle streamis directed to the first polynerization zone
and to the second polynerization zone to provide a recycle split, wherein
the percent recycle to Reactor 1 is-e¢qual to 4.5 * (pS)0.55 *
(RT2/RT1)0,67, and wherein PS = polysplit; RT2 = second reactor tenperature
(O; and RT1 first reactor tenperature (C). [0061] Anong the conpositions

ggrsTg : 0s Sd ﬂ}@ e'fpz'(“ki % ,%Og;gp%z@% %?co'n? PR h&lAEeH e tobﬁﬂoelcfe%%&wé ng a

ney froml1l6 to a heao of fusion
of |ess thpht, 5Oheléig teNMpErcaitngcylé ito Reapr yives etqealngp dnS 1 4®8Borerf ¢ random

pol ymer having a ntent of propyl ene d t f  at
and i ncl udM@ﬂ’rEdtpgc@P‘ééﬁheWgr réa)ly E :)%7?‘1 neg‘%&1 g%ft‘geﬁfdgﬁ%tg%@gnge;cﬁggt

of  fusi on aﬁc?%ﬁ“lmﬁl@tr%ﬁct‘gf& eraﬁ%rg?’ld)' ng point less than 105 C and a

second poI ei ng a copoly et hyl ene and propyl ene-derived units
havi ng no [00603]tAmny efihe progesses rdysmhbd abivieyor e[S@@/@QI]e Hereip 6pn Rieronsraedsses

descri bed aabove r el sewh th
C) of the BoHP9S 1@1 6??91%Fner geﬂy %@63 trSCeyf 0@8%1 lfr%Fﬁc eﬁyy?o%%ofgsr) ?r r
or 24, 10 annbiBloRf ﬁ@gnd o t}k%eorﬁrpol%gerliaﬁgﬁ%né o ?ﬁi’vﬁ% 1 REPsiesses

described "a ove or el’sewhere herein, the MFR of the first polyper ranges
fromO0.5 tsphﬂ,O@hgzéitDt}m percent fmdﬁanyReWroi i§. guabito -8, * oPS)170% g/ 10 i n.

to any hig
descri bed @Gf%%%g)“ o aggvbﬁléerr‘émﬁlgsr‘ ﬂoqyﬁ 1@’ %t%%;sll%oﬂe r%f'%etélli QI’[IBE]I%?\E‘ S(ra:mges
from 0. 05 e %%néRgﬂlQﬁﬂhRﬁwuﬁﬁmﬁﬁﬁﬁmﬁqyn|OM/Of 0.05, or 0.06, wor 0.07 g/10

mn. to any , or 1.0, or 0.8 g/I0Q0 mn. [QQ65] In certain
processes m@éb]r Atredg dlirosannsitising displeped llif‘é?léllﬁa cPRROTBPR BLPEHEZRE Pht (M)

T00, 000,  ohia Bt C G b SReBRRL I 440 39 a5 B! 1O 4B 888 or
300, 000. Vfa? @PisRAAdSsFGdA 563@&5;&1@1’31491@& ﬁrsﬂﬁoll’yﬁﬁﬁ Bingancelastaimerior oc esses
descri bed above or el sewhere hereip, the | ec

random polymer having a content of propylene-derive lé unlts 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 second 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, thhe 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 certain processes described above or elsewhere herein, the MFR 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.



wei ght (M1) of the first polynmer ranges from 40,000 to 200, 000; or from any
| ow of 50,000, or 60,000, or 70,000 to any high of 200,000, or 175, 000, or
150, 000. wpQO&/4414m certai n processes descri bed above orceltsewsespsherein,
the nol ecular weight (Mwv) of the composition ranges from 60,000 to

800, 000; or ranges from any |ow of 60,000, or 90,000, or 120,000 to any
hi gh of 800, 000, or 700,000, or 600,-0B0G. [0068] In certain processes
descri bed above or el sewhere herein, the nolecular weight (M) of the
conposition ranges from 30,000 to 160, 000; or ranges from any |ow of

30, 000, d@@gﬁol?l » cePaird Brd0Qel ges%ﬂﬁe(hh%\/eo r A6OVRRO hefiin, lt‘ﬁ@ 1R6Ceul 8T

120, 000. ncertain processes descri bed above or el sewhere herein,

the pol yd| w@ghts(ano of\ié Kt pofymdnealfges SonpéN), §0tketo F0HSs of from anygdowo 2 3 or
fromany |ow of or

[0070] In c&r#&PP0, Mé@g@ge‘%’f 7@@@&@ B%%I{"%B?ﬂ%ogp&gl%éaﬁ’gﬁg’ vsé Oﬁo t he

pol ydi spers ( dré QRrelr &hEQnél@ lgr from
any | ow of f()?xy M%}%B%&ms %@{Hg%gd}]bbﬁfbgéﬁ&?@sﬁ%,r or 6r,l or . [0071] In

certain proweghe@de ot rtlndoemfnpm rngas| fswkﬁ@r(é)oﬁer@pro()()t hér@@pg/ﬁpﬂnl

(amount of first p e int rs nme Jcent of

total conp¥¥i ]loiwo?f%(i&ﬁ{;ég%r%%% @9 Cl]"é?n ghﬁ&\@\p for@(()) 5 or 25 to

a high of 9 80 or 60. [0072] In certaln processes descri bed above or
@600

el sewhere heréin, the first poldy conprises from5 to 95 w % of the
total conpoHio68ph cdrGiY PfocEhsesf emfoeémbo‘gﬁa@bﬁbe‘dh@@l%@l& thermplecyltle sane;

or they can be different, but .in cert a sane
activator, %&by QF (g?%osﬁéorneraﬂges rom%m to epz)lol%’ Bf E&? ?ﬂgﬁn
processes dgseldvel36000 01045, ed)@e)wmroeoheraaymlgﬁ b2 160,080, orcializl0psor and/ or
the second catal yst can be a netallocene. In a nore specific aspect, the

first and/ ol268@bnd catal yst is a nonocycl opent adi enyl conpound. The first

and/ or secom}ﬁgﬂ al ésl%adn gg} (FC%SS%F b'd%{c}‘l%lac?p%'é@ed' &'”'Y&S&%HPQU'B@th%e

cycl opent ad i rst and/ or second catal yst can be an
i ndenyl | gaRdisp ab;ey tMWMIﬁrw/tlwﬁlsepmyﬁhetwnghsyﬁbmch& tal2s3; opdrogn any
Ziegler-Nat Eo%v ((:)fa} %l c))/rslt 9, o-l;h2e0 ‘ygngf% t?'{(())f4243 or Z%C-g{ 5)‘?2005/ 034946 -16
[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 of 2.2, or 2.0, or 1.8 to any high of 10, or 6, or 3.5.
[0071] In certain processes desqribed 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



first and/ or second catal ysts can also be a pyridine amne catalyst. In a
specific aspect, the first catal yst can be any of the catal ysts referenced
in PCT Pubbi2o@tisorno WO 03/ 040201, particularly those refreraseadoamsbei ng
supplied to the first reactor in a dual reactor schenme. Simlarly, while

t he second catal yst can also be any of the catalysts referenced in PCT
Publ i cati on WD 03/ 040201, a nore speciftc second catalyst is any of those
ref erenced as being supplied to the second reactor in a series reactor
configuration. [0074] In a broadest form the conpositions can be prepared

using any gggan&ﬂ @&Joﬁfi?aga ntsC@afn?ehé'oSBé a poHathetntiat @hmB/lst. TRY akecfid r ansi ti on

nmetal conp genera taining a transition nmetal Goups 3 to 10 of
t he Peri odaspediakiecfirsacalalysitcah basiny ofi theasatdlydtarefereneedrid RhaPubledtipms bonded

h it | duri | [ Lan. f | iti
metal i s udta G IFh aediieltnel el i 2 e tliflef S B B RbER ol yo

or activatg .dh&l%édt%} SheRy. (Sfimﬂﬁﬁ%,ﬂﬁlﬁfee&@@@coﬂﬁ%@faﬂﬁﬁda@bﬁufbe%y efsewher e
herein, the ?I rst an second catal'ysts can be unsgﬂﬁorted cat al ysts.

[0076] |n almy cathlystsereferaned siesPAEsBublisetdor Ve 0304 He vih arase HPp@le, t he

second catalyst can be selected and used, t.0 inc e_hi
al pha- ol ef iSfF 'CFW?YSE %@{Ya?{ﬁﬁ%ﬁe|r§%ﬁ%lcg$5§ B%P%BBH’PQ{G{H? {)/%e[ 6%9%?‘? %ert ain
processes Gg§clidigthARQURfifragbsewhere herein, the first catalyst is a
chiral biscyclopentadi enyl "derivative and the second cat al yst I@?é

I n

non- chi ral [06574] dyex bfdadestefoph, thec FoppositiRfisesipl bIPFFRRERYS VEng (3907
certain praocesses, descri bed abgve 9 S h I: 6 fi nd
second cat aF9§ s“?fgec 3188’81 n§3° njau%%?ﬁ%)tn%%ﬂ%eeﬁoﬁr%@gé@?%ﬁgﬁ hgﬁ lr??on

acti vat or s,gen@afly thfamaiea aetditt fesl deupsdod 10of theePdriodst Tald antie second
reactor, and are optionally acconpani ed by scavenger such as a

scavengi ng ailleast auenaneibayaligand gheferempasi Wde€6@7]9‘1 rppsTQR 153 %F’Béesses
descri bed above .e| s L - [ i iOfateS @ boron
conpl ex havi gmff’ar? aflgxlela's? %ﬁﬁyﬁg%ﬁé’? J%Sr?ﬁegggeﬁe?%g r%g?gﬁﬁﬁ?ef erably
per f | uori naindditabiligs bgnctoomslystpretevatd. y a tetra-aryl conplex. WO

2006/ 044149 PCT/ US2005/ 034946 -CJ{7 %)%E Cert ai N.69 0Si tghor}sstda%acri bed
herein cont@0Hs & afdle PrassssesIGe apove or elsewnere Hierein, the Hr

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.



fillers and no or less than 10 wt % of an isotactic pol ypropyl ene fraction
having a nelting point of 110C or higher. [0081] In certain conpositions
descri bedvbeo&imgsisbhe conposition has an overall heat ettTfussesnsdfcfrom 1
to 45 Jlg. [0082] In certain conpositions described herein the Money of
the first polymer is less than 25 Mooney M. (1+4, 125C) and at |east 10
units lower than the Muoney M. (1+4;17125C) of the overall conposition.

[ 0083] Certain conpositions described herein have an overall content of
ethyl ene derived units less than 95 wt % based on the conbi ned content of -

ethyl ene a 1806 SIS THNE dedtitt s hef QO BAltaeeRd Bl Mess QARMOS itV DS
descri bed ﬂfabrsé’%%@%ﬁrr‘p‘%?“e%ﬁo}éﬁq 20 wt % gt hyl eng to 60 w% of ethylene

deri ved unifllsrsamd ror &@f lessathhry 16 movh dfannisotactic Baymopylene desiondiving &
conposi tions described herei F ave |less than 30 wt % of et hylene derived
units. C. Mﬂhﬂllgsﬁ%@e‘)flﬂ&pyér@? 24t on [0086] The reactor bl ends descri bed
herei n ar e (g cbhoif SAlRYAUAeS:ALS hekAg e BOhyoRiéE BAI anotersiban ng
that two (or re) different polynerizations (or polynerization stages)
are conducthest offtwien spiainflitoddllyg. a nul ti stage pol ynerization may involve

ith ) i al. I i i [
2 " oori s RAga Syiad, opt PR arEr bl Bkl i SRRy T BRE bR e " 2

referred tosharehs 85 MooRgnal! @+4p125€ysinll. at[1088 7D dhis Jooky tensthende i n
the respective reactors of "the continuous, nultiple reactor solution plant

are bl endedMudrey NMh (364,U2547) ofithhovaralpe¢mpositi®d) ati on from the sol vent. The

bl ends may esult of.serjes.r e I ffluent
of a first [Bgz(};{%?(g?‘{aé‘hP‘é‘?gosétloglécdgﬁcélbre ggig{egrg h%%din \?\}51%6?@ %(ﬁg&{et]?) f }eglg}letn%of t he
second reaciBiked aRitd Ess wm 45 /€ 94 Badeidrins thie g nbieascontan lof iethylene and

devol atilization. The blend nmay also be the result of parallel reactor
oper ati on wiepdendidersfefliugéht s of both reactors are conmbined and submitted

to finishi €S 1 S b 8L SRl RlcriRERE AR SoRBribd rb AR @ v glaHes00T t he
ot yror o 1 OPRE R EbRBDy ARl RRCr R R BRALTHLRTAE WA

PCT/ US2005/ Q84846 cthifne degvadamits taad arefiérdiely eomh 46 ytdforfdl wéplits to be
prepar ed vml%lb%)]ycér?gn %ror%%ggi‘}iér%nde%zribed 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



the amounts of polyners produced in the respective reactors can be varied
w dely. [0088] The first polynmer and second pol ynmer making up the reactor
bl end cowpasididsonaoare di scussed bel ow, followed by a sectiuspowsniiohe series
process, and then a section on the parallel process. Pertinent differences
between the series and parallel processes will be identified where
appropriate, but otherw se the series-1%focess discussion should be
regarded as equally applicable to parallel processes. D. First Polyner
(Propyl ene Polymer) [0089] As noted above, the reactor blends herein

preferably ineludsiat Ji&asticf b SotyspliRObWiRirepatb GRcicy BiafosRRbY of he
pol ymer formeg I%y a %i rlst plg ymeéigs tli on réea%ti on ?Sn}éereqjggé]di.tliygns
descri bed elisemhames Gigodingrs ardupzdeihehetsisyedtive geacfars ean beragied videlas part of

a series proces r aral |l el ocess. [,0090] The first polymer I
referred to [Wiﬁ%eagrsg WQﬁ‘Woﬁﬁ She opé}wr %malgﬂ%ulllpd%ﬁeaveeac%ét blﬁé(ﬁi ?rgn) 50
wt % pr opy| e@ﬁlgﬂgéﬁién af HiscRERH BERB, YollB &l by2# sét@iofhn thek&ws pldtess| bndt

pol ymer shou e a propylene polynmer (preferably a polypropyl ene

_COp;)l y tn’gsr ) | llnlmn mgpcﬁﬁngn%mara{hlb} progesst Pediment/ditfereneen hatwesn thheeries gadi ng
i sotactica -arrange - i ved A
fusi on | eos PRADA BEegygt b be AN e RRRARARS sR) SlRMAT hebfey O o

non- propyl SOURARKERE shiild Be re@aflied 8 Byl-gifepphiédbie tognelrbrecgsef er abl y at
| east 10 % or nore ethyl ene ue%its. T%c?yg?allinity O?D[Ehefirst y

pol yner is drivdiirstRalymers@ropylene Bolymsrbpyl ene sequences. The
or eponder andBUH] Aneoied SisyPeie ST RS PHECH BNy e AL s,
heat of | T udiog e e R R o
fusion, as rdsdtennfunéd doydiBEE desaribedglséwloare dwsein)oamsk piefemdtly of a ffiostd/ g, or
TR e L R
; ;. Y g, or 75 J/g. Preferably,

LS BT IR Ay okt b dopaknatirout
general | y i sshbalsthave datysinahiny bW mropylensnanitsegisbpretesablamere Re nalseve heat s
O pueLon S5l et hop et e PLIpgRE! GRS GlaEkaY e

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 wi% non-

propylene comonomer units, e.g, ethylene units, and more preferably at least 10

wt% 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 J/g, or 3.0 J/g,

or 4.0 J/g, or 6.0 J/g, or 7.0 J/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.



[0092] The level of crystallinity of the first polyner can al so be
reflected inits nelting point. Preferably, the first polynmer has a single
mel ti ng pwonbos/owever, a sanple of propyl ene copol ynmercwuskoosfhsens show
secondary nelting peaks adjacent to the principal peak. The hi ghest peak
is considered the nelting point. The first polymer described herein can
have a nelting point by DSC within thel9range having any upper limt of
115C, or 110C, or 105C, or 90C, or 80C, or 70C, and any lower limt of OC
or 20C, or 25C, or 30C, or 35C, or 40C, or 45C Preferably, the first

pol ymer has 4] o i 0 aldieErepe@beiaky | ess

t han 100C, a[ﬁ%%vlteﬂﬁqrgf\é@edfgcﬁ%ﬁéelpgﬁ?fFﬁé%zgrsgﬁglg%é C. aAI so, © it ié preferred
that the finatltipgbyiner Prefeably, thel firsinglypoemitas grsiagle melthgrpoaodlovwage;,  or 40
C. [0093] For the first polyner, at |egst .75%by wei ght of the polynmer, or

at |east SOUSBHYPePlyRIOPYHHICaEONOHART %’afﬁ)wnmﬂ? TR g mlekﬁlﬁg % by

wei ght, or afy : L@Ntrhe PiotRbt pBRTE cOHERN W8 iraHing Poinal | east

99% by wei gh J%?%éhggrg%gﬁ%l\rl&%s tsToFuE)%e iI%’I a si(_:ngsl ete eratlrll;gr_g 1fracti on,

or in two adflacfint polgmeedasaibed hereirc tarohave avoteltinghpoibaba pithithéepol yner

in imedi ately pyecedi ng.or succegd] t rat r aghd-ons. ese
per cent ages 'aR&° #‘?“’é‘é&. PHNERP of 1 ﬂgggﬁgeq ﬁ@gxgﬁibgoéb%%gg% Sgi’l&]’ C and
the subsequefjcl LaCidyoBNef iRt & RRPHOXITRbELIB6r 30T 08 3BT, or 02V, or23C.

Meeting such a fractionation requirenment neans that a polyner has
stati sti cal |46°Cnshrgferdbly ahe firsttpohmudr des laanelting fooins mé dess dhant H Geiand of t he

pol yneri zed propyl en 0094 ertai n enbodi t logen e of mm
triads int h‘g‘OTq g’%&%&f &ﬁ%&,&’ lggbcgé’flgFW%@arWeﬁ%I%ets%@gn? gr %deélg(?’m ni ng
triad tacti Cithyprefedrel fhdt g ﬁ@ﬂﬁ&}]fﬂl@rlhaﬁg a @BlYing PRaIt grdabdr thadfabB88045 AC, 95% or

90% or 85% or 82% or 80% or /5% and any lower limt of 50% or 60%
[ 0095] Cert admdFG.st pol ynmers have an isotacticity index greater than 0%

o WUhin_ ! REoSPEGEAIBLAG ARY, UPREL: hioTi, 0LicO% uRpctAtRg ol over

limt of 3%"or™ tain first - “polyhers can have a tacticity
index (nr) d%Mynwtibkt, baagRastiEHvh by vaisht iaperledst 8D inf waiply, oot @80, or

1200, and those polymers may. h I [im . . .
2006/ 044149 %@ﬁ/lf}széw,o(g‘4gi@agv9e7% r;’ywei?gﬂ’ﬁror Ellt egls’[059‘yél%y v%lgﬁtoofy}\g

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.



-20 [0097] As noted below, the first polymerization (and al so second
polymerization) may in certain cases be conducted in the presence of an
a- ol ef i n,wohue/teor esul ting polyner formed when such aculwsbiosBo1r esent
will include "units derived" from such a-olefin. Either the sanme a-olefin
or different a-olefins can be introduced to the first and second

pol ynmeri zations. Conveniently, such a-@Defins preferably have from 3-10
carbon atons. Particul ar exanples of those a-olefins are C3-C20

al pha-ol efins, include, but are not |limted to propyl ene; butene-1;

pent ene- 1, 2;][06@}] QA}Q %ﬁg{]&w, ﬁleefirg‘feﬂdi'%rh%aﬁﬂﬁ'(&ﬁd A6xeR6nd poBmerization)

net hyl pent ene-1, pent ene- 1, , 3 -di met hyl but ene- ; heptene-1;
hexene- 1; mehiyinhexsneases bedondidrd ipaht presentetof prrptolfin usribe gesulting

et hyl pentene-1; octene-1; nethyl pentene-1: dinethyl hexene-1: ..,

trimet hyl perRosyREr formgd yham Sus g’f?eqllr?e’ts%F%Phwlggrf‘ﬁl%dﬁe?{lﬁs %Wé?%yﬁr%rat ene- 1;
propyl pent angeil o MGRENEHer tHELdME QonRgner Hiffenedotelins cah beidudocddane- 1;
trimethyl heptene-1; ethyloctene-1; nethylethyl butene-1; diethyl hexene-1;

dodecene- | ahed firexadosteond eolymdriad]s. Thenvemientlyy sighnsrolgiys prsteradly | y

i nclude a pol yene. optional pglye d sgructure
having at | 3&%’?%%Q@s%ﬁ’ﬁ%@é’ﬂ“sbgﬁ%}gﬁf]ge| %1%?3? 9?65‘%)36"{&%%2{ %? r]%%gzo

unsat ur at ed ondsiefiss, ieagid, Yout NEOnPOLiafied toniropdemy|bumie-1; Tiatensdcbnd bond
may partially take part in polynerization to formlong chain branches but
preferably pmethylpesiena-1 Pensthylboirpednsat be%angd bohds sulMeHBIRNIHFE-stibsequent

curing or vulcanjzation.in, post | I .Qn. S€s .of the

optional pol Vgﬁ‘glpfatg?ﬁgg,’ﬁglu e%%??lg&%% 1 i@%éggnt’ (F;B%%?g ferﬁg@gg%%} ‘ene,

hexadi ene  ( @intbthylgentenBex@ichctna@hutedie pf @blylpastelie 1 goctent; §-thehylaeitene);,

octadi ene (e.g., 1,7- octadjene), nonadiene (e.g., 1,8-nonadi ene),

gegadi ene (edlg.lqtth}}egﬂéféé;adiﬂéli*félj‘}flpe%?ﬁfebao‘iﬂéﬂée’ﬁeg?d.5 , ”fﬂil?g@tﬁﬂﬂggﬁ‘%ﬁ'gne) ,
odecadi ene 11-do i . Ldecadi .1 -1

1,12-tri decag]i%te}ﬁdetwe}l? et }adgggygﬂjgﬁgﬁ%elf gfdg&é%lféllg- t@?&g&gﬁgﬁi 1éneno,n ene-l;

pent adecadi edipetlidocaseendi aimethylbpitente tadiedndoctast lademathyateybutene-1;

nonadecadi ene, . i cosadj ene, henei cosadj ene ocosadi ene, tric di ,

t et racosadi eﬁ@,thylbﬁé‘?ﬁeatdg’ga‘feé‘ﬁ' ,anfig‘%?gﬁ%c&f“gﬂe, hept acosadi eng,Sa Hene

oct acosadi e”ﬁ)09§}3?ﬂ&?§s§gb®%r mdy" d;ﬁﬁﬁﬁlﬂ@gﬁic)ﬁm@,a PO b bh@sHab pelgelavi ng a
g/ no

nol ecul ar wei ght ™ (My I"ess than 10C | .- Exanpl es of straight chain
acyclic di enemyitechydgdrosatbonstrueivte having aideast 6w upsahERigdibongs wheren

1, 6-octadi eNGt lead %gyo?ﬁleolgnsgtru?a e(::c{1 ggmféﬁ?'r&dﬂ%}%ﬁé&ﬁor%&% 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,

icosadiene, heneicosadiene, docosadiene, tricosadiene,  tetracosadiene,
pentacosadiene, hexacosadiene, heptacosadiene, octacosadiene, nonacosadiene,
triacontadiene, and polybutadienes having a molecular weight (My) of less than

1000 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



WO 2006/ 044149 PCT/ US2005/ 034946 -21 include, but are not |limted to

S-met hyl -1, 4- hexadi ene, 3, 7-dinmethyl-1,6- octadiene, and

3, 7- di metwyl20ds/0d4niet adi ene. Exanpl es of single ring ali egehiseoosdsenes

i nclude, but are not limted to 1, 4-cycl ohexadi ene, 1,5-cycl ooctadi ene, and
1, 7-cycl ododecadi ene. Exanples of multi-ring alicyclic fused and bridged
ring dienes include, but are not |im-2éd to tetrahydroi ndene;

nor bomadi ene; net hyl - tetrahydroi ndene; dicycl opentadi ene;

bi cycl o-(2.2.1)-hepta-2,5-diene; and al kenyl-, alkylidene-, cycloal kenyl -

and cyl coal ‘S}Ighfe”e ROTBOT NENGSikd NG UL RGthy- Puhoxadieree! byl@net3ing-bor nene,

S-ethylidene nOr ornene, 5-propenyl-2- norbornene,
5-i sopropyl i stedn2- and BoT-danehyl5l,{4ceyenopehxangiey of -sieglp oing: Blicydbic

cycl ohexyl i dene- 2- nor bor nene, b f
cycl oal keny| digngp&rclyde: Byt P IP@E@’%”?&&‘I 'LIJQ cyc@?%a&l}e%[egg?—%yclﬁog%gg t o’sa\?lanyl
cycl ohexene. | ol diydoEYRhaReXEREno B m@NShRoRcoR e aniIbriged agxene

al |yl cyclodéc vi nyl cycl ododecene racycl o
(A-11, 12) - 5, Bembodadede. but GO apt Anyteﬂ.tpst@trﬁmdmn@,ha@rb@mfl@nﬁsméﬂwh ene

preferably has stat.i sti cal |n5| A ficapt I f
conposi ti on, EHMYEPiRdenehe égﬁl ‘?ﬂeOpy 18%%0{( hgﬁtgnzgg gfégége': pes of
segnent s of % r}r'?f heyga@ﬂen @dp@dl@é]?,ll egﬁaafy)coal ﬂlh@e 1IBPR8hds Eiﬁtahdmg,al ysi s

is inferred process used esis of these pol rs, and
can al so be eet erFrnedtling- &B@bmnemﬁcﬁh}/ a@ -2 OIS NOPEIPERY 541 dues

and propyl ene jnserti on errq i I
resi dues. [ OBFBYPCHhE FIRERY B%P?/%é % S(e)r?epr5 é? &QEP&%%W{?H%?%%H%Q I ;ne
i nsignificant Cldﬂgkﬂmggcw@@mgﬂlé f ef@ncesingf- 2Inaﬂio|r1®ante}/ wiamples doe to

i sotactic orlentatlono t he ropyl ene units an thes s of the
same chain (quaélfmb’b%qhsaﬁl}ed ngs llé,céll‘ﬁﬁ’@@ft%r‘?)ﬁ%ﬂl tpsyiay |°§'°H‘IF’éGF’Fed from

the results 011}11 %y[ o Cr@@ﬂog 1<§0 dé% Uyind ln«?cm%&' il eé%lo@lecei%ann' ng

calorinetry, el axa n  measurerrent. In
presence of singmﬁclda@aéceha,tarnamlrmulloe(vx ti,12)er, 2dodssend tact | city,

“stereobl ock' structures a d bed
of isotactic§¥8bpmensrst e@‘?rlg‘@é"s tg%j &%‘gfi‘f’s? % rhgegﬁ%eﬁgw |h§S %tﬁttlﬁglga? gpber
than stati st }ll’fS gn%ﬁégﬂ{ txltﬂt?ermolh ar' '8 ff‘e'ré?ﬁesi)q}frgorrf?)t)sﬁlbﬁs hR® YITeHes rlRpends on

the crystal since the nore bl ocky polyners 'shoul d” have a hi_gher
mel ti ng poi nipropylene to ethylene along the segments of the same chain (intramolecular). This

"’O

compositional analysis is inferred from the process used for the synthesis of these
polymers, and can also be determined by BC NMR, which locates the comonomer
residues and propylene insertion errors in relation to the neighboring properne
residues.

[00100] 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 scanning 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 melting point

as well as depressed solubility in room temperature solvents.



as well as depressed solubility in roomtenperature solvents. WO

2006/ 044149 PCT/ US2005/ 034946 -22 E. Second Pol yner (Ethylene Pol yner)
[0100] Thworeautser4obl ends descri bed herein include a seeomadspasysPue
conponent (second polyner), which preferably is (or includes) an el astoner
having nore than 30 wt% or 40 wt% or 50 WMt % units derived from ethyl ene
nmononmer. The crystallinity, and hence-gpher 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
enbodi nents the second polyner is crystalline (including

"sem -cryst gl | i n&epond BolynrRYEaiyaicaldliyniery of the second pol ymer is
preferably derived fromthe ethylene, and a nunber of published nethods,
procedur es gotho]echni qiesreactor bhaals| ddsbebddohereipainehideny sgpeidheplymss

tallinity of ticul teri.al is. deri f t hyl h
ST yetal i i e e Br e pree iyt fog PRRERS o Pl "
crystal lini t%vglfgtrh&% fuok o ReLYIFRI0 Biod, @301 W6 tudes fdefiSéd Bk BEyleheom t he

conposi tion an en neasuring the crystallinity of the residual second
pol yner.  SusbnomerstHid trystalfintyasud ddngesotbsupioprtiealap pradk e the sergnehe

T per cent ryeerY piregpy el e LA B O e e g6 of

hono- pol yet f'mh@ge cr ysﬁr@fekﬂﬂgy,tt}ie %B@bnd};ﬁ&?m&ﬁ@ﬂ@r jfe@irredofo dshthe Ceststanlel i nity
fromethylene Is established. [0102] Preterably, in addition to units

derived frompadyhefenis, noherseadbng el yaiRSticars oampaghgdes bbhi s @E#Pved from

an a-ol efin monomer ich in certain ' g SmiSARRIRR).he

a-ol efi n non “E}E‘QEIVYF% 5 %(inﬁ'i H‘glyﬁ%lé ¥ icgﬁﬁ%éﬁ;g@g{n%an%ﬁ}lﬁ ot her )

enbodi nents B ahy | @psdllipey fafhk ysedohid ejodyherf isoprefdrebla- ddrbfeil nfromothener used
in formng the first” polyner, in which case it is eferr(f(FjF@ 0 as a_"second

a-ol efin." Aethylefie,tdnd @-ngMber @Ifnrﬁ}#ﬁ’@iﬁlﬁdsmef}?@%dpra S # IHERRE of the
first | . J : ial 3 -1,
cptene 1 biEle G ARA RO AUEL LR i AN dparfianbiEteHal (AR

hept ene-
formul at ed ugbmgthyedd eTtendryaaltiniaf ofi theoseoorsl lymel @otbsdlistingmshedkfipinst  above

];? Ly} gﬁef Ia,r—lzjc[}@? %:yég]ﬁi%itﬁéﬁg%?é{sg iﬁafefy%ge? nlgy ?éﬁ?é’v%és t}(l)ef firs ”Sorf%%f %Y 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.

[0102] 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 a-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 a-olefin monomers, to

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



prepare different types of second polyners, e.g., ethylene elastoners
havi ng WO 2006/ 044149 PCT/ US2005/ 034946 - 23 desired properties.

Accor di ngv,20es/dakemd conposition can be prepared i n whi ebT/ush@sossyposi tion
includes a first polynmer having one set of properties and a second polyner
having a different set of properties, so that the conposition has the
desired m x or bal ance of desired pro@édrties. Advantageously, a continuous
mul ti stage process (series or parallel) can be used to formthat
conposition, wthout the need to apply any separation step, e.g., renoval

of sol vents z , feedid hRRBysi cal Iy
conbi ne poldfrsrlgercgplgpg%es se%gfgg 1% é%[ g? CO%%B%’%?Q?E%P?W% he second pol yner

is formed duétargpésitiobingludeea ﬁmqmtjfmqndihvngonqmtlmﬁpromﬁlesIandﬁS§¢£éldcase of
series reactors |s preferably condycted i.n a or positioned,,downstream
of the readtdymemhyfings dijlerdnt sst o gd?rWFE‘F‘?Szé?lh %’5 05’89?&{}5’{1653 S whi ch
most of theydy, cftnix iROLY BBlGndeS of Aol 8fdi'>elttf@§ Cﬁﬁ@a&ige@uﬂﬁr al doatinugusocess,

i nvol vi ng para pol ynmeri zation and/or parallel reactors, the "second

pol ymer" rraryiubstagerpmmksat(sdriee arapmali¢reamdet wred"toj fosm gt ylﬁmposmbﬂbt t he

product streans (stil] including sol ven are conbi n t% |rst and
ge Sg veé

second pol yyrishaut the gegdutpfqp@ Se Ay WWB& [Sfeszmﬂ}’%f econd

pol ymer inch 1,59 ARLASHYTREICto PRYSIERK, cibib amegf eﬂably an
et hyl ene- al peﬁg KZ??% e%rastorrer (|9nc | udi ngﬂyet h?/ll ene- cyc%)l)c’ ol efin and

et hyl ene- al giparatioh.ef i n- di ol efi n) havi ng hi gh rml ecul ar  wei ght (as measur ed

o eparea ut 1S} ng” anGreaspRpi st bbbt (fied SFERE ) tiReeSEE, 2F o1

described bglioMeritioat V\Jhﬁﬁ‘lsﬂh tﬁé‘%a§d3@1c$eh'e§r&ﬁﬁ@@ﬁlsnmeferatﬂﬂfl%m}mmddnpnl yner
is formed in the presence of a cataly the "second catal yst") that
i s di fferenteactor positipreedcdavaisiream of) éhle fe@?tobéﬂ }?’h@lhl the Fgstinoly I‘P‘Feré‘flo%&ﬁ ymer

(e.g., the %%'%9@3{ Fgﬁt@& okt oftﬁ%r&‘ﬁ@%erqz (56000 PR SIP LR 2 BaMIIED 2

sel ected co content) and properties can
be fornmed. bRLESR] @amﬁglrpafaﬂel pblyniegizftionsindsad parelleli wattorse ivatikseondhe
attributes of the second ynmer. Such en%cg ments capn

t hensel ves PolyBeyamREdy f@qmed‘,@gge Fape e g th TTREPYRBES f P@%M?@ﬁh on and
the specifi gtr&xln%n(qtlﬁ ?ﬁtﬁ&cﬁﬂé %l@gnt) 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., monomer
type and content) and properties can be formed.

[0105) One purpose of the first polymer is to enhance the atiributes 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



Such enhancenents include, but are not limted to, inprovenents in cure
rate and state; processibility as defined by such processes as mlling,
ext r usi onyoeadendewi ng WO 2006/ 044149 PCT/ US2005/ 034946 pcTA%2@08/@34906 ect i on
nol di ng; physical properties such as toughness, tack, adhesion, tear
resistance, tensile and el ongation and heat aging as defined by the
retention of such physical properties2at el evated tenperatures. [0106] For
exanpl e,. any one of the ethylene, alpha-olefin, vinyl norbornene

e: as%orrers described in U S. Patent No. 6,376,610, or any of such

el astoners i : t L Ao EN - : ; | i tiat f use in
a power cat# gq@g%@nggg%%@algicél a%%ééﬁgrghnégEdas@gésggtgglgdagg%?%ﬁégr The
po;':1 i gnsf Ofrestif;[aﬂicepﬁne'ﬁlé atlé starigbiiony anh beas| ezt ae definadnly thepreipdipridds, and
met hods for making. them are hereby incorporated by reference for purposes
of U.S. pat eteh ph E@Pe“{eéibgfvaﬁ@%@fnpﬁ {rﬁsr t he e%/hyl ene, al pha-oloef?n

el astoneric Jagdmém?r UFPRRihpRNSarfe e Bediten etihyfenePadlpid-oldn, Gidl, 311,
or any of suc | astomers incorporating ENB as the polyene, which are

pri rra(rj il yI i niczbwtachet daﬁemf:rsrdn@drlbfntmUeSctl?améd\I@cr@ﬁzgé ), gy S¥hned as a
second poly

r. The portions hat  pat ent 1. bj :
their propep%??%%‘f‘eréri C(H’B?rﬁgﬂ%ﬁ]%l& %tl??r’?&%feﬁg’ g%‘%éi}pllng%é%@effﬁggftggg{ Zd by
reference for,RUICEOE@Satifg ddnspouRdl @Rlbe BoRedd 5@ seb O lyrher. t Tierpordorsecond
pol ymer can be any of the ethylene, alpha-olefin, vinyl norbornene

el astoner s defsthati freent idascrib@ig ihatelastonngss, tigpreportiss. apd agthodsrior makipe
el astomers incorporating ENB as .the I i e | for use in
vehicl e par t@_emTﬁrg hstsby g%‘f“?ép%ﬁtse_fl r?gtre%getnéﬁﬁﬁ‘gg crslg%gfn%%f h@égﬁgﬁﬁgﬁer s, their
rp(r:) ]E)gre(ra tn i es, f ig7pret hodmst,i(:)raljﬁglﬁfnglet Rewlenar alpterdbln i clevompenatmdygr

ce or purposes of U.S. patent practic 0109 ddi tionally,
af St hg et hy| egmepositiqpR alesgribed in W nl}ﬁtew‘bo@a%%h§11:£§1ré‘§¥]csﬁéflg“ al'@§t8me d ?‘Ry
. S. Patent Na, , f B i i inep ENB as
the. pol yene. TSP e A e e e 2
a second pol wmtded Biilgeotar bnformkd hhateqat @otyndes dibietpionigonstoé tha patsabner s,
their properties,. and rzg;hods f&rﬂmaki ng the

ref erence foflesﬁﬂb%s’& StPEs, PatTeMOPHfgtt em%{hgﬁgrre%fﬁgior{gntglﬁéf’%%ea : ﬁg by
ethyl ene, al phapPlRbigdratdd BY tefORAROfOPBRBoses of U.S. patent practice.
[0108] Further, a second polymer can be any of the ethylene, alpha-olefin,
vinyl norbornene 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



el astoners described in U S. Patent No. 5,698,650, or any of such

el astoners incorporating ENB as the polyene, primarily intended for use in
vehi cl e bwakeos/@arsbs and power transm ssion belts, can lpeTfuseesasfse a
second pol yner. The WD 2006/ 044149 PCT/ US2005/ 034946 -25 portions of that
patent describing the elastoners, their properties, and nethods for naking
them are hereby incorporated by ref@bence for purposes of U.S. patent
practice. [0111] Furthernore, any of the ethylene, alpha-olefin, vinyl

nor bornene el astonmers described in U S. Patent No. 5,656,693, or any of

such el as ts;fapfﬁ{ré of e ?éﬂaﬁ{ @lsbABinENR @&gtéxh@fspmbmfg)enm,vm_a rhétRsdvRE cure
properties, can be ornmed as a second polyner. The portions of that patent

descri bi ngnaktieg tehpsromereby inpaperasd dpereférence WhdumRaspH @ VoY B#8Itng t hem
are hereby incorporated by reference for purposes of U S. patent practice.
[0112] Al 5%°UShy of the et hyl ene, al pha-ol efin, non-corijugated bicyclic

di ene el aspppRri ¢ pauHRiHoRESAY bkt EfhyldnS. alppd-eRfinNoinyd, Abrbolt#de or any
of such elastoners incorporating ENB as the polyene, which can then be
conpoundecklastaimers alesarthed el Uit Paiens Nt 3.6 2600 oriaynelgsagh £lastemeid pol yner .

The portians of t.hat atent d I hj t t I r erties,
and net hod&“FBY e HE& iy~ t Fem® p§$’gﬁe}ﬁ3{ragg§ pgn%rg&%%rcaf%gﬁ%yéljpgé’e?%n?g f or
pur poses Oforhkd.asPat RBbndPrpptimee. TH1 p3itions nell khat paghtoBesdribiag htbeene,
al pha-ol efin, vinyl norbornene elastonmers described_in US. gat nt No.
5, 571, 883, elatoraery, cheis uprepsrtiest owdr snethads o fForaging BRE-as€h eﬁg’b’yene,

whi ch can be us t.Q far L I Lofedanpi ng parts, can be
formed as 4 9 8%%gb§’orfﬁeﬁégcg%u%§§g% ?%ﬁssg)?t% aﬂta n:ﬁatent descri bing the
el ast oer spo112jei r prAaper hhgsof thacktiydineodphhaefirgkiangconfiegated drieydher eby

i ncorporated by reference for purpagse f_ U S _pat ractice 114]
Ther ef or e, dige dadaprie p@amerﬁ @%gl&gd’i}p%aﬁa&ﬂ% %\I,o. S ﬁggég@o kb a%f’{/?’?&f?‘ can

i ncl ude 0N 8aQbmPRifed rb&ﬁ%‘EN@oés%ﬁé‘ﬁﬁ erleN Gt A (RS Bd S3anPblYdea dlidene;
thus, the second polyner Tan be an e?hyfene-propylene-dlene (comonly
cal l ed " Eebiderediihe ogicdegrah bpdbyredesiaseconspademed The pertigns dfythittocar bon

Che-unsat uPdrBde o TReptiBery Bk oo an Tisvoaa porfieh B  cecond

bond may pakthefbl Yndodtated by reference for purposes of U.S. patent practice.
[0113] Finally, any of the ethylene, alpha-olefin, vinyl norbornene
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 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.,



part in polynerization to formlong chain branches but preferably provides
at |l east sone unsaturated bonds suitable for subsequent curing or

vul cani zavoenod/oa4aest pol yneri zati on processes. Exanpl estafs260s®30pé i onal
pol yene include, but are not I|imted to butadi ene, pentadiene, hexadi ene
(e.g., 1, 4-hexadiene), heptadiene (e.g., WD 2006/ 044149 PCT/ US2005/ 034946
-26 1, 6-heptadi ene), octadiene (e.g-261, 7-octadi ene), nonadi ene (e.qg.,

1, 8-noradi ene), decadiene (e.g., 1,9-decadiene), undecadiene (e.g., 1, 1
0-undecadi ene), dodecadiene (e.g., 1,11-dodecadiene), tridecadi ene (e.qg.,

1,12-tri dg%ﬂé&%}ﬁéne (ﬁﬁdé@xgeegfaé“ ?ﬁeoc(a%&e nbnidichetd adepdbgaditne),
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nonadecadideceljenec o&agli enlg9-doeatidéneds adm@nedlenqjodogadl b 6-undecedisadi ene,
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mol ecul ar el Eﬁdl&wd%e |Q31% -teRatcARaR).9/ ﬁaitadeéa@efm esheRhdstdmé@ht chain
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acyclic dienes | butare not limted to 1,4-hexadi ene and 1, 6-

oct adi ene heﬁadeqatiese,ofodmda:n@ch@mh c manadeeasiyeric ciaghadiens, | hensieresadiene, ar e not
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exadi ene, 7-di neth o]
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i ncl ude, Pta%s%di%ﬁé dckd¥obRBerdeOnorkcdsaBith, qh@mehd@m, arld ﬁolymta@mie@dl ene,
and 1, 7-cycl ododecadi ene. Exanpl es of mul t|-r|nq alicyclic fused and

bri dged r |ha1g1ng| emodecile waight Bht) efrlessiben 1008 eeacl OEX“F’@H Psaﬂﬁcﬁtr@igmene

nor bomadi ene; tetra ene;.  di
bi cycl o- (fhﬁinl @ét %ﬂeﬁes IH:Y%({Q YRR A1k I%%(fregmk@ﬂé een-e a(gldcllo6al kenyl -
and cyl cophdeidiee 'E&aﬁ@[é@@ffﬂ)@aﬁﬁﬁec[ l:lﬂﬁﬂ &t@flcl‘igdleﬁesgmcluﬁe rtﬁi‘t layd m'ehﬁ‘ntredr bor nene,

5- et hylidene-2-norbor nene, I op - nor bor nene, 0 | i dene- 2-
nor bor nendo 5= mahﬁlybﬂ@géaﬁ1@m| ?J 5 510} ﬁé}qgadlene and % ’ 31nPet?1§)r¥1 7d

5 cycl ohexyh| SRS PRGNS, ring Bk IrY ks BrlIREAIRDR: LiftRMbES - Of

cycloalkeny l'ude, but are not limted to vinyl
cycl ohexeng4-cgtloidxadicnt ohéwnbpcmﬂiayd and}lcﬂ -optededesadiengi ritamyplssaifexene,

allyl cycl odecene, . vinyl_ cycl odo nd .tetra | o ..
(A-11,12)- @uﬁl‘ﬂ’é%lé]é“é’r?gc fWed d‘é‘édegpﬁ er[eﬁﬂcg]‘éeﬁé’%ﬁﬁe WHIBVEY Bne form
of mul tistage,pe ?@{ ek Zf%l’b@ﬂlaﬂﬁn@ $RKhE Setrddy @fBSRnt e deyclSiRiitediehgact or
process). Pre era Y, series process, Involving
bicyclo-(2.2.1)- hepta-2 5-diene; and alkenyl— alkylidene-, cycloalkernyl-, and
cylcoalkyliene norbornenes [including, e.g., S5-methylene-2-norbormene, 5-
ethylidene-2-norbornene, 5-propenyl-2-norbornene, 5-isopropylidene-2-
norbornene, 5-(4-cyclopentenyl)-2-norbornene, 5-cyclohexylidene-2-noxbornene,
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 is 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 components may be



sequential polynerizations, two (or nore) reactors are connected to one
another in "series" via a conduit (e.g., piping) so that material exiting
one reactwo 208/94149 ef fluent) is fed to the other react ecy/usbidsosghs val ves
or other components may be WD 2006/ 044149 PCT/ US2005/ 034946 -27 interposed
between the two reactors. Sonetinmes the two (or nore) series reactors are
referred to as a single "series reactary/. [0116] Preferably, the series
process is a continuous solution polynerization process that involves
continuously directing materials through a sequential train of reactors
(series reactor

f t
pol yner i zatﬂcSlFFfP%éS@ES‘r%ﬁeB nté’gotlg ac é)s eltl% %et%v eque tslegHI\%aCtV\i'uere t he

i ndi vi dual féﬂésgfeﬁ@dw@raﬁﬂgesgﬁ@g@amkymr are made in the separate
reactors. (The first and second polyners may al so be referred to as the
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reactor (which is or includes a "reactor blend conposition" % fipe! ude
not only thepg]é(&?ﬁdcmﬁb‘l’% Iprtlirg) actghsan Pe RpFRT Oy%?’mg‘ﬂ ecﬁg?yllis

i nclude or 1t béﬁ@cb Qheint&AGQAd
pol ymer, " gxrgnieggrggﬁﬁﬁﬁcﬁ{ neat #Q&?Iﬁ%fgut@rﬁeﬁdégeegor rllesl teelrn a "first
%ﬁcitph@

pol ymer " or in Whele@ndh part,ytoersécad ceactiirvghitloisapgr yroksfzerihe pesard her ei n.

It is noted, howeve that the "secon nev

separately i B@&F} t‘HS GEARSFIHY BT tﬂ‘ﬁ%&rse%(fndr%oi Nt 31 lgﬁllé ye?:fntgcgl
met hods and teehnl fUGsde WhelhREsehde Qfﬂﬁcﬁrsﬂﬁ@l§ﬂﬂéﬁﬁﬁlﬂbhﬁ)§ nfadk Galtled fisn.
[0117] In general, except as noted otherw se, ynmerization in each.

reactor may beactoon dlic vald bfyr@wgnmd t%C%Wn@F‘Fi’aﬁ%‘h the geantedn kAdwn i n
L s eogolid gc?rg;?gﬁ} R r”gc%lsm%ﬁgggo@gf%ogsmgg%ﬁd § shpsasmon the

ci rcunmst anced® iy “tsed the
first polymer, 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 hoted otherwise, polymerization in each.
reactor may be conducted b}; 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,



pol yneri zati on be conducted under conditions where the reactants and
products are conpletely in solution. These pol ynerization conditions can
be obt ai w0 20g6/04umbNg a sol vent, in sufficient quantiti esr/usesmsoBot® bot h
of the polyneric conponents as the polynerization nmedium at suitable
reaction conditions, WO 2006/ 044149 PCT/ US2005/ 034946 -28 i ncl udi ng
tenperature and pressure, such that abg-of the conponents of the polyner
m xture are rmaintained in solution. [0118] CFSTR A particularly preferred
arrangenment is a train of at least two continuous flow stirred tank
reactors (CFSTR) connected in series. The S]

constructi Hﬁ?@“%%ﬁﬁﬁpﬁr@f‘gﬁga@pe?ﬁessﬁéef e ctz}ilﬁtpgg b%?ﬁevgﬁlﬁlpg%%ﬁs%lf—gg\gver, each
reactor Shgﬁiy%e?%nﬁﬁ@élbﬂe%ngﬁtaﬁeangsd‘lﬁdm.i ndependently with monomer,
solvent, catalyst, etc. In addition, the a%itation provi ded tﬁ thFJaIify as
a CFSTR shdtl18]be vi g éﬁw@wlﬁfb’ prgEreed prrangement 2y adein Af ¢gas eact or .
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catal yst pohsgpa- shhémuee! ¥RNtcoaneucMBAOLET sukkedsagemebe rur ¢ i @d buer
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preferred eohvditioeal s, Hwemver, s caddingoasdor romidads 8BMor O4uriig ©

pol yrmeri zat.i on. at a a ictdedn yaRmh okls bnknown in
the art sudﬂ&é’gn%ed’t S-W?@@?“g&é’f}"%’t ?"olﬁ?‘“f g%g@g[lr’ echi ITing (adi abg i pl reactors),
cool i ng coigrsvided 1o/ qualdfysas £ QFSITRAtlionid befvigdreseen@ehnioqamesd wadiebat i

reactors with prechilled feeds are preferred. Pol ri zation
Tenper at ur ePeApEfessted $usardgren GPnstl‘EeéaTb?Iﬁc(gs([é%]afeo ﬁﬁ ;%ow e° feact or
bl ends her eékﬂ}éfﬁ@ib% i (hE R r@hoWhalhr Edispousitté freat ent

reactions (po rizations) are"conducted. Tenperatures can_be measured at
one or sevedsatatplgbnipsisoid. hi Allt soéveneaptomoneingy fesds ean devewdied pedtperat ure
probes, using equi prent and. procedures, kngwn .t o pe ski i t.he
art. In cer@ﬁieﬁ‘ﬂéﬁﬁ%fﬂ% P’%‘“’ge@?ﬁsi Béd’%?meér% Sﬂr,be{lﬁeasrsggon lgogh%erfagtr'i@ati on
tenperat ur g%lfgfér&d eniRARGERS, BES it FertdVRd TRGPBELH eaabodyringSpdiygaesmtibhan t he
first pol rization tenperature (e.g., tenperature in the first reactor).
Those t enpHeaitremesal zer be pecsiplisiapddyonethodswelh kpowe 1t e agisueh s quto-

embodi ment sr'efrigeration, 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 (e.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



[0120] Reaction Pressures. Pressure in each reactor should be sufficient to
keep the reactor contents in solution at the selected reactor tenperature.
Pr ef er ablwo 2bés4hiiapst pol yneri zation (e.g., polynerizatipomusenduosised in a
first reactor) and the second polynerization (e.g., polynerization
conducted in a second reactor) is "maintained" at a particular |evel or
range, neaning that the WO 2006/ 04414929°CT/ US2005/ 034946 - 29

pol ymeri zation pressure is kept substantially constant during production of
at least a particular first polymer and/or reactor blend, although it is
under st ood FQ@’%‘HGI‘IZ?&I& ssﬁ%rﬂs 'cl}gét%ldﬁst% AFROh&RAt d?l'i‘ln@fﬁ&&ﬁztléth@f & lomy be
periodi c adP ing startup, grade changes or nai ntenance
sessi ons. Alatmti@hap'ﬁh@rpomﬁasmm rwctopﬂﬁsﬁum@ho@g@slsnmyderﬂm@etmal n cases

be utilized, it is preferred that the first neri.zat s,_conduct ed at
a pressure CGHHBE GENHIUGHF AplymerFRion oyl thass m%'%yﬁefﬁﬂﬁhck Q‘B‘P 153408> kPa, or
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pol yner i zat ioppréssirecianges may tracasrteemaaxhs rtenutdized, Bas raeferrpd thebithe fitshel as

the first polgl rization, %l thin the sane s emﬂe%baggﬁ}o nducted
at a pressPPYMAHGHOR I 1B ﬁ\é\@/a‘i DRFGFIS TP RPE OTHF a, or’ 00 kPa,
or 1050 kPg;5@] %Ogr gﬂg) kB0 ofy5h kol @f 70b4PE0G0 iR high ofl B4, A0k IDar o

12, 600 kPa, ‘of Pa, "or 11,200 kPa. 0121 ReS|dence Ti mes. As used

herein, the 1t3e?0|®11€Praesr d260@kPa, e 1;A08APa, ohbl, 200 KBy eIttis peefertad that i ch

reactants for par.ti cul ar r|z t.ion.are £ h
catalyst in Sﬁc%’élrltq X@Fﬁ?auf’ggﬁ’b% JFR im'eénbOdm 1{1‘?? %tt & 8| Vi EI ng ta%]
reactor vol ype my dﬁcﬁ%ﬁakrtéﬁﬁbh‘”&t Withid J[}@V\éaﬁ'rﬁi €pecifthed faﬁge)dgnmdﬁaterb aper
reactor is dependent on many factor i ncl udi ng the size g{) t he reactor.

An exanpl e gfresspessiadgingdran pay o Oééléﬁo kBacero} 730skRas ofn14#0Q EP3e WRut es; or
mor e narrow .a”o?gétli P01 %ﬁt@fsm féd Reyaly £f kP&Séthmst) RPa{T‘%ﬁ or

ranges of reSid&h al n cases utili zed,

preferred th1a1t,9(td1@paf bf $1, 2m(etspadence time range from a |ow of 4 m nut es, or
5 mnutes, or 6 mnutes, or 7 _m nutes 8. m._nut es M nut es toa
high of 100 W&l es, oRessngs himRess Asdtsegéerﬁ%&teetgrmofesﬁ?n?ﬁtﬁﬂ?e%l r

s, 1 B0 S LAA kS s debact

or 8 m nut estogether with catalyst in a particular reactor. This is calculated by d1v1d1ng 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 8 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 prefeired that the second residence time range
from a low of 4 minutes, or 5 minutes, or 6 minutes, or 7 minutes, or 8 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



9 mnutes, to a high of 30 mnutes, or 25 mnutes, or 20 mnutes, or 15
mnutes, or 12 mnutes, or 10 mnutes. [0122] Mononers. The nononers used
i n both pwbymmviszabi ons are set forth el sewhere herei npcans@se3aas er nm ned
based on the desired conposition of the particular polynmer that is being
formed. The nonomers may include, for exanple, ethylene (C2) and a-ol efins
("al pha-ol efins"), including higher alppba WO 2006/ 044149 PCT/ US2005/ 034946
-30 olefins (C4-C20), as well as polyenes, e.g., non-conjugated dienes. A
particularly wuseful alpha olefin is propylene, although other higher al pha

ol efi ns may u S_S for } I : 3] ; . As
not ed above,ol?%lgf(gfqécﬁae ﬁ%y ﬁgggﬁﬁg%ﬁ?\%gg’q%gll J&;ﬁ { r%{.&dp%%%rérﬁ‘ ?%{tniggl%%QMi ch
requires a sgbfe@alpha Bleinnk @sopdlensohltpngh bitet higher bipha obding maytbeeusedr st and

second pol yneri zati ons described herein (e.g., introduced to the first and
second reactassg)foghelsayheredsibbns such as aliphatics, cycloaliphatics, and
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or branche in, saturateéd hydrocarbdns,” and C5 to C9 saturated
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but ane, pentane, heptane, cl opent anpe, .cycl ohexane,. cycl ohept a et hyl
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pol yneri zati ons, In“both reactors, and is recycled, as discussed
bel ow. [ 0124dromfit UsrdtocSboeanBrefebeddideens et €hsewhiover Haaighirchainrerng

operation of the continuous progess, each Cl Or~ experiences ..
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catal yst and any unfeacted nononers. Each effluent stream can be

char act er i zelepsanehaysloggntanpaeydehekane, sutlphentanse meashylr arclopntaneadnethylex anpl e,

t he pol yner concentrat.ion in the effl yent re : .
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exenplified in the Exanple below, involving a series reactor

confi gur at i ofnd isﬁ%CYﬁEﬂMSC@éﬁ?éé’ﬁMti on of the first effluent preferably
represents t RﬁZ]:I] st PRIIRT sQMYs. WHNiERsGANI RS HERARUER] 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



for exanple, by separating the formed polynmer from non-pol yner materials).
In contrast, the polyner concentration of the second effluent represents
all the wolywmausrmterial present in the second react or pcraEsas@ssoas a
given tine, e.g., after a particular residence tine or some other set
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be deacti vat gge WAt bN&her media with heat or steam. One or more conventional addltlves
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 2,2,4-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 should 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
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[0126] Pol yneri zati on Rates. For an adiZabatic reactor using feed chilling
as the nmethod of heat renoval, the overall polynerization rate is set by
the difference between the tenperature of the second reactor and the feed
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weight characteristics of each polymer can be set by choosing the reactor
temperature, monomer concentration, annd by optionally adding chain transfer
agents such as hydrogen. Also, molecular weight can generally be lowered by

increasing reaction temperatures, amnd raised by increasing monomer

concentrations.

G. Parallel Process

[0128] Another form of multistage polymerization is a parallel process
(parallel 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 parallel process. The input (feed) for the first polymerization

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



configured such that nononers, catalyst(s) and solvent are fed

i ndependently to each reactor. Note that the terns "first" and "second" do
not i npl ywenyoguantsbcul ar order or sequence, but the tergrnst@gwsisgs used
for convenience so that all references herein to the word "first”

(pol yner, polynerization, catalyst, reactor, etc.) can apply equally to
both the series and parallel processes33unless stated otherwise. In fact,
the first and second polynerizations are preferably taking place
sinmultaneously in a parallel process. The input (feed) for the first
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reactor can Hﬁ36’]ecr easlg(():lr 2 I\JIa_t{lcular plant design, the plant productivity may be limited

by the bottleneck presented by the recycle system. For example, a parallel reaetor
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 iﬁ 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 to the parallel system.  Also, the discussion above

relating to reaction pressures used in series reactor processes applies to parallel



that in the first reactor by adding additional solvent to the second
reactor up to the capacity limt for recycling the solvent. Wth parallel
react ors wbeosemitience time of each reactor can be chogemuspespendent|y as
|l ong as the total solvent flow does not exceed the recycle capacity.

[0131] The use of different polynerization tenperatures is also an

i nportant feature of the parallel proggass, and the di scussion above for
series reactors applies equally to the parallel system Also, the
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utilized, iTs
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 léast 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 wt%, or 3 wt%, or 4 M%,
or 5 wt%, or 6 wt%, to a high of 30 wi%, or 25 wt%, or 20 wt%, or 16 wt%, or 12
wt%, or 8 wi%. It is preferred that the combined effluent polymer concentration
range from a low of 3 W%, or 4 wt%, or 5 wt%, 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 wit%, 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



pol ymer concentration range froma lowof 1 w% or 2 w% or 3 W% or 4
w% or 5 wm% or 6 ww% to a high of 30 w% or 25 wt% or 20 wt% or. 16
W% or Mo246¥4mw 8 W% It is preferred that the conpcmag@&ibisent

pol ymer concentration range froma lowof 3 ww% or 4 wt% or 5 w% or 6
wo% or 7 w% or 8 ww% to a high of 30 ww% or 25 wt% or 20 wt% or 18
Ww% or 16 wt% or 14 wt% [0133] Polyitker Recovery. A polymer can be
recovered fromthe effluent of either reactor or the conbined effluent, by
separating the polyner fromother constituents of the effluent.
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(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.



dependi ng upon the desired properties of the reactor blend. Those nol ecul ar
wei ght characteristics are described el sewhere herein. For exanple, the

mol ecul arwowedeghatiaehar act eri stics of each pol ymer can becsais2dg/osieesi ng
the reactor tenperature, nononer concentration, and by optionally adding
chain transfer agents such as hydrogen. Al so, nolecul ar weight can
general ly be | owered by increasing r&hction tenperatures, and raised by
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polymerization zone in a solvent a feed of a first monomer system annd 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 wtYo 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 propylene-

derived units, wherein the second polymer is either noncrystalline or has ethylene-

type crystallinity; wherein: the overall composition has a combined Mooney (ML

1+4 at 125 °C) of from 25 to 180 and a heat of fusion less than 50 Ig.

[0138] Then, based on predetermined criteria, the process may be shifted

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



feed of the first polynmer m xture, a second nononer system and a second
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second polvpmeee/o44mi8i d second pol ymer being a random copelkyrmseomshseudyl ene
and propyl ene- derived units, wherein the second polyner is either
noncrystal line or has ethylene- type crystallinity; wherein: the overal
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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 is
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 can
be conventional and need not be described in detail. Each of the lines (dgscribed
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 WO
2002/34795 relating to 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.



the flow diagram (identified below represents apparatus or equi pnent,

whi ch can be conventional and need not be described in detail. Each of the
i nes (dewonbds(o44tio bel ow) connecting the boxes represerts/sisas®ior fl ow
of material, it being understood that streanms can be directed through any

of a variety of types of conduits, e.g., pipes, which may have intervening
equi pnent (not shown) such as but not38imted to standard connections,

val ves and punps. The contents of WO 2002/34795 relating to reactors and
ot her conponents are hereby incorporated by reference, particularly the

details rel 4'(‘)? 0 f&ﬂvﬁoﬂﬁrﬁtSleﬁits‘éexftélﬂn@mbﬂdlﬁieﬁts bf bRr @récessesy. , the
separators and eacto 2006/ 044149 PCT/ US2005/ 034946 -38.[0140]
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a fractionatof Ogurg Px}”ehlch*h%bolﬁﬁﬂfa%h Wzn Bf(%li 4 ?a%_a(tlé m&om‘};é{ A a

sol vent, ei e er separately olynerization in FIG 1

can be pr aCtdtﬁl@ﬁlr@-Shzﬁ feeéllve§ aadomecskﬁrges|menqmaeqmeln‘smlatntpmwrwtlolzaib'l ons, or
as a parallel process, parall e ynerizations. Referri ng t

1, a first caslfgse fé%?ﬂ%@ml’ Rf rSBHl?c‘ét 2 Haﬁﬁu? ifPls PEPARHING P ROESS EI"Pdgone 12

(e.g., react i Z3sehypbical |y as part of a catalyst mxture,
descri bed el%g‘) Yeﬁhﬁletg)géﬁér o rrerg can be introduced to polynerization

zone 12 via [ﬂtlnla]am 26. The pcdymenmmmrm Fi&n 1 ven batprantiged ds eisariesspioges 28. A
first polyner

12, “\hen & st ciedessbl BFROARRt U] i3ed T pr BSYF e Car PRODeL

(including tﬂﬂyﬁ%ﬂ?a)ﬁoﬁﬁq{d?&lrmgﬂé)ﬂd}ﬂ,cﬂ ﬁ@e&a@lyyﬂ@n%nﬁ@m@éd t® tieefend
polymerization zone 12 (e.g., reactor) via stream 23, typically as part of a catalyst
mixture, described elsewhere herein. Monomers can be introduced to
polymerizatfon 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 it can be treated to separation,
e.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 yneri zati on zone 14, where a second pol ynerization is conducted to
produce a second polyner (e.g., ethylene polyner). The effluent |eaving

t he secomwo 2p@osmewi zati on (i ncludi ng both propyl ene polpgmars2asadseudyl ene
polyner) via stream36 is directed to a first separator 16 where it can be
treated to separation, e.g., liquid-liquid phase separation, to separate a
pol ynmer-rich conponent froma non-peByrer conponent (i.e., substantially
no polyner). The non-polymer conponent includes solvent, unreacted
nononers and catal yst. The polyner-rich conponent preferably includes

primari|y GhgeRal K o CATRAIA hoRoas ¢ b fopaicetyliit Giid @hehmalescr | bed
as a reactor blend that Includes propyl ene pol yner ~and et hyl ene pol yner.
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via stream 40 to a second separator, e. devol atilizer- 18, which

renoves a wapcmisiipeafpédnerdhan d@@qmrd\’(giﬁ’ﬂé?&ﬁlsﬁ@%mm- chiresss 48 @n dser

concentration, of polymer th does prevol.atil | st m 40 can
be further Eth?rt%'gt?{}&ﬂ?r%e&e@ta IF%OVFE(?@\\/’%IP%%CI I\g/réﬁ i r@gwﬁéga%%{%e vapor

stream 48, uMhGhcILdG! westarPaskhes dRNTeas, Andireadvans, stiustutl 2&cted to a
structure 20, fromwhich nononers and sol vent can either be disicharged vi a

stream 52 ofromrehichroonaeers \ang seheah A Eithey b discharged s sHeainI4L0T The
t t 20. i l.ud j 7 whi ch
ot BRSO Syl i

vapori zed n'§ ene an ienes (e.g., ENB)

can be remygedeor sRPREMREEONOE (hét shoomhibyatvhivh. véporined mramoB@raveychadss o
i nclude a condenser that converts the vaﬁgr contents dof streIam 48 to
liquid. Ligethdeesitpsopylens apdiorsgienasyCigndriiBe cABREFENSYed: SAPATAEY ¥ ai n cases

Sovent: angdiiahch! " SAAA RARaP ish MAAIE Cahndelods fiar dofivids tkaas 2 otream

42, the conposition o usted as desired, based on the
extent or aesietts of stranDA® tslided.nBiquéd nttpodsicen S mapieslidemoaenese stream

14, "and aded ordiamsrevspsericay! Tassorang or o bnedu Lt BE EHLG o "the
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pol ymeri zati o zone 12, and additional nononers, e.g., propylene or
et hyl ene, ctr d¢enaddethoniinof 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 parallel
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 parallel configuration, no

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



stream 28 to the input stream 26. [01421 As noted above, the process(es) in
FIG 1 can be practiced as parallel polynerizations. Further, the

confi gur avoanod/m4HbPG 1 provides for changing or sw tclrcmgsbasosens t he
series approach (discussed above) and parallel polynerizations, which wll
now be di scussed. Wth a parallel polynerization approach, the effluent
stream 34 leaving the first polynerizatden zone 12 preferably bypasses the
second pol yneri zation zone 14 via bypass stream 38. Meanwhile, nononers
are fed to the second pol ynerization zone 14 via input stream 30 which can

include fregh SR DOHHEL 8n1‘((4ir oS8 RRnPAY OfialRNPEIBAGd AddaearAs3Pand of

recycl ed stream Acc Ing to the parallel configuration, no first
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propyl ene polyner to ethylene polymer is different, or,where th
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vatues. arrangement is provided for changing (shifting) from a series process

configuration to a parallel process configuration and/or vice versa, preferably

based on prédetermined criteria. Preferably, a parallel process is selected based at

Jeast 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.,



whi ch can be determ ned in advance of the change or shift (predeterm ned):
(a) a preselected polysplit (calculated as weight of the first polyner

di vi ded byoth&/o4enmbi ned wei ght of the first pol ymer pl weTiuseossossne
polymer); (b) the propylene content of the propylene polyner (e.g., first
polymer); and (c) the ethylene content of the reactor blend conposition
(combi ned first and second polyner). -#articularly preferred enbodi ments

i ncl ude processes involving formng a first elastoner conposition using a
series process, then changing. the flow of the nononers and solvent to a
paral | el prQggs alcQlapidodsnitenaionesd FEPelfias typiwner popplese tcoutent) atBHMas a
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during) the pol i a K 140§ |81 : _ e C2
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e.g., WO 20Q6/&4Aia8ssPETERIGZ60 % 03:4MD prodess suivier catcuuistiness whemithat i on of ,

FPP (first polyner propylene content) o bl end pol.yner. et hyl ene
content), ormobispht isgqpaldp or rgé%PtQB‘gQ“ ﬁ%fpé%&fi%“%br gﬁl‘e PR WBing %e#‘f ned as
575 * (100-IPRQ dity ol BREMarfif ok BAHEH 8 Wi gBREERY Bbbut cithbicafigrathi es
process is C arﬁge ¥4 paral l el” process under cCircunstances when the
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I dentified that D3RA8el prdakl Grafhep@h:avy sheProbets) shenld maxi mum
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paral | el pr deessplémaittbe fort aranpalyspditia ot pboveds) indisstedgmaymumpelssiiit ed for
any polysplit at or above t.he indicated maxi mum polysplit (e.g., a
proposed setE&E ROPFRBFEPYI et poi nt Maxi num Pol yspl it FPP (w % C3) BPE
(M% C2) 1 46 95 24 2 36 95 40 3 22 95 64 4 48 88 27 5 38 88 42

TABLE 1

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

2 36 95 40

3 22 95 64

4 48 88 27

5 38 88 42

6 23 ) 88 64

7 50 80 30

8 40 80 44

9 25 80 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 Parallel
{(wt% C2) (wt% C2) :
8-16 40-80 <20 to <60 Series
8-16 40-80 > 20 to > 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). In at least one version of the process, a given amount of



6 23 88 64 7 50 80 30 8 40 80 44 9 25 80 65 [0143] The foll ow ng
spectrum of blends in Table 2 may be produced in accordance with processes
descri bedwben@imu149 TABLE 2 First Pol ymer Second Pol yner pEwlusseisiobsolange
Series or Parallel (W%C2) (Wm%C2) 8-16 40-80 < 20 to < 60 Series 8-16
40-80 > 20 to > 60 Parallel 1. Recycle [0144] A particularly advantageous
feature of certain processes described4Zherein is the variable recycle
feature, which contenpl ates several different versions (enbodinents). In
at | east one version of the process, a given anount of WD 2006/ 044149
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anounts of nEfr RBhbEHIMeRE B first drdesetordsicattth. Saeferiln dhey/ respdcziati on
zones are different fromone another. Depending on the nature of the first

and second apmu;atr;?‘fslpn‘mhb/rm®d@r@ﬁéd torihedirandraggonsbplymnerdzation Zgpey 4f8t | or
nononers, in,..co nation_or, sep el v, 4 s d
enbodi ment, déff%rSW.t TRt B?%%%r‘ssﬂl’egénﬁf rn¥ Phg%e %(t)l;rw ;%fktlhérz]gr%i rgtn%ffzsigo%ﬁer
conposi ti on godaherk NeleueiR§clad f nb@tialp @hayee oivkbng ssialysid orpoloyiosaers( descr i bed

above). The process preferably includes formng the first polymer and
second pol yrasmbiratiop psseparielsecond pol yneri zation zones (in series or

parallel) ea@gﬁ}n the g, ,Si Paﬁ@re%frrea eifto t,tah@(gnti-n%ogﬁf £L3R HroRide@MmoON

(the sane) ent, usin same or diftferent cat st systens
(descri bed apyeking gr dadtener dehpisitjon thadinalsles adimsigpaipmenard s petosds f or

each pol yneri zation zone .t hat . .
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.



preferably include propyl ene and ethylene, albeit in different proportions.
As noted above, the second polynerization tenperature is preferably higher
t han t he wbi2oesio4poibyneri zati on tenperature by a subst antcalusaemswsdoss as

not ed above, e.g., 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-@t3an insubstantial anount of dienes
(less than 2 wt% or less than 5 ww% are added to the first polynerization
zone. The process involves polynerizing the first and second polymers in
di fferent rizaty sV i
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el sewhere herein. W 2006/ 044149 .PCT/ US2005/ 034946 ..- 43 146]._ ..
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recycl e strgoam,anfsadSRERBE: hEaYEH BBty aalelsdivhefticgnt he first recycle
stream to the first pol'ynerization zone and directing the second recycle

streamto t#447secondApalisoweseilz elspwirereohereimy dhe rrgmoyingt RE sehvsihtangs

solvent in the second recyclge stream.s,selec . h Gl to (i)
obtain a deWF%CiedSIEB%‘HHer %%T‘Qﬁ%f?afg) e echa%elrrlé{ﬁg? Qs)rsgtﬁg(fst#{ge{h% 58 ttOer first
pol yneri zat hjeRd teARAE sdpafion @fep(toiptovieletafint doldesi-fiétpgroby apd atsecasl not ed
bel ovw and el sewhere herein. [8_147?] As discussed el sewhere herein, the
removi ng of salwinidean pomdon; LG esbiastingrs e nFst f sobyANtheany RAEOBOpR SREPan

i nclude (i) _subj.ect. .{e ] j [19htSeHP tO
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(ii) subjecportignt (i®) donitshing ahe Erdt sbleant-pizhtpostion and tieessonnd selepatrrichi on st ep
to provide a second solvent-rich portion an%ivgﬂse‘cond sol v -l ean
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second pol yffddBFrat i onFatieemore, the remowving of solvent and unreacted monomer
from the mixture can include subjecting 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), é.nd
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 portipn, 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. In a continuous process, however, it is



[0148] Furthernore, the renoving of solvent and unreacted nononer fromthe
m xture can include subjecting at |least a portion of the mxture to liquid
phase sepmoabicmasis9® provide a solvent-rich portion (typipcaiusgoodn34946

pol yner-lean portion) and a solvent-|lean portion (typically a polyner-I|ean
portion), and wherein the solvent-rich portion is directed to the first

pol yneri zation zone and the second po#4rerization zone. [0149] Still
further, the renoving of solvent and unreacted nononmer from the m xture
can include subjecting at |least a portion of the mxture to devolatization
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below. Jeast 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



[0151] In at |east one enbodi nent, the recycle split is adjusted based at

| east in part on one or nore (and preferably all) of the foll ow ng neasured
val ues, wbi2eods/@aanvbe determ ned i n advance of the changetws2@BioBi946
(predetermned): (a) a preselected polysplit (calculated as weight of the
first polynmer divided by the conbined weight of the first polyner plus the
second polyner); (b) the tenperatured4dft the second pol ynerization zone
(e.g., second reactor); and (c) the tenperature of the first

pol ynmeri zati on zone (e.g., first reactor). [0152] Particularly preferred
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Equation 2, PS = polysplit; RT2 = second reactor temperature (C):.and RT1
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the process, and is preferably ) .
temperature (°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 diafferent

PS values (polysplits) and RT2/RT1 values, for a series reactor configuration.
Table 4 below shows different recycle splits correlated to different PS values and
RT2/RT1 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/RT1
1 44 10 3.0
2 61 10 4.0
3 78 10 5.0
4 28 10 2.0
5 39 10 2.7
6 50 10 33
7 21 10 1.5
8 28 10 2.0
9 36 10 2.5
10 83 50 2.0
11 60 50 1.5
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TABLE 4 Set point Recycle Split (% Polysplit RT2/RT1 1 33 10 3.0 2 40 10
4.0 3 47 10 5.0 4 2510 2.0 5311027 63610 3.3 72110 1.5 8 25
10 2.0 9w8Qodém42145 10 62 50 2.0 11 51 50 1.5 12 62 POTAISR005H3498d 30 3.0
14 49 20 3.0 15 55 25 3.0 16 59 20 4.0 17 54 13 5.0 J. Polynerization
Catal ysts [01561 In a broadest form the conpositions can be prepared using
any SSC (single sited catalyst). Suchi7a catal yst may be a transition netal
conpl ex generally containing a transition nmetal Goups 3 to 10 of the
Periodic Table; and at least one ancillary ligand that remains bonded to
the transition netal during polynerization. Preferably the transition

netal is used in a reduced cationic state and stabilized by a cocatal yst

or activator. [01571 The ancill ary [TiAjgdkH# nay be a structure capabl e of
form ng a C bhond such a cvclopentadi i
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6 36 10 3.3
7 21 10 1.5
8 25 10 2.0
9 30 10 2.5
10 62 50 2.0
11 51 50 1.5
12 62 50 2.0
13 61 30 3.0
14 49 20 3.0
15 55 25 3.0
16 59 20 4.0
17 54 13 5.0
J. Polymerization Catalysts
[0156] - In a broadest form, the compositions can be prepared using any

SSC (single sited catalyst). Such a catalyst may be a transition 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 forming 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 used 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 ligand 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



catal ysts for coordination polynerization are the |igand capabl e of
abstraction and that ligand into which the ethylene (olefinic) group can
be i nsertw0d.20060t%B8p The transition netal conpl ex may i mposasacdegree of
steric order on the propylene nononer. by suitable chirality. Were first
pol ymers of higher nolecular weight are desired or higher polynerization
tenperatures, it is WO 2006/ 044149 R8T US2005/ 034946 -48 preferable to a
non- or weakly coordi nated anion (the term non-coordi nati ng anion as used
herei n includes weakly coordi nated ani ons) as cocatal yst. Alternatively

al umi nox oPRLEXESyd Al dVEhi R Mh @i TMIBRRIi Rkt RSBy be used-
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ligand f rﬂﬁﬁbg- TheApgx%GMEépfor B VoG oBRIin A PAi6n @fayVhe Gledt Betprecur sor
cati on, suc s a borate, is neutralized and/or elimnated in sone nanner.

The pr ecutramsiticrameahcomylebsuppliedrmaneduned yalencyastaien BR Drequre@3angyd EP 277
004. The precursor, catian be a triphenyl ar honi i jye as in EP
426 637. AETERAICGIIAHER p&ﬁ?‘ﬁﬁor&a&qﬁe‘yeé“ra@%%pa@fo-Of ‘{:‘3’@@ wher ei n
boron or g MEGRAUR kindifiéh SR 8RR AR lighidateled. e biganss whi ch may
be hal ogenated and especially perfluorinated. Preferably )
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[0160] The,pe#£RPMGY makiang EM2PN00my The preator batappmex berat teipyienglqui nol ar
anounts relative to the transition netal conplex, such as at |east 0.25,

pr ef er abl yadosiumderiwsiyecisanl §P 0128 &id T_é’l?c‘PPna%OOH‘é)m?ﬂﬂgea‘?lﬁﬁrFaﬂ,b%raef erably 2
and espegial | )109145%ci11[11$1g‘>? Jvll}eg{!iﬁ nﬂo%%rréf b ARn iRt Rl he QARIEXoeaBig R€om PYT i di ne

am ne conp YR Miset or o merization such as those described in
W03/ 0402QpicldEleby tipamii whizh mayate haopdreiedmand asfecisly opefluemtiedx whi ch

dosi rod 1 AreieTobpt Fsi- BT Graicdr BauPal1y HE TP ROueR OBl BaE N no.
6,559, 262'685&?&1{}’&%@% fhhOfke V&l Auorine 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 aﬁounts relative to the transition metal complex, such as at least 0.25,
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 fnay 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 propy lene
insertion, as noted in Rieger EP 1 070 087.
[0162] Preferably the transition metal complex is a chiral bridged bis

cyclopentadienyl derivative having the formula:

LA LB LY MDE



conpl ex may be a stereorigid conplex with mxed influence on propylene
insertion, as noted in Rieger EP 1 070 087. [0162] Preferably the

transiti omormedeals4mionpl ex is a chiral bridged his cycl opemtuzdiosnydoss
derivative having the fornula: LA LB Lc; NMDE WD 2006/ 044149

PCT/ US2005/ 034946 -49 [0163] where LA and LB are substituted or
unsubstituted cyclopentadi enyl or he#2ro-cyclopentadi enyl ancillary |igand
n- bonded to Min which the LA and LB 1|igands are covalently bridged
together through a Group 14 el enent linking group; LCis an optional :
neutral, negdi di Zi gl ganda o0 Yeulapdidied Wiélbperkitialy 0 to 3);
Mis a Goup or 5 transition netal; and, D and E are mdegende tly
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enbodi nent ,Suﬁalﬁl9| CARALOZ ab | prAmflr PE@E6n adns ipslysnevizalle mbmarherdes macro-
pol ynmeri zation in the presence of a catal yst .includi
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of TVEE Sy st ens whi Ch

exanpl es cata can be used are described in U S.
Pat ent Nos. [0364]98, 401Whandishg39,c6@Y;stst ke tital clatdyst exston Wikl eenesaly her eby
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acti vator ceffedtise fordernoving petrsumputibespfroni ghe rgaction 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 biscyclopentadienyl 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 iﬁ the presence of a

catalyst system described herein at a temperature of from -0°C to 200°C for a time

of from 1 second to 10 hours.



nol ar ratio of biscyclopentadi enyl netal conmpound to non-coordinating anion
of from10:1 to 1:1. In yet another particular aspect of this enbodinment,
the pol ywenn@atssm reaction i s conducted by reacting npoonoseasiostde
presence of a catalyst systemdescribed herein at a tenperature of from
-0Cto 200C for atime of from1l second to 10 hours. WO 2006/ 044149

PCT/ US2005/ 034946 -50 [0166] In certgbn enbodi ments, the first polymer of
the present invention nmay be produced in the presence of a chiral

net a: | ocene cat a: yst with an activator ~and optional scavenger. The use of
single sit al yst ref Pynl;@ MR Iih¥er@bnt he
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met al | ocenes, such as those _described . in U S.. Patent.No.,. 5 6, 798, which
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(1997) 548 r possi bl e single site catalysts are
met al | ocenesolydyclib sanetuts, sind @ylmdt@pemra,dg@mﬂl}’d%mtmw e hbii pegsiBlygr oup

transition t al ferably hafnium or zir ium_ Su nes m
be unbri dg %%pb??p[}o@s apaR BHPIGRGKY g%’ugfﬁn%%d}? AFeP %ali %%% , 747, 6%1.
The netal | Oﬁ%ﬁ?abl v MRN8 Bdapdssidlyl Sitconilir® d#ChdTgiugh. POV YuRlier Caxapiples i lsng
predom nantly propyl ene-derived units as in U S. Patent No 5, 969 070

whi ch uses KesQpihiMed gtetivalwtwh peRylas Uﬁﬁbﬁ?ﬁr?d‘ﬁeﬁ%mnﬂﬁﬁc RALEHPBYIENSe t o

produce a ho h
Cyel opent adVBRgR N g4Pay U iehs Sty b AvEnbAfRe bl Riy? R, LIgE, The
systens as gesgmbhRe dHent hEOEHONE 26.28. Pat ent s. [0168] Clher possi bl e

nmet al | ocenes i nclude those in which the two cyclo t adi
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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
dichloride 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
remaiﬂing 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



remai ni ng val enci es. Such netal |l ocenes are described in U S. Patent No.

6, 048, 950 whi ch di scl oses bi s(indenyl)bis(dinmethylsilyl) zirconium

di chl ori deoanes/04Ma®, WO 98/ 27154 whi ch di scl oses a di nerbylsikéogiosddné dged
bi si ndenyl hafnium dinmethyl together with a non-coordinating anion
activator; EP1 070 087 which discloses a bridged biscycl opentadi enyl
catal yst which has el enents of asymmetiy between the two cycl opent adi enyl
ligands to give a polyner with elastic WO 2006/ 044149 PCT/ US2005/ 034946
-51 properties; and the netall ocenes described in U S. Patent Nos.

6,448, 358 %)?pert@es?ﬁaﬁdzéxg'rﬂ%tglm%]les-rﬁ'@scmﬁ{ 19§, Paleht &l0s06,438 35henai ngl e

site catal can’vary. unoxane and preferably nethyl al unoxane can be
used. Hi ghe&s26tti@cul ar wei ghts can be obtai ned using non-or weakly

coordi nati ng. ani on act.i vator CA) .deriyed and, generated, i f th
ooty ) Cheahi B tbichurt ot S0g080E sRk 3R o, e
637, and Mgl QLAY Snd AftibitBly RRIGEARIRN:Ne icin el h@iedHigher imvlahie

abstraction o ic group such as the nmethyl group to forma
met al | oceneweights oan babblained isiag con-or mgakly ceondinating apiracEvataistierons may

b d T ICA b [ ' f | um nat
'n Wi ch (e BeREeRPRELHT BN PeTEr ARPLataRIRCL R PRSI g 0 et €

manner, e. gychbhgityl or ammonium derivatives of tetrakis pent af | uor ophenyl
boron (See EP 277 004). The NCA precursor can be a neutral eiiorrpound such
as a bor aneEP RA7 d94j EP 42 6d anchimsng oghars-o oy ation sensgalhnis bedpvedt toand

i ncorporation of the anionic grou t tedqfr I e. (See
EP 426 638)1VRVe s“’:nbé‘é?‘f%}oél %fa?lé%/“s"t“gc F%’%%of‘ﬁﬁs‘%n% eeﬁ*%}li%fﬁ%é Z‘l) ﬁ‘gelﬁg? n,

pol yrer i zat jneRfotdhet Biftiodl hitesu@At accodagt @ Sommayliteratwrer tvwittarienmsbmdy rtent s be
conducted in the presence of the sane catalyst mxtures, and.in other
embodi ment spisducedndilibe YA (PredyEsopcas S WP P P?é‘ﬁé‘ﬁ?tec%rt %P‘%‘?terﬁnxt ures.

As used her \E;"vb{aépyttg?epééncgfrgﬁr" AbRlY ShmMatddUtifon SGRLALY Sh sofShemer | 16! udes at

| east one ca east one activator, although depending on the
cont ext, anyityledreampimosivnedaivatives Sfciatraltly petitafiseraphgnydiboron ¢hek iE8s277an
activator as wel|. o

"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
slurry, 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



[0171] The appropriate catal yst m xture may be delivered to the respective
reactor in a variety of ways. For exanple, it may be delivered as a

sol uti on wo 206s/uir4y, either separately to the reactor, &ctrivsassdsions!ine
just prior to the reactor, or preactivated and punped as an activated
solution or slurry to the reactor. Polynerizations are carried out in each
reactor, in which reactant conponents-s5fe.g., desired nononers, conononers,
catal yst/activators, scavengers, and WO 2006/ 044149 PCT/ US2005/ 034946 - 52
optional nodifiers) are preferably added continuously to the appropriate
reactor. 1In_so e di yent 1 r t he
first react 8P§O%iwoé®ﬁerisﬂ58tpﬁ%fre g%%@%ﬁ%@%ﬁ%@t%ﬁy@? o ﬁ?(t? ﬁrgaé&(is}é added
to the firstyksaetaboantns, beihfdaeilgntmicaial ars bddddxtouhe firg reattiedwhile t he
second reactor (although in a sequential operation_at _|east so of the
first catal ystother ambosimemssmons catalyst mixpue ip Addad oy the first deaclay ’{}E‘ the
second reactg i t oL Gt if 4 tiggact or .
[0172] In prdé eer%r(rl)(g%r[arefﬁ%o |ﬁnllgén{sga?l dfg %\g@gl:éfsfe gﬂrrfeﬁnﬂ[éé%g{ ga?ﬂgg%%?géegeggg%d as part
of di fferentopeRect anleabtewiite, ofehg firstavatalyst stixtuet fibysthe firsitvieattommey be part of

a "first reactant feed," and a "second catal yst," which n e part of a
"second reackispied tp dBg secopfl TRRRigIABRISE Wi Hf@q‘fcéirﬂlxg‘t‘fﬁo%glm Elrs(te. g.,
series reactrggc%r_ both first and second catalysts are present to sone

degree in the second reactor feed, e.g., when the first effluent is
suppl i ed to [81%cond rlagetfemed Embbdimabisytwa diffatent eatelystseare added as BRI ment s,

the first catalyst is a chiral catalyst il e.,the .second ¢ s&-_1.S a
non- chi r al d%ftdd%?'s’fnﬁ re[aétf‘?tsiee&n “certa 1ﬁt§%b’(§ﬁn€ﬂ%}l 51 eep%r gﬁésg‘léést and

CONMpOSi ti ONSo, kAR feSAMBNEREAMAL chlalsUT QhEAMMBE bR dfal “wedid ehctaie fir st
and second polynerizations, whether series or parallel. For exanple, in

certain proceseslthougbrin ai last aertdiy smbaslientsds- gaessties weetors) bgphdirsimdent  No.

6, 207, 756 can be, used .in_ both pol yneri zat.i t ent Jis..her eby
i ncor por at ed®69A% ‘@?é?’%ﬁé@ RT?FGP@ Soéhet cliergé%yl %1(%%6;?%0?@% %4%?({7 f?‘ﬁié@%ar"{ﬂﬁg ns
descri bi ng t{e mat @vst: BiskppliedSto £s@ond Gedctotn Brefdrablg, A0 at leasswgitainol urm
14, line 21. Preferred catalysts are those that are isoslﬁ cific.. A
procedur e fosmbaskiminty, thedpeciatalyst axambiral eatalyst el thecseeg iga[talygtylg femi s

identified in Ex a}rrgﬁ’lcae[aljyst(?f that patent.

[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 identified in Example 1 of that patent. .

[0174] First Catalyst. The first catalyét 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



[0174] First Catalyst. The first catalyst is preferably a chiral catal yst.
In at |east one specific enbodinent, the first polynerization is conducted
in the pwvezewmasmb a first catalyst that is a "single ecrag@sloysmei zati on
catalyst,” which preferably allows only. a single statistical node of
addition of two different nononmer sequences, e.g., propylene and ethyl ene
sequences. The first catalyst is prefsrably well-m xed in a continuous
flow stirred tank polynerization reactor, such that it allows only a

singl e polynerization environment for substantially all WO 2006/ 044149

PCT/ US2005/ 034946, -53,0f t i isRR&ABLy activatedf i r St

cat al yst i s© ﬂ’ffpé)ll%{g?ry(:hglc io\?gliléég{)w%nféaﬁ??\ﬂgﬂﬁ]g{ltality'?ﬁisgﬁ conbiyned in sonme
manner Wi t hpaaniagtha atiocombifdd milsoAw manieewsth aorestieatanpl e, a first catal yst

can include a brs(cyclopentadi enyl) nmetal co un nd be conhined with
either (1) #%W8h- cooAdi %ht leay (96‘¥m)§f‘?‘81’1§’ ahi g%?ac?gﬁa@gt o(i'anoﬂml('@l)‘e a%

al unoxane acgt| r . Jen ine@talhyéaitier (py efmhabl y
i ncl ude act %@s&%@%@o erggéf@i‘x 1? ,n{eggr%ﬁ{eos %sﬁ%ggiglﬁeeﬁérg?lﬁerm se.) _Ir\kgny-l imting

exanpl es of coaidilayiag coymphiibiz 4nidvi ehtivatel odé2) aotalvapwns) aciiveor ceMlbe used
are described in U S. Patent s.,,5,198, 401 and.  5.391, 629, the disclosures
of which ar éeﬁQ@Pé%hFrﬁ@oF(boFﬁ’?l\BatShé?r CHOLY 1?‘3}‘@? @ﬁ%‘éa.%fsl%s & egaﬁi“?ééa ar
aspect of this. ' . w&h-ﬁ}n%mg' e A&t bivadtaisicaBtehe (Whinth inoludan anount
to provide ra}bgr%ﬁ%ﬁr)ggkﬁ%)um to netall oc.epglgeSt.r at | o&o?@?tr oml1:1 t§ 20, 000: 1.

I n anot her pwfititos) shichsqeche ofedt 4re sleseriiedi ined(S: PateabhlosodddfA liaﬁg

conpati bl e ani on activator can be .used in_.an. 0 | ar
rati o of bi%%%@%pél}ﬁ‘géﬁ?ms ?{g\f’}élfﬁ(% RhME %%g%t? %:g(e)ﬂrgg} %%?‘Tq %Igng%ﬁi on of
from10: 1 tqy gloahicdidl aépdct NGB embBdiient Whalluaspeartacdfatbhban enbadiinent, the

pol yneri zation “reaction is conducted by reacting rmnor,re:s)?fi n Eﬂh? %r esence
of a catal ysin sypetmnio prevideihawblatealsmintie ta MEAIRIRE JAEC & ¥MBm-1d8 to 200C

for atime o ) second t.0 : n {Rb¥Bhatinghe
second cat al ‘ﬁdo(-ﬂ ]I?iiap?té?reﬁ?ﬁltc%%g a%%g{ ?If }}[’sllgjezr(g%otda %@t?r’?g pr ef ea'trlzfll ly a
non-chiral cafalayidte Aigh idivalos capbefussdatl sh wabhmtnioxedvide aanolgoratiortfous f 1 ow

stirred tank reactor. The second cat al yst ise%q.eferabl.é(a ivatlg_q,to meani ng
that it is coistichegnipdicadractaheiaPOuRrt R - ROr it o™ gﬁ%ﬁo& f second
catalyst are; get (forth ol SeyherfahgiRiNor 8¢ MDA, SR pi9iktizitionO

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

second 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



00/ 24793, which is hereby incorporated by reference. EXAMPLE [01771 The
foll ow ng exanpl e descri bes formation of a reactor blend conposed of two
di f f er entwOypes4efs9pol yners, by conti nuous pol yneri zat i eoT/useevdwsioesl usi ng
two continuous flow stirred tank reactors, arranged in series, to which
di fferent nonomer m xtures and catal yst m xtures were fed continuously.
Hexane sol vent was fed to each reactor540 maintain the contents of each
reactor in WD 2006/ 044149 PCT/ US2005/ 034946 -54 solution. The tenperature
of the second reactor was substantially higher than that of the first

reactor. Eac t e 15aha! gt thand
activator i o%ﬁ%.ﬁﬂ’eit%m?@aﬁﬁ@bf‘ﬁ%s ét grﬁg‘%éd ?Sggl}gg%p%dgtgji vg reactor using a

ol'uene, an
netering pufihe fGatradarst Mdcktoatabyshséan was pRepaeedoby [pmiveing satalyst erd of
unsupported dinmethylsilyl his(ind | ).haf ni um di net hyl cat al .and
di met hyl anPFEYRQiR g@@aml@lﬁif%lu Iﬁe?ﬂ‘ﬁ? eﬁé?‘ﬁ%’?ﬁ@ﬁcg"%’&% r&%{‘?\?ﬁ%%f"?%at al yst
M xture B ( to i ' €1 Pvas S KPR 6t rted
di-(p-tri- e%ﬁ%ﬁsi Fg%@ge%[zlis cé%%fla{ogléiiﬁﬂ%peﬁt gdi enyl )_e( 2- 17ln§jlli?-p_?;f)ut yl
fluorenyl) kahethysilydi bistihgdnyl)asfndins cliosehyli natalystS anpadisrthylo anibinBuys | 857

Cat al A) Ex I 1 and 4 ' h ' d i
CatalySt M AT enaderopisaD peroi i Carge ARaEe i (G ehelip oy "y |

n-octyl al umhnupwas, UsgiiR] a cFCavRigpbried Reagtiaretylsifdbeszyd)cRagtt or Can
Can Cat al ys?i)Catwgws% Scavenger I—Iydr%%@n C, CBa%NB Co T W. Ti .M xture

Rate (g/h) (@ydiypermdichyl)d2+) dicgburyl figprenyh)hatniupy dimesizd, ap dikclpsed283 0. 118

React or Pr odirot PRSPt & Rbab A0y e G el MR 05 (o
Conv (99 1 fhvRodBed 34 CRBIP Riixbird@9. Bed 4 CathlybBaddition 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, Cs . ENB | G "l;
Wt. Time | Mixture | Rate (g/h) (g/h) | (g/h) | (g/h) | (gh) | (°C)
(g) (min)
1 534 10 A 0.00233 | 0.118 0 12 1998 | O 3564 | 47,
2 2484 | 30 B 0.01101 | O 0 228 45 32 1782 | 117
Table 6
Reactor Production Polysplit C, Conv (%0) C; Conv ENB
Rate (g/hr) (%) (%) Conv
(%)
1 74.6 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 polyene (5-ethylidene-2-norbornene) was

introduced.

The production rate of each reactor was determined by timed



[01781 Reactor 1 polynerization produced an effluent that included the
first polymer product. That effluent, including unreacted nononers and

cat al yst woizsonueisowas fed to Reactor 2, where pol yneri rariuspoosmssogonduct ed
under different reaction conditions. For exanple, in Reactor 2, a
significantly higher reactor tenperature was used. Al so, a polyene
(5-ethylidene-2-norbornene) was intré6fluced. The production rate of each
reactor was determned by timed WO 2006/ 044149 PCT/ US2005/ 034946 -55
collection of effluent followed by evaporating the solvent and measuring
the remainj SOl | c i td f aing MEadoeactthe 1 was
determ nedQo@@:ﬂéﬁodpfg?fr%%?hgﬂogggt%SV%H%??%;%%?%? %ggbr?d t hen perf%.r mng a
timed col | gehhinimgablidé bencefittdtioantThierpmoduRérat tite of Reaqier t was detarreingd ocedur e.
The conbi ned production rat.e was asured fol l.owi.ng the sa r dure

usi ng the AVtSRRAPIRE thedseqtion B Regfion b‘B"tLAht TRy Pe“‘%‘af F§ﬁ%’g‘8§§’ i onal .
Using that 4 nteroRtdaR RehSr [ dbing Rt safle§sroesduke PTRE uptibdedrbductiont he
conbi ned production rate was cal culated. That ratio is called "polysplit"
in Tabl e 6.ratdsivasgmeisaretafodoying theksamepprasgdarseusingithe ouipyt pf BT on rat e,

catal yst productivities were | cul ated in r S fi Gl ency (g
pol ymer/ g CXiH }E)re_achﬁy@fe @gﬁl %Ea%ﬁpglper Htsglsgn%?qrh@%%{oéﬁrgf %Elé gct s
formed in egGhiok 8a5h@kiction Bte 1B RRE t&Ebined faodastioh anel wis cAbubtein ThatTabl e 7
the polyner fornmed in Reactor 1 had an ethyl ene_content of (ﬁ%epgté% In

contrast, tito potajledr “pplysplitdin drblei g Usidgcthscatalyshinais-wpasn #€or bl end
that included both.the pol et pol ymer
formed i n FEddor ol siTEkyREERE, eI AR CRag |

et hyl ene f offfichacy acpolompet vaelyst).cal cul ated fromthe first polymer and

6056 Gt hor IREor { cd YHGpBTE RSt GetlPPARIMP 0L WBUHLY, SoaEhuTty, Mol ¢
o, o o AT 1 a0 g DOEETRRATAL A el o1
(1+4@25C) L akd an lethlaneDRintenEloRST 2t26.0 1. o188y thy polyngggproduct 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 wi%. The value of ethylene for the second polyme;, calculated from the first

polymer and reactor blend ethylene content and polysplit was 75%. The value of

ENB was 6.9%. Other reported 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 MI Mw Mz Mw

(%) (%) (1+4@125°C) Lalls Lalls DRI
FIRST 21 0 4.2 1697 2704 1639
POLYMER 37 19 66
SECOND 75 6.9
POLYMER '
Reactor 61 51 54 2506 4573 230
Blend 01 61 310




POLYMER 37 19 66 SECOND 75 6.9 POLYMER Reactor 61 5.1 54 2506 4573 230

Bl end 01 61 310 WD 2006/ 044149 PCT/ US2005/ 034946 -56 Table 8 Reactor WMn
DRI g' BlwbloddnsMubMn Rx 1 83646 0.963 0.963 2. 03 1.59pcRus20058684¢ 0. 951
0.949 2.88 1.83 Rx2 WD 2006/ 044149 PCT/ US2005/ 034946 -57- CLAIMS: What is
clainmed is: 1. Continuous process for making an el astoner conposition
having a Money Viscosity (M. (1+4) @425 C) of from16 to 180, the
conposition including a first polynmer and a second pol yner, the process
conprising: polynerizing a first nononmer system including propyl ene and
optionally ethylene in a solvent “%&&98a first catalyst systemin a first
pol yneri zati on zone to provide a first polynmer having 60 w% or nore units

derived from propyl ene,
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renovi ng sol vent and unreacted nononmer fromthe mxture to forma recycle
for the first polynerization zone or the second pol ynerization zone, or

bot h and wo 2pespMieie an el ast oner conposition that havi n@ca/Uso@sey49¥ scosity
(M. (1+4) @125 C) of from 16 to 180. 2.. Process according to Claim1l in
whi ch the sol vent and unreacted nononmer are at |east partially separated
prior to being introduced to the first7er second polynerization zones. 3.
Process according to Claiml or aim2 in which the first polynerization
is conducted to deplete propylene nononers to a | evel below what is desired

for maki \r;\g%t%@g;econd pol ymer; the second polynmerization and recycle are
oper at ed 044149 PCT/ US2005/ 034946 -58 to reduced the al pha-olefin

monomer, tQygutheMeimdagkow what is required for making the first polyner,
wi t h additional makeup propyl ene nononer being added for the first
pol ynmeri zati on and additi onal makeup al pha-ol efin nononer being added for

t he second pol ynerization. 4. nt i nuous. pr f i 1aling! ast oner
conposi tion-t haqu%}lﬁlgegr%cessf icf‘ggtm%%ﬁéjjr%lr e%%% arsg(lc;:rgﬁg p({)}?ymarn,g t he
process COMMbhtlyNYiscOlyy (ML ﬁnn};@ 1058y oftfeemers sy 3 8enthe haimpositirdes
propyl ene and Optionally ethylene in a solvent using a.first catal yst
system in andlidisg a fiysl nplemerzandiaoeconshRo YBe G T RRESHCFPPEY N0l yrer , havi ng

60 Wt % or nore units .deriv I e i i ;

i sot acti cal | y- artoRHREH s Spi/r?telrrlllg- Jc;?g?llr s&g%qn @g}cﬁlgier%%ﬂggy%g? ?ﬁ%r()%)g(inﬁél}é second
nonomer sy sdigfeddiata doledntdeisg attliyl cndysangsteno i b dmstlfojyraerizatiphzers] &6 in in a
sol vent using a second catalyst systemin a secong]]e .ﬁ%}meri zation zone to
provi de a spowvide ap8rsymetymeidhaving &Y y4roremoEe LS SFTRET TOHORBY R Al 1i ne or

has ethyl ene-deri v b Qe fl{mﬂ RivE sdfi@nddst-sll (R HRVingNsl t he
second pol ylr%lﬁﬁllnﬁ %Q?ﬁ%{f\é@ ght %'td }MP% udees solsvcglﬁlt1 aSnd unr eact edgqrmnorrer;
removi ng sohaaent fisitch nsg)mythelrjeJ_/gmdaeﬁﬁ?ﬂgp@nﬁ’m&ﬂ@ﬂsl%r@wnb@hﬁl@t fre to

ﬁ;ﬁékﬁ?st 2ﬁ@gg§£§%§@@ﬂ% 2L W 12508) frForsh kfigspropyl ene and ethyl ene
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 polynner
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 form a
recycle for the first polymerization zone or the second polymerization zone, or
both and to provide an élastomer 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 operated



pol ynmeri zation; wherein: the first polynerization is conducted to deplete
propyl ene nononers to a |evel below what is desired for making the second
pol yner; wbeosaaoend pol ynerization and recycle are oper acedse@snegyced t he
et hylene nononers to a |l evel below what is required for nmaking the first
pol ymer, with additional makeup propyl ene nmononer bei ng added for the
first polynerization and additional -6&keup ethyl ene nononer bei ng added
for the second polynerization. WO 2006/ 044149 PCT/ US2005/ 034946 -59 5.
Process according to Caim4 in which the first polynmer has a heat of

fusion |esg, &'Jﬁ{;@dﬁ?‘ﬁé{p?i%%fﬁx&?égﬁ@c? tog;%)l-e]?&l He5% whhiel rdffred fof mbigidy and a

Mooney Vi sCoOSI rom1l to 45; and the el astomner
conposi ti onhe fiaspalyMenneth Addtasi makéud progyldie @n@eeing added for1 ghe o 180.

6. Process according to an ..th ecedin ainms in i ch : cond

pol ymer is fHStrPéﬁlﬁHB?ng@B%F‘ ‘?Jlﬂ?naitﬂﬁiﬁff“g’n P%%BEEPB%%"%@@\P’E{A% ag% | g?lng ly a

diene. 7., (;ge%gﬁép@yﬁgﬁghﬂgl-to any of the preceding clainms irn which at .
of the'e

| east part uent of the first polynerization zone is
continuously directed to the second polynerization zone for series node

operation and /or at |east part of .the effl uent f t i
pol ymeri zat1on mil%uscBrr?ﬁ%ﬁe"Iﬁr \matkﬁlgtel’?eelgsft?linﬁre%‘frg%?sgt?%eihgé(E,ﬁg}]u csa
pol yner i Zatfix@(‘pcﬁ%ﬂ@r dnQra Ras paymepdR RPekatodprsiBy: Process according to

any of the preceding clains in Wwhich the polysplit of polynmer produced in
the first polynemilyms¢izng zongrst omphemerotuiterpothpteinchdes jteBYIERe  fRS fir st

and second pal ri zation.zone r.anges_.fro o 9wdRlQCESS afRerding to
any of the %}t@ g@f neél%é?%ﬁ e Fnsﬂ_’/\l/X? _hu%lpl% gnqiilfshrcea %%Sét YSHel udes tﬁg first
pol ymer and@)&l?ﬁeﬁﬁ@i@ﬂ@oﬁ@'tbf Rbvids d first $oBehddy halenpl6at wite zatmore toitsf or m
pellets or bales. 10. Process according to any of tgfg gr ecedi gg clainms in
whi ch i n whdartved héonf rerepylene.ofinglding | rsgta%%ﬂg'r%?ana ey RS EERdor t he
second pol yoer or gduced are controlled by splitting the anount of sol vent
suppl i ed to>THEFPrst and second pol ymerization fromthe recycle and by
provi di ng addi ti @aBmeizRgh af eadntl omeasyert kystem athet oficlhdeswethiténe hanfeat
renoval capacity for each pol ynerization separ teléi t he[ .
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-cryst;ellline 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 solvent for
polymerization; wherein: (
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 operated to reduced the ethylene
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.



first polynerization being at a tenperature below the nelting point of the
first polynmer and the second pol ynerization being at a tenperature from 20
to 200C wogbevostfaan the tenperature for the first pol ymweriusadosoBsoss\O

2006/ 044149 PCT/ US2005/ 034946 -60 11. Process according to any of the
preceding clains in which a transfer agent is used to limt the nolecul ar
weight in the first or second pol ynerggzati on zone. 12. Process according to
any of the preceding clains in which the process is operated in parallel
node when the polysplit of polyner produced in the first polyrreri zation

zone to t total pol ynmer.. prod ed d

pol ymeri zat'i on }’%8%% % FH%[Q E?afll ga%%tgrsgp@érﬁﬁd Efag

constit ut efsidn 1681640 £ B cﬁdrmemglp@ﬁn Odss R (05 CSbr Peth ywdr a Mmkxene
content) and BPEé&gdend msr et hyl ene content). 13. Process, accordi ng

to any of Yiseosiy Ch) °Q)rvaﬁFﬂUéH toHS; lan@)él@s@la$t§melbﬁemp@alonn

paral | el t Q@T‘? e n the first

pol ymer i zarﬁ{l)gd%r%wcz}%ﬂdé g“"}%ﬁ‘g@ﬂrgﬂg@ {/)%er prrfo l%rggéd&l fnjgdt he and the first and
second polynerization zone is greater than 575 * (100- FPP)o 14 * (BPE)"O0

81, wherei n FPP_ is the propylene content (wt % of the pyl ene pal yner and
BPE i s thebet hyPiopess acspndang ¥Q)fan1éi0§;}{]é? Pfef?éc(l@ér‘ilé@sr‘é‘a&’m %‘Peeﬁﬁcoé’grrposi tion
or the par i 2, to any of
the pr ecedﬁ% dgﬁgﬁlgﬁﬁs&ﬁﬁmw gmt e rgc%/&glaga gdﬁ%%ﬁplagg%ﬁtﬁ%ﬁ%w?ggﬁr ecycl e
stream and a second recycle stream directing the first recycle streamto
the first pol ri zation zone and |rect| the seco r cle streamto

t he second9 oly F??%Fﬂﬂl%tﬁeanyﬁ epprggeégrgg Q@H’dsrﬁ‘iwgl p@?ggﬁtmaﬂo in which
the am)untth@feft?t@nvgﬁﬂle'ﬂ}sttﬂ}ﬂymWBQ zél?eci)é%bﬁtnﬁidh@l@rﬂdeéteﬁ% afit @ecdnd be
sufficient to (i) obtain a desired second polynerization tenperature; or

(ii) obtai polamdemtmcmp@ tfc)isq@m mogde Op@ﬂ@@egtyl e ebledstrpgrttef theyecfdpenthe

preceding ¢ .enovin nt fromthe
mxture i ng# Eh?ngrsf Bo gﬂ%}%@f’? ot he Coﬁ% XI% r‘é’l%ﬂqhg ﬁflﬁ]?%l{& oqoltﬁl\gée“r%ggogngpar ation
step for cpagﬁ@hﬁﬁ{dnrmnéhﬁm%m@ gperﬁjﬁﬁﬁl ning solvent (ii) subjecting
the concentrated solution to a second step for WO 2006/ 044149

PCT/ US2005/ 034946
8. Process according to any of the preceding claims in which the polysplit of

polymer produced in the first polymerization 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 td any of the preceding claims in which irn 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.



-61 further renoving solvent and formnolten polynmer for pelletization and
; (1i1i) conbining solvent extracted fromthe first and second step to
provi de avoanwimed9 recycle stream (iv) directing the eorhiso@dos@eycl e
streamto the first polynerization zone or the second pol ynerization zone
or both. 17. Process according to Claim16 in which the first step includes
subjecting at least a portion of theggixture to |iquid-liquid phase
separation to provide a solvent-rich portion and a sol vent-|ean portion.
18. Process according to any of Clainms 1 to 11 in which the process is

operated i.n a sgries reagtor nmod L1: - s directed
to the firgt: p%lr?/cr?‘ésr it 1%{02%9}’(30%&%%9 Ee‘é@cﬁﬁ%klgg@soﬁy%g ;E/r%‘?l Fiiz%g?%égﬁ zone to
provi de a regxah€ liniPthe nol ¥ Sicight hethp diratentsedond polymdrzatReanier 1 i s equal
to 2.8 * (PS)0.67 * (RT2/RT1)1.11, and wherein PS = polysplit of polynmer
produced in the first polynerization zone to the total polynmer produced in
the and the,fir and_se j i s iR ‘ ctor

t enper at ur 32( O ;%;r%‘%?és ﬁ%‘fgi‘lﬂg itcr) E‘g !Y %?Z%cﬁg%écge %fe%?g% br e %dé) ﬁ@%gé&%f ggess
accordi ng topemfsd Bf pSaBélMmode twheh Ithé rpolysplih of pelypreogeaduced iopedirsd in a

paral |l el reactor node and wherein a recycle streamis diyected to the first
pol yner i zatlodyingizabon Aeng © tﬁ‘ﬁé""@e?%ﬁﬂ“p?f@ﬂ??ﬁilﬁé}ﬂq %‘T‘lis%rﬁamt%’ &Nde a

recycle spli [ I | Sonlfitues £ 0 4.5 *
(PS)0.55 * Ozmy%%’?(@%%%egﬁgép er ecl{rﬁeﬁé%{:% %333%&0%?{%%2%? mer produced
in the firsdalcupaddycanbinaioroof PR éfitsopelimet ptaplylepoicomtent) and thlend t he and
the first and second polynerization zone; RT2 = second reactor tenperature
(C); and Rolungr gtiaylene b tenperature (C). 20. Miltistage reactor plant
for maki ng an el astoner conposition that includes a first polyner and a
second polynmer, the systemconprising: (a) a first structure that includes
a first pol\areriBratéssracemding to antiiofthe peeceding staips iy ydich iefIPERSE 1S t he

first structure havin | east. ong inlet. . for r [.V) 044149
PCT/ US2005/ W§#8%6 10 Pé‘g‘”?\t C BhSnite 1?%1&%1’1% 2t gofs f\’/@g‘f‘&g\r/]@ g‘tgo%ast one
outlet for gisRenskios Ané td e toRf polyeeE piodated icheided tehrst andstecpal ymer ;
polymerization zone is greater than 575 * (100—FPP)0'14 * (BPE)'O’SI, 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 (i) 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 (ii) subjecting the concentrated solution to a second step for



(b) a second structure that includes a second pol ynerization zone in which

the second polyner is fornmed, the second structure having at | east one

i nl et forwonreamis¥iswg a second nononer ni xture and sol verCTasdotaoideast one

outlet for dispensing a second effluent that includes a second pol yner;

(c) athird structure that includes a vessel for receiving an effluent that
i ncl udes sol vent, unreacted nononers,-§ifrst polynmer and second pol yner; (d)
a main first effluent line for directing effluent fromthe first structure

to the second structure, such that the'reactor systemcan be operated in a

o e Da® st ol g RitfhoE hd 45 A plighef 1 pARRiZhGR Inc et 1} ne

for causi ngﬁf uent ass second reactor, such that the

reactor Sysb@xﬁbﬁﬁ% bsivepekaigel fromahpairalahélsecomdesteputoi gvidhe CbW@é@é
effluent line; an i i

(f) a second effl uent El ng for gl rﬁ{%ti ng e@]:‘el ent from
the second seayalet ttisamy (ivhelifepting S GRRGINET 39CYCIS) SHEYHe cdr ng‘e%o daim
20 in which the bl | B AiBh 968S§r bagcor di ng to any of
Clainms 1 topfg'.méﬁ)?%aé’? %ﬁ%e%zggeo%eg?@‘{lg{b%‘m 20 or Caim?21 in which the
first and second polynerization zones are interconnected to permt

changing fromoperation in_ serjies de to,opetration.i aral.| de or
from operatildn i rPrpeasapserdingipClepn p%wéﬁh&ﬁe %‘Fﬁtt SEPie u%ﬁc?g@ecglrnggﬂ

conbi nati on er a a |t BEERL-1i P QSdarativn to preidecti zed or
bale form héé\iﬁrs%g" RbRn20 a8 ﬁ}g’g{ﬁ%y (|\/El ﬁﬁﬁ%t&%% "of from 16 to 180 and
a heat of fusivent-fith pesiontahdasdentflepngmmpen.sing a first pol yner being an

el astoneri ¢ random pol yner having a content of propyl ene-derived units of
at least 60 percent and including isotactically-arranged propylene-derived

sequences ang a Eesefacédﬁhglfb afy dfeSain R HBindWhich theaprodst isnpeidied
2006/ 044149 PCT/ 005/ 034946 - 63 point less than 105 C and a second

pol ymer bei rig @ sedqEotepner mideeartdy Waersimadrecyle sYEER S diFsCRIdOUEF Shavi ng

no or ethylene type crystallinity. 24 Lidan robide bQeScdd M 23 in

whi ch the C&Pgwggﬁ%wni Qng aPril‘)B? i%e%coﬁg@gg%girﬁt\ﬁm ﬁ&gct?rlgrm 5 t oeg‘;% by

wei ght of a pekyxRErdiathepeROniMddyole DReactomilt & equdlveed 218 ntBS) Opyt ene,

i ncludi ng isotacti cqlll y-arranged gropyl ene- defri ved .
(RT2/RT1)"", and wherein PS = polysplit o 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)O‘55 *
(RT2/RT1)0'67, and Wheréin 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



sequences and further having a heat of fusion less than 45 Jig or a nelting
point |ess than 105 C or both and a Mooney Viscosity (M. (1+4) @125 O of
from1 two4bosmiror ubber having a Mooney Viscosity of Promsi@sosssid0

Mooney Viscosity (M (1+4) @125 C) and an ethylene content of from30 to
80 wt % 25. Conposition according to Claim23 in which the conposition is a
nodi fied propylene elastonmer with frem65 to 95 wt% of a pol ymer having 60
w % or nmore units derived from propylene, including isotactically-arranged
propyl ene-derived sequences and further having a heat of fusion |less than

(1212 R s, bR P eCin o o gy fecost
Vi scosity Qfflfcnothal fchi@edthe¥papelymar scosity (M. (1+4) @125 C) and an
et hyl ene content of from25 to 50 wt %
(b) a second structure that includes a second polymerization zone in which
the second polymer is formed, the second structure having at least oh'e 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;
() 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.

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 Jig comprfsing
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 Jig 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 wt% 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 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%.



