WO 2009/067337PCT/US2008/082599 LONG CHAIN BRANCHED PROPYLENE-ALPHA-OLEFIN
COPOLYMERS CROSS-REFERENCE CE TO RELATED APPLICATIONS This application
claims the benefit of U.S. Provisional Application No. 60/988,999, filed November 19, 2007, which
application iS¥AIRPIHEETDBrated herein by reference. .FIELD OF THE INVENTSRIEHRIBPA This
invention relates to propylene polymers, In one aspect, theelates to propylene polymers having long
chain branching (LCB) while another aspect, the ates to propylene polymers made in a high
temperature, solution. pr: ing.a.pQsitio (s oup 4. met I lex.0f a polyvalent
arylox.yether. Bgﬁié&% é%ﬁ%%@%%%%%%@%%%ﬁ@ﬁfé%?@%& '%‘F'{{ogmonolymers
and_ copolymers_, are well kngwggﬁ @Fﬁrh&@gghﬁy@@tm%of\pﬁegwm uses are many and_
varied, Depending upon, amorig other ings; mmﬂpvsnmefr’com (6.0, the nature and quantity
of the monomer(s) Tronepiietitepoipeiar Bomdde), Sttudtireiteep! thephsanrePin WK #R units
derived fromhe monpmers:anange. emseivasdnte ARONIRGRELYMELEIRIN &itothe propylene
polymer will have desirable or undesirable properties for a :riven application. One property, actually a
combination of properties, important to pregessors sEgropyenmerpolymers is processability, e.g., the
shear thinni avigr and melt strength, of the polymer in a melted state, [009310ne class of
propylene cgg%%#lersqlri%ﬁtﬁlﬁ?ﬁ}é?&iﬁ"gl T USER ég)%r%p 157 Fiese %iﬁfl@ﬁ\ét-’pgrgﬁi} gﬁtéogdggl%hers,
when producedvinithiessresénceref saniatallocenbaatiiystizng dh@ttivatols inratsinglerstadiestate

- reactor, shoy halanee.ol flexyalmodius, densiiestrangth and elasticifnese sopolumers are
substantially ?rep of diene-derlved units, and exhibit softness, tensile strength and elasticity,

[0004 1 AnothietibremesiEstnng Tlass s propylehe eepulrmers tharekfibra Wi Yéhge of desirable
properties is that described in USP 6,960,635. These polymers are eharaet as comprising at least
about 60 weight percent (wt %) of %éw%%%%%m!gb&%l% wt % of units derived
from ethylenggérid O tBrapdutl3baltAéraf unit denved-fromoh eqripore ngatariated eomotiomers,
with the proyiso et [ne. comainer welaik Relee el snite.detad fiom ssiviens. ang.heinsaturated
comonomer d6&& not exceed about 40, These copolymers are also charac erized a5 having at least
one of the foltbwinigpropbeiiesy i) EBiCN MR (pealsicofre spondingtararégion. drroraraboit’14.6 and
about 15.7 ppry, the jpeaks. af:about equal infensity, and(i0:a:ske WNesRINAex.Si ¢greaterthan about

-1.20. 10005]While the processability of these and other propylene polymers is good, a continuing
interest in mMARIAY TOBEHEFEXEEs TR W T8 FEt T8 Ehe st intin PARICRISTE. RERGIR,
Increasing thgge attrikyies ef pracessabilityinereases thevate i whieh. the.pelymer cambeprocessed

into film, fiber, extruded or injection molded articles and the like, . s
ramoination of properiies, important o processors of propylene polymere is processability,

2.3, the shear thinning behavior and melt strength of the polymer in a melted state.

[0803] One class of propylene copolymers is that described in USF 6,525,157, These
eilivlene-propylene copoiymers, when produced in the presence of 2 mefallocene catalyst and
an activator, in a single steady state reactor, show & talance of flexural medulus, tensile
strength and elasticity.  These copolymers are substantiaily free of diene-derived units, and
exhibit softness, tensile strength and elasticity,

{00441 Another, more interesting class of propyviene copolymers that exhibit & wide range
of desirable properties is that described in USP 6,960,635, These polymers are charaeterized
as comprising at least about 60 weiglt percent (wit %6) of units derived from propylene, about
0.1-35 wit % of uniis derived from ethylene, and 0 to about 35 wi % of units dentved from one
or miore unsaturated comonomers, with the provise that the combined weight percent of units
derived from ethviene and the unsaturaied comopomer does not exceed aboutl 40, These

copolymers are also characterized as having at least ome of the following properties:



10006}0One method of increasing the prooessability of a polymer is through the use of additives, e.g.,
calcium stearate, a fluoro-clastomer, etc. This method, however, simply adds to the expense of the
process, anqithgéqﬁ%gitiv" can build-up on the extrusion _§_u%ages of the processing equipment.
[0007]Anoth&r mathod it hirSdtice 16Ht chain' Branchifigihfo tHe Structifestthé boljiter vnile
long chain brarichiriginpelypiapylerie, istdnawn sitisntypicallyxte, resilkofipast-polynigrization
modification @f fhe polymer chain, e.q., subjecling the polyprapylene ta c-beam radiation, azide
coupling, etc@Td ?n'troﬁ?églo%”g Gﬁ%%%%gﬁéhiﬁg?ﬁ%ﬁj&théeﬁgofﬁp% yiene i%c?{fiéqﬁ}é’rau‘ﬁngb“}d% 8
polymerizati®prtisiisty peyoiies thakingaidiaidime b otherehan eiterder;Polyisropydenexgeniaining
long chain branchingas.a resultelimteacianpolimezatianyihoubiie sl achain eriepger.e.g., a
ided a

diene, is not commercially practiced. SUMMARY [0007a]In a first aspect, there is provide
substantiallyPrSEBEEB et ERs oy e 1A 16AE Shiisbrmeridelandchropyldheldhain

segments haging)a chair:iselacticity itiachindewefatleasth 19 male PEIesRt and comprising.(4y at least
60 weight percent (Wt%) unjts derived from propylene, and (B) between 1 and 40 wt% units derived
from ethylen& TREProyIHE et oliet CHAAGEH2BY by & gl ratis S definsy’ i theekpérimental
part of the descriptionyef lessthancismeasures:atititerpolymernumber averge salesulasweight
(Mn), and wt}%rein the_,isotaciticigrgpylene interpolymer is free of diene-containing comonomers

[0007Db]In a 'gec%rﬁa‘*'a%ﬁl%éﬁ%ﬁé‘”reﬂs provided an article comprising the propylene interpolymer as

defined abov&H 0007 climcdithirdeispent, theredduseoide d:thé:fiban dsrdefinediabavein-the foem of a

core/sheath figer,in which.the substantially-isotactic. propy| Qg,e.ip ipolymer comprises an outer surface
layer. [0007a]lr$£§ fourth a%pe@t, there Is provided aj’érlos?l:[ﬁk‘ééf, % %%El%l‘él %Lc%%cﬁ%:c propy e?ne

interpolymePag-fefinedtiabbvertdoureainh hitrdspustcitbreis providedatbterd womplising the
substantiallyiseiactic arepylens doterpolymer as defined-abave.and at least qpe.other polymer.
100081In one embodiment the disclosure is a substantially isotactic propylene interpolymer having
long chain bPAHERTRY &R EOMBHSTE A PALTRASTBE Wi Perc@iepits it Hétve ok
propylene, andi{Bipetweentgiegierthan zeroang 48 wt%nknits-denved from;ethylenethepropylene
inte,rpolymer further characterized by at Ie?sg_ q@g;of the following pro{ggrties; g\?éla g’ ratio of less than
1, preferably TeSETRAH 5705 M8te Bretsrably fesiHRaR B Antifvén ibte réfiraBR RSN 0.80,
measured apimtecpdlymer number average molecular weight (Mn.), (2) a relative compositional drift of
less than 50%, and (3) propylene chain segments having a chain isotacticity triad index of at least 70
mole percent. In another embodimentthBsdialctic propylene interpolymer is characterized by at least

two of propgigiesi(1). (2) ane3) ApeinanetherRimbodinsiintheysiactic opuengdiRIpalymer is
Rtz Y R SIS Shinde) A L2y iehe cBn Seponts Having 3 oo oIAAieny triad index
of at least 70 mole percent and comprising (A) at least 60 weight percent (wt%) units derived
from propylene, and (B) between 1 and 40 wt% units derived from ethylene, the propylene
interpolymer characterized by a g’ ratio, as defined in the experimental part of the description, of
less than 1 measured at interpolymer number average molecular weight (Mn), and wherein the
isotactic propylene interpolymer 1s free of diene-containing comonomers.
[0007Db] In a second aspect, there is p;‘ovided an article comprising the propylene
interpolymer as defined above. '
[0007c] In a third aspect, there is provided the fiber as defined above in the form of a
core/sheath fiber in which the substantially isotactic propylene interpolymer comprises an outer
surface layer.
10007d} In a fourth aspect, there is provided a crosslinked, substantially isotactic
propylene interpolymer as defined above.
[0007e] In a fifth aspect, there is provided a blend comprising the substantially isotactic

propylene interpolymer as defined above and at least one other polymer.



100091In other embodiments, the isotactie propylene mterpolyrners are further characterized at least
one of (4) an intrinsic viscosity is less than 0.35 at a logo weight average molecular weight of 5.5, and
(5) a degree of strain hardening of between greater than 1.2 and 20. in one embodiment, the isotactic
propylene interpolymers are characterized by both (4) and (5). [0010]In other embodiments, the
isotactic propylene internolymersare further characterized by at least one of the following properties:
(@) A weight average molecular weightr%l\%\iv) of at least 50,000 grams per (gimol) (b) An Niwilvin of less
than 4; (c) ki§ficallsheasrhtdimemdbe sewl s isra R dRer (S BB at least 4,000 sec; (e)An
ho/I2 at 230 greater han.oreguakiox15.83:A naminalwaidht percent crysiallinity fom greatet than
0 to 40 wt%; and, preferably, _(g)%\ single melting point as measured by differential scanning
calorimetry fE SO FEE 16 Al aisteren b diti it theuBemeueeR Tpreses¥or Polymerizing
propylene gnd.at feast-anecat ethylens and aie4o3da-ofefinunder.continieys:Selution. pelymerization

conditions n the presence of 3 catalyst COMAOSi jon comprising a hafnium complexcfa
polyvalent&Py %y EtREPTIE TCatalysEieRHes & g@ﬁ'\/étiﬁb@c%’ vl Bt e poimBREAton
conditions iypicalty drcluse atemperatredndny 120 250G ang-aspressuratfea 100 leRate 300 MPa;
The process for making the propylene interpolymers of this disclosure daes not require the use of a
diont or GTEF R S 10001 TG PR HICHRON NS or i Bl e e R hgher
shear thinningvietor;highepmeltsstregthscard improvety processing ds:campaiecté: propylene

interpolymeys of ke comanaiien and situcturs but wiholong.chain pranching, These, mprovements
have commercial value in extrusion applications like blown (ye

alue In extrusio ) ( nd profllle‘extrusmn 2.g., Improved bubble
stability, invpEsvBe étidpe retentidh) dnd Yo stirfadentieit fractoksy These impovarients allow for
the procesging,of these: polymers:at higher prgduction rates for extruded articles including film, fiber,

¥

sheet, tube and other shaped

2a



profiles. Other commercial applications include wire and cable (thermoplastic and crosslinked),
blow-molding, biaxial)); oriented polypropylene (BOPP), mono- and co-extruded blown films, mono-
and co-extruded cast films, elastic non-woven fibers, mono-filament, and hi-component fibers arid
foams (both tREHHIBEEHE and crosslinked). Still other commercial applicaf LU tHE8388hylene
interpolymers of this disclosure include as a component in polyolefin dispersions, in blends with
various polyethylenes (e.g., high density polyethylene), impact modification of various polymers,
tie-layers in fi#;% %uct res (ggrticulgr% after gr; ft-fuﬂnctiﬂqnalizaﬁtiof?)‘, and as aidditives to ap}dé}o}r_ as
blend compoRBits for Varidus polymer Bohihositiorn a8 TipravE B or Hiore propertss (&g
paintability, sgitness; stiffaessseta:) offthe eampositionsiBRIER DESCGRIPTION: GQRCEHERPRAWINGS
[0013]Figure | is a log-log graph. repoxting d ic.mechanical rheology (DJAS) comparisons between
Comparative T Lo A e Ao B RO NP a ot of he
log intrinsic vistesityZAgSinst:he:ldy motetufzr waighitof-GurvparativedExarmpled drcinvemntivey
Examples 1%4@75()(11?]5@@@ 3 is a graph reporting the melt strength data (force vs. velocity) of
Comparative ample | and Inventive Examples 1-4. [9016]FiTares 4A and 4B are graphs reporting
extruder proc&8sfig colidifiies (o venscréhy sposyef CumparativeiERainTpres3 and mubHtive
Examples 1-3,J004/Figuie,; jisa &{@Bﬁﬁg9&'@9%@@3@&%5&9” performance (torque vs* screw speed)
of Comparative Examplesand Inventive Example 7. SjFlgures 6A-6C are micrographs of the surface of

tubing extruded froffPthe PbIYiHErs BEEEmpArstive EERMDISE UL s hfd hvertiVe exapmpRe 7ol

respectively. [00191Figureg/#At/B are bar graphs reporting long ttrm blocking (as unconfined yield

strength) of Comparative %a\T "!f”ﬁ d in‘Yent've Exam),and Comparative Example 6 and Inventive
\ 1*1% 20

Examples 11-14, reSpecti Gt e A-8C are gel permeation chromatograph (GPC)/Fouritir

Transform Infrared (MR) specitiograihis showinbetheethyiengxenteht fiediSld SI6HIE mdlecitar weight
of inventive samples 15 ag%g{@ggrgspectively, and comparative sample CES,

(e} An Lie/ly at 230°C greater than or equal 1o (23 5.63;

(%} A nominal weight percent crystallinity from greater than 0 to 40 wi%,; and,

preferably,
(2) A single meliing poini as measured by differential scanning calorimetry
{D8C).
{84111 In still another embodiment, the disclosure is a process of polymerizing propylene
and at least one of ethylene and a Cupp c-olefin under continuous soluiion polymerization
conditions in the presence of & catalyst composition comprising g hafnium complex of 2
polyvalent arvioxyether.  The catalyst includes an amiivati;ig cocatalyst, and the
polymerization conditions typically inchude a temperature from 120 io 230°C and a pressure
from 100 kPa to 300 MPa. The process for making the propviens interpolymers of fhis
disclosure does not require the use of a diene or other chain extender.
{0012] The propylene-interpolymers of this disclosure exhibit higher shear thinning
behavior, higher meh strengths and improved processing as compared to propylens
interpolvmers of like composition and structure but without long chain branching, These
improvements have comunercial value in exfrusion applications like blown and profile
extrusion {e.g., improved bubble stability, improved shape retention and reduced surface meit
fracture).  These iuprovements allow for the processing of these polymers at higher

production rates for extruded eriicles mcluding Shm, fiber, sheet, wbe and other shaped



[0021]Figures 9A and 9B illustrate the extensional viscosity fixture used in the Examples. WO
2009/067337PCT/US2008/082599 10022jFigure 10 is an extension,| v':scosity plot Tneasured at
180C. for co &xpupRIfGEL- (0023111 is an extensional viscosity plot mea%fﬂl%gg};&g@ sample 1
and at a reactor temperature of 130C. 190241Figure 12 is an extensional viscosity plot measured at
180C for sample 4 and at a or n165C. [0025]Figure 13 is an extensional viscosity plot measured at
ISO C. for comparative example CE TAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

261All references.to theReriodic[able of theBlementzishall | %f@r;k%tmedsﬁerigg&%@m%f the
Elements,. published and copyrighted by CRC Press, inc., 2003. Also, any references to a Group or

Groups shalFESt83HE S rolipy oreitEps TEFEREd I RS Perobie abiacor tHE Elem&matsify the
RIPAC systes.forngmbsiring grospssbless.staled tetheicontranmimplicit fromnthe-cantes: or
customary in the art, all parts and percents are based on weight and all test methods are %u rent as of
the filng dat@ SR FLETELIodie P FOFBURAseE B Unftect inas PAMRERTRGIGE, HH EORGAIE DY any
referenced s patesinlowadddiSpal entrappliealioninonpdiinpatentapplicationgublication are
incorporated by re. OQ@?l\;I’.he rggme,gicgl. ran Je§1nin_‘1é"hi§g digclo’_s&[r%“arqe appg%i{‘n?‘ggéﬂaégd thus, may
include valuéd Buitside oF the range Uniess stherise indicated- NUMercal ranges inchide affvalues
from and inclisdity thesloideamdtire uppet falties, i ircrementsefranedaitprovidedsthatwhere is a
separation of atigank iWerdnlia RANEER AN PLYAILE.AR0 AN UARRE Vabie, Asn cxamele If 2
compositional, pﬁysmél or other property, such as, for example, molecular weight, monomer content,
melt flow ratezeess irowT 1001060 Hisintenaed thatalPInaitsaP val Ges suth o2 1095101,
102, etc., ang;sup fanges,sHeh 2s,10040,144, 155 to 170, 197 to 200, etc., are expressly enumerated,
For ranges containing values that are less than one or containing fractional numbers greater than one
(e.g., 1 1.5, etc.), one unit is consigargtiie ber0 P00 1:001::0.08 ovGrlrias appropriate. For ranges
containing sipgl x?igit numbets less than ten (e.g., | to 5), one unit is typically.cansi ‘evre(z) o.be 0.1.
These are orﬁyg; %’ ampPé%%T V\E/hast 5 IsG e&%c%ﬂ(l?}l%t%ﬁ)dgt ) ndnéllflf)“ogg[é%ie& 88%%%%&%0 S E# ’ﬁg}

numerical
values between:the doweést watué angathedsifhestiiallergrinrmetatethaneito hewbhsidered to be

expressly st ‘i’ég thig-disclosyre, Numerical [anges, are proyl ‘?%%MHE i%i?dé&'&%ﬂ%‘f?ﬁ&r’fh%’ﬂpg,”g other
things, ethylene c ntent,"’fong chain rancfung, Isotacticity, molecular weight, nielt flow rate and
various processgsalaretehs 10028 FHectErwBle Iuklass StHied fotheplinisé; Yefers to the listed
members im{b@‘ik@‘?”y %éﬁ%llfsiénaagya}%mm1}%niiae melt strength data (force vu. velocity) of
Comparative Example 1 and Inventive Examipies 1-4.
HHEE! Figures 44 and 4B are graphs reporting exiruder processing condifions {forque vs.
surew speed) of Comparative Example 1 and Inventive Examples 1-3,
{8017 Figure 5 is a graph reporting the extrosion performance {torque vs. serew speed)
of Comparative Exaﬁnpies 4-5 and Inventive Example 7,
[G018] Figures 6A-6C are micrographs of the surface of tubing extruded from the
polymers of Comparative Examples 4-5 and Inventive Example 7, respectively.
{319 Figures 7A-7B are bar graphs reporting long term blocking (as wnconfined yield
sirength) of Comparative Example & and [nventive Examples 8-10, and Comparative
Example 6 and Inventive Examples 11-14, regpectively,
16628] Figurss 8A-8C zre gel permestion chromatograph (GPC)/Fowrder Transform
Infrared (FTIR) spectrographs showing the ethylene content versus fogy e molecular weight of
inventive samples 15 and 16, respectively, and comparative sample CER.
{{HEE?} Fipures %A and 9B illustrats the exiensional viscosity fixiure used in ihe

Examples,



100291As used with respect to a chemical compound, unless specifically indicated otherwise, the
singular includes all isomeric forms and vice versa (for example, "hexane", includes all isomers of
hexane individually or collectively). The terms "compound" and "complex” are used interchangeably to
refer to orgamg,z?g%)’?%ﬁi—’é- and organometal compounds. The term, "atom* 1Ofare 1 the smallest
constituent of an element regardless of ionic state, that is, -Whether or not the same bears a charge or
partial charge or is bonded to another atom. The term "heteroatorn” refers to an atom other than
carbon or hy, n. Preferred heteroatoms include: E, Cl, Br, N, 0, B. B, Sia3i, bkl S, As, Sc and
Ge. The tern@ E%%forph%%tswré%eﬁé f6a yf)%?ﬁ%%ﬁrilééﬁtﬁbg“té Eiri/}astg ihe %(iief% ng'éEir.};\c()?:nj'?élswl6 é?e%mf?ikr%ad by
differential seemmifig{Galorimetry (DSC) or equivalent technique, [00301The term, "hydrocarbyr refers
to univalent gyfsiments, goniaining anlyydianen and sarhanaloms inpluding hianchedior o
unbranched, saturated or unsaturated, cyclic, poiycyclic or noncyclic species. Examples include alkyl-,
cycloalkyl-, afkewylrageioamieiyis Cyeloalkadienyl-, aryl-, and alkynyi- groups. "Substituted
hydrocarbyr ggfess to a:Rydrocatbyl areupdhatis substitlbedwith-ang ormore: ReRRKIrasarhy
substituent groups. The terms, "heteroatom containing hydrocarbyl” or "heterohydrocarbyl” refer to
univalent grée&IRHIER #9643 0rte atom other than hydrogen or carbon is present along with one or
more carbon@tesns and:ene O Mose hRysrogen alemsiyThe termsiheferodatb3d frefersitorgivups
containing one or 1 gglgarbon atoms and one or more heteroatoms, but without any hydrogen atoms.
The bond betwean thé carbon atom and any heteroatom as well as the bonds between any two
hetematoms, may be 8ingle o mitple poxalenbend er.eicesrdinalingseroiierdonative bond. Thus,
an alkyl group substituted Wi eterocycloalkyl-aryl-substitutedheterocycloalkyl-,h etero aryl

- alkyl-substite® heterBaisfiaexy- BinfiBxge diks g F ’i}%Jﬁﬁ’rlﬁéﬁ}]?}}?ﬁWﬁ?goiﬁﬁ%)yibﬁﬁsbﬁ?ﬁiﬁf
dihydrocarbytaming- stahydrasarbysiikndaysrocarhyithiox o hydrocadaylsatensadgroutids, within the
scope of the term heteroalkyl, Examples of specific heteroalkyl groups include cyanomethyls,
benzoyInietHFFEE RS HusymetHyi: %{ﬁ‘&imlﬁﬁ%ﬁbﬁe%fﬁ? FSG%%?%HES’BPS FeTocld S Feride
2009/06733 70T A 52008/0825 99400534 |Tie. e rmutefe io tovanielyagaanicpey ¢hid seorjucate div
containing (46+2) it-electrons, wherein 6 is an integer greater than, or_eg T . fused" as
used with reSpact to lanﬁinlbl{;%g 3mifc:c?h’?aﬁﬁfhgrt\%\}lé%g:rﬂﬁ%igé%y%?b?ﬁ ig,%%yg%ézpﬁ%éggrﬁe%ﬁ?%h%étﬁwith
respect to atleast givo wofliteiritgs, atieaist onepairbkadjbdbntidiomsas intibded H BB ringd. The
term "aryl” rgﬁﬁ» 5,10.2 Monovalent aromatic. substiiuent whichmay he.a.slagle aromaticainger multiple
aromatic rings which are fused together, linked covalently, or linked to a common group such as a

methylene oF Sthiré mgienioEx@mble S BFE SRR il ) HEtHE pHEST ST Sithtacenyl,
and biphenylgggmong athers1Q032kaubstituted andgrounia whisheneormonebystogenatoms
bound to any carbon is replaced by one or more IW?“?Q@LQ“}%{’S _s}_u/g:jll as glrk?{l[‘,q?pgs:g}l{tg]daalkyl,
cycloalkyi, sUBSHEREH €5 b ARy SR JORIRY S bEtad oS dbaiky I Rafogen, alkyihalo (for
example, CR3)hwdrexyinaming: phesphidahalicmey, amino jthisraitroiaritbotimsaturatdelidhed

o ik o ahoss 2iel A1 iSRRI AGMALE VIR foraindculrled o8
common gro(]L slich 584 meyfhylene or ethylene moiety. The common linking’ grup may also be a
carbonyl as im benzphéhonepgrokygen Hy iivdiphetyethersoy nMudyen 85 kcaHenyRIATIHE.
[00331"polyy Qtte%%';}augr' ﬁ%&gmf«_}@eﬁ%ﬁgm&?.s'ﬂomtww,: 9% More Pehwmars Suehablend may

[ [
or may not b;e%ﬁl_s;m le. S.a blend may or may nt be phase separated. Such a blend may or_may not
contain one BrivigkeldeansehfigiRticAs, HE deteriimad futaiansmiésion BIéttrdn 3petifoscopy,
light scattering; Xsrayscattering, andanyathermeathod knews inthelIMO08AbEherteum than
"polymer‘refers to a macromolecular compound prepared by or more gnongrpe(% pglyryetr {gfers
topolymers, ¥Ry FTETE s SRIRTEFE! iREREETS rRETE “and o Bh. Fife term “iRtetiolymsris uSed
interchangeabhy:with-theitemyeopalymen ol referito: pelymersincorporating inpalyrpenzeddgrim at least
two different copoiymerizable monomers, .The least.prevalent monomer or.m nomers in.the resulting
interpolymef’ﬁ?&ﬁ%?% Saﬁff%rze’“feenrr(%ﬁ 'fr(I:»1 BY %ﬁeﬁ?ér‘r%ﬁcfgFﬁgﬁ’b‘%rgl’re%ﬁlﬁ:é%ﬁgr? .t'lg'rigth'gf %h_e resilting long
chain branchesmeferredytotabope;i feainsegquisritlyidnarthiietherddrbdnreAGINREESRING HEmM
polymerizatign of any, deliarrately acler! Gompnemer and in haticulak.isdonoer dhaer eatben for

propylene/ethylene copo ymers. The presence of long chain branching m,aéalso be detected by the
increased shearsdnsitts sritne Polmer; ASTaREESERIREP-AB08:368 HRdilristse 5t
determined by Melt Index Ratio (MIR), a ratio



of polymer melt viscosities measured under differing loads, especially[0035]Differential scanning
calorimetry. (DSC) is a common technique that can be used to examine the melting and crystallization
of semi-crystalline polymers. General principles of DSC measurements and applications of DSC to
studying sen’f}’-grﬁ?gf’é'?ﬁ/ﬁ@’/polymers are described in standard texts (for ins't’gﬁggzﬁ‘?gﬂfnﬁﬁ?i, ed.,
"Thermal Characterization of Polymeric Materials”, Academic Press, 1981), [0036]The term
"crystallinity” refers to the regularity of the arrangement of atoms or molecules forming a crystal
structure. Polymer cr §t% cnaqu 0e examined u§i[1}g DSC: - Im, means the temperature.at which the
melting endsSHa5feahs %e% YRR fetn pRtatiTe oot A8 determined by one of ordirrary skill in
the art from RSCranalysiswbing datafram thefinalheating step. One suitable method for DSC
analysis use odel.Q1000Tm DSC. from TA Instruments,.Inc. Galibration of the DSC:is performed
in the foIIowiﬁ}g82 r%LnneIr;%&iQr"s‘ff ‘a B%"sgffﬁ@é%smg ”%a%ﬁ%%%ﬁ%égﬁr% 1%%%3]%%%%%% tgéz%o%%vi{hout any
sample in thesaighitemrRSCparaTien 7 miligrams of a fresh indium sample is analyzed by heating
the sample tg;4,80C, cooling the:sample o 140C:atacoaling fateof Lashnin dellawed Ry keeping the
sample isothermally at 140C for 1 minute, followed by heating the sample from 140C to 180C at a.
heating rate BPTOCTMS THE Néht M id&ToH! dpFee drees S’F‘Sné’ iR BN ntiERPSamieafe
determined and:ghecked to.be withinS5G Homuib6.6Ctarthe gnset ni-melting anthaithin 88 Jig from
28.71 Jig for the heat of fusion, Then reiogig‘pd water is analyzed py;cgq_iljngc_a ﬂqa‘l,!“g’[gg ogtggesh
sample in thetﬁl%sﬁanaf%rﬁs%d‘%r- GETH }é"cﬁ’olfﬁéc?afg ST MR e safmple iE Kept.
isothermally atm30& dor Ziminutes anthedted o8O GratiasheatinguratecO HIQCImin : Thednset of
melting is determined and checked to he within 0,5C from 0C. [00: 7%,, mple c‘f(, ymerare pressed
into a thin filA) &t & femparature 6 }fbﬁt:l.hﬁb%’u? vt%%érﬁ“é of gg r"pl% §§V%‘éﬁ§ﬁ§590lﬁqg]%g%|§&{§8pin a
DSC pan. A fimbiscriviped dhtherpafibsesrsure axdlosdd amdsphetier Thie sample pabvidpldited in the
DSC cell ang thep heated, at aigh.rate pf @beyt L08CIMIA 1o atemperatiyre,of about 32C-ppove the
polymer melt temperature. The sample is kept at this temperature for about 3 minutes. Then the
sample is co6iEd arETateust TokTmin 2840 KRl BrISotHamsally HEeraite Ap&ratare $ors minutes.
Consequently the sample.is heated: akayrats;of 30Ghnimsntibemslting is complete. The resulting
enthalpy curves are analyzed for g%ak melt temperature, onset and peak cr .ste}[!iza.{ipln temperatures,
heat of fusiol' %t heat Bt EtaliZBH0R TFhee o5 ARy BHREF G o RErSS Homtha Ve
correspondingdthesmegrams:addéstripeddin: @S R:6,260:635:d hefastol thatisasedth conhert heat of
fusion into nominal weight percent crystallinity is 165 Jig = 100 wt%,crystallinity, With,this conversion
factor, the total G Cis1 a?ﬁ]npi ylco*‘ggip?gﬁ%[if’é’hg%ggéd 50'5}53 y?'n%’?’%hhﬁ%%%%%hf |é>i‘e?gré(/:n \Ifl\il.' c%ﬁ%ﬁg%) is
calculated asithedieatbf fysionldivided-by1650iyednu yhudtiplied BY+Ro0 wefdsntcrod381Nier unit"
means that porfian gf a.palymer, defived rom.a singimalecule, Fat example & Mienunibitom.gthylene
has the genera: formula --CE120-12--. [00391"Polypropylene” or "propylene polymer” means a
polymer havigUét leasthEHoF if§1ﬁféﬁiﬁ?ﬁ’ﬁscﬁéﬁ\%§§fr8ﬁ%ﬁﬁﬁﬂgh@? TRESE MEREE HomBPEIyers of
propylene as,wellas copglymersof prapyens withoneLrmene mepomerswithMig:ike . prgpylene)
is copolymerimble such as _et_hylene_,{_"l-tguten’e, Ispentene, 1-hexene,1-octene, ong or mor glgnjugated
or non-conjulAtetiHiBhBS & EBHBIHAtBHS B tio o indfe B tHEse o §héi}ﬁgrs§emrmﬁ J
[00401"Substantially isrpstie:propyle pessequencestand:simianterms meatn thatisequencds:have an
isotactic triad ,finnil mole fraction measured by 13C MAK of greater than sMutQ,70, preferably greater
tha about 080 HIOTS BreTRra Tt B g e B Sy e B R o0,
Isotactie tria:d theasudermentsarsmwelikhowndmtie By &nd arectescribédbin dorexample, WSP
°,208,172 ang {3, A0(0174% (et refeLiodhadaglactieysedusncay elms,of atadunt indhe,
copolymer molecular chain determined by 13C Nro.R. spectra. MAR spectra are determined as
follows. 10048 Ex8CNMIIspectFBsEEl 8 Bhe SFEREIRBEHST tecHHETRS Knowh Fi tRIE SV 6T
measuring comonemer incogpration inte,apolymerAnaxarmpie,of thisjtechnigueisideseriped for the
determination of comonomer content for ethylene/Ex-olefin gopplym"ersr‘!n Ra‘n(@g (journal of.
MacromoIec@f%?@&@ﬁé’@fﬁ@%e%g‘}ﬁl‘mé%ﬁlécBi’éifféﬁ%@ﬁ‘if’aﬁd}ﬁhVé%é’? 9% &3YFI01 - 317
(1989)). Thevhasic peosedure;faredeterminingithe comaensmerfogntent atarvaleflnsinterpalymer
involves obtaining the 13C NMR spectrum under.conditions where the intensity of the peaks
correspondifiy s’ “éE&#Fe%%‘ﬁ car (%nrr‘éf?n{‘?ﬁ} 1slgreE Sf‘é@lg&dir‘iepéh%lgr‘b@f)%?rrﬁ#ﬁgl %('}t/ﬁ%s'total number of
contributing nuclei in the sample. Methods for ensuring this proportionality are known in the art and
involve allowance for WO 2009/067337PCT/US2008/082599 sufficientor relaxation after a pulse, the

use of gated-decoupling techniques, relaxation



agents, and the like. The relative intensity of a peak or group of peaks is obtained in practice from its
computer-generated integral. Alter obtaining the spectrum and integrating the peaks, those peaks
associated with the comonomer are assigned. This assignment can be made by reference to known
spectra or it ﬂl?&“@?& synthesis and analysis of model compounds, d;cb'vq%@%é{gz&a ?sotopically
labeled comonomer. The mole percent comonomer can he determined by the ratio of the integrals
corresponding he number of moles of contonomer to the integrals corresponding to the number of
moles of all phibe mongmereld dne pahinel,as descrprd in Randallfor example. Dg4giThe data is
collected usi g A \Varian UNTTY PIOEA001§05 NMR spectiometer? Corresponding to & -&.resonance
frequency of:0QididdHZS Aoquisitionparameters arerselegteditorbnsbive quemntitativé. SERdata
acquisition I (e presenes, oh e relalan Agent, Thedalalsacouiiert yaiog galed i depgupli’

4000 transients per data file, a'6 Sec. pulse fepetition delay, spectral width of 24,200Hz anda file size

of 32K data P heithvie oree Hoad ReatettofI30TORTHE defiplads prepardi s atiame i
apprOXimateixc.ﬂ!&@dqlé%é@’%%lgﬁixﬁtﬂ@:@&ﬁeﬂﬁﬁﬂ'%%ﬂ%n@ﬁﬁ%é%@_laﬁﬂ&@&w@@%&ﬁ%imﬁl&@-025M in

chromium aectylacetonote (relaxation agent) to 0.4g sample in a IOmm NMR 1 be. The headspace of
tube is purgetRBIE: GEIF By EREHIATEREAT Wit Bt ShitTdeRPEMBIETS Hissoi dOé‘ﬁH?ﬂoh%%&nized by
heating the tuheiand its;captants ia.d50Gwithupesiodie refhetixingdnitiatedday hedtiguiixampies

100431Followng data colleston, the hiemical shis e Interpal eferenced,to e nym= pertad at
21.90 ppm, EAEERT Atahe fad V& Hmine detéimined from themethyfintegrals répresenting the

mm triad (22833121, 28 ppsti)ythieanyt triald (2. 28-420. 400ppny), winditheatriad ¢20:679. 4tppm). The
percentage o 0un iogfeity. (s determined by dividingahe:ntensily ebthe 1 Kadly heaume the
mm, m, and rr triads. For propyl’er)g-ethy ene copolymers, the intégral regions are corrected for
ethylene andlfegioarrbrby subtiastireithe dentibutinte ke et ara IR fo SHHIGHES cotice the
peaks have paen. identified . This can-heacepmplizhed, fopexamplesRvianalizing, fqsesiesiof
copolymers of various levels of monomer in%oratjop,_by literature assignments, by isotopic labeling,
or other medRE eI afe KA A thE S i LO0B/HE 73R ET RISI003 /83 5gd e aromatic
10044)"Polymgrizatipn copeitionsygenerally referdatemperatiyrengiessurec-thonomer content
(including corr]opqm%ﬂacqncenjtraj;io%pg,’?cgtalgst co qer;;tratiqnbcq aqtnal‘.y t gg_nclptgaigonf monomer
conversion, Poer @ S5 CSGEht SERE RALHOA TRiKTLIE BF Bthef cohditions that influshte the
properties otresultisig:palytimercBy ioperation agterding: testhe prescribed polymerization conditions of
the invention, high molegularueigltpolymers maybe prepared i bighcaalvst agtMiesclow
cocatalyst usage, high mondmer conversion, and high reactor solids content. In particular, activities
(based on weilihtof pShyrhertsneighitottrarstisn mistdlcgrduertlanoTsypreleTaABR} rEdtet than
0.55 and evep,graater than 0-6;Jrms,PEr Microgram.alitg)are RAssiks1004skLhe, prapylene

interpolymers of this invention are characterized as comprising (A) between 60 and less than 100,
preferably be&FEEH:EH Gt STE O STeTeTabr BatiEen S5 hAtEY Mok (It HERE fiBm
propylene, apd (R)-petweenigreatan ihanzero and 40, preferably between | and 20, more preferably
between 4 and 16 and even more p(eferqblxﬁetween 4 and 10, wt% units derived from at Ig%st one of
.001,

ethylene and/8rH C4-36%-818fin, BropyTend Thterptly e RBRMNTIT an SVEFsyEof AF e5s

preferably apwerageof atzleast©:00hancerorepreferably rafeaverdge:ofdlfeast 0.9t domg.chain
branches/1000 total carbons. The maximum number of long chain branches in.the propylene,
interpolymer 18 ot chitical N lléé%lsoﬁhis‘ﬁ%%’éﬁ%io%f%ﬁf?fﬁ%aﬂ’g& it dé%%é%g{%%gy %g%hbng chain
branches/1080 total capbbms:[0048EkS titableGaB30erulefiszhat paivberusdddrithe prattite of this
invention elyde. hut are not limited. 10, isohutyleng, Lishytens . dnepisne.d-hexsnenlheptene,
1-octene, 1- nonene, 1-decene, I-dodecene, 1-tetradecene, 1-hexadecene, 1-ogtadecene, 1-eicosene,
3- methyl- | TBiERE, BURRThyReT a5 atens] DEMRERE 4 5. dih By RAHBBRSHET and Vi Ry &l Hidxane
100471The tenm Yinganasdheremusedmaansdhatthe prepylenapelyneen dossaatiaye lemg:ehain
branching. That is, the}rpqﬂlr mer chgins,gpmprigi‘_ng_tﬁg,}bmulk linear p Q%ene pglgn&er ha\éen_agn absence
of long chailBFAEHTNET &S TOF EXAIAETE HE tATHONE) TR RS 150 B miHs Fidda - e
usingZieglerNatigcpohsmerization progespels(eghy kS Tedp612:800). The presence of long chain

branching may also be detecied by the increased shear sensitivity of the polymer, as



[00481The term "backbone” s used in refrencc to a discrete molecule, and the term "polymer"” or "bulk
polymerused in the conventional sense to refer to the polymer as formed in a reactor. For a polymer
to be consiol as hayg chain branching, the polymer must have - lough molecules with long chain
branching su‘gﬁﬁ‘i’g%//%ﬁ@gverage long chain branching in the bulk polymerpiggwég@(gﬁsggerage of
0.001 long chain branches/1000 total carbons (including both backbone and branch carbons).
100491The term "bulk polymer" means the polymer which results from a polymerization process, and

it includes melecules .h .\ﬁg’n both. an absence,of long_.chain.br ncrr}!'n_g qg_we% ;s_q-'nf‘gilguljelsaji'@ving
CISCISEA 8 8 ol y =, &30 SIsgWRLTT ; o D 11 Ind OLVELIN ), &

long chain branc ﬁmé IEusqa@'%ﬂﬂ%oaﬁlﬂcgrﬁgsrgllOngg%e%ru es oane%f au_r}r?a po f/rﬁerlz tion.For

propylene intéipoiyniersdoritairitgs orgohainablarb A mnbedl motsalieswlill have long chain

branching bugssyfficientnumbet of molecules will hawve-long, chaip branghing sueh thaube average

long chain branching content of the bulk polymer positively affects the melt tﬁeology (i.e., the melt
fracture prop@riesRitoobo A HsteaaBuvE! IGHY eHAi i BrafeRing Tt CBY RiEanS P ERANTBABE greater
than that resgitingdramsthe Meerperatiop: ptthecomonomekino:thespelymerbackbane.Shart chain
branching (SCI3) means a chain length of two (2) carbons less thar]t,%he_ vng}fnlqs% of carbans |r} the
comonomer “ESF BRAMDIE AAEBTO pHTeh &1 22 0REHE Intkrpoty riBk of this IRVERtIon KA S BACKEENES with
long chain branghegofatdgsst seveh: ) tarkph®in.length., hut these backbones also have short
chain brancniﬁg\%only@g( E@ ﬁ@&bg}gﬁ‘w z:y@;%}-ﬂ . h!r} c ep%g%_s%tg% grjog%lggeg‘l_lﬁqgé%g% |Q}er£%!¥r&er of this

invention wi long chain branches o east fiv sinleng utlshortc,: ain branches
of only four @pkarbon&iniength [0651fuISP:4,500;648 leashidsithatdoly chaintsranshing fLCF3)

frequency can he represented.by. the equation 5CB:-bIWiw wherein b is the weight.average number

of tong chain B?anches per molecule and liviw is the weight‘ayera%e molecular weight. The molecular
weight averdgEsandthe1oh &5 HiFrBRIACHINg ChBPatiERsRS! bive He tsHHRTB By gerpértEEon
chromatography and, intensicviscesity smeethasls. [O0aR)Assuggested earlighithe presencesakiong
chain branchln% %%Q be determined in ropylen%/ethylen% copolymers g)y a number of |ffer?gt
. 4 VY L uo Nt SRt o o f g & ] LOVTY :
methods usifd 1 nudldar it netic FSEBRSAte RV EFsRius&opyant'ts HuBRtinaattsiigthe
method desqlibed:by Randall (Rev, Magromoks CheinPhyshe@2Q Ve 24&t 3ypn 28622917) .2fB06:3]As a
practical m"?‘%%'i@qg%%}{g%{%‘%' TR %B%%”ﬁ§8°£:%?az%%8t S;E%L%Q%%hg?fﬁ 49@%8!‘%%9&%?&“ n
excess of six carbon atoms. However, there are ofher known techniquées uséfial for determining the
presence of pag:ihainthrasichesin propidenéftiylene vy 2008106 733MPC T/ Y S200%1082599
10°C/ min followsd by keeping the sample isothermally at 140°C for 1 mimste, followed by
heating (he sample fom 140°C to 180°C at a heating rate of 10°C/min. The heat of fusion
and the onset of malting of the indium sample are determined and checked fo be within 0.5°C
rom 156.6°C for the onset of melting and within 0.5 I/g from 2871 Vg for the heat of
fusion., Then deionized water is analyzed by cooling & small drop of fresh sample 1n the DSC
pan from 25°C 0 -30°C at a cooling rate of 10°C/min. The sample is kept isothermaily at
-30°C for 2 minutes and heated to 30°C at a heating rate of 10°C/min. The onset of melting
is determined and checked 1o be within 0.5°C from 0°C,
(30371 Samples of polymer are pressed into 2 thin film at & femperature of 190°C. About -
3 10 R mg of sample is weighed out and placed in a DSC pan. A lid is crimped on the pan to
ensure a closed atmosphere. The sample pan is placed in the DSC cell and then heated at a
high rate of about 100°C/min 10 a temperature of about 30°C shove the polymer melt
temperature, The sample is kept at this temperature for about 3 minutes. Then the sample is
cooled at a rate of 10°C/min o -40°C, and kept Isothermally at that temperature for

3 mingtes.  Consequently the sample is heated at g rate of 10°C/min until meliing is



'interpolymers. Two such methods are ¢ permeation chromatography coupled w angle laser lightg
detector (611C-LALLS) and gel permeation chromatography coupled with a differential viscometer
detector (GPC-DV). The use of these techniques for long chain branch detection and the underlying
theories hav®¥ B8 ER%documented in literature. See, for example, Zimnh VA 8AR Blockmayer, W.
H., J. Chern. Phys., 17, 1301 (1949) and Rudin, A., Modern Methods of Polymer Characterization,
John Wiley St Sons, New York (1991) pp. 103112. 100541The triple detector GPC, method for
quantifying long ¢hain branching in pol o‘lie'fninsr is plgqgl , described by Wood-Adams, Pa,u_‘la,l\ﬂ.; Dealy,
John M.; de&FO8t7A. Wi éﬂﬁ’?flkgﬁl 'ﬁ%%‘%? Bavid, ¥ ﬂfé/tyo‘"‘f‘i/r%re E’gr’”‘sﬁgfu%%“ﬁ & onthe ‘
LinearVtstogiRstioryBehaviomokRolyethyle heaMdciomolecdles:{2000) s1:8{20%:%.489- 7499 . aThis
coupled with the technigue described by, S h%'t‘% et a[)j(g,g urnal ofApplied Rolymer. SGigllee, Vol. 29,
3763-3782 (1984) élécﬁ!eﬁgig"ﬁegs{kﬂi}e%'T%%tﬁ&egart how 1o Rr'ﬁi‘lie a simple cong‘;}ég:tion for randomly
branched copblymers.s100852 Técptbpylent e gookmnaesioTithis FektiB ane fiftlhdt eHatacterized
as having a 5@?&&%&9 tQ met fractureoAn.appareRishear sikessiversys aRRarent:sheak rafgiplot is
used to identify the inch fracture phenomena. According to Ramamurihy in the journal (g Rheology,

30(2), 337-3B75 4516 A GVER LAl CHRAINERAF A8 he BBEERTET haRHE I GUIAHES thay be
broadly clasgifigd #ate dnmaspais ivbes: suskhace melkfiaetiuce andigressenelt fracture. [0056]Surface
melt fracture_occurs ugﬁer ap kL@lre‘r}‘t’! steady flow coré]qiitionlsr and fanges hn‘_detlailsg‘jgglrn !p.sﬂ_ 0f specular
film gloss to fffe Pore 808 Torf Gt “shakSIiN “THie Snddt BFSUTFACE méhnflrafcturé’foﬁﬂ%ﬁs
characterizegdt¢be bEgisning ki losing:extiudatehgless latswitigh:the! surfade rdudgkingss-of the

extrud.ate ¢ detected by 40 times magnificat] n,r[ .SZZ]]eTagg D %%’,Q%Q{ggggl%@%g@further
characterize%hags&havin‘guéfs ’ é:(f‘(:)' At 252»‘0(%79 s %ggerr%%n‘g by ASTM D=1238) as C(f,]reater than or equal

to (?) 5.63, preferabhyitfrom 64 ke Srand mord brefrabijeiiomap ey EoT ThiePRvBEetidE Weight (1.ution

(Mw/Mn or Mbg{!;?)mmgaéy red by.gel.parmeation chromatography:(RG) s defined:hy thegayation:
Mw/Mn(110/12) 4.63, andreferably between 1,5 and 2.5. The molecular weight distribution i.s typically

and preferal§RPaRimseab!TFEch 107 R inHiPERS tHedeliée b 61§t Brandihg! I8 the larger
the 110/12 radig.the-anore Iend.ehainhranching inthe 462008496 7831RCTUS2008/082649
[0058]The prcpyhd4ie interpolymersof this invention have txpected flow property, where the 1402 value

at 230C of thehoijmeris essentially independent of the polydispersity index 01.e., vin, of the
polymer. Thistissepntrastaskwithopolypnapylepesresins haviagsiicetoyidali propertiesisuchiabto

e e T N spealv g M AR Rel0seesp AR ThgwrigRlaverege
molecular wé@h% (‘f\ﬁ of ?ﬁe‘prépy‘lene m’terpozlymers of :

gbout 0.70, preferably greater than about 0.80, more preferably greater than about (185 and
most preferably greater than about $.90, Isotactic irlad messurements are well known in the
art, and are described in, for example, USP 5,504,172 and WO 00/01745 that vefer to the
isotactic sequence in terms of a friad unit in the copolymer molecular chain determined by
Be NMR spectra. NMR spectra are determined as follows.

16041} 0 WNMR spectroscopy is one of a number of technigues known in the art for
measuring comonomer incorporation into a polymer.  An example of this technigue is
described for the determination of comonomer content for ethylene/o-olefin copolymers in
Randall (Joumal of Macromelecular Science. Reviews in Macromotecular Chemistry and
Physics, €28 (2 & 33, 201 - 317 (1989)). The basic procedure for determining the
comonomer content of an olefin initerpém ser involves obtaining the C NMR spectram
under conditions where the intensity of the peaks comesponding to the different carbons in
the sample is directly preportional to the fotal number of contributing nuclel in the sample.

Methods for ensuring this proportionality are known in the art and involve allowance {or



this invention is typically at least 50,000, more typically at least 100,000 and even more typically at
best 200,000, Pr(g/mol).Mw can vary with a host lea e.g., polymerization conditions,
comonomers, edam transfer agents, etc., but typically the maximum does_not exceed 1.,000,000,
more typicallVﬂ Y¥&447dtexceed 750,000 and even more typically it does’iot E%”@%’&"%if&ooo, glmol.
[0060]The polydispersity or molecular weight distribution (i/4WD or Mw/Mn) of the propylene
rterpolymers of this invention is typically less than. 4, more typically less than 3.5, even more typically

less than 3 and_still more typically less than 2.8, The density of these nolymers (as determined by
S ﬁ%&" Hé ué{hgﬁ(%@”& r(n%feu*'ty}p“ﬁaﬁeﬁ/ bétween 0.855 and

ASTM D-79208" fieths ) IS Wpically between 0
0,895 and. exmimers typidally Detwéahy0i86aid 0{8cgrarmstpes elibieicehitieterdg/ce)180611The
substantially,jsplaetie, propylene interaolymers;of this inyention exhibit..degres of siralnardening of
between greater than 1:2 and 20. In one @mbodiment, the degree of strain hardening is preferably at
least 1.5, Motessratekaiipumidedst thothh A-SHreiare BroteraBiy atiBUst o &R Bh StHFdBbBment, the
maximum n degree ot straihardening:is-pieferably; lessithandd and.mose praferablydessthan 10.
Strain hardening is determined by the procedure described jn the Specific Embodiments,
[0062]PolymF Weight aleryeRmBIec A SreiGHE (IR s neSstvdl By GEF pErmestios diftinatography
(GPC), one tachnigue o whichiastesarbedin &Iy &i2E22 86, Alidrnativelylcmeltimdexsitr Jo or
121, measured . for.example, according tg ASTM D-1238.at 230C, may he employed as an indication
of moleculartifveqzéihf?é‘%ﬁé\’réﬁr{”ﬁ%}gﬁ#ﬁ%e%)is fﬁv;é?gge%‘y’ rSlafad % tiﬁeafﬁ}]o%ciggr%\%ﬁ “f?gf%heﬁ%olymer.
The higher thesyolecutarsnkightodh el Sweddhdmettingex, although the relationship is not necessarily

linear, Monomger-convession,is typigally.meagured oy dasiefromatogiapin (GEerinirared UR)
spectroscopic WO 2009/067337PCT/USZOO§/082599 is of the reaction mixture exiting the reactor

using a probecirsaRednate tiie TEARISRERIALE B ETIht Sifehifiiom e vidisr PUBY P HE Catalysts
used to make.the-polymers.of. thisipvention are haipiummicomplexesoha pelyvalentantexyether.
These catalysts impart long chain branching to the polymers, and exhibit high activity and good
stability at highttéffolsrataraed HBGEest tQ%HH%’?%e"Q‘é’r%‘ﬁ%‘éfSiI%%&fg}érﬁﬁ ﬁéi‘fnﬁﬂf‘ﬁ?
complexed wik-anuaryoxyetherdganshanid: actvale snaith: s aetivattl. ducogsstaly stitd He metal
complexes are capable of producing polymers from prapylene. containing monomer mixtures having
extremely hiaﬁﬂgni{?fggﬁlé? zﬂg iéf(jtac 1Ci %’%ﬁ%ﬁﬁiﬁﬁ%‘#ﬁéﬁﬁgg of b?é% et than 6%9% ﬁ?’é,@A",,ta;
thus allowing=0fiarchaih transtéragentteiéontiolimslechitareeightavithoud §ackificing rictevutar weight
oo, axadlldentanetib.gh capin yaoeler agepk apralambusned.so Mk sulslanial
decrease in motecular weight (>3(1 pérce‘nt occurs compared to a comparative polymerization without
the use of clitintttansfaragent Wires the Ehaireransrailhgest yerogElt SHIRASEOBE MG percent
(based on pronpyleng) s tsedyand.madmum: of abaut2:maloercentis used Hiahly isotactie
polymers can be prepared with high levelsof chain transfer agents, while still affording narrow
molecular wéitgtdistriBtfoibolymers and using low levels of alumex.ane activators, Generally, use of
high levels ofgehajn trangferagenptwithirase:canventionalicatalysisresulis: |ty prefduatiah of tees having

broadened molecular weight djstributions, 11)6641The metal.complexes are, activariqus ways to yield
sy nentadat 21 dolicity at The Triad Jevel 5 deisaming T
catalyst com%&fh@sﬁ%‘g%g 1a““\iac{:)aﬂ’{7‘{("?00 8?%%2%1? Wil o6 |{n(:1;1 ‘é‘jg)ln%’léxr@? 3 ierize addition” -

polytnerizablesthghomersisespesiainglefints): Rirdttig2gurpdets afithis Patent specifidatforiavd
appended clals, 118 1L REIVAIOL-l. A0gRiAvel . MERBR AV SAMAQUNELAY Sompenenkopmethod

which can atfivate the meta comiplex in the regoing manne?_._ Non-limiting examples of suitable
activators indfutiéretivs ety noi-dooriinating ibnithe sems abiigingractvatérs srgetmetallic
compounds,.and, compinations of the, fregoing; spbstances sapable.ateonveringibeneultab metal
complex to a catalyticallyspecies. 100651in one embodiment of the invention, catalyst activation may

involve form@HBh (Bt a2 JAFIR CalioRic s B AR NI S Atiagid5§ mdkis ot BrotSitianster,
oxidation, or-pthapsuitable agtivation processThe presentnyentian isiaperablesaiddulliyenabled

recardless of whether or not ?uch an identifiable_‘catigni{;, partiall cationit% qr zwitterionie .
of various levels of monomer incorporation, by hicratore gssignimentd, by isotomc labeiing,

or other means which are known in the art.
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WO 2009/067337PCT/US2008/082599 species actually results during the activation process,town as
an "ionization" process or "ionic activation process". [0066]lonizing cocatalysts may contain, anor
some other cation associated with: but not coordinated to or only loosely coordinated to, an anion of
the ionizing éﬁ%b@aﬁﬁ *lich compounds are described in European publﬁ%'fi'gﬁ%g@iﬂnf&%%%OQSZ
EP-A-520732, EP-A-495375, EP-A-500944, EP-A277 003 and EP-A-277004, and USP 5,153,157,
5,198,401, 5,066,741, 5,206,197, 5,241,025, 5,384,299 and 5,502,1.24. Preferred among the
foregoing ac I's argammoniym cation containing salts, especially those containin e
trihydrocarb;%y %stltuted Wﬁ%%{fﬁ% C@a‘%ﬁ%"co éﬁﬁiﬁnﬁ aRe 1orf;)tv%f) g 840" aikyfﬁééh%éj "specially
methylbis(octacteay!){amimbniumscane:Sradecyhjeammoniumaediidnscant:ainé nncoorditiating anion,
especiany @ \oHElsinReiIOIARIGRRIE.A0I0D. SeReCRI RIS e A o ey RharaLe, The
cation may comprise a mixture of roups of differing lengths; For example, the protonated
ammonium catien Wedisdfrom thelsenimdreialiypvhianie BagEntinamiarcdmorsiRgSEHikture of

two C14, C1g.0x,Gi % alkyharoyps and: ana.methyligroup. Sueh amings areavailablefram-charmtura.
Corp., under the trade name Kemaminen4 T9701, and from Akzo-Nobel under the trade n

AmieenTm NSHT! BORBSThretErPs Lot %ﬁaﬁﬁ%fé@f&‘?ﬁﬁrﬁﬂ H’T(C‘iﬁﬁﬂf,b{a‘rﬁ%‘ar}iﬁﬁonlum
tetrakis(pe ntﬁfdlﬁ@ﬁ%@ﬁ%&%ﬁt%@%@Aﬁ&aﬂ@Bimem&&u& hg jarizingjoritvetmpbuadnot

containing aQg aﬂy{ve} pr%on ;bf%t (;,ap%blga gfﬂf;%rripg? tive cgta st (Izom r(g%&l S, §u§ ﬂé grrqcenlurn
salts of the fOF&G0IRG HON-COOTdINARING amons. *can Hi<He tised ard Are des e PIA226637,

EP-A- 573403-dnddd 825387568, Atsminciuded-igrine(gsea: bistrongtlewis acids, especially
t”s(perf'uor%@géaﬁo”% ggﬂ@g%@% %@%%éﬂs entatiorophenyhborane. which arg.canable of

abstraction d grou peC|a ydrocar yl ligand, thus forming a non- coordlnatln% counter
anion for thel datioric e Aidative @fssméamét%ﬂ coiTiplesy \RO*200D6TER 7P GTIUSTO0BEP550 [0068]

[0069]A" is a.cation. 8SResially-@:Arolan cRAtRINING, ﬁ&%ﬂ@ﬁ@l Qﬁ%@fﬁ@&ﬁc%ﬂw{%@%{h%m

ammonium cation containing one or two Cla..40 ailcyl groups, especially a

methyldi(C, @@O‘éi@é&%ﬁ%rﬁﬁﬁC%ﬁo?’i‘""’i@@?é?’t‘liﬂp‘lh@éﬂ%ﬁ&@h‘ﬁ%@a‘bh‘rﬁt&uﬂgﬁe‘é"‘1’% Rydfogen or

a halo, hydrogarhydihalesash, haiabydrocarn dstyiby ckasarbyl-oosiyl] Lme;luﬂmglmenoug&- and

trlthydrocarbypsnyt) group of up to 30, atoms not counting hydroge refera { tf I and

190711J's' iSHREHENEITSITHhEMSTRROAE b?lft@fp%ht&ﬁuﬁ'?b‘p’% r%%ﬁ{ )5] 072 Ies of these

catalyst activatosgd n@meg&hydrﬂ{cﬁrﬁ;damm@jm:eswa&taeapa@@lm methyldi (€)1, Z@agy&mmonlum

salts of: his(trisEnen éqéjf or m I bo ‘Eneetlmldazollde |s(tns<gpen allu roEJpc ny Q}borane%z undecyl
Sphenyl)bor

imidazolide, BIR(HHS] aff ARG hepta ecylrnld%lgo?ld rane ¢ propy

bls(trls(pentaiimmobhmnyﬁ)befranew 5-bis ({aithéeyd) imil azotidetion, but Typmaiiy it does not exceed
0|s(tr|s(pentqf %q }E&@r}?‘%@?}pﬁs{(j;}%%adecyplrnldazollde
eny

bls(trls(pentalluo orane)imi azollnlde
EHIZ LY Suitable g c-olefins that can be used in the practice of this invention include,

but are not limited to, ischulyvlene, 1-buiene, [-pentene, l-hexene, 1-heptene, l-ociene, I-
nonene, 1-decene, i-dodecene, I-tetradecene, 1-hexadecene, 1-octadecene, l-gicosene, 3-
methyl-1-butens, 3J-methyl-l-pentene, 4-methyl-l-pentene, 4,6-dimethyl-l-heptene, and
vinyleveichexane,

{0047} The term “linear" as here used means that the propylene polymer does not have
long chain branching., That is, the polymer chains comprising the bulk linear propyienc
polymer have an absence of long chain branching, as for example the traditional random
propylene polymers made using Ziegler-Natta polymerization processes (e.g. USP
4,612,304},

[848] The term "hackbone”™ is used in reference to a discrete molecule, and the term

"solymer” or "bulk polymer” is used in the conventional sense to refer to the poelymer 85

11



bi s(tri s(penta fluorophenyljborane)-2-und ecylimide,
bis(triscpentatitiorophenyOborane)-2-heptadecylimidazolinide,
his(tris(pentafluorophenyOborane)-4,5-his(undecyl)inidazolinide,
bis(tris(pentalFot8PAERATborane)-4,5-biaptadecyl)imidazolinide, PCT/US2008/082399
bis(tris(pentafluorophenyl)boranc)-5,6-dimethylbenzimidazolide,
bis(tris(pentalluorophenyl)borane)-5,6-bis(tmdecyl)benzimidazolide,

bis(tris(pentafluorgphenypalum.ane)imitiazolide, . WO 2009/067337/PCT/US2008/082599 .,
bis(tris(penta Huorophényi g%rrn?r}}er)-“?ﬁ?l%%%f/lf’ﬁl?ﬁa‘fa)aﬁ%%’ 53 48" Aaving Jong chain branching, the

bis(tris(pentaitiprephenyDadumané):2-reptddenyimidazelifielong chain branching such that the

his(tris(pent &#gég%?ai’l{ﬁﬁlyE?r%?g%gaj;?ﬁt%iﬁiﬁﬂ!}%?&éfi%mﬁd%z&'iﬁﬁgz@&ﬁ@.%&@@f%!!H&?{%Hg@mﬁ'

umane)-4,5T epta decyl)ir o0 Ide, bis(tris(penta fitiorepheny )alumarie

bis(tris(pentaffaerpshiid ya il arabes 2himgeyhoihdagslinnaend branch carbons).
bis(tris(pentafiugspphenypalumang)-¢sheptadaevlimidazalinide i st sfnen.upsophenyRalupane)-4

,5-biseandecypimidazol ini de, bis(tris(pentafluorophediyOalumane)-4,5-bis(heptadecypimidazolinide,

bis(tris(pentalitioFSpHEAYhAIHEA S5 BBty ift dA5EINHET Sid BiettnSpentafddrsphhynal
umane)-5,6-igéundeay) henzimidazol iaecl00s 3, Qther activatoisiingludedthese dasaribedin PCT

publication WO 98‘/02{51535141051?Q_sﬁjrj(st(z, 2, %;‘-Qona_‘lIur?rrobiphiglrngll?wflo_g[oaqla%r‘trﬁl&pai;[‘e. ombinations of
activators are alSo contémplated by the vention farexample; Alimoxanes and ionizifng activators in
combination$yseéifar, examplesE&Ruie) 573120; RCT plilichtionbiVy 94407928 andwd©95/14044

and LISP 5’%%%Qc%%:?&%15{53‘5;?1?‘%9@%?%f?%{%%?@n%ﬁ%%@%% adlivanng, catalyst.compounds pith

perchlorates, pefiodates and io ates, including their ydrates, WO‘997f§1§5 describes the use of
organoboroatifineik achivarsmo ol rto0 thd exdtideslgsing a-diylineh Saltinccombsiiigiion with a
non-coordinaipgzcompatible.anign.Other ormethods for activating.a catalysticompernd are:described
in for example, 849,852, 5,859, 653, 5,869,723, EP-A-615981, and PCT pubTication WO 98/32775.

[00741AnotHEFSTABIRECIERE Srotyaraidian AEHTATE SR EBRAtaINSES B AR HoREHSE Is6 18ferred to
as alikylalumingxanes. Alumeraes.are wellknawn activatars for-usewithsneiallgeene iype catalyst
compounds to E)repare addition polymerization cata.%{sts. Thertj are a variet

0 : of methods for preparing
0, Lurrmixarie S miic ST ENGFes, SXamSIBE bt wHERPA/E (0L B0 17 L TP 4 665,508
4,952,540, 50951356205, 206,199::5,20404F 2h4i8 Bk i73vks 4924681 8gven (7) carbons in jength, but
theae backbones also have short chain branches of only six {6) carbons in length. In contrast,
a propylens/1-hexene interpolymer of this invention will have long chain branches of at least
five (3) carbons in length but short chain branches of only four (4) carbons in length.
LY USPE 4,500,648 teaches that long chain branching (LCB) frequency can be
represented by the equation LCB=h/Mw whereinr b is the weight average number of long
chain branches per molecule and Mw is the weight average molecular weighi. The molecular
weight averages and the long chain branching characteristics are determined by gel
permeation chromaiography and intrinsic viscosity methods.
0521 As suggested sarlier, the presence of long chain branching can be determined in
propylene/ethylene copolymers by a number of different methods using “C nuclear magnetic
rescnance (NMR) spectroscopy and is guantified using the method deseribed by Randall
(Rev. Macromol, Chem. Phys., €25, V. 2 & 3, p. 2852973
(6453} As a practical matter, conventiona B NMR spectroscopy cannet determine the
tength of a long chain branch jn excess of six carbon atems. However, there are other known

techniques usefnl! for determining the presence of long chain branches in propylene/ethylence
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4,908,463, 4,968,827, 5,308,815, 5329,032, 5,248,801, 5,235,081, 5,157,137, 5,103,031, 5,391,793,
5,391,529, 5,693,838, 5,731,253, 5,731,451 5,744,656; European publications EP-A-561476,
EP-A-279586 and EP-A-594218; and PCT publication WO 94/10180, Preferred alumoxanes are Lewis
acid modified"41FI8RaHES, especiallythC3.6)alkylalurnimanmodifiedmetfRia{ A including
WO 2009/067337PCT/1JS2008/082599 trifisobutypaluminum modified methalumoxane, available
commercially as MMAO-3A or trkri-octypaluminum modified methalumoxanc, available commercial as
MM AO-12, from Akzo Nohel, Inc.

mterpoiymers.  1wo Stch methods are gel permeation chromatography coupled with g low
angle laser light scatlering detector (GPC-LALLS) and gel permeation chromatography
coupled with & differential viscometer detector {GPC-DVY), The use of these technigues for
long chain branch detection and the underlying theories have been well documented in the
literanure. See, for example, Zimm, G H. and Stockmayer, W, H,, J. Chem. Phys., 17, 1301
{1949} and Rudin, A., Modem Methods of Polymer Characterlzation, Jobn Wiley & Sous,
WNew York (1991 pp. 103-112.

10G54) The tripie detecior GPC rmethod for guantifying long chain branching in

polyolefing is clearly described by Wood-Adams, Paula M, Dealy, John M,; deliroot, A

Willemy; Redwine, Q. David, in Effect of Molesular Structure on the Linear Viscoelastic

Behavior of Polveihviens, Macromoleeuies {(2000), 33(20), 7489-749%9. This coupled with

the technigue described by Scholte et al in Joumal of Appclied Polvmer Scignce, Vol 29,
1763-3782 {1984) teaches one skilled In the art how io make a simple correction for
randomiy branched copolymers.

[BOSE] The propylene interpolymers of this invention are further characterized as having
4 resistance to melt fracture. An apparent shear stress versus apparent shear rate plot 1s used
to identify the melt frachwe phenomena. According to Ramamurthy in the Journel of

Rheology, 30(2), 337-357, 1986, above a certain critical flow rate, the observed extrodate

i o

irregularities wmay be broadly classified into two main types: surface melt fracture and gross
melt fracture.

13056] Sorface melt fracture occurs under apparently sieady flow conditions and ranges
in detail from loss of specular film gloss to the more severe form of "sharkskin.” The onset
of surface melt frachure {ORMF) is characterized at the beginning of losing extrodate gloss at
which the surface roughness of the exirudate can be detected by 40 times magnification.
{B087} The propylens interpolymers are further characterized as having an §o/lz at 230°C
{5 determined by ASTM D-1238) as greater than or equal to (2} 5.63, preferably from 6.5 10
15, and more preferably from 7 to 10, The molecular weight distribution (Mw/Ma or
MWD), measured by gel permeation chromatography (GPC), is defined by the squation:
Mw/Mn < Lo/l - 4.63, and is preferably between 1.5 and 2.5, The molecular weight
distribution is typically and preferably unimodal. The 11p/; ratio indicates the degree of long

chain branching, L.e. the larger the 119/l ratic, the more Jong chain branching in the polymer.
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[007,51.e scope of this inventionuse of alurnexanc(s) or modified al umoxaneactivator or as a tertiary
component in the invented process. That is, the compound ma.y be used alone or in combination with
other activators, either neutral or ionic, such as tr(alkyl)Jammonium tetrakisgﬁentaﬂuorogzhenyOborate
compounds, W p¥HGr3Aryl compounds, polyhalogenated heteroborane BhigH& 48 §féct8sed. in wo
98/43983, and combinations of two or more of these materials. When used as a tertiary component,
the amount of alumoxane employed is generally less than that necessary to effectively activate the
metal complex when employed alone.. In TLS emb, the allUITIOXEMe may not contribyte significantly
to actual catg@é\? lclctivggigﬁ'.%lﬁ‘(ﬁ%w&ﬁ%igﬁg ng the %r%lésofﬁa‘fﬁs%or%e Darticip glﬁgn ot the CaTlCJrrjo‘xP:ane in the
activation prengssiis natretessafilyvekel udedo[0076Buitableal umoxares inclddepiyniériecor
oligomeric alyngxanes, esprdiallmalhvialmexane (MAG).s wallas.euis acid- mediied.
alumoxanes; espeglaﬁy‘trlhy‘ﬂrocar‘byla umlngm-,halog‘enatedtrlchydrpcarbyl)alumlnum-‘or halogenated
iydrocarby!)retsprombdifietkissurnonatibes havirg frontiao stohedm e RBHIBE A 6F Halb§enated
hydrocarbyl 7959}&; ueh activating gecatalysts.are previously disclosed in, among other publications,
USP 6,214,760, 6,160,146, 6,140,521, and 6,696,379. Preferred Lewis acid-madified alume,xanc
compounds K Hki-butPparmsiHUHEFRGHSE THEh UMb ER afid TH(RISBE AR AR RTSHTfed met
alumoxane centainingdrom &QitaiB0apreferablyld te:.25 moleipercantsl -utykcontentvand:d:to 20,
preferably 12 tg IS mole percent n-ctoyi content, respectively, the molar.gercents based on total alkyi
Iigand‘conteﬁ"t?‘ﬁ? 3 aﬁ‘iﬁ%ﬁ&%@i‘é P L BRS ZE R SRR AU O TS B Ell\}é;@fgr I8 breferab ‘f/’%ﬁﬁ‘zed in
molar ratios sbeatalyist.catalystifromi20:20@omitiereferaidyfrom 20it 30afe nostspreferéisly from
20-80. [00774Beqryae SlaIINI0RE activalce: aljsative i on IByeinf kewsReldmediisthy
alumoxane c%caf’aWsis while maintaining high catalyst efficiency, the present hafnium comple xes can
achieve reduséd tevetsisftepcativysttns-proersrsinthe¥esiltig polymer along with long chain branch
formation in fhesgesulting. polymer.This ip tumalowsdaenalymersto hevemploye)inparanding

applications such’'as those requiring high clarity or low dielectric constant. [0078]In a preferre

A . Y 3 o e it Pyiyiugs A d
embodiment iy SFEsEHIBIOEEES COMpHiSES e RANG BrdpyIdHe ahd S TedstGhe SFetfiiTene and
a C4_30 a-cife:fin,using:a hafaium metaleomplexanddremiddto 208 malesyer Moleioidafinium of an

alum:Diu-me, under continuous, solution polymerization conditions at a temperature from.12.0 to
250C, preferdBly M 366 8660t é%é”?\? Sopate g0t Lort S S R rably
>80%) to prepayerfopolymesibomprising;. BT polyinei2édformyvefronm80:tpitess thamE00) Befadably 80
to 99 weight.pﬁrc%rglltnqzni'tig Q‘?QX%QYH%Q pprgp,p%lene, and greater than zero to 40, preferably | to 20, more
preferably 4 to T6°and even more preferably 4 to 10, weight percent units derived from ethylene and/or
a C.4.30 a-o&fifit [0078linsgkriertikimorombe qonversion apbedstarnitedbyaasireient of the
reactor contepls or of a-representativersiean. ol elfluent gxiting the 1eadipr, Ruitablermethogls for

determining monomer concentration include IR spectroscopy using a probe immersed in the, reactor
contents or SXERABISSAAPIEFINE domishtshng éﬁfféﬂ-l@gté"é"l’fﬁiéﬁ?éeﬂ%%E Eoiiter Trahidfoi
Near-Infrared,spectigseapy (TMR): Solids cantent atithereasiotis ealetated hased on polgmer
(solids) produced, or it may. a!so ’be} measured direc& by use of visp%sjty_i r dg?n,sity ‘r‘_r}e_ig}s}gsryeirgnents of
the reactor CHRESHIEE = PERaRIE TR AEDr ol S AHOR BRoCREEs My be SUNADI empldyed in the
present irvegtiemmExarpples include-sdekhsystemtaspraittisclaseihintdSP 3,914,342, among others.
The multiple, tors can be operated in series.or in parallel, with at ag \ yst.compasition
according tog-{argg%rese%fp%%ﬁgn Br&é%b%a Cd%?’?%‘f’ }E”)é%f}v&”)lr}r{g %@t‘iﬁ’g %ea!%taéb}sl?%r%a F!b%tr%?g%%ors may
also contain< teast twolgatalyBt.which heaveidiffereht ebimbnemekintbedoration dapaBility&hd/or
different molegular wejght thrmation capapiity 008 1ldans smiodiment,2 ielatiyslyhighmelecular
weight product (Mw from 100,000 to over 1,d00,_000, more preferably 200,000 to SO0,0%@ is formed
while in the 2888ndrandora Proddctiora relisaver WP st ariisightaviiAd ooBeth $687°000) is
thrined. Both,Qfthesesqacter produgts ganhaye similarendifiererd-densities-andloselastoiier content,
The final product is a mixture of the two reactor efflntgjeintsﬂ hich are cgml:gfins?g prior to Qieyqlqtilization to
result in a urERT XY BFth& (7S ot THORE PO TFeT B HIeE (€. BHRYEE B Bblymer biehd).

conversion is typically measured by gas chromotography (GC) or infraved (IR} spectroscopic
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WO 2009/067337PCT/US2008/082599 100821in another ernhodirrient, one reactor may be used to
prepare a high molecular weight propylene homopolymer while the second reactor is employed to
prepare a copolymer of propylene and ethylene andlor a Ci.30 a-olefin, or an interpolymer of
propylene, ethIEHE Y& dr a C4..30 a-olefin, and one or more dimes, 5uc‘?F£’Hﬁ%’IEPé"§8?8? process
allows for the preparation of impact modified products or products with tailored properties. in one
embodiment, the reactors are connected in series, that is, the effluent from the first reactor is charged
to the second reactoand. reshh monomer, ARIYSR: ANElsr fydiadsnis piRnaladdediadhe.second
reactor, Reactor condilions -led’such that the weight ratio of polymer
produced in.ithedfirsireattorto thatphodagsdin the second reactor is ideally in the range from 5:95 to
95:5. The forggping dyal.reactor.process,is.capable;of praducing,in-reactarpelymenhlends-having
broadened molecular weight distribution or polydispersity index (PDT). Preferred polymers made in the
foregoing mafHEFREVE PDPISRRISTS Y O fort preférabirigmas B’fh@mlj‘ﬁé%‘g T Hftither

embodiment,Qne.of thereagiorsipthepalymerizationprsessyigicluding-ihedirstoévareaators
operating in series, contains ?‘hetxerog_gnxep S r%&%gr-l@atta ca@l&sgé)r a _chg;m%m C'?v%?'m%? catalyst,
such as one SFIREAGMERGAS STER c GRS KGR R ERampIEE SPASYEINARA catalysts
include, but ase-netiliniediostitenitn-basedizatalyists suppartetbereMaGl2pakid aflditoneiyg

comprise compounds,of aluminum containing at least one alumipum-alkyl.bond. Suitable. Zigler-Natta
catalysts and their ?‘Febarrlaﬁé’#'fn}ééfﬁ'd“é?r%%{f%ﬁ‘é ho ‘I}i{r%‘ifei:l"%@f‘t 0Se r(;%llséclzrosecﬁ %QLISP 4,612,300,
4,330,646 andi5{B69:576:Siitable chrdmiwiiibasdes cdtaiyests drenthdse disclesed HSaRNG Hther
publications IS\ 49912/ 4832 248, 4.°64,000,41143.2 48 aicfo3, A3 AAIB4LRIAGIe reactor,

multiple catalyst processes are also useful in the present invento in one embodiment, two or-more
catalysts arevinEBOHEETIHRS a. SiFRIREBIETT AIGHBI SFEBERY ARSI TOR RIS e AT Edch
catalyst inhesanibnproduces.differapl-pelymer: prodiunis:dnone embodiment-a relativelyhigh:
molecular weight product (Mw from 100,000 to over 1,000,000, more p gthgqgly %194000‘; t}oit‘SO0,000)
is thrmed froPR GRECAELRSERITG Hiproduct HREsr SEtREl /R molastiAr welght (R S, 6800 300,000)
is formed fromthe@thencatalyst iotheofthese:aatalyst coimpdsitions, can haveisimilar ekdifférent

polymer formation abilitglgl atelgaatpn(;‘: of whi%h comvprises agnetal comple%a}%gq]e%gggeglgg!ﬁyv. The

resulting pol§ftief Wifih é‘bbropéﬁ%léyd“esﬁtéaﬁ SREONThe Ao of tﬁé‘{\cf\ﬁ) "Eht'a Sts that are employed in
WO 2009/067:33 7P GT/iS 26080875 99! théi single reactoluSstatieetd binatbne 6f holgrmend

molecuia copgnoler insarmoralion Al prasseses.And falios af caalypis.forsuehiprodists areosed

in UST) 6,92‘2}&% ue to the unique compatibility of the present catalyst compositions with other
olefin polymegizatishtcariy s vriaamg Ziege i taranidithe SaebmrEabaNaE SBp%tion may
comprise a mefal. complex.as described below, a raetallocene or other n-bonded ligand
group-containing metql\gcomp‘lex (including constrained geom_etr}('rr:r)r(egal col pldeggefs%, ora (Egllgé/alent
heteroatom KEHHE grolie CBHELAMERRETAIED AT SN polo afe ity ialraiine &1
imidizolylamine:hased samplexesianitetiadendatd ibxygediligatethbinhenylphénottased Bioup 4
metal complexes.

Q085jSuitable metal complexes fqor use according to the.present invex include

compowids e8HEEFEHA '%1&\’?63%%{%%8%?%? \/{\)/%"‘IﬁﬂS 9/%@7%#%’1%%%@2(%? g‘&ﬁ{j@@&

and appended claims, the term “activator” or “cocatalyst” means any -compound or

component or method which can activate the metal complex in the foregoing manner,

Non-limiting exampies of suitable activators include Lewis acids, non-coordinating lonic

activators, lonizing activators, organoraeiallic compounds, and combinations of the foregoing

substances capable of converting the neutral metal complex to a catalytically active species.

{65! In one embodiment of the invention, catalyst activation may involve formation of

a cationic, partially cationic, or zwitterionic species, by means of proton transfer, oxidation,

or other suitable activation process. The present invention is operable and fully enabled

regardioss of whether or not such an identifiable cationic, partially cationic, or zwitterionic
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n,independently each occurrence is chloro, methyl or henzyi. [0087 Specific examples of suitable
metal complexes are the following compounds: bis(c2-oxoy1-3enzo- H-pyrrole-

-y1)-5-(-neth }_gphen 13-2-phenoxy)- ,3 propanedi y lhafni m (IV) dimethyt, and ,
bis((2-exoyi-§'— cﬁﬂ@ﬂ% -3iH-pyrroIe-1-y1)-5- hyl)placnyl)- PCT/US2008/082599
-phenoxymethyl)-methylenctrans-1,2-cyclohexanediylhafnium (IV) dimethyl. 100881 The foregoing
metal complexes may be conveniently prepared by standard metallation and ligand exchange
procedures involving a source of the transitioT neutral polyfimetional ligand sguece; The techniques
employed ar?’fﬁg“sgﬁ%g%gsré?téﬁa"lgrg% $fothose disclosed in. among other publicé?ién%, USP
6,827,976 and ‘1152004/@01010323089jThe metal complexto form the active catalyst composition by
combination yihihe acaialy st The acivalion maveaei pHok IR, addiinndlha Galabiskeemposition

to the reactor with or without'the presence of other components oi the reaction m;xt_u[e, or in situ
through separite BUdRBNEPIHEHEEPCEMBIEK HRIALRANAGE6CHTAyER BHAR Alattor 6898 The
polymers of the;ipvantioncan beusefully employedinia vanamn:senventitosat sheraoplastic faprication,
processes to_prédgceﬁuﬂsefql,article§ including objects comprising at least ong,film. layer, such as a
monolayer fifm-orat ledst bheizyerira llﬁﬂﬁﬁl‘l'é'f’)(f%rs ﬁl"m %{)}ggp&f’éd b&‘%&éasff}%loiv%v;if'6§Ié§r§18e‘reﬁlbr
extrusion coatRIgsprecesses (exemplatyiiis: inclids degenhcuss fitms, HdatoSealAlm.; hiink films
including clayity.shrink film, lamination film,, biaxially-oriented film, extrysian. coating. liners; clarity
liners, over- %%ﬁﬁfr{g a'a?ﬁ%]‘%tg‘?“iﬁcén tural fifm C;{zﬁ'fb‘%bégg grffcz:ll‘(i-;}gf"“sulfféhf"5“5_L SI6W rﬁ’ol_ ed, irﬁ]eg ion molded, or
roto-molded értielesygstringiong:ysne: woren otifopdwovewidbricssMopotapet End fititiy&Yfilms may
oe made acqordingila el stuctros.anl iabricalinpymeliags desciiteth i Rab NG -
5,685,128, Thermop astic compositions comprising the present polymers, include blends with other
natural or SyRHRGE EBlyHETSs AEEIAVES COGRIBRGT PEdIs AP HAUHIt S AR HER IS St Ers,
colorants, extendets, crasslinkars,plowing.agents pad-plasticizersed Q14O particularutlisy are

multi-component fibers such as core/sheathfibers, having an outer surface Ir%yer, com risid, gqgt least in
; L

part, one or HISFEBBIVIMBFABT e dhiaiitfor EfBts that AAY B prEharSE oM HE Bres8ht Bolymers or
blends incluge;staplefibers ctovwnamultircampenient gheath/eate; twistediapd monofilafment(Suitable
fiber forming processes, 'el u‘g‘e¥s un- onded, melt blown technigues aswdi$clg§i§d¢i&nu%§>f4t4%0,563,
4,663,220, 4668588 Ahd H4?§%§?bi‘}f9 SRR B AR s TsHLa ISP 4,413,110, woven and
nonwoven fabrigs, asdliscieseddin kSR 3,485,706 b Sittibtures va fronsbeh wissrsthin élading

blends with ofher fibers, such aspolyester, nylon.or cottan, thermeformed artiglesyexiruded shapes,

including pr&fﬁg}%xtru5|qns and co-extrusions, calend.ered articles, and drawn, twisted, or crimped
yarns or fiberskD@921THepBiyRiers o L IBRIBIPEFEAlso useful for wire and cable coating

IB067] Activation methods using itomizing ionic compounds not contalning an active
proton hut capable of forming active catalyst compositions, such as ferrocenium saits of the
foregoing non-coordinating anions, can also be vsed, and are described in EP-A-426637,
EP-A-573403 and USP 5,387,568, Also included is the use of strong Lewis acids, especially
tris(perfluoro)aryl borane compounds, such as tris(pentafluorophenylyborane, which are
capable of abstraction of ligand groups, especially a hydrocarbyl ligand, thus forming a

non-coordinating counter anion for the cationic derivative of the mets! complex.
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operations, as well as in sheet extrusion for vacuum footling operations, and forming molded articles,
including the use of injection molding, blow molding process, or roto-molding Compositions cotthe
olefin polymers can also he .tbrmed into fabricated articles suchthose previously mentioned using
conventionalvﬁgI%’I%?ﬂﬁ?ocesslng techniques which are well known to th&d SRAHEE R art of
polyolefin processing. [009%$]Dispersions (both aqueous and non-aqueous) can also be formed using
the present polymers or formulations comprising the same. Frothed foams comprising the invented
polymers can also be formed, as disclosed in PO" Application No. 2004/027393 filed August 25, 2004.
Other foams include highggtrength foam, soft foatn, rigid foam, cross-linked"j‘oam, high strength foam
for cushioning applicatioris, and,§ound§msulatiqfn foam-; NOMMolding ap_plj_(}gtions include injection
molding; blo -,mE‘digg; dnehextrusion malding:e:qq. pipe, inktliding-potdBlewater-pipe and high

_pressure pipé: E empl‘_eity,-m'oldeél articlées ingludesbottles, frozen food pagkages and various interior
and exterior auton obj_lé‘ﬁ’afk([s; and theljmqur_r'-fﬁ‘é“d‘\iar;ic s&éspecially cupfs‘a' d plates, trays and
containers. [0095]THe polynt&ts may also'Beerosshfiked by any known ‘meahé such as the use of
peroxide, electron beam, shale, azide or other cross-linking technique. I;ﬁ"‘e""bbly erscan he
chemically modified, such as by grafting (for example by use of malei¢%anhydridle (MAP), silanes, or
other grafting agent), halogenation, amination, sultbnation or other chemical modification. [00961The
polypropylene polymers of this invention can be blended with other polymers to form, among other
things, usefulifiidgrs, fihsreind molded articles. Suitable polymers for blending with the polypropylene
polymers anion are commercially available from a variet% of suppliers and in{glgde,_}%ug re not limited
to, other polySi&fihs suth asah SMENn& BERer &Y W%‘&ﬁé%&ﬂpfiﬁ}&hylél eXl b@}' ULBPE,
medium densifyypalyathylene(MRRE)gld-OREHEOP Brhamegenéouslyibyanched. lingarethytene
polymer, substantially, ethylene polymer, graft-modified ethylene polymer, ethylene-styrene
interpolymergfe%%%g’\)ﬁﬁ?f}%‘éé}”ﬁg‘%ﬁ%gfﬁbTS?%%F‘, ethylene acrylic acid interpolymer, ethylene ethyl
acetate interfisiy@her, dthylenkepwetirsbryleciciddntarpolyier, iethiylene methaeslilic Acdacsmdrher, and
the like), olefig pulplogk eGROIAS RolNGaIRanale. ResiyienencaRentionabpolyRropyene
(e.g., homopolymer polypropylene, polypropylene copolymer, random block polypropylene
interpolymerféﬁd’iﬂﬁ@ﬁﬁéfﬂﬁ%ﬂﬁﬁéﬁ%ﬁéﬁd@éﬁ/@%ﬁ%ﬁé}%d}%F&b?%fiﬂ%iﬁi‘%{@?&hﬁ‘tép@i%@r,
thermoplastigalock polymer (e.g. styrene butadiene copolymer, styrene butadiene styrene triblock
copolymer, styrene ethylene-butylene styrene frit:lock copolymer and the Ii%{/hh%g)l Sther block
copolymer (87 PEI3AX} B5pHEtT BBl Hoiett ng%*l‘i}@fﬂ’é‘?fﬁ%‘gwﬂ &f&’(e.g., BYTELL),
ethylene carlpgrrrnonoxidenisiterpélymer (awgly ethylene/cathondnaribyittectEG ) roopolymentts,
ethylene/acrylic acid/carbon manoxide (EA. ACO) tetpolymer, ethylene/methacrylic acid/carbon
monoxide (E%/\?F r?dl o g';a‘ﬂfmn' e X’garbon monoxide (EVACO) terpolyrner and

WKREE) It%“ar[géf Vet BiyieieNinyi acetate
styrene/carbbin{mepexidi 8GO vpolyethyiimnzaterdphthalate (PET), chlorinated polyethylene, and the
ke and res tereaf, InotSE WALy 6. RIPRYIERS: ihYIens: (R:E) copolymers used in the

bis(tris(pentafluorophenylyborane}-2-heptadecylimidazolide,

bis(tris{pentafluorophenyijborane -4, 5-bis{undecylimidazolide,
bis(tris{pentafluorophenylyborane)-4, 5-bis(heptadecyl jimidazohide,
bis(tris{pentafluoropheny Dborane)limidazolinide,
his{tris(pentafluorophenylyborane)-2-undecylimidazolinide,
bis{iris(pentafluorophenylYborane)-2-heptadecylimidazolinide,
bis(iris(pentaflucrophenyliborane)-4,S-bis{undecylimidazolinide,
bis(iris(pentafluorophenyDborane}-4,5-bis(heptadecylimidazolinide,
bis(iris(pentafluorophenylyboranc)-5,6-dimethylbenzimidazolide,
bis(iris(pentafluorophenylyborane)-5,6-bis(undecylbenzimidazolide,

bis{tris(pentafluorophenyDalumane)inudazolide,
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of this invention can be a blend of two or more polyolefins, or a blend of one or more polyolefins with
one or more polymers other than a polyolefin. If the P-E copolymer used in the practice of this
invention is a blend of one or more polyolefins with one or more s other than a polyolefin, then the P-E
copolymer c&fﬂ&‘]%gﬁ?ﬁsl%ast aboutl, ably at least about 50 and more 8Fe¥g§%%}ﬁg§/g§%%ggst about 90,
wt A of the total weight of he end, [0097]The olefin multi-block interpolymers that can be used as blanc
components in the practice of this invention are exemplified by the ethylene multi-block copolymers

made with two catalysts ncor&(%rat_'gr)a diffetéi gugggm'ties of gamonomer, and these copolymers have a

ratio of blockS WM BBt B R R &R B Riative 0Pt A8 multi-block 'polymers are the olefin
multi-block ibtepolymersitodemailinctured-dagsbidy by PhecB&w Chemical Company under the

trademark INFUSE . [0098]The ethylene ,@g@i@@g@g@&g ymers.desirably have an ethylene content of
from 20 to 961%%1?6 ﬁ%“b‘pﬁ%ﬁ%\%‘fa*ﬁiieﬁéi content o from(%jl to 10 percent, and an alpha-olefin content

of from 10 tdhBOpercent wasetker Mentera- g brtvd soiymsRRifher preferably, the multi-block

copolymers hawe an.ethylens contentof.from.6040 9@wercent, a (llene content of from 0.1 to 10
percent, and an alpha-olefin content of from 10 tq 40 pe‘r%%%‘;k %?sed on the total weight of the polymer.

Preferred poRiiErerareRHOmISIEEREF I aHE Pt Erac % weight average molecular weight
(Mw) from 16;000:tpcabani:2,500,000. preterablyytrdn 20:0(10:1mB60,000, more preferably from
20,000 to 350,000; a polydispersity. less than, 3.5, more preferably less than 3 and as low as about 2;
and a Mooné’if@fégéﬁgﬁgf%ﬁf *fi‘ifi)l{'?%%?)nﬁjéhﬁ:’ I%ﬁ% ﬁ%t‘?:%%‘%‘?‘é%ie“%ﬁy, such polymers have an
ethylene contentfgan6h fitrébhpeytentnandiehg-cofitertfont Ontsi@Parsent, and an alpha-o content
ffom 20 o 35 percent, WO 2009/007337EC TZ0080R2599100981 The ethylene mli-block

copolyrners a‘ls‘onty;glca y have a density ofless than about 0.90, preferably less than about 0.89, more

preferably less(thatpabiolitO@ss sy nraet e phefeapRriess haREBEU .88 and even more preferably

less than about-0:875,glee. Theethylene multisblack copolyimers tipicallihaweadensity greater than
about 0.85, and more preferably greater than about 0.86, glee, Deégjit .is measured byétut}/e %chdure

of ASTM D792 Hio{w-density ERIEHe AT DI CEIC BB REFs areyanara @1%?%‘6’% A6l ds”
amorphous, flgxibleand haying-goad.apticalproperigs, exgnrhighdranstissiongf wigiblecand:UV-light
and low haze. j001001The ethylene multi-block co ler ful in. the practi Mhis-ipvention
typically have®RHERg poiht d%feggﬁﬁgk:é%tﬁl{?%qiﬂjegrﬁﬁgp B(t;r?lﬁ"[dig%eg%%%e@ gy'tl’]e §i{‘¥erential
scanning calargnetryR%sGhanethpdsdesctdedin \A/EE 2,008/09042 7 §(182006/0199930)-  Fliylene
multi-block copolymers with a low melting, point ofter ibit desirable flexi deity propertiasuseful in
the fabricatio”ﬁe gryfﬁe%%‘i‘e%oﬁh%ggﬁ{/ég}\%éﬁé IO‘%)%%}%E‘I%% Elthyle.nelrﬁulti{ibloc%lgpnglymerﬁs used in
tice of this ifVEntidh% Akl dbrei preparstion aruderara e eIk aesenbedin We' 2665109t427,

U82006/0199931. ’aU<§§99§/ 0199930, L2006/Q13991 4, 4 RRP0GM0EI 9012, £ 122006401 9984: 1,
US2006/0199910,

activaiore or methods for activating a catslyst compound are deseribed in for example,
ISP 5,849 852, 5,850, 653, 5,869,723, EP-A-615981, and PCT publication WO GR/327TS.

{B874] Another suitable class of organometal activators or cocatalysts is alumoxanes,
also referved fo as alkvlaluminoxanss, Alumoxanes are well known activators for use with
metallocene tvpe catalyst compounds fo prepare addition polymerization catalysts, There are
a variety of metheds for preparing alumoxanes and medified alumoxanes, non-Hmiting
examples of which are described in USF 4,665,208, 4,952,540, 5,091,352, 5,206,199,
3204.415, 4,874,734, 4,924, 018, 4,908,463, 4,568 827, 5,308,815, 5329032, 4,248,801,
5335081, 5, 157,137, 5,103,031, 5,391,793, 5,391,529, 5,693,838, 5,731,253, S, 731,451
5,744,656, BEuropean publicstions EPF-A-561476, EP.A-27958%6 and EP-A-594218; and
PCT publication WO 94/10180. Preferred alumoxanes are Lewis acid modified ahunoxanes,

espacially tri{Cagyalkylaluminun modified methyialumoxane, including
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082006/0199908, US2006/0199907, 082006/0199906, US2006/0199905, US2006/0199897,

1182006/0199896, US2006/0199887, 082006/01 99884, US200610199872, UE2006/0199744,

~ US2006/0199030, 082006/0199006 and 1182006/0199983. [001021The follo-wing examples farther
illustrate the SRS #hAless otherwise noted, all parts and percentagespé}gweﬁﬁ%?%PECIFIC

EMBODIMENTS 1001031All of the inventive propylene-ethylene copolymers are produced using

Is(<2- oxoyherizo-pyrrole-1-yE)-5-(methyl)phenyl)-2-phenoxymethyl)-methylenetrans-

1,2-cyclohexanediylhafnium (1V) dimethyl (Catalyst A). The comparative propyle ne
comoymere S16 EOMHNELEI HUSRIE AR RISl e N B B, . TAGHRCEE o

methylethyephemyizax Ra(dmetinydethy hpterytb6u -napkiho eny G2 2y NliheC-12, from

methanamin@fo(2<)-k/N%,KN21di.methyl-hafnium (Catalyst WO 20(19/067337PCT/US2008/082599
Eﬂﬁf"f‘i’} Within the scope of this invention is the use of alumoxane(s) or modified
alumoxane(s) a8 an activator or as a lertiary component in the invented process. That i, the
compound may be used alone or in combination with other activators, either neutral or lone,
such as tri{alkyDammeonium tetrakis(pentaflucrophienyiborate compounds, trisperfluoroaryl
compounds, polyhalogenated heteroborane anions ag disclosed in WO 88/43983, and
combinations of two or more of these malerials, When used zs a lertlary component, the
amount of alumoxane emploved is generally less than that necessary to effectively activaie
the metal complex when smployed alone.  In this embodiment, the alumoxane may not
contribute significantly to actal catalyst activation. Not withstanding the foregoing, some
participation of the alumoxane in the activation process is not necessarily excluded.
[B076] Suitable alumoxanes include polymeric or oligomeric alumoxanes, gspecially
methylalumonane (MAQ) as well as Lewis acid- moedified slumoxanes, especially
trihydrocarbylahuminur-, i’xaiogena‘t‘éﬁ tti{'hydrocarbyi)zzium.imuﬁ» or  halogenated
writhydrocarbyliboron- modified slumoxanes, having from 1 to 10 carbons in cach
hydrocarbyl or halogenated hydrocarbyl growp. Such activating cocatalysts are previousiy
disclosed in, among other publications, USP 6,214,760, 6,160,146, 6,140,521, and 6,696,379,
Preferred Lewis acid-modified alumoxane compounds are tri{i-butyDalominum-modified
methalumoxane and tri{m-octyDaluminum-modified methalumoxane containing from 10 to

10, preferably 15 to 235 mole percent i-butyl content and 10 1o 20, preferably 12 to 18 mole
percent necotyl content, respectively, the molar percents based op tolal alkyl higand content.
The alumaranes or Lewis acid-modified alumoxane activator is preferably utilized in molar
raties cocatalvsteatalyst from 20-200, more preferably from 20150, and most preferably
from 20-8G

077 Beeause of the ability io be activated af relatively low levels of slumoxans or
Lewis acid-modified alumoxane cocatalysts while maintaining high catalyst efficlency, the
present hafnium comple xes can achieve reduced levels of cocatalyst by-products in the

resulting polymer along with Iong chain branch formation in the resulting polymer. This m
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[00104]The propylene-ethylene. copolymers used in these examples are made according to the
following procedure. The catalyst and cocatalyst component solutions are metered using pumps and
mass flow meters and are combined with the catalyst Bush solvent and introd/uced in}o %[Qe bottom of
the reactor. %2@8’3{3@5@& used is a long-chain alkyl ammonium borate OFSBE%QWE&% s%oichiometry
equal to methyl dhoetadecyljammo ni um tetrakis(pentalluorophenyOborate combined with a tertiary
component, trifisobutyBaluminum modified methalumexane (MMAOQO) containing a molar ratio of
I-butylimethy] groups ofiabout 1/3. Eor Catalsts,A.and B.dhe cacatalystis in.amalak raligibgsed on Hf
of 1.2/1, and"’k%\/ﬁl&%'@%fl})&trﬁﬁ% Th% |c§b yr%éﬁzatfon f)ri)cesg is%;xothermic. There are about 900 BTUs
released of pighylent polyiicized-aatsiit 1,500 BTUs released per pound of ethylene
polymerizedgFhe primary pracess.Aesign cansideration istheremevatobdhe-beakefieastion. The
propylene-ethylene (P-E) copolymers are produced in a [ow-pre$s,ure., solution polymerijzation loop
reactor, mad@dipt SFEtIcH ESHPBIpEPIaS aotheKE B xerin | o8 HE BIER GRIRE D AihiEHYS 1.4
gallons. Solvgntand,menomer Rrepylena)arednjected intothedeacieras adiguidothessamanomer
(ethylene) gas is fully gissolveq,in the liquid solvent, The feed is cooled to 5C befo gjp' iQn into the
reactor. TheHUAEE GHERARR MBS Fier BBHESHR A betieety 15 %R '%%iv%in'r%é’ é%ﬁ%%a ic
temperature iger-afithe,salution acceunis: forsomoesapbttidheattesbvabffeimdheqgoelyrmenization
reaction. Heat exchangers within the reactor.are utilized.to remoye.the remaining heaf.of reagtion
allowing for ?’é’gﬁﬁ?if‘éhﬁ‘e?’éﬁ%%"’%ﬁ%rc%@f‘ ‘tﬁreosrréz;rjjcﬂ[ic‘){h (feésﬁ ﬁ‘é?%tl}}rﬁé’s 1rﬂﬁétg'glr?éz}d r%n the 'f'ollg\fvi’hg tables).
1001961 Thersehentisetisal High qurity ise.paraifiini:iraotioneay &l 4ble fedrrr Exxb e uid értie
trademark "songfF 1230 RoRYIeNs. o aRser o a.ped afsglexsorb,COm far:auiaatign before
mixing with a. recycle stream. containing solvent, propylene, ethylene, and hydrogen. After mixing with
the recycle stizdmethelcombBined strdam is passed through a bed of 75 wt% Molecular Sieve 13X and
25 wtth Sele‘ﬁ?%q CDfor, futher putfcation nversih %Jg%gré%%rg@@ﬁ%%@ﬁ%@%m tgpass the

contents to the reactor. Fres ethylene is passed through a Selexsorb COS bed for purification before
CompressingEostamiTG P50 heigiriyaragsns ismyen (SBaTH radiie MdIsdmsr weighty s mixed
with the compgassadssthylens hefore thedwo are.misted/dissolvedintodhenliensd feesh Thedbtal stream
is cooled to an appropriate feed temperature (S'ﬁC)‘. The r,%qcﬁtqar operates %tSOO%[%S* Psig and the
control temp@aitirg T SRt ih (rdTiba S, SR B SRR CORIEPSTBH in-the E4C6 1S maintained by
controlling thesatalyst:imestiontatesThe sadciienterperaiifeiR)madiithined by obtitrolingthe water
temperature acrass th.e shell side of the heat exchanger at 85C, The residence time. in the. reactor is
short (about“TF At %3'?“%’?\%%?df)rﬁrehhé}}é‘c?ﬁ\‘?}é(‘r}s%‘r?%é}f reactor 563?3" 5 also reported in the tables.
[00107]Uponvisxitiitg the«esictor;anatenandcdduitivecarecinjisefed into the polymer solution. The water
hydrolyzes the,eatalysf,terminating the palymerization jeaction, The-additives copsistef antiaxidants,
i.e., 500 ppnibfglg gpheno%%’%}nd 1000 p%rﬁ of a"ﬁhosp‘hite, Which,-rge_main.wi:th‘"tpwe olymer and act as
stabilizers tapreveitEoimeFdagrerehivHrs i sisray e sETOYeckipd sy bt fabriciitod i 4d
end-user's fagility. ThePRSEEERCINSO-SUREhegted fom reacioriemperatiie $@:R30Capreparation
for a two-stage devolatilization.The solvent and unreacted monomers are remoyed during the process.
The polymer#aits BRpEHMS SaEsE URdEREEF PR fBElihg P ET S Sivent Eid Wonomer vapors
exiting the top:efihe devoiatilizers arersentiaacoaleseer. [fhe soatesdestsrempids polyiieeentrained
in the vapor during devolatilization. The clean vapor.stream leaving the coaiescer is partially.
condensed Wﬁﬁ“&”‘é3}T3§L’8f°ﬁié3§t“él§%}ﬁ§ﬁggé?§ higf'tt“v‘v%iiplﬁ(a}s"éhrr}n“ix Uit %%ﬁ?é?%“égg'ebgégﬁq “drum.
The condenggisplverit ame: reottorierssare putified: fthisis theltedyclevstebamrdéssribddrabove) and
re-used in the,reaction process, The vapors leaving the,separating didm, :nastly.coptaining propylene
and ethylene ‘}aEr’eeﬁJs'ér%f’ t@gibi'gavflgﬁé an ‘barn‘_eél. [“60109] E\:a(L:h of tH?ef E cogglqu;§ of CFA and
Examplesabouté teaceontaimeditngt derivtvison e thyieaeaT Reisbnibér aerige (Y ahbveight
average (Mw) mole weight values forthese:R& conalymers argraportedrin-dabledianshihe o' ratios
as well as other properties of these P-E copolymers are reported in 'Table IC. These e ar:pples

demonstrate: &G SHERthings tethiSRETEHEr TV ahieS for tRE ThVSHITR C 8o iers as
compared to;thesgammercialb-avatiable sopolymers: Theserdat digpdemanstratesthatshigher shear
thinning values are aobtained as the realctor tg@lpde)rature is increased from 130 to 160C. WO

2009/067337PETIS 00810838687 70V

20



00 110 TABLE I A Selected Reaction Conditions of the Manufacture of P-E Copolymers
Example 12 (230C) 110112 (230C)

WO 2069/067337 PCT/US2008/082599

8087} in another embodiment, one reactor may be used to prepare 2 high melecuiar
weight propylene homopolymer while the second reactor Is emploved to prepare a copolymer
of propylene and ethylene and/or & Case a-clefin, or an interpolymer of propylens, ethylene
and/or a Cuap w-olefin, and one or more dienss. Such a dual reactor provess allows for the
preparstion of impact modifled products or products with tailored properties.  fn one
embodiment, the reactors are connecied in serigs, that is, the efftuent from the frst reactor is
charged 10 the second reactor and fresh monomer, solvent and/or hydrogen is optionally
added to the second reactor. Reactor conditions are adjusted such that the weight ratio of
polvmer produced in the first reactor to that produced in the second reactor is ideally in the
range from 5:95 to 95:5. The foregoing dusl reactor process is capable of producing in-
reactor polymer blends baving broadened molecular weight distribution or polydispersity
index (PDI). Preferred polymers made in the foregoing manner have PDI from 2.8 10 10.0,
more preferably from 3.0 107.0.

G883} In & further embodiment, one of the reactors in the polymerization process,
including the first of two veactors operating in series, contains a heterogencous Ziegler-Natta
catalyst or a chromiom contsining catalyst, such as oue of the nomerous such catalysts
known in the art.  Examples of Zicgler-Natta catalysts include, but are not limited to,
titanjume-based catalysts supported on MgCh, and additionaily comprise compounds of
aluminwn containing at least one aluminume-alky! bond. Suitable Ziegler-Natta catalysts and
their preparation include, but are not limited to, those disclosed in U 8P 4,612,300, 4,330,640
and 5,869,575, Suitable chromium based catalysts are those disclosed in, among other
publications, USP 4,981,927, 4,835,219, 4,564,660, 4,173,548 and 3,953,413,

{8034 Single reactor, muliiple catalyst processes are also useful in the present invention.
In one embodiment, two or more catalysts are introdoced info a single reacior at the high
monomer conversion conditions in which each catalyst inherently produces different polymer
products. [n one embodiment, a relatively high molecutar weight product (Mw from 100,000
to over 1,000,000, more preferably 200,000 10 500,000} is formed from one catalyst while a
product of a relatively low moleeular weight (Mw 2,060 10 300,000) is formed from the other
catalest, Both of these catalyst compositions can have similar or different polymer formation
abilitv, at least ane of which comprises 8 metal complex as described below. The resulting

polymer will have properties dependant on the ratio of the two catalysts that are employed in
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the single reactor. Suitable combinations of polymer molecular weight, comonomer
incorporation ability, processes and ratios of catalysts for such products are disclosed in
ISP 6,924,342, Dre to the unique compatibility of the present catalyst compasilions with
ather olefin polvmerization catalysts, including Ziegler/Natta catalysts, the second catalyst
composition may comprise a metal complex as deseribed below, a metallocene or other
n-bonded Hgand group-containing metal complex (including copstrained geometry motal
complexes), or a polyvalent heterogtom ligand group-containing metal complex, especially
polyvalent pyridylamine or imidizolylamine based complexes and wetradendate oxygen-
ligated biphenyiphenol based Group 4 metal complexes.

HETERY Suitabie metal complaxes for use according to the present mvention include

compounds corresponding o the formula:

22



0.888 B10060 8.519,40.887 A13080 4

WO 20609/6067337 PCT/US2608/082599

[BORG] wherein, RY independently each ccourrence is chloro, methyl or benzyl.

1BU87} Specific examples of suitable metal complexes are the following compounds:
bis((Z-oxoyl-3-{dibenzo- 1 H-pyrrole-1-vi)-5-(methylphenyl)-2-phenoxy)-1.3-

propanediylhafnium {1V} dimethyl, and bis{(2-oxoyi-3-(dibenzo-1H-pyrroie-L-yli-5-

TS T

{methyDphenyl}-2-phenoxymethyl}-methylenetrans-1 2-eye lohexanedivihatnium (IV)
dimethvl.

10088} The foregoing metal complexes may be conveniently prepared by standard
metallation and ligand exchange procedures involving a source of the transition metal and a
neutral polyfunctional ligand sowrce, The technigues employed are the same as oF analogous

to those disclosed in, among other publications, USP 6,827,976 and US2004/0010103.
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3089 The metal complex is activated to form the aclive catalyst composition by
combination with the cocatalyst. The actvation may ocour prior to additien of the catalyst
composition to the resctor with or without the presence of other components of the reaction
mixture, ot #z site through separate addition of the metal complex and activating cocatalyst 1o
the reactor.

18054 The polymers of the invention can be usefully employed in a vadety of
conveniional thermoplastic fabrication processes to produce useful articles, including objects
comprising at least one film layer, such as a monolayer film, or at least one }ayar ina
multilayer film prepared by cast, biown, calendered or exirusion coating processes
(exemplary films include greenhouse films, heat-seal file, shrink films incleding clanty
shrink film, laminstion film, biaxially-oriented film, exirosion coating, liners, clarity Hners,
over-wrap film and agricultural film); molded articles, such as blow molded, ijection
molded, or roto-molded articles; exirusions, fibers; and woven or non-woven fabrics,
Maonolayer and multilayer films may be made according to the film structures and fabrication
methods described in U8, Pat. No. 5,685,128, Thermoplastic compositions comprising the
present polymers, include blends with other natural or symthetic polymers, additives,
reinforcing agents, ipnition resistast additives, antioxidants, stabilizers, colovants, extenders,
crosslinkers, blowing agents, and plasticizers.

{8091} Of parsicudar wiility are multi-compenent fibers such as core/sheath fibers, having
an outer surface layer, comprising at least in part, ope or more polymers of the mvention.
Fibers that may be prepared from the present polymers or blends include staple fibers, tow,
suulti-component, sheath/core, twisted and monofilament.  Suitable fiber forming processes
include spun-bonded, melt blown techniques as disclosed i USP 4,430,563, 4,603,220,
4668566 and 4,322,027, gelspun fibers as disclosed m USP 4 110, woven and
nonwoven fabrics as disclosed in USP 3,485,706, or structures made from such fibers,
including blends with other fibers, such as polyester, nylon or cotion, thermoformed articles,
extruded shapes, including profile extrusions and co-extrusions, calendered articles, and
drawn, twisted, or crimped varns or fibers,

092} he polymers of this invention are also useful for wire and cable coating
operations, as well as in sheet extrusion for vacuum forming operations, and forming molded

articles, including the use of injection molding, blow molding process, or roto-molding
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processes, Compositions comprising the olefin polymers can also be formed inte fabricated
articles such as those previcusly mentioned using conventional polyolefin processing
techniques which are well known to those skilled in the art of polyolefin processing.
[6093] Dispersions (both agueous and non-aqueous) can also be formed using the present
polymers or formulations comprising the same. Frothed foams comprising the inveated
polymers can also be [ormed, as disclosed in POT Appieation No. Z004/0275%3 filed August
25, 2004, Other foams include high strength foam, soft foam, rigid foarn, cross-tinked foam,
high strength foumn for cushioning applications, and sound Insulation foam.
941 Molding applications include injection molding; blow-molding; and exirusion
molding, e.g., pipe, including potable water pipe and high pressure pipe. Exemplary molded
articles include bottles, frozen food packages and varions interior and exterior automobiie
parts; and thermoformed articles, especially cups and plates, trays and conlainers.
8093 The polymers may also be crosslinked by any known means, such as the use of
peroxide, eleciron beam, silane, avide or other cross-linking technique. The polymers can
also he chemically modified, such as by grafiing (for example by use of maleic anbydride
MAH), silanes, or other grafling agent), halogenation, amination, sulfonation or olher
chemical modification.
13896} The polvpropylene polymers of this invention can be blended with other polymers
to form, among other things, useful fibars, films and molded articles. Suitable polymers for
blending with the polypropylene polymers of this invention are commercially available from
a variety of suppliers and include, but are not limited to, other polyclefing such as an ethylene
paiymer (e.c., low density polyethylene (LDPE), ULDPE, medium density polyethylene
(MDPE), LLDPE HDPE, homogeneously branched linear ethylene polymsr, substantially.
linear ethylene polymer, grafi-modified ethylene polymer, sthylene-styrene interpolymers,
sthviene vinyl acetate interpolymer, ethylene acrylic acid interpolymer, ethylene ethyl acetate
irterpolymer, ethylene methacrylic acid interpolymer, elbylene mathacrylic acid 1onomer,
and the like), olefin multi-block interpolymers, pelvcarbonate, polystyrens, conventional
polvpropylene {(e.g., homopolymer polypropylene, polypropylene copolymer, random biock
polypropylens interpolymer and the like), thermoplastic polyurethane, polyamide, polylactic
acid interpolymer, thermopiastic block polymer {e.g. styrene butadiene copolymer, styrene

butadiene styrene riblock copolymer, styrene ethylene-butylene styrene friblock copolymer
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and the like), polvether block copolymer (e, PEBAX), copolyester polymer,
polyester/ipolvether block polymers {e.g., HYTEL), cthylene carbon monoxide interpolymer
{e.g., ethylene/carbon monoxide (ECO), copolymer, ethylen zmnhc acid/carbon monoxide
(EAACO) terpolymer, ethylene/methacrylic acid/carbon monoxide gEMAAu_a) terpolymer,
ethylene/viny! acetate/carbon menoxide (EVACO) terpolymer and styrene/carbon monoxide
(SC0s, polvethylene terephthalate (PET), chlorinaed pelyethylene, and the like and
mixtures thercof.  In other words, the propylene-cthylens (P-E) copolymers used in the
practice of this invention can be 2 blend of two or more polyolefing, or & blend of one or
more polvolefing with one or more polymers other than a polyelefing I the P-E copolymer
used in the practice of this invention is a blend of one or more polyolefing with one or more
polymers other then a polyolefin, then the P-E copolymer comprises at least about 1,
preferably at least about 50 and more preferably at ieast about 90, wi %0 of the total weight of
the blend.

[8897] The olefin multi-block interpolymers that can be used as blend components in the
nractice of this inventien are exeniplified by the ethylene multi-block copolymers made with
two catalysts incorporating differing guantities of comonomer, and these copolymers have a
weight ratio of blocks from 95:5 to 5:95. Represeniative of thess olefin mulii-block
nterpolymers are the olefin multi-block interpolymers to be manufactured and sold by The
Dow Chemical Company under the trademark INFUSE™

398} The ethylene multi-block copolymers desirably have an ethylene content of from
20 1o 90 percent, optionally a diene content of from 0.1 to 10 percent, and an alpha-olefin
content of from 10 to B0 percent, based on the total weight of the polymer.  Further
preferably, the multi-block copolymers have an etiylene contend of from 60 to 90 percent, 2
diene comtent of from 0.3 to 10 percent, and an alpha-olefin content of from 19 to 40 percent,
hased on the total weight of the polymer. Preferred polymers are high molecular weight
polymers, having a weight average molecular welght (M) from 10,000 to abou 2,500,000,
preferably from 20,000 to 300,000, more preferably from 20,000 to 350,000, & polydispersity
fess than 3.5, more preferably less than 3 and as low 2¢ about 2; and a Mooney viscosity (ML
(1+43125 C.) from | to 250, More preferably, such poelymers have an ethylene content from
85 to 7S percent, a diene content from € to 6 percent, and an alpha~olefin conterd from 20 1o

35 percerdt.
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R The ethylene multi-block copolymers also typically have a density of less than
about §.94, preferably less than about .89, more preferably less than about 0.883, even more
preferably less than about (.88 and even more preferably less than abow 0.375, g/loe. The
ethylene multi-block copolymers typically have a density greater than about .85, and more |
preferably greater than about (.86, gfee, Dieusily is measured by the procedure of ASTM D-
792, Low density sthylene mulii-block copolymers are generally characterized as
amorphous, flexible and having good optical properties, e.g., high transmission of visible and
U¥-light and low haze.

801881 The ethvlene mulii-block copolymers useful in the practice of this invention
typicaily have a melting point of less than about 125, The melting point Is roeasured by the
differential  scanning sa%mimz—:i‘r’y (D3C) method  described In WG 2005/080427
(US2006/0199930). Ethylene multi-block copolymers with & low meliing point often exhibit
desirable Hexibility and thermoplasticity propertiss ussful in the fabrication of the modules
of this invention.

1081611 The ethylene multi-block copolymers used in the practice of this invention, and

their preparation and use, are mere fully deseribed in WO 2003/050427, US2006/0199931,

US2006/0199930, US2806/019991 4, URZ006/0199912, US2006/018951 1,
US2006/019%910, USZ006/0159908, LS2006/0159907, US2006/01 99906,
US2006/31 99905, USZ006/0159897, US2066/019989¢6, US2006/01 99887,

US2006/0199884, 1US2006/0199872, USI008/0199744, US2006/019%G36, US2006/149006
and USZ006/0169083,
[G0182]  The following examples further iilustrate the invention. Unless otherwise noted,
all parts and percentages are by weight,

SPECIFIC EMBODIMENTS

1001631 All of the inventive propylene-sthviene copolymers are produced using bis((2-

axoyl-3-{dibenzo-1 H-pyrrole-1-yD-3-(methyDiphenyl -2 -phenoxymethyl-methylenstrans-

i,2-cyclohexanedivihafnium (V) dimethyl (Catalyst A).  The comparative propylene-

ethylene copolymers are commercially available and manufactured using [N-{2,6-bis(l-
ST Y

methylethylipheny!l-a-[2-(1-methviethyDphenyi]-6-(1 -naphthaleny b C2)-2-pyridine

methanaminato{ 2- 3N 1, xN2 idimethyi-hafnium (Catalyst B),
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36164]  The propylenc-cthylene copolymers used in these examples are made according to
the following procedurs. The catalyst and cocatalyst component solutions are metered using
pumps and mass flow meters and are combined with the catalyst flush solvent and introduced
into the bottom of the reactor. The cocatatyst used is a long-chain alkyl ammonium borate of
approximate stoichiometry gqual 10 methyl difoctadeeyammonium
'tei'ra}s;is(pamaﬁuomphsz:nyi}barate (MIXB) combined with @ ferilary  component,
iisobuiyDaluminum modified methalumoxane (MMAD) contalning a molar ratio of
i-butylmethyl groups of about 1/3, For Catalysts A and B, the cocatalyst is in a molar ratio
hased on HT of 1.2/1, and MMAG (2571 AVHD,
180185]  The polymerization process is exothermic. There are about 900 BTUs rsleased
per pound of propylene polymerized and about 1,500 BTUs released per pound of ethylens
polymerized. The primary process design consideration is the removal of the heat of
reaction. The propylene-sthylene (P-F) copolymers are produced in a low-pressure, solution
polymerization loop resctor, made up of a 3 inch loop pipe plus two heat exchanges, the total
volume of which is 31.4 gallons. Solvent and monomer (propylene) are injected into the
reactor as a liquid, The comonomer (ethylene} gas is fully dissolved in the figuid solvent.
The feed is cooled to 5°C before injection into the reactor. The reactor operates at polymer
concentration between 13 and 20 wi%. The adiabatic temperamff: rise of the solution
aceounis for some of the heat removal from the polymerization reaction. Heat exchangers
within the reactor are utilized to remove the remaining heat of reaction allowing for reactor
temperature control at the reaction temperatures (reported In the following tables).
[66166]  The solvent used is & high purity iso-paraffinic fraction available from Exxon
under the trademark Isopar B, Fresh propylenc is passed through a bed of Selexsork COS for
purification before mixing with a recyele sirearn containing solvent, propyiene, ethylene, and
hydrogen. Afier mixing with the recycle stream, the combined stream: is passed through a
bed of 75 wi% Molecular Sieve 13X and 25 wi% Selexsorb CD for further purification
before using & high pressure (700 peig) feed pump to pass the contents o the reactor. Fresh
ethylene is passed through a Selexsorh COS bed for purification before compressing the
stream to 750 psig. Hydrogen {a telogen used to reduce molecular weight) is mixed with the
compressed ethviene before the two are mixed/dissolved into the liguid feed. The total

siream is cocled o an appropriate feed temperature {5°C). The reactor operates at 580-
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[00113)Dynamic. Mechanical Rhie o [00114] Additional data for demonstrating thed shear thinning
behavior of inventive polymers is based on dynamic. methanicai theology (DMS) data obtained at
190C melt te%é?%“\’ﬂ%3%'r the shear rate frequency range of 0.1 to 100 r JidfS e EEEshd (r/s).
Complex viscosity versus shear rate frequency data arc shown in FIGURE 1. These viscosity curves
demonstrate the (improved) shear thinning behavior of the inventive P-E copolymers, The examples

reported in F,ggjiJre,l_ ar§ furtheg@cﬁw%\r\racteﬂzed.usin Y ich Is.calculated, from the

.1 are furth racterized. using a logy, ratio ]

viscosity at 0.1 HS didic e“g“b‘y)t e V|sfé"‘§§i€y“é‘f| %éc%%%fgr?g %%%%ﬁygiaﬁg\glués reflect the overall slope
of the viscosity versusishiedn raedtioquency curisscahdy sre Eralogels t@’tﬁéﬁ%ﬁ% W#H@ P-E
copolymers with, higher, theolaayratia.values haxe higher drprayved) sheasthinning behavier.

100115]The Iow"e;)rﬁwscgsifies_ at higher shear rates are due to the Elgesence of long chain branching in
the inventive'PE BopORimERIeTRR ssEh & oS chahi Braidingisittisited 5P HiBh-linear
response of Mgglgf@g}ywm@%ggsqg@gg@@ﬁbg@@ data angghown. in Figure 2. For these data, a gel
permeation chromatograph ((i-PC) (é?%uigpg_g with triple detectors (laser Ii_gbtdscaltée%‘sg,g}ig‘l%?ntial
refraeton)etéf i Vis¢GrHRtER 18It e tF2THE tipiE dBIE AT BT Hiethod for §Uantiving 1ong chain
branching inspelyelefinsds.cleatly descrbed: hyMiood-Adams: Paulapkiéatyrdobrefidn. déBroet, A.
Willem; Redwine, 0. David, iR 11U .. oo e po0 Q0 HRELINEWMNCACl LS BAYOE .o
.ofiIkin6thYI§%"' Seromblscaled i(‘?’f)ﬁ%}‘f@3’(%0)5,‘3174%6"—"7%989?%%%%{?(?0%!@] e\g V\‘/it'Tt‘li)the tefc“r}miz%g %escribed
by Scholte etdfiih Jouwrivaioh AnplidPolyrder Suiehés) Mol 120137633782 ($9B43 e Ndddie skilled
in the art how to make a.simple.correstion. fas randamiy Rranches CoPOINMBES . AT RREIHato is the

ratio of the intrinSic viscosity value for the branched prqp%gne-ethylene copolymer divided by the

intrinsic viscouity-vatie folr e IIHedPprépyisHavethyiene €Opolymer REVIIG  imitar 8th{idrt?8bntent,

i.e., polymerdegsity. find, simitag.malecuylar waighhrbascmelh fannrate. aSinmdasraeansuithicdwenty

percent (20%) of each value. These g' ratios are calculated. at th\rjg numbedr avera%]e [lwol_egu'l_ar weight
va

(Mn) and weiGHb SYHraGe mgkistat Wit vamed (M e TXides Fsr e Contpara

Tng,
r'the co paraﬁve %xample
and the [#6108] Solvent and monomer vapors exiling the top of the devolatilizers are sent 10 2 '

coslescer, The coalescer removes polyvimer entrained in the vapor during devolatilization.
The clean vapor stream leaving the coalescer is partially condensed through a series of heat
exchangers. The two-phase mixiure enters & separation dram. The condensed solvent and
monomers are purified {this is the recyele stream described above) and re-used in the reaction
process. The vapors feaving the separating drum, mostly containing propylene and ethylene
are sent to a block flare and burned.

[60188] Each of the P-E copolymers of CE! and Examples [-4 contained about 5 wil%
units derived from ethylene. The number average (Mn) and weight average (Mw) molecular
weight values for these P-E copolymers are reported in Table 18, and the g’ ratios as well as
other properties of these P-B copolymers are reporied in Table 1C. These examples
demonsirate, smong other things, the higher shear thinming values for the inventive
copolymers as compared ic the commercially available copolymers. These data also
demnonsiraie that higher shear thinning values are obiained 65 the reactor lemperature is

increased Trom: 130 w0 160°C,
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entive examples are shown in. Table | C. g' =Ov brand 100117) The IV values are obtained at Mn and
Mw values. WO 2009/067337PCT/US2008/082599 100a pies are also characterized, for melt strength
at 190C. This method a a capillary rheometer equipped with a mechanical device that measures the
force on the BRHIAMdTten strand as a function of linear velocity. e meltpﬁFéW’H%%’rc shown in
Figure 3. Higher melt strength values are indicated by higher force versus velocity values,The
inventive P-F, copolymers exhibit higher melt strength values as compared to the comparative P-E
copolymer. T.ler%?lt strength data for the inventiv {?%J; copolymers are consistent with the higher
110/12 valués an higher rheology ratio values. ?\(/5% 19] éxtrusion Processing Comparisons [00120]
The Comparative and InventivefRlictopbiyrtierstepbited it Tebi&nudreigompared for melt
processability using a Haake extruder and drivé’ dotrelipiersThe extruder has a length:diameter (LID)
ratio of 24:1, an 18 millimeter (mm).diameter.single.screw.equipped.with a tube die having dimensions
of 2.54 mm outer diarketeroD) did 128! inRerdanieter(1D) FTHe the %%w$§53?638 mm. The
extrusion temperatute is set at T38E’ TR EopolyHiers @reTﬁfﬁ’lt extﬁg’g?d Q’s'ﬁ@?@?’%&iruder and die at

screw speeds of 20,§4@rﬁ§§)--ar§d-—8@-~rev§o+u£iqﬁs pergmintte-{fpm): Figre-4A-shows the shear rate

versus screw speed %f(iﬂ“F@VO"h;i:[iurg%pe migierte-{rprpgy catibrationicuryg; At 40 T the shear rate is
4,000 reciprocal seconds (seg1-4). At each screw speed, the extruder torque is monitored. At each
screw speed, the suffaCQqua ity okthe exdreided aiclei(tube) is'detesmined. The torqﬁ_ue Versus screw
speed data is shown in Figure 4B. These data show the improved processability.of the inventive
copolymers. In addition, for the cérhparative’ capéiybier melt fragturé i§ observeéd on the tube surface
at a screw speed of 20.rpm. Eor.the inventive.copolymers,.melt fracture.is.observed.on the tube
surface at 80 rpm. Thesé' melt fracture, ddfa®also Héﬁo@stréfe the inlfroved prdfessability of the
inventive copolymers.———TFhe-comparative-and-inventive-copolymers-reperted-in-Fable 2 are
extruded into monolayer films using a blown film extrusion process. The equipment uses is a
Gionchester W film line equipped with a 6-ip pge‘,ghe extruder is a 30:1 (L/D), 2.5 inch diameter,
single-screm;extru er equipped a barrier screw. Thé blown, film extrusion conditions are shown in
Table 3. The blown film thickness is i hickhdsepal@@sl trim (0.002 inch). For these
extrusion conditions, melt fracture is observed.on.the blown. film.prepared from the comparative
copolymers. Melt fracture is not observeidﬂd{ﬁ‘ﬁ?é@blo‘ film %\a}ed from the inventive copolymers.
WO 2009/967337PCT/US2008/082599 T-ABRL:E:2 J%E%%d%ﬁ@r;ies of P-E, Copolymers i Selected
Reaction Conditions [00124] More Extr@sior’f‘lf’roc;éséé‘ombahsoris 1001251 The Comparative and
inventive P-E copolymers reported in Ta?ﬁlé"zg“”ar‘é‘ﬁ@m@‘@“r"ég}m@ﬁielt processability using the Haake
extruder and drive control unit described for the comparisons reparted for the copolymers repotted in
Table I. The extrusion temperature is sef at IB0C. {Thigizppolymers are melt extruded using the
extruder and die at screw speeds of 20, 40, .60, 80, 120.and 160.rpm. At each screw speed, the
extruder torque is monitored. At each screw 8peed $#E%uPREEGuality of the extruded article (tube) is
determined. The torque versus screw speed-datais-shown. in-Fi dre 5. These data show the improved
processabiiity of the inventive copolymeis. in"addi?r}ié)]n{,}‘f%r_ the¢d {\fparative copolymers melt fracture is
observed on the tube surface at a screw-speed-of 40-rprt-and-=380C (Figures GA-64 These melt
fracture data also demonstrate the improved processability of the inventive copolymers. WO

2009/06733%5}%%[)82008/082599 10126;TABLE Ay 1o

1 Ao $O08

Selected Properties of the P-E Conolvmers

UEx. | 12 1 11412 | Dessity | g’ Ratio | ¢’ Rutio | Degree of | Isotacticity |
5 {2.16ks/ @WIIC | {glee) @Mo | @Mw Strata | {%mm) ”
2307 Hardening | \
TR R TR RN A R T
I 1 85 1 94 0887 L 003 L 098 L 19 4 96
2 e us 0887 1005 0096 G e o864
3 70 L 117 1 08B L GE1 . OG 46 o8
4 1 73 4 146 | 0887 ¢ 074 1 095 | -~ 96 |
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{B0113]  Dynamic Mechanical Rheology:

90114]  Additional data for demonstrating the iroproved shear thinning behavior of the
inventive polymess is based on dynamic mechanical rheology (DMS) dats obtained at 190°C
melt temperature for the shear rate frequency range of 0.1 to 100 radians per second (s},
Complex viscosity versus shear rate frequency data are shown in FIGURE 1. These viscosity
curves demonstrate the higher (improved) shear thinning behavior of the mventive
P-E copolvmers,  The examples reported in Figure | are further characterized using a
rheology ratio value which is caleulated from the viscosity at 0.1 r/s divided by the viscosity
at100 /s, The rheology ratio values reflect the overall slope of the viscosity versus shear rate
frequency curves and are analogous to the L'l rvatio. The P-E copolymers with higher
rheclogy ratio values have higher (improved) shear thinning behavior,

i

106113] The lower viscosities ai higher shear rates are due to the presence of fong chain

branching in the inventive P-E copolymers. The presence of long chain branching 1s
indicated from the non-linsar response of Mark-Fowwink plots or curves, Thess dala are
shown o Figure 2. For these data, a gel permesation chromatograph (GPC) equipped with
iriple detectors {laser light scattering, differential refractometer and viscometer) is witlized.
The iripte detector GPC method for quantifving long chain branching in polyolefins is clearly
described by Wood-Adams, Paula M, Dealy, John M.; deGroot, A, Willem; Redwineg, O,
D?ﬂy"ii‘h in Bifeet of Molseutaraacians an the Liner v

Macromelecules (2000), 33{203, 7489-7499. This coupled with the technique described by

s Sirgetues o the Linear i’mmihm o Rehavior ol Polvathivieng

Scholte et al in Journal of Anplied Polymer Science, Vol. 29, 3763-3782 (1984) teaches one

skilled in the art how o make a simple correction for randomly branched copolymers.
[36116]  The g ratic is the ratio of the intringic viscosity value for the branched propylene-
sthylene copolymer divided by the intrinsic viscosity value for the linear propylene-ethyiene
copolymer having similar ethylene content, Le.. polymer density, and similar molecular
weight, e, melt flow rate, “Similar™ mesns within twenty percent (20%) of each value.
These g’ ratios are calculated at the number average molecular weight (Mn} and weight
average molecular weight values (Mw). The g° values for the comparative example and the
inventive examples are shown in Table 1C,

g’ = {IV pranched’ ['Viincar_}

F00¥17]  The TV values are obtained at Mn and Mw values.
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00118]  The examples arc also characterized for melt strength al 190°C, Thiz method
utilizes a capillary rhcometer equipped with a mechanical device that measures the force on
the extraded molten strand ag & function of linear velocity. These melt strength data are
shown in Figure 3. Higher melt strength values are indicated by higher force versus velocity
values. The inventive P-E copolymers exhibit higher melt strength values as compared to the
comparative P-E copolymer. The melt strength data for the inventive P-I copolymers are
consistent with the higher 115/1; values and higher rheology ratio values.

601191 Exuusign Processing Comparisons

(00120]  The Comparative and Inventive P-E copolymers reported in Table | are pompared
for melt processability using a Haake extruder and drive conirol unit. The exiruder has »
lengthediameter {1/13) ratio of £ 24 1, an 1§ millimeter (mm) diameter single screw eguipped
with & fube die having dimensions of 2.54 mm outer diameter (OD) and 1.78 mm inner
diameter (ID). The die gap is $.038 mm. The extrusion temperature is set at 130°C. The
copolymers are mell extruded using the extruder and die at screw speeds of 20, 40, 60 and 80
revolutions per mimate {rpnt).  Figure 4A shows the shear rate versus scrow spoed {m
revolutions per mrinute (rpm)} calibration curve. At 40 rpm the shear rate is 4,000 reciprocal
seconds zisea‘"’}. At each screw speed, the exiruder torgue is monitored. At each screw
speed, the surface quality of the extruded article (tube) is determined.  The torgue versos
screw speed data is shown in Figure 4B, These data show the improved processability of the
mventive copolymers. In addition, for ‘e’.hf: comparative copolymer melt fraclure is observed
on the tube surface at a serew speed of 20 rpm. For the inventive copolymers, meit fracture
is observed on the tube surface at R0 rprm. These melt fracture daia alse demonstraie the
improved processability of the inventive copolymers,

[60121]  The comparaiive and inventive copolymers yeported in Table 2 are extruded into
monolayer films using a blown film extrusion process, The equipment uses is a Glonchester
blown filim line equipped with a 6-inch die. The extruder is a 30:1 {L/D), 2.5 inch diameter,
single-screw exirnder equipped a basrier screw. The blown Hlm extrusion condifions are
shown in Table 3. The blown fim thickness is contrelied to a thickness of 0.051 mm
{(}‘@GZ inchy. For these extrusion conditions, mell fracture is observed on the blown film
prepared from the comparative copolymers. Melt fracture is not observed on the blown film

wenared from the inventive copolvmers.
¥ -

32



0.876 A[301809 [001.27][..,ern) Term Pellet Blocking [001281 The comparative and inventive
copolymers of these blocking examples are described in Table 5. The ethylene-octene copolymer and
the random polypropylene copolymer are added to the base polymer, melt blended and pelletized_
The ethylene?§tt8fe’%e6olymer has a density of 0,900 glee and a melt ind’&?’(‘i%%ﬁ%@@ggand 2.16 kg)
of 6.0 gill) mm. The random polypropylene copolymer also has a density of 0.900 g/c.e and a melt flow
rate (112 at 230C and 2.16 kg) of 7.0 g/10 mm. 1001291For each sample, approximately 100 grams of
.- pellets are plg%té(ﬁg_,ﬁ'? a 2-inch diameter, two-pie ’\f% : shell" metal cylinder. A 4.25 pound (Ib) load is
place on the t$ in the cylinder. This amount o ight simulates the load placed on the bottom
layer of an eight layer pallet (50 Ib bagk)iFhe&eytinagers Rith{thpopellets are placed in an oven at 37C.
After 4 weeks the cylinders with pelletsgiSramovEdfetion thendismsthe toad is removed, and the

outside metal cylinders ere;openpd:-THerpEonipRty el SreRuIty ISKSIRTTIRgLanits of pounds per
square feet (Ibift2) fromithe maximum leadflb) epvdhe pellgts befase frasture(Jibe data of Figures 7A
and 7B clearly demonstrate the non-blocking character of the ifzentivesgopolymers.
VCEZD 2 ] 113 1 0888 LB L 105 L e 1 s Y
CERTTTR 57 R BT s T TR S
I B T RO T R S T R TV
& 2 49 6.876 A 13 g0 B
(08123] TABLE 3
' Blown Fim Fxirnsion Conditions
| Example | Screw Bie Set Melt | Film
Speed | Temperatere | Temperatare Surface
{xpm} {°C} ALY T
CCEZ L oe9 g0 a3 o Mt Fracture
LRy 1 83 0 2% 230 \ Melt Fraciure
5 59 210 : 231 Wo Melt Fracture
& 49 210 218 | No Melt Fracture

{60124] More Exirusion Procgssing Comparisons

[B8125]  The Comparative and Inventive P-E copolymers reporied in Table 4 are compared
for melt processability using the Haake extruder and drive control unit described for the
comparisons reported for the copolymers reported In Table 1. The extrusion temperature 13
set at 180°C. The copolymers are meli extruded using the exirader and die at screw speeds of
20, 40, 60, 80, 120 and 160 rpm. At each screw speed, the exiruder torgue is monifored. At
each screw speed, the surface guality of the extruded article (tube} is determined. The torgue
versus screw spead data s shown in Flgure 5. These data show the improved processability
of the inventive copolymers. In addition, for the comparative copolymers melt fracture 18
observad on the tube surface at a screw speed of 40 rpm and 180°C (Figures 6A-60). These

melt fracture data alse demenstrate the improved processability of the inventive copolymers.
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WO 2009/067337PCT/US2008/082599 [00130]TABLES Description of he Copolymers Used for the
Blocking Comnarison [001311Cornpositionajrifi D [00132]Samples: [00133] Three samples are
evaluated using CPC-FT/IR methodology. Examples 15 and 16 use prop)él%r,;% %Q&g;l%nzes copolymers
prepared with é%%ﬂ{?éﬁﬁ?. For comparison, a random copolymer polypropylene samp?e E&ES) is also
evaluated.. The comparative sample is produced with a conventional Ziegler-Nails catalyst. All three
samples are further described in TABLE 6 [00134] Measurement: [00135] The GPC-PT/IR
techniqueall@veg?] f&r the measurement of fractioggb?‘cgjxrmer compositions as a function of polymer
molecular welig| % This characterization technique utilizes gel perm chromatography (('PC) coupled
with Fourier Transform Infrared Spettresed By«(RTHIR ) IFoF thig @lbiElg&is, Waters high temperature GPC
unit (#150C) is coupled to a Magna Siiderr 6o BEAF ONaESEESES, Milford, MA). The mobile haor
solvent is tetrachloroethylene. The following.references.described. this.technigue.......Deslauriers, D.C.
Rohlting, E.T, Hsieh, "Qual#§ifls Short ChaifBrantfifig mfﬁﬁi}/! 24 plefi ?&%Fd%ers using Size
Exclusion Chromatography and Fourier Teangform If&red E%C@rg?s?ggﬁy' {Elély er, 43, 1.59-170
(2002). R.P. Marké; AehrbRrtaziitsk: Smiths; ACS Symposium S*’ETTQS“@hT’Qﬁ‘IétOgI{@phy of Polymers,
521, 270-276 (199;33’,,_‘.;[ U 36'% T4F1e samples are dissolved in tetrachlorogthylenc and analyzed on the
CPC-FT/IR. The sarrpies e separated by mglecylag yyeight fraction-and as-these ftactions elute, they
are analyzed by the:EEAR, For propylene based polymers,:the infrared spectraliregion.from 2.750 to

100 crif' is obtainefs a function of moleculardweiabt.3#thin this spéetral région, te partial
absorbance area dt greater.than 2940.cm!s.is.used.for.the methyl. content..From.these-measurements,
one skilled in the art can de}yelop} e]thy_lenqrcqntent calibration curves for comparing the compositional

=3

drift of the sgﬁﬁﬁﬁé verSis ht distribution. The compositional drift is calculated as
the weight pgreers ethyleneeontantatthe 0% tumulativeddRCofrabtian dndidtghe:209eeuanulative
CiPC fraction. These two.ethylene yalues are subtracted and the result is then divided by the.weight
percent ethy éﬁcéig%thtghtzc%) {'}‘le"'sar%l%l e ot i%%fﬁ%ﬁ%‘fyéi} 1 883%§1§£th GP@:ET/TR%%[’\%&S for the
three samplesaigmshown-iFgurés Theseolyishiowthdethigé nedamieitdersts 1OFIEMBIESHlar
weight. Ffor@&?&%g&% the compesitional drift is.calguiaied. ) surmany:efihe cempasitignal drift
data are presented in TABLE 6. [00139] ~ L

min. The random polypropylene copolymer also has a density of ¢.900 g/oc and a melt flow

vate (I at 230°C and 2.16 kg of 7.0 g/10 min.

f90129]  For each sample, approximately 100 grams of pellets are placed in a 2-inch
diameter, two-plece “clam shell” metal eylinder. A 4.25 pound (b} load is place on the
pellets in the eylinder. This amount of weight simulates the load placed on the bottorn layer
of an eight laver pallst (50 Ib bags). The cylinders with the pellets are placed i an oven at
37°C,  Afier 4 weeks the ovlinders with pellets are removed from the oven, the load is
rermoved, and the cutside metal cylinders are opened. The unconfined yvield strength is
determined (units of pounds per sguare fect (I6/6%) from the maxdmum foad (Ib) on the
pellets before fracture. The data of Figures 7A and 7B clearly demonstrate the non-blocking

characier of the inventive copolymers.
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Selected TABLE 6 Properties of P-E Copolymers and Compositional Drift Data Sample No. Figure
12W1t% hotactleity Compositional (230C)Ethylene (mole% mm) Drift 158 5

WO 2009/067337 PCT/US2008/082599

101 38] TABLES

Description of the Conolvimers Used for the Blocking Comparison

Ex. | Iz Density | Catalyst | Additional { Ethyl
L @30y | (gieey | Type | Copolymer | (wt%)
- § Deseription %
CEE 2 08s8s L B R
8 208585 1 A | Rase Copolymer | 15
e e 1w b Ex 8 with 10 with
: : ¢ Bihylena-Octene
N S . Copolvmer 3
T T B 8 with 10wt
: ! : Random
Polypropylene

Copotvimer

g g8 1 0.8585 A | Base Copolymer | 15
2 - - VB 1] with 10 wit%
Fibylene-Octens |
: L Copolvmer &
IR IR T, o Ex. 1] with 10 wi% |
; Random :
Polypropylens
. Copolvmer R
14 23 0.8584 A Hase Copolymer | 19

18131 Compositional Doft Avalvsis
8132 Samples:

(60133]  Thres samplss are evaluated using GPC-FI/IR methodology, Fxamples 15 and

{6 use propylene-cthylene copolymers prepared with Catalyst A, For comparison, a random
copolymer polvpropylene sample (CEB) is also cvalusted. The comparative sample is
produced with a conventional Ziegler-Natta catalyst. All three samples are further described
in TABLE 6.

(80134] Measuwrement

[80135] The GPC-FT/IR technique allows for the measurement of fractional polymer
campositiﬁns zs & function of polymer molecular weight, This characterization techuique
utilizes gel permeation chromatograplyy (GPC) coupled with Fourier Transform Infrared

Spectroscopy (FT/IR).  For this analysis, a Waters high temperature GPC umit (#150C) is



9621 16 812968 CBS 7,93 -150 [001401Extensional Viscosity Analysis 1001411Samples:
100142] Extensional viscosity measurements are made on a propylene-ethylene comparative example
(CE9), on two different propylene-ethylene polymers of the invention (17 and 18), and on a PRO-FAX
PF814 by BEI2HE&Hns (a post-reactor, branched polypropylene) (CEEIY SAatf4rative example.
Extension How measurements are described in John licitly and Ronald Larson, Structure and
'theology of Molten Polymers (2006), Hanser Publishers, Munich, 1001431The "degree of strain

hardening ISLKT}H{EQg r{()j gf%‘(jnlg tgg%tgrng\é% Eelf Eﬁer(\g%cr Corp, Milivrd, MAL). The mobile phase or

o

solveni is tetrachioroethyviene. The following references described this techungue,

PJ. Deslauriers, D.C. Rohlfing, BT, Heieh, “Quantifying Short Chain
Pranching in Bthylene i-olefin Copelymers using Size Exclusion
Chromatography and Fourier Transform Infrared Spectroscopy”, Polymer,

43, 159-170 (2002,

RP. Markovich, L., Hazlitt, L. Smith, ACS Symposgium Series:
Chromatography of Polymers, 521, 270-276 (1993}

TB0I36]  The samples are dissolved in tetrachloroethylene and analyzed on the GPCFT/AR.

+

The samples are separated by molecnlar weight fraction and as these fractions elie, they are
analyzed by the FT/IR. Por propviene based polvmers, the infrared spectral region from
2750 to 3050 cm” is obtained as a function of molecuiar weight, Within this spectral region,
the partial absorbance area at greater than 2940 om™ is used for the methyl content. From
these measurements, one skilled in the art can develop ethylene content calibration curves for
comparing the compositional drifl of the samples versus the molecular weight distribution.
The compositional drift is calpulated as the weight percent ethylene content at the 90%
cummalative GPC fraction and at the 10% cumulative GPC fracton. These two ethylens
values are subiracted and the result is then divided by the weight percent ethylene content of
the sample.

8137 Analysis:

[00538]  The GPC-FT/IR curves for the three samples are shown in Figures 8A-3C. These
data show the ethviene comtent versus logy molecular weight.  From these data, the
compositional drift is caloulsted. A summary of the compesitional drifi data are presented in

TABLE 6.
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(Chapter 10, pp, 381 and 382). One skilled in the an can calculate the "degree of strain hardening" by
comparing and measutring extensional flow and melt viscosity data. [001441 TABLE 7 Sample.

information Example No,Catalyst Reactor Temperature 100C A 130C
WO 2009/067337 PCT/US2008/082599

{00139} - TABLES

Selected Properties of -1 Copolymers
and Compesitional Drift Data

Ef'Szgmpie No. | Figure | 12 | Wit% | Isetacticily | Cﬂmpééiﬁénai
o _ | (230°C) | Ethylene | tmole% mm) | - Brift
5 7SN T T
? ST 1 S ) 86 ;
TTTCEE T R 7SS &3 -150

5148 Extensions! Viscosity Analysis
[301411  Samples:

00142]  Fxiensional viscosity measurements are made on & propylene-ethylene

comparative example (2B9), on two different propylene-ethylene polymers of the inventicn

(17 and 18), and on a PROSFAX PFEI4 by Basell Polyolefins (s post-reactor, branched

potyoropyviens) (CE10) comparative example.  Extension flow measurernents are described

in John Dealy and Ronald Larson, Structure and Rbeology of Molten Polvmers {20065,
Hanser Pubiishers, Munich.

86143} The “degree of strain hardening” is further defined in the gbove reference
(Chapter 10, pp. 381 and 382). One skilled in the ari can calculate the “degree of sirain
hardening” by comparing and measwring extensional flow and melt viscosity data.

08144} TABLE7

Samnie Information

Example Mo, Catalyst Reacter
= Temperature
. CEL B TS
IR S A A 130°C
SN N A RS

CELD . Not Applicable | Not Applicable

[00145]  Specimen Preparation

({#0146] Test specimens for exiensional viscosily measuremnent are prepared on &
programmable Tetrahedron bench top press. The program held the melt at 177°C (350°T) for
3 minutes at a pressure of 1500 psi (10" Pa). The chase is then removed lo the bench top to

ryv - s PR -y 2 )
cool, The 0,79 mrn thick chase is Teflon coated with three 7751 mm”® rectangles, Afier the
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4 Ati5C CE 10 Not Applicable rNot Applicablel [00145]Specimen Preparation:
100146)Testspecimensforextensionalviscositymeasurementarepreparedona programmable
Tetrahedron bench top press. The program held the melt at 177'C (350I) for 5 minutes at a pressure of
1500 psi (10%%’:&%375 then removed to the bench top to coot. The 0. 7§ MRt R4se is Teflon
coated with three 77x51 mmz2 rectangles. After the samples are pressed, test specimens are die-cut
using a punch press and a handheld die with the dimensions of 10x18 nun' (WxL). The specimen's
thickness (usually in the rar}%e 0f 0.7 -.1.2 mm) and width are mea L%[’gzgﬁ dJ%?%%?@ﬁ%h%ﬁ

measuremefits Aré entéred i the test lsﬁgfjf) ‘and Used in the ihstrument ca culations. P01471 Test
specimens forrdetoviscosity MeaSuremenit de pidpansdiond programaliistrBirandbirortserich top

prese. The pyoaram held ihe Meh AtMALS. (P01 [oliniea AL Riessure ol a0 pel (Y Pa)

The chase is then femoved to the bench top to cool, The Teflon coated chase was 3 rum thickness

and produceds28:rmmitianseter festispesipners cdidksy: These disks are used for measuring the inch

viscosities ofdheyexamples, [00148] Measurements: (001491 Extepsignal.viscesitiesaremersured. at
180C by using the Extensional Viscosity Fixture (EVF). Figures 9A and 913 show sketches of the

fixture, The e TSR PR HE acCHMPNEEATE i A RRES ThESmatsr OVER “TREHEIer film is
attached ontg.gach ef theytwesdrhs by arpin:the Ruamisdhenglosertodatihefemperatirse

equilibrate. The test suns with otating the outer drum around the center drum while the center drum is
fixed during & t8<CAE SABA T Fig f’e%léﬁgﬁsﬁ%aé}ﬁtﬁ"é’ ? (ﬁ’

B&t9sdifiieifto three Zones. The first zone
is the pre-stratth) zanesthditisteetohed thedfilata; {iklrsgconds:iiitie plwposenplthis step is to reduce
film huckll stgin e (@908 110k

6149]  Extensional viscosities are measured at 180°C by using the Hxtensional Viscosity

Fixture (EVF). Figures SA and 913 show skeiches of the foxture, The fixture is designed fo

be sccommodated in an ARES rheometer oven. The polymer film is attached onto each of

the two drums by a pin, The oven is then closed to let the temperature equilibrate. The test

starts with rotating the ouwter drum around the center drum while the center dram is fixed

doring the test as shown in Figure 98, The entire test is divided into three zones. The first
zone is the pre-stretch zone that stretches the film at & very low strain rate (0005 < for .
b} ssconds. The purpose of this step is to reduce film buckling caused by film loading. ft1s
followed by a relexation zone (10 sec) to minimize the effect of possible residual stress
introduced during compression molding, The third zone is the streich zone where the data
are used for analysis. Four Hencky strain rates of 0.01, 0.1, 1 and 10 5" are applied for cach
sample, and a new specimen s used for each strain rate.
(00150} Melt viscosities are measured at 180°C by using s dynamic mechanical
spectrometer {ARES Rheoraeter, TA Insituments). Bach polymer specimen is placed in the
ARES rheometer oven between two 25 mm diameter, paraliel metal fixtures. The oven is
closed to let temperature equilibrate. The distance between the two metal fixtures is adjusted
o 8 2 mm gap, Melt viscosity values for each sample are then oblained from 0.1 to 1800 57
These melf viscosity data are used with the extension viscosity data to caleulate the “degree
of strain hardening™.

HHIISYT  Results and Anabyvsis:
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ised. by film loading. It is followed by a relaxation zone (10 see) to Minimize the effect of possible
residual stress introduced during compression molding. The third zone is the stretch zone where the
data are used for analysis. Four Hencky strain rates of 0.01, 0,1, 1 and 1(% ¥/8§§@3§?¢%£‘§99f0r each
sample, and‘@%zg%‘&(l &h is used for each strain rate. 101501 Melt viscosities aie measured at 180C
by using a dynamic mechanical spectrometer (ARES Rheorneter, TA instruments). Each polymer
specimen is placed in the ARES rheometer oven between two 25 mm diameter, parallel metal fixtures.
The oven is to Jet tempgrature eqyiliorate. The distangce hetwegn woraetal:fixiungs is
adjusted to 2@ gfr'ﬁﬁ gaﬁ‘f’xﬁé’lt@\‘;is%;cl%ﬁi/ va ﬁgﬁtc% g;ac%h i%p?g_ ﬁ%ﬁfﬁ c{)%fagilgl\!e\qéﬁ?im 0.1 to 100 s*
These melt visooivyoigare higed WithTheé XEHSIBRIISESSHY At taltutats té Sd8Y5ré%of strain
hardening”. Results.and Analysis::R04521 Figures e the-extensionalrisaoriiyetesulidos thevsamples. It
can be seen f?orr] Figure 10 that the CID sample produced wjth Catalyst B Bﬂ]?es nqgrshow ar
significant sHERFREGIEIRGEE 1 TEUFSH rHiss STHESE IR ﬁﬁﬁ?ﬂa‘f‘éﬁﬁ%ﬁ $EHRIR Branching is
present in the sampe rEhisisdrsausgindineansemiceystallinepelyrasrsy suich as:BsRRyae
molecular wehas to be extremely high to achieve strain hardening at experimentally siblein rate,
and this is notH&CaSE 167 %ﬁ@?ﬁﬁ’fﬁ?@%"fﬁg s Sty apﬁeé%&tﬁelﬁsﬁ%ﬁg é%ﬁ%ﬁéﬁ@s%%ﬁ%%onsistent
with the GP@x¥ ripigvDetecton datanaiherecnnydesiatiorefrorrothsésine arifefarehibe rartiAlgasobserved

in the MarkHouwink plot, 1001531Rowe er. far, moleeyles with mulfi-branches. moleculanstructure,in

hardening cih be easily obtained. Figures 11 and 12 show the extensional viscosity result for Samples

| and 4, resgéctively,riade Catalyst A but at different reactor temperatures. Strain hardening can be
observed fo@igﬂ%?ar@@gﬁ%ﬁq%mgﬁ%@.ﬁke\mﬁ%zﬁt~B§%@Fe@§5@zﬂ%@§‘@fctme, sieaShiaiseIeh

stronger strain hardening than that of the one made at lower reactor tempeyature i%1@0 Q), @g a
comparison e sz ShaiRAsc oLl Bt CEIT, HoBiineroris SVARRBIE SHECTEALSF mdditied
long-chain branghed:RelypreRylens sample; istneaslifed:at thesame sandition SThi tesiitiscshown in

Figure 13. Even stronger strain hgﬂﬁenin %an be,f)h]gerved from the plot, 1. 9:154%5“'\(:{@%989:1:”

qualitatively E¥albatiry it coth pifin gStrain hafdening, SF° "iatarials iethe 1sé of a 'reduced”

extensional viscesityersidegreeiofstraia Rante hiniboefineeh akbefone one made at fower reactor
temperature (130°C)  As a comparison, the exlensional viscosity of CEI0, a commercially
available, post-rezctor modified, highly long-chain branched polypropylene sample, 18
measured at the same condition. The result is shown in Figure 13, Even stronger strain
hardening can be observed from the plot.
(00154} A method for qualitatively evaluating and comparing the strain hardening of

Jifferent materials i3 the use of a “reduced” extensional viscosity or “degree of stramn

hardening”, which is defined as below:

where £ 1is the strain rate, 775 1¢ the extensional viscosity and 7" is the viscosity obtained from
tinesr visco-slustic measurernent at the same femperature, such as frequency sweep or the
start-up of the Jow shear rate steady shear measurements. In theory this vaue should be
equal o one if there is po strain hardening and should be greater than one if sirain hardening
is present, For these evaluations the viscosity value »° from the meit viscosity measurement
at the same temperature {180°C) is used,

{00155]  Table 8§ compares the degree of strain hardening values, as caleulated using the

above equation, for the reported samples. For these caleulations, the extensional viscosily
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where c.f' is the strain rate, f,t; is the ri is the viscosity obtained from linear visee-elastic measurement
at the same temperature, such as frequency sweep or the start-up of the low shear rate steady shear
measurements.theory tins value should be equal to one if there is no strain hardening and should he
greaterone iMERAMNMERg. is present. For these evaluations the viscosity"GAIFE M 0r*tHe melt
viscosity measurement at the same temperature (1 WC) is used. [001551Table 8 compares the
degree of strainhardening values, as calculated using the above equation; for the reported samples.
For these calculations, the extensional viscosity WO 2009/067337PCT/US2008/082599 data are
obtained an$ERdFBA S Rt AR O %ﬁ%‘;ﬁ % OePeilc%ng{?géoBﬁ grhleeams%l“ ”ﬁw%%{%n%éggg%%
seconds. Thgneoresgondingsnéltviscosityvdlugsraie witained dtes strainttateéfd [DFISBFABLE 8
Degree of Strajn IHardening at a Strain Rate of | s1" and at the Elongation Measurement Time of 3
Seconds: - Degtee of Strain Hardening :

[B0156] TABLE S

Degree of Strain Hardening at & Strain Rate of 1 7
gnd at the Flongation Measweiment Tine of 3 Seconds

-

“Exampic No. | Degree of Strain Hardening | Isotacticity (Yeram)
@ i s and Flongation
of Measurement Time
L N ; of 3 sec .
CEl e Lo 97

: - — e
""" S LT
CEI0 e 203 2

00157} Although the invention has been described in considerable detail through the
above specification and oxamples, this detail is for the purpose of illustration. Many
variations and modifications can be made without departing from the spirit and scope of the

invention as described in the following claims,
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@ 1 s4 and Elongation of Measurement Time of 3sec CE1 1 4 CBI 0 [00157]Although the invention
has been described in considerable detail through the above specification and examples, this detail is
for the purpose of illustration. Many variations and modifications can be made without departing from
the spirit and scope of the invention as described in the following claims. CLAIMS 1.A substantially
isotactic propylene interpolymer having long chain branching and propylene chain segments having a
chain isolacticity triad index of at least 70 mole percent and comprising (A) at least 60 weight percent
(wt%) units derived from propylene, and (B) betgreamykand 40 wt% units derived from ethylene, the
propylene interpolymer characterized by a g' ratio, as defined in the experimental part of the

description, of less thag éuﬁ@ﬁﬁﬁb!ﬂ?%%&i@ﬁ%rp@?%&ﬂ@ﬁ%ﬁﬂ@ﬂ%ﬁ@@lﬁ%@%ﬂ%@%@ﬂ@ﬂ”d

wherein the isotactic propylene interpolymer is free of diene-containing comonomers. 2.Thé isotactic
propylen&r REESGIhaE: SEEIERiA Rangchael Y Iratis Y fEed {Rdsr o Dat dertie sptaleiepreyiehe
interpolygagtefsGlainm lacompissinghetwernnt and3AMiduasnitsidesiveddrmetnylens) cipsisotactic

ropylene interpolymer of Claim 1 further characterized by at least
propy i anc? 0 \Xft% units c?erzved %rom ethylene, the prop))/fiene interpolymer characterized by a g’

ratio, as defined in the experimental part of the description, of less than 1 measured at
interpolymer number average molecular weight (Mn), and wherein the isotactic propylene

interpolymer is free of diene-containing comonomers.

2. The isotactic propylene interpolymer of Claim 1 in which the g’ ratio is less
than 0.96.

3. The isotactic propylene interpolymer of Claim 1 comprising between 1 and 20
wt% units derived from ethylene. '

4. The isotactic propylene interpolymer of Claim 1 further characterized by at least
one of the following properties: '

(a) A weight average molecular weight (Mw) as measured by GPC of at least 50,000

grams per mole (g/mol};

(b) A unimodal molecular weight distribution, and an Mw/Mn of less than 4;

(c) A critical shear rate at the onset of surface melt fracture (OSMF) of at least 4,000

_ sec"I, determined as .disclosed in the description; and

(d) A nominal weight percent crystallinity of from greater than 2 to 40 wt% as
measured by DSC. _

5. The isotactic propylene interpolymer of Claim 4 further comprising at least two of
properties (a)-(d}.

6. - The isotactic propylene interpolymer of Claim 4 having a Mw/Mn of less than
3.5.

7. An article comprising the propylene interpolymer of Clamm 1.

8. The article of Claim 7 in the form of a film, fiber, sheet, tube, molded profile,

coating, dispersion, emulsion or foam.
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one of the following properties: (a) A weight average molecular weight (Mw) as measured by GPC of
at least 50,000 grams per mole (g/mol); (b) A unimodal molecular weight distribution, and an Mw/Mn of
less than 4; (c) A critical shear rate at the onset of surface melt fracture (OSMF) of at least 4,000
sec-1, deteunined as disclosed in the description; and (d) A nominal weight percent crystallinity of
from greater than 2 to 40 wt% as measured by DSC. 5.The isotactic propylene interpolymer of Claim 4
further comprising at least two of properties (a)-(d). 6.The isotactic propylene interpolymer of Claim 4
having a Mw/Mg of le . 3.5 artigle . comprisi e propylepe interpolymer, of Claim 1. 8.The
article of Claim @7 in thzfl?g%[%geaotﬁcrﬁ,y%gr,l %fﬁ%%?&%%gfggﬁjog% ifeaf %33#‘1%1,}% |s‘§lr ers gﬁf"%‘“’ ulsion
or foam. film, sxinih&larlceiotGaifiay, irakielivroniofted Bhet oraigba graediious diditm oheatsgal film,
shrink fi'@lﬂ?ﬁ]@?ﬁl‘?&fﬂﬁm lﬁiﬁ?l(_ially-oriented film, extrusion coated film, liner, over-wrap film and
agricultural film. 10. The article of Claim 7 in the form of a multi-component fiber. 11. The fiber
of Claim 10 in tA8-fornT bt aréeleréidain fiveilia oniehithensiibstmpensnisihastic propylene interpolymer
comprises an oyier SUFRACBHAYSF Claim 44 HERELAGIAIM A inhe [oem ofiass Lﬁﬁﬁ?ﬁ{ﬁéﬁ fiber,
m

twisted fiber or monofilament. 13. A crosslinked, substantially isotactic propylene interpolymer of
Claim 1.1s0tactit ROpIdRBeABIFIBRYTS TReSRIbS R At AINersBifete laFspylene interpolyrner of Claim 1 and

at least one other polymerfiber of Claim 11 in the form of a staple fiber, tow fiber, twisted fiber or
monofilament.
13. A crosslinked, substantially isotactic propylene interpolymer of Claim 1.
14. A blend comprising the substantially isotactic propylene interpolymer of Claim 1

and at least one other polymer.
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