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following properiies: (1) a g’ ratio of less than 1, preferably less than 0.95, more preferably

fess than 0.85 and even more preferably less than 0.80, measured at interpolymer number
average molecular weight (Mn), (2) a relative compositional drift of less than 50%, and (3}
propylene chain segmenis having a chain isolgcticity triad index of at least 70 nmiole percent.
In another embodiment, the isotactic propylene interpolymer is characterized by al least two
of properties (1), (2} and (3) and in another embodiment, the isotactic propylene interpolymer

is characterized by properties (1), (2) and (3).
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and at feast one of ethylene and a Cyge a-olefin under continuous solution polymerization
conditions in the presence of a catalyst composition comprising g hafnium complex of a
polyvalent aryloxyether.  The catalyst includes an activating cocatalys!, and the
polymerization conditions typically include a temperature from 120 10 250°C and a pressure
from 100 kPa to 300 MPa. The process for meking the propyiene interpolymers of this
invention does not reguire the use of a diene or other chain extender.

{8012} The propylene-interpolymers of this invention exhibit higher shear thinning
behavior, higher melt strengths and improved processing as compared to propylene
interpolymers of like composition and structure but without long chain branching. These
improvements have commercial value in extrusion applications like blown and profile
extrusion (c.g., improved bubble stability, improved shape retention and reduced surface melt
fracture).  These improvemenis allow for the processing of these polymers at higher

production rates for extruded articles including filro, fiber, sheet, tube and other shaped
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Example 6 and Inventive Examples 11-14, respectively.

180281 Figures BA-8C are gel permeation chromatopraph (GPC)/Fourter Transform
Infrared (FTIR) spectrographs showing the ethylene content versus logys molecular weight of
inveniive samples 15 and 16, respectively, and comparative sample CER.

{021} Figures %A and 9B illustrate the extensional viscosity fixture used in the
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values outside of the range unless otherwise indicated. Mumerical ranges include all values
from and including the lower and the upper values, in increments of one unit, provided that
there is a separation of at least two units between any lower value and any higher value. As
an example, if a compositional, physical or other property, such as, for example, melecular
weight, monomer content, melt flow rate, erc., ts from 100 to 1,000, it 13 intended that all
individual valucs, such as 100, 101, 102, efe., and sub ranges, such as 100 to 144, 155 t0 170,
197 to 200, efe., are expressly emumerated. For ranges containing values that are less than
one or containing fractional numbers greater than one {e.g., L1, 1.5, efe.), one unit is
congidered to be 0.0001, 0.001, 0.01 or 0.1, as appropriate. For ranges containing single digit
mumbers less than ten {e.g., | io §), one unit is typically considered to be 0.1, These are only
examples of what is specifically intended, and all possible combinations of numerical vaiues
between the lowest value and the highest value enumerated, are to be considered to be

expressly stated in this disclosure. Numerical ranges are provided within this disclosure for,
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as Dk %grrl]cliscbewflﬁ,gr‘f)rrgyap | c(w:ﬁe“gr%gto%‘rsg%lg?q% a bmgjls, or multiple covalent bond or a
coordinating or other donative bond.  Thus, an alkyl group subsiituted with a
heterooycloalkyl-,  arylsubstituted  hetcrocycloalkyl-,  hetercaryl-,  alkyl-substituted
beteroaryl, alkoxy-, arvioxy-, dihydrocarbylboryl-, dihydrocarbylphosphino-,
dihvdrocarbylamino-, trihydrocarbylsilyl-, hydrocarbylthio-, or hydrocarbylseleno- group is
within the scope of the term hetercalkyl, Examples of specific heteroalkyl groups nclude

cyvanomethyl-, benzovimethyl-, (2-pyridyDmethyl-, and trifhioromethyl- groups.



conmpounds. The term "atoni refers to the small est
constituent of an el enent regardl ess of ionic state,

W@ b@b/06737 whet her or not the sanme bears a charBET/082008/082599
partial charge or is bonded to another atom The term
"heteroatom refers to an atom other than carbon or
hydr ogen. Preferred heteroatons include: F, d, Br NO

i}gﬁﬂﬁos O@u%{rﬁb‘ zéhlgr?’n A@ferssﬁ Qngol 1<|}-an Sg‘lgﬁ%%%& %ﬁahd ring system
1mhtx1grr(gc1am m:ka‘smketm;ﬂméda by udtgdfgﬂﬁlﬁm*ain scanal mgl. The term

. fé4or|ms (DSC), or equival ent techniq OOSB,,The velic sing

fopest RS veg B’E?Bé%\sﬁ“ﬁﬁ}lw af @Eé? EIRSOURIVA Yé’fﬁ C’ig’& SHPHalpYS: cyelic rings

maﬁﬁ’éﬂlﬁ% W1ﬂ9r09§klc¥ thydr9gem,and;¢ ﬁ&g@ N AL QMBne LG lMGERGent atoms is
branched or ‘unbranched, saturate unsat ur at ed,

mf.é)y}@{iua boﬁohy@yci fecteon ‘n(m eyekisdo sipzagg}@@iulmami@§u‘ostiiuem which

el oal kyl -. al kenyl -, al kadienyl-, ... iined
mag Gt DRy ey Ul R aB it 2 AR AT Ry TR together, linked
co@lQURSer HniRuRS Lichihad hyer aeardul Metheked S 4Byidne moiety. Examples
hy drocalby group that is substituted with one or nor e
of gromaiidrios@r byluds @b@mit@@h@wgmﬂpﬁ wvr}henf?t phggyl among others.
ter i, r - o .
{3{3.32 ter %ﬂtogg%%g n 6} % rngtla%q a??i}rﬁpxgl en ncqrogu oF ‘?%rcvl\“h vdr ﬁ)en atoms

bowdtd ﬂoefazS’ta afie@ iak @ﬂﬁgﬁﬁ e ront hamdhy dregen: Qroga rsbdn ad akyl, substituted
e or

present al.ong with one, or ar bo tons and o
Hor &/ oy SROSOEHb . CYPRE Wor FoREY gAY wﬁgﬂ et epderppyeloati,
halS&QU GNE gl @ngﬂl ©f, ?Waeowrggﬂamaﬁg!?&ﬁh%@d aQ8y oémmo thio,
nor é het er oat ons t w thout any hydr atons. The
nitdeo el hetmenmmmmmmmmm aahpthawbdqetve"ndaar@ vz to the aromatic
. well. as. the Qg ween_any two heteroatons, ‘aQe R
g8 R B REI Ppe<EoUal R BENa G & RdoraIRATIRg o cimlene
moRy O ek Hanatinte: 'bggr@gp mhPUSso @M, Bhikyhy] G5 @UPBenzophenone, or oxygen
substituted with a et er oéycl oal kyl -, aryl - substit utcd
as mmwawm ktytt agen Iaetnechpfacrryhmnal kyI substitut ed
@Gg%}y dr ‘ \ggb% b}ﬁn@‘r Y é‘? )%81%121% 1 1%% : .wp%og%oxlaf WO OF more

polﬁﬂh&aﬁy Civl’u@Bal’HilMdSi‘néyW}rmahy@ﬁft&ﬂisb&ld fﬂu@h 2 Wfud may or may not be phase
ydrocar byl sei eno- group is within the scope of the
wpﬁ@f% hetd BaAlRYI MUERARIeEOof PR ONE % THEF Srgak pputigurations, as

dJ%&gH&? iﬂgﬂf %1 ! %}19%@? QEELly IE?LIL trgﬁolp% 05{ éﬁperc,%(ér! B, Xty scattering, and

pyri rnethyk and tr uor orne groups. The
dﬁﬁ&&ﬂhﬁﬂb@ﬂhﬁ@&nulmeﬁﬁrs to a polyatonlc cycllc

nj u ﬁ}ed rln% fysten1 ontalnlq? (4d+2) -electr %f .
[0 re%”d??a ?m%m#&ﬁ&h& EIELR w%&mmww prepared by
polfReri8L Mref Usedre asnsed W"\t ol E2PESkrst § RohbRAySYS! 8Molvmers,

contalnlng two or nore pO ya OW]C CyC|IC rrngs neans

terproffatcng mh:zmvé*szpwtamicsoam ITGastmt liotcofolyte” iy pRys intachangeably with
the l'ltml mp&%n@? W0 re{er %{9 Jp%%mnet*q %wrpom‘tmg in polymerized form at least two
different copolymerizable monomers. The least prevalent monomer or monomers in the
resulting interpolymer are generally referred to by the term "comonomer™. The chain length
of the resuiting long chain branches referred to above, is consequently longer than the carbon
length resulting from polymerization of any deliberately added comonomer, and in particular,
is longer than 1 carbon for propylenc/ethylene copolymers. The presence of long cham

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



included in both rings. The term"aryl" refers to a

nmonoval ent aromatic substiiuent which may be a single
W@e@a6i387 ri ng or nultiple aromatic rings whi CPCHE£2008/082599

fused together, linked eovalently, or linked to a

common group such as a nethylene or ethylene noiety.

Exanpl es of aromatic ring(s) include phenyl naphl hyl,

cen / TR 4 rat

dise%k{}g i?xl ; u%&gfa(}gz‘{b%r Qx‘acpkl?g*)r/lg)r% %ma&g@rar?yﬁgﬁ 53 3 g&%p?%%lv\ﬁﬁtc\ﬁ {MIR), a ratio
oipﬁgn@fnmhne*hydﬁﬂgﬁﬂu@ﬁ@ﬂémﬂbﬁmwgtba&nyﬂm&ﬁbphqis

epl a by .ope or. nore funct al. groups
o Ry Sl u@%}&n&w&kwmw&y 5P SaTky eoBiBad Tatds tat can be used
to @Vﬂigékwﬂi elhlﬂgtaﬁf QPQAQ}I oabikylsr séHp%krﬁi%‘%@%aivmcr* General principles
het er ocycl oal RHal ogen, al kyl halo (for exanpl e, CF
of pgﬁhma@xvlfﬂam&n@ ap;pih:@gpﬁm die P54l koxydyamiseol- umﬁfﬁﬁf}tﬁ polymers are

oe RS SBARE Bt NP, AOSPLLRL o Epppiorzaion o
Poﬂ}kd&k@@d@@ﬁlﬁkenxtcla&’cr@il; Hzésﬁk}e)@ﬂo a conmon gr oup such as
a nethﬁﬁene or ethyl ene nnleté The comon | inking
BSS ¥

{88gFbup Tuytcanserisel! av*aarfb@ﬁym ﬁ&uiéréiﬁzaﬁﬁeﬁﬁﬁ%wwﬁ of atoras or
mo@%%@ '}OQ}%nL 2 Qk p{glogéiﬁhglc oo *\Q{}C‘” zg{igigﬁf?v %?De E g,xamg}ed using DSC.

nyl ant ne.
Trd nk@ni ermaznrmﬁmra fﬁo,mnoisli}ﬁa @m: ‘nfn bw& ard Rk en@ek y(herp&ik meliing

Such a nd nmay not. be m scj Such a ] .
TenFREEAT G E%&? aﬁéﬁ*ﬁ@“‘ﬁﬁégéﬂ‘g@53?‘5{'—“@3 s rihe TB AT %é gpysis using
du‘tm}’mﬂ%m Ctgﬂi ALNLANGe, O HRDLE AOMBL ML LOR gUr aér’a%?ﬁ a8 g model

determ ned from transm ssion el ectron spectroscopy
QLY DS€afiver iF ﬁg}ns&rumgﬁw bat t érilihgpiioand {ém[}iit hemerformed in the

PSR, 151 AL oy BB s o 20

wﬁﬁ@t'ltydﬁﬁrslaébﬂ‘&n@ﬁ@al@ﬁnﬂ[ﬁzﬁ S SORATET ey POLIVART: tﬁ@sfiﬁfsﬁ zﬁéﬁ um sample
hormopol yners, copol yners, terpolyncrs, Interpolynme

is agﬁ}d}@bbbhedim@éhq gple iqﬁ%y bopcyﬁ@;g"lhzy gaq[g@ép 140°CTat a wohng rate of
10"'@ 1.6 9@'?%%8 g Q’m_, n%ﬂhé sagn §}8 i @ﬂ%c?gzg i‘}ég}eﬁd 0 iro?fi &hink , followed by
POl YNErS 1'NCor por aring 1 m polynerr z ormat | eas
heating oeli fde@sie fitonc OPECYIN E@K)PQabhéjcMOmﬁcf sf 1Phemlreadhe heat of fusion
preval ent nononer or nononers in the resultjn

and e € PPy MsH It s Uiseeral Wl%f*rerqcéamffé‘dw e et within 0.5°C
fromC OIDPRTRL " w ThE.ChAL, @tth?nﬁﬁr\w%m he eyl hng; ) )an&u the heat of

chdin branches referred fo above, i's consequentl
fusia@ngéien tihaamvtdhaaﬁ:a:émnahizemgv bostesul thailgdbp ofifresh sample in the BT

pary 1 fo Q%? s Zglt gf}’ 2 f:zsd F%%@%f‘rla{egégaﬁl @Z{F\ggﬂheﬁ? :@%‘?p R i ept 130'11&.,1111‘,111‘/ at
-30R8 epy} aRekE! A 1RAGIGOROHY BBE Seatiti€aRIS8NCA:AT THheRdset of meliing
i3 dgta,rarlngﬂﬁd and checked to be within 0.5°C from 0°C

180371 Sampies of polymer are pressed into a thin film at a temperature of 190°C. About
5o B mg of sample is weighed outf 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 aboul 100°C/min o a temperature of about 30°C above 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 to -40°C, and kept isothermally at that temperature for

3 minutes,  Consequently the sample is heated at a rate of 10°C/min untll melting is



branching may al so be detected by the increased shear
sensitivity of the polyner, asdisclosed in
WERNGB3] 369, and el sewhere, or determ ned byP@EUS2008/082599
Index Ratio (MR), a ratio of polynmer nmelt viscosities
measured under differing | oads especially WI . [0035]
Differential scanning calorinetry (DSC) is a common
corh?l%tlm &cLiak, gﬁgv—d € HSRY Al 0y X&EQ} & gfel'lg B ttr:lgebgza%lg onsel and
ystallizatio em - crysta i ne polyners. ner al
pesﬁrr impgiiplasnobnpSermeasenienentsnand lappbi catihibnstiaf, 1RSClm.,, and
to stud seni - cryst .al line polymsrs are descri bed
anys (U o inpg\Xtog tnfl‘di' R L B COEeSH Knd%r {hcrr@c&granm & deflrived in
Ushnerals. @h@&@ﬁ&%ﬁh@@h%&ﬂo%ﬁ Rl YORET S MRt RLImdhSnal weight percent
Academ ¢ Press, 1981) [0036] The term "crystal Unity"
cryriefienty 15oiqShéu,regh@PaM“{oyummiﬁlhév ar Wathgéwre aerefsiant Gmor, the total
““ir’igg%oiél% gmfi Ny ’385:?&%‘%1 cg);(ﬁg undtg«slt\rﬁy.% Cwaﬁ:?&l ¥tgﬁ‘r1m) 3 H calculated

as the HPR AL ®: Lﬁtm@ behst e mhﬁumgnﬁrt@sm@ﬂ@nﬁ means
the peak nelting tenperature, both as determ ned by

10838k of Mow dinar JeaK Hat ingritde ofirt PPYBE DSEY%h éllf\?glas bmﬂie reactant
mo#%%s%g gg?haan o @151191111@1' Iﬁ@ﬁ \,ﬁg’?lnk Ag. Ee»%l 6?3%@;& Q%&ﬁuﬂlw.

C anal'ysis uses a model
(0B oM TARolypstpyierehts® prchm@i mbr};atm@m afpothmr[hﬁ@ninsﬁ least half of
performed, i n the fol ﬁg Fi rst ?sel i n o
s [T GBEIRES BT BRVVIG RESEANTIoFs B Bgbe TaT 280tene o well as
Lop\(‘ﬂi\r@é?k‘tvi Y )ﬁé’r@p{vﬁh' dhet e nRl UM MRS RaRn i TNem | propylene) s
1 grams of fresh indium sanple is anal yzed by
comeanmnghfchemhaamtbﬂtm 1i8®i’l@@ clo@imtamg tiHexsramil ectery:, one or more

(.A)nl;lh:éi@é ﬁ%l gorcgfglph%ﬁ?ﬁ;g% (g,negt ail np 181?&1(1&15 Ra {\% keer‘%l\r@guf these
corh@ld@wed by heating the sanple from 1400C to 1800C at

a heating rate of | ()T mn. The heat of fusion and the
[606Pk et “SEbswsiiplingsidfclichgopaiunreanpse al sigetemnagean that the

S&q%-l Ehgcg H% a%d {\tcut El%’é\ingt Qm?\h ofio@%‘ijﬁ gﬂ‘f gl?fgi gcli of\ﬁvj Q%ft gif‘%tcr than

rom

abuﬁlh e.’fbgepzts{t@éoii Lgsmaam iThesbde i zfeﬁle patiesbly Srranal a,ymedbday (1.85 and

cooling a small drop of fresh sanplelntheDS
m%tﬁg?ﬁs@%bj gi@&t@g@@@ag@nut& %Q)o]lbpﬁgucr %{aé ESYIELRE RTe Wﬁg known in the

art, SRR, E d'essurilﬁ %tm '{%%Qﬁﬁgﬁ' Lpal “(7439 Cuﬁoff\,@ SN YL €A 1o the

‘heated t ting rate’ of 10C/ m n. The onset
imtaaiummthmg ih serdest @ avirrgduaing i&h eokadgzimt mm@:amt h#inOQleBrmined by

13(‘;‘{ IE}om Q0C._[. 1%3 1San‘gl es of g ol }il(ggr are pressed into

YR oA rﬁré “t ARt 0€ About 5 to 8 ny

609f) sarfyl enrs Jpedighedhout o:angk Plhagse: b anSt PR wAitthe art for

|s crinped on the pan to

measuring comonomer incorporation into a polymer.  An example of this techrique 1s
described for the determination of comonomer content for ethylene/o-olefin copolymers in
Randail (Journal of Macromolecular Science, Reviews in Macromolecular Chemistry and
Phygies, €29 (2 & %), 201 - 317 (1989)). The basic procedure for detemmuning the
comonomer content of an olefin interpolymer involves obtaining the BCONMR spectrum
under conditions where the intensity of the peaks corresponding to the different carbons in
the sample is directly proportional to the total mumber of contributing nuclel in the sample.

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



ensure a cl osed atnosphere. The sanple pan is pl aced

in the DSC cell and then heated at a high rate of
wW@R@ane7BO0DC/ m n to a tenperature of about 300CPEHUYW08/082599

the polynmer nelt tenperature. The sanple is kept at

this tenperature for about 3 m nutes Then the sanple

is cooled at a rate of 10(.7mn to -400C and kept
<~ui&9:hptezﬁ[ aa! L%\aﬁont hal aé:% Qta%l{r igi %?@a &,c%ﬁ%{ et%chma s, relaxation

nsequently the sanmp mn

agam, khd fhelitiend bie $@i@tmazl ;eteethet T wﬁlm |grtg1perftpha&tqay obwwésn practice
. are’gpalxzed for .peak ge qﬁerature onset g dgﬁeak-i— K.
HOR TR ‘i“aci‘-‘flﬁﬁ&?e%é? ﬁrr”ér B3 U SPRULT D AP AU RIS the peaks.
iho@é p&dY Shakldzal e E‘}u dosBonbeX a,ieaé'bgi ¢ARY OhRELsGHABT daY be made by

interest fromthe correspondi ng thernograns as

*cf@“esx@rtp edwh ﬁp@S@%llgﬁﬁlumsr *‘?F%elﬂféabt'l@ﬁ apfasls pEmgdddotgounds, or

convert he f into nomni ng pgr.cen
by CLIE%/ sqtg’%l r ﬁﬁ@ilicfi gs l{%ge ej_; éommﬁ%er % 15 rmmtga 7% ehit tg'y 0 ﬁwtrﬁr can be
detbRbiSe CONURNSH OB ﬂl@@ﬁt@ﬁl@li d&@“ci;ﬁh@iﬂg% id‘&:t zﬁlnﬁﬂsdﬁ ot Yae®ds o comonomer
propyl ene- based copol yner (units; er cent .
to é}}ey &tlerpip mogry;pqngh%apt L‘j}Feafléf@bﬁ‘s of ﬁfé‘i?}‘e gf f of (&g gpnomers in the
Lde 168, and;ny j:ed by 100 percent.
m"?Jb {j %/eu‘ gﬁ?f ﬁg%eanls’ t k&‘% o§t| on of a polyner
joadey i Ve{d}efci’a&m&a.cs}lentgﬂ eisigaet/anitn MiEtulies 4POMEExXBIVDE epectrometer,

c.oz? 4 up Iié FB=B§%S££8L§E$SE$§éf£" %)ef %6@6p;1?(ré}r{gimon parameters are
sel&@éa}y R s B aNs 8npol S(ﬂﬁha%\ﬁ'u@ﬁo@t 1 ek shiah forafe tdiSation agent.

units derived from propyl ene. These i ncl ude
Théh dm‘m opaloped ssiof gpicdpyl éﬂ@uasnggxéﬁﬁu arsnswpmbmﬁas filgf a & sec. pulse
nono

th
rep ‘tlz 1(?%&@‘?'158[%};81 ‘ygi%klx éwgpegﬁyn%]ﬂl sﬁé uéghé a pom-s with the probe

hca@t}f&ﬂ“@r’c@ 13%° lut TRe sarﬁipil@e;@tp@@ﬁndlbwm@ﬁdpﬁmﬁﬁﬁﬁﬂﬁ 1fINGf a 50/50
nor e congugat ed or non-conjugated di epes, and

rm@@rﬁb,qﬁaﬁaﬁ@ﬁ logfethang-Grorisiehisioicheys dbdond n@{ﬁg 5M in chromiuwm
accgv zg;s,p ]na %a%g}ll %Lxlltz t$ ? f&(i‘z% hﬁ B, o%ﬁ%ﬁgveenc%% headspace of

€ sequences

ihcl‘a‘ﬁl&t &gt g?edt &1l @ g Gty d‘@ﬂ&ef{&ﬁC‘k Itomuredsuged 5151{, 5‘8@ ¢ is dissolved
NMR of greater than about 0.70, preferably g
anty RYRORBHEE O BeRtingoe BPerer dbl %P]&‘rné‘afoelh‘t) ﬁah‘” bBﬁdew refluxing

mﬁgﬂ@g@ qg;qtg%st preferably greater than about 0.90.
I'sotdctic™triad nmeasurenents are well known in the

[(6043Y , dnlcaig desaoollbatn nhe thrmiexasiplie ardUSRaBaB04¢krenged 1o the

o A U TAP et LT, 9, A0S LPRLBELL £ SEORRCE. o e

mc@xg’?hﬁg@lﬁg %;ﬁ"*ﬁ:%ﬁn Ynel 3 VR (29peGt 1225 NVR), SPest fridane 28-20.40
termned as follows. o o
ppm), md the rr triad (20.67-19.4 ppm). The percentage of mm tacticity is determined by
dividing the intensity of the mm triad by the sum of the mm, wr, and o triads. For
propylene-ethylene copolymers, the integral regions are corrected for cthylene and regio-
error by subtracting the contribution using standard NMR technigues, once the peaks have
been identified. This can be accomplished, for example, by analyzing a series of copolyrmers
of various levels of monomer incorporation, by literature assignments, by isotopic labeling,

or other means which are known in the art.
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[0041] ! C NWR spectroscopy is one of a nunber of
techni ques known in the art for neasuring conononer

WO pwoEB8Aat i on into a pol yner. An exanpl e of tPECEUS2008/082599
technique is described for the determ nation of
conononer content for ethylene/a-olefin copolyners in
Randal | (Journal of Macroniol ccular Science, Reviews

<0y Macy : , L SET e,
O3 RSB LS SURIBL B0, PO PRI2 el movome
cofithe conobmbngr eententr ofcoarenohediin I«.mt‘a@r*polcymmmiwn cocatalyst

i nvol ves obtaining the ' NVR s % trumund
"““%S?Itﬁgftigr o HORGRET &0F gn?qqtpggg)]let )}Ofb?ﬁ é ‘ﬁf@%ﬁ& oi th;, reaction mixture or
othSPLhESRORAENG tauthe fﬂxkf;‘;f@ﬁ&ﬂ!&s @rtgé’%mif‘ng I}@iy‘}r@e,’i‘p' &y operation
Is directly proportional to the total nunber of
accoulity itbube r}gewubtféwi‘vrmlctrh@ti@anpm@ﬁumphm dption, high molecular

ens this ortionali m..in,the art

wefth B PinReB orre BT BB h B DS afi i Wage, niah

moBbhel cdrRHISE, anlihg s Hseacelr gatieandQeOuph ipgichRENLGURS, (hased on
rel axati on agents, and the |like. The relative

weight @frfs&ﬂwudp v&ﬂp@aﬂk f@ﬁ%ﬂ@wb@sw&g@éﬁwém Q- SobEHrHayY giepter than 0.55
; : t 0 mg at ed ral. After
o D b B B TR e LB 2 P89 i

[Gi8Rpse IDﬁaEKSpﬂS&OGma@e‘dfrmi hi Iﬂhe HOGIYD OO N cHIr&tcnzad as comprising

AT p AP Haictr IR RRF o0t 06y Syrithasy & Jafgt more preferaby

bet@08 ¥5iafg @h (@‘q)ell:\iﬁQfQP@H@@x%an Q%ppbéné hzﬁmd“@ﬁ Whween greater than zero
i sot opi cal [y | abel'ed coraononer. The nol e percent”

andc dfroprefrradry barwdse bletacéLm ne: byvimh‘dvrm“’&mﬁ dtr‘heié and even more
i.ntegral s caorrespon 1.0, the, nunber

PreGGHORBRECE & Thel 1 Kol ceder BEBondr it “Po ! Rarayor « Cos

o-c0d5 nm%lrgﬁvi&{u ﬁit&l‘p@f&ﬂiﬁ@%@%ﬂﬁﬂ? e hfdrddeot ni %«@@l)y}lmr Frefcrabiy an
as described in , for exanple. [0042] The da

averapecol hebtaed Guﬂ@nmgldanm |paqfuiaJNl>TM1 Rivazgd O0MizIeNVR).(1, long chain

bm;faag 6{3 éﬁ@ (gfgarj%x%[ ' %ﬁﬁp Pnlgg{x&g §i??r agﬁmbgra?}%{;réﬂpéhcglg% the propylens

m*&&lﬂ%‘%)@g dof c8nsH e RURRLILAI VIgs knvendla! duasaWaBl td RAs not exceed
in the presence of the relaxation agent. The data is

3 i@gqhﬁmémaméimg’@aﬁ@éwri@i?@ecoupl i ng, 4000 tranS| ents
Gi}g (re C? %tl%a%; (g‘t‘“ﬁ" gfo(?%zpes%?%)w gﬁr c.e ieritg ibln, éargalufg o"a}‘u% Qkfention include,
but% AP A 1o MshButb REe Pr-ofendleiagehaat ecthdened 30hGichhe {-octene, 1-

sanpl e i s prepared by addi ng appr oxi matelly 3nL of a
nomg Y. 50 dagere Ul sioggcene, i-tetradecene, 1-hexadecene, T-octadecene, l-etcosene, 3-

Ly n hadj chl ok ohenzen ;
me%‘v %E%M}%n o th%;%% grincécg“ %/’I a%gigltgl L g: %1 14§ a)%éé ha%et gsl i- hcjmwe and
smﬂevﬂoiﬁgaﬁﬁnpl e in a 10m NVR tube. Hi e hcadspace of

ube is purged of oxygen by dlsglace nt with

i ?fiﬁ’t r od@ﬁ terh eluggm,qzséhqrg UgsRIERrdhat the propylene polymer éjom not have

long chain branching. That is, the polymer chains comprising the bulk linear propylene

polymer have an absence of long chain branching, as for example the traditional random

propylene polymers made asing Zlegler-Natta polymerization processes {e.g., USP
4,612,300).
48] The term "backbone” is used in reference to a discrete molecnle, and the term

"polvmer” or "bulk polymer” is used in the conventional sense to refer to the polymer a3
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and honogeni zed by heating the tube and its contents

to 1500C with periodic refluxing initiated by heat gun
WO 0®48¢73F0l | ow ng data col |l ection, the chem caPCHOBIDE082599

are internally referenced to the ratiiffiin pentad at

2 1.90 ppm sotacticity at the triad level (mm is

determ ned fromthe nethyl integrals representing the

iox%g,ni % @gc&@t%g %po[r 3 5 e rafontg{al@% Iéql’ %szoivg% ong cq% Sn%ffivlbhll“g the

pof[h&%* pess entvage Ieist mmnt;gir:hhﬁ&wys'*l witddteg rtrhmedbmnbhmg such that the

i vidi the ntens f the nnwt iad by the O
av c(r%%: ﬁ.?m E‘gﬁzd: WOE Kag‘élg *‘gi;,ﬁmﬁr% 6&, éﬁéme’ty"ﬁﬁ?ﬁ‘é ﬁiHr&?? long chain
bn&@i@&b MBS dalifonk EERER) Ho80bLRBoRY ﬁldq‘ﬁ’éﬂcﬁ Q‘E%@nf)o r

et hyl ene and regiocrror by subtracting th o
{38 ht r i Putcon "bslk @glvg:tcanmls,@ NVRo e ite §%Ldﬁdg>rap Reolymerization
prﬁ?zS?ﬁ %r)ép ﬁ,brlmém%bymg?%ﬁ] 13.‘, g goé%ey}z} %bcsgtgcfeb 3%? < &WB" lln zhcf"?lgﬁ g as well as
moViiQUsvhigY ’l:g aﬂfairﬂﬁﬂﬁ@mﬁﬁgl MERI:PPratikofs! wlﬁyr | iritﬁaﬁai Wl @nclecules

assi gnment's, by i sot opi ¢ ['abel j ng, . or ot her neans
forgRicHUBIe RABWAITHOthe Kt ?”?@l%ﬁemf‘z“ﬁ?h@ﬁ%éﬁﬁﬁdﬁ’%sl"“% chain

bra%%l@?g allJ}tycﬁ %ﬁflﬁ zax.utlc% ‘t’vﬁm?lg 5 choﬁ{ %?ﬁldpv%g %T}’?rbo Qﬁ{ﬁmem number of

ent ng COﬂDﬂOﬂEf concentratl cat al
mot@nke ntil am Ohngcheathadry singcoricent tatavenge hmg@rhan bmm wing content
rsion, r soli ent of th

onv (0] ont
of edel ‘vfﬁffixifftﬂt@f»ar@iérhé?e% d%w? T PndE Tl Ferdpigaroperios)

edshe Propgrthes el (e g8 ulahinNge POC BT BEcanBY QRaNatdi®R eater than
according to the prescrlbed pol yreri zati on conditions

thapfesthiegi fnventd omerdrgang] tbe sharnwebignte gl yodens raftbone.  Short

are high cataly tivifie low . e

o L e g o GO L G Lr EFBRTaly e nunber of

carb@®BCTOthS UohibhoGRAt eREr chiinPal bl eHlipRfancACldidtet @S polymer of this
(based on wei ght of polymer to weight of transition

inveeital Yasgreidiaes t~ﬁérﬁorm Gizipprerdieabl §t grdaren ({ herb@isgs length, bul
thegenigwcﬂlon&w Fs%e}lrg% fll:hi% E?z’anglr ?r@ af8 a1 mﬁ LOGL AN, (3 g{ gt P‘an contrast,

are possib propylrenerrrie onrne
a nt@l}/&ﬂh nNvieRkho: &ﬁﬁv&hﬁﬁiﬂt@ts&ﬁhﬁﬁ@na& idenp tdn%lgh@m(b@e)nmbs of at least
bet ween 60 and | ess than 100. preferahly betwfen 80
fivaid cogoant Fosta B %F@r&éi%ﬁbfﬁe%%@rﬁnésf% 709 6 Length.
UG'S‘:E i Us Gy ﬁg) élgSOQQQQJQchM Ené?ng,b%g!%n( @anpﬁt“ WQ?@‘EQH‘%%@%&@;« can be
an zero 0, prefera et ween 20,
tergmaﬁaﬁ&bhyehunEﬂni@Bahdhiaﬂamdndyenﬁnvwa mrﬁﬁegabhyﬂmxaiiong

cha&? %rgpﬁws é’hg&g‘ﬁég% rz\A%O %\% é&%%?%¥?%&£%$l§k§}ﬂgﬁ‘é Cight. RS molecular
welght QR}Q{% é’{r%ﬁld(:@x@t airdi Rghianavetagdentheatist@ast Be@@dined by gel
porz%rf. S‘tmenr &rorz/nggwphy and intrinsic viscosity methods.

[B382] As sugpested earlier, the presence of long chain branching can be defermined in
propylene/ethylene copolymers by a numsber of different methods using PC nuelear magnetic
resonance {MNMR) spectroscopy and is quantified using the method described by Randall
{Rev. Macromol, Chem, Phys,, €29, V. 2 & 3, p. 285-297).

{8353} As a practical matier, conventional R NMR spectroscopy cannot determine the
tength of a long chain branch in excess of six carbon atoms. However, there are other known

technigues useful for determining the presence of long chain branches in propylene/ethylene
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average of at | east 0.005 and nore preferably an
average of at least 0.01, |long chain branches/ 1000
W@ 2108067331 bons. The maxi mum nunber of | ong chaP@ir/US2008/082599
branches in the propylene interpolymer is not critical
to the definition of this invention, but typically it
does not exceed 3 | ong chain branches/ 1000 tot al
11’1’(&?5?%% [{QRA8dn %Hﬂt,\eﬁ‘ihla@ Q@i pQmafn &hiBabiab hC @&1 J@@j with a low
in the practice of this invention includ
angdc dawot iyfht mckigdingodeitgab (ﬁts ?ﬂ dnel. LY but gale pumq@ém eh@m&m“iaph‘»’

wlllp %Hé‘iglétna%g%ieft ? e&e?vg?%%&%,?o 1%1 gﬁgi a%g&niﬁ‘e ’us@lot‘d Se&Ng t&thnigues for

01% x%hﬁgx%ﬁ&nguaémﬁl ﬁt@&ﬁ@%ndé’rh tﬁﬁtiﬂ%ileih@ét@ﬁﬁ,mﬂ docurnented in the
thyl- 1-pent ene, 4- nethél-l~ renten

Hemt@uxjﬁvmet hfymvnm@mzéwe Gahgn hﬁwk@ycuor‘fexién Jet hffr@oﬁm» 17, 1301
REATET AT R TR i e« o

Raihﬁ@dJ@QQDQ@ -ymer chains conprising the bul k I|near
ﬂd% opyl ene p ner have an absence of |.gng chaln

ﬁhnchﬁﬁg,m}as g enehedt PRGREVERATE 8GR Dranching i

R L dewst NGifsegharl WMty Johny M. deGroot, A.
po}pﬁggﬁﬁe%gig?&%%gﬁ%gﬁ S _n,guésug!lﬂ 612 500y " doas O
Wﬁl(hxe Fedmitd at kbong" ini Bjtcrsgﬁ Mniaaefaer\emcterﬁ o ahxdiLsttmet‘vewociwm

term” ul [
peliBua s ind ot S et oy Turlh 180 RE Dot rgpied wit
theaSHIQ ARA 40 B BAGERN e HOIL i@ | @Qxln)é['f@f Aplibe penmnshk dRIed:, Vol. 29,
as having long chain branchlng the polyner nust have
376k %Té@asi%émdwhewrw&ﬂ@é it forige raimeksr arfénplfgeorrection for
qvg&age | ong chain branching in the bulk
st an average of 0.001 |long chain
{HEGHEPnChﬁ&/ préQehd IQtea;boiﬁiaErkiQﬁShi(al inehudt Bg hahdk dhaﬁikﬁﬂﬁﬁi as having
and branch_ carbons). [OO49J The term "bul k po
a iwaseﬂshénadwﬁw RFE AP RSP S TR E DR B S PO P YRBY f@ti.dwiﬂi 5 used
egg %he ?{%ﬁ ﬁ&ctt 1@%%@%&%&&? l'e Ql:ﬁo?ﬁn %'E@&lﬂﬁ&ﬂﬁar}f the Journal of
ranchlng as as nol ecu
leeftﬂivgfxng’«d(b}ngj@«hal Nt d@canshicng cerfhiu srigcdl bk rgol x;hfrefo'émfga exirudate

. includes all | es. formed durjn ol r|za
i RrFO B é?ﬁé’i?%@fyeﬁaﬁs*W@ SEnPA G 1D g%ma fpadiure and gros
nmgqggggéng not all nolecules will have |ong chaln
branchi ng but a sufficient nunber of nolecules wll
[66RGle |Songoee haitnrdstanching usdwhpphattly hiéa@véﬂ%lg@ﬂﬁi@ng% and ranges

m ﬂ%@%@?%@?ﬁé&&fv%&%ﬂgﬁp gi of Ligclnhaée ﬁ%xf) e }{3?%;2?163?%&1}\&}{\{1? | YThe onset

of RHARERel @S khure (OSMF) is uharacten?ed at the beginning of losing exirudate gloss at

1A R n%l fmd‘gd g{zp

which the surface roughness of the exirudaie can be detecied by 44 times magnification.

{13871 The propylens interpolymers are further characterized as having an {ip/l; at 230°C
{as determined by ASTM D-123R) as greater than or equal to (&) 5.63, preferably from 6.5 to
15, and more preferably from 7 to 10, The molecular weight distribution {(Mw/Mn or
MWD), measured by gel permeation chromatography (GPC), is defined by the equation:
Mw/Mn < (ho'ly) ~ 4.63, and is preferably between 1.5 and 2.5, The molecular weight
distribution is typically and preferably unimodal. The Io/]; ratio indicates the degree of long

chain branching, i.¢. the larger the 13p/1; ratio, the more long chain branching in the polymer.
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[005(1] As noted above, |ong chain branching (LCB)
nmeans a chain length greater than that resulting from
W@ b@9i06i138T por ati on of the conmononer into the pRCHIE2008/082599
backbone Short chain branching (SCB) neans a chain
| ength of two (2) carbons | ess than the nunber of
carbons in the comonomer For exanple, a propyl ene/

Eﬁigﬁlﬁf Cteps fﬁﬂ% YEERRO lliﬁgﬁﬁﬁ%erl P'f ShisNYERLLEMDAS % Q?B!‘ (bANSSected fow

h 1on arn es o Ieast seven ¢ar bons
prapartd, ewgévb thb Ut/ hdse abadkiao néﬁna;l@mnhamezsschﬂatv chdippndent of the

branches .of on| arbons. in le
POEBRPPESY ‘8PT SpY Sl iaRe s ‘pol ors G with fnea
poifyB%%?Pho?m\’ﬂsl Hav H@V@gé 9@19@1‘3113]@5& 19( ARGhLs Pfincdlash @&ST, /1, value, the
[vé"(5) carbons in | ength but short chain branches of

pobdkymﬁanwﬁﬂwmaarﬁdHSﬁmﬁa$éngth [ 0051] USP 4, 500, 648

@{}bg rep oL ‘g;l%%id bcg@%h%mg&h;? F\%P‘F’hl_%%&t)cﬁvh 8%‘?&%3/ nﬁggo lymers of

thid Reengb:oht ryauanade 1ENBR oD mbengplhiad Bt lmanuhasi)(pam even more
mol ecule and MV is the wei ght aver age nmol ecul ar.

typigst et leaTtRE0HE egirameWaIolhte B0 Br dge 8  EHENTREY GRgary With 2 bost
of ghr‘rf‘ nesbrr"aﬁn C&Lﬁgm‘%ﬂ%é%toﬁ&h%% Cc%nfb[};gmgﬁt er 4T, rheﬂs@y aggrg‘ﬁ ete., but

nsSit viscosit
ty nmﬂb @@1:1&{18@15:2{]10%3105@@@&5& édo ea, IrmeB fytitedivpr ése Imcecm ed 750,000
| ong chai n branchi ng can be?g)ter dIn

mkbﬁéﬁywﬁéﬂ%%#yme#ﬂ@ 8%&69% B &Mflinber of different
iodB! hOdﬁmu&ﬂ{}Q a;@rmtlﬂcLzeﬁ*@ g”ﬁgzp%ge'i&’mrcﬁstp&ﬁ% {I\(ENW)M Muw/Mn) of the

spect roscop I's quantified Using the nmeth
progesce ilbegohyncRantdli i(vRevon Magperdy losChiem 4 Phy@ typEaly less than

s Vit & et U S LSS e ety o

theb@RAL R0l Al QR GhAl RSPRANCHYILID, 8XERSSE Ok i@pbi%all@&feb@ébn .85 and
atons. Fbmever there are other known t echni ques

0.90seu tierliddesrain By e Opriésurcyrpfmogrighiehal hetween 0.86 and

anches in. propyl.ene/ethyl enei nterpolymers. Two such
Ohﬁﬁtﬁmagbrlﬁigw¥£¥“ ?lon chr omat ogr aphy coupled with

i0g81] ow 1&@@4&3%@@3@ Isbgbtic peatter ngsetaetor! this mwnuon exhibit a
(GPC-LALLS) and gel  perneation chronatography coup
degipa pY atvein fieeteemmy ol b‘iﬁ"@%rﬁﬁaéﬁ @t dct vt CGPCI DU *«‘f*irhéﬁmm the

de €L hNeS ks ékﬁz%h‘g' P Le 1009 @h@bﬁs P@%@z@ﬁy at least 1.9 and still

det ection an ng theor’i es have been wel |
modogutentigdai feath@.d i ﬁi@f’ﬁbﬁme enBedimdor texanplreymZisprge of sirain

har 'fgl%?sn;gtﬁgt %ﬁk'z{'?%km i;\y/\ésa(z p}gr%@m%%%@yoi?gégim} I!Té.Z’Str:!é?no tardening is
d@{.aggﬁﬁ%gfﬁlu %gksgﬂtz A QhR NV 8% SReSaRSmiNanhYer k (1991)

{8862 Polymer weight-average molecular weight (M) is measured by gel permeation
chromatography  {(GPC), one technique of which as described in USP 35272236,
Alternatively, melt index, I, Ijo or Iy, measured, for example, according to ASTM D-1238 at
230°C, may be employed as an indication of molecular weight. Generally, melt index is
inversely related to the molecular weight of the polvmer, The higher the molecular weight,
the lower the melt index, although the relationship is not necessarily iinear. Monomer

conversion is typically measured by gas chromotography (GC) or infrared (IR} spectroscopic
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[0QB4] The triple detector GPC nethod for quantifying

| ong chain branching in polyolefins is clearly
waele®eneised by Wod- Adans, Paula M ; Dealy, JohPCIVIIS2008/082599

deGoot, A. Wllem Redwine, O David, in Effect of

Mol ecul ar Structure on the Linear Viscoelastic

Behavior of Pol yet hyl ene . Macronol ecul es (2000),

mag 36209 t’he zé‘égm?%g%we-r bi:gng %QL&%;M&H@I 4 FJ% ”}E @J@%ﬁb&] Y80 the reactor or

escri bed by Scholte et al in Jour Appl i ed
intPeh yifeeniSticen deym Yolrea@®, 3763- 3782 (1984) teaches one
e _correction

ki ll in the art how to make a si
Eﬁ@ﬁjndoﬁlﬂ)}? W‘ﬂh%% élaedc 6Qp 8}2\}%&2 po "@5‘355?? ﬁlﬁé 1&,@ .gto QA hagnum metal
th -8R YR &ief abhbSychiy entbRnan e Mifahebng (.ham bmmhmc ¢ the
aracterlzed as having a resistance to nelt fracture.

iwlAmw&p _pafi erfubis hishracsvitegad gerdusbisppriresht eatearuieat ehese catalysls
rﬁ%iésgra " n)l{%teg L0 %{Lﬁr%‘oly ik J%%h{“s )tgh flé%ﬁtvyl?}?ﬁéﬁ Qﬁn&%ﬁ@r Hgand and

dm&@(ﬁ)‘m@&ﬁ <§357mm181860c3ﬁﬁw e ‘EheCeblzbfmnprktd aal wafpbiﬁiw of producing
rate, the observed extrudate |rre%ular|t|es m:\%ﬁﬁ‘E -
polpFeEdfrymCIrEREFET BOPIRRE PRBUHE HOTYSeSaViSarpacEchpltgh moiecu

\m{grb?%d* &fjﬁf}ﬁitx 9503 éﬁ@ LbndidRed %F %rm[c@%a@]@ %évlfmg,@w[{gkius allowing

racture occufs under apparently steady f
thecondif tai dns: andisraggestol wottet aiclechivomelghs svitdfus pec link g molecular

| mgloss tg the nore severe form of "sharkskj h
welshb BT Shr Rt TR R S CB O BRES PR fo ALY T o that
sul ﬁﬁnﬁﬂe{j&ﬁgksﬁﬁi ng QL asdipg ©xb @éf&@ﬁt@ BEOS Soatpall ©ha comparative
he surface roughness of the extrudate can be detected

poibyiﬁﬁ@itmran«eghanﬁgm ficaf comp 1{a00B7 g cnhe Bhopylicefein transfer agent is

h‘v\k%&ﬁl g»:?il %’é ) ep%ur scaf: gr‘;’l Er)’%%t %?11%2 éJ; &y rrp»gm%gm of about 2

mofheateris than @iﬁﬁ}ﬁg U@tadﬁ@ ;(0?§)més &3 bbr}ﬁﬁeﬂ’r@blvymf}ﬁ@m@aﬁ of chain
to 15, and nore preferably from7 to 10, The nDIecuI%
tm%@rngﬁm@ sthile bt BRCEMY RIS rmuiarwgg%ﬁ égé“%vﬁ@)éll poivmers and

usifdf Ecﬂe"i‘&lb?snwmﬂ%%g %?F%J)r&( %?1%5% Eﬁ gfdﬂﬁg el h gf sy‘;am transfer

era
agelﬂet}%eﬂork dananthicRalScatdlines nliecisl }ahdmﬂmghﬁ etk Bating frroadencd
ISty églly and preferably uninodal. The ratio
Hw‘ﬁd@’é% L {ijgibdBe#%e of |ong chain branching, i.e. the

okar geri kN tlﬂofﬁd"nﬁl@%dbomx Lhe, mmre J.000; GRal b branehing compounds
in the pol yner. 58] The propylene |nterpofyners of

havidy 8 vaRwent wmilrhavre sate hibgh vyt im@mbmﬁt edls{nii,ow&i)r*@bémiyb addition
val ue .a

ol RERREI Py T HCHERHAR BT (e "B ﬂvdxp 'GREPEC Y ey specifiesson
andl( lapSondeMNVIMR):, Ohe t RBuPOIYINERE:" Thicbgaigant ﬁﬁé‘nﬁsednw dmpound or
mmglwo?ﬁggtr or method which can activate the metal complex in the foregoing manner,
Non-limiting examples of suitable activators include Lewis acids, non-coordinating ionic
activators, ionizing activators, organometallic compounds, and combinations of the foregoing
substances capable of converting the neutral metal complex to a catalytically active species,

{6865] In one embodiment of the invention, catalyst activation may involve formation of
a cationic, partiaily cationic, or zwilterionic species, by means of proton transfer, oxidation,

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

regardless of whether or not such an identifiable cationic, partially cationie, or zwitterionic
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pol ypropyl ene resins having rheol ogi cal properties

such that to increase the 110/2 value, the
welwdésper sity i ndex nmust al so be increased. PODBSI008/082599

The wei ght average nol ecul ar wei ght (My) of the

propyl ene interpolynmers of this invention is typically

at |l east 50,000, nore typically at |east 100,000 and

Y. 1€ ANRL GalihY gRtaclieash £00:008s, QAP PE! “BREGion” process
apc%cg qu ﬁ_%elﬁhg?(}lln%ﬂ@ LCllcan Vggrysw 90 b hos? i 1 0N process
ozhanmabmesmnew@mv;polynerlzatlon condltlons

ner s, chal transfer.a ents et c. |y

0GR ki 6 0e e BB B D00 G005 rurE e G G o Rssociated

wittl 069t Rh:BXRELS 750@1@‘9(10@{*9, VeRiIRLC 1 YBI 6a&bhYof the ionizing
does not exceed 500, 000, g/ nol. [CDGC] The

t@lpmwymh S perS tym@mrrﬁsl ersu Hecrined ght Edicpee uu%*ii@frﬁwemf@?w%f?m@%
. ) of , t (o] a\VA 0 )Aqgr _7_m77 -
£r 0 M) LA WO, LA R8I SEROLTDT 5080 A1 R g g, e
US@hﬁIbBSLSB’ vexdmmr E%é’pﬂcalj ys, RQ‘ESB ha,ﬂ S am@4&199| imd 5 502,124,
nor e typlcally | ess than 2.8. The denS|ty of these
Prefryineheny He ‘geseis HEYHBY BSTMIRITYD-QH0R MEHHEH LR i gespeciaily
R | z P . O e W
i o%r}é i \Xglgarllﬂi 8@%\0,8{%51 },gg/g% %e\%/gl’ri]m{rl‘%%xg %%Q)‘ﬁg ({i%&lﬂll g one or iwo
Ciubgtikge gf(@i{)&GﬁS’@Bﬂam} &Qs,tilxglﬁiamstaﬁm'ljeumonmmt dnphetehyibis(tetradecyl}-
(g/cc). [0061]. The substantlall i sot.a t[c g géjg gt
m“ﬁﬁ@é@bdf ﬁ%?%n%ﬁf¥ﬁﬁ§9¥ﬁ%%ﬁgﬁ8ﬁ eXhFoitY & Frgporajarylborate
am@atl r% &uﬂw gﬁ%ﬁh@@eg‘faﬂg&%ﬁﬁﬁﬂ ‘951%?4 efnd bﬁ?bnlmgy aRE A8 & mixture of
rfbodi nent, the degrée of strain hardening is
prn@b‘rla@bypﬁpf Idgésmg.ﬁlj,csﬁthsm rfer p}xezﬁiek:abhq/ patwmaéqg@mmmgzum cation
et R o G e ar ‘StPar i KA Dbl Ny o o Cre
(‘mp&ed“ gr@b}) Yorb@8Saddhaid HSinangrotpr &3k ehehabhy oy @ﬁﬁ‘dd ham Chemtura
. Strain hardening is determ ned by theégrocedure
‘io%smi‘d*bé}eﬁ idy hlémSp‘g@Nm@@?h‘dé’a?heﬂ?ldsfml[”o 23-Mpbtlyiser the trade
nan\ﬂ\@ %}aﬁ%ﬁe??% ml&eﬁg r&'ﬁ%@@%@&%’%n Sl tm?@cﬁ% ‘?qs %{:ﬂ?yl di{Cra0
erneation chrona grap , one echnlque 0
Aikmzlkrﬁmoﬁﬁmdﬁﬂﬁl1E@ﬁdtaﬂﬁmUSE%:r15 PB#21c236. Al ter nat | veI Y,
ndex, 12, ljo or i, measur ed, for eé S,
ﬁﬁéckord%&ﬁlgaw A@W@ ‘-1*2% IHZIDGOHES TRPHE %r‘ﬁﬁ eyféatn% an active
pm@ﬂl hAdL %Ié QP Qs ?Lfﬁfv o1 0B LR o5 (RBEE Ahl ¥ foriBlehivm salts of the
I ndex | |nverse related to the nol ecul ar wei ght of
torebgmg)nbvynmidnfﬁheg hizgier canhgsanbl ecud amdweightsgrilteein EP-A-426637,
EPH% %}dmngg? LEE p ’ig?,eéﬁfb%%xt?ggu gdecg 1'3 ghart?slpaot:rls Qgglzq LQ\»ASS&CQ{?} especially

I ne
tris{perfluorc)aryl borane compounds, such as iris{pentafluorophenylborane, 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 metal coraplex.
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conversion is typically measured by gas chronotography
(G0 or infrared (I R) spectroscopi canal ysis of the

WO @067 M Xt ure exiting the reactor using a PEDE2008/082599
inserted into the reactor or into an effluent stream
fromthe reactor, [Q063] The catal ysts used to nmake
the polyners of this invention are hafni um net al
conpl exes of a pol yval ent aryl oxyether. These
cat al ystgg! i mpart | ong chat™ branching to the 6%Iyners
apd exhipit high activity and good stability q{ hi gh =}

e[ & « These ealghysy s, comgi sgra-Gr
rrffp 'Riipﬂﬁe‘}abl’g’ & ﬁ\idjf e
arylo

pl exed with am_.
er 1ii gaud and ac |vatedhmnmh an acipv@tor of .
coc $alyst »The netal es are capabl e pf i
produci ng E ol ymers fronTpr y ‘ene contalnlan&ghoner
m xtures having extrenmely high nol ecul ar gght %p
isotacticity, at catalyst efficiencies of greatef* than
0.5 gpojyme gnmi u s allow ng the use of a chain
transfer agent to control nolecul ar weight w thout
@gggrrlﬂh&hgg mol ecul ar wei ght distribution, A
ficient quantity of chain transfer agent is
ﬁf@}ef ergbt yis usedi§0 dshakaipy SUPStANtb@hindRCELA/ASE dufl preferably is a
ecul ar wei ght (>30 percent) occurs conpared to a
tritydrfsartat e HOFPNEPE FOREINE ORBUL e Cuse 46fY gRaR, especially a

t [of d chain transfer agent is
nm}ggﬂbdéﬁﬁﬂ‘?ﬂ&mﬂﬁ%ﬁg 6?8 nol percent (based on
mmt}ppy%nemdel&rus:edr and accomxheainisohvdloget @ mo3ialo, hydrocarbyl,

per cent ed Hi gh i sot i c pol rs c " .
halpaer eaam Siiah | oudns G ha i Criihs ﬁewuﬁe@m@om die and
m( b €8 FBQ;;gf ﬁ‘;gtsﬁa\‘? R QW s TRk %St‘}ﬂiﬁlg, W@hﬂf@ﬁ preferably Ciao alkyl,

st rlbutl ners and using |l ow | evéel s of
amhlunnxane actlvators General ly, use of hlgh | evel s of

¢chai n ;ra er agent re convent i ca S,

oofel & R oAl on o Tpdromer SNETHRE B sasLRLERhS
{){B"YQ! ec Qix%?np\@@' ghthdb Sbfl Rt ORgors[ DORAL (FhehtRIr&H  ammonium- salts,

ng;exes are activated in various ways to yield
cspeeit Ay yaethpldithoundlky ravnagium saizaht coordination site
hls%m?(?er\ﬁnaﬁuer ?hcngrﬁg%& ;11111%%?011(.& IaInS g?le%/megl) Zng?dlt LIeon

bm@ﬁﬂp@ﬁ@ﬁwﬁﬁp&ﬂ@Sb@@ﬁ@ﬁlmﬁ@f@hﬁkﬁ&ﬁk&n and appended
clalms, the term"activator'' or "cocataiyst"” means
b“ﬁﬁvp@bﬁ%%dﬁﬂhéwDE@ﬁﬁ@neﬁ%ﬁ%¥~hgﬁﬁddﬁ%hrch can activate

‘m&kﬁ@(piﬁﬁgﬁuorggﬁ@% 25@1 Rethe b&@tﬁrﬁigg'flpgn@ﬁ@ﬂ‘%

mtin es of sultable activators include
omﬁﬂ%@&ﬁ&&mﬁephm@hh@emﬁdih&hﬂn@tubmﬁbnm@rpbétors
oni zi ng act.i ;alllc compounds, and

) va
bR HAT I BHROY bﬁ?fé @8’?

bis{tris{pentatluorophenyl) 31'>01azl@«?i~unde\,yhmldamhmde,
bis(iris{pentafluorophenyl tborane}-2-heptadecylimidazolinide,

bis(tris{ pentafluorophenyliborane}-4,5-bis(undecy Dimidazolinide,
bis(tris{pentafiuorophenyborane}-4,5-bis(heptadecyDimidazolinide,
bis(tris{pentafluorophenyborane)-5,6-dimethylbenzimidazolide,
bis(iris{pentaflucrophenyliborane }-3,6-bis(undecyhbenzimidazolide,

bis(tris{(pentafluorophenyllalumanelimidazolide,
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subst ances capabl e of converting the neutral netal
conplex to a catalytically active species. [0065] In
woe@eai3dti nent of the invention, catalyst actP@HUB2908/082599
may involve formation of a cationic, partially
cationic, or zwitterionic species, by neans of proton
transfer oxidation, or other suitable activation
RLocessy, The present iy perable and fully
s BESRERE0 BB BaERk l DXL Ok 0RO
bis(de@tihilabbghoatiboniacs)- phmwcaia,wmmw lelwi c, or
zwitterjoni cspecies actually results during the
b“’ﬁéﬁ%%?ﬂ%ﬁ%ﬁ“&’ééé“%?’ MRROWHEAE klﬁ”ﬁdd“lp ¥ zat i on"
b';x@ﬁ@@@&ﬁﬂ@%opﬂ:&mEg‘u VAL Q0L PO S midd-8086] | oni zi ng
talysts may ‘contain an active proton, or sone
bi&ﬁtﬁf@nﬁeﬁtw"onhams§m@n@t@d¥%ﬁlfﬁ iniggut not coordinated to

.. or. onl oosel y..coor ani,on of the
IS RPYR %GH%BW&HW“@B‘CW 3%‘??136@%‘&%2 SFd%escri bed in
bbﬁH( %&%@ﬁu&@ﬁﬁ dneBL ki 9Nse \EPh OB 982 dabilM§20732,
495375, EP-A-500944, EP-A’277 003 and
szPe(Aemi?@m; heaalusRng 825 -bisuLgey o1dar5 1066, 741,
5 4 4.
bﬁéhg@ & éﬁjgoﬁon“&% %esl%lc}rk?eg’%fsﬁ&%%“? %\? g‘r@agg}éiglé ‘anmmoni um
bm@ﬁ&(ﬁ@mﬁ@ntvmdﬂwn@uﬁaiai)sj C-gapebidbhyrthosi@lccont ai ni ng
tri hydrocarbyl - substitut ed, anmpni l.tm cat.i on§ cont ai ni ng
bisgrig pwtaﬁvwo@x@ywumdﬁyrs grbtpE e BdEcing iy ice
ﬁ@%{ hyl¢ gﬁh@( 2GLABCY Ik 1@6‘?@&'& U aRd o pOT publication WO 98/07515 such
I s(tetradecyl anmoni um cations and a
as 1on: ZC dbﬁdnmahf ngoapho|) féaspe&iuahitayb aCombingtions of activators are also
t et rak| s%gerfl uor o ary bor at e an| espe

conl G aKTS P BolEal T aY Sbh Ry YO at & ARG at Mon e civators in

cmﬁ&%dnﬁe sBe MhXTMEQ Qf EWQE(OC‘;@R@W proupshiRbiichs ffﬁBT} I 97190 7928 and
I'engt hs. For exanp e ‘the prot onat ed amoni um cati o

w epieg fom thes. S SiEF Ghil .95 a0 | aBlie GRGOHEsebes activaring
Lﬁt(ép ?oré&gig]gﬁ ‘véﬁlg pé,ﬁug;'lma =] Penodtfiw eg‘éﬁ C%ng %dugngo their hydrates,

rou am nes

W @waﬂlsabi g=kripen Ghend w@s@mmwﬂ@hﬁm dchieatbrsader- na?m 299 describes
Kemam ne(tnm) T9701, and from Akzo- Nobel under the Oithe
usipg gdelHume S TBECH R INRHT & FEBCOMKEFERY s aiHDR Apn  Other

act?@{n‘rs 9t1 (1343&95 . !r ac %1% éOI‘n)(} E)%ef% %9(1 u}(& ! @@Q@%H@m for example,

raki s( pent a Tuor op 0067] Activation
Usethiodss 2usjgng, 450nb 26w@21,ain-4- :ﬂdﬁ'&hmﬁdé’iﬁoﬁub@omim WiChigB/32775.
an actjve proton byt capable of formn

{8644k a y%rfoi%rﬁngg bigi & g o quéﬁl%a%nt@ie{}q%élg% ﬂhu%%%ql%&t%f\ aiumoxanes,

alsig p@etfrc% @994 Ny H%ﬂ?@@lﬁ@ NAti ARG AR QRSweIC A3l 891 B&rs for nse with
ed, and are’ described in EP-A-426637. EP-A-573403

maﬁdc dUSRy S, 387y H68mpAlis 1 polpadediditentiiey useapen stiplgy There are

a x’a%gwsoﬁ % quodse oriJepCmpannyf slumoxanes and modified alomoxanes, non-linuting
cxamples of which are described in USP 4,665,208, 4,952,540, 5,091,352, 5,206,199,
3,204,419, 4,874,734, 4,924, 018, 4,908,463, 4,968,827, 5,308,815, 5329032, 5,248,801,
5,235,081, S, 157,137, 5,103,031, 5,391,793, 5,391,529, 5,693,838, 731,253, 5,731,451
5,744,656, Furopean publications EP-A-561476, EP-A-279586 and EP-A-594218; and

PCT publication WO 94/10180. Preferred alumoxanes are Lewis acid modified alwmoxanes,
especially ri{Cy.palkylaluminum modified methylalumoxane, including
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tris(perfluoro)aryl borane conmpounds, such as

tris(pentafluorophenyl)borane, which are capabl e of
wW@b@voerssT on of |igand groups, especially a hyRPEDUS2008082599

l'igand, thus form ng a non-coordinating counter anion

for the cationic derivative of the netal conplex.\

wherein: [0069] A*+ is a cation, especially a proton

“n(%%p{i@' bRLNG GR Q05 ARE RE 6 (%ﬁﬂpl y& 1@ b ﬁlhr&‘(qgl@@ ak Bylaa0-3A or

ammoni‘'um cat 1 on cont ai ni ng one ‘or C|o4o al Ky!
wri{groeuppurespechalifiyd aetietiuyd:ding, @vmm@amymz)waﬁmu MMAC-12, from

catjon, [0070] R4, independently each occurrence, is
Akﬁ%hpggeﬁkor a hal o, hydrocarbyl, halocarbyl,

Y8l ohygraganbyboopsi diylhy Qﬁ%ﬁﬁleL  1h@Tys8| J‘fWinno xane(s) or modified
(including nmono-, di- and tri(hydrocarby]jsiJdyl) grou

ahlofo‘(g:pv(@(ﬁsg@ aatzuﬁ:gr xm)tx acleunty porhydrogdhs Dpeeke Pabeye. Phat is, the

LQ(PPY%%DE?? %"f 1|1 Ug I;x }%ig‘irng%téono&r\u% roi’hut %c,i ivators, either neutral or 1onig,

sudat @fh@ﬂmm@ﬁwxﬁ@ aumng(bmt ﬁ&%%heﬁgalmba&a@fpmh@ erisperfiuoroaryl
catal yst activators_include trihydroearbyl amo R0
cora e’ eSpEEPEITIFY HEFIPHIE CiD adkyd Yt oM Ry S4FEa2Es, and

co Of B t? n%(o% t'w%((ﬁerptoﬁf LueLg. phenyly) beranc)im dazal miqeaomponent the
r's(

ent af
ambingnyl afdoes-ane eaiamrd es:y;hmmldiakﬂi thae that necessary to effectively aclivaie

bi s(tris(pentafluorophen C heptad . . .
ﬂwe@yﬁag ARSI Yo, SBPLEEY i %{f% bt %8?16‘6%@}%}? ) BBrifEyige may not
wrém Bl GHAGRGH:) ltdmg@zﬁ@ﬁeﬁi‘%t activation, Mot withstanding the foregoing, some

bi s(tfis{pentafluorophenyl )borane) 4, 5- bi s(hcpt adec F

pammpd‘azmd)i]td@glumos(mer1;13Q<pgmvaﬁq>rumogess is not nccwmn by exch eu
nyl) bor.ane) i rai dazol ( IR scially
m}é!ﬁf af p%ug i ﬁé AN nb%rlgﬁlg o fgh‘nr’ﬁec il |G'r1ﬁ‘?r1 g5 GrimvEEes espocially
p y q

mefiySlhbShe (MAQ) as well as Lewis acid- modified alumoxanes, especially
rentafll'orophenyl)borane) 2- hept adecyl i ni i dazol i nde

triby pig(afnrbv ppeivatl udrepretvl ) boHaReycUub B BISrURdecyF) | XRlozenated

hm d? §8‘gf9§g 1%?%& n%&!%:[:; (J)&/ils %ﬁ%@%\%&%f of}ﬁg@?e nfyéz% b@r A 10 carbons in each

hyddbSEE i 8 (penkadibd QE« @@bﬁbyi yhaparaich Sebvadingm cocatalysts are previously
et hyl benzi r ni dazol

disgpsseipy agle%rﬁtaémm%ﬁbﬁﬁahﬂ Jhorahéls, §9iie( bnddyl-yBER-5763 77
Prefl 0220l 084 I SEL T LEL @anompounds are trifi-butyDaluminum-modified
uor ophenyl ya3umane) i rai dazol i de. bi sCtri sCpent af | uor oph

mednyGalumaned "bd(unﬁﬁéﬁwmnmmazmmde:;i methalumoxane containing from 10 to
30, preferably 15 to 25 mole percent i-butyl content and 10 to 20, preferably 12 to 18 mole
percent n-octyl content, respectively, the molar percents based on total alkyl ligand content.
The alumoxane or Lewis acid-meodified alumoxane activator is preferably untilized in molar
ratios cocatalysticatalyst from 20-200, move preferably from 20-150, and most preferably
from 20-80.

{0774 Because of the ability o be activaied at relatively low levels of alumoxane or
Lewis acid-modified alumoxane cocatalysts while maintaining high catalyst efficiency, the
present hafnium comple xes can achieve reduced levels of cocatalyst by-products in the

resulting polymer along with long chain branch formation in the resulting polymer. This in
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bi sCtri sCpent af | uor ophenyQal unaneJ”- hept adecyl i m dazo
i de,
whe@oo6i337 penl af | uor ophenyl ) al unane) - 4, 5- bi s( UPCIBEUY10D8/082599
i dazol i de,
bi s(tri s(pentafl uoTophenyl ) al umane) - 4, 5- bi s( hept adecy!
)i m dazol i de, . o
iun!? L864L E}%(&?{Hl&f« LHor epheny i)\ﬁldklﬂﬁz'ﬂ:ﬁﬁé 2}49@&1%115%@1@ a®those reguiring
bi s(tris(pentafl uoropheryl’)al umane)- 2-undecyl i
highsil :day Xolowniidestric constant.

m‘%?f :ﬁésd g%? i‘%g%‘g%‘p ’)S‘%Bﬁeﬁ}w%j Faﬂel }i\?agecx‘ncnggzpmpf iene

and) @~ i@is%" Qhﬂ"gﬁ‘%ﬂ‘,%ﬁdﬂjﬂaezgi I,NL-dR#in weing a hm‘mum metal complex and from 10
bls(ltls(pentafluorophenyl)alU|nane) 4, 5- bi s(hept adecy
to |00 ppqi@ﬁamr ifnolei @€, hafium of an dlu moxans, under continuous, solution

pohfﬁf ﬁ‘é}lﬁs} 8‘2 (ué%% bffg heng}ﬁ%ﬁ{\ égﬁ"(ﬁ pldtjfang% 3@ R n;{}} to 250°C,

und@R Y graddpnanedofeBid shdntecyt) '136 NEEfcnibtaz e pes prapare 2 polymer
[0073J O'her activators include those described in PCT

copEbliRG atti A VWDeE/ D781 508uéR g steysr fhgn (120, preferably 80 to 99 weight
af;l uor | & ar n {
perger AR F Ve SRR 1 e, AR (R OhIRER, o 20, more
prefsblexanpl £ ,andl womxxane e aﬂada‘cl ionitzi g x&ﬁg}nt\/;&ﬁmns vnfts derived from
conbi nations, see for exanple, EP-A-O 573120, PCT
cthplgRE PrHe ORsWEP9AN07928 and WO 95/ 14044 and USP
59153157 : 9 i DSS neasurement of
iﬁ}g vé Vﬁﬁaggﬁg ys? cé%%éhnds Mﬁtﬁ g%gg %ﬁg%ZHWQMHﬂn‘ﬁ of the
Knﬂ@f&@dﬁf@&ﬂaﬂﬁulﬁﬁﬂﬁﬁﬁaﬂ%ﬂ@ﬁﬂﬂlﬂ@ @ﬁ@nnghyd@aﬂesruw%r. Suitable
g 18133 describes the use of organ aIun1nun1 s orob
ey yalt T%m“iéﬁiﬁén‘?é‘il?@g‘-ﬂéé%ﬁ“%)é‘s% “ gf%‘*‘“?&ﬁﬁ‘"ﬁ?n using & probe
imiS@kly ?nrlhg el 00, W § BaannonsGRok ﬁh@ @&ﬁnzgs CorpalikdhSechnigue
ani on. er activators or nmethods for activating a
mes &tali eys}tmmohfnd -lafrercdewertidseatyi (A TROR). e&(dnblaemcnslﬂ“ the reactor is
849, 85 9,723, EP-A-61 598
col R BT AT B 46 SR 3BT O BT ARSI SUIE api ey by wse of

v;s&ﬁ'ﬁ $r 84n:00) 4RRONBLAk: AtV Soffengocat al ysts is
al unoxanes, also referred to as al kyl al un noxanes.

[00BPLInDXAREB e arac e o KRG AR LI ORI EESIREr b SE ARl [roployed In the
pieggl'a ?r{*vu%(l:oennefﬁ}ary%gﬁes 1%%1%!‘1 &chqg%@ﬁund LR RLEPA s 3 QM{;}” among

ri-zation cat here are a vari

othdb, n‘EEﬁahadﬁt,ﬁlerrem\ﬁpamn@ a;bdﬂmaﬂ&Sn@’ldl ighdaiield with at least one
al unoxanes, non-limting exanples of which are , .
ol e OPEEE R qggpﬁ”dmcﬁggt@ogmsqit gnwerEap crepiggf Bigst least one of the

1»@5 %OGO%Q% bujh S%rgtcg%%m} Al ggng’l‘]{'at 4&321214‘11; s,%ﬁx sts v, hich have different
08 08, 815, 5,329, 032," 5, 248, 801,

comonemer incorporation capability and or different molecnlar wugh{ formation L&pﬁbi ity.

{GﬁSl} In one embodiment, a relatively high molecular ‘yveisght product (Mw {rom
second reacior a pmduct of a relatively low molecular nght d\&w 2,000 to 300,000} s
formed. Both of these reactor products can have similar or different densitics and/or
elastoroer content.  The final product is 2 mixture of the two reactor effluents which are
combined prior to develatilization to resull in a uniform mixing of the fwo or more polymer

products (i.e, an in-reactor polymer blend).
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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;
WE090687 publ i cati ons Ei P- A-561476, EP- A- 279586I/H82$08/082599

EP- A-594218; and PCT publication WD 94/ 10180.

Preferred al unoxanes are Lewis acid nodified

al unoxanes, especially tri(C 3 )alkylal um num nodi fi ed
@g’gg%hyl 8l %Wﬁ%ﬁboﬁﬂ&én@d&&g}ea&t@ SR M Yickadou gbﬁ*b‘m high molecular

i fied nei unoxane, available comercially as M

a@Lﬁﬁﬁt¢@kn¢hmﬁﬂ@ﬁEmw1%hﬂmﬁnmunmdmﬁhtneﬁ@npbhaiHﬁﬁ&@ﬂ@dQOPOVWWT

avai | abl e, commer ci é O 12, fronhAkzo{ ,k ol
of PREYIPOBYST NFER P t”h ge%ﬁ@s - PhIES IHPRRATIDAT PETY|§EC: ctayiene
and”gﬁefi Q‘f Oaa] u)qe?'i(?lx @H& ()ﬁg 09 !-HOEr(Pgl&B bedb & UM?(ﬁ?&Qﬁ‘)r \ya\ ue@{‘a lows for the

vator tiary conponent in the in

prx@ﬁ;@ﬁﬁs Sf 1 k}ﬁtt Infﬁd fﬁdffe pERpPe u‘md; Toyicib ewlss edilako ngeopm“mm In one
conblnatlon with other activator neut r al
COPRHITEL SCREALS T PAIRYFY Hhiroiir PRy {5t trom e fixst reactor i

ch »ﬁ%@a@f& Qr Q¢ L E eV ok bé?ﬁﬁaﬁ& HCAPRANDAS 1 ELT SRE hydrogen is optionally

roary conpounds pol yhal ogenat ed het eroboran e
adomiltorthe odw smbasedRa:autdv\lm%hd@Q% adaﬁdedc@nbltmmmwwm ratio of
two or

POl et PGB O, NG ‘GABEBE o UMBEARG. Rl By Bddeall in he

rank$ fﬂ%‘ﬂe@a' {oy24:8SSTHN AR dRRL (NG GESSAN Yob@s af Lesbiy ef ¥roducing in-
activate the netal conplex when enpl oyed alone. n this

rwe‘*nb@m Mtucrt%e}wg([iqgrbwgﬁ@cﬁﬁyoiﬁ@qld@@mﬂh; Kifgtabution or polydispersity
Gant | actual .cat al ti 28 10 10.0,
ind2Y ?JED{ Jans d?*ﬁg&% ﬁg 3y, FoEre Qmac, al 5\ Xﬁre@&% n}{ﬁtnuo {i'aw R/%}f iro:ﬁ 8w 10

goi'ng aFt I on

Hm&i@ﬁﬁ%ﬂﬂ@ﬁbﬂgi@ﬁp&@tlVatlOn process i's not necessarily
excl uded. [0(176]. Suitable al unoxanes incl ude

Gﬁgg ymz_lp| % Tigihe I—E%if’%ifnineﬂtaloﬁﬁd%a%‘ésrﬁa‘égfﬁea $19 9olvmcr1zauon Process,
e [{ﬁﬁ“tuhl}é L al.Ubxan ?eag t z Ij%&e & su@@ }’éﬁg 3 Q%H%g&ﬁ%& ﬁéi,lcr Natta

urfoxanes, espe0|al roear um rnra-,
uﬁﬁaﬁogemaheﬁnmn1 my@muQ@chy§yahwﬁnnqpna®ﬁthahmgenah pdh caialysts

kns%x{‘rlbﬁglxq }(.;qu gigiiz)?%/é%lﬁgﬁ OF ﬁlnég‘ ﬁg d?i@in?xanelg}ip but aiegnot Hmited to,

sRRkhRIgnat 8t hydrasariul o 9mauE:,, aue @déﬁi;héﬂ@ﬁ k@ﬁapr‘sb compounds of
cocatal ysts are previously i sclosed in, anong ot her

alupibln cattiiomg, at USH @lezemwnm@a aiavllmdlmlia@c Ve sotiattagpgrlysts and

thegéﬁﬁ%@&sﬁrgg %ﬁl‘é&}* E‘fl{ ‘im“ﬁlﬁf S}Iln)ﬂ%ﬂ %hoﬁﬁ} thf %dd 1a ! H@ X@:ﬂ% 3090, 4,330,640

and"BIKAAISURDXRASLAN Ghbidikd- ety l)al vsisn&rb I’lﬂ[m,miﬂt Jbk@din, among other
met hai unoxane contalnln?%fron110 referabyy 15

g Am TGRS A Gt & £ bAT Y orCart: | Bha i b sas
ﬁﬁ@n‘i f erﬁ? 1 C‘%’n&()ﬁ%ﬁ‘:&l%ﬂ{%oda%i' k-e%ico%eiscpaé%ﬁ 1 ERREEAL wresent invention.
eﬁ ectivel ﬁ& ent’s based on total afk 5

In ngah&diamem ent .or more catalysts are introduced info a single reactor at the high
monomer conversion conditions in which each catalyst inherently produces different polymer
products. [n one embodiment, a relatively high molecular weight product (Mw from 100,000
to over 1,000,000, wmore preferably 200,000 to 500,000} is formed frow one catalyst while a
product of a relatively low molecular weight (Mw 2,000 to 300,000} is formed from the other
catalysi. Both of these catalyst compositions can have similar or different polymer formation
ability, at least one of which comprises a 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 al unoxane or Lew s aci d-nodified al unoxane
activator is preferably utilized in nolar ratios
W@ owaneidgst xat al yst from 20- 200, nore pref er abPgI/U82908/082599
20- 150, and nost preferably from 20-80. [Q77J Because
of the ability to be activated at relatively | ow
| evel s of al unoxane or Lewi s acid-nodilled al unoxane
theC Q&%Raliéé‘%{fg’ W hgo IR @b Rl Ag dY %Bh%ﬂ"i‘ alebular weight, comonomer
effi'ciency, the present hafnium eonplc xcs can ac i eve
incrgcutied delVel srekscoeat akiyst obyeipgygddot §uqhnp1toﬁektb are disclosed in

U \;i’gfilfl 2 1! g’g f)HC %ﬁlfﬁrg‘gﬁlpc??%mgg‘%g E&Tg (%hhal I‘rt].?\ﬁl’ qf uﬁub@smbm with

otteh 818l JWIBRS fbioR@aRIRLOYREL ik ,@ﬁi’f&;ﬂd{ ﬂg @D}th@ atd QR8nd catalyst
such as those requiring high clarltv or lowdielectric

OGBS GInmay [@@rm]wmn@i reFdlEet? ERBHHEFIBAIY, ttheetalictene or other

JRLESE Y I Z]. Q 1

s bQ u?s g%}:ﬁ{ g?o%%fw% Sh?e?ta (%ll% E{ SUH I&J slﬁrgﬁgal g’:‘r‘%gﬁ‘ﬁ?ﬁ} metal

cmhpltmsmrmrmpailw@i@mp}haeemanﬂl fsraouh ghOug- &\Rﬁﬁl@imhe{sl p:m‘pls,\ gepecially

nDIe of hafni um of  an,. aI noxane, nder _conti nuous

POl et B HSRYNEr 92 HRICHW EBRET PORS AFTACEE mer &Farwdate oxygen-
-10&56@%?{%8 g;ﬁ&%n%ﬁ@% oR5Ef enabl Yo dfiems) 30 to 250 C

de propyl ene conversion conditions (>75%
€H%hbfeﬁhmnyM>8@&6cbumbmepaneuavpakymegi@oﬁpr@ﬁ&ﬂQiﬂwmiuﬁ1ﬁdu@i

_ yeri zed f to |l ess than 100, preferably
“”g@ﬁ% 5 §YwEP ?ybﬁé%g Wi ts derived from propyl ene,
and greater than.zero to 40, preferablyfi“ﬁQ 20, nore
preferably A té 16\and eyen norewpreferably~n to 10,
wei ght percenh un|t§“d$f|ve@ fron1e ﬁyPene and/or a
4-30 a-oiefi nx Lﬁﬁi kn ge er%l nomgr—conver si on
may be determ ned by ﬂEHSurenenr~£ﬁ rhe react or
contents or of a representaq;ve §trean1g£_effluent
exiting the reaétory Suitabfe péthods for deternlnlng
nmononer COﬂBEﬁ{JatIQh“PﬂGFUdGftﬁ“@petfﬁoscqpy*GSIng a
probe i mrersed tn_t rﬁe reactor comgents Im_é sui tabl e
sanpl e of the contean ﬂne SU|tab¥éxlechn|que uses
Fouri er Transforn1hbar hfrar ed’spectrdscopy (FTNIR)
Sol i ds content of &he r@actor is cqlcuLﬁted based on
pol ymer (solids) prbdused or it may-a¥so be neasured
directly by use of viscosity or density neasurenents
of the reactor contents, [0080] Miultiple reactor
pol ymeri zati on processes may be SU|tany“eanoyed in

t he present |nWentgon = I es. hnplug@ such\systens
as are dISC|OSed |W“USP’3 9l4 842 éﬁﬁng\
— i Eg i
, i /
\}@ {*«\\V \\x\_/\ A s : 4\
b B
:(‘ N 21.5 l\f B }:::-:::\\
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& T / i @t § '
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others. The nmultiple reactors can be operated in
series or in parallel with at |east one catal yst

W@ 09po6i38T on according to the present inventi oPCT/US2008/082599
enpl oyed in at |east one of the reactors. One or both
reactors may also contain at |east two catal ysts which
have different coraononer incorporation capability
and/ or different nol ecul ar wei ght fornatheﬂ*
capability. p@OSIi I n ong enbodi nent, &elab}vely
hi gh nol eculi@r wekght_ foBU£t %Mfﬁaonrkpo 008 to over
1, 000006 nﬁre oreferably ?OO&OOO tio SOOMQQG) S
formed while Tﬂ“vhg sécgnd ﬁeactor,a Jproduct of a
relatively |ow nol ctl arswei ght CRM/Z’DQO to 300, 000)
is forned. Both_of/these reactorzproductsﬁcqn have
simlar or dlﬁferént denS|tﬁes.ahd/or el‘ast oner
cont ent Thewﬁgnal QFOdﬂ@I*TS*a*ﬁrxmureﬂpf the T WO
react or efflu@ptSfmhlch ane’coﬁbhned prwor 0
devol atilization to resgﬁt in a unu&ornpn1X|ng of the
two or nore polyner*perUSLs (r\e*‘fan ’\n- r eaet or
pol yner bl end). | ng another-enbodlkpﬁ , ong reactor may
be used to prepare\a hi‘gh nDIecuIar%ME|ght propyl ene
honopol ynmer whil e the“second reactoﬁ“r§“enployed to
prepare a copol yner of propylene and ethyl ene and/or a
C- Oa-olefm or an interpolyrner of propylene,
ethyl ene and/or a C4.30 -olefm and one qr-hpre
di enes. Such @ dyal reactor process allows fﬁ the
preparation QT |Wpact nvar$4ed,pfsﬁ%cts or pr@ducts
W th talloreﬁ proﬁertues lih one e bdlﬁhngﬁﬂthe
reactors are e ected,Jn serlbs tdat I8, the
effluent from the Yjr§t™React or “s-Cchanged to the
second reactor and“fresh nomoner - sol ve {_.and/ or
hydrogen is optrunally addéd to?éae second“Teactor

React or ommdidions jare aﬂ+usﬁeﬁwsuﬁh-phat the -weitg ht
rati o of pd1ydEr produced P the\flrst heactor to that

produced in the secondiieactor IS ’Qeally Th the range
fromb5:95 to 95:5 ThEr{oreg0|nq“duakﬁﬁéactor process

i s capabl e of progducingiinrigactor olynem bl ends
havi ng br oadened ﬁplecu#ar,ME|ght dﬁstrbbutlon or

pol ydi spersity i nd&x- (?DI) PreﬁerredwﬁOIyners made in
t he foregoi ng manner have PQLeron12 8 to 10.0, nore
preferably from3 0 to 7 0 [0083J In a further

enbodi ment, one of the reactors in the polynerization

.process incl ugi th irst of two reactors 18 n

ﬂﬁgw sert §Jﬂ€ggpg%ﬁ§q5ﬁ é?%ﬁb@@ﬁ%@h%mZﬁgﬁTéF“ﬁgt FehA9

{msﬁjt al )&%E ciBF cRuREOBT MBI M AIRLAGGRL al)Bd fcsiucmcaamqnﬁm

he numerous such catal ysts

E‘ns((z, oxoyl 3-{dibenzo~ 1 H-pyrrole-1-yi-5-{methylphenyl}-2-phenoxy)-1,3-
propanediylhafnium (1Y) dimethyl, and bis({(Z-oxoyi-3-(dibenzo- 1 H-pyrrole-1-yl}-5-
(methylphenyl}-2-phenoxymethyD-methylenetrans-1 2-cyelohexanediythatnium {1V}
dimethyl.

D088 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 lgand source, The techniques employed are the same as or avalogous

to those disclosed in, among other publications, USYF 6,827,976 and US2004/0010103.
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known in the art. Exanples of Zieglcr-Natta catal ysts
i nclude, but are not limted to, titani umbased
W@ 2000/0385 supported on MgCO and addi tional | y PORPR1088082599
conpounds of al um num containing at | east one
al um num ai kyl bond. Suitable Ziegler-Natta catal ysts
and their preparation i nclude, but are not |limted to,
bpse -di.sgl.056d..l.UeP .4, 30Q. 4 380, £46 @BGiyst composition by
M@ g }g{} éu{?tka} 1ecchrolm“ug:gjbaisegl cat al ystis ar e tﬁgosé3 ’
combmeh@sadklm:maﬂmm@toﬂhemw oncah1@n&*pﬂ@8@eﬁdﬁwn(h~h€ catalyst
4,981, 927} 4,835, 219, 4, %564 660, 4, g\ ( nts of the reaction
congbasaiyPhe (A1 Hot e e et W@%Pt PR e BR ARyt ¢
miRHACBS 585, AR ugh §QamseididuANeRILEQBYI) AYEAITVONng ddbatalyst to
one enbodi ment two or nore catal ysts are introduced
tﬁﬂTﬂ%ﬁ%iSlngle reactor at the high nonomer conversion
}ggpgletr e%n%ﬁl r*}h}\'h 0? thggfrhfn §3t1a|n>frgtbé,l gpﬁ?»i?&m ln?gb J?& adiﬁc w> variety of
wﬂw@h@@ ay ﬁh)/mb;b}ghm m@‘bﬁcﬂbﬂhr%ﬁt@hto pbdddwtsduli/hﬂi‘dc@nma uding objects
100, 000 to over 1,000,000, nore preferahly 200,000 to
coBROSEDG) 19560 POt BT RYSmeEFedt At BPYRE SN e ©4 Bhrdueps Javer in a
”"“%88‘/ ;,60§§1§t E%{?%%&L %&ng!rﬁgme?ﬁg%gt Wgérnggitaed g%"s&ugggnt&mmg processas
gmthﬁseydﬂmahy&uwﬁgmma&mmedﬁsncamﬁhaMethnﬂkaﬁ ﬁﬁneindxdng;manw
different, paly ormation a |J|t at | east
Shrifi %iﬁ“ é@ﬁw% 1’& {i‘@iﬂé Y 88%@&1 %fs HESE B8 n%g ‘imf mers,
f?xf‘an@rdﬁeﬁ}% tahan%{“p@{ﬂﬂg i |m'3@£§ PEORE ridaﬁ%ﬁd@@@ngﬁﬂ&d injection
eratio of the two Ccatal ysts that are enpl oyed
moldutther smmgtr@hhéa@tm@h, Suirtsalylse {Eonbi vt Poner of pol-yrepn fabrics.

M%\Piﬁ%}% azisivl\ge (Hj%f} 1"[3 ﬁ%orr{%? g %]Fg(t g(gor ?ot %ﬁ ci: 151 Qhu%ﬁny‘ts and fabrication

mefh8s dbgebas adui g HIBRIG, %, B42. 7 @Ui@mb @s*td'1ﬁwixlzmisﬂid>&s comprising the
conpatibility of the present catal yst conpositions
pregant oy e, dharden sy ek ZabrronawE aby TSI mEPgichy additives,

mn%‘me"%ljgs@}t@m I%u?o&ﬁt %Lg&‘?}ﬂsu,dﬁﬁ%gsﬁﬁQsQ%aﬁﬁt ahflers colar rm extenders,

eX as déscri

umh&thm aowﬁga&bmﬁeﬁﬁgmmnmkner p bonded l'i gand
roup- cont ai ni ng,_ netal conpl ex udi ng const
(06 ?ﬂ&;

n
EonetPiParetEl Ehprexes) oA Oy UaERe hEEERouE G baving
an hﬁlnlgfa@l%&rquper 313 g el al p‘ﬁﬂ”@lue& rr%?cp%@?' BlelYof the invention.

pol yval ent pyti anlne or imdizolylam ne based
Fibewrphiexes band et riade tidapesox pgbmdgat eidnds include staple fibers, tow,

TR TGN RTINS

incRHE S8k me&intwn Hide] udengosPayngsRed eSpandidg, 350, 4,663,220,
the fornul a: [ 0086] wherein, RD |ndependeiﬁﬁ% each
[

4}1@5{;@@& reefdcé 3L s U8hl @q'igspuxareﬁimﬁ a6r dl@@lﬁg\yﬁ in ﬂﬁ 3,110, woven and
nonf \ 16 ?Hﬁm%x%;gg%ﬁ% lﬂéEa %lﬁﬁnf’?%alor %%!I&h%’éeﬁacﬂ! ?rokp%uch fibers,
ineluding blends with other hberq such as polyester, nylon or cotion, thermoformed articles,
extruded shapes, including profile exirusions and co-extrusions, calendered articles, and
drawn, twisted, or crimped varns or fibers,

{80921 The polymers of this invention are also useful for wire and cable coaling
operations, as well as in sheet extrusion for vacuum forming operations, and forming molded

articles, including the wse of injection molding, blow meolding process, or roto-molding
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bi s((2-oxoyl - 3-(di benzo-I H pyrrol e-1|-yl)-5-(nethyl)phe
nyl ) - 2-phenoxy) -1, 3- propanedi yl haf hi um (1V) di nethyl,
W@ e@06%687 2- oxoyl - 3- (di benzo- | H pyrrol e-| -yl ) - BET/US2008/082599
(meny~phenyO*henoxyneny”- et hyl enei rans-1 - cycl ohexan
edi yl ham um (1V) dinmethyl. [0088] The foregoing netal
conpl exes may be conveniently prepared by standard
Prov JIBd:al | @t‘ll“i naand 4, g&c’lrs]ﬁlz GRE! Gﬁ:ﬁ? Q&GQH{ ﬁ§0 'OQYQJIY}@JQE*O‘%@ET% :ated
source of the trandition neta d a neutra
aﬁmh%yﬁmhc&a@h&k hegandvsnwnc@wdThengexhnmgwe@.enbbbﬁ@dpmmewﬂw
t he sane or anal ogou t se disc
“?‘Cg%‘ﬁﬁ O RE R BB P4t Bﬁé v 1”8@‘7 *wgpaha@%“ procebsing.
{BQ@S}ZOO%Q;%%&% 3[)@10%%%13;h%d%ﬁ%&u&%@ia@’% doShed@lh¥ @t 86 the present
formthe active catal yst conposition by conbination
poiwrteh vhérpebabas yetpriThe thetsivat i lonthrdyooe yorprisiog the invented

po i BN Ch Y budOPES Sble GuNenaRg Sl ed Augus

25 the4r eagd: 0 HnX ke @whoﬁiehﬂthﬁbirﬂ %Wf@&hﬁhusﬁﬁ‘aﬁrﬁt &oss-linked foam,
addltlon of the netal conpfex and activating

highganah Jem 106 cereonianatdcatiqs @oe@f] wmmpél%ﬂ%ﬁsn Tof the

G{ilg@%enthi?lﬁiilga%;ﬁlgaty%%f1{111 itu¥1c F[P t(?xy"leﬂm:!l lﬂnﬁl WALL %‘i)}’qh&{ and extrusion

vent i onal er nopl as brication processes

mehtmg,j lftCEG m&eﬁmﬁumg pcﬂabis wdiaghi pdibnbhigh pectse parp rHvsmp)gar‘y molded
fllrnl uch as, a nmonol ayer fj

art1aitc~, i g(% gq éVéi"n ?Qpecgir 295 %W eY““PPT’ Ilﬁa b,rt%{ g ilezaxiﬁrﬁ,o*‘ automobile

parfasld ijlr@%ym&lai -ende re@}de QXL Med ‘951'6'53 Qalt e Mx‘@ﬁ@és es
(exenp ary fi I ncl ude greenhouse I'l'ms, heat - seal

HIORE] m hsmmvﬁmﬁnﬂanﬁhqm¢udmdgﬁe@éwcmyaehwnnkuﬁvlﬂwiﬁs?hlbe0»

pe:%)gig%,nﬁetgclt 'i%llgl 3.% é{nm%] @} a)fgf’l% q¥ oﬁ)ré?” 3%% q}éﬁm\%téblgﬁéﬁtusgp i polymers can
als @G icGdth oAby S48 sudDhded L?dfﬁzh L£1R8 exSMAP 1ASysblGWhalcic anbydride
mol ded, injection nol ded, r ot o- nol ded articles;

:’\Méﬁt}; g@m@ms or pilsermattign dﬁgmt)e B2 BECBEAL WOVERTPARD ﬁipléagmi‘on or other

Mor mul tilayer filnms may be made according
dm?%“?ﬁgﬁﬁaﬁﬁggtructures and fabrication nethods

{sodgiscr ibegolyprddyBne PatymdNoof $i685¢:1238 caT bebiapddastth eiher polymers

conposi tions conpr|5|ng‘the present Folyners i ncl ude
o pranEotd R0 HER WAt FEESo Figy e ided gBlYrergiiatic polymers for

bieigtg%!f LY a5e 135@#&%9& gé’ ﬂgiv‘r?}g‘?sn&fsﬁ g LLR @mJ &3hSERMy available from

I VES, St abl i zers, colorants,
a \:Hidieﬂﬁmpgiiefs rossklwkensg ardmh(ﬂ\l\mmgtdaegemﬂiis pobmtbiing such as an ethylene

e
(VDB NG DPE, HDPE, homogeneously branched linear ethylene polywmer, bubstwmmiw
linear ethylene polvmer, graft-modified ethylene polymer, ethylene-styrene interpolymers,
ethylene vinyl acetate interpolymer, ethyiene acrylic acid interpolymer, cthylene ethyl acetate
interpolymer, ethylene mwethacrylic acid interpolymer, cthylene methacrylic acid ionomer,
and the like), olefin multi-block interpolymers, polycarbonate, polystyrens, conventional
polypropyiene {(e.g., bomopolymer polypropylene, polypropylene copolymer, random block
polypropylene interpolymer and the like), thermoplastic polyurethane, polyamide, polylactic
acid interpolymer, thermoplastic block polymer (e.g. styrene butadiene copolymer, styrene

butadiene styrene triblock copolymer, styrene ethylene-butylene styrene triblock copolymer
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an outer surface layer, conprising at least in part,

one or nore polyners of the invention. Fibers that may
wheoopoepsar ed fromthe present pol ynmers or bl eneiGI/US2008/082599

i nclude staple fibers, tow, nulti-conmponent,

sheat h/core, tw sted and nonofil anment. Suitable fiber

forning processes include spun- bonded melt bl own

T

poilyﬁb‘firl&i@’%ﬁﬂal& &E0olwowerds.andin birm;\bvéxnfeﬁlabmb@s m@wx:de mtmpuiwmr
dis Iosed n USP 3, 485, 706, o stru res i d
(o ughY RTGEHEM FREPGHPRG bl oHIE oGy HES S0 Ber GlpR monoxids
(E @ﬁ(‘@@'té/@@tvﬁfer Ay HOR/ :%thﬁ%h@ﬂmdkﬁ%ﬁ%&fom @k B ES terpolymer,
extruded Shapes,” i ncl udlng rofile extrusions and
Cthwbrexmugqm@ﬁeaaré@h srideridd (BY BiCEhasipo e drdwiyyene/carbon monoxide

{8 (ﬁbSt eE 3%8 ﬂfh €L e%g\% n@%%a"r éﬁge.é%tc% e?h(i%]l)fl zﬂ,, and the like and

r‘nﬁﬁﬁ< cBbker coatding WPk athkOfSpyiase-vel knagPil) ﬁlﬂﬁﬁ&mu used in the
extrusion for vacuun1forn1n% operations, and formn
H

ng

pragigfedddthisr BV eles, cane el "Wé OGO ﬁ%}’ﬁétiﬁliﬁ@ﬁf a blend of one or
mopp%gk A8y bl\ 9}11\’0'58'09 'rﬁgc Egv ﬁ§§eih91r 1 un a 01 olcim If the P-E copolymer

rot o= ol di ngprocesses. nposi t rising the
usedliethenprpaloynenlsis Gavrenabs & belehd bfremiz $mt101xf}aﬂ)yd1€1‘atbe\duh ONe OF more

artlcles such as t ose revg §§hy mentioned usin least. about 1,

R FORER oYW se[fi%n eSS hg PRERHT tResPTifT ¢h &t avout

pre\f@wis kngya J;e%ttﬂ%@ 1§(Lﬁlf blgdahi & h‘lz%ct%{bb 200, RAlY ‘%I” 8fcl Biat weight of

processing. [0093] Dispersion$ (both aqueous and
thepbmdaqueous) can al so be forned using the present

ﬂﬁ?g}lay m':léis c"ri ?é{%ﬁ@iﬁtﬁﬁtb}i (%E% gﬁl?fgglr“s %f‘%}%&tﬁ’g hﬁa“ iflg%e bon 0 fients in the
prab@deBdhis #8ycdis€ hRSAnbNHBCTy ARPlihaatd AnNdock copolymers made with
2004/ 027593 fil ed August 25 2004 Ot her foans include

fwchvgﬁm FrEAGYR g e EuAOHERg OF F IR HIONEAMNErBeS-OPRkEyTs have a
V,C%Hf’ﬁmti ”}9 h::ig €A h ‘g Qam fs%)rﬁoog\i‘?ﬂ%lizggveagplﬂk%gt 6igﬂ§’mu Hi-block

und nsula on Toam i ng applications

m‘fdrﬁﬁlfmdﬁ d{@]ﬁ&ﬂﬁbﬁfﬂ nﬂiﬁhd‘i s inkbheiwmak di by mandicextd usd esld by The
|nclud|n otahl e water pipe and

Dﬂﬁﬁdﬁﬂb?@§§§ﬁ@nbPﬁ@ﬁé%%ﬁﬁ‘§F§k ded articles include
ﬁiigi@: tleg, cm‘«@%t%r}EQEQQQQQa REEFeA00 n‘éﬁ%* P43 dhrllti?\,rlé,&r coReh of from

erior autonobile parts; "and thepnoforned articles,
20 espepbambity 0g&m&11amddlp¢xat®3gllttc1f dysn @nidicc bhpaicasr sod an alpha-olelin

J.. The pol rs may . al craosslin b
coro, TEARY & (NP LS g e DA p e ok PAET ol et rgppmer  Furthe

pre@e@m tﬁé BN elocRZbEE y ksl k‘@ Ln GEOSSR b RkENG! 186N GUR). percent, a
ynmers can al so be chenmically nodified, such as

dmby%@?aarf of figm(F bro Experptd, by assdplofoleivapaitentan et 1 Q& 40 percent,
based on the total weight of the polymer. Preferred polymers are high molecular weight
polymers, having a weight average molecular weight (Mw) from 10,000 to about 2,500,004,
preferably from 20,000 to 500,000, 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 Mooney viscosity (ML
(1+43125 C) from 1 to 250, More preferably, such polymers have an ethylene content from
85 to 7S percent, a diene content from € to 6 percent, and an aipha-olefin content from 20 (o

35 percent,
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(MAH), silanes, or other grafting agent),

hai ogenati on, ani mation, sulfonation or other chem ca
WOore@p6713at i on. [ 0096] The pol ypropyl ene pol ynmePGI/5§2008/082599

this invention can be blended with other polyners to

form anong other things, useful fibers, filnms and

nol ded articles. Suitable polyners for blending with

[pifole DOﬂ}xDu%’i&ihaeﬁeu@%l&ém{@u QfnebdhbiSo LNENMT RRc A Gonsity of less than
comercially available from'a variety of "suppliers and

abdn Ol W dereldoeitly dgse ﬂmtahbmrﬁ $B dnro praderhiely 11zfol ly«m @bl 88 kyven more

o T S R ey B S BERD e.

cthkleDPRiii-HERE, cob@ﬁﬁ@@dﬂ@Pmﬂy hiwf.a@ gy Idr ﬂmrm@t yenas, and more
pol ymer, substantiallylinear ethylene p | yme

pr«émaﬂt gwmrﬂh@uﬁemhwgén@upoﬁ Sy 1 étehyir@hb:eﬂ@trwé’ﬁtue of ABTM D-

794 Nt QL ROI yl. abd 'L 2L A0 Wkacterized -

9it h§1 g‘neé&a{%’:lrgl ﬂéﬁéxgy ﬁﬂﬁ tL\éér&ol 0?}%%} s hihln '.198,.[&%”}}% acierized as

amaqﬁb&t, gle mﬁ]}tce&midtymg,ego,@d e;bhyli engeringl hac hyglhltmnanﬁsic’n { visible and
Iynler et hyl ene nethacrylic acid iononer and

UMH@W$§&W‘N%ﬂn mul ti-bl ock interpolyners,

@mgwcaﬂﬁoaﬁﬁ%m M%té/ (EBGho! %&yqrﬂghwnﬁl th pqrm@@mﬁ @NCinvention
(e.'g., honopoi yner pol ypropy ene, pol ypropyl ene

Wi’mﬁ@lhy‘m& Iﬂdmmgm1M*dc% thal ypmmbyi? enlbe mﬁiergomlm racapided by the

ther l.yure J am , ,
BTG hot BR8] dTRERT ol YRer, CROPRORFRTEE B oglo 20057090427
(Upmloynenot e g ;:ﬂs%ﬁcaﬁ@nb@@ BABBE GRPRLY MEEw 1SENEEPSInt often cxhibit

but adi ene styrene tri bl ock copolyner styrene

desarbip| b iyt fdehemstyaseney piopblise ksdbpol rdriairgliphea! the modules
mﬁlmig?uhﬁquether bl ock copol yner (e.g., PEBAX),
ester polyner, polyester/polyether bl ock
§GG@@1}V MEg diedghe TRk cephyhenasedibdr moaoxi dehis invention, and
i nterpolyncr, (e.g., ethylene/carbon nonoxi. de (E oo )
theg gERINHER, 280 ) éfﬁéﬁtafe r% Hpecutivel Sardd n‘«”ﬁﬁﬁ%@t‘??dcqgﬁ 006/0199931,
Uséff_a’%?ég e PO' 06/ @'9?% gne/ ”‘??@)@%Xﬂw%@c' d/ carpensoio99i 1,
nonoxi “terpolym'er, ethyl ene/Vvinyl
USaoiet :amfmar bon mm»aﬁewe@mcq HE0p6IN AR Tand  USZ006/0199906,

UsEERBRGE Lo IR ORI sappgoroone

Ushideso @dsmod iess ivbereofsoohavoesdran, wangss/o tRe30, US2006/0195006
propyl ene-et hyl ene (P-E) copol yners used in the

Mﬁdr&EH%HEJ8P81h|s i nvention can be a blend of two or

ﬁﬁm}h gglgyiollloe J;‘r% s Xg%?%ﬁgﬁl € tﬂgfs“rgp t[bé Y m%% Sg 1%OI %{hl ¥ e noted,

all $38 Rdbetopabyn®t vysed:Hin the practice of this
invention is a blend of_one‘or §Dre olyolefins with

one or nore pol yner§ Y&l efin, then the

GQE{}# COpOLY BRY G ORRL ﬁl%fwl@flv Lﬁﬁaﬂm Q‘Q&Lf'ltymlerx are produced using bis{(2-

oxoyi-3-(dibenzo- 1 H-pyrrole-1-yD-3-{methyDiphenyl)-2 -phenoxymethyl-methylenetrans-

1,2-cvelohexanedivihafnium (IV) dimethyl (Catalyst A).  The comparative propylene-
ethvlene copolymers are commercially available and manufactured using [N-[2,6-bis(1-
methylethyvliphenyl}-o-[2-{1-methylethyDphenyt]-6-(1-naphthalenylwC2)-Z-pyridine

methanaminato{2-}-xlN1,xN2 idimethyi-hafninm {Catalyst B},
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preferably at |east about 50 and nore preferably at
| east about 90, wt % of the total weight of the bl end.

WO 0®9/8$73The ol efin multi-block ipterpol yners tPEr/US2NS/082599
be used as bl end conponents in the practice of this
invention are exenplified by the ethylene nulti -block
copol yners made with two catal ysts incorporating

o ki er!?@%rqﬁﬁggc’ ftthﬁ:?mox opB AHRNONRL i Qﬂ:gﬁ £N888es are made acwvdmg 0
copol ynmer's have a Wwei ght ratio of blocks from95:5 t

1116:}96%1@@@;@0@@9]11 attiewatagfst thvbseatl et compeien] s@liopik are meiemd using
pu i GFRRRTRES SO Bl HAROPAGTUPAY Bnedel d s} o g mrodced
int&neniveidin SarPanyctindes cdohe ikt ade e ko MEUSEL [ 0098]uium borate of
The ethyl ene nulti-block copol yners desirably have an
apleohyiaEne cOWIBIRMBEY fr ofY'2O t 0 190 pehellnt , optoGHEFTyrmmonium

mvgi\%{éﬂg légﬁg&t‘ )% Eag ﬁ)i%‘s Gagn(?ﬁu 8r cent, and.an., component,

conten ron11 percen based on

tri(tshBoit Dhidnimeh ghbdgkdt hethpmhyﬁem (E{Mtlshsr upma’faengabl mai.,, atio of
the multi-block co pol.ymers_have an ethy ene Qnt ent

of
byl bme By’ g@ugé)@béwéﬁv o di e e niten. OF PO mtfio"mi‘u ratio
ba%g(\ﬂ?ﬁ%‘?qt”‘/l and y Aﬁb Bar gkefn content of from 10 tO

ercent base e total wei ght of the polyne
@Q%Ef er]ﬂedmﬂphyimnsn a;rraaelsn gmmﬁieaum aihmemgh&quwfﬁr@r é s released

pelE0; 2 el ol euer g mplectl o oL () L1 SR e

poigR@yi000, Tmr m%ﬁﬁf BFRABY adf M2 00901380, RMdvaBof the heat of
pol ydi spcrsity | €ss than {B nore preferably |ess

reatthran thamdpﬂsaet @Whge e}bbmw@h ap ¢ Modney ipjadewgirgajure, solution

fr@l%‘-gﬂ}%%ﬁrog IH%R/ W%\%ﬁ é"l mui}nté%cozﬁ ) E%N%fpef%eo [}lgge‘ a‘*ﬂ/%m%ldgges the total

volRRECENEhicR 103@@%&1@!‘1% et hveromOmicdoBePetr Gﬁjﬂé?;e)&ﬂﬂﬂ@cﬁt*cd into the
al pha-ol efm content from 20 to 35 percentThe E
reaﬁgr #f 2dluvek dbperprEresErYyiayh bésamfy I sasoiycd ant et yguid solvent.
oyt ot LES RoRBOUkics at polyme:
SlilorSpdben, aRoU R Aol SotABLI SpyL AR, : oo
comm&fﬂfoabbﬁywtﬁsé Stshanz@abott. Ofi8Sadinthtevempeotws rise of the solution

preferably s t han abo 75, The et.h .
cccRRe TUBMERK oL BRI B S E) BBy HE0S AU RGP, TIERt oxchangers
W HQ 88k 8LacthaR. akeul {9+83.vand (IRLe LRI Ble 6@@3&1&9{ gahahg for reactor

an about 0.86, g/cc Density is measured by the

tcn@nmﬁed goetrdfat ASTMDon TO2perkiows d@psmcyméhch wlbn@I gmighles)

ﬁﬂg% ﬁéﬁos%?xfc)ﬁ *r% gsrgl}]igg ng{/r?’h gl)é(gg‘g% ﬁfl agf & a92sble from Fxxon
und@k %@f&ih%wk Boghr [, Niglh froanend B5aed efroviish Bk@oBiidexsort COS for
purification before mixing with a recycle siream contalning 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 wit¥s Selexsorb CD for further purification
hefore using a high pressure (700 psig) feed pump to pass the contents to the reactor. Fresh
ethylene is passed through a Selexsorb COS bed for purification before compressing the
stream to 750 psig. Hydrogen (a telogen nsed to reduce molecular weight) Is mixed with the
compressed ethylene before the two are mixed/dissolved into the liquid feed. The total

streamn i cooled to an appropriate feed temperature {5°C). The reactor operates at S00-
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UV-1ight and | ow haze. [00100] The ethyl ene
mul ti-bl ock copol yners useful in the practice of this

WO pwet6i3dh typically have a nmelting point of |RPEEHUS10881082599
about 125. The nelting point is neasured by the
differential scanning calorinetry (DSC) nethod
described in WO 2005/090427 (US2006/019993Q . Ethylene
%h? ln L e%dsnﬁ-ep@kw%r&cw &Boed 91%@%% lnngm@ 1oy RhE @faversion in

esirable flexibility and ihernopl asti city
the prc@peens ngsnimsed by comrdihey f‘famtcdait igectoh lﬁihe Tri’@ dedodion gfmperature

ent i 1, The ethyl ene
S B PUGRHF Ht KA Hoe S AT oL TS TR Tl Hgfhgchaneer
at Bivel 1 1RE ePanall AR AR (S Buac RF 65 RBIE (fidld Y0 deselckped e npropylene
WO 2005/ 090427, US2006/0 199931 , US2006/ 0199930,
o O’Ugm'ﬁwf@I@@M@?SS%Q@@W?@H?C@QQ@Q i3 006/ 019991 1,

00 Eh0a/ 0T 55508, "Uesb0%r o1 Bos0s. “HEBG0RT o Hgago Yo the polymer
sol Mﬁa@%@l&%%dﬁtﬁ%@@&/ &&&9&8?euvuaza@@maogmg@;sagmh reaction. The

US2006/ 0199872, US2006/ 0199744, US 006l 0 199030,
adiysog oo it @g@@gx SSRGS US2008) @mig}g@g 1emr 5} ﬁOL ngm of a phosphite,

wh[j@;li& Wi, ngaexanples Lak E&ea]r‘: stabl i%ﬁxrig%ﬁw%&%e‘iﬁﬁ&%h%aﬁ(m while in

ess ot herwi sé not ed parts and percentages are
stot}nygx \lx;emghmbb&ﬁ&@t ElbEc ENBCDI mﬁﬂ&@ b Aty of T hf‘h}wsi e amor solution is
%/)ent ng ropyl ene- et hy| ene cop% mers are produced lage
xupﬁg ﬁsdei {)15)2 e %ylte%;p%zd?%%ni?a o iﬁ r}g}r% Ipémi (n oF a Wo-sle
devo¥dlimRiddl ety | b RBENYIN- 2rPihcRROXYEREIRY | de nlr@ﬁ«m@de Mhuring  the
etrans- 1, 2-cycl ohexanedi yI haf ni um (I&dl nmet hy
dﬂ(@@ﬁfahiyst praYyess Thies mima?@ff tyeppriopyh e ftﬂhyr@ﬁ‘é ater pellet cutting,
e conmercl g bl e nufact ur i
ﬁﬂgg@ng%&lﬂé I {bl%()(lf?!r}}é{ I}]yl}i Oei"%w ﬁ?ﬁi tkg (L '}?Q% Jrirg df‘@l é’u &?9 sent 1o a

coalest®t hyhethutpheridved bolvbadr f.hnﬁ@;mﬂtuha}haemwm duimg devolatilization.
kC2) - 2- pyri di nc net hanam nato(2- -scN 7 o .
Thonglpen Hethylrewar v beapdryist By THeprEpyIenierdy p afées of heat
, : derRcCordhRE solvent and
o BERRLY TGS SIS ST 2308 TRCCTPGANE R slven o
moﬁ@ﬁaﬂs alysirifediponente sofut koms: drserivaietteretndsimged in the reaction

nps and mass flow neters and are conmbined with .t .
ProBeit a) et AP G 8 V6 RS T ol e CUoTHT B MENE BOF R Sthvlene

a;eQ% {the LrRacke! andihigngoeat al yst used is a |long-chain
al 'k ammoni um borat e of

[0030%] TFach of the P-E copolymers of CE! and Examples 1-4 contained about 3 wi¥%
units derived from ethylene. The number average (Mn) and weight average (Mw) molecular
weight values for these P-E copolymers are reported in Table 1B, and the g’ ratios as well as
other properties of these P-E copolymers are reported in Table 1C. These examples
demonsirate, among other things, the higher shear thinning values for the inventive
copolymers as compared {o the commercially available copolymers. These data also
dernonstraie that higher shear thinning values are oblained g3 the reactor temperature is

increased from 130 to 160°C,
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approxi mate stoichionmetry equal to nethyl
di (octadecyl )ammoni um tetraki s(p enialluoro

WO b@appBBor ate (VMDB) conbined with a tertiary PCT/US2008/082599
conmponent, tri Ci sobutyl)al um nirmnodified

nmet hal unoxane (MMAO) containing a nolar ratio of

i -butyl/methyl groups of about 1/3 For Catal ysts A
gA B, the coeatal yst is iy, rati o based on Hf
E o?§5.2/1, and MMAO (25/1 Af?k?? [00105] The

pol yneri zat i o¥elprocisstins Cexditihey ofitbe Mbhetkeluar e about

900 BTUs rel eased per

peund Gfropmepy| ene pol yneri zed

and about 1,500 BTUs rel eased per pound of ethyl ene

pol yirgkd.46:-
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enagﬁii

=fore ir n i1nto

At TS5 at

ljeCtIO
: pul;yn reppc
W % | The adiabatic tenpel
accotnt-s—for—sone-oftthe
polynerization reacti on. Heat exchangers within the
ctor are utilized to e, the remai ni ng heat of
Gﬁﬁé ction allow ng for reégggx' nperature control at

the reaction tenperatises &repPeNt edpdintie fol | owi ng

tabl es). [00106] The solvent used 1S a hi'gh purity
iso~raraffinic fract gqmﬁ%cll e~ fkpmiExxon under the
trademark |sopar E. Fres ’Q@@%l‘Q@PE§ passed t hrough
a bed of Sel exsorb OO&:forpyukhiiealimn before mxing
with a recycle strean1contd|n|ng solvert, propyl ene,
ethyl ene, and hydrogen:y-After pd xibpgsapiit h the recycle
stream the conbined streami’s pass éé tihrough a bed of
75 wt % Mol ecul ar  Si eve=t3X% @qug,ﬁyg nSel exsorb CD for
further purification before Using a |ch pressure (700
psig) feed punp to Dass; thfégﬁﬁ‘:g i, the reactor.
Fresh ethyl ene is passed tfrﬁUg% a (ﬁ xsorb COS bed
for purification betore conptessing streamto 750
psi g. Hydrogen (a taloé%n L%égg? bréﬁ( e nol ecul ar
weight) is mxed w h t-he--conpressed-et'hyl ene before
the two are m xed/ dissolved into the liquid feed The
t ot al
{60112} TABLE 1C
Selected Properties of the P-E Copelymers
Ex, | 2 /12 | Density | g’ Ratio @’ Ratio | Degree of | Isotacticity
(2.46kg/ | @I38°C | {glee) @hn @wMw Strain {Yomm)}
230°CY Hardening
 CE 9 163 0.888 ! l I 57
i 8,5 9.4 0.887 | 093 098 1.9 96
2 7.5 9.5 (.887 .95 3.96 . 95
3 7.0 11.7 0.888 | 0.81 0.9 4.6 96
4 7.3 14.6 (3.887 (.74 (.95 -~ 96
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streamis cooled to an appropriate feed tenperature
(500 . The reactor operates at 500-525 psig and the
W@ w1331 enperature is reported in the Tabl esPCIH82008/082599
propyl ene conversion in the reactor is maintained by
controlling the catalyst injection rate. The reaction
tenperature is maintained by controlling the water
: I ell side of the heat
img@%ﬁaﬁ§g$P§C%§%Q%ﬁ gﬁFggfgence time in the reactor is
[0SRy t Adbidutal 1i@t<momuhes>)wu dihe the opyloene sbamvibmsingnbspeyior of the

iRt PGS bived RQeTORe e ool VS V) difg oned at 190°C
mditntheiﬁ&ﬁgm %Io@hst,’ Rge (QC%HY r@rqtu?'ﬂ,lvu&h@@o{ fhepwatieladians per second (+/s).

hydr ol yzes the cat al yst ermnating the
vpmliqxnmwz@t vomsrssaotiontqFie yaddi o vies\fltmrigﬁét%f These viscosity

ants, 500 enolic ) et

i AERGERT i Sisren PalRT e Rl LB YRR idnd aRp mventive

P-asordt il | ZeEs kOnplgVieflaoly MRfrdegradatiien cW!%LteuJ'ﬂ using @
storage before subsequent fabrication at an end-user'

rhep el Iléift(y"dl%é’hﬁ@ilslp spleglaied irogp gt iieasitsaisy p s dhedtdely the viscosity

aﬂ% Qm i S@& g[; [TL?(? (fe?ﬁcl"!;rigﬂu?? tk 3QQ¥§1E' JloAY GRAL 9"'5 &ﬂvag gashcafzak
WPl sol'vent and unreacte

ﬁcmoyrenﬁgamed rcﬁmmﬁdesdm Elnmgmt}(hﬁ'w dem)l dittie FiFzabdobymers with higher

process. The ner mel t Gg nped to .a die for
ﬁwuﬁdeﬁﬁﬁ1%¥“ éP%% %66&@Wﬁé“ﬁi} 1S IBEEVERTY I8hd nononer
@ﬁ‘i@@jor ST}‘%Xib‘&/k‘ngmL &1dsop h?f ol E}?cag%{&l ALIAL 28NS AL&mSEAl long chain

to ‘a coal esces The coal escer renoves pol yner entrai ned
bmmiutxgn envtaponvcdwiw nigrEdempllatérsi zahd omeselitre of llegn chaporanching s

m | V|n Ihe coal esc condense
P A S L g1 RS Ol HERgBRL ity R RASe rose duta e
shaWpXtaUli@u RNt eS, &S RakAk igoNpdidtMion Bigcepndensedir() equipped with

sol vent and nononers are purified (this is the recy g
iripét ridatoidbei Bee shove. AN ersial SEthel P eanderetTBIeT) 15 utilized
Th%g}?ﬁeéa% %%rhi P(}rﬁ I%Eeg{lgdr %}?a}milti% 1%% ng (%g'rllat%aélﬂgléigj gg\‘o%yotlegmg is clearly
de<b41@&§<b3f e Aﬁﬁh}buli%ﬁﬁdl\/i | %1399}0}5&%711 MGhobe P- ‘Eilicm Redwine, O

yners of CEl and Exanples 1-4 pontalneq about 5 .
awﬁ%ﬂdrwéﬂdéw RV ERLEE By INE AT RN RE ‘*@z‘wfsagém:’-é&iﬁi&ii%=

/ Iy a ¢ ¥ S crib

\1&%Moiacglg‘ev‘@ug Copgféyhegrrgéé g"%@é} ’ epg(re?%{géd Whgﬂg te @!{Bzgﬁ&a%;& ibed by
Scitolre f.g 2l mabives! abApelidd AdvethBricpreoper. u|9e§”@f ST&‘Ee(S B84P-tguches one

mers are reported in Table 1C  These examples
ki (RO Fhres S REAE oUHAF CORTAGE U g R Rgpomers.
@{P&ﬂﬁ nnitRg ov aliles ofOfub Be HeNN Rt V6 QR0LIIRIS 1&Shranched propylene-

conpared “to the comrerci al l'y availabl'e co olyners
cthihes ecmtracralivided by the intrinsic viscosity value for the inear propylenc-ethyiene

copolymer having similar ethylene content, e, polymer density, and sumilar molecular
weight, Le., melt flow rate. “Similar” means within twenty percent (20%) of each value,
These g’ ratios are calewlated 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’ = (I‘jbfaﬁﬂlhfd/i ’V’}incaﬁ)

[083117]  The TV values are obtained at Mn and Mw values.
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denonstrate that higher shear thinning values are
obtai ned as the reactor tenperature is increased from
wa3®one733600C. [ 00110] TABLE | A Sel ect ed React i BEI/US2008/082599
Condi tions of the Manufacture of P-E Copol yners
[00111] TABLE IB Mh and Mwv of the P-E Copol yners
[00112] TABLE 1C Sel ected Properties of the P-E
2699 &11\{9 papl cal: RReeogY oo, This method
i ?ggg ng’élcﬂ tl ona % N nDnst ratl ng-the 1 npr ove%:lIb e
siilhearcaplilannkingdoeh aqmppecbfmb henbamentl deigechytmeraguics the force on
base n_dynam c.mechani cal )iogy (DMS), data, . . . =
‘hﬁo%‘ff%’ngﬁﬁgé“fg{ o1 1GEHE ey tuhfiétflﬁpaﬁ Eﬁiﬁf e ‘“f%g“t h%heg% S5t fgpgih data are
shdo @&@QQ&‘: 3 ai@%moxﬁwi@ siderfoh W0Qosr AL ARG RSy ﬁ?ﬁ&f}&w versus velogity
(r/ Conpl ex viscosity versus shear rate requency
vaidet al @rle‘v @ﬁovm’ P nomimwmmﬁme mﬂigﬁg@gtb ya @g&f sFeampared to the

eorggﬁg{}fsct f%t fyug%%yem? {elih \% n%% Edc?a ﬁeﬁ% Ity ng 1 m[pa VINErS are
cols8Ren thed th@h@h@ilﬁﬁ(ﬁ%la@bemﬁiﬁﬁkﬂ‘@ﬁh&ﬂ@g’@&h@ﬁliiziecd USI ng a
r heoi o y rati o value which is calculated fromthe

B0 Bl o JiAtgp s | @“%*kiﬁsiﬁlfﬁ’riﬂMby the viscosity atl QO
{(Bi?;ifzglbe-rfgi% (F(ﬂ%%f%g% wn%tl hnYial ves, ﬁ%ﬁ} L 6GL ré ?Te@vi?'fc% ik 1 are compared

VI SCOoSIty versus s rate fre uency
forauelv esocandbaine uangldoigm&s dvautidreand drbver atnitio! ufﬁhe IR’& Extrader has a
copal yners. w al ues hav

th. hi |oyratJov
CoRPGHEPET H Ve OORar 7 B i W GOA0] QrinCro0 L EG) S casinped

with O’Y"?Lfbﬁ,\/(ﬂé%%in% a’%%uﬁ&](}ths ghers Shﬁ?ﬁu&?ﬁ@a%‘@&e!@)ea kplt’?@me inner
presence of ng chain branching in the inventive P-E

dAdcmpml{err $he Thesyprie $diiCenaf Thng(\iuhmnnhmpamm mrgseit gt 136°C. The
di cated fromt non-J| i near, res
TG oo oo Rl L SERBRAT R e Gl R o0 ane 50
rcxbh&%ﬁs hat %m@étsg@ﬂsmperiﬂgﬂll PR SBGenmE Geg&ﬁpthm( BGhs screw speed (in
equi pped with trlﬁ e detectors (laser lig

revgappRPiTIgIoUE FPepeatbalion etivact'efBter i éimw Féoiet @) reciprocal
seco;§d€ §q|s3|¥4!zed\t macﬁ \,&L{&p %%69 eﬁﬁ tx?l L‘dg:) %:%{Fct gor@?fn?&ed, At each screw

yI'ng 1'ong Fahc hi I ng
5pc€;cli ei&th}éridﬁs lebﬁ@i by Wadm&\daa‘mﬂe E&HJ & Mt*‘m@s&i yThd uhr)ue Versus
M; deGoot, A WI|lem Redw ne, vid, inBf |1
sergv Spase dgiq g Emgn Fib}r‘gjm‘ff‘”% V@éqsﬁyip@n@ov 1h{ improved procgssability of the

inventive copolymers. In addition, for the comparative copolymer melt fracture is observed
on the tobe surface at a serew speed of 20 rpm. For the inventive copolymers, melt fracture
is observed on the tube surface at 80 rpro. These melt fracture data slso demonstrate the
fmproved processability of the inventive copolymers,

[00121] The comparative and inventive copolymers reported in Table 2 are extruded into
monolayer films using a blown film extrusion process. The equipment uses is a Glouchester
hlown film line equipped with a 6-inch die. The extruder is a 3001 (L/D), 2.5 inch diameter,
single-screw extruder equipped a barrier screw. The blown film extrusion conditions sre
shown in Table 3. The blown film thickness is controlled to & thickness of 0.051 mm
{0.002 inch). For these extrusion conditions, melt fracture is observed on the blown film
prepared from the comparative copolyrmers. Melt fracture is not observed on the blown filin

prepared from the inventive copolymers.
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Macr onol ecul es (2000), 33(20), 7489-7499. This coupl ed
with the technique described by Scholte et al in
waowpmed33pf Applied Pol ymer Science. Vol. 29, BTBBSRIBE2599
(1984) teaches one skilled in the art how to nmake a
sinmple correction for randonmy branched copol yners.
[00.116] The g' ratio is the ratio of the intrinsic
gMngOSIty val ue for the brapehed propyl eneethyl ene
copol yner divided by the intrinsic viscosity value for
the |inear propylkenreceéthylcene ofFpolppelrirhavi ng sim | ar
ethyl ene content, knde3gleqpal yorticd€nsaditiyps and sim | ar

mol ecul.af-Wei nhfj i nel tif OW--Fat-e " C} m | ag{"
means ﬁn%ﬁln Emeni E{‘ gf‘%WQfoWﬁ ?%% ég e ﬂ%ﬁese
g' ratijos ar'é ’%5? tdd #°%he Y ﬁéeﬁ“fw

nol eculiar.. melght \\\\\\ {-Ma)--and.-wei-ght ave?%he UIMUu!ﬁf

wei ght JQIUES (NM) 1Tﬁegg“%%lue? foﬁ“?h éBnparative
exanpl e-and-the.ipventive exan l.es.iare.shown-iin-Table
1C. [0QF#7]: The IV Val uesaré pbtaiinéd®at KH and My
val ues.i[.00118]..The..exanpl.es nrewaLsomcharaqtnr!zed fior
melt strength At 1960C. THISS/ net fod eV 1) z&8 a  °

capi |1 ar.y. riheonet.er pmu nhed..w.t.h m:ph ni-cal.i.dewvi.ge
that measuries 1 hel f 6f-6e ofSthel ekt rudéd molfen strand
as a functilon.of linear.ivel.ocity. These l.t..st.rengtih

data are shown in Figure 3. ngher nelt strength
val ues are indicated by higher force versus velocity
{6fNakues. The inventive P-Eﬂ@BbEEWners exhi bi t hi gher

nmelt strength vaIu npared to the conparative
P- E copol ymer . Them ﬁéﬁ@?ﬁnééﬁé@ﬁ%i t he

'Uvent'igmﬁPE GORG ”eﬁ§€@¥e CONSRRLent TWitThghe
hi gher {110/ \‘%L&?Sfﬁpﬁjﬂrt}]ﬂug@ &eﬁmB&%aQQ rakhguMal ues.
[00119] Extrucigﬂﬁfroce§§;ng Conpagh sons (@120 .dhe
Conpar at ey and nventyg, P E copokyners ngnoftad.in
Tabl e I~arg conpared fog grelt" progessabl Ty wsing a
Haake extrarderagd" dr i vercont ol —ygnitThe aXl FUdet

lLlh

has a engln (.I d,j“l,b‘l r (L) rati UQ(IJ;; 24 'Af\icl\f%lt_fécture
m | | i meter—(tmy—di-aneter—si-nghe-screw-equirpped-w-tha

tube di e having di mensions of 2.54 mm outer dianeter

é@ and 1_78'nnulnner dyaneter (IE» The die gap is
(0042438 Me CrARSIBRETYS reWPe ¥ re is set at 1300C.
}Gﬁ% CQ%@'&YWE&E@%%}*)@%%H?& pl l{d&%o@'@l&. rrvpt}ﬁx c? K TAEE are compared

die at screw spee s of

for mesioputckonbilipe using ribg é{a@;cp ey truddr gud edrdA gmgmg atalescribed for the
con?sﬁaﬁ;a{ngr %E)gxﬁ%/ f %oé g[?;i Schr ﬁéfﬁ eed éd i3 %}8 ilr'IL o(‘? f?f%?lg.ﬁ)é\ lgmperature is
set EALSReD S The DOQ1¥:86k: @f&ﬁé\}h exiraded using the extruder and dic at screw speeds of

20, 40, 60, 80, 120 and 160 rpm. At cach screw speed, the extruder torgue is monitored. At

cach screw speed, the surface guality of the extruded article (tube) is determined. The torgue
versus screw speed data is shown in Figure 5. These data show the improved processability
of the inventive copolymers. In addition, for the comparative copolymers melt fracture is
obgerved on the tube surface at a screw speed of 40 rpm and 180°C (Figures 6A-6C). These

melt fracture data alse demonstrate the improved processability of the inventive copolymers.
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seconds (sec 1). At each screw speed, the extruder

torque is nonitored. At each screw speed, the surface
weeabioep3df the extruded article (tube) is detRPCTURAS/082599

The torque versus screw speed data is shown in Figure

4B. These data show the inproved processability of the

i nventive copolyners. In addition, for the conparative

ol ymer nelt fracture i-s; g rved on the tube

Eﬁﬂggﬂ ace at a screw speed %%}@ %gr pm For the inventive

copol yners, nelt Séieaed tirgeitss ob8dl Veghlpnetche t ube

denonstrate the i nproved processability of the v
| NVEnt T VeREaRAL Vier sT T QD121 EJhe T CoMaRbd: Ve apd | Tinyl
i nventive copol yners repoeri edyjl Tahhe! F.a6€ exiv udee)
i ntio nonol ayer films using a Bl owr fi1mextruseon v
pr oSSy TN RssIpIent uses| Tgza dauchesl er; blLown 14
filimhiyne equi pped with a 6;inch die. The exXtruder is
a 3OL QEER)RiAZE TCh di amet @Fag s nglre-sCrew extr uder
equipped a barrier screw. The blown film extrusior
conditTonsare shown i Fable; 35 The, bowy i T &
thiickness is controllied to a thickness;of 0.,051 nm
(0.7002-inch)—FortheseextTusion conditions,  mert

iibﬁfi’ﬁ@‘:t Lgljgggil-sé_ oQbsgrvad.ign, the blown filmprepared from
th conp*ar’a{"rvv—ccrpo%yrﬁar S.

Melt fracture is not
iooabsjer ied amuytdnaidel ewh ifivdomvprepalveds pomitdee blonkieat fwenples are

copol ynmers. 1003221 TABLE 2 Selected Properties of P-E .
eSO e 00 B2 TABAE 2k SEAGnEY SRETA Sl Gioronyins

copBh O o1 hMeEXE s QR nORRd 0N 81NV aXiH8H@N The ethylene-octene
Priocessi ng Conparisons [ 00125) The Conparative and
copbhventhiy e dPaiycd Solipneesandepoet dotleni LFABPE (Yamh @ 16 kg) of 6.0 /10
.coppared for, melt,.processahility using.the, K8 .« and o melt fow
i G TV ATE ROP S b it TSt PO and o melt
ratcCOPRABDHEORE ¥ ePREL &t § priotdi@. copol ynmers reported in
Table L The extrusion tenperature is set at 18C0C. The .
[0082Hol Yrercacharanpiel erertrided WS Bgrene ekistuder PRggl & 2-inch
QL& AlyoS W SRECHE 0120 404,60 : O and 1 8055 place on
d‘mgﬁﬁ{’alﬁ"to }g{éﬁ cg‘(‘f?ég\%%% pfmé%l;q Pﬁgd‘gkt‘?u%é? P % %rdqge’ iso e aee oi e
pelionktier edinddt Bachrsaniew spgadimtlhes shir foad elagedbi the lafitom layer

the extruded article (tube) 1,3 det eg}rr; ne The torque )
of an eight layer patlet (50 Ib bags). The'cylinders with the peilets are placed 10 an oven at

37°C,  After 4 weeks the cylinders with pellets are removed from the oven, the load is
removed, and the outside metal cylinders are opened. The unconfined yield strength is
determined (units of pounds per sguare feet (/6" from the maximum load (Ib) on the
pellets before fracture. The data of Figures 7A and 7B clearly demonstrate the non-blocking

character of the inventive copolymers.
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versus screw speed data is shown in Figure 5 These
data show the inproved processability of the inventive
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surface at a screw speed of 40 rpm and 1800C (Fi gures

GAGQ
oved processability of
copolyners TABLE 4 Sel ecte

a3

Léiz

Pr oper

ties of P-E

These nelt fracture data al so denonstrate the
he ¢ nventive

Copol ynEesrands Séthedi e Reac UsahloCirds ivilons (baikrisang

Term Pel | et
ymexs Of tihese

copol
Tabl e

pol ypt
mel t

copol yner hg

at

(1

pol ypi
g/ ec andyai

7.0 g
100 ¢
t wo-p
(I'b)

Thi s

botto
cylin
37CC
r enov
out si
yield
squar
the p
and 7
of th
Com a
[0013
usi ng

0131
[132]

5. The @sdnyen;

i@kl N
e- aoipne

opyl ene copol ymer are

g RXAT
copel v
added

| esaasgiogdgscr i
mer Capthyhde I
t 0 hhierip@se pe

tEeekii
A NCOLR
)l ymer,

Dl endeg
1S a den

I ang pe

sity of

| | @tigzed.

“Tihe
0 900

t hyl ene- oet en
/cc and a nelt

2 {3

i nde

ana; 2
e copol

199 C
opyl et

.16 kg Q

ymer al s

f 6450

Q
¢
q

0 has 4

I H)sd Cdpolyhhe
\ density of O

andon
900

elt. 110
10 min. [0012
rans of pellet

W rate(

9] For €
s are pl

| 2 at
ach sar
aced ir

N

32 & ana Oavtfi{ﬁ
P lresy Iapiarax%E M
a

ohdMeRsrdi ar

kg) o
at el y
Tet er,

ecg "cramshe
oad i s place
anount

m | ayeif of an

of weig

[T et
on the p
ht si mul
ei ght |a

I EYTTT
ellets
ates th
yer pal

der. gAvid: 1434190
in thagdeyl i nde
e keoad.phaged
Ietbegﬁﬁib bay

nd
2r |

on th
9s) Th

fery W

i Th §he
Af t er 4

1 weeks

Pes 8 8ES
t he cyli

arex pla

nders with pellets at

1Ce0l5d NoRnQY el

1 ag
e

ed-hromthe ov
de net al

stren

cylin
jth is d

en, the
ders are
et er m ne

Foag™i™s
opened.
d (unit

Hemoyed ¢ gl
EI& M RG QR NE
S of.paupds pe

the
2d
or

o fﬁiget
el | ets
B cl ea
e i nve

C

(thift
bef ore

Sy fTrom

fracturae.
|y denonstrate
tive cdpolyners.

the max
The ¢
t he non-
[ 0013C

[EAtV] N Mo Y-T) PR A1)
ata ﬁ&ndﬂngw es

b&c%b eghal
] 115”1 Bl o

on
5 7TA

ki n

acter,

for the conparative PCT/US2008/082599

Bl ocki ng 18] The conparative and inventive

n

UU.I;:)JJ.J
)Ies

) "o

R
[00133

Si
“Th

tiq@ai
ree sar

D a[,cI Lé‘}!%ﬁ'sr}’é'
mles are "eval

f

15

Jat ed §

LD
\J"b'l-ll R-met

Compositional Drify

‘hodol Ogy.

Analvsis

Samples:

Exan

Pes1t5-and

[B0133] Examples 15 and

16 use propylene-ethyvienc copolymers prepared with Catalyst A, For comparison, a random

Three saraples are evaluated wsing GPC-FI/IR methodology.
copolymer polypropylene sample (CHES) is also evaluated, The comparative sample is
produced with a conventional Ziegler-Natta catalyst. All three samples are further described
in TABLE 6.

1344
06135}

compositions as a function of polymer molecnlar weight.

Measurement:

The GPC-FT/IR technique allows for the measuremeni of fractional polymer
This characterization lechnigue
utilizes gel permeation chromatography (GPC) coupled with Fourier Transform Infrared

Spectroscopy (FT/IR). For this analysis, a Waters high temperature GPC umit (#1300} 18
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16 use propyl ene-ethyl ene copol yners prepared with
Catal yst A For conparison, a random copol yner
w@peBpy| ene sanple (CE8) is al so eval uat ed. PATIES2008/082599
conparative sanple is produced with a conventiona
Ziegler-Natta catalyst. Al three sanples are further
described in TABLE 6. [00134] Measurenent: [0013S] The
c:mﬁ? 0 . ;f ‘?18'11 s‘ﬂH}e'\fﬂ f N5 (ﬁe{tcr g”ﬁ'ﬁ fuie ie“@@t} Q?)c mebile phase or
act i onal® yner conp03|t|ons a unction
Somﬂﬂyﬂﬁﬁbﬂﬂhﬁeﬂ®BmLméh@hﬁm“ﬁﬁuﬁkﬁh&tﬁﬂhﬁﬁb%ﬁﬁﬁﬂmﬁ&muc
technique utilizes gel perneation chronatography (GPO)

Cou e h Four i ans ectr osc
(FTFV R;il) HWEPhis™ ﬁéiﬁ{? Eo‘;%f%r K. x&ﬁP "é%@ﬁ%
?PC Wc{}htnn@#l§0@hv"e$§Ol}'Ql &th |@0;&>1M&@au$ﬁ t e 5@Q<, Blbh T

Water Corp, MIford. MA ). The nobil e phase or
sol venmdtegraein avhi orgel pblenes. Inffied fortiowbery . Polymer,

ref ren i bed this technique. PJ. Deslauriers,
E gb%eﬁﬁgeéﬁﬁ Il sieh, "Quantifying Short Chain
Branchlng in etherne 1-o|efin Copol yners using Size
ExcRusi ofurkhvicimat.ogr Eli)izy*taﬁd Botithi eACEr &psfrosiom  Series:
I nfrared Spectroscopy"' 159-1 70 (2002).
R. P! hﬁ%ﬁ%%@ﬁ%@’eﬁ?%zm@%ziﬁ %E§7%ﬂﬁ)h ACS Synposi um
Serles Chr omat ogr aphy of PoI mers, 521, 270-276

{093 38j03) T he[spOpEB rreThasodERph &dragpleragf! wiesevaad apgyzed on the GPC-FI/IR.
L& G r.0e. l; 4 ! .
hé’rh&e&gdbér SEP é?%h %g%lae?gctdﬂ%qg yi?t%{ja S&F atlé]?\al\‘;e(\?? S ir#s,ylo& Chlti they a
oﬂfkﬁjﬂﬂd&ﬁ' thlaels' Bk r gtdri posy ﬁleUImqed vbheyerare aﬂﬁas}iifyii edmd.?xyi regtm from
t he FT/ R _For propyl ene base pol y infrared .
2 ébeée“%m} eiéu*%ﬁmfcrdo%“é‘?%fémflé’ ghso el Sy i Sl reon
the abat“iyﬁ %M(Qﬂargfe 40 &CLHE(Q& 1‘?\@1‘1 gbks MWHRIR RirShs B’?%Vﬁ @hnient. From
regi on, e parti al . Sorbanee area at greater t'han
thcmeasurmlmm wseddtiod mtthe arretthyi¢vebantieyitne @m(cfmt tHdxaion curves for
ment s, one SKi

wref%f’ﬁiéﬁé CBunp PR SPr omebs v Bk S e SREEET Ryiah iswibution.

LEepResitibnalrifdid tiicebeing warmlies VersHSHh@e content at the 90%
nnlecular wei ght distribution. The cogE05|t|onal drift

cutngaidel S attediasanchat i Hite %éﬁé@m»: et hylremiencohwatiwo sthylens
Valg%s aEruf a1tl r%(i/ eéﬁ%g iC‘tﬂ%t %Pg?h dg%cfi ?‘Jv"tem éc uehlt efﬁvicm content of

al ue
mysghpmacted and the result is then d|V|ded by the
i ght percent ethyl ene content of
Ei?i)i%?} Analysis:
[00338] The GPC-FT/IR curves for the three samples are shown in Figures 8A-8C. These
data show the ethylene content versus logy molecular weight.  From these data, the
compositional drift is calculated. A surnmary of the compesitional drift data are presented in

TABLE 6.
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the sanple. [00137] Analysis: [00138] The GPC-FT/IR

curves for the three sanples are shown in Figures
w@20080673These data show t he et hyl ene content VRCHUS2008/082599

to nol ecul ar weight. Fromthese data, the

conpositional drift is calc lated A summary of the

conpositional drift data are presented in TABLE
(083bP0139] TABLE 6 Sel ect eﬁAF[gg@rti es of P-E

Copol ynmers and Conpositional Drift Data [00140]

Ext ensi onal Vi scésictipd Bngleytsiss{ [FO0 L4y Sarmpl es:

[ 00. 142] Extensi onalan¥iCeansbitignseastifenent s are nade

on a propyl ene-et hyl ene conparative exanple (CE9), on
two sl AieheNt FRREPYT eqe- et hywene PolyaR:isn0l dhfpesitional
i nyention (17 and 18)3g-@nd gt 18n PR A BRBL4 OY prine

Basett—Rot-yolefyps—ta postyreadactorior red

S N 5 % 21
poliypr opyl eng) (CElO) conparative exanpl e. Extension
f | ow-neasur-efrent-s-—ar-e-deseri-hed--i-p--John-bealy--and

¥ d 0 y (CARAV |
Ronal d 5I_6arso1, rlilct@re and ‘Rheol ogy ,t)f’f Moliten S

Poliyners..(2006).,.  Hanser. Publishers, Mini.ch [0Q14§%p \\\\\\\\\\\\\\\\\
The "degBee of &train hardenPrig” |s fulther idefinkd in
the above reference (Chapter 10, pp. 381 and 382). One
jlled in the art.can calculate the "degree of strain
E%ﬁg{”deﬁ%—ﬁ%‘éﬁ?—!—@%}-Exéﬁ%%’?iiﬂé&éﬁﬁ measuring extensional flow
poand meldnidscosity data. [00144] TABLE 7 Sanpl e
I nformation [00145] Specinmen Preparation: [00146] Test
[08d d2ici neniesion! exitensy onalasyESEds| 1 nisasur efreAt Dipwylene-ethylene
carg}?agﬂ téa’».:[eeg agﬂaée?% Qg{%?ﬁg% g‘?(g%i eéc-:rnr%ré:ir?&g%&gg%g%kg@&%@%qfoétrtqes invention
(17MAUT B8 At @ priassune off31500 psicli( 207oPays {sTbesichase, branched
is then renpved to the bench top to cool. The 0.79 mm .
polypiceRlcahadd 08 cTeptaiy e Baiae Wi e RRe @ v e ragypuis are described
in FEG! ﬂ*@zglke;%fd é‘f} A4 Igzyﬁg%lu%i‘c‘a%ﬁd Q{}%%ﬁ)%g'oft ﬁi%gten Polymers (2046},
speci nmens are di e-cut USTHQ a punch préss and a
Hafanthigidhedi Btunichh

[00343]  The “degree of strain hardening” is further defined in the sbove reference

{Chapter 10, pp. 381 and 382). One skilled in the art can calculate the “degree of sirain
hardening” by comparing and measuring extensional flow and melt viscosity data.
{(0144] TABLE 7

Sample Information

Example No, Catalyst Reactor
Temperature
CEl R 100 °C
i A 130°C
4 A 165°C
CE1D Not Applicable Not Applicable

jB0148]  Specimen Preparation:

{0G146]  Test specimens for extensional viscosily measurerpent are prepared on a
programmable Tetrahedron bench top press. The program held the melt at 177°C (350°F) for
5 minutes at a pressure of 1500 psi (107 Pa). The chase is then removed to the bench top to

- —y e A . ' 2 _ o
cool. The 0.79 mun thick chase is Teflon coated with three 77«51 mm” rectangles. After the
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the di nensions of 10x18 mrf (VL) The specinen's

t hi ckness (usually in the range of 0.7 -- L2 mm and
wor@vhemsse neasured and recorded. These neasurRCEOS2908/082599

are entered in the test setup and used in the

i nstrument cal cul ations. [00147 j Test speci nens for

melt viscosity neasurenent are prepared on a
sarRii09LanRhl. 8 n, h 5 Bl Ea:Rf !  die with
sarfifipd n‘aﬁ&t&ﬁ 3&2 tﬁl%g»g%% igg%qén ')u@iﬁb s R%Pbegag QULAIRId ¢
thepdiesssioe of 1@5@0@5@(4}9‘ ! Rﬁ}pcdﬁm ¢ Hagmetss{ustxaly m the range of

_.remved to the bench tog E cool .. The Teflon coate L th
0.7ch b€ e RanBVIHET #15TRdeaEes a5 EF%F‘(SEOIU8@8952735%*8}9&@?%f-“w* in the

test &8k %@%‘5&%&% #&zm@hs;«‘é&laaﬂﬁese di sks are used for

measur | ng t t viscosities of the exanples.
14 11@®§1483]c»ﬂ\/aa:sm<mmm sl ﬂ@&ﬁg} rpavenskonak veseos bt jsegrogramable

re .measured at 180, 3C b t he, Ext e M fop € e o
oG UBE R RIS (VR T JERRLT SR Ghd OLS ady for S winues i a
preSkel ehespphsitie’ Bhy XUHE endhes kot WhRvES rdesigned t&}@ theool. The

accommodat ed i n an ARES rheoneter oven. The poly

Teffdd epatss! dpscaehed rontlclemehaot reeccbws I‘gmﬁ@m@yr %‘p&ﬁﬁmmens (i.c,
disgvg u%ndé{kS 3%(‘.?1%% ?oéﬁc%%nn i hatm Evezsgo% Blaiti u e%.ainb £s.

ar rota the outer
{q}@dr;gqm aneundsi-he: center drum V\,hl I e the cent er drumis

fixed during the test as shown m Figure 9B. The entlr? .
B0dddk  ifstdrPaledsiontiss prreRsytAes 139 heby gy hegndenseonal Viscosity
Fi){:ﬁ!} 5% Shg?&c@gzg{%%;ghf%w %5@!&&%%’1 dhe fd lmaahm"ﬁré’ﬁr&émgned 0

strain-rat 11 "secon he purpose
be efcotbm@iastiap amsAEﬁ% rrbdmma&crf gulem bklmlqioﬂ‘rrgerdausechtﬁayh#d b cach of

| oadj n IS fol | owed | axatj on zon
they §ORATPEE Fihe |61 PBRY I oRoTpaeeT ) & rROFRpaT Gt FAROre. The tos
Staﬂté’]w@ﬂ%gﬁg q}r” g GAIPLESSHAN: IRl REw TG tthl CehiZ20R8m is fixed
i's the stretch zone where the data are used for

duranzailhy $¢<~s as Fowre Hcfigky %t r dhnentit éest &f digided jnto three porgsd The first

ied f a np nd_a new.spec Y £

ok Ch SRObL AR L AT AP 2B e P ST g5 o o

11 eBndagunRehat «1800G:pYe M&k:dikg:e&dﬁa)&ﬁf@mn@ é@@ﬁam @1&11 loading. Itis
spectroneter (ARES Rheoneter, TA Instruments

foliggky er & speinerons (bP deedi AirREARES ?%b@ﬁé’ﬂe‘#b weﬁdﬂa slress
mtr?xﬁ&gvﬁ e 1&1}4\9,0%11?»08(5 89{@&%% ) %f%atﬁaﬂlilz% e E@ﬁl@lq %ﬁtﬁ»rﬁa@%\ﬁqr; the data

oven t's tenperature equilibrate
are @Sl nasalbhat ween Hdekt wosinetiat of ¢ ¥1.Ur. &S] disi kil‘jg: Ustedplial for each
a.2 mmgap. Melt visc slty val ues for each sanpl e are
sanio I OBTAMTBEF FFBH B4 EEbg e i

[00158] Melt viscosities are measured at 180°C by using a dynamic mechanical
spectrometer {ARES Rheometer, TA Instrurnents). Fach polymer specimen is placed in the
ARES rheometer oven between two 25 mm diameter, parallel metal fortures. The oven is
closed to let temperature equilibrate. The distance between the two metal fixtures s adjusted
to a 2 mm gap. Melt viscosity values for cach sample are then obiained from 6.1 to 100 5"
These melt viscosily data are used with the extension viscosity data to calculate the “degree
of strain hardening”.

[8I51] Resuolts and Analysis:

38



These nelt viscosity data are used with the extension
viscosity data to calculate the "degree of strain
whaoodeeidsy” ' [ 00J 511 Results and Anal ysi s: 52] PEI/s2008082599
10- 13 show t he extensionaS viscosity result for the
sanples. Il can be seen fromFigure 10 that the CH
sanpl e produced with Catalyst B does not show any
(3 EgN| f}hg@f& 18455 ahDwhak d&RinDg At vigdckic) QUL SEF BldsA@li8S . Tt can be
The result indicates no long chain branching is
seepr@@erﬁtwmﬁ ?tfhéaasairmLé.le}gﬂq: @r;h@gaahs\etm fHaipivaleBr does not show any
o rystalllne Q!M such as the mol ecul ar .
S g oT CHEPHBR b L Hab 4 106" e el TRTGHEY oo Tone chai
braahh & kensichali-nhbandeni Nthiatls Rxpek ientalskyi@eqas8s bbl@mers, such
strain rate, and this is not the case for the sanples
a3 P ¥hitke wh@y ar Theshe Rt QWSTF\@]ﬁaLFlﬁ”VIF@d@é’ﬁtﬁyﬂﬁféé ol igh & achieve strain
qar‘%{ﬁz%é % g%qﬁgttil ,ony} ‘IEQI% ggg%l 1@[’&. Qx th Eﬁé?@%g{é’ %%% g}r ihcir samples in
thisvatsd b§EcE veandidhat he:ui)@f‘ -esiiD vl nkupxls@tem {?’QG tASBIPC-Triple Detector
However, for pol ecul es with nyltl -bran%h Ieculqr he M
data rviRet uPedeviiioal RoRal ety EXF5R BHSTAyWobPaihEE I the Mark-
HOF@9&§%§ 11 and 12 show t he extensi onal VISCOSIty
result tor Sanples 1 and 4, respectively, made
gmm al y&twdved didr 1a<t>ied1 &S erie Mulm@aﬂmmg me}npéma&:tmggge, strain ham ening

t rai n hardeni can, be rved for bot S o
corg e s DT B RdG REl HEL { TS8O0 “TEAREBN ‘L BRGbS Geuf & Samples
1 a8NOW:PIehy S eRERTa gt fal BuhandeniNgedeharedfiadnih. ©hein hardening

one made at” | ower reactor tenperature (13 C? As a

cang @ﬁp@?‘*p@@ﬁ for h@téxt@n§+w nald Vikes cosiiey mefle GEI ﬂ@ha (165°C) reactor
ur wgtﬁxéurg ﬁ%\ SV n%r . rﬁie,aei s%fi.nqtaréc ne ar(l: %hamﬁfj { a; mﬂ eg‘gl é/wez reactor

tempbratilie (SHIE).Condi &d*ﬂ;ﬁkuﬁh Ethe @ﬁ%hiwi\cﬁ ‘é‘b«i'aEOWE} mTK,FIl g ux eam nercially
13. Even stronger strain hardening can be observe

avafipllin PRE-PROY. TOHIBY] Hiakirel e e Daic apiwEIRyione sample,
me%\/?é iuéff}ttjhn%ﬁ%QQOQ&qBﬁ“ e Itbbﬁf L 'w@x H\af ﬁﬁe' !&9 %f\ en stronger strain

ferent materials is the use 0 uce
}m&mtmysmdmaﬁmmw&t&5ﬁmyepkﬁ"degree of straln har deni ng",
ned a? bel ow: ere s the str

is inrate, . . N
ﬁ@g\h«% t hé%* g}&t L&ngﬂa “\tf]r%tlésfﬂf‘ uakixg :}mil GO @ 3 g{atugl%mdmmo of

dirPRhainedidiy amild neahs W s&anal@shiG:Ras YesBRt catddde of suain
same tenperature such as frequency sweep or 'the

harddraird”s wpicofis tdeclenbshear rate steady shear

measurenents In theory this value should be

N
( BE) = ? \\\\\

l; RN
where £ is the strain rate, 7 is the extensional viscosity and ' is the viscosity oblained from
Hinear visco-slastic measurement at the same lemperature, such as frequency sweep or the
start-up of the low shear rate steady shear measurements,  In theory this value should be
equal to one if there is no strain hardening and should be greater than one if sirain hardening
is present. For these evaluations the viscosity value »° from the melt viscosity measurement
at the same temperature {180°C) is used.

{G0155]  Table 8 compares the degree of strain hardening values, as caleulated using the

above equation, for the reported samples, For these calenlations, the extensional viscosity
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equal to one if there is no strain hardening and
shoul d be greater than one if strain hardening is
WEe@smeet337 For t hese eval uations the viscosity REI/US2008/082599
fromthe nelt viscosity neasurenent at the sane
tenperature (1800C) is used [0015S] Table 8 conpares
the degree of strain hardening val ues, as cal cul ated
dat?% FNGehillgs & c?ggmﬁ%lé@tah NefQrakhe 1 Fp%fuﬁ gd t‘f%@ﬁ@lli%ea\?on FEQbsurement
hese cal cul atio e extensional viscositydata are
timohtfdi.ihedoatd Chorparegoading nstr akovsitatvelvof s ehiaipednda strain rate
t,the el ongation neasurenent tine of 3.0 seconds. The
mCfé‘%)rrespondlng nmelt viscosity values are obtained at a
egkgain rate of 1 s- 1. [00456) sTABLE 8 Degree of
Strain Hardening at a Strain Rate of 1 s- 1 and at the

o o 57
N;’ﬂgﬁfq;ft” 'V%@a% ogwuﬁm Bl %%gpg; [99157]

consi der abl%ﬁc?été’rt U?W’%Bé}ﬁeat” L tSf;lmf‘sp\em 28 i on
and.. exan'm £S,.- this. d AAAAA t-ai-bi-sfort-he r\ur nnc-:: of -
|1 usEFEOPANO-Many v aPiat ‘2;} TN cat#‘&ﬁ‘é“’&éﬁrﬁ"ﬁ“é“‘
made Wit hout departing@ femehElosgitiit and scope of
the invention as descrichétapurctibe fiskl ow ng
clains. CLAIMS W Claim 1. Asedstantially isotactic
propyl enefint er pol yer havi ngi §ong chai ni branchi 8§ and
conpr|S|ng (A) at Teast 60 meyght percent (W% wgpits
derived Tﬁom propytens;and (B between i1 and 4Ugy,vt %
tnt-ts—derkved : e-propytene-interpgl yni
éi r}Z ofte Gf Lhc .u.lmmluu's@j
pertl 1) i 0 | ess asure

r han
G“E?ff ler pol Wﬁfé? (f h"b’éfm%@/é’?“é thﬁPséé‘GP%ﬁ” \/ve“f’gﬁfm? fm cm‘iﬁ 5)1““5‘“ the
abo@g ﬁgﬁ?bé‘tﬁmc QEE.EP Q%z{'x{:ﬁgga hid GLML i QfoPeRs ﬁuﬁﬁﬂc SQ%nandion.  Many
ene chai n"segnents having a chain
vamso;ﬁmtd mmhﬁcfsm}ﬂdw fmderxa&)fw idtoul easatmﬁ;)imml the peiric emd scope of the
, he .isot qgth p%ﬁféjenf I nterpolymer of Claiml
”“b%hWa%f%%f?@ CAtUTERR D of properties (1), (2)
and (3). 3. The isotactic propyl ene interpol ynmer of
Caiml1l in which the g° ratio i |less than 0.96.
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4 . The isotactic propylene interpolymer of Claim1lin

which the relative conpositional drift of |less than
wawH673The i sotactic propyl ene interpol ymer oPCIZUS2008/182599

in which the propyl ene chain segnents have a chain

Isotactieity triad index of at |east 80 nole percent.

6 . The isotactic propylene interpolyner of Caiml

conprising between 1 and 20 Wt % units derived from

ethyl ene. 7 The isotactic prepyisene interpol yner of

Caim1 further characterized by at | east one of the
Weolritowi ng properties; (a) A weight average nol ecul ar

wei ght (Mn) of at |east 50,000 granms per nole (g/nol);

(b) 1A unArauebdaﬂnimyl iewudtar progd ight intirstipinbubdong lcegdhain branching

M. of | A o
ool Lesg hep () 851 31 ol Shest Feke ey o o
bctéﬂ»@p 0 ﬂ%ﬁ@ﬂ Liocanchs GevA RORIAak m‘é’eﬂng?l’o;@%}@ et BiySdrabbracterized

f fromgreater than 2 to 40 :

by |d$ d@eactupg ipr?@p¢t3én‘eitqgnpieypp1@pymﬁ) af 2 Creéjomaq hf&g ribged measured at
i ,?rg%'%ra%f FQI%B %ﬁ%?ftemltoﬁ uzdi SEY Q}??Mn P rsza%tq%] gm ‘}O;II—PQ%ME drift of

dd Yo 0 tnd Eﬁ%\i&@a&m&}@}rﬂ&gm&ﬁtcaﬁﬁmg |a&:b@@ﬁ@@ﬂa&hd’kg ﬂfd&B index of at
pylene interpolymer of Claim1. 11. The article of
ka@l&ﬁ%ﬂi@“@ﬁﬁthe formof a film fiber, sheet, tube,

ol ded peof | ctif ?;%‘pk[égv L ?RFE&%%@LE&M §1&££L¢%J}%% feast two

12.7A sub§fan i sotaetic propylene I nterpolyner
of frapdrtige 11QNY) alBiin branchlng and conprising (A) at

| east 90_wej ght perce uni t erivyed fr

pr opyl en&h® H‘ﬁﬁ““k‘%ﬁ%’é[]%é‘ﬁmgjg" fg R84 G pgie g}j S\odatio s loss
a:f6@m et hyl ene, the propyl ene interpol yner

characterized by an intrinsic viscosity of |ess than

0. 54.at a}h@g;{;(‘g(j’qm| BWbmlvV\Bi@mi‘@ﬁf 5},,8(14,1313 iAl’l which the relalive

subst an i sot &c propyl ene interpol ymer having
Cm?%ﬁ&“@ﬁ&% g%ﬁ@ﬁﬁﬁ “dnd conprising (A at |east 90

Wg i ght  PeECRBhck Ay 1Ak LiSedeRinee df {10 iphopybefe, prapdene chain
segme_)rxts have a chain isotacticity triad index of at least 80 mole percent.
0. The isotactic propylene interpotymer of Claim 1 comprising between 1 and 20
wit% units derived from ethylene.
7. The isoiactic propylene interpolymer of Claim 1 further characterized by at
teast one of the following properties;
{a} A weight average molecular weight (Mw) of at least 50,000 grams per mole
{g/mol};
{b) A unirnodal molecular welght distribution, and an Mw/Mn of less than 4;
(¢} A critical shear rate at the onset of surface melt fracture (OSMF) of at least
4,000 Si’,-(,:—l; and
{d) A nominal weight percent crystallinity of from greater than 2 to 40 wis.
8. The isotactic propylene interpolymer of Clain 7 further comprising at least

two of properties {a)-{d}.
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between 1 and 10 wt % units derived from ethyl ene, the
propyl ene interpolyner characterized by an intrinsic
wWor®enei3sy of |ess than 0.35 at a | ogi o nol ecuP@r/US2008/082599
wei ght of 5 5. 14. The article of Aaim110 in the form
of a nmultilayer film prepared by cast, bl own,
cal endered or extrusion coating processes. 15. The
artigcle @f, g\éLﬁ@ %ﬁ% b h@er%@l@?ﬁeogf @hlxjrle’Q§at&flr9f' ENVRF/NVB of fess than
greenhouse fil (}a f seal ['m shrink fil
33 amnation fil m bi axi aIIy or| entcd film extru3| on

coated fil ner, .ov al
Fn 187 The Tt Rt u e AR e RE BT S
mul t i - conpongnte b tigks 19 me@ hhherr ki @, e tbe, molded
the formof a core/sheath fiber in which the
prodifb oz dpyrsipRotaesioe opiepyl ene i nt er pol yner
Cgog?ﬁnl i?%l %B%‘tgﬁg ? &1%1&%{)@%0&0% e m &%(ﬂw;“e]ﬁ hzftx 1}?%e Longfcham branching
and Witk {Dest 1afs ﬂﬁﬁl’@a‘ig}h@ﬂ’ﬁﬁht mﬂz% vAIE $&Jdl im&k;zﬁqgrep) lene, and (B)

substantlally i sotactic_propyl ene |nterp ymer :
betpeen s 1Dy iYpmyp éiﬁ}d“(,dofﬁb‘iﬁ ﬁg"l“’rlfg“t e pg\wﬁngﬁgipséqor \9&“ er characterized

by fn‘? ohagkd ﬁs&{%ﬁp}{k gLEy %H'{}%rﬁqllbfcm Fac®onfd @J@[Eh%@@ﬁ@. at

east one ot
i3. A aub&mnuaﬁy ‘sotadu propylene interpolymer having long chain branching

fi

and comprising (A) at least 90 weight percent (wi%) units derived from propylene, and {B)
between | and 10 wi% units derived from sthylene, the propylene interpolymer characterized
by an intrinsic viscosity of less than (.35 at a logys molecular weight of 5.5.

4, The article of Claim 10 in the form of a multilayer film prepared by cast,
blown, calendered or exirusion coating processes.

15, The article of Claim 14 in the formn of at least one of a greenhouse filvo, heat-
seal film, shrink film, lamination film, biaxially-oriented film, extrusion coated film, liner,

over-wrap film and agricultural film.

16, The article of Claim 10 in the form of a multi-component fiber.
17, The fiber of Claim 16 in the form of a core/sheath fiber in which the

subsiantially isotactic propylens interpolymer comprises an outer surface layer.

18. The fiber of Claim 17 in the form of a staple fiber, tow fiber, twisted fiber or
monotilament.

19, A crosslinked, substantially isotactic propylene interpolymer of Clam 1

20, A blend comprising the subsiantially isotactic propylene interpolymer of

{Claim 1 and at least one other polymer.
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