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BACKGROUND 10 Pol yol efins are used throughout nodem society. Sone
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films, fibers;—suc ; .~ such
as nonwoven fabrics, and nol e, YMERCOMPESIPY@ENSsel ection for any one
particul ar application depends, Tn part, on 15 the polyner's properties,
the fabrication node or manufacturing process, the final article and its
i nt ended uses. Exanples of sone of these properties include density,

nol ecul ar WFIERD nol ecul ar wei ght distribution, nelting tenperature,
nmelt strength, and nelt flow rate. Polymer properties are generally
depeddent upon the conkdietpresest ip@nper sdates dumeatepdsaifyrielin pabymsniza@e such
condition ig the catalyst. In sone instances, while catalyst selection
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presence of kg%nﬁ E&gtalyst produces different polynmer properties. For
exanpl e, adglng ydrogen to a catal yzed pol yneri zation reaction nay

i ncrease the catalyst activity. Catalyst activity can be neasured by the
25 increase or decrease in the anmount of polynmer produced during a
measured ti BACKGROVENDby a nmeasured anmobunt of catalyst. Generally, an
increase in catalyst, _activity results in an increase in polyner
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applications, the articles of which include, for example, films, fibers, such as
spunbonded and melt biown fibers, fabrics, such as nonwoven fabrics, and moided
articles. Polymer selection for any one particular application depends, in part, on
15 the polymer's properties, the fabrication mode or manufacturing process, the final
article and its intended uses. Examples of some of these properties include
density, molecular weight, molecular weight distribution, melting temperature,
melt strength, and melt flow rate.
Polymer properties are generally dependent upon the condrhons
20 present during polymerization. One such condition is the catalyst. In some
instances, while catalyst selection is an important reaction parameter, changing
other variables in the presence of the same catalyst produces different polymer
properties. For example, adding hydrogen to a catalyzed polymerization reaction
may increase the catalyst activity. Catalyst activity can be measured by the
25 increase or decrease in the amount of polymer produced during a measured time
interval by a measured amount of catalyst. Generally, an increase in catalyst,.
activity results in an increase in polymer production. Producing more polymer
with the same catalyst amount or using less catalyst to produce the same polymer

amount provides a cominercial advantage.
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strict, polymer MFR requirenments. For exanple, H gh-MR (I ow nol ecul ar
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pol ynmeri zation reaction 20 alters the apparent MFR response of a

cat al yst. Tthesnofiirmaeg applisaponrsat i on all ows a nmanufacturer to tar get
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di ene-nodi fi ed pol yners usually contain high nolecular weight conponents
due to the cielysst pyodote diobneers neithebrobCBVIVWD), ywiech faye netsy 0. piivessein

conponent s ?‘a%rrrl%g‘:l(r)rr? Swﬂ?eg;gt?lggmelr_scr%}agg lv%th single site catalysts generally have narrow
MWD with higher toughness and clarity. Certain catalysts and particularly certain
15 metallocene catalysts are suitable for producing polymers of a particular MFR.
Different polymer end uses require different MFR. This frequently means that a
polymer manufacturer must change catalysts when targeting a different end use—

an expensive and time consuming proposition.
Incorporating &,w-diene molecules into the polymerization reaction
20 alters the apparent MFR response of a catalyst. Thus, diene incorporation allows a
manufacturer to target different polymer end uses while short cutting around the

catalyst change.

Incorporating o,w-dienes in the polymerization process has been
used to introduce branching into the polymer, which improves the polymer’s melt
25 properties. U. 8. Patent No. 5,670,595 describes diene-modified polymers made
with metallocene catalysts. But diene-modified polymers usually contain high
molecular weight components due to the chemistry of diene-induced LCB-
polymer formation. These components sometimes degrade LCB-polymer

properties.
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pol ymeri zation reaction between ol ef'm nononers (such as propy1 ene, or

et hyl ene) ansB2aAc® alDone 0fAQerd 8IS H6WR SAkthod enbodi nents i ncl ude
carrying out nmulti-stage, single-catalyst processes that result in

i n-sil@u pol ymer bl ends. The pol ynmerization 25 conditions chosen for one

stage aim am@ﬁr conponent wi th one nol ecul ar wei ght distribution
(MAD), whi l osen for a different stage aimat a

Some of the invention’s embodiments provide ways of varying the
molecular weight distribution of a polymer blend without changing the catalyst.
The invention allows the molecular weight distribution to be adjusted over a wide

15 range using a,o-diene incorporation. And it allows this control while avoiding the
problems that frequently accompany polymerization.

The scope of the embodiments include a polymerization reaction of
olefin monomers, such as propylene monomers, with an a,w-diene in the presence
of hydrogen and optionally other comonomer(s), such as ethylene or butene, and

20 the resulting olefin/o,w-diene polymers. The present invention involves a
polymerization reaction between olefin monomers (such as propylene, or
ethylene) and «,w-diene monomers. ‘

Some method embodiments include camrying out multi-stage,
single-catalyst processes that result in in-sifu polymer blends. The polymenzation

25 conditions chosen for one stage aim at a polymer component with one molecular
weight distribution (MWD), while those chosen for a different stage aim at a
polymer component with a different MWD, as desired. In other words, one stage
produces a polymer component with a particular MWD/MW population and
another stage produces a different polymer component with a different MWD/MW

30 population. The different stages allow manipulation of @,0-diene concentration,
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di ene- free $faycingdecatalysssppemobut alspl the nerabilits andoumtrobfovgadé®usnd

hydr ogen; s ing.an anount . of oletin nononer qr nononers; conbining
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conditions. The polynerization conditions are any of those that are
known in the art. Invention enbodi nents include controlling the hydrogen

amoumt , t he QwivmMeARIMALcladsteboRaREA©N Pressure, and the reaction
tenperature Tr@aizmmme di ene-incorporation stage
typically conprises thS8oskeepvaftions emapbdinegtsa inchndeuodpadfmerizetidnemethods
suppl yi ng an anount of gasequs hydrogen; supplying an anount of olefin
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incorporation stage. Typically, the diene-free stage has the steps of supplying an
15 amount of gaseous hydrogen; supplying an amount of olefin monomer or
monomers; combining the catalyst, the hydrogen, and the olefin monomers under
polymerization conditions. The polymerization conditions are any of those that
are known in the art. Invention embodiments include controlling the hydrogen
amount, the olefin amount, the reaction pressure, and the reaction temperature in a
20 diene-free stage. The diene-incorporation stage typically comprises the step of
supplying an amount of a,w-diene; supplying an amount of gaseous hydrogen;
supplying an amount of olefin monomer; and combining the catalyst, the a,m-
diene, hydrogen, and the olefins under polymerization conditions. Once again,
polymerization conditions are those as are known in the art. Some embodiments
25 include controlling the diene amounts, hydrogen amount, olefin amount, reaction
pressure, and reaction temperature during the diene-incorporation stage. The
polymerization conditions of the diene-free stage typically yield linear polymer;
the polymerization conditions of the diene-incorporation stage typically yield

branched polymer.
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i nvention enbodi nents uSe reaction pressures as |low as

MPA) for ei hipdrast It dégoes Célsimoopas aligloss 80 dggeey CelRfustineditref figedishage.
Sonme invention enbodi nents use reaction pressures as high as 700 psia
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stage. Moreover, sone enbodi rents are operated such that . 10 the
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et hyl - 5- net byke bor theplienrefredstagd. Mylbrdovelg e6me embodiments are operated such that

3, 9-di net hyl - 5-butyl -1 -decene, or 4-nethyl- | -undecene. Sone invention
enbddi nent s theaprepylene ieswpetcaticd(s) conposition(s) of 90 wei ght percent.
Some i nvention enbodi nents have . mni mgﬂ ol efi niq?ﬁ(] ositipons of 95 wei ght

percent. Sone inventi o2 éﬁﬁ%‘)ﬁen?@_ DHaxi 11 éXFh Scot¥si Bitons
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maxi mum ol e conpositions o wel g ercent:
pentene, 1-hexene, a 1-heptene, 1-octene, l-nonene, I-decene, l-undecene, 1-

dodecene, 4-methyl-1-pentene, 3-ethyl-1-hexene, 4-methyl-for-ethyl-1-hexene, 3-
15 ethyl-5-methyl-1-heptene, 3-methy}-1-decene, 3,9-dimethyl-5-butyl-1-decene, or
4-methyl-1-undecene.

Some invention embodiments have minimum olefin(s)
composition(s) of 90 weight percent. Some invention embodiments have
minimum olefin compositions of 95 weight percent.  Some invention

20 embodiments have maximum olefin compositions of 99.999 or 99.997 weight
percent. Finally, some inventions have maximum olefin compositions of 99.995
weight percent.

Second or other olefins are optional in the practice of this
invention; thus, some invention embodiments have maximum composition of

25 second or other olefins of 0 weight percent. Others have minimum compositions
of second or other olefins of 0.005 weight percent. Still others have minimum
compositions of second or other olefins of 0.001 weight percent. Some invention
embodiments have maximum compositions of second or other olefins of 3 weight
percent; others have maximum compositions of second or other olefins of 8

30 weight percent.
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to 0.05 wei ghteR@i&aNt. Sonme invention enbodi nents have i ni num

a, w-di ene anounts of 0.001 wei ght percent or greater; others have stages
in which the m ni mum aSemeiieveatianenitodiraefts Mase stageeigbhigetheentiximum
greater; yet ot hers have m ni num a, w- di ene anounts of 0.005 wej ght
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maxi mum concent ratl on o ydr en gas | t.o .50, 000 hers have
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20, 000 ppm lﬂﬂlm%h?ﬂ(ﬁ-memnount of up to 0.05 weight percent. Some invention
embodiments have minimum o,©-diene amounts of 0.001 weight percent or
greater; others have stages in which the minimum o,®-diene amount is 0.003

15 weight percent or greater; yet others have minimum a,@-diene amounts of 0.005

weight percent or greater.

Some invention embodiments have stages in which the maximum
concentration of hydrogen gas is up to 50,000 ppm; others have stages in which
the maximum concentration of hydrogen gas is up to 20,000 ppm; yet others have

20 stages in which the maximumn concentration of hydrogen gas is up to 10,000 ppm.
Some embodiments have stages in which hydrogen gas is optional and thus have
hydrogen concentrations as low as 0 ppm. Moreover, some embodiments have
stageS in which the minimum concentration of hydrogen gas is as low as 100 ppm;
others have minimﬁm hydrogen concentrations that go as low as 500 ppm. Some

25 embodiments have stages which the minimum concentration of hydrogen gas goes
as low as 1000 ppm.

Invention embodiments can be run in single, series, or parallel
reactors. Some invention embodiments are similar to the polymer produced by the
methods described above; others are constructed out of polymers produced by the

30 methods described above. For example, useful invention embodiments comprise
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7- film filekar dmbpiagchednmlyatfiechisarg a singke @eboloatelysiusi ng pol yners
simlar to those described above. Finally, sone invention enbodi nents
produce in situ blends of |inear and branched pol yol efins using a single

ol efin catal . BRI PTION Figure 1: Schematic
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4: Extensional Viscosity Grovvt% Curve for Exanple 11. Figure 5:
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Ext ensi onal Viscosity Gowh Curve for Exanple 13. DEFI N TI ONS
10 components of Example 12.

Figure 3: Molecular weight distributions of lead and tail reactor
components of Example 13.

Figure 4: Extensional Viscosity Growth Curve for Example 11.

Figure 5: Extensional Viscosity Growth Curve for Example 12.

15 Figure 6: Extensional Viscosity Growth Curve for Example 13.

DEFINITIONS

'Gelation' is a situation in which a polymer product or portions of

the polymer product contain enough crosslinking so that an intractable solid or gel
20 forms.

"Diene-free' is used to denote process steps or conditions in which
no o,@-diene is purposely added to the reaction. But because the reaction
components in the polymerization reaction contain impurities, small amounts of
extraneous o,@-diene may, in fact, be present in a process that is referred to as

25 ‘diene-free.’

"Polymer' encompasses the traditional art-recognized definition. It
includes homopolymers and heteropolymers such as copolymers. Unless
otherwise stated, a reference to 'polymer' is meant to cover all varieties of

copolymer.



"Celation' is a situation in which a polymer product or porti oflu;é qug%e
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conditions in which noe a,wdiene is purposely added to the reaction. But
because the reaction conponents in thegpolynerization reaction contain

i mpurities, small anmobunts of extraneous a,co-diene may, in fact, be
present in a process that is referred to as 25 "diene-free.' 'Polyner'
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and ot her a oI efins 5 nanes, are use th the understan t such

nononer t er polieha@pnefnénte theans thaothemly@ensdntdine tHeSprod@n of pbBimeriztg
pol ymer contains the product of polynerizing that type of nononer. For

exanpl e, a ghaypypené mulopreer Fos exapyllereeprdpalanagpolymer an@@glymerdmngct ed

carbon atons that re previoysly con ct ed to each other .in propyl ene
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ranges i ncl ude end- poin ues as e-val Jes
defijgped by pelymh@t ween the reci ted end points. Nam ng a specific val ue
for a range is not intended to exclude equival ent ranges. And a range at
| east enconpasses val uRkecite8 paiarseige raﬁgﬂshaermdt@:bu@mge;hdaapeciﬁaaﬁbn t hat
particul ar Iﬁ%geulr‘a%régsn Encﬁﬁiteht n(zj rescxt%[i end-pomt values as well as those values defined
by or between the recited end points. Naming a specific value for a range is not
intended to exclude equivalent ranges. And a range at least encompasses values

15 outside of the recited range, but within that particular measurement method’s error
margin. Ranges also extend at least to values that are not statistically different
from those recited. Furthermore, the ranges extend past the recited end points to
include all values that are known or found to be functionally equivalent to a value
within the recited range.

20 The term "branched” means one or more o.o-diene linkages,
desirably at the a,m positions.of the diene unit, between two or more polymer
chains formed by polymerizing one or more a-olefins. A branched polymer
means a polymer such as diene linkages. Branched polymers encompass pure
branched polymer and mixtures of branched and linear polymers.

25

DETAILED DESCRIPTION

The broadest description of this invention has a large scope.
Embodiments of this invention are suitable for use in any polymenzation method
in which a,w-diene content alters the MWD of the resulting polymer.

30 Embodiments of the invention in part provide a method of producing a



mar gi n. Ranges al so extend at least to values that are not statlisdiNADy
“di ff erenwo obisommst hose recited. Furthernore, the ranges extP§iIdUa98968he
recited end points to include all values that are known or found to be
functionally equivalent to a val ue mﬁgPLn the recited range. 20 The term
"branched" neans one or nore a,wdiene linkages, desirably at the a,w
positions .of the diene unit, between two or nore polyner chains forned

by pol i 7] . _ol ef iinsp: | '
y polymer| ﬁ)ugtgngﬁhghg{-fzfﬂ)nécggfg;g?E%fnﬂ.r‘srh;ﬁb%gﬁ@ﬁ?‘ipleQ& éﬁ@q{rméﬁgg:@lﬂna

pol ymer suc ranched ners enconpass

br anched pOEOC&ngSne%ﬁ%mo&qun%& lyBeaReMPEnan brlat Nt npeldyiferest brabched
DETAI LED DES PTI ON The broadest description of this invention has a

| ar ge scopepolyBebedimpentss.dfut thias bewedncahwahe sugle ablagyst.oMadBcationany
pol yneri zation nmethod in which a, wdiene content alters the MAD of the
resul ting pof ytrdiengocantesd dmadentdsogmm LatecomoRinkstYRen ANG SFageprsh Arpiher
met hod of produci.ng.a ;15 JUN 2005 .WD..02/ 50145 PCI/ US01/ 48963 - 9:.

ol ¢ Birodal - B HECEBeIF FrEI S Re et M 5 e SETREa PR 36 B hed
pol ymer co : ' : ;

Gt or ent bF Snahahe BAG0NdghE el HRRIGPPRRERT: pBl cicop®aly 1biRa,

singl e cat aty st sinpledédtalgat | Bor ifande( H- EQ8abOBt Gote and fty dh dgesntdas
content between one stage and another 5 allows the single catalyst to
function | i kethodwithi tved stagesy she nesult@geblehd oralilhapytains kplth fonr difEeremtt

5 Singl o CAPANRS LBssAHGE Bnst Sifer e M A Rer o used Tn an
pvegiion TEho v agesbagtenc ks o ety pnalal v
10 I'n sorme epkechidrsAtsSseldtdd dothet BehaesoRLElaf Weidhd p¥lyintds hitemadasyt tHen
paraneters are selected so that higher nol ecul ar wei ght polyners are nade
by the cat ahtpbist imooanetagt apé lawer inoleen!anoveeghi | el ymess gine mpasleyinemethgr.e
made in anotg?vgurlg a blend with two polymer components.

The hydrogen or diene content of the separate stages can have

15 discrete values. Or, when going from one set of conditions to another, the
hydrogen or diene content can be ramped so that the change from one stage to the
next is gradual. The stage-to-stage condition changes can also be accomplished
using a combination of discrete, abrupt changes, and ramped, gradual changes, as
desired. |

20 This invention will ‘ﬁlnction as long as the polymer MWD changes
when a,w-diene content changes during polymerization.

The first frame of Figure 1 shows the MWD of a standard olefin
polymerization. The overall MWD for each is shown as a dashed line. The
second frame shows a standard olefin polymerization with added eo,@-diene that

25 increases polymer branching. It shows the high-molecular-weight tail that
accompanies olefin polymerization with o,m-dienes. This tail comes from
linkages between long chain polymers. If the number of linkages becomes too
great, gelation occurs, rendering the polymer useless. The third frame shows a

two-stage reaction process. In one stage, polymerization occurs without added

30 diene; in the other, polymerizaﬁon occurs with added diene. The overall MWD of



giving a blend with two pol ymer conponents. The hydrogen or di EdHNQ8ht ent
of the separate stages can have 15 discrete values. O, when going fr.om
one set WP REASt i ons to another, the hydrogen or diene d%ﬁ?&%?*@gﬁ be
ranped so that the change fromone stage to the next is gradual. The

st age-to-stage condition changes can al$@-be acconplished using a

conbi nation of discrete, abrupt changes, and ranped, gradual changes, as
desired. 20 This invention will function as |ong as the pol yner MAD

changes wher: ﬁ@i‘iﬁﬂ:@“i@ﬂ%oﬁﬂﬁﬁa@i@h SHEHAE @%a pRUr ih AS BRl WIRTD Z AtHeOMird igmé i 1 st
frame of Figure 1 shows the MAD of a standard olefin polynerization. The
over al | MADafsorsheashhe saib imwmssed abowta She dobith éranfthshoveeamnembodimens bbws a
standard ol efin polynerization with added a,ra-diene that 25 increases

pol ymer br afhichgent] mvepiows that Hixgrogas! scatded- duinghthe dieneipgarporation

[ kages bedhath | B EERTT ToITndrber PGS TEtRet YV PHo AN e be dBfos.
too .great, @&E@lbxoﬂze%ﬁ%fsthe "EadeiicBPotAed PBIVHIE toUs ab&es ovdia MWD
fram® shows a Two-stdge reaction process. Fn-one stage, polynerization

occurs w t hoplfe RERRAstAD o6&t iist hefted Belowdd AhyRBilaz lelighis;0¢ edses bt h
added di ene. The overall MAD of 15 JUN 2005 WO 02/50135 PCT/ US01/ 371963

10- the pol ypresent 8 peobdombi nati on of each stage's individual MAD. The

third frane also shows the tail djscussed above. The four frame shows
one enbodi ment of t helBWy CBAPrIGHEE: rInvVERIGR ?%de%&%éﬁ%@ﬂ“dﬁri ng

t he di ene-ingorporation The o] I I r
e dene, | e BRfabl 0 RIRRE oSl SRR RLALES B AU 0P b e
di engy i ncor pRLA{Rd iRR YA ethe t SorAblafitBhe ONSTAL | vAYMB. thelh@adtidhl tif@ % ithe
occurs, but it 1s shifted to | ower nolecul ar weights; it ceases to
present a priobhching THagisne on€hprackecelangvtighs dinwbutidgmorofcthie nondratuded\D
as desired. The ratio of non-branched to branched poly .can be varied
by varying tRfdymer versus the branched polymer can be modified by miodifying the amount
of hydrogen present in each regime. Also, reaction temperature provides a smaller
measure of control over the MWDs. In each case, this control is exercised without
15 changing the catalyst. Moreover, the invention is well suited for multistage
polymerization control. Some embodiments conduct the non-branched stage
before the branched stage. Other embodiments conduct the branched stage before
the unbranched.
The olefin/a,m-diene polymer, includes a polymerization reaction
20 product, and for instance a metallocene polymerization reaction product of one or
more olefin monomers. In some embodiments, the polymer includes a

polymerization reaction product of propylene and ethylene monomers with one or

more species of a,0-diene monomers.

25 Methods
Some embodiments of the methods described in this specification
produced olefin o,0-diene polymers—some with lower MFRs or increased
molecular weights in comparison to olefin polymers prepared under similar
conditions absent a,e-diene. This is achieved by lowering the MFR response of a

30 high-melt-flow-rate-polymer-producing catalyst. As such, these methods, and



10 reaction time in the non-branching regime versus the reacti !)r‘ﬁ “p‘lanzgnﬁi n
t he bran¥™o aysmeygi ne. The nol ecul ar wei ght distribution of PEAHES01/48963

non- branched pol yner versus the branched pol yner can be nodified by

nodi fyi ng the anbunt of hydrogen present in each regine. Also, reaction
tenperature provides a smaller neasure of control over the MADs. In each
case, this control is exercised without 15 changing the catalyst.

Mor eover, t [ -an, | | 1.: SUi mul ti st i zation
cont ol sot sl 48l ItoHtatiah R plbmPihiol Bdfag Bt K 16Pbi2
branched st agestrish B%u&m)e@lblgﬁnr NSy eQRAHRTy hbalBRANCHER %sg&% EQRn, the
unbr anched. ?he ol efin/a, ui-di ene” pol yrreﬁltrg, i ncl lﬁes a pol mere-itg?ati on
reacti on 2Q@hppolynedr, nandadtorer inxst amplyathoehak| e ipahyetiig Eathiligh-
reaction product of one or nore_ olefin nononers.. |In some enbodi nents,
t he pol ymer #fdpwdE Ra prosiicy spacifieatioon dBdbisi way.prastibcatalystprvgpingnis and
et hyl ene m)nonﬁrﬁé with one or nore species of a, Wdi ene nononers. 25
Met hods Soné "8¥f0di ments of the methods described in this specification
produced ol efin a,m di pRe LPOIVITR] 335088 By e iVETiNFRBALS |6 RAGed

nol ecul ar wei ghts in conparison n- polynmers prepared under siml ar
condi tions ghsfM, i Rrétesfopefdling hede3C Foe¥asnhlY, dopedrhbetifetsVeiure
response of a 30 hi gh-nel't-flowrate-pol ymer-produci ng catal yst. As such,
t hese net hodstwaastdgd poljuiNr206n piedR/ Bhaba HeRCTTatieny b4 8068 cpaditibnubar | y
di ene incor pora@qt@i on during polynerjzation,, exPand the MFR response

spect rum of Xadable 14 Avgstecedpventioanembedipsst cssveie) ere Sharr helapostse

spect{yum t I f r enpl oy the sanme catalyst in

meet ?({lg bot rﬁﬁ?‘gﬁ 5@%& %&/—W%ﬁ%&ﬁ@?&peci fications. In this way,
costly catalyst switching is 5 avoided. The broad tool provided by the

i nvention nethods can be used flexibly, in a variety of operating nodes.
For exanpl e, sonel=blieddi eatplai-elbvendiondE mbodistade HavinmEwerStegan
process. Many-permutations of stage conditions are

Stage-1 diene Stage-1 H, Stage-2 diene Stage-2 H,
None Low High High
None High High High
None Low Moderate High
None Moderate Low Moderate
None Moderate High High
None Low Low Low
Low - None High High
Low Low Low High
Low Moderate High Moderate
High Low None Low

In Table 1, several examples of the invention methods are shown.

15 Stage-1 diene refers to the amount of intentionally added diene, likewise for
Stage-2 diene. For these diene columns, in weight % based on the total reactant

mass columns, high means greater than 0.3 wt% and less than or equal to 2 wt%;

moderate means greater than 6.005 wt% and less than or equal to 0.3 wt%,; and

low means greater than 0 wt% and less than or equal to 0.005 wi%. Stage-1 H,



avail able in a two-stage invention enbodi nent; several are show BéN 2085
see 10 Table 1. These are provided as exanples. Table 1 - Exenplary .

| nvent | Y0 E@#H4R nent s Having Two Stages Stage-] diene St 5&5“150#{28"3 age- 2
di ene Stage-2 H2 None Low Hi gh Hi gh None H gh H gh H gh None Low
Moderate Hi gh None Mdderate Low Mdder.gbe None Mdderate H gh Hi gh None
Low Low Low Low None Hi gh H gh Low Low Low H gh Low Mdderate Hi gh
Moderate Hi gh Low None Low In Table 1, several exanples of the invention

met hods ar nﬂ@ -2 %% re%ratgeth% 20BN of ﬁ{)(ﬁrggeﬁ Qa% Q%d ene%h%ff the reactor

I ntentl ona ene ew se or these I ene

columms, i ggﬁtp;g%gaﬁ Wg}o eg{hére{n@} Alan! ARBYG Bom B ?es%%érﬁr&se%ﬁ'&l%

nmeans greater t’han ss than or eq 2 W% erate

means gr eats#,000hgpm0. Mdderatemanth prater N 000 gguaknd def. tBanbPeqeddo | ow
means greater than O wt % and | ess than or equal to 0.005 wt % St age-] H2

15 JUN 2005 0/@00gpme 248 IRCTh¢eadOl greBactan -01 gpmeaand Bsadmzonﬂquﬁbtceﬂ 0p0 t he
anount of hydroa\g;p gas added to each of the rea]_é;t or stages i n m Hi gh
means gr eatRimt MGneler 6l EnEisn mens| takne Hisredy lygiegen: &S Gespeeity

Mod t.h 1,000 . d | h | 0 000
b and | GUPREERS 208k 8r hen5aEe BOMMEREn odoHahe Bl R or G0 5
ppm None f; ﬁf rfteted®MThé %ﬁb{ﬂiﬂﬂzgt Bh%w NRe HaB R ﬁén@%ﬂ&ﬁ@@ﬂn@?&sggfm-free

(respectlve I'S purpose ded to the stage 1 n queStion he
table's fi rﬁﬁge}) oad the HytitopeRipes BGupphiel anblow lwel (i.ef greatyr g (hpsmaaddi ene

I n stage one (a diene-free

Jess than or equal to 1,000 ppm). In stage two, the amount of diene is high (a
10 diene-incorporation stage), and the hydrogen gas is supplied at a high level. The
embodiment shown in the table could be practiced in a one or more vessel batch
reactor or in a one or more vessel sequential reactor, for example. Moreover, the
invention extends further to operating modes that have more than two
polymerization stages. In fact, any combination of number and nature of reaction
15 stages 1s considered within the scope of this invention as long as the combination
contains at least one diene-incorporation stage plus one other stage that is either a

diene-free or a diene-incorporation stage.
Some embodiments provide .propylcne polymer having a MFR of
0.1 to 1,000. The first polymerization stage can include contacting a high-melt-
20 . flow-rate-polymer-producing catalyst under suitable polymerization conditions
with polymerizable reactants, such as propylene monomers, and o,w-diene
monomers and recovering the propylene polymer. In some embodiments the
catalyst is a metallocene. In some embodiments the metallocene catalyst is a
zirconium metallocene catalyst. Additionally, any stage may include hydrogen
25 and a second (or third, etc.) type of monomer. Other embodiments have added
a,@-diene in more than one stage. In some embodiments, the second stage is run
under different polymenzation conditions chosen to favor lower-molecular-weight
polymer. In some embodiments, the first stage is run for a time. After that, the
reaction conditions are changed, and the second stage is run for a time. The

30 second stage includes contacting a high-melt-flow-rate-polymer-producing



stage), and the hydrogen gas is supplied at a |low | evel (i.e. byddl 5t han
"0 ppm anRgg ghRHSsthan or equal to 1,000 ppm. In stage twopciescaamasnt of
diene is ﬂigh (a 10 diene-incorporation stage), and the hydrogen gas is
supplied at a high level. The enbodinent shown in the table could be
practiced in a one or nore vessel batch!®>Teactor or in a one or nore
vessel sequential reactor, for exanple. Mdireover, the invention extends

further to o gratin nodes, t hat have. m)re(ﬁhan tvx%e Efl nerj.zation stages.
In fact, anEfH Shfp PRGRT| Bta WRERZifE RARUPEND MV e RRPTEW 23S C JEAGHYS) s

| dered yibhin 4 findil Sl MY ENGIA0 AS ARG 3Ra GBI pati on
consi ( ch a? é)r gylgﬁg%or?m ndl MY G14]B1 n}: d EO\ 1
contains at 1€as n I'éne-incorporation stagé plus oné other stage that
is either aprglyRMeoI@EOr a di ene-incorporation stage. Some embodi ments
provi de propylene pol'ymer having a MFR of 0.1 to 1,000. The first
pol yreri zati on stage dxeniphal ucktioariaditiong vainy mhthods bf tHOinvention are
fl owrate-pol ymer-produci ng catal yst under suitable polynerization
condftions #ttomt peloywadydragere(in pads aenmillisndpprayd pmsasnesdas thsrismphase and
a, wdiene nononers and recoyering the propyl ene pol , 1N sone .
rbodi ment s COTEMEESIR) s carbbauby wiPodBhET mARGERE. Bt HENPE Erion
net al | ocene k | ¥ CQRI : gt is Addi £ ly,
any stage nﬁ%ﬁﬁﬁﬁ%esﬁgg}agfgee% ggéeﬁd%gﬁ@edgggﬁﬁfboé} _ té?#ln)r{%ltt lsétc.) tjggj of
nmononer . Ot hedo epRQasdanidxiaue defen ntdnt 8 20000071006; drisA000NSst age.
I n sone enbodi nents, the second stage is run under different
pol yrer i zat iltoshoolhbli aproeciated dwe rartges fervmad hoawer combwsiwraet thesegimits pisl yner -

In sone enbodiments, the_first stage is run for a. tine. After that, the
readfi on comaitin Bisscape Of Rimigantiofh ol pe Wekty PEdragen F%“tF‘&rFaFé"itkea?nﬂ"i ne.

The 30 seco i-ncl . 1 hNgn@ . _ ) _ . _

i gh- el ¢ Pl SR HAF s, FAT AP0 0090409508 50,8%8: 819000 500

PCT/ USQ / 4896:306; 380-56,008] 1/600-U0.de0; 5004-2bl080peid/ 1e0d-5aj000mppaondi ti ons

wi th pol yneri zabl e reactants, such as propyl ene nononers, and a, co-di ene

nononers and recovering the propylene polynmer. Exenplary reaction

conditions using methods gf {h Eéxne\lllgap Elil')(?illy%rrgge“ content

Embodiment Hydrogen content, PPM

<20,000

< 50,060

< 10,000
> 1000

ST v » I v A e S = « e =

15



5 set out below. Hydrogen (in parts per nillion (ppm) is meastbekNZBI5t he
gas phase concentration in equilibriumwth |iquid nononer at the

pol ymer mambi/an4s t enperature. See Table 2. Useful m ni num Wafwws%éntent
is 100, 500, or 1000 ppm wuseful maxi num hydrogen content is 10, 000,

20, 000, or 50,000 ppm It should be appyeciated that ranges fornmed by
any conbination of these [imts are 10 wthin the scope of this
invention. In other words, hydrogen content can take any of the

follow ng ranges: 1005 ](Q-dQQQ is1 Badte800; wiD0-R0s1Hh iR 0Pt 000y se700-

20, 000; 500-50, 000; 1, 000 10, 000; 1, 000-20,000; and 1, 000-50,000 ppm
Table 2 - Eprﬁxmmimmddydbmgﬁﬂfc@om émne 1Etd?pd1laﬂ6mt9talg§tﬁb’096m @603, ent0,0(BPM A
< 20,000 B < 50,000 C < 10,000 D >1000 E 500 F >_100 15 15 JUN 2005
WO 02/ 50145weight pesent. Useb naxjmurma ogo-dicageconinides iheediengingpmgporaisons hown
in Table 3. Usef ul i ene content for .the diene-incorporation
stage is 0.884¢ 192 (5’(5)%jl 5n (g]OgO’Se‘gm"dﬁ?m R Atenedeesr iree RIS has no

0. 0% wei ght RRFCEe J‘Qﬁ%t‘?ghgﬂg R ApRRQTAG Bl ey TGRRAL ceonihidyiH
a, co-di ene. of thesh kit Q’é‘ VARRR 86é @é(ﬁf& $hls [RARAESN.T OF BB BYordi, w-diene

combi nation of these limts are wWithin the scope of this invention. In
ot her wor ds comtent ghinefal witintaantof alen fdlRivhingiradyes: ranm@fosr, D0 (f1e0. Bp&ﬂﬂg-
ranges: 0.001-0.05; 0.001-0.5; 0.001- 2.0; 0.003-0.05; 0.003-0.5
0.003-2.0; 8.000%06-083; HBHE-500H03 & BOODS-05; 6-0059%.5; ardl Orh %UWO

Exenpl ary a, wdi ene content Enbodi nent a, co-di ene content

10 Table 3 - Exemplary a,0-diene content
Embodiment o,@-diene content
Weight Percent PPM
G > 0.001 210
H <2 < 20,000
I > 0.003 >30
J <05 < 5,000
K > 0.005 >50
L <0.05 <500

The total weight of polymerizable reactants is also measured in

weight %. See Table 4. Useful minimum total polymerizable reactant weight is 90

and 95 weight percent. Useful maximum total polymerizable reactant weight is

15 99.997, 99.995, or 99.999 weight percent. It should be appreciated that ranges

formed by any combination of these limits are within the scope of this invention.

This means that the total weight of polymerizable reactants fall within the

following ranges: 90-99.995; 90-99.997; 90-99.999; 95-95.995; 95-99.997; and
95-99.999.

20



Wi ght Percent PPM G ? 0.001 ? 10 H < 2 < 20,000 | ?0.001’»5?@8 2”051 <
0.5 <' 5, M®02/40185 005 50 L 0.05 500 The total weight of petymseimatd e
reactants is also neasured in weight % See Table 4. Useful m ninumtotal
pol ynmeri zabl e reactant weight is 90 anq 95 wei ght percent. Useful maximum
total ‘polynerizable reactant weight is 15 99.997, 99.995, or 99.999

wei ght percent It shoul d be appreciated that ranges formed by any

conmbi nati on ]teges
means that the totat—we ; A oo 24)
fol |l ow ng ranges: 9-99.9 : 299997, W; 95- 99 997;
and 95-89. 998. 20 15 JUNﬁZhOboogﬁn\}g\% 02/ 50 145%&#%&8 963 | -15 Table 4 -
Exenpl ary total, pollynerizabl e reactant | cont®ntent wglgg}ﬂm,ght pler cent .

Enbodi nent O efin nononer(s) content, weight % 9.999 T < 99.997 U
>95 V> 90 X < 99.995 AddStional |y, [met hods< $9699 oweri ngl t he MFR
response of a high- |melt-flowrate-pol ymer-produm ng catal yst are

di scl osed. For exanple, this ‘5 catalys{ is on& in a lliquefied
propyl ene environnment, no hydtpgen and

=95
Vv >90
X <99.995

Additionally, methods for lowering the MFR response of a high-
melt-flow-rate-polymer-producing catalyst are disclosed. For example, this
5 catalyst i1s one which in a liquefied propylene environment, no hydrogen and
typical bulk shurry reactor operating conditions produces polymer with an MFR >
20. The methods include the steps of contacting the catalyst with a sufficient
quantity of a,w-diene monomer such that when the catalyst composition is
contacted with polymerizable reactants under suitable polymerization conditions,

10 the resulting polymer has an MFR rate in the range of 0.1 to 1000.
Additionally, a catalyst composition is provided that includes a
high-melt-flow-rate-polymer-producing catalyst and a sufficient quantity of o,@-
diene monomers such that when the catalyst composition is contacted with a
monomer- under suitable polymerization conditions, the resulting polymer has an

15 MER rate in the range of 0.1 to 1000.

Polymenzation

The polymer, which is the polymerization reaction product of o,-

diene and olefin(s), may be prepared by slurry polymerization of the olefins and

20 diene under conditions in which the catalyst site remains relatively insoluble or
immobile so that the polymer chains are rapidly immobilized following their
formation. Such immobilization is achieved, for example, by (1) using a solid,

insoluble catalyst, (2) conducting the polymerization in a medium in which the



typical bulk slurry reactor operating conditions produces pol HBWNV%P% an
MFR > 20. The nethods include the steps of contacting th$ ﬁ.@ﬁs%l”)_{ ,3vm'-th a-
suffici 8@ 92/gddntity of a, co-di ene nononmer such that when FREDAFR yst
conposition is contacted with polynerizable reactants under suitable

pol ynmeri zation conditions, 10 the resuldding polyner has an MFR rate in
the range of 0.1 to 1000. Additionally, a catalyst conposition is provided
that includes a high-nelt-flowrate-polyner-producing catalyst and a

suf ficient guaninpipolpheRiscgenedilpnmsoimblyend (Sychintiwaingutenpelimenzatainy st
conposition is contacted wwth a nononer. under suitable polynerization
condi ti ons, rdabentsesdiprodustpotlgwahe pelymen's crstalime PEHEE RPRe range of 0.1
to 1000. Polynerizatigon The polynmer, which is the,pol. r N reaction
product of a,w diene %’&”&Yef&ﬁ(Sﬁt,alyﬁtafoﬁ@‘)ﬁﬁ‘@ﬁ%r%eg‘:ﬂ%&eIki??%’ Ha '

S

o RSP TR P O ctopt Loy

cat al yst si I ' NSO |l e so that the

pol y ger Chai(gg_s PY1§mleAPA Y pld¥eRes Ishndde el b@»(fquidgewco—dfeﬁémﬂ @iefinSych

i mobi I i zati'on i s” achi eved, for exanple, by (1) using a solid, insoluble
catal yst, (2nde@miduilyrghylore pod yrodefimanicowell newni toss skillpd nthersst 15
JUN 2005 WO 02/50145 PCT/US01148963 -16 resul ti n% pgrléi/g)er isﬂgeneral |y
i nsol ubl e, and inch)denwivtion pRlNgerF1gTe FAMRYMOIYPFRFOPe A BrestcF 0 duct s
bel ow the polyner's crystalline l.tin oi nt, raldy : al,yst
conposi ti on§héfésd?‘$18@8 1B B, ahge‘??l OCC‘S“?‘E%RI’@P eggfc gﬁl)ﬂltn ctoﬁﬁéjb ng)?r%l g}s’é are
suitable for A T 2 8loatd Bnphviisd fixP&lbydEmbaagi on
processes s&aﬁg%r%ﬁ;%%%%?%?ﬁngrﬁg@% W-n‘%l er?es ang gflg%i ns, and g

par ticul arl yhegt filana, andudy pradkbss condtedkin sitgha\sariby or prskelgkadidred i n
the art and include solution polynerization, slurr ol yneri za%i on,, and

| owpressure, gas- phaGengsalty.mayiofabs @ﬁﬂvel‘%’ﬂ}é}??f&é@ﬁ%éﬂﬁﬁ?ﬁsﬁ@ S ey st
ol oy ng. 1 TBER GBS IRR, i gea GeRRr plefihe- eq TR EPER)She, BaEREEion
conducted | rbrﬁtj:éggkseonestﬁﬁti €30RAuRe &iheh shACHeEds in which the polymerization
medium can be either a liquid monomer, like propylene, or a hydrocarbon solvent
15 or diluent; advamtageously, an aliphatic paraffin such as propane, isobutane,
hexane, heptane, cyclohexane, etc. or an aromatic diluent such as toluene 15 used
as the polymerization medium. Polymerization temperatures can have the values
shown in Table 5. It should be appreciated that ranges formed by any
combination of these limits are within the scope of this invention. This means that
20 invention embodiments can be now within the following reaction temperature

ranges: 0-80, 0-100, 0-150, 30-80, 30-100, 30-150, 50-80, 50-100, and 50-150°C.



General ly, any of the above polynerization processes nay be us;? JUWWﬂﬁ
propyl enw ®@/4ohe sel ected ol efin, a comopn propyl ene polymarng_la@mg
process is one that is conducted using a slurry process in which the

pol ynmeri zation nedium can be either a_Igguid nmononer, |ike propyl ene, or
a hydrocarbon solvent 15 or diluent; advantageously, an aliphatic paraffin
such as propane, isobutane, hexane, heptane, cycl ohexane, etc. or an

aromatic diluent such |\ j . as t he | yner ,zati on nedi um
Pol ymeri zati on tenper f;lltanu%rléeg fary'y ,rﬂ;m% telmpergitres.s éTabI e 5. It

shoul d be appreci at §d thakn,aaggst’ oFf Ned PY..88Y Te ] icon of these
limits are within thHe scope of this invention. This neans that 20

i nvention enbodi nentls_can be now withinithe follow ng reactilon tenperature
ranges: 0-80, 0-100,| 0-150, 3%-80, 30-100, 30-159]1560-80, 50-100, and
50-150C. JUN 2005 WO 02/.-0145 PCT/USY 48963 17- Table 5 -| Exenpl ary
reaction tenperaturds, in C. “Enbodi ment Reacti onlf@nperaturle, C Y 5 150
Z <100 AA <80 AB|> 50 AC,> 30 AD>p Mni nug]ég%ressures are around 100
psi a. Maxi mum pressyres rangé‘ﬁ‘rom 100 to 700 pst&a*(0.69-4.8 MPa).

Addi tional descriptijon is giwgp in 5 US. Patenisgys, 274,05 and 4, 182, 810
and WO 94/ 21962. Preg-pol ynerization may|al so be Tsed for furfther control
of polymer particleg norpholegy in typi¢al slurry3gr gas phdse reaction
processes in accordance wi th conventiopal teachings. For exanple, this.
control can be accanplishedAdy pre-pol ynerizing>ebhyl ene or{ a C3-C6

a-ol efin, or polynerizinag10-ethylene or-a C3-C6 a-0lefins and suitable
a,wdienes, for alimted time. For

Mimmum pressures are around 100 psia. Maximum pressures

range from 100 to 700 psia (0.69-4.8 MPa). Additional description is given in
5 U.S. Patents 5,274,056 and 4,182,810 and WO 94/21962.

Pre-polymerization may also be used for further control of polymer
particle morphology in typical slurry or gas phase reaction processes in
accordance with conventional teachings. For example, this. control can be
accomplished by pre-polymerizing ethylene or a C;-Cgy a-olefin, or polymerizing

10 ethylene or a C;-C4 a-olefins and suitable a,w-dienes, for a limited time. For
example, ethylene may be contacted with the supported catalyst composition at a

temperature of -15 10 30 °C and ethylene pressure of up to about 250 psig (1724
kPa) for 75 min. to obtain a polyethylene coated, supported catalyst composition.
The pre-polymerized catalyst is then available for use in the polymerization

15 . processes referred to above. In a similar manner, the activated catalyst on a
polymer-coated support can be used in these processes.

Additionally, polymerization poisons should be excluded from the
reaction vessel to the extent that that is possible. For example, monomer feed
streams or the reaction diluent may be treated or pre-treated with a suitable

20 scavenging agent in situ during polymerization. Typically, scavenging agents are
organometallic compounds employed in processes such as those using Group-13
organometallic compounds described in U.S. Patent 5,153,157 and WO-A-
91/09882 and WO-A-94/03506, noted above, and that of WO-A-93/14132.



exanpl e, ethylene may be contacted with the supported catal yst
conposition at a tenperature of -15 to 30 C and ethyl ene pressdﬁeJl?HDﬁsp
to abouw@&smpss g (1724 kPa) for 75 min. to obtain a pol y@@"ﬂ;ﬁ"yﬁ%%

coat ed, supported catal yst conposition. The pre-polynerized catalyst is
then available for use in the polynerization 15 processes referred to
above. |n a simlar manner, the activated catalyst on a polyner-coated
support can be used in these processes. Additionally, polynerization

poi sons sh%!g;mlggﬂ#ﬁggcﬂmthe reacti on vessel to the extent that
that is po : ; noner feed streamnms or the reaction

di luent may be treat eduiblRlimentble wWatfant iavludelketieyldR, €& paglefmsagent
in situ during polynerization. Typically, scavenging agents are

or ganonet al é1 diokefimeo Snitsblendiblefins shonlg haveatsleast one intamal plsfis. Fiamples

G oup-13 organonetal lic conpounds described in U S,  Patent 53, 157 and
WO- A- 91/ 09 g—dnﬁnmﬂnga/mmbpe,néﬁwr&bow?m% 1 hsxenss \7\%19]&9@3/‘%4132.

S 1l o poPSRRNTIITRe AR IHld RAERc, de e SRR G 6S LIS o
doletins. ahidahd 9 aaRkeld, %;f&g&(;ﬁgﬂf&}ﬁmxa&cd SPREsORR dtBérog BRIing ey n.

Exanpl es efii ns 1 nc yl ene, 1-butene, |-pentene, 1-hexene,
1-heptene, 4is§ vanided! sichpanifenexandpleepdpliche hax atieylede aetieill asl mbexeere,
| -octene, |-decene, |- undecene, 1-dodecene, etc. In additign, mxtures

of these andombimatiogs dloed iwhichrejastomess are forsead,  Etfotiengs propensx singene
propyl ene and_et hyl €ne as we| | as_ nopnoner, canbinati I fromwhich

el ast omers apdbpigpend dromwiyich ﬁ@CStaﬂ}l‘@gfﬂ M&?IEE‘P?F@H }e%gﬁﬂccgﬁrtca?‘ét}c\iwq‘rﬁo m
whi 99 crystal I@)z(abl e polyolefins nmay be fornmed are particularly 10
useftl Di enE¥ xanpl es of suitable a,to-diene species include a,wdienes
that contain at |east 7 carbon atons and have up to about 30 carbon

atons, nore 15 suitable are a,c -dienes that contain from8 to 12 carbon
at onms. Repr esent Dienes

Examples of suitable o,w-dicne species include o,w-dienes that

contain at least 7 carbon atoms and have up to about 30 carbon atoms, more

15 suitable are ,c-dienes that contzin from 8 to 12 carbon atoms. Representative
examples of such @,w@-dienes include 1,6-heptadiene, 1,7-octadiene, 1,8-

nonadiene, 1,9-decadiene, 1,10-undecadiene, 1,11-dodecadiene, 1,12-tndecadiene,

1,13-tetradecadiene, and the like. Of these, 1,7-octadiene, and 1,9-decadiene are

more desirable; particularly desirable is 1,9-decadiene. Branched o,w-dienes are

20 also suitable: 3,4-dimethyl-1,6-heptadiene, 4-ethyl-1,7-octadiene, or 3-cthyl-4-

methyl-5-propyl-1,10-undecadiene. Additionally, o,@-dienes containing aliphatic,

evelic or aromatic substituents may also be used. o,@-dienes encompass a broad

class of compounds. A key feature for an a,w-diene of an invention embodiment

of this invention is having proximal and distal, terminal alkene unsaturation.

25 Some esoteric examples of o,w-diene considered to be within the scope of this

invention include



exanpl es of such a, o-dienes include 1,6-heptadiene, 1,7-octadiensg ji§ fi
- nonadi eqe #(g-gecadi ene, 1, 10-undecadi ene, PCT/US01/48963
1,11-do AP e, 1, 12-tri decadi ene, 1,13-tetradecadiene, and the |ike.
O these, 1,7-octadiene, and 1, 9-decadi ene are nore desirable;
particularly desirable is 1,9-decadi enel9-Branched a, mdi enes are 20 al so
sui table: 3,4-dinethyl-1, 6-heptadi ene, 4-ethyl-I,7-octadi ene, or
3-ethyl -4- nethyl -5-propyl-1,10-undecadi ene. Additionally, a,co-dienes
containing aliphatic, cyclic or aromatic substituents may al so bq used.
a, ta-di enes enconpass @ broad class of conpounds. A key feature for an
a, wdi ene of an inventiyon enbodi nent of this invention is havin
proxi mal and distal, térm pak al kene unsat ueaty on. 25 Sone eso i
edto-be wi{ he scope of th
invention include 15 JUN WO 0250145 RCT/4SO / 48963 - 19-
exanpl e, by n€asuring absorbence
1 using infrared spectroscopy. 5 CATALYST SYSTEM METALLOCENES ~As used
"nmet al | ocene” and "net "i | ocene conponent” refer generally to @¢onpounds
represented by the fornmula Cp,,,MR'Xq in which Cp is a cyclofjent adi enyl
ring or derivative that may be substituted, Mis a Goup 4, 5 or 10 6
transition netal, for Tcadiphe contennicanmbe zéstioatad,fpr Bedmplemby vaeasiiiong
ni obi um tantalum chrom um nolybdenum and tungsten, Ris an
unsubst i t ut eeposience abd22 emt’aisingsiatraredtspactoascemisat ur at ed, hydrocar byl or
hydr ocar boxy group having froml to 20 carbon atons, X is a hal ogen, and
m=1-3, n=0-3, g=0-3, and the sum of mtn+g is equal to the oxidation

state of the,t @ g @E@ | . Exanples of Cp 15 include, but are not
Iim'?edto:%ArIIC 75T @a

METALLOCENES

As used “metallocene” and “metallocene component” refer

generally to compounds represented by the formula Cp,,MR, X, in which Cp is a
cyclopentadienyl ting or derivative that may be substituted, M is a Group 4, 5, or

10 6 transition metal, for example titanium, zirconium, hafnium, vanadium, niobium,
tantalum, chromium, molybdenum and tungsten, R 1s an unsubstituted or
substituted, saturated or unsaturated, hydrocarbyl or hydrocarboxy group having

from 1 to 20 carbon atoms, X is a halogen, and m=1-3, n=0-3, g=0-3, and the sum

of m+n+q is equal to the oxidation state of the transition metal. Examples of Cp

15 include, but are not limited to:

P
Methods for making and using metallocenes are known in the art.

For example, metallocenes are detailed in United States Patent Nos. 4,530,914;



Met hods for making and using nmetall ocenes are known in the art. | 5FEHN 2005
exanpl e, netallocenes are detailed in United States Patent 4 , 914,
15 JUN 2065727 Wb%2/ 50145 PCT/ US01148963 20- 4, 542, 199; 4, 7%@%?6‘,"8%0
4,808,561; 4,871, 705; 4,933,403; 4,937,299; 5,017,714; 5,026, 798;

5,057, 475; 5, 120,867; 5,278;119; 5.304.-644; 5, 324,800; 5, 350,723; and
5,391, 790. Methods for preparing netall ocenes are also described in the 5
Journal of Organonetallic Chem, volune 288, (1985), pages 63-67, and in
EP- A- 3207624 54e19d:| £G6991 G408 61 € ANPRATETH; S4,65 B 408S qra30exdoi 15 Gt A4, in
U.S. Patent Nos. 5, 145,819; b, 243,001; 5,239,022; 5,329, 033; 5,296, 434;
5,276, 208; SOB{29%68,0584304 5420863, SIASTEB; 53040]14,13;328,8000, 5850, 3
5,643,847, and EP 10 549 900 and 576 970. Illustrative but non-limting
exanpl es of @W€H,3HUTYW.met al | ocenes i ncl ude:

D net hyl si | anyl bi s(2- ngef hyl - 4-phenyl -1 -indenyl)ZrCl,; dimethyl:.

3| | aPy| Ibi S|( 2- WFL-hyl -4, Eg’%%q%og}rowprﬁ%@;t?ﬁp%ss are’ also gf%crr}ged in the
i methyl sila S(2-¢e - 4:. phenyl .- 1- y - ] ) N

di methyl si | ﬁﬂﬁi@%ﬂ@ﬂé%@&&%@?ﬁ’%ggn@ﬁ%ﬁw 6367, and in EP-A

phenyl ( met hyﬁ(ﬁgb_anyl bi s(2- et hyl - 4- phenyl -1 -i ndenyl ) Zr Cl 2;

di met hyl si | anyl brs(2-net hyl -4-(1 -naphthyl)-1-indenyl)Zr(C 2;

di met hyl si | anyl bi s(2- npidillocénd 2ataipbichyipbndnts nele mgbdrtedliz; deteiteinhylSsi | an-
yl bi s(2- et hyl -i ndenyl ) Zr C12;
di met hyl si | aPatedti Mo2- 5 7§l 9;45.3430050p20pPR21 £.32Rd138y 15 246AFE; 5,276,208,

di net hyl si | | bis(2,4,6-trinethyl-1I-i | . ph
S T N 200 B SO R 8
di yl bi s(2- <4, 6- i | -1 -ind 1)zrCl 2; |
, IZybm ZI(’ldi W%ﬂ%@%% - ,_g?p)éi i soplrgpilnyl )- |r ndenyl ) Zr C] 2;
di met hyl si | anyl bi s('2- m?l}['h%l/r:atif}é SubHonllimitRgeBYimge£ld: desirable metallocenes

met hy

di et hyl si | anyl bi s( 2- -4-isopropyl -1-indenyl) zZrC 2;
di met hyl si | aineludies ( 2-Ihinietiyllsifni b2 yrhethylihrgben]) 1Zm@eRy1)ZrCly;  dimethyl-
phenyl (nmet hyl ) sil anyl 25 bis(2-nethyl-4-isopropyl- | -indenyl)ZrCl2;

di met hyl si | agydnRit3é2-184thyl-4 $-diRbpophtiddenyl)ZrCl>;  dimethylsilanylbis(2-ethyl-4-

phenyl-1-indenyl)ZrClp; dimethylsilanylbis(2-ethyl-4-naphthyl-1-indenyl)Z:rCl2;

15 phenyl(methy))silanylbis(2-methyl-4-phenyl-1-indenyl)ZrCl2;
dimethylsilanylbis(2-methyl-4-(1-naphthyl)-1-indenyl}ZrCl2;
dimethylsilanylbis(2-methyl-4-(2-naphthy!)-1-indeny)ZrCI2; dimethylsilan-
yibis(2-methyl-indeny)ZrCi2; dimethylsilanylbis(2-methyl-4,5-diisopropyl-1-
indenyl)ZrCl2; dimethylsilanylbis(2,4,6-trimethyl-1-indeny!)ZrCI2; phen-

20 yl{methy!)silanylbis(2-methyl-4,6-diisopropyl-1-indenyl)ZrCl2; 1,2-ethan-
diylbis(2-methyl-4,6-diisopropyl-1-indenyl)ZrCl12; 1,2-butandiylbis(2-methy!i-4,6-
diisopropyl-1-indeny!)ZrCl2; dimethylsilanylbis(2-methyl-4-ethyl-1-
indeny)ZrCl2; dimethylsilanylbis(2-methyl-4-isopropyl-1-indeny})ZrCl2;
dimethylsilanylbis(2-methyl-4-t-butyl-1-indenyDZrCl2;  phenyl (methyDsilanyl-

25 bis(2-methyl-4-isopropyl-1-indenyl)ZrCl2; dimethylsilanylbis(2-ethyl-4-methyl-1-
indeny))ZrCi2; dimethylsilanylbis(2,4-dimethy}-1-indenyl)ZrCl12;
dimethylsilanylbis(2-methyl-4-ethyl-1-indenyl)ZrCl2; dimethylsilanylbis(2-
methyl-1-indenyl)ZrCI2,



i ndenyl ) Zr C12; di et hyl si | anyl bi s(2, 4-di et hyl -1 -i ndenyl)zr i 2:}3 JUN 200
-di met hylghlyaylRi s(2-met hyl - 4-ethyl -1-indenyl ) ZTC12; di metpasigsohagmeb bi s( 2-
met hyl - T -1 hd’e‘nyl )ZrCl12. 15 JUN 2005 WO 02/50145 PCT/U SO /48963 - 21
General ly, these netall ocenes' racemc isoners are used to produce
stereo-specific polyners, such as isotaétic pol ypropyl ene. But mi xtures of
meso and racem c netall ocenes may be used to produce pol ypropyl ene bl ends
that include anmorphous and crystalline conponents that are useful, as
thernopl astic 5 el ast daesesallhdhess meadalecensirRssTRG BABETS Hetired e PRSP es,
t he bl end' s anorpho speci es have .| ower nol.ecul gr Lght n.the
bl ends crystHres- C?E%E?@E“.er% ﬁugg%ﬁéso CRSRS Owle%dhglsl“? xglf)eﬁl (il;fggifsioons,
t hese | ower - opl r-\Wei ' ' , t ch
aiq rgéééﬂq% e N90LL S PEGY &% PQ@%IV t@%&o%{ﬁgd;go?fgﬁﬁﬂe% blHAR Khat

m xtures are us ol'ynmerize propylene | ehce of one or nore

of the a, 0-¢}8(8s afiRsidulofdakoMEllinehenasBieRiROMS: 2R Gafflone terBoplabticul ar

wei gh shoul d 1 ncrease, thus reducing the presence of undesirable | ower

nol equl ar welgdmenead edhésive dwnpositigisous thesepostendes, tha blendsanembounces,
propyl ene may al so be pol ynerized with ethylene and other_a- olefins, such
as those despetibethaywye Jower mdﬁPWthégﬁl thsclprds eiygallvgspetiey sed in

conbination with an activator, for .exarrg’lt al lf(glral unpx nes such 8Ses

met hyl al unps8FE eiRpiogmer pradgesive agplication &‘eﬁef ISR aﬁ?“&fg‘?:ﬂ) FORs,

nmet hods for prepar, ng al n - it - i

Goscri bed 1 ey 851 pesfhe RER Ohep 6% mincliss' S0 EEATHGR A BiadBigp et
5,206, 199, 34204418 of o8 41 iBére &t 224 818encd, RL&IKKA3above, YeBari@rphous
5,308, 815, 5,329,032, 5,248,801, 5,235,081, 5,103,031 and EP-A-0 561 476,
EP- Bie 0 279 &@SfporeRt Antbi&@dar2d8ighnshdtdd 4hded8) thus réduaingr therpyesendes of

i ncl ude those conprising or formable_ into non-coor di@]’?Pg'fﬂi ng ani ons during

cat al yst actundgsirge dpwehaodesuiaryweightspssaem s ther 2@ B SOTPOER! o1y - ar v

0 SuDS Ul Ut B POl OB Sry 1 I Ao BE iyl el ot et ariipef -+ US

olefins, such as those described above.

15 'ACTIVATORS
Metallocenes are generally used in combination with an activator,
for example alkylalumoxanes such as methylalumoxane (MAQ). There are a
variety of alumoxane preparations, methods for preparing alumoxane, non-
limiting examples of which are described in U.S. Patent Nos. 4,665,208,
20 4,952,540, 5,001,352, 5.206,199, 5.204,419, 4,874,734, 4,924,018, 4,908,463,
4,968,827, 5,308,815, 5,329,032, 5,248,801, 5,235,081, 5,103,031 and EP-A-0
561 476, EP-B1-0 279 586, EP-A-0 594-218 and W094/10180. Activators may
also include those comprising or formable into non-coordinating anions during
catalyst activation of the catalyst. Compounds or complexes of fluoro-aryl-
25 substituted boron and aluminum are particularly suitable, see, e.g., US patents

5.198,401; 5,278,119; and 5,643,847,

SUPPORT MATERIALS

The catalyst compositions used in the process of this invention may

30 optionally be supported using porous particulate materials, such as for example,



5,198, 401: 5,278, 119; and 5, 643, 947. SUPPORT MATERI ALS The catk® ydlf 100
conpositions used in the process of this invention may 30 optionally be
suppor t MOWYF4igSpor ous particul ate materials, such as for REXHNpIESIE 5 JuN
2005 WO 02/5014- PCT/USO1/ 48963 -22- clays, talcs, inorganic oxides,

i norganic chlorides, and resinous materhals such as polyolefin or

pol yneri c conpounds. Typically, the support naterials are porous inorganic
oxide materials including those fromGoups-2, -3, -4, -5, -13 or -14

et al oxi degtys Skl of ol WIIdIR, inBldahRAIAbHAINAnd FMhdAShieiThISEiess ar e

particularly e’sr rab I norg at may be enployed either

al one or in §@I@i@fﬁﬁ@ﬂﬁﬁ]ymchb cbi@ousdd. i ca, alumina, or silica-alumna are
magnesi a, t| tania, zirconia, etc. Desirable supports for this invention

include talc. clay, siTymazllygl twi rapporagmesirals zire cporoas inorganioxixies,
bori a, cal cium oxide, zinc oxide, barium_oxide thorr a, alum c(i)
phosphat e gaaterpads ywlnghnghrlmsc deorarfarospsas i-butbdSpot §/§tryr éngaegaﬁoom es.
appraopriate mxt res,

pol y9i nyl Cmsarqad@ Ry S i om i ey feertr B brte fen 1 o
particul at e; i bhaen JhaXide alya?e" L@gwy@a% bt Licae lﬂxao%f,ﬂ%rro%ﬁh%h@re

wel | known a comrer Cl a m ni num

surface ar e@ﬁlcﬁeélu%hxhhcgf‘ sﬂicﬁ)éllﬂﬁmﬁbbﬂ@%é orieBhElitadls Airdofi@/ gic. | Dekigdlge SO or
greater, 10 or greater, or 100 or greater Usef ul maxi num surface areas

of silicon dipxirdefosubisantemedreinchide talactlagesilicd aumines syagheda.ozirdogls,  or
400 or less n2/g. Useful m ninmm pore vol urre for_silicon diQxi cie support
material s | Arsinugeides.nb@és, Galoum exidgy BAE epXidg. tarim gids, dhonay alpmgiige

greater. 20 maxi nu vol unme r..Si I oxi de s
mat e’ al s i M E‘Pﬁﬂ? te; g5 =&°f§¥'§‘§vl§ﬂ%n%° c?r“al %@5“‘“6? g"' %’J 20d %ﬁpgﬁﬁrlxate
i ni mum aver,age, par Lich! & daelehifo m%bhracmmaIo%edeorsgcrapornrywmrﬁret al's,
in mcrons inc or  greater, 15 o greater, or or “greéater. Usef ul
maxi mum avenp@argenti cl e dianeter for silicon d| oxXi de support
A particularly useful support material is particulate silicon dioxide.
Particulate silicon dioxide materials are well known and are commercially widely

15 available. Useful minimum surface areas per silicon dioxide support materials in
m>/g, include 50 or greater, 10 or greater, or 100 or greater. Useful maximum
surface areas of silicon dioxide support materials include 700 or less, 500 or less,
or 400 or less m%/g. Useful minimum pore volume for silicon dioxide support

materials include, in cc/g, 0.1 or greater, 0.5 or greater, or 0.8 or greater. Useful
20 maximum pore volumes for silicon dioxide support materials include 3.0 or less,
3.5 or less, or 4.0 or less. Useful minimum average particle diameter for silicon
dioxide support materials, in microns include 10 or greater, 15 or greater, or 20 or
greater. Useful maximum average particle diameter for silicon dioxide support
matenals include 100 or less, 150 or less, or 500 or less. Maximum average pore
25 diameters for silicon dioxide support materials, in angstroms, include 350 or less,
500 or less, or 1000 or less. Minimum average pore diameters for silicon dioxide
support materials include 10 or greater, 50 or greater, or 75 or greater.
The supported catalyst composition may be used directly in

polymerization or the catalyst composition may be prepolymerized usmg methods



materials include 100 or less, 150 or less, or 500 or |ess. I\/&)ﬁiII‘IIIIFZIIIIIﬁ
raver age yWwehes#3s di anmeters for silicon dioxide support mat@®Crais)/ 1853
angstrons, include 350 or less, 500 or less, or 1000 or less. M ninum
average pore dianmeters for silicon dioxide support materials include 10
or greater, 50 or greater, or 75 or gre&dter. The supported catal yst
conposition may be used directly in polynerization or the catal yst
conposition nmay he prepol yneri zed.usi ng,nmet hods 15.JUN 200 \%) 2/ 50145
PCT USQ | 48961 knows Whdhe aindih deFfiE RECIIE IEGROTHBPEIAON, &Fal dingt atent

prepol yneri zati e U..S.~Pat e A4, i gy and 5;
P PRALGRR o TR Pk < H KRR L RN Ly it E R LA S KRR
Modi fiers and additives nay be those commonly enployed with plastics.
Exanpl es include one or nore of the follow ng: heat stabilizers,

ant i oxi dant §4omeskt alkbzessirigsi p agents, anti bl ock agents, pignents,
anti foggi ng—agents, antistati c agents, clarifiers, nucleating agents,
ul trdviol et absor ber s,Mbiiflers asd additiveensy bé thase sommenlycemmeyed withns,
rosins or rosin esters, waxes, additional 10 plasticizers, and ther

addi tives i plasbes erxanples anplide soneepr dnpre, OF | B odowing: Rebvitedlizethe art

and depend on.the base polyners,. the fabri.cation de,._and_the..

appl i cati on.anI'W1§%§=tP ralizohr SYBNHR =C?PII§ECICI(0I%%§S1’ ) rggté’r %gtﬁfogggllgns and
ot her plasti,glLzers npy: b ed.a L Ele8fSe adent© QrMER EMBCIPLAENES N
sonme enbodi %%@,%%@%o%f@f Ialzaglgieg%’)glIllEIr?ngﬁn% 5 are present In t’ne%ol ymer
at 90 or greabgizeld %IRks,t RAIrBQINOE kesids) re€ifi® ogrbsidi evesnt, swakes, apditipnar i zed
olefin units are present at 99.99 or less w% of the pol ynmer. Useful,

maxi rum pol yiwsticized, apd-ahenadditivas icosmentional sopmnjsol tueoeiTemt s is

2 20 I i ght t, 1. I i ght t.. I

wei Ght per oHREVTGT 8o A BaISpErdoR i AR AOPETSB8 okeliP B At Mt ant
i I . [ tern |
com embodi FECRPIE o ARy Hlithefiediof Hefolchin friftutln il 10

sone enbodi uni

other plasticizers may be used as modifiers.

15 POLYMER EMBODIMENTS

In some embodiments, the polymerized olefin units are present in

the polymer at 90 or greater wt% of the polymer. In some embodiments the

polymerized olefin units are present at 99.99 or less wt% of the polymer. Useful,

maximum polymerized a,c-diene unit content in some polymer embodiments 15 2

20 or less weight percent, 1.5 or less weight percent, or one or less weight percent

diene. Useful, minimum .polymerized o,@-diene unit content in some polymer
embodiments 1s 0.001 or greater or 0.005 or greater.

In some embodiments, the polymer is made up of mer units from

two or more olefins, one of which is propylene. Exemplary propylene content in

25 some of those embodiments is shown in Table 6. It should be appreciated that

ranges formed by any combination of these limits are within the scope of this

invention. Thus, for some embodiments, propylene content ranges from

90-99.999 wt%.



two or nore olefins, one of which is propylene. Exenplary propyl£hgUN 700
content in 25 sone of those enbodinents is shown in Table 6. It should be .
appreci VOGP ranges forned by any conbination of theseP¢T/HPE886%
within the scope of this invention. Thus, for sonme enbodi nents, propyl ene
content ranges from 90-99.999 wt% 15_4MJN 2005 WO 02/50145 PCT/ USOL/ 48963
-24- Table 6 - Exenplary propyl ene content in sonme polynmer enbodi nents, in
wei ght percent. Enbodi nent Propylene unit content, w%BT <_99.999 BU

>_ 90. 05 Exerrpfmxaca ar$ 95 Sk O6n 2RI SIROHbRRN S rh BodifRWE,i N 5
Table 7. Table 7 -

enbodi nents, in wei ght percent. Brbodphepércearononer unit content, w %
BV <6 BW<8 BX <3 BzZ > 0.5 10 Exenplary polyner enbodinents that fall
within the scope of jthis Ewhedntewn arelshionpylene Tablcen®nt,| t shoul d be
appreci ated that ranges formed by any ¢onbination of these |imts are
within the scope of [this invention. Thug, sone ¥ ul i nvention

I mMmRoaRer—eaont-on Af A LC_ 2 N LC o A C .0 0
enbodi nents have a clereronet B,T,..tc.u o053 Qg xe§ o8 15 wt %

BU > 90.05

Exemplary comonomer content for some embodiments is shown in

5 Table 7.

Table 7 — Exemplary comonemer content in some polymer embeodiments,

in weight percent,

Embodiment Comonomer unit content,
wt%
BV <6
BW <8
BX <3
BZ >0.5

10
Exemplary polymer embodiments that fall within the scope of this
invention are shown in Table 8. 1t should be appreciated that ranges formed by
any combination of these limits are within the scope of this invention. Thus, some
useful invention embodiments have a comonomer content of: 0.5-3; 0.5-6; 0.5-8

15 wt%.



15 JUN 2005 WD 02/50145 PCT/US01/ 48963 -25- Table 8 - Exenpl gry Jiibo§rer
-enbodl it)a}/ Odl ment propyl ene content, Conononer conteplrn&osQsssbene
content, iR % Wl % ZA 99.99 0.00 0.01 ZB 99.60 0.30 0.01 ZC 90. 40
7.00 2.00 ZD 98.80 1.00 0.20 ZF 98.00 1.60 0.40 ZJ 96.40 2.90 0.70 ZL
95.60 3.50 0.90 ZR 93.20 5.40 1.40 ZT2%92.40 6.00 1.60 ZX 90.80 7.40
1.80 ZE 99.60 0.30 0.00 ZzG 98.80 0.80 0.20 ZH 95.00 0.60 0.40 ZI 97.20
3.00 0.60 ZK 96.40 2.90 0.20 ZM 95.60 3.50 0.80 . ZN 94.00 4.80 0.20 ZzO
92.40 2.00 1.60 ZP 90. %meﬁemwﬂh@mﬂ%ers contain at

| east two di gl—wr;ep—pepul—&t—l—aﬁs—eaeh—wm ar-eH Fent not
very di ffer(ﬁﬂmb’omeéﬁ IPEePYNEIeqRDieniay COmORRRehEPYARL jl”Sﬁ”ﬁﬂl‘ftﬁ"&%“f MAD) .
The specifijc MVand MAD for ch popul ati o ;orrel ates to.he amunt of
hydr ogen and a, co-di ehe add@g %o the|stage at created tha‘? popul ati on.
The overal ITpot YHET TPIPOST§gd 9§ al so| dependgpgn each|stage’(i

ZB 99.60 0.30 0.01

ZC 90.40 7.00 2.00

ZD 98.80 1.00 0.20

ZF 98.00 1.60 0.40

Z] 96.40 2.90 0.70

ZL 95.60 3.50 0.90

ZR 93.20 5.40 1.40

ZT 92.40 6.00 1.60

ZX 90.80 7.40 1.80

ZE 99.60 0.30 0.00

ZG 98.80 0.80 0.20

ZH 95.00 0.60 0.40

71 97.20 3.00 0.60

ZK 96.40 2.90 0.20

M 95.60 3.50 0.80

ZN 94.00 4.80 0.20

20 92.40 2.00 1.60

ZpP J 90.80 5.00 | 2.00

The invention polymers contain at least two different polymer

populations, each with a different (if not very different) molecular weight (MW)

5 and weight distribution (MWD). The specific MW and MWD for each population
correlates to the amount of hydrogen and a,0-diene added to the stage that created

that population. The overall polymer composition also depends on each stage’s

relative reaction time.



relative reaction time. 15 JUN 2005 WD 02/50135 PCT/ USOl / 48963 24N 2005
Pol ymer enpbodi ments have wei ght average nol ecul ar wei ghts i n
Tabl e 9.WP{#%3H301 d be appreciated that ranges formed by aﬁ’gg‘ﬂzﬁ o i on
of these limts are within the scope of this invention. Sone useful

i nvention pol yner enbodi ments have wei gké - aver age nol ecul ar wei ghts that
fall 5 wthin the follow ng ranges: 30, 000-750,000; 30, 000-1, 000, 000;

30, 000- 2, 000, 000; 70, 000-750, 000; 70, 000-1, 000, 000; 70, 000-2, 000, 000;
100, 000- 750, 000; 100,F3dpmer embodioEntsnhavel 0@)h0 v 200 MpgotilaTablghtOas

Entoni oont PR ine BBl & molte il bedpgrciatats iy Feitiss OB Y 1200, 000
ZR < 750, 00 S > 100,000 ,.ZT > 70,000, ZU > 30,000 Th | h

o VER ab sRomfimeron et it A Bt e Re AT 408 dp IR oYORES P Das
condi tion L;f2nd8n kelymdei%erfbodimkn: vt %eigﬁi aﬁf@%rgg%é’ite&ﬂalt %Eﬁh‘i&f‘ﬂgg?&lf or med

by any conbination of these limts are w the scope

i nvention. &othEn i eenfollowvipg! yares: haye0MFES,000 thE06®h J000/000; B6/000S:
0.1-5, 0.1-8, 0.1-10, 0.1-15, 0.5-5, 0.5-8, 0.5-10, 0.5-15, 1-5, 1-8,
1-10, and 2:008.,08§: nmi/A,000- B0, 200D0E ,000,800:4 57 REIV-LS08/00996 3 00.290-

750,000; 100,000-1,000.000; and 100,000-2,000,000.

Table 9 — Exemplary polvmer embodiment weight average

10 molecular weight.
Embodiment Weight average molecular
weight
Z0 < 2,000,000
2Q < 1,000,000
ZR : < 750,000
Z8 > 100,000
ZT > 70,000
ZU > 30,000

. The polymer may have an MFR as shown in Table 10. MFR is
' determined according to ASTM D-1238, condition L (2.16 kg, 230° C). It should
be appreciated that ranges formed by any combination of these limits are within
15 the scope of this invention. Some invention polymers have MFRs in the following
ranges: 0.1-5, 0.1-8, 0.1-10, 0.1-15, 0.5-5, 0.5-8, 0.5-10, 0.5-15, 1-5, 1-8, 1-10,
and 1-15 dg/min.



Table 10 - Exenplar' polymer nelt flow rates. Enbodi nent MR 1@ A 50
"2V _< 1Qé% Rt ZY <_ 15 KK <5 KL <8 KA >1.0 KD ?0. BCTHE(R£61

Pol yner enbodi nents may have nelting points that are less than 165 C, and
sonme enbodi nents | ess than 160 C. Upper,]imts for nelting point 5 depend
on the specific application, but would tTypically not be higher than 165 C.
The pol ynmer may include bl ends, including reactor blends of a- olefins and

particul arly honopoly ends;. . i | ends of

pol ypr opyl ene and par?ﬁ%ﬁ#gﬂﬂy' ard %hHﬁ&ﬂ%eRQﬁa Pgegpropylene. The
invention polymers may beghipERged W Th ot Nernvp® YiBEsnin 10 Particularly

wi th ot her polyolefins. Speciftfic exanples of such polyolefins include,

but are not limted!ito ethyl ene-propyl ene rubber, ethyl ene-propyl ene-diene
rubber, dynanically vul cani Z&d al | oys, | adhesi ve<dBnposi ti orjs and et hyl ene
pl astonmers. Specifilc exanpl es of comrefcially avail abl e ethyl ene

pl ast omers include |EXACTTM Zesins products of Exst8nMobi | Cheni cal Conpany
and, AFFINITYTM 15(resins a ENGACE"' | resi ns, Qrgducts of |Dow Chemi cal
Conmpany. The inventijon poly may be enpl oyed fﬂ a wde variety of
applications, for exanple, facturing filns, fdders, such as spunbonded
and nelt blown fibers, fabrics, such as nonwoven fabrics, dand nol ded
articles, and as bllend conpguents (al sp known as gmodifiers)|. Mre
particularly, theselarticles 20 include; for exanple, cast flilns, oriented
films, injection-nolided arti ®&s, blow | nolded atdicl es, fodmed articles,
and t her nof ormed artji cl es. 1%ﬂ%UN 2005 > 05

KE >0.1

Polymer embodiments may have melting points that are less than

165 °C, and some embodiments less than 160 °C. Upper limits for melting point
5 depend on the specific application, but would typically not be higher than 165 °C.

The polymer may include blends, including reactor blends of a-
olefins and particularly homopolymers and blends, including reactor blends of
polypropylene and particularly metallocene-catalyzed polypropylene.

The invention polymers may be blended with other polymers,

10 particularly with other polyolefins. Specific examples of such polyolefins include,
but are not limited to ethylene-propylene rubber, ethylene-propylene-diene rubber,
dynamically vulcanized alloys, adhesive compositions and "ethylene plastomers.
Specific examples of commercially available ecthylene plastomers include
EXACT™ resins products of ExxonMobil Chemical Company and, AFFINITY™

15 resins and ENGAGE™ resins, products of Dow Chemical Company.

The invention polymers may be employed in a wide variety of
applications, for example, manufacturing films, fibers, such as spunbonded and
melt blown fibers, fabrics, such as nonwoven fabrics, and molded articles, and as
blend components (also known as modifiers). More particularly, these articles

20 include, for example, cast films, oriented films, injection-molded articles, blow-

molded articles, foamed articles, and thermoformed articles.



WO 02/50145 PCT/ USQOI /48963 -28- The propyl ene/ a, w-di ene pol ympss | yrapgiuced
by this invention's nethods are generally suitable for thernoformn bl ow .
nol di ng, WYY, and making fibers, fabrics and fil ns. Sﬁ‘éﬁulsf”dwé’g%mpl es
of these applications include thernmofornmed articles, dairy containers,

bi axi al -oriented filns, and insulation-58raterials. Exanpl es of other

nmet hods and applications for maki ng and using polypropyl ene are descri bed
in the Encycl opedi a of Chem cal Technol ogy, .by Kirk-Qhmer, Fourth

Edition, Vol. 17, at pHgegprolenthbp-didte P8l mMmE0 Jpr8d&kedahyl thBlifv8dtton’s
Exanpl es of other applications for which foaned gl astics, such as foaned
pol ypr opy! emeethegdseangsgenaral iyespitghles wuibeimpienayel hwdiracldmeciesmingl and o

Technol ogy, Dby .Kirk-OQhoer, Fourth i tion, Vol. at es 730-.783. In
The casa’yi s PEHS RRRGS ATCOBORy MEPS AEReBIPIGS R arpfiont herlds
propyl ene/ e i i.n o] L dut:ingp rdqzat i duce
ProPY! one! i £l SRRILDSAEDOLANL AR AL BALYEPTHIER! |41, SEMafcA
medi gal devirg&grials. SPEEAmpIes X JMremetiods RRdeapHRhti Gt fRNBaking | d4deusing
syrinnges, pill-bottles, ‘and cast film 15 for "packagi ng and cont ai ners,
and fil ns f qgolypouptienpereatiesceibed dn. thExEwpkEpedGENERAE M| Javénolngt,i bn was
conducted in either a two-liter autoclave 20 reactor or a series of two

150 gal | on $tirk-fskmendiesrthafidisoneY ol des at Bagsol A0 ip: 1 17§ul&P; 80dddPopand
Mononer feecj8

Pl yror i zat 190G aaE BB e B RGP sy HRRcIoRgefi PetisEn By RS basi o

al um na acti . f.oll I I J ; 600
& "5, GecaiRoes Blyphiine, (e QURS (Rl TR SEHA A0 PAGKRDG! pF EhERiAl O
and mas 25 Tgheblagy,B0Cirk-@ihmbh Feethdidinei, o). O, at pegdsoi3pnTs3s was

anal yzed by GPC using Waters 150C high tenperature systemw th a DR
detect or and Showdex AR Ug0GRS ©b| prenylene| rapdemanepdypetsalRCY At paph as

Lgrﬁ g ' gt lﬁregfgr%*lﬁe@ggﬁgﬁggqe\é\ﬁltnrggmorrrgtg)snuéu%j ngogol?m-gﬁzét{g} xgag}q%%du[gg (ﬁ-&} 2

resins suitable in applications such as films and injection molded medical devices.
Specific examples of these applications include syringes, pill-bottles, and cast film

15 for packaging and containers, and films for low temperature uses.

Examples
GENERAL
Polymerization was conducted in either a two-liter autoclave
20 reactor or a series of two 150 gallon stirred tanks, auto refrigerated boiling hquid
reactor. Monomer feed and catalyst preparation for each were similar.
Polymerization grade propylene was purfied by passing first through basic
alumina activated at 600 °C, foliowed by molecular sieves activated at 600 °C.
1,9-decadiene (96%) was purchased from Aldrich-Sigma Bulk Chemicals and was
25 used as received.
Molecular weight of the polymers was analyzed by GPC using
Waters 150C high temperature system with a DRI detector and Showdex AT-
806MS column. Melting and crystallization temperatures of the polymers were
measured on a TA Instrument DSC-912 using a heating and cooling rate of 10

30 ®C/min. The meliing temperatures reported were obtained from the second melt.



30 & mn. The nelting tenperatures reported were obtai ned fror]nst-H-gt\l 2sgg'itond
el t. 15,d¢Ns2QQ95 \V O 02/50145 PCT/ US01/ 48963 -29 Catalpdtudhgpasation
Al'l catal yst preparations were perforned in an inert atnosphere wth <1.5
ppm H, O content- The netal |l ocenes were gbtained frominternal 5 sources.
The silica support, "Davison 952", was Uf chased from Grace Davison Inc.,
and calcined at 600 C under a dry nitrogen flow for 8-24 hours to achi eve
a hydroxyl content of 0.8 to 1.2 nmol/g silica. In a nitrogen-purged dry
gl ove box, the calcined silica (394.32 g) was weighed and placed in a

3-neck, 4- Lda%ggtqfreééagoﬁ/\as fitted with an overhead 10 stirrer. Dry

tol uene, 2 L d the m xture was stirred vigorously. N, N
diethylaniline (27.6 nhll Qaly4d prepahtivgs waekdge foishddgin af Vihet Gemosphere
Tris(perfluorophenyl)boron (85.96 g, 0.168 nole) was added as a solid. The
above m xt umvatived .stppnr 80fF oententhourhe Tetelloserds| vernebtattiedefrhyl sittphbi s( 2-

met hyl - 4- phenyl indenyl)zirconiumdinmethyl (5.99 g, 0,Q0102 nol was added
15 and the SEREET-0A DAISHG BPRER, JPPRIBY P o Y Pé‘(’i‘%iaﬁ?q) am Qrﬁﬁe)g‘flsofhe

sol vent was, decant gd of f the sokid. dri ogyr u r.ni ght.
Met al | oceneln'f'oﬁ%qqﬁagc éa% 8@1%: P‘gg%ea W&%nér%q ﬁ%ﬁ"?gg@i ?c}{%%%rre hg\{'%paer
gram of cat glysdvf\e tgﬁ?ﬁé\tﬂ 2 20 EmeppRligal. A 2-liter autoclave reactor
was charged v)\}/it M tcrnllet yl a umlznum (1.g§ ma, of | Msolution in hexane),
hydrogen (6.9 nmmol ), ahda njpraenpenged &Q0zlokg boxhihk eatdimedcahite (%t .1 g) he
reactor were stirred at 500 rpm catalyst A (50 ng) was injected with
propyl ene (208 weighed aed plaged by 2 M@Che‘%tie@ﬂc‘f’bth%@{as Axtted it apmerheack

FeaclGr . "ThetPencDst kol s B EE oaa s S RbrERRBh "Bkt nuea
vent od.  The oy ey e el e L SRS
113.2 g).  Tris(perfluorophenyl)boron (85.96 g, 0.168 mole) was added as a solid. The
above mixture was stirred for 1 hour. The metallocene, dimethylsilylbis(2-
methyl-4-phenyl indenyl)zirconium dimethyl (5.99 g, 0.0102 mole) was added
15 and the reaction mixture was stirred for an additional 2 hours. The solvent was

decanted off, and the solid was dried under vacuum overnight. Metallocene

loading was found to be 0.02 mmo) of transition metal per gram of catalyst A.

EXAMPLES
20 Example 1. A 2-liter autoclave reactor was charged with
triethylaluminum (1.0 mi of 1M solution in hexane), hydrogen (6.9 mmol), and
propylene (800 mL). While the contents of the reactor were stirred at 500 rpm,
catalyst A (50 mg) was injected with propylene (200 mL). The reactor was heated
10 70°C. After 60 min, the reactor was cooled to 40°C, and 1,9-decadiene (0.2
25 mL) was added to the reactor. The reactor was heated back to 70°C, and
polymerization continued for another 60 min. The reactor was cooled to 25°C,
and the propylene was vented. The polymer was collected and dried in air for 12
hours (yield: 113.2 g).
Example 2. A 2-liter autoclave reactor was charged with

30 triethylaluminum (1.0 mL of 1M solution in hexane), hydrogen (6.9 mmol), and



Exanple 2. A 2-liter autoclave reactor was charged with 30 %SJUN m?
triethylalumnum (1.0 nL of IMsolution in hexane), hydrogen (6.9 muol), .
and 15 Jw0280&s WO 02/ 50145 PCT/ U501/ 48963 - 30- propyl enePGBUBIMSIE3 Wi | e
the contents of the reactor were stirred at 500 rpm catalyst A (50 ng)
was injected with propylene (200 nL). The reactor was heated to 70C
After 9Q mn, the reactor was cooled to 40 C, and 1, 9-decadiene (0.2 nl)
was added to the reactor. The reactor was heated back to 70C, and 5

polyer | zal pam e g@p%ﬂdOﬁnﬁﬁ%@%@n@%mhemsao; Deré @ReLok Y0P naA0l ed

to 25C and pro ené’was vente he pol ymer was col | ected and dri ed

inair for céamapw@o(ry%)e\wk; infeededbwigh prdpyéenel (08 mIA. Fheirtsotoramhohdainte
reactor was charged wt triethylalumnum (1.0 nL of 1M solution in
hexane), hydr 86¥0 (Afier Abmhi, thendactaOwps opgledne 408180 antl)1,9-Matadeenern§.2

tent f th t ti d_at 500 t t, A
o ect ed i EHLpMogyRided 10200 TREFIoThEDE emerier s PHIEH SOk g F G A o
30 min; th t . I to 40C d.1l, 9-d i .
o g BaR S SRR i AL DL 30t Qi e
pol ymer i zat '2QE?%§HB;;§§§& Qe RROLHRL. 9@h£’|_‘ﬁ6}vn:fé?e\ﬂast Ot RAUNA A nCRP! ed

to 15 25C and ne was vent ed. e ‘polyner was coll ected and

dried in aifor {Phodrd (ieM: 95{Miggl d: 102.1 g). Exanple 4. A 2-liter
aut ocl ave reactor was charged with triethylalumnum (1.0 nL of 1M

solution in hexane), hEsemglen3(6. 9 rinbiley, aetndlaver pytoeneag 80BrERd) Withhi | e
was | nj ot edraPHIANIPIRY 6hd BB 1M FolupRe P dsaren TREOREL LA MogI7at
T o0 om ot B P e i S saenesbOngn 1)
back L0 TOCAIRLTEL g [pmesiiaies b Copnecay bl
coll ected 2b 7@mdC.dr AGer B ’maih_rthéoeaci@ waucsoléd iteka®C,1286. B9glecadiene (0.2
mL) was added to the reactor. The reactor was heated back to 70°C, and
polymerization continued for another 90 min.  Then the reactor was cooled to
15 25°C and the propylene was vented. The polymer was collected and dried in air
for 12 hours (yield: 102.1 g).

Example 4. A 2-liter autoclave reactor was charged with
tricthylaluminum (1.0 mL of 1M solution in hexane), hydrogen (6.9 mmol), and
propylene (800 mL). While the contents of the reactor were stirred at 500 rpm,

20 catalyst A (50 mg) was injected with propylene (200 mL). The reactor was heated
to 70°C. After 60 min, the reactor was cooled to 40°C, and 1,9-decadiene (0.2
ml) and hydrogen (13.8 mmol) were added to the reactor. The reactor was heated
back to 70°C, and polymerization continued for another 60 min. Then the reactor
was cooled to 25°C, and the propylene was vented. The polymer was collected
25 and dried in air for 12 hours (yield: 166.6 g).

Example 5. The polymerization was carried out in the same

manner as in Example 4 (yield: 224 g).

Example 6. The polymerization was carried out in the same

manner as in Example 4, except that 40 mg of catalyst A was used (yield: 154 g).



Exanpl e 5. The pol ynerization was carried out in the sane mahdelUNa80i n

"Exanpl e wobyjsglsd: 224 g). Exanple 6. The pol ynerizati on wagTa@siLedsout
in the sane manner as in Exanple 4, except that 40 ng of catalyst A was
used (yield: 154 g). 15 JUN 2005 WO 02/510_145 PCT/ 11501/ 48963 - 31-

Exanpl e 7. The polynerization was carried out in the sane manner as in
Exanpl e 4, except that 13.8 mmol of hydrogen was used in the first

pol yneri zation stage, I%'E]"gﬁ'f’ Z ?5%% fg 1?,}}%{5{58%%2@ Z%ﬁgﬁzh‘%ﬂpﬁqh?hes%g&@d

pol ymeri zati on stage (Vi yimerization

was carriedppithed 44 in¥SS501E 4, BRRPEIhaR$3 BInE6ABPhdrbeef%a€ Bied ahe Fstmy Of
catal yst A was used (yiel'd: 174 g). Exanple 9. The polynerization was

carri ed out pbfyndigatiamestagenrumdr 226 himdxafiilydrdepyivet dised 26 die. séocadpl e
10. The pol ynerization was carried out in the same 10 manner as in
Exanpl e 4, egbeprizaten stage (peldobehl @hs used in the first stage, and 34.5

mol of hydrogen was .used inh {he_second stage (yield:.70.8 arative
Exanple 1. A 2-1iter dmvgerav® rLhcdd 3”\7\%%23%9&%@?1 caifjedn oy ?’Ltt%lrgg m num
(1.0 nL of 1M sol ut. i X VYL GH p ene
(800 ni). V\#@%‘grt%em on é’rll 2 %Pgétﬁggr@a@gg? Cé@l et ‘gltx?alrszuesgld g}fqglgoz)@‘%j'rpm
catalyst A (50 ng) wasgidget®d Thé HoPfrRdyiaeoe wddQaffled. olihén KBEGhAE Was
heated to 70C. After 60 m'n, the reactor was cooled to 25C, and the
propyl ene wamneedd odxahipde pgiykied 24vgs col |l ected and dried in air for 12

hours (yield: 61.3 g). Conparative Exanple 2. A 2-liter autoc|ave
reactor was charged 2Bxawmple 1¢.i ciheypalymeriFanen Wvas ¢ATied out Np J8F F8M6n in

PeraNe) R GAET 8 R o DTSR AR i P SRS (20
oSV AT A BOBAAme (A0 e R g or Ve heat
Comparative Example 1. A 2-liter autoclave reactor was charged
with triethylaluminum (1.0 mL of 1M solution in hexane), hydrogen (6.9 mmol),
and propylene (800 mL). While the contents of the reactor were stirred at 500
15 rpm, catalyst A (50 mg) was injected with propylene (200 mL). The reactor .was
heated to 70°C. After 60 min, the reactor was cooled to 25°C, and the propylene
was vented. The polymer was collected and dried in air for 12 hours (vield: 61.3
g)
Comparative Example 2. A 2-liter autoclave reactor was charged
20 with triethylaluminum (1.0 mL of 1M solution in hexane), hydrogen (6.9 mmol),
1,9-decadiene (0.2 mL), and propylene (800 ml). While the contents of the
reactor were stirred at 500 rpm, catalyst A (50 mg) was injected with propylene
(200 mL). The reactor was heated to 70°C. Afier 120 min, the reactor was cooled
to 25°C and the propylene was vented. The polymer was collected and dried in air
25 for 12 hours (yield: 130 g).

Some polymerization parameters and characterization data are

listed in the Table.
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pilot scale, two reactor, continuous, stirred tank, bulk liguid-phase process. The

O
O
E
3
A
5

reactors were equipped with jackets for removing the heat of polymerization. It
was attempted to maintain uniform conditions in the Jead reactor over the course
5 ~ of these Example experiments. Reactor temperatures were set at 165°F (74°C) in
the first (or Jead) reactor and 155°F (69°C) in the second (or tail) reactor. Catalyst
A, from a sealed-up preparation scheme but of similar recipe as described earlier,
was fed as a 20% slurry in mineral oil. The catalyst-in-oil slurry was fed to the
lead reactor with propylene. TEAL (2 wt% in hexane) was used as scavenger.
10 Reactor pressures were about 470 psig in the lead reactor and about 420 psig in
the tail reactor. Propylene monomer was fed to the lead reactor at a rate of. 175
Ib/hr (80 kg/hr) and to the tail reactor at a rate of 95 lb/hr (43 kg/hr). 1-9
decadiene monomer was fed to the tail reactor only. Hydrogen was added
individually to both lead and tail reaetors for molecular weight control. Reactor
15 residence times were about 2.5 hr. in the Jead reactor and about 2.1 hr. in the tail
reactor. It was attempted to maintain uniform conditions in the lead reactor over
the course of these Example experiments. Polymer was discharged from the

reactor series as a granular product.
Specific reactor conditions pertaining to the different examples are

20 shown in the Table below.
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| ead reactor over the course 5 of theseysExanpl e experinents.
tenperatures were set at 165F (74C)
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preparation scheme butragfe £1:M | FilgtaGiP RaStFIAVineEtationsd i er,

react or

React or

and

froma seal ed-up
was fed as

a 20% slurry in mneral oil. The catalyst-in-oil_slurry was fed to the
| ead reactor{ with propylene. TEAL (2 wt % in heXadPLls&s used as scavenger.
10 Reactor pressures were about 470 psig in the lead reactor and about 420
psig in theltail reactor. Propylehe noddfer wabk fedl2o the | ebdl reactor
at a rate of 175 b/ hr (Rn ka/ hr and to the-tail reactoertat——a—+rate of
95 | b/ hr (43] kdlawlyst Feed Rageteiiene monotidr was|fed £@ the t ail->redct or
only. HydrogenTRaS BedeRlateimdimihpual |y t4o6both |ead &6d taij redctgrs for
nmol ecul ar we[ QT _CONtT Ot ,.Reactor 15 residence {1 nes were apout 2.5 hr. in
the | ead rea:?’g}ga&nﬁn%gh{eag?{acﬁorr. int tail {reacgpy. |It| wagaattienpted
to maintain [nifor MmeeaEPETdns in {he | €ad reactor ovVer calr q% of
t hese Exanpl ¢ g)f@ggj;mtiﬁ.tailﬂmaymr was di scharged fromthe | reactor; series
as a granul ar pr oduct(mp%ﬁci fic reqctor 1genditi pns pdpRai ni ng40e2t he
di fferent exanples—pare—20-shewr—+i—the—TFablebetrow—i53UN2005"W)
02/ 50145 PCT/ USiEne/Bow? t© 1alaeaqigh & 12 Pl ot L{ine Reactor Polynerilzations
EXAMPLES 11¢ 12 13(weightgippst Feed |Rate (G/hr) 2.1 2°8 3 51T Eded Rate
(mM/mn) 4.614. bedd feactd? pgaductioncn i n | ead reactor

(Ib/hr) 483 53.7 61.76

Tail reactor production
(1b/hr) 32.8 224 27.5
MFR on final granules
(dg/min) 1.6 2.0 3.7

*based on total propylene feed to both reactors

The individual products from Examples 11 through 13 were melt

homogenized and pelletized using a ZSK 20 (Werner & Pfleiderer) § min screw

extruder. A stabilizer package involving 500 ppm Irganox™ 1076 and 1000 ppm

Irgafox™ 168 (both from Ciba-Geigy Co.) was used. Note that Example 11,

containing no diene is a control or comparative Example.

10

Testing of these products included molecular weight determinations via gel

permeation chromatography (GPC), extensional viscosity measurements using a

Rheometric Melt Elongational Rheometer and observations of blown film (done

on laboratory blown film line) to determine the presence of gels. Blown film (~ 1

mil thick) is particularly sensitive to the presence of gels, which are observed as

undispersed particles in the film.

15

A breakdown of the molecular weight data of the final products in terms of

the individual contributions of the linear (from lead reactor, where no diene was

present) and branched (from tail reactor, where diene was present) components for

Examples 12 and 13 are shown in the Table below. The determination involves

deconvoluting the final-product GPC data, knowing the lead reactor (Iinear



(rmol ar ppnm) 904 832 833 H2 gas concn in tail reactor (nppm 19&1“)'4@95
4079 © Diwoafsbow* to tail reactor (weight ppnm) 0 50 200 [rEaduSveasssor
production (lb/hr) 48.3 53.7 61.76 Tail reactor production (Ib/hr) 32.8
22.4 27.5 MR on final granules (dg/mn) 1.6 2.0 3.7 *based on total
propyl ene feed to both reactors The individual products from Exanples 11
through 13 were nelt 5 honpgeni zed and pell etized using a ZSK 20 (Wer ner

& Pfleiderer); 3 0 re r abiljzer. pa e_.invol vi 500
ppmIr ganoxg}m} rbalfl(g T%ﬁﬁé%r# gggnaaéloci fééfﬁ’(c 1(%’Bhgé1 ?gbrﬁr&e%na-ﬂ@éiqg’? Co.)
was used. Neda@tdrdahM @M weidth, ploGQILEE BARAHoMRt BbRBBuliSnsof Eﬂﬁr’hﬂies Qe
conparative Exanple. Testing of these products included nol ecul ar wei ght
det er mi nat i end 1Y s delvn ihFiperatand Gneglecovatyogr aphy (GPC), extensi onal

vi scosity neasurenents using a Rheonetric Melt Elongational Rheoneter and
observations of blown film (done on |aboratory blown filmline) to

det er.m ne the presencig[’3 els. Blo film (- I, . ml ' i

parti50ul arly sensitive? e ptl\ &= of el ¢ S
undi spersed particles in the fi Icrgmig &tgéé@%\@pﬁ; S (Phegysar wei ght
data of the final products int i ons of
the linear (fromTead reactor, where no di eneg¥apnPpEsent) and braphched
(fromtail re¢actor;—where diene was pr cffnt) COMpoIEnt s |'(.1|3 Exanptes 12

and 13 are sk 1—-h-—t-he Table below—The=determ-Rati-on :P.é?b—ves—

deconvol ut i n\%’é%ﬁ?&?—@%ﬁuct GPC dat 20 _know ng!the | ead“Yeactor {Iinear
15 JUN 2005 (WO 02/50145 PCT. RUSO / 48963
Lead reactor Product

(linear)
M,, 147431 147431
M.,, 307688 307688
M 532082 532082

Tail reactor product

(branched)
M,, 134410 88068
M,, 275574 - 247366
M 470274 461056

Z

Figures 2 and 3, the molecular weight plots of the product
10 components made in the tail reactor (where diene was present), show no
indications of high-molecular-weight, highly branched species. In both plots, the
high-molecular-weight end of the 1ail reactor products is well below that of the
corresponding linear lead reactor product. This suggests an absence of gels in the

final products.
15 Indeed, blown films of product Examples 12 and 13 showed no
indications of any gels or undispersed particles, over and beyond the level of

Example 11. Example 11, with no added diene, represents a no-gel benchmark.



35 polyner) GPC nol ecul ar wei ghts and the production split be hqﬂe
two reactors. Ml ecular weight plots of the conponent co&gyﬁ@@fﬁﬂé -or
) a

Exanmpl esV@P254H8 13 are shown in Figures 2 and 3 respecti le 13:
Mol ecul ar Wi ghts of Linear and Branched Conponents of Product Exanpl es
12 and 13 " EXAMPLES 12 13 Diene Conc. -6ppn) 50 200 Lead reactor Product
(linear Mv 147431 147431 Mwv 307688 307688 Mz 532082 532082 Tail
react or product branched Mwv 134410 88068 Mwv 275574 247366 M 470274
461056 Figures 2 and 3Taliled4tol eQel @bsemiagivhs ph@BlswafFilie* product 10
conmponents made in the tail reactor (where diepe was present), show no

i ndi cati ons [of hi gh- ol ecul ar - wei ght, hi ghl YEBAMBh&S species. In bdth

pl ots, the |high-nolecul ar-wegi ght gnd of tihe taiik reacttor prggucts ||s well

bel ow t hat of &gt - Mg thnear tgad Teqagror producty g m's
Suggest S an ::Ethgl_sl;hal%gﬁésgilﬂgyu Nt hnlﬁfi na! ?‘(‘1 Liad 105 .

bsenee-—-o Fs—Hn—the —f+nal—produets—315+-ndeed—bloewn fil ns
of product aﬁﬁil%éazﬂéfé’@ 13 showed no iIndi cafidons_of any E-«fn s or
undi sper sed lpart Gel eskimgyer gnd DEg@els t hg | evéd ggdb  ExanpiMo gdls Exanpl e

11, with no*Bisaek brdiins mamtaseifbsalppoduogel benchmark. 1 5 JUN 2005 WO
02150145 PCT/ USO / 48963

Examples 11, 12, and 13 were analyzed in an extensional strain
5 mode using a Rheometric Melt Elongational Rheometer (RME). The polymers

were molded into rectangular spectmens (60 x 8 x 2 mm), which were then set in

clamps 50 mm apart. Measurements were performed at 180°C. Background
information on the rheometer and the principles involved in the measurement can
be found in an article by J. Meissner and J. Hostettler titled "A New Elongational

10 Rheometer for Polymer Melts and Other Highly Viscoelastic Liquids" (Rheol.
Acta, Vol. 33, pp. 1-21, 1994)

A key piece of information derived from extensional viscosity
measurements is whether a sample displays strain-hardening behavior. The
phenomenon of strain hardening corresponds to an abrupt up-swing of the

15 elongational viscosity. Typically, strain hardening is defined as the ratio of the
extensional viscosity of a polymer at break to the linear viscosity being >1m at a
given strain rate.

This phenomenon, historically reported in the late 1960's for high
pressure polymerized LDPE, is generally thought to indicate the presence of long

20 chain branched species.

Figures 4, 5, and 6 show extensional viscosity growth curves for
Product Examples 11, 12, and 13 respectively. From the figures, the linear control
polymer (Example 11, no diene) does not show any indication of strain hardening
and behaves similar 1o a linear viscoelastic material. In contrast, Examples 12 and

25 13 (both containing diene) show definitive strain-hardening behavior. This
observation reflects the different molecular architecture of the inventive Examples

12 and 13.



-36- Table 14: Gel Observations on Blown Filnms* EXAMPLES 11 1p5 ]JQN mﬁl m

" Thi cknesgo(kd)s1. 1 1.1 1.05 FilmLayflat (in) 3.0 2.9 2. pcriesdyifigyaki ng No
gels No gels No gels *Blowing conditions maintained for all products

Exanples 11, 12, and 13 were analyzed in an extensional strain 5 node
using a Rheonetric Melt El ongati onal Rhtlonet er (RVE). The polyners were
nol ded into rectangul ar specinens (60 x 8 x 2 mm), which were then set in

clanps 50 mm apart. asur enent s re perforned at 180C., Backgroun
Cnformation on the rhabBrER: QiR PHETEPEAITPELeRh RTNE] FapienBrovides

measur enent f I Arti.c i i r tler
(et ed ma NERE iRt dRadclh AL Wi ProberVRrSaREL sy JRREEE 0L
Vi scoel ast i godsbiaiaties 1s (HRRQAInmeddfatraohardddng Pehavlor2Withd @9y, frikaydpi ece

of information derived from extensional viscosity measurenents i's whether
a sanpl e di spyapsocssirg m Ingnckd nhegndyghaie fabricFie optretianse ndhioprapertai n

har deni ng corresponds to _an abrupt up-swing of the 15 el ongati onal

vi scdsity. FoBbwappy is dithewlh thaghievs. dyt péfeteddvaapgesin #plicalions srhtase

ext ensi onal .yiscosity of a polynmer at .break to.the |inear viscosity being
>mat a g'%ﬁ PSR CPﬁtf’éé%’ %F@ EJ‘P‘FLWSHBH ﬁ‘?e%?%‘fg]ro:l%glﬂa&tsr eported in the
| ate 1960's for high 3%1(? i £.S..0 I 0 t to
indicate the presence \ggjﬁﬁ? ng CL%JJ %@dgﬁﬁ%k?ﬁ% ‘saﬁéjeencﬁlggéat i gﬁfﬁ%sléga 5,
and 6 show @xiseatd GAinventEBOR Wil B¢ ayirbcieled\WSthb &y of GdRARE bkifxanht eg 11,
12, and 13 respectively. Fromthe figures, the linear control polyner
(Exanpl e 11haythalireaetjordiseds nedf whoanadfferendiventtians not esplicilnilhatraedi ng

and behaves sinilar to a_linear viscoelastic material. |.n contrast,
ExanBl es 12VhHES é@cuf@%-bﬁ?whe%ﬁf@amsﬂlge &faérﬁé)i%f‘o\nf HRIHPR S peope.

strain-hardening behav;&ﬁrcitezhéoscuments are fully incorporated by reference for all

junisdictions in which such incorporation is permitted and to the extent they are

not inconsistent with this specification. All documents to which priority is

claimed are fully incorporated by reference for all jurisdictions in which such

15 incorporation is permitted. Although dependent claims have single dependencies

in accordance with U.S. practice, each of the features in any of the dependent

claims can be combined with each of the features of one or more of the other
dependent claims dependent upon the same independent claim or claims.

Certain features of the present invention are described in terms of a

20 set of numencal upper limits and a set of numernical lower limits. It should be

appreciated that ranges formed by any combination of these limits are within the

scope of the invention unless otherwise indicated.



observation reflects the different nolecul ar architecture of thq

i nventive Exanples 12 and 13. 15 JUN 2005 WO 0250145 PCT/USCH/4%§E%2M5
-37- In review, the polynerization pggpcess outlined above provides
access to novel products having desirable property profiles. One such
desirable conbination is the attainnment of strain-hardening behavior

W t hout any gels, and easy processing in typical thernoplastic
fabricating operations. This property 5 conbination is difficult to

achi eve, buCI{iMss advantages in applications such as filns, extrusion
coatings, foans, and thernofornmed and nol ded parts. Wile particul ar
enbodi nents have been used to define and illustrate this invention, it

wi |l be appreciated t hose of .ordinary skill in_ t.he art .that the
vents on’ | ends. A SEMe ST ReRCE PAEr A erp APy IaERel YA P he
illustrated 1N tAi : r I ¢igl 8 define the
i nvention' spéeggﬂb%.oﬁyﬁm%%ﬁgggg %%@ﬁpgpgggn{ﬁ@ﬁ%ggﬁgggg?éd by
referencg for all jurisdictions in which such incorporation is permtted

and to the extent they are not inconsistent with this specification. All
docunents to whi ¢A)ponducting aifsst dener fresopalymenizatiop stage ép Hisrpaessachyf a
reference for ﬂlﬂlﬁj Uéfé di ctions j.n which S]LgiCh 3) incmrati on, e
permtted. B e g@ﬂ?& erpal PR Ea AT O P‘H’(ji BRI EHE e 8nd PiRID
accordance w il f %HEE res in any of the
dependent g%}g#ggﬁp{?gﬁé%ﬁﬁﬁs?\@g%ﬁﬁbp%ac ’o%;dtjhe features of one or
nore of the other dependent cl ains dependent upon the sane i ndependent
claimor claims. Certain features of the present invention are described
in ternslOof a 2@B3eondicting asesand|diensppeorppiziion stage ingths presgpcepfifer i cal
lower limts. It shou be. appreciated that ranges for an

conbi nat i on ™ Q?ggﬁ"*e?‘ﬁiﬂﬂmggzaﬁf’?ﬁ? Y &25e88% mﬁ’ﬂ%?ﬁg'r{l\?genrﬁw%n unl ess
ot herwi se i pdis ¢ @8b-ditrne AN eBQA presdreldndltdfBperature

wherein the polymerization conditions in the diene-free stage yield linear polymer
15 and the polymerization conditions in the diene incorporating stage yield branched

polymer.

2. Method according to claim 1 in which the diene-free polymernization
temperature is from 0 to 150 °C and preferably from 50 to 80 °C.

20
3. Method according to claim 1 in which the polymerization temperature for

the dine-incorporation stage is from 0 1o 150 °C and preferably from 50 to 80 °C.

4, Method according to claim 1 in which the polymerization reaction
25 pressure during either stage is from 6.89 bar to 48.2 bar relative to atmospheric

pressure (100 to 700 psia).

5. Method according to claim 1 in which the propylene content ranges from
90 10 90.999 wt%.

30
6. Method according to claim 1 in which the olcfins arc at least one of

ethene, propene, 1-bulene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-



1. A nethod for polynerizing propylene nonomer with an c e-diene in the
presence of hydrogen and optional other olefin nononers, conpri $iSnN B5 A
conducting a first diene-free polyneggzation stage in the presence of a
net al | ocene ol efin polynerization catal yst, optional gaseous hydrogen, and
olefin nononmer at a reaction pressure and tenperature; and 10 (B)
conducting a second di ene-incorporation stage in the presence of a
net al | ocene ol efin polynerization catal yst, gaseous hydrogen, olefin
nonomer  andedehe, al-undiceng dt-dadecensst ﬁanEtbFleg’@mlénhné-thﬂpbh@iWe $herein
pol ymer

o | geaen g . o ene. . 3

T N
ie ranc 0 g 2 0 claim1l in whic e

éi ene-free g@&?ﬂ@?#%gﬁéﬁﬁ&%g@ﬁﬁ%g{'%g—{-gh@?&(girjngo to 150 C and preferably

from50 to 80 T. 20 3. Method according to claiml in which the

pol yneri zation tenperature for the dine-incorporation stage is fromO to
| SO C an8 pfef er Mtthod renordifg terclein T.in whichvbe béefinacagediomy Y9 &0 89.9PMm 1 in

whi ch the polynerization reaction 25 pressure during either stage is from
6.89 bar toY4®: 2 bar relative to at nospheric pressure (100 to 700 psis).
5. Method according to claiml in which the propyl ene content ranges from
90 to 90.999 Wt % 30 6. Method according to claim1 in.which the ol efins

are at |easg one Mimo8bbRREingR6 ERAAT in Windhihedey-dienR ek Hitear, Hrahichede,

1- heptene, |-octene, | -nonene, 1 1 5 JUN 2005 -39 decene, 1-undecene,

1- dodecene, c¥slicgliphatic; pesroarads ndletuls/¢orprisingelefinicallyransaurated dirsiy | - | - hex

ene, 3-ethyl-5-nmethyl -1-heptene, 3-nethyl-I-decene, 3, 9-

di net hy!195- BB'E)??“-‘!“H-“EF@EBM*‘“& 4-nethyl - | -undecene.
9. Method according to claim 8 in which the o,w-diene comprises a Cs to Cap
molecule.

15 10.  Method according to claim 9 in which the aw-diene is at Jeast one of 1,4~
pentadiene, 1,5-hexadiene, 1,6-heptadiene, 1,7-c;ctadienc, 1,8 nonadiene, 1,9-
decadiene, 1,10-undecadiene, 1,11-dodecadiene, 3,4-dimethyl-1,6-heptadiene, 4-
ethyl-1,7-octadiene, or 3-ethyl-4-methyl-5-propyl-1,10-undecadiene.

20 11.  Method according to claim 1 in which the amount of the &,w-diene in the

diene incorporating stage ranges from 0.001 to 2 wt%.

12. Method according to claim 11 in which the amount of the a,w-diene in the
diene mncorporating stage ranges from 0,003 to 1.5 wt%.

25
13.  Method according to claim 12 in which the amount of the eyw-diene in the

diene ipcorporating stage ranges from 0.005 to 1 wi%.

14, Method according to any of the preceding claims in which the amount of
30 hydrogen in the first diene-frec polymenzation stage and the second diene-

incorporanon stage ranges from 0 to 50 000 ppm.



5 7. Method according to claim1l in which the ol efins range frong% hgms
99.995 w% 8. Method according to claim1l in which the ;wdien ig

| i near, branched, «cyclic, aliphaticgpoor aromatic nol ecul e conpri sing
olefinically unsaturated first 10 and second term nal parts. 9. Method
according to claim8 in which the cyu-di ene conprises a C5 to C30

nol ecul e. 15 10. Method according to claim9 in which the a co-diene is at
| east one of 1,4- pentadiene, 1, S-hexadiene, 1, 6- hept adi ene, 1, 7- oct adi ene,
1,8 nonadi eng, 1Methétesadidingio daihd14idehatitbaenotntlfhydgentti hadirst

3, 4-di nret hyl -1, 6- hept adi ene, 4- ethyl-1, 7-oct adi ene, or

3- et hyl - 4- ndichy4fres-polyyperization stage ranges Hameho 2008001, Met hod according to
claiml in which the anmount of the cr wdiene in the diene incorporating
stage ranges from0.001 to 2 wt% 12. Method according to claim1l in

whi ch the aggunt Mbmbd8c@yink '@ Mtich 145 ShicH BB emoBACSMAEAIgeith leage ranges

fromO0.003 o 1. according to clai in which the

amount of t becom dierfdlinBempbritiohetagelrapes froaod pOI®@OOMY Stage ranges from
0.005 to 1 wt% 14, Method according to any of the preceding clains in
whi ch the anmount of 30 hydrogen in the first diene-fret polynerization

stage and the secan i ene-, i ncoy por,at.i on.stage ran f.rom 0. 50 000
ppm 15 JUNIEOOS(MQ&GQf%‘?orﬂ}@%%ﬂlraﬁﬂégrlﬁiwﬂ@é{@gmuﬂgi@xdﬁo%?% % he anount
of hydrogen I j id {oFeidPnpst age ranges fromO to
20 000. 16, Sk}&nﬁ%c%c@géﬁogdg%?g glégiﬁlrﬁ?é?ﬁ whi ch the anount of hydrogen
in the 5 second diene-incorporation stage ranges fromO0O to 10 000, 17.

Met hod according to claim14 in which the, unt of  hydrogen .i rl}ithe
second dikndS8i ncdvipthodiacesrdingde elammidds Whighihegmaugt & B e Met hod

according Lo claj i 1410 whieh e ARRUHordbodusioes 1 0 the

15.  Method according to claim 14 in which the amount of hydrogen in the
second diene-incorporation stage ranges from 1000 to 10 000.

15
20. Method accorﬂing to any of the preccding claims in which the catalystis a

metallocene olefin polymerization catalyst comprising Zr.

21.  Method according to any of the preceding claims in which the reaction
20 time for the first diene-free polymerization stage (t;) and the second diene-

incorporation stage {t;) range from 30 to 180 minutes.
22. Method according 1o claim 21 in which t; /t; ranges from 0.3 10 3.
25 23, Method according to claim 21 in which t; /t; ranges from 0.5 t0 2.

24,  Method according to any of the preceding claims in which the first diene-
free polymerization stage is conducted in a first reactor and the second diene-
incorporation stage is conducted in a following reactor.

30
25.  Method according to any of the preceding claims in which the stages are

performed in slurry process.



second di ene-i ncorporation stage ranges from500 to 20 000. 19. Mt hod
according to claim14 in which the anount of hydrogen in the Sék&UUWZMS
di ene-incorporation stage ranges frog 1000 to 10 000. 15 20. Met hod
according to any of the preceding clains in which the catalyst is a

met al | ocene ol efin polynerization catalyst conprising Zr. 21. Method
according to any of the preceding clains in which the reaction 20 tine
for the first diene-free polynerization stage (t1) and the second di ene-
i ncorporation stage (t2) range from30 to 180 m nutes, 22. Method

according to clajm.z21, in which t, / ranges. f,rom.0. 3. . 3. Met hod
accor di ng tgﬁ'cla %?%0%% ﬂyqfttéeprgﬁ gg?lplgﬁlg'“én{:ﬁ;ﬂ%staé?lﬁbt hod
accordi ng t?eri’&ﬂcd)ifnsteﬁgsﬁra gding clains in which the first diene- free
pol yneri zation stage 1S conducted in a first reactor and the second di ene-

i ncorporation stage is conducted in a followng reactor. 30 25. Method
accor di ng to any of the preceding clains in which the stages are

per f or mell i 27.s| uMsshqst ansexting weclaionRG goghich hydmgen yadded dagepthei ng t o any
of the preceding clains in.which the, stages ar erf.oned in series
reactors. 5312?‘? MeSEHERVYRFHEENCY staeg;t @’8’?@“&%’%%‘8@8&‘88&?3 i s added
during the L i ncorporating polynerization stage to favor a | ower

nol ecul ar I "polynmer. 28. Film fiber, fabric or nolded article

prepared froma pol yner obtained by 10 the nmethod of any of the preceding

cl ai ns.
28.  Film, fiber, fabne or molded article prepared from a polymer obtained by

10 the method of any of the preceding claims.





