WO 02/ 070572 PCT/ US02/ 02379 TI TLE: PROPYLENE POLYMERS FOR FI LMS FI ELD OF
THE INVENTION 5 This invention relates generally to propyl ene polyners, to
nmet hods fwo 02tohes7z producti on and to nethods for their usedruseriosm ed and
non-oriented film applications. Mre particularly, the present invention
relates to a two-stage polynerization process used to nake tail ored
crystallinity resins and random copol yfters of propyl ene and ethyl ene using
a dual netallocene catal yst system 10 BACKGROUND Pol ypropylene filns are

wi dely used Trrgepe appl i capROPYIFINE FORYMBRSFEDRFPMSat i ons such as
food packagi ng. The optim zation of processing characteristics and film
properties of propylene based filns has been the subject of 15 intense
effort. U S. 5,118,566, for exanple, describes a biaxially oriented film
made from pol ypropyl ene, a natural or synthetic resin, and a nucl eating

agent. The PIRICBOF THE INVENTION this filmincludes biaxially drawi ng the
filmat tenperatures below the nelting point of the pol yprop%l ene. 20
CriticalSto the rHasiagndan plaspegeneadlydp RRBYIERg Relygerndognetheds fpr

propyl ene 2 I i d ] L..in 2
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Wley & Sonspltdiihns. pMipe rpartéslaslyc thapredest imleation aclatesi ghs teiosstagebut i on
(MAD), conposition distributio CD), tacticity, and a-olefin
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achi eve t Nes@uBRARYT SHOAAEA! AReAYS: RERM af dRido B ok L] Agh! On
processes catalyzed by conventionadl Ziegler-Natta (ZN) catalysts as well
as singlle netall ocene catal ysts. Wiile netall ocene catalyzed propyl ene

pol ymer is ﬁgg ? nmet al | ocene, single stage production processes
are often i 2‘3%% achi eve the range of desired 30 properties for

filnms. To achi evepdlggapyless fiRh B0 GAdelp UsdPIORYS SBicRiHIUEH iR PackiBingods nust
be tailored to neet the desired characteristics. One such production

met hod that amphcatins osughheasr deed t BarkaggRy pr dpy| enémpstignept | Brogessiiigt i - st age
characteristics and film properties of propylene based films has been the subject of
15 intense effort. U.S. 5,118,566, for example, describes a biaxially oriented film
made from polypropylene, a natural or synthetic resin, and a nucleating agent.
The process for producing this film includes biaxially drawing the film at

temperatures below the melting point of the polypropylene.

20 Critical to the rheological properties of the film is the starting propylene
polymer. For instance, as discussed by A.K. Mehta et al. in 2 METALLOCENE-
BASED POLYOLEFINS 463-488 (J. Scheirs & W. Kaminsky eds., John Wiley &
Sons 2000), properties such as the molecular weight distribution (MWD),
composition distribution (CD), tacticity, and a-olefin incorporation are important

25 in final film performance. Attempts to achieve these optimal properties have been
made with polymerization processes catalyzed by conventional Ziegler-Natta
(ZN) catalysts as well as single metallocene catalysts. While metallocene
catalyzed propylene polymer is known, single metallocene, single stage
production processes are often inadequate to achieve the range of desired

30  properties for films. To achieve ideal performance, polypropylene production
methods must be tailored to meet the desired characteristics. One such production

method that can tailor the resultant polypropylene polymer is a multi-stage



WO 02/ 070572 PCT/ US02/ 02379 -2 netall ocene process, where the a-olefin
i ncorporation can take place in one or nore stages during the propyl ene
pol yrer i 2&0ioen705kul ti pl e stage pol yneri zati on processes aPETRisoxo3rn t he
art as is the use 5 of nultiple netall ocenes. However, nultiple stage
pol ymeri zati on processes are typically used to prepare bl ock copol yners
whi ch contain rubbery nmaterials as oppdsed to the crystalline pol yners.
U S. 5,280,074; 5,322,902, 5,346,925, and W98/10016, for exanple,

descri be t womgtall@€npIR6&SS e5hdrothd baslerii MgopsR@Urets takt @licedapaleysrer s. The
propyl ene/ et hyl ene copol yner portion of these 10 conpositions is a

non- cryst al | MAEe stagep HErHYE Hetpeenyienepela@izationr nol ding appl i cations rat her
than filnms. U S. 5,708,090 discuses a two stage process for naking

pol ypr opyl ene based materials for high inpact nolding applications. EP O
704 463 di scl osesMailtiplo stapapelymeficaim procesgesmes ahdwe énths drhat is plicoakec e

polymer suitable for |owinpact resistance applications having a
rel ativefy h?@ﬁultlfée BSHRYAERE- X M ﬁl@@ﬁ&g@mafww&a%@apwsﬁw &ie

pol ynmers and ﬁﬁﬁ, i b in US.
5,298, 561. Ut.yg{.wg% % i BRpErcPBek odymb e ﬁﬁtﬁiﬁéaﬁgﬁ%ﬁeﬁ’l\%{e&%@%ﬁ& 181

descri be t heopmeedfo thacrystalling polyetess. | U rfe280R0V4f Gx3221%02p6 Spa.PA%.iamd of

i sotactic pr olLyners,. however neither reference describes a

mal 1 pl e st a g BBBet SRt SRR oG DIePSESiET PROGBE PRI uch  as
those descrihgek hesilyinerdher ehd SpRppRAeth9lcRE 0GoyRECUrEHE Hormae! ymer
and copolyner filns 25 having a conbination of desirable attributes that

i s not deéhi evandpdsiiiondeispra oronggrystalline.f irhbherys metsdel suitable c dorvimeldinghe
attributes of high nmelt str th | (g ile inprovi shear
t hi nni ng at ?ﬁpélﬁ%é(ﬁlg ar#her Ehggr}%\rr%si altJ.S. %\Aﬁq% dlSCq]%gS a\{\@vo sgatggg%ocess ooy

ra | Mm~shou al so have a processi ng
wi ndow dur i nghakiaB pobaioilerndsal maraadbehipnlimpea mbldingl appligitiopsr EPes not
yet achieved in the art. 30 WD 02/ 070572 PCT/ USQ02/ 02379
0 704 463 discloses a two stage process using metallocenes that produce polymer
suitable for low impact resistance applications having a relatively high

15 comonomer content.

Ziegler-Natta based propylene polymers and copolymers have been used
to make films as described in U.S. 5,298,561. U.S. 5,350,817 and Canadian
Patent Application No. 2,133,181 describe the use of two or more metallocenes

20 for the preparation of isotactic propylene polymers, however, neither reference
describes a multiple stage process for the production of crystalline polymers such

as those described herein.

There is a need to produce propylene homopolymer and copolymer films
25  having a combination of desirable attributes that is not achieved in the prior art. A
film is needed that combines the attributes of high melt strength at low shear rate
while improving shear thinning at high shear rate. A film should also have a
broad processing window during fabrication and a favorable balance of film
properties not yet achieved in the art.
30



-3- SUWARY The present invention is directed towards such a film and the
propyl ene polyners used to nake such a film wherein the polynmer resulting
from t he woelhod7bf the invention has a broadened nol ecul CTRESOZIOR379
distribution in at least 5 the second stage of the process, while:

mai ntai ning a high degree of crystallinity. The inventors of the present

i nvention have found that the propertie@‘of propyl ene pol yners can be
tailored by formng either a tailored crystallinity resin, or a random
copol yrmer. ASUMMNMARYd crystallinity resin® (TCR) is a polynmer made 10 by
pol ymeri zi ng propyl ene in'one.stagg%and then furfher polynerizing propyl ene

and a minor anpunthepresedmsatrn indiedehiond Sichgeliiisiang the prRYIanScene
t al t S t al i t t .
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"random ynmer as use Is a cr I ne~propyl ene
conposi ti on mathdé ob yhepiakgmionihas ndpreadepsd mokecalad weight dotritatiou it ableagtonononer

in a single 15 stage or ltiple s e process Uusj a netal | ocene cat al yst
system c mrégﬁ?@ngﬁtag?e W@ﬁsﬁrﬂh@gl ARG %hlgbggg%? gfﬁéfs%ﬁ’é?ﬁ%s, wher ei n
the conononer is incorporated into all stages of the polynerization. The
resulting polynmers of this invention have surprisingly high nolecul ar

wei ght s and br oadTimpinyentoss ofnhiegiresentd inyentidsuhavenfound ibht ghé gropertesedsabi l ity

benefits i i ent ed .and non-ori.ented film 20 applicatjons. . Filns. mde f
Chase uni aueBBTSHCPUY A b8 g e B P RRB AR SRSl Ry ange

and can be eMed’&!aMd&hrc%&Pﬁx@r.aA QWRE Er9SRRInAY WERS' AURIAE @ Polyinter infile
pol ypropyl ene filnms available today. The resulting filnms have a favorable

bal ance 18f phypelymcasing meeRIdenegnIving stage rad dhew, fugbedpapmetang prapyéanei es and
good  barri ee(rid% Or&g{& 'a?ﬁounf%fsd%%%n%ln%?"i ya{ Séﬁ%?a\& (r)}}/aggh%ﬁlz% NaySatigund that

t he incorporation I"'ess than or "edua e COoffononer in one

enbodi ment, @dlydtrs9ieth tonFrisdat Raktytwonsetaliotshes et each andhiehaigesnbadi ment ,
during the polynerization process as described herein results in a
subst anti al BresogeroralyBsr (REPImAsStsat hprewts 3 Fiysalinginsepylenst sopositiophe hi gh

mol ecul ar wel,ghtt b & BelyARrSHgAE05RhPind Dehihs Ahdutelo¥ cbRbAGmer in a single

15 stage or multiple stage process using a metallocene catalyst system comprising at
least two metallocenes in each of the stages, wherein the comonomer is
incorporated into all stages of the polymerization. The resulting polymers of this
invention have surprisingly high molecular weights and broad molecular weight
distributions, and offer processability benefits in oriented and non-oriented film

20  applications. Films made from these unique polymers have a significantly broader
processability range and can be evenly stretched at lower temperatures compared
to the polypropylene films available today. The resulting films have a favorable
balance of properties including high strength, good optical properties and good
barrier properties.

25

Specifically, the inventors have found that the incorporation of less than or
equal to 1 wt% ethylene comonomer in one embodiment, and from 1 to 5 wt%
ethylene comonomer in another embodiment, during the polymerization process
as described herein results in a substantiai broadening of the molecular weight

30  distribution at the high molecular weight end as evidenced by the relatively large
value in the molecular weights, and Mz values. This is unexpected since with

both the individual metallocenes used alone the molecular weight drops with



value in the nol ecul ar weights, and Mz values. This is unexpected since
with both the individual netall ocenes used al one the nol ecul ar wei ght
drops w tWOWR0aR/D70572 PCT/ US02/ 02379 -4 et hyl ene addi t ipamusthe23nol ecul ar
wei ght broadening i nproves the rheological properties of the filmas
descri bed herein. The objects of the invention are achieved by providing a
propyl ene 5 honopol ymer and copol ymer ffavi ng a broad nol ecul ar wei ght
distribution, while nmaintaining a high Ievel of crystallinity. This is

achi eved by &h?l\éhéj'awtlbﬁl one menedi RiRMtht SordsdRnigoRydrens el iedobgical
conpri si ng: from10 to 90 wt % honppol ynerized crystalline propylene

units; and (mpcm@m@@ef@n@@dmwxbe@hwmal line propyl ene copol ymer wherein
the wt% of the cormpnomer based on the 10 total wei ght of the polynmer is in
the range of fromO0.05 to 15; wherein each polyner is prepared in a

separate stage utThé abjegts of @hehinandge @e Rhiveddgn@rowidihgl y progyateem
conprising two netallocene catal yst. conponents %nd V\,hg éel n.the po yrrer has
a nol ecuPar hemepalymer |0@Qphygwr iﬁwa/ﬁ)br%ﬁi mplecylaryeieht diptrightion, Wh I'n

anot her enb Oﬁil'am?zﬁ{xmﬁ tahﬁi @eq tdf \ ?ﬁ% eflfﬁt}ac h’ﬁ?svﬁdacmévg& (BZ BN in rﬁn

crystalline propyle rei’n e Wm % of theée ‘conon ased on
the total wenbtdimefit 'ah”éCRopmpgllene polymérheompnisgez: f (ap nrad ol td. 9@5%% about

15, wherein ,the RCP is e edlnasmlest nul
utilizing i nheaeRPIEPEREdy Crypﬁ@bﬁ\el BEoBXRISNE JHrdfsy &an g&?té 8hp% (5;1‘9
metal | ocene E@E@ilﬂlétpr(ﬁﬁl@@%%@meﬁwereméQ’l/t% b@e RoRohéRerbai®d &?tﬂear

wei ght distribution In"the range from 20 about 2.1 to about 10.
DESCRI PTIOON @almﬂm@hﬁl }glluymelilsl ig the Gr@eMol foml @05 e lght WDﬁrgtrr gaslit i on
pl ot of Sanpl | ecul ar

Wei ght Di st rP‘ElPJ"E“ieBﬁS feé’f‘re flnsgﬁﬁ?aé%ezg,&aggn‘dtsﬁ I’ingeﬁf%% %gF & gle E*W ti ng
Di stributi oncghlQkt s‘?gteﬁadm{ﬁﬁm%&wo‘ﬁnetan&eﬁe catalyst components and wherein the

polymer has a molecular weight distribution (Mw/Mn) in the range of from 2.1 to
10. In another embodiment, the objectives are achieved by providing an RCP
15 crystalline propylene copolymer, wherein the wt% of the comonomer based on the
total weight of the polymer is in the range from about 0.05 to about 15, wherein
the RCP is prepared in a single stage or multiple stage utilizing in each stage a
metallocene catalyst system comprising two metallocene catalyst components, and
wherein the RCP has a molecular weight distribution (Mw/Mn) in the range from

20 about 2.1 to about 10.

DESCRIPTION OF DRAWINGS
Figure 1 is a GPC Molecular Weight Distribution plot of Samples 1, 2A,

2B, 3, 4, and 5;
25
Figure 2 is a GPC Molecular Weight Distribution plot of Samples 2A and
6;
Figure 3 is a DSC Melting Distribution plot of Samples 2A, 4, and 6;
30

Figures 4A and 4B are Processing Window During Biaxial Stretching plots
of Samples 2A, 4, and 6;



30 Figures 4A and 4B are Processing Wndow During Biaxial Stretching plots
of Sanples 2A 4, and 6; WD 02/ 070572 PCT/ US02/02379 -5 Figure 51is a

Pr ocessabwbiocg7qsrnt of Sanples 2A and 9; Figure 6 is a GPEChwhisered3ar Wi ght
Distribution plot of Sanples 10-18; 5 Figure 7 is a GPC Ml ecul ar Wi ght
Distribution of Sanple 10 Reactor Discharged Polyners; Figure 8 is a
Conposition Distribution for Sanples 107-11, 13, 15, 17 and 10 18; Figure
9 is a Molecular Weight Distribution of Sanple 10 and its Fractions; and;
15 Figure 10 is a plot of Shear Viscosity versus Shear Rate of Sanples 11,
13 and 17. DETAI LED DESCRI PTI ON _This invention relates to (1) crystalline
propyl ene pol ymerEiguigridis gdtregsagabilsp phat ofgignplgs eAcndK yners, and (2)
oriented and non-oriented filnms nade fromthe «crystalline propylene

pol ymers and met hods of meking these filns. These are described in turn
bel ow. As used heFigim 6'is hyGR@Mdlewilari Weighf DRgibusisn pitiofi§amgrat 0f18abl e peak
nmelting 25 points above about 100C as determ ned by Differential Scanning
Cal orimefry (DSC peak nelting tenperatures). As used herein, "isotactic"

i s defined as havg; : @ﬁiq Yod 3R WeishE DiREDLEHIS o i or nal ysi s

by 13C-NVR As us@ggﬁ?r (li‘EJi % " %%ﬁ?sotggt |Dé ?‘g 3% géﬁ?neggaéﬁﬁgvi ng at

| east 60% i sDisaledrged Pepmeads according to anal ysis by 13C NVR WD 02/ 070572
PCT/ US02/ 02379 -6

Figure 8 is a Composition Distribution for Samples 10, 11, 13, 15, 17 and
10 18;

Figure 9 is a Molecular Weight Distribution of Sample 10 and its

Fractions; and;

15 Figure 10 is a plot of Shear Viscosity versus Shear Rate of Samples 11, 13
and 17.

DETAILED DESCRIPTION
This invention relates to (1) crystalline propylene polymers, and methods
20 of making the polymers, and (2) oriented and non-oriented films made from the
crystalline propylene polymers and methods of making these films. These are

described in turn below.

As used herein “crystalline” is defined as having identifiable peak melting
25  points above about 100°C as determined by Differential Scanning Calorimetry

(DSC peak melting temperatures).

As used herein, “isotactic” is defined as having at least 40% isotactic
pentads according to analysis by I3C.NMR. As used herein, “highly isotactic” is

30 defined as having at least 60% isotactic pentads according to analysis by 13¢-
NMR.



As used herein, "nolecular weight" neans wei ght average nol ecul ar wei ght
(Mv) and "nol ecul ar wei ght distribution,” (MAD), neans Mwv divi ded by

nunber avwoage70sot ecul ar wei ght (h). The "M" val ue is treThisglvomoer age 5
nol ecul ar wei ght val ue, cal cul ated as di scussed by A R Cooper in CONClI SE
ENCYCLOPEDI A OF POLYMER SCI ENCE AND ENGQ NEERI NG 638-39 (J.I. Kroschwitz,

ed. John Wley & Sons 1990). As used hetein, the new nunbering scheme for
the Periodic Table of 10 Elenments G oups are used as in HAWEY' S CONDENSED
CHEM CAL DI CTI ONARY 852 (John Wley & Sons, 13th ed. 1997). As used
herein, unless differentiated, "polynerization" includes copolynerization
and terpol ymer i za#$ oned "hermimnenelepyar wepaghtc gpeans nweighih@verage meoleawasner, and

"pol ymer" ingcl.ude o]y . , S Ki,.n stalline
Pr opyl ene Povélégtr@&fg%dm@éﬂgﬂ%&%ﬁ@étﬁﬁﬁg& ?@ngg{eves Wealﬁ'giéag(r)
met al | ocene mahlsdr filerags adled@Bart Waight OMiR).i SkheatMk'e aslie tivvehérhighl dveeqpres and

an activator. Desirably, these 20 cat alq%gct sastem co%gnents are supported
on a suppor tmaeedar aeighieraie saloylated ay discussef e iR (OPREN B EORCISEef er s

general Y {opComOnEa RSHRRICIn M IDEREIMAE Bho MT K hcrsl n P 1<

a cycl openta rrng whic e 25 substituted, or I'vative 't her eof
whi ch may beeds dddst Wiley &dSod 1I990p Group 4, 5, or 6 transition netal, for
exanpl e titanium zirconium hafnium vanadium niobium tantalum

chrom um nol ybdenum and tungsten, R is a hydrocarbyl group or

hydrocar boxy grougs Ravd Mereld, AR GRS, hemBLifALARMA R e PéricdicaThakagen, and
m=1-3, n=0-3, g=0-3, and the sum of mtn+q 1s equal to the oxidation state

of the 180 tElnentsi Groupeazel usei\@s 02/HYOBA2S CONPESTED ORBYRAL-INCHMONABYS f or
maki ng and usd nme | gcegnes e Vv wel |l known in the art. For exanple,
ot a1 T oo eness 7 GoHE by 86 SHE Ied, 99 014, 4 542, 190; 4. 769, 910:
4,808, 561; 4,871, 705; 4,933,403; 4,937,299; 5,017,714; 5,026, 798;
As used herein, unless differentiated, "polymerization" includes
copolymerization and terpolymerization, "monomer" includes comonomer and

15 termonomer, and “polymer” includes copolymer and terpolymer.

Methods for Making Crystalline Propylene Polymers
The methods of this invention involve the use of metallocene catalyst
systems that comprise at least two metallocenes and an activator. Desirably, these

20  catalyst system components are supported on a support material.

Metallocenes
As used herein “metallocene” refers generally to compounds represented
by the formula CpnMR,X, wherein Cp is a cyclopentadienyl ring which may be
25 substituted, or derivative thereof which may be substituted, M is a Group 4, 5, or 6
transition metal, for example titanium, zirconium, hafnium, vanadium, niobium,
tantalum, chromium, molybdenum and tungsten, R is a hydrocarbyl group or
hydrocarboxy group having from one to 20 carbon atoms, X is a halogen, and
m=1-3, n=0-3, q=0-3, and the sum of m+n+q is equal to the oxidation state of the

30 transition metal.



5,057, 475; 5,120, 867; 5,278,119; 5, 304, 614; 5, 324, 800; 5, 350, 723,
6, 143,686; and 5 5,391,790. Preferred netall ocenes are represented by the
formul a: WBIRPASTRIRO) M R3 5 R--- R6 7 R4 CR8RO )n (R @Ch/usoa@3mherein M
is anetal of Goup 4, 5 or 6 of the Periodic Table preferably,
zirconium hafniumand titanium nost preferably zirconium Rl and R2 are
identical or different, preferably identhcal, and are one of a hydrogen
atom a C 1-C 10 al kyl group, preferably a C 1-C3 al kyl group, a C 1-C 10 -
15 al koxy group, Rre@fods 3 MaRinf ahd @il HeMNo&HneY Bre Per(Ordll kibvad W tHr oup,
preferably a C6-C8 aryl group, a C6-CIl0 aryl oxy u referably a C6-C8
aryl oxy groudt aFoxczxmnleammﬂqcegmaw dptlﬁéﬁbrlabfj af @8 W,aﬁalééh)l”,group a
C7-C40 aryl a r e 0 Kk 40

V1 34 548,918 s i 5@‘?%26%1&;9?174&% 485Y b8bKY 101 8795 036 g,

al kyl aryl graoup,” pref’ ar’y 'gr 6up, aryl al kenyl
group, prefeseply7n SCB}OQBZ 5208 alylsa;(}qesml 53001800; 93507186098 6861 Aid
preferabl y chlori ne; WO 02/ 070572 PCT/ US02/ 02379 -8- R3 and R4 are

hydr ogen? at onedl, #0.and R6 are identical or di fferent, preferably identical,
are one of a halogen atom preferably a fluorine, chlorine or brom ne
atom a Cl1-Cl10 alkyl 5 group, preferably a C 1-C4 al kyl group, which may
be hal ogenat ed, aP€feredfketaltockngyravelepreshntedh byehe foemtlal ogenat ed, preferably
a C6-C8 aryl group, a C2-C O al kenyl group, preferably a C2-C4 al kenyl
group, a C7-C40 -aryl al kyl group, pref erably a C7-C 10 arylal kyl group, a
C7-CAO al kylaryl group, preferably g C12 al kylaryl group, a C38-C40

aryl al kenyl group, preferably a -R312 10 aryl al kenyl group, a -NR215,
-SR15, -OR15, -0OSiR315 or -P r adi caI )

R8RY)
; \
R~ R !
2" I
R (CRBRY)
(R19),

10  wherein M is a metal of Group 4, 5, or 6 of the Periodic Table preferably,

zirconium, hafnium and titanium, most preferably zirconium;

R! and R2 are identical or different, preferably identical, and are one of a

hydrogen atom, a C1-Cqg alkyl group, preferably a C1-C3 alkyl group, a C1-C1g

15 alkoxy group, preferably a C1-C3 alkoxy group, a C¢-Cjq aryl group, preferably
a Cg-Cg aryl group, a Cg-Cq( aryloxy group, preferably a C4-Cg aryloxy group, a
Cp-Cq0 alkenyl group, preferably a C»-C4 alkenyl group, a C7-Cy4 arylalkyl
group, preferably a C7-Cq( arylalkyl group, a C7-Cy4 alkylaryl group, preferably

a C7-Cqpp alkylaryl group, a Cg-Cy( arylalkenyl group, preferably a Cg-Cip

20 arylalkenyl group, or a halogen atom, preferably chlorine;



wherein R 15 is one of a halogen atom preferably a chlorine atom a C 1-C
10 al kyl group, preferably a C-C3 al kyl group, or a C6-Cl0 aryl group,

pr ef er ablwoa2@®57L9 aryl group; 15 R7 is R11 R11 R11 R11 PeR/oShRO8R9 - |, -
M - (CR213)- | | R12 R12 R12 R12 R11 R11 R11 -OM -O -C -OM Rl12 R12
R12 -B(R11)-, -AI(R11)-, -Ge-, -Sn-, -0-, -S-, -SO, -SM2-, -N(R11)-,

-CO, -P(R11)-, or -P(O(R1l)-; WD 02/®70572 PCT/US02/ 02379 -9 wherein
R11, R12 and R13 are identical or different and are a hydrogen atom a

hal ogen atom a G3i,L7R4 preferably a C 1-C 10 al kyl group, a C
1-C20 fl uoroal ky Sroup?ﬁ%¥%¥g%gb ?né C1- C10 fluoroal kyl group, a C6-C30
aryl group, preferably a C6-C20 aryl group, a C6-C30 fluoroaryl group,
preferably a CB-CQg 5 flyoroaryl group, a Cl-C20 al koxy group, preferably a
Cl- C10 al koxy groBp,and REarCidentira enrydifigrestppreferaie idgtigala ag2ogt of al kenyl
group, a C7-C40 aryl al kyl I ou referably Cr-C20 aryl al kyl up, a
C8- C40 aryl a}i%i%gﬁ?l %&?‘oﬁé’iferag‘r‘/e% @Iug%iley Cgli © &gbrgmea?tl?ghfl 86%%&1&@ C7- C40
al kyl aryl. gr ) : I r 2, or
R11 and R13, thdg%eﬁﬁa%\@f ?hbit(%‘éalg %%Qp’%ﬁ%%‘?f{u nbﬁqj{aﬁ nﬁ%‘é’ﬁ"l%ﬂ%rﬁg
systems; M §3uSi vhi@n &fMRAlb SRR, bhdTerablyeh &F abkYar§i LtRPN a0C fyrani um
nost prefer%b?@ silicgﬁ? f5 Rggghd a?g ydenﬂ?cglmzrb&?@fére%gﬂgnd have
t he meani ngsalkémii ggodprEtiably @ @%ﬂtwal&é@yﬂ gteap,i gat7-ay dhlfyflaﬂk}ﬂngzroaﬁ,d are

zero, 1 or 2, preferably zero or m plus n being zero, 1 or
preferably zpeferably 3;,Ca0qg arylalkyl group, a C7-Cy4( alkylaryl group, preferably a C7-
C1o alkylaryl group, a Cg-C4q arylalkenyl group, preferably a Cg-Cio
10 arylalkenyl group, a -NR,!5, -SRI5, -ORI5, -OSiR315 or -PRy!5 radical,

wherein R13 is one of a halogen atom, preferably a chlorine atom, a C1-Cq0 alkyl

group, preferably a C1-C3 alkyl group, or a Cg-C1q aryl group, preferably a Cg-

Cg aryl group;
15 R7 is
R11 R11 R11 R11
M2 , M2 M2 , M2 (CRo13)y—
R12 R12 R12 R12
r11 Rr11 Rr11
o—M2 o] ) C ; 0O—M2
R12 R12 R12
-B(R11)-, -AIR1)-, -Ge-, -Sn-, -0-, -S-, -SO-, -807-, -N(R11)-, -CO-, -P(R11).,

or -P(O)R11)-;



20 the radicals R10 are identical or different and have the neani ngs stated
for Rl11l, R12 and R13. Two adjacent R10 radicals can be joined together to
forma rwog2eystem preferably a ring system contai ni ng fPCorisdz/@3car bon
atons. Al kyl refers to straight or branched chain substituents. Hal ogen 25
(hal ogenated) refers to fluorine, chlorine, brom ne or iodine atons,
preferably fluorine or chlorine. WD 02/70572 PCT/ US02/ 02379 -10
Particularly desirable netall ocenes are conpounds of the structures (1)

and (2): 55 1 RE, ( R . 4. ' (2)
RL1R12C R6 R‘ghg?@g)zl]% Fijf%'}d?m Rtk HeddtPpl airRrdfft o8 agﬁfla hiftdge ol B
met hyl or chhalogeneatorana CREC)H REkRBgrole, praferabRld CaAd| (RURY hgroep,th€1-Co(
above-nmenti oned neani ngs. These chiral netall ocenes may be used as a
racemat e m xfluerealkpk grohp, prpfesgidy atC ph'1offluoreiky} green. #cte€3oarylpgropy ene
copolynmers. It is also possible to 10 use the pure Ror, S form An

optical |y acpicsabippyreet2e am! 80U & Sz €30 Wuprpap dseun prdeablyraces<ater i ¢
forms. Prefe abIXr, t he nmes égr of the met%%@gyen i‘é renoved to ensure
the cent r. (JUQOAY] GEPURR AL GO RIPULPEEROBOP ot 49 AKISY B Zat | on,
S ti t i b | i shed it t
Cemnntquos. ERC,AkFT UFERLTPY FOFEE Mshel Blubys R, abhRLS 15

i Xt . CGe [ t b i s
ot ocoss. i ylouR, plefehb8 FELEI DEARRS! UrbuB! EPPRRAG rpt ! arBbED |

l'igands and pleRdatgl4CE 5@ Ofryfall@nbr bUE, 2T-ChE 208MryREro8b OpteRYabIP@I T

hal ogen derivati ves.
C7-Cy( alkylaryl group or R11 and R12, or R11 and R1 3, together with the atoms

10 binding them, can form ring systems;

M2 is silicon, germanium or tin, preferably silicon or germanium, most

preferably silicon;

15 R8 and RY are identical or different and have the meanings stated for R11;

m and n are identical or different and are zero, 1 or 2, preferably zero or 1,

m plus n being zero, 1 or 2, preferably zero or 1; and

20 the radicals R10 are identical or different and have the meanings stated for

R11 R1Z and R13. Two adjacent R10 radicals can be joined together to form a

ring system, preferably a ring system containing from 4-6 carbon atoms.

Alkyl refers to straight or branched chain substituents. Halogen
25 (halogenated) refers to fluorine, chlorine, bromine or iodine atoms, preferably

fluorine or chlorine.



20 Wiile not nmeaning to be bound by the follow ng schene, the reaction
schene belowillustrates this generic approach: WO 02/ 070572

PCT/ US02/WP37Z8705711 H2Rc + ButylLi - - - - -> HRCLi PCT/US02/02379
X-(CRBR9) m R7- (CRBR9)n-X --- -------- H2Rd + ButylLi - - - - -> HRdLi 5
HRc- (CR8RI9) m R7- (CR8R9) n-RdH 2 Butyl Li LiRc-(CR8RI) m R7-( CRBRO) n RdLi
MCl4 10 > (RBRIOmMRc (RBROOmMRc C-1 Li RL RT M RZT M\ C | C
(RBROCO)Nn Rd (RBROO)nNn Rd (RBRARCmRc R2 Li )No R M1 R2 R2 (RBROC)n Rd
R3 X =CI, B r,Pdrtioulay tdesiydble nidlockiks 4r@Rdmpbilisdofthd Addidre )

met hods for preparing netallocenes are fully described in the 15 288 J.
Or ganonet al I@I@(%ﬁem 63-67 (1985), and in EP-A- 320762. WD 02/ 070572

PCT/ US02/ 02379 -12

iyo;
RBROC ! R10)4
! R
n”
' ™\R2 (1)
R11R12¢C i R6

5 wherein M1 is Zr or Hf, Rl and R2 are methyl or chlorine, and RS, RO RS,

* R9,R10, R11 and R12 have the above-mentioned meanings.

These chiral metallocenes may be used as a racemate mixture for the

preparation of highly isotactic polypropylene copolymers. It is also possible to

10 use the pure R or S form. An optically active polymer can be prepared with these
pure stereoisomeric forms. Preferably, the meso form of the metallocene is
removed to ensure the center (i.e., the metal atom) provides stereoregular
polymerization. Separation of the stereoisomers can be accomplished by known
literature techniques. For special products it is also possible to use rac/meso

15 mixtures.

Generally, these metallocenes are prepared by a multi-step process
involving repeated deprotonations/metallations of the aromatic ligands and
introduction of the bridge and the central atom by their halogen derivatives.

20 While not meaning to be bound by the following scheme, the reaction scheme

below illustrates this generic approach:



[I'lustrative but non-limting exanples of preferred netall ocenes include
the followi ng: D nethylsilandiylbis (2-nethyl-4-phenyl-I-indenyl) zirconium
di chl ori dwo oionesthy| si | andi yl bi s(2- et hyl - 4, 5- benzoi ndenylPCTAISOZ/G237TUM

di chloride; 5 Dinethylsilandiylbis(2-methyl-4,6-diisopropylindenyl)

zirconiumdichl oride; D nethylsilandiyl bis(2-ethyl-4-phenyl-1-indenyl)
zi rconi um di chl ori de; Dinethyl sil andi yilBis (2-net hyl - 4- napht hyl -1 -i ndenyl )
zirconiumdichloride D nethylsilandiylbis (2-ethyl-4-naphthyl-I|-indenyl)

zi rconi um di ﬁhk@gié{ﬁ ; Phenyl-C met-hyy )Igi'klggpdi yl bi s(2- met hyl - 4- phenyl - |
-i ndenyl ) 2i Beoni UMHehl ori de, 10

D et hyl si | andi yl bi s(2- et hyl - 4- (1- napht hyl,) - gil@g!g ~}_§/ ghgoni, um

di chl oride, Dinethylsilandiyl bis(2-nethyl szc}‘z h Fr}%/h ?%-%?)iﬂ%enyl )

zirconiumdichloride, D nethylsilandiylbi g(_z-_ngtjﬂ;i_nge_ny_ll_?_'r coni um
d

di chloride, D nethylsilandiylbis(2-nmethyl-4,5-diisopropyl-I|-irdenyl)

zi rconi um di HHFGM@@WIUD methyksi--andjjgdpj s(2, 4, 6-trinethyl - | -indenyl)
zirconium dichl oride; 15

Phenyl (et hyl ) si | andi yl bi s(2- et hyl -4, 6-dii sopropyl- | -indenyl) zirconium
di chl oride, 1,2-Ethandiyl bis(2-nethyl-4,6-diisopropyl-I-indenyl) zirconium
dichloride, 1,2-Butandiylbis(2-nethyl-4,6-diisopropyl- | -indenyl)

zi rconi um di chl ori de Di |si | apdi yl bi s(2- hyl -4-ethyl - | -indenyl)
zi r coni um di BRC dpﬁgg?)mgiﬂ‘(:él@h n'RacpH ”ﬂgu yl Li

D net hyl si | andi yl bi s(2-net hyl - 4-i sopropyl -1 -indenyl) ziyconiumdichloride,
Di net hyl si | andi yl bi s(2-nethyl -4-t-butyl- | -indenyl) zi4conium dichloride,
Phenyl (et hy} }sd joy | bh B ohybdéd- i sopropyl - | -4 nyl) zirconium

di chl ori de, L@n@?ﬁ%ﬁﬂ%n&‘%ﬁl j;‘%%-]fellt hyl - 4- et hyl - M]ié‘?‘hdenyl ) zirconium
dichloride, D nethylsilandiylbis(2,4-dinethyl-_| -indepyl) zirconium

di chl orilfe, 25 Di net hyl si | andi yl bi s(2- net hyl -4-et hyl -1 -1 ndenyl ) zirconium
di chl oride, Dinethylsilandiyl bis(2-nethyl-a-acenaphthyl- | -indenyl)
zirconiumdichl oride, Phenyl (methyl)silandiylbis(2-nethyl-4,5-benzo- |
-indenyl) zi rqmﬁfk@mdqi_chl gei de, (RBRIC)m — re

Phenyl (met hyl ) si | ar|1 'yl bi s(2- métl hyl -4, 5- (et hyl lfenzo) ?I ndenTyI ) zirconium
dichl oride, 30 ! ' R

I | :
Phenyl (et hyl ) si | aRdi yl bi M@{mst hyl =4,5>( t et r am@’hy| bemﬂ@)KI -i ndenyl)
zi rconi um r - ClI L \.Cl

(R8RIC), — Rd (R8ROC), — Rd
(R8RIC)m — Rre
R2Li i R2
— R7 i
| ORZ
(R8ROC), — Rd
R3
HoRC,
X = CI, Br, lor O-tosyl; = R3
HoRd

R10)4 H H

Additional methods for preparing metallocenes are fully described in the
15 288 J. Organometallic Chem. 63-67 (1985), and in EP-A- 320762.



di chl oride, WO 02/070572 PCT/US02/ 02379 -13 Phenyl (nethyl)silandiyl bis
(2-met hyl - a-acenapht hyl - | -indenyl) zirconium dichloride,

1, 2- Et harmiDykoTes(2- et hyl - 4, 5- benzo- 1-i ndenyl ) zi rconi um @#CThISo2/023e9

1, 2- But andi yl bi s(2- met hyl - 4, 5-benzo- | -indenyl) zirconiumdichloride, 5

Di et hyl si | andi yl bi s(2- et hyl - 4, 5-benzo- 1-i ndenyl) zirconiumdichloride, I
, 2-Et handi yl bi s(2,4,7-trinethyl- | -inddByl) zirconiumdichloride,

D net hyl sil andi yl bi s(2-nmethyl- | -indenyl) zirconiumdichloride,

1, 2- Et handi yI bi s(@rus®ith¥! butl nontlirtRing| exadiplesosti prefeihied hhetallé@nes include

Phenyl (met hyl )SI | andi yl bi s(2- et hyl -1-1i ngenyl ) zirconiumdichloride, 10

Di phenyl si | athaifgliayisg2- met hyl -1 -i ndenyl ) zirconi um di chl ori de,

1, 2- But andi

0 et hy1 1 1 aR0rg P Se At el SRy | SRR s

Di net hyl si | a]angthjdsﬁa(nﬂtyTE‘sdiym:tﬁy] 4,6thehydindenyhdeoyhipimzdicidorideym di chl ori de,
Phenyl t hy] | | - 5- but y -1 ndenyl ' '
oo oo e Rl %;@Vc%rg(@seésay;pnw SRS bR o o um
di chl ori de, %@lﬁgﬁwﬁ | 45&% }rgt ﬁ&én@tﬂf%&muﬁl ditfiggay! ) zirconium

di chl ori de, si'l an phenyl -1-1 ndenyl) zirconium
di met hyl,  DDimetthylsidanidaribis I/Z-meﬁ(ﬂAHrmphmyl 4 ;ibddnghzocomiemydiyhlatideconi um

i et gl 286%%% el gl ErB iy T T R  ReRE o ¢ Soniam
di met hyl ; D £ zﬂﬁieﬁiy‘l)@imidl/}h&'s@ -fhéth ?mlwknﬁ RRB Y 2irdonivad@lNiotidg r coni um

di net hyl | si I"andi napht hyl -1 -i ndenyl ) zirconi um
di met hyl10 x(lﬁréemdwlbls@klan@[ywm@éﬂlthﬁbﬂyndmybwgnymum igldernde, )
zlrconium d! ]ﬁ:&leﬁﬁél lSllanélgl él r%letlhaln &i (é’ lngphstflyzl) qei}l(rf%lyl) zxr%onlump cﬂchrwrl&e -1 ndenyl)

zi rconi um di

D net hyl si | alndh@thﬂmg(rﬁwm‘g%yﬂlctﬁy( &da@pj}m%}mﬁdicﬁm}eﬂyl ) ZI rconi um di et hyl ,
Di net hyl si | andi yI bi s(2- net denyl) zirconium di ne

Di et hyl si | aR#msth ﬁ%@%@@y&nc@yls%rdl@@mf%ﬂyl-m pﬂa@ﬁgﬂn}unz dichlogidgm

di met hyl ,

Dimethylsilandiylbis(2,4,6-trimethyl-1-indenyl) zirconium dichloride,

15 Phenyl(methyl)silandiylbis(2-methyl-4,6-diisopropyl-1-indenyl) zirconium
dichloride,
1,2-Ethandiylbis(2-methyl-4,6-diisopropyl-1-indenyl) zirconium dichloride,
1,2-Butandiylbis(2-methyl-4,6-diisopropyl-1-indenyl) zirconium dichloride,
Dimethylsilandiylbis(2-methyl-4-ethyl-1-indenyl) zirconium dichloride, |

20 Dimethylsilandiylbis(2-methyl-4-isopropyl-1-indenyl) zirconium dichloride,
Dimethylsilandiylbis(2-methyl-4-t-butyl-1-indenyl) zirconium dichloride, |
Phenyl(methyl)silandiylbis(2-methyl-4-isopropyl-1-indenyl) zirconium dichloride,
Dimethylsilandiylbis(2-ethyl-4-methyl-1-indenyl) zirconium dichloride,
Dimethylsilandiylbis(2,4-dimethyl-1-indenyl) zirconium dichloride,

25 Dimethylsilandiylbis(2-methyl-4-ethyl-1-indenyl) zirconium dichloride,
Dimethylsilandiylbis(2-methyl-a-acenaphthyl-Il -indenyl) zirconium dichloride,
Phenyl(methyl)silandiylbis(2-methyl-4,5-benzo-1-indenyl) zirconium dichloride,
Phenyl(methyl)silandiylbis(2-methyl-4,5-(methylbenzo)-1-indenyl) zirconium
dichloride,

30 Phenyl(methyl)silandiylbis(2-methyl-4,5-(tetramethylbenzo)-1-indenyl) zirconium
dichloride,



D net hyl sil andi yl bis(2,4,6-trinmethyl- | -indenyl) zirconium dinethyl,

Phenyl (met hyl ) si | andi yl bi s(2- et hyl -4, 6-di i sopropyl -1-indenyl) zirconium 30
di et hyl ,wo,0208shandi yl bi s(2- met hyl - 4, 6-di i sopropyl -1 -i nd@eylUsozoa3eobni um
di met hyl, 1, 2-Butandi yl bi s(2-net hyl -4, 6-diisopropyl- | -indenyl) zirconium

di met hyl , WO 02/ 070572 PCT/ US02/ 02379 - 14

D et hyl si | andi yl bi s(2- et hyl - 4- et hyl - 13z ndenyl ) zirconi um di net hyl,

Di net hyl si | andi yl bi s(2-nmnet hyl -4-isopropyl- | -indenyl) zirconium dinmethyl,
Di et hyl si | aptebinyl(Biethly Dsiteidhybis 4- t 2bmethlyH-alaceriaphithgitl Jinddnyoni wirestinmt hyl
Phenyl (et hyl) si | andi yl bi s(2- et hyl -4-isopropyl- | -indenyl) zirconium
dinethyl, 5 Cbthlﬁ ‘#’yl sil andi yl bi s(2-ethyl -4-nethyl-1-indenyl) zirconium

di met hyl , 1l I

i methyl | O et S| ofladll TR ol AERMpIac] 1M Soni um
di met hyI O mﬁdmddwlbla@dmyihbl -4 5bened- hyhde(nyl)awenmphtdly}hlondie -i ndenyl)

zi rconi um di

Phenyl ( met hyllr)rﬁb}%?q\{ﬂﬁlﬂ"g}yg?lé((zzmﬁﬁ’%%ﬁﬁ -bgnz0-fdndegy) Zirrepingy diclletideoni um

di methyl, 10 ,2- Ethand lbls(g ,4,7- trlmeth I-1- 1ndeny12 zirconium dlchlorlde
Phenyl (rret hyl) si | c?’ - rret yl -4, 5- (et hyl benzo) - 1-i ndenyl ) zirconium

di met hyl , Dlmethylsﬂandlylbls(Z methyl I-indenyl) zirconium dlCthI‘lde

Phenyl (rret hy | [ s% tetr | benzo) - 1-i ndenyl)

zi rconi um d| Igﬁé(?y‘?‘ tﬁ%ﬁ egyfﬁlg}{ﬁérwr& érp’(f t hyl - a- acenapht hyl - |
-indenyl) zi I"lfe‘ii?l(hh@lhyﬂ)@ladid?ﬂ)lb%l-methyl 1-indenyl) zirconium dichloride,

1, 2-Et handi yl bi s(2-neth enzo-1-indenyl) zirconium di met hyl ,

1, 2- But dfdi yPiphsydsitpadihis@-methenl-indenylh gseppiym gdichiagideum di net hyl |
Di net hyl sil a , di met hyl
D e ot B EA RE 2 Rebr RO or v i ey

Di rret hyl si | a]an@th)btﬂ&(naryﬂm&@yéthyll-l -indesidnyikdoniint diehlowidedi net hyl , |
, 2- Et handi yl bj s( rconl um di net h I

Pheny! ( met hyIPy%qtﬁsdggqng%lw§<(2zrn%ltfﬁ§r}|lsloLW 1HH‘¥‘r’i‘9’PF“£P‘P‘BB‘r¢&‘#PH‘i‘%t hyl
Di phenyl si | aﬂ?@nﬂdﬁ%ﬁ&%sﬂi@d@ﬂns(z' meﬂh?ﬁ? r%lb)ltﬂ 3| rlﬁ@ﬁyﬂmlgbﬁﬁwbhlonde,

15 Dimethylsilandiylbis(2-methyl-5-t-butyl-1-indenyl) zirconium dichloride,
Dimethylsilandiylbis(2,5,6-trimethyl-1-indenyl) zirconium dichloride,
Dimethylsilandiylbis (2-methyl-4-phenyl-1-indenyl) zirconium dimethyl,
Dimethylsilandiylbis(2-methyl-4,5-benzoindenyl) zirconium dimethyl;
Dimethylsilandiylbis(2-methyl-4,6-diisopropylindenyl) zirconium dimethyl;

20  Dimethylsilandiylbis(2-ethyl-4-phenyl-1-indenyl) zirconium dimethyl;
Dimethylsilandiylbis (2-methyl-4-naphthyl-1-indenyl) zirconium dimethyl
Dimethylsilandiylbis (2-ethyl-4-naphthyl-1-indenyl) zirconium dimethyl,
Phenyl(methyl)silandiylbis(2-methyl-4-phenyl-1-indenyl) zirconium dimethyl,
Dimethylsilandiylbis(2-methyl-4-(1-naphthyl)-1-indenyl) zirconium dimethyl,

25 Dimethylsilandiylbis(2-methyl-4-(2-naphthyl)-1-indenyl) zirconium dimethyl,
Dimethylsilandiylbis(2-methyl-indenyl) zirconium dimethyl,
Dimethylsilandiylbis(2-methyl-4,5-diisopropyl-1-indenyl) zirconium dimethyl,
Dimethylsilandiylbis(2,4,6-trimethyl-1-indenyl) zirconium dimethyl,
Phenyl(methyl)silandiylbis(2-methyl-4,6-diisopropyl-1-indenyl) zirconium

30  dimethyl,
1,2-Ethandiylbis(2-methyl-4,6-diisopropyl-1-indenyl) zirconium dimethyl,
1,2-Butandiylbis(2-methyl-4,6-diisopropyl-1-indenyl) zirconium dimethyl,



| ,2-Butandiyl bis(2-methyl- | -indenyl) zirconiumdinethyl, 25

D et hyl si | andi yl bi s(2-ethyl -1-indenyl) zirconium di net hyl

D net hyl swiban@rosibi s( 2- met hyl - 5-i sobutyl - | -indenyl) zir®omiuser/oisnet hyl ,
Phenyl (et hyl ) si | andi yl bi s(2-met hyl -5-i sobutyl -1-indenyl) zirconium

di met hyl, D net hyl sil andi yl bi s(2-nethyl -5-t-butyl-I-indenyl) zirconium
di methyl, Dinethylsilandiylbis(2,5,6-trifmethyl-1-indenyl) zirconium
dimethyl, and the like. 30 WO 02/070572 PCT/US02/ 02379 -15 These
preferred nebahéthgleindoabisiymethgbarednéntiadayt) desmiubdinéthyidetail in U S
6, 143, 686, 5, 145,6819; 5, 243,001; 5,239,022; 5>,329,.033; 5,296, 434; and

5, 276, 208: aRimehgslandsbisgaetpl-disppopyl-drindenyd) girepnium tHeeths al | ocenes

preferably s A By 11 S_HRY. a0t i re different
nmet al | ocenesﬁ\sﬁﬁéﬁ?ﬂ%ﬂ?%&g@e@&g&%z,wmgghggﬁlﬁgﬁz@mgq%?y talline

propyl ene poPymgl(metiy])shanliylbie(?-mathybAbsapadpybii ;ingenytiu eiecqnihng démethglyi ng t he
attributes desir for. the particular filmapplication.of interest.
Particul arly “Hggﬁﬁ‘i%ﬂd@'tl&égg?tflﬂé shsthyli andeny eZlé‘é?’Iné‘EPBHn?thﬁlm formul as 1
and/ or 2 whi By, WheGi1AIHEISE, AHRNEh IO -REEST SirBsREm| SRemPpopol yner, are
capabl e of producing ari isotactic polyner” having a wei ght average

mol ecul ar weDgh¢thylsildndoribia@emtethgb4-@awy1-1tindenyburirdonb0n doOdhylt conmercial |y
attractive t eratures of from about 5 . about 120C. Preferably, two
or more ot aprbGRns L lser e ho e beden Boriaeion MR RY- di 71 er ont
nol ecul ar - wepgyl fmetY1)8ildfISH bis® -mBthe1-BI50R5465- 1 TRAGSEW kconhiin WRhEN1,

di stribution of "the polymer. The nefallocenes used may show different

mol ecul df wePlgmyl(metybsdasliylhisemethyt-A8-(oretydbengo b1 -indenph ozisoniagn wi | | be
described | ater_.in the Exanples. This will also affect the nol ecul ar

wei ght di st riBffn of the product. For 20 exanple, we have found that the

i ncor por at i ophedlyl(hReS)silaididbis@imethyl-a, 5 toMatetiglibanzen e-isdeapnoner i n one
enbodi nent, from1l to 5 w % et hyl ene conononer in another enbodi nent,
during the porepaam digmatisd, process as described herein results in a

substanti al Pﬁ&?ﬂﬁ@tﬂ}%sﬁ&dﬂﬁﬁls @-ln?eqwl%—ac\gﬁgﬂﬁqui-ﬁlﬁgﬁﬁ}]tzirgghifﬁrn the high

15 dimethyl,
1,2-Ethandiylbis(2-methyl-4,5-benzo-1-indenyl) zirconium dimethyl,
1,2-Butandiylbis(2-methyl-4,5-benzo-1-indenyl) zirconium dimethyl,
Dimethylsilandiylbis(2-methyl-4,5-benzo-1-indenyl) zirconium dimethyl,
1,2-Ethandiylbis(2,4,7-trimethyl-1-indenyl) zirconium dimethyl,

20 Dimethylsilandiylbis(2-methyl-1-indenyl) zircohium dimethyl,
1,2-Ethandiylbis(2-methyl-1-indenyl) zirconium dimethyl,
Phenyl(methyl)silandiylbis(2-methyl-1-indenyl) zirconium dimethyl,
Diphenylsilandiylbis(2-methyl-1-indenyl) zirconium dimethyl,
1,2-Butandiylbis(2-methyl-1-indenyl) zirconium dimethyl,

25 Dimethylsilandiylbis(2-ethyl-1-indenyl) zirconium dimethyl,
Dimethylsilandiylbis(2-methyl-5-isobutyl-1-indenyl) zirconium dimethyl,
Phenyl(methyl)silandiylbis(2-methyl-5-isobutyl-1-indenyl) zirconium dimethyl,
Dimethylsilandiylbis(2-methyl-5-t-butyl-1-indenyl) zirconium dimethyl,
Dimethylsilandiylbis(2,5,6-trimethyl-1-indenyl) zirconium dimethyl, and the like.

30



nol ecul ar wei ght end. This is unexpected since with both the individual 25
net al | ocenes used, the nol ecul ar weight drops with ethylene addition.

Addi t i onawoloageni ng of nol ecul ar wei ght distribution mapChaspreasre ced

t hrough reactor process techni ques. For exanple, operating the different
stages of a nultiple stage polynerizatign process with varying | evels of
hydr ogen, a 30 nol ecul ar wei ght regulatﬂé: is known in the art to produce
broadeni ng of nol ecul ar wei ght distribution. WO 02/070572 PCT/ US02/ 02379
-16 I n one enbodi TsRe prefieedontiallysie sxalysmdisgthents atd@espribakinsdeadil inhi s

i nvention conprises at |east two_ net enes, | east two netal |l ocene

[ ] Th t
s capabl o OB b Eies6 oo b DBIT e he hONEp SRy IR Zat, BIIN G 2% Wi and
t t R ) t i | | ight i
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The other netallocene is preferably capable of producing propyl ene
honopol ynmer at t sane_ t enper at.ur t hat has a nolecul ar . weight in the
range of °from 25, metgllocessy PE: a&ﬁ S(?F?étedef??f)b‘ﬁfi Hethis Iny8eH POty ° 191500, 000
i anot her - efbadineth madlodsheiARR, Rt hRd alor0HoBAR Kaadt! cARAIDRT

embodi ment. Preferably, each netallocene produces a 10 pol ynmer conponent
havi ng a nol popylene pelyoiet aod sthen ged om cahbinetien, titeducg, polymef mavaty thel ess

than 2.5. In _one enbodi t of the jnvention.the at.|east t net al | ocenes
are. sl ect TR TRE=dat e opfeel Tl pRucalgn r mideh. | PanitEly

Di net hyl si | aqdiry®1®inSdtaAtorBhdiydre MERBY%Eecd R ifoiMulasC Na@dlof©, which when

Di met hyl si | andi yl bi s (2-nmet hyl -4-phenyl -1 -indenyl) zirconium dichloride,

Di met hyl18i | awsgil yalenes (o prodycerareipilensed bepppolyinet gine rapehle ifopriodecing an

methyl i1 andh WOl a{ide ditd d BV IRAEN ke Al SOBRUIR E:G IboT A%o00

thyl sil an yt enyl® zi'reont um ori de,
thyl si | a@dibyhtl,5E0l060 &, conindréiahy ditRthvteritperatires onfrom oGO tde,

nme

me

met hyl si | andi yl bi s(2- et hyl -4, 5-benzoi ndenyl') zirconium dichloride,
met hyl si | aatduny 120°€. ( Prefaralily) tw phmoeyd mietallodensy laye sleateshivbiehdiroduday | |

polymers having different molecular weights. This results in a broader molecular

Di
Di
Di
Di
Di

15 weight distribution of the polymer.

The metallocenes used may show different molecular weight responses

when in the presence of comonomer as will be described later in the Examples.

This will also affect the molecular weight distribution of the product. For

20 example, we have found that the incorporation of less than or equal to 1 wt%
ethylene comonomer in one embodiment, from 1 to 5 wt% ethylene comonomer

in another embodiment, during the polymerization process as described herein
results in a substantial broadening of the molecular weight distribution at the high
molecular weight end. This is unexpected since with both the individual

25 metallocenes used, the molecular weight drops with ethylene addition.

Additional broadening of molecular weight distribution may be practiced

through reactor process techniques. For example, operating the different stages of

a multiple stage polymerization process with varying levels of hydrogen, a

30 molecular weight regulator, is known in the art to produce broadening of

molecular weight distribution.



D net hyl si | andi yl bi s(2- net hyl - 4, 5- benzoi ndenyl ) zirconi um di net hyl ,
D et hyl si | andi yl bi s(2-nmet hyl -4, 6-di i sopropylindenyl) zirconium di nethyl,

25 Di net hwbariozansd: yl bi s( 2- et hyl - 4- phenyl -1 -i ndenyl ) zi r corcarmsd/ostrhyl ,
D net hyl sil andi yl bi s (2-ethyl -4-napht hyl -1-indenyl) zirconi um di met hyl,
Phenyl (et hyl ) si | andi yl bi s(2- et hyl - 4- phenyl -| -i ndenyl ) zirconi um di net hyl,

D et hyl si | andi yl bi s(2-net hyl -4-(1- naphtlﬁyl )-1-indenyl) zirconium dinethyl,
D net hyl si | andi yl bi s(2- et hyl - 4- (2- napht hyl ) - 1-i ndenyl ) zirconi um di net hyl ,
and 30 Di net hyl si iradé Ynkbos{eme iy lcataideRybttmz usedotti e GirdBRENWI. thid0

02/ 070572 PCT/ US02/ 02379 -17 In one enbodi nent, at |east one netall ocene

i s a 4- phenylventjondeamprises ghleast toometaioeanesc die & dedst o metallocene is

di et hyl si | andi yl.bi - et =14 70 i i.chloride
and phenyl ( rarul AR by ne BERkba il B Y AL G R IR e
dimet hyl . 5 fib@ dbatii $0°0f toradbal | Geenesingse tholdtulad weight iiZ did @ngabf frosepend
partly on the activities of the nmetallocenes and on the desired

cont ri bufi on2bP00ici00.0PQupretarahly froxm hef).@00 fof 3G0QO0nekhg) athrrenetallogere issed in a

1:1 ratio an YAt . i m pr oduct
wll be expe t %’IP gg%@%ﬁ@ﬁ@%ﬁﬁ B?fe%hg@%@%%ﬁ%ééﬁgﬁ%ﬂo&n@k

met al | ocene thadh&da4hSteaflapakiphein phie einge cofbfroh2s, 000 ker,000/000 inesddt h of
the product's no(ijrl%cul ar_wei ght distribution w ]|l _dependdng_t | east partly on

t he di ffe_ren"é@b‘? G doQ PR 4%%@%&&3%@&@%%@3@@ Fom0440cenes.
The addi ti Onh@bO,@W%@no%g/eﬁ{boﬁ n‘?.g??T,fefhbh})%aaplgbém'f)b%ﬁgﬁrgﬁ'ucgpraocesS
a @ as de ed in

may affect the contribution of each net oce scri etail 15
bel ow. Aot i vpdlpmer civbipahdmoclEavese ar exofgenkr aveighu sietributiononbilesat than i t h sone
formof acti v%téegjr1 Leg ﬁédgr to create an active catal yst system The term

"activator" P Y HBA “Rerein to be any compound or conponent, or

conbi nati on of conpounds or conponents, capable of enhancing the ability

of one or nore netall ocenes to ‘ .
In one embodiment of the invention the at least two metallocenes are

selected from the group, consisting rac-:

15 Dimethylsilandiylbis(2-methylindenyl) zirconium dichloride,
Dimethylsilandiylbis (2-methyl-4-phenyl-1-indenyl) zirconium dichloride,
Dimethylsilandiylbis(2,4-dimethylindenyl) zirconium dichloride,
Dimethylsilandiylbis(2,5,6-trimethylindenyl) zirconium dichloride,
Dimethylsilandiylbis indenyl zirconium dichloride,

20 Dimethylsilandiylbis(4,5,6,7-tetrahydroindenyl) zirconium dichloride,
Dimethylsilandiylbis(2-methyl-4,5-benzoindenyl) zirconium dichloride,
Dimethylsilandiylbis (2-methyl-4-phenyl-1-indenyl) zirconium dimethyl,
Dimethylsilandiylbis(2-methyl-4,5-benzoindenyl) zirconium dimethy]l,
Dimethylsilandiylbis(2-methyl-4,6-diisopropylindenyl) zirconium dimethyl,

25 Dimethylsilandiylbis(2-ethyl-4-phenyl-1-indenyl) zirconium dimethyl,
Dimethylsilandiylbis (2-ethyl-4-naphthyl-1-indenyl) zirconium dimethyl,
Phenyl(methyl)silandiylbis(2-methyl-4-phenyl-1-indenyl) zirconium dimethyl,
Dimethylsilandiylbis(2-methyl-4-(1-naphthyl)-1-indenyl) zirconium dimethyl,
Dimethylsilandiylbis(2-methyl-4-(2-naphthyl)-1-indenyl) zirconium dimethyl, and

30 Dimethylsilandiylbis(2-methyl-indenyl) zirconium dimethyl.



pol ynerize olefins to polyol efins. Al klyalunoxanes are preferably used as

activators, nost preferably nethylal unoxane (MAO) . Cenerally, the

al kyl al unwwanezospz ef erred for use in olefin polynerizati orcaarsvzazs’érom 5

to 40 of 25 the repeating units: WO 02/070572 PCT/ US02/ 02379 -18- R
-~-Al O AIR2 for linear species n for cyclic species n where Ris a

Cl1-C8 al kyl including mixed al kyls. Partli’eul arly preferred are the 5

conmpounds in which Ris nmethyl. Al unoxane solutions, part icularly

met hyl al unbxane spi dHeic@ibodinidy, d@@eaetbar@rﬂadllédeﬁmmm@uahn&&;wors as
sol utions having various concentrations. There are a variety of nethods for

preparing al tpeixured mefaledeneduch gy dm%thﬂﬁlé@dmlb\ﬂﬁﬁz'@??ﬂb}flé’f -plesgklbed in U S

4 924, 015, 15°4OUpAR e Rt g% iy Der R, Seiblfatnlng;
5, 235, 081, 51 -1fdénl3 Zirc@tigh dimdt@gl. 031; and EP-A-0 561 476, EP-B1-0 279 586,

EP- A-0 594-218 and WO 94/10180. (as used herein unless otherw se stated
"solutioR" refers to any mixture includi ng suspensions.) 15 Sone I\/AO

| uti d
solutions tend t grpé?ﬁ?%fﬁle%m%?x‘?e@%s&ﬂn dl NRUSZBYE Wil 'dgﬁen nﬁ’ra}'ﬂjc?ly e hods

advant ageous to arity such solutions rior o use.
are used to atizdies ofjehe mctadoddhes and vhithendesired tcontrbobve ofjehch. f Tlouw, fdre

sol uti ons. GeII d fol utio s are often.si gpléﬁflltdeég]d or. .de anted to
separate the® e i} BYR PRt O%q“€%1F‘rel\}ﬁ€51 ipjad:l ftippd fhe actvities ef are

di scl oses a sl?ﬁﬁ’lﬁﬁsﬁeﬁ Ghe fpli’lfﬂlé}g fddger wﬂ?obeg%k éci&let&%%h@@%%% of
al kyl al unoxane by treating a SOFU'[I on of al ?a | unoxane™ wi th an anhydrous

salt andfor polymeniprodficesinbyabie hietadloceriekaridi ife4é%r¢fhp01mal prod@ed 20 @572

PCT/ US02/ 023c?t191er Tlhe breadth of the product’s molecular weight distribution will depend at

least partly on the difference in molecular weight capability between the
metallocenes. The addition of comonomer and/or hydrogen in the polymerization
process may affect the contribution of each metallocene as described in detail

15 below.

Activators
Metallocenes are generally used in combination with some form of
activator in order to create an active catalyst system. The term “activator” is
20  defined herein to be any compound or component, or combination of compounds
or components, capable of enhancing the ability of one or more metallocenes to
polymerize olefins to polyolefins. Alklyalumoxanes are preferably used as
activators, most preferably methylalumoxane (MAO). Generally, the
alkylalumoxanes preferred for use in olefin polymerization contain from 5 to 40 of

25  the repeating units:



| oni zing activators may al so be used to activate netal |l ocenes. These
activators are neutral or ionic, or are conpounds such as
tri (n-butwb)eanomsnt um tetraki s(pentafl urophenyl)boron, whipch/tisonizes t he
neutral metall ocene compound. Such ionizing conpounds nmay contain an
active proton, or some other cation 5 associated with but not coordinated
or only loosely coordinated to the remailding ion of the ionizing conpound.
Conmbi nations of activators nay al so be used, for exanple, alunbxane and
ionizing activators in conbinations, see for exanple, WD 94/07928. The
preferred activator anion neutral precursors that serve as the Lew s acid
(LA) are strong Lewis acidR wth non-hydrolyzable |igands, at |east 10 one
of which is electron-w thdfaw ng, such as those Lewis acids known to
abstract an anionic fragnmeht from di nethyl zirconocene (biscycl opentadi enyl
zirconiumdinethyl) e.g., tris perfluorophenyl boron, tris
per f | uor onapht hyl bor &m{—AHTS P 18, bi pfedipkartspecdes | n one enbodi nent,
t hese precursors do not possess ady reactive |igands which can be
protonated by the hydroxyl groups of the netal 15 oxide (the silanol group
proton). For exanple, any Goup 13 el enent based Lew s acids having only
al kyl, hal o, al koxy, and/or am do |igands, which are readily hydrolyzed in
aqueous nedia, are not suitable. At |east one ligand of LA nust be
sufficiently electron-withgrawing to achieve the needed acidity, for
exanpl e, trisperfluorophenyl boron, under typical reaction conditions. 20
Typical netal/netalloid cefpters for LA w !l include boron, alum num
antinony, arsenic, phosphotous and gallium Most preferably LAis a neutral
conpound conprising a Am——l%—r@i—}-H oi d clentydicwpediesa conpl enent of
| i gands together sufficiently elecoron-w thdrawi ng such that the Lew s
acidity is greater 25 than or equal to that of Al Cl3. Exanpl es include
trisperfluorophenyl boron, tris(3,5-di(trifluoronethyl)phenyl)boron,
tris(di-t- butylmethylsilyl)perfluorophenyl boron, and other highly
fluorinat ed whesdR W HaQrjely atkyimpaiwntisg nlixdieslkglsl tPablicilabt prefered srate
di scl osed by Chen and Marks, 100 Chem cal Reviews 1392-1434 (-2000); Yang
et al., 316 dompiymndCham wBeb. R10615na3kyl1003duho9eon) ;sokuregs,etparticularly13 J.
Am Chem Sor%.ethBiS%B-BGZS £11991IP; Chi en eg al . .
ylalimoxane solutions, may be obtamned from commercial vendors as
solutions having various concentrations. There are a variety of methods for
preparing alumoxane, non-limiting examples of which are described in U.S.
4,665,208, 4,952,540, 5,091,352, 5,206,199, 5,204,419, 4,874,734, 4,924,018,
10 4,908,463, 4,968,827, 5,308,815, 5,329,032, 5,248,801, 5,235,081, 5,157,137, and
5,103,031; and EP-A-0 561 476, EP-B1-0 279 586, EP-A-0 594-218 and WO
94/10180. (as used herein unless otherwise stated “solution” refers to any mixture

including suspensions.)

15 Some MAO solutions tend to become cloudy and gelatinous over time. It
may be advantageous to clarify such solutions prior to use. A number of methods
are used to create gel-free MAO solutions or to remove gels from the solutions.
Gelled solutions are often simply filtered or decanted to separate the gels from the
clear MAO. U.S. 5,157,137, for example, discloses a process for forming clear,

20  gel-free solutions of alkylalumoxane by treating a solution of alkylalumoxane

with an anhydrous salt and/or hydride of an alkali or alkaline earth metal.



113 J. Am Chem Soc. 8570-8571 (1991); Bochmann et al. 12 Organonetal lics
WD 02/ 070572 PCT/ US02/ 02379 -20 633-640 (1999); Herfert et al. 14

Makr onol .wamwenv70s7Rapi d Commun. 91-96 (1993); and in EP OPCOAISABE®3and EP O
513 380. Descriptions of ionic catalysts for coordination polynerization
conprised 5 of netallocene cations activated by non-coordi nating ani ons
appear in the early work in EP-A-0 2771803, EP-A-0 277 004 and U.S.
5,198,401 and WO- A- 92/00333. These teach a preferred nethod of preparation
wher ei n et al | ocehaizing htts@orandayraioCy) usede tp ot eia nedal by emss. afhese

precursor such that an al kyl/hydride group i.s ahstracted froma transition
metal to mak@UVRLOBLRI REMTRLRN @nya@rélﬁf‘dg%a&w suEh AL g&ngtwl monium

non- coor di na{ehaﬁs@@ﬁtgﬂurogﬂ&amamnj ORGSR IE MR héraf HePilocdRADMRIn@NI ON
whi ch either does not <coordinate to said cation or which is only weakly

coor di nat ed $echsmintzingatompoundsenah gontemmaam aetgyes prfotang icersome dthéri tationo be

di spl aced by a neutral, Lewis base. 15 " ati-bl e" noncpordi nati.ng ani ons
e thosd whFERESPR T DidlsF SRS Bty SRy OREREHG® BF CaBpnier or noq
conpl ex decoppastase idﬂi'iih?%m SR, @YnMinabiohs of B&ivatdra RsdyedlsABe 88O fdrC
substituent or fragnent to the cation so as to cause it to forma neutral

four coor di nexapietanmexaseandoivpizing aehgtas iegemainaggnsprseelder exammen t he
ani on. Noncogrlignanbig A G083 Gkl ASE ALARD PR, Bl Sl Dyl on 20

are those which are”conpat ize nme ocene cat'| ' the
sense of balLangidd (I15) hrenst@ongNangde atids avithln&i-Rydrolyystile Nigh@dsn aslehdti ci ent
lability to perm_.t _ displacenent. by an ethylenically or acetylenically
unsat ur dfed PRsnOReYhigh s r?éectremvm%%@\ﬂagi svch 25 those ﬁw%w%iﬂﬁmgwi oni ¢

conpounds ”Oébsﬁ?{}t A Wi FraBfrichi ol %rﬂé‘th%kirc&%@%@ S%?%’CMpg&H{ﬁ%%qkbOt h

the active netallocene catiofi and a noncoordi natin nrs a nown.
See, EP-A-0 #g®Hnbiy dmnﬂhﬁfe,g:, ts 56’r$1u§£h’phem barbah, trisopeafluorordphddllafromaki ng

he onic clalYsla LEER LRI KNG, 20l o BES Clncer s MLCh dre, LaLLially
with the netaly Qsane 1%@1?&0&%& cah BE pFotGTHREDY e HARXI groups of the metal
tris(pentafluorophenyl
15 oxide (the silanol group proton). For example, any Group 13 element based
Lewis acids having only alkyl, halo, alkoxy, and/or amido ligands, which are
readily hydrolyzed in aqueous media, are not suitable. At least one ligand of LA
must be sufficiently electron-withdrawing to achieve the needed acidity, for
example, trisperfluorophenyl boron, under typical reaction conditions.
20
Typical metal/metalloid centers for LA will include boron, aluminum,
antimony, arsenic, phosphorous and gallium. Most preferably LA is a neutral
compound comprising a Group 13 metalloid center with a complement of ligands
together sufficiently electron-withdrawing such that the Lewis acidity is greater
25 than or equal to that of AICl;. Examples include trisperfluorophenylboron,
tris(3,5-di(trifluoromethyl)phenyl)boron, tris(di-t-
butylmethylsilyl)perfluorophenylboron, and other highly fluorinated trisarylboron
compounds. Other suitable activators are disclosed by Chen and Marks, 100
Chemical Reviews 1392-1434 (2000); Yang et al., 116 J Am. Chem. Soc. 10015-
30 10031 (1994); Yang et al., 113 J. Am. Chem. Soc. 3623-3625 (1991); Chien et al.
113 J. Am. Chem. Soc. 8570-8571 (1991); Bochmann et al. 12 Organometallics



boron. See EP-A-0 520 732. lonic catalysts for addition polynerization can

al so be prepared by oxidation of the netal centers of transition netal

conmpoundswby2Mse2/ 070572 PCT/ US02/ 02379 -21 ani on pre- cBRCIANSH2/623M ai ni ng

metal lic oxidizing groups along with the anion groups, see EP-A-0 495 375.

VWhere the netal |igands include hal ogen noieties (for exanple, bis- 5

cycl opent adi enyl zirconium di chl ori de) W ch are not capabl e of ionizing

abstraction under standard conditions, they can be converted via known

al kyl ation 6332640 3N mrfeftganairremaMdkﬁorﬁﬁmﬂmmsRsptdhCa@mme Rl W& or

al um num hydr.i gg){s] %r al kyl s, glg% al urmxanes Gignard reagents, etc. See

EP-A-0 500 94273hanEm ERY784 464 augbP1003131380g; ¢ y processes describing the

reaction of al kyl al um num 10 conpounds wi th di hal o-substituted netall ocene

conmpounds prior to or with the addition of activating anionic conpounds.

Support Mat eri al sDEseiptiansadfyishicsoasil pets farsedrdimation eopmareston tomnprised

i nventi on are re;erab 15 sugg rted usin oraqus particulate material,
1nat|1rF)‘C;0

such as for lgcenf’ afions aAVELH; By nipens PSR ePREAT Ot e Xng

resi nous matgpiiaks FUAD 297 (kY BEEALR 297 U3 ¥RETU.S. 5Q08BROYNGY. Witha -nDst
preferred sugf/ort materials are porous inorganic oxide materials, 20 which

i ncl ude t hos®2/005h tT}heseP@mlndme erbd ene@lﬁoch megparation vchempsnezallc@enexs 5, 13
or 14 netal C? al um n ; tSI| -al um na, and nmi xt up e t her eof
are parti cu FS/ aﬁfiefn@P? 4 HEP OP%S?Q |%1 SR1°Ge 8T FHEP" rfélyhb erﬁf}l oyed
ei ther al onealkgWhyideide cgmnmatabgtfhcmtﬂfoxh hewrdisitioaametal tohil@ @bodi datiearcal um na
are magnesia, titania, zirconia, and the like. 25 In one enbodi nent the

support lfat edndgharas-hadansed by theinoa-cprrdimatimganion. sur f ace area in the range of
from10 to 700 n2/g, a total pore volume in the range of fromO0.1 to 4.0
cc/g and an average particle size in the range of from10 to 500 m
Desi rably, the suThaeemahmeacdosdinatiighaiowhgeanf arf araon Shidhoeid RO do@ got t he
pore coordinate to said cation or which is only weakly coordinated to said cation
thereby remaining sufficiently labile to be displaced by a neutral Lewis base.
15 "Compatible" noncoordinating anions are those which are not degraded to
neutrality when the initially formed complex decomposes. Further, the anion will
not transfer an anionic substituent or fragment to the cation so as to cause it to
form a neutral four coordinate metallocene compound and a neutral by-product
from the anion. Noncoordinating anions useful in accordance with this invention
20 are those which are compatible, stabilize the metallocene cation in the sense of
balancing its ionic charge in a +1 state, yet retain sufficient lability to permit
displacement by an ethylenically or acetylenically unsaturated monomer during

polymerization.

25 The use of ionizing ionic compounds not containing an active proton but
capable of producing both the active metallocene cation and a noncoordinating
anion is also known. See, EP-A-0 426 637 and EP-A- 0 573 403. An additional
method of making the ionic catalysts uses ionizing anion pre-cursors which are
initially neutral Lewis acids but form the cation and anion upon ionizing reaction

30  with the metallocene compounds, for example the use of tris(pentafluorophenyl)
boron. See EP-A-0 520 732. Ionic catalysts for addition polymerization can also

be prepared by oxidation of the metal centers of transition metal compounds by



30 volume is in the range of fromO0.5 to 3.5 cc/g and the average particle
sizeis in the range of from20 to 200 m In yet another enbodi nent, the
surface awea2ioxsin the WO 02/ 070572 PCT/ US02/ 02379 -22 r &cgarset/of3rom 100
to 400 nk/g, the pore volune is in the range of from0.8 to 3.0 cc/g and

t he average particle size is in the ran%e of from30 to 100 m The average
pore size of typical porous support mat dfals is in the range of from10 to
1000A. Desirably, a support material is used that has an average pore

di ameter of midd @Pre-oOrsdbR ERRAningNMefallizmoxididing péibsi sloagovitie the rhipdi ment .

It may be desirable_to dehydrate the silica at a tenperature of from about
100C t o abougroupnees BiywhAdP2372-om about 3 to about 24 hours. The

net al | ocenes, activator and support material may be conmbined in any 10
nunber of ways. Suitable support techniques are described in U S. 4,808,561
and 4,701, 432. Dé&ierealiey metdidigantialihdedmdslogen meitiiasaf(for exampleordis-ned and

their reaction product, supparted. t I QUS_ support terial. as
descri bed i noYglegent Fe5¥o B aha Bkl 2B ,a&ﬁongg/mzﬂg, S, ianie
96/ 00245. Al yit:RAtdnGld¥r statddfd E@Hﬁidn@%@féar{rﬁé/c&ﬁ/eﬁé@%%tﬂnﬁ%%ﬂ(ﬁﬁ%r ately
and then conmbined wth the 15 support naterial either separately or

t oget her. | frea¢tonyevidh breororestabicecoswounds sich asdithipor oxalumimen hydeadesr abl v,

they are dried en i ned as-.a powder befqre,us i I ri i on.

Regar dl ess off ?’haélgﬁfr‘rlﬁ@ome& (t}%lgaﬁ@gea& Sy ‘%‘é‘i §C%E_F i‘%?'@tsg)?) élaﬁqgm’gé‘%;ér ately
20 precont ached 970 WeLtBLln kit phdicsdel Aesiting it AGEHMALPRIK alwafthned at
once, the total volunme of reaction solution applied to porous support is

pref er abPy | exrpaunds withhdihalosubstiveted mgsaliasenrs corppeunds |ngioe tofor (it Bsr ous
support, nor c ef - -t t 3tines the total pore volune of
t he porous s%dggtrgﬁ&;aggbébngﬁaiﬁoﬁlrwe&%oegg#abl y in the range of fromnore than
about 1 to less than about 2.5 tines the 25 total pore volune of the porous
support. Procedures for, measuring the total pore volune of porous support
are wel | knoWwPRartMaterals  The preferred nethod is described in 1

EXPERI MENTAL WTH%cétMy%%mTusggmoggs's% thisAGAGRITh GarE 'b?e?éraﬂl?ﬁ& :

15 supported using a porous particulate material, such as for example, talc, inorganic
oxides, inorganic chlorides and resinous materials such as polyolefin or polymeric

compounds.

The most preferred support materials are porous inorganic oxide materials,
20 which include those from the Periodic Table of Elements of Groups 2, 3, 4, 5, 13
or 14 metal oxides. Silica, alumina, silica-alumina, and mixtures thereof are
particularly preferred. Other inorganic oxides that may be employed either alone
or in combination with the silica, alumina or silica-alumina are magnesia, titania,
zirconia, and the like.
25

In one embodiment the support material is porous silica which has a

surface area in the range of from 10 to 700 m2/g, a total pore volume in the range

of from 0.1 to 4.0 cc/g and an average particle size in the range of from 10 to 500

pm. Desirably, the surface area is in the range of from 50 to 500 mz/g, the pore
30  volume is in the range of from 0.5 to 3.5 cc/g and the average particle size is in the

range of from 20 to 200 pm. In yet another embodiment, the surface area is in the



30 Met hods of supporting ionic catalysts conprising netall ocene cations and
noncoordi nati ng ani ons are described in WO 91/09882, WO 94/ 03506, WO

96/ 04319 wod2iomsenp- pendi ng U. S. Ser. No. 09/339, 128, fil e@®CIurse2/2279 1999.
The WO 02/ 070572 PCT/ US02/ 02379 -23 nethods generally conprise either

physi cal adsorption on traditional polyneric or inorganic supports that
have been |argely dehydrated and dehydré®yl ated, or using neutral anion
precursors that are sufficiently strong Lewis acids to activate retained

hydr oxy grou ' i ini .nar i C..Qxi [ -ppdified 5
supports s uclﬁﬁ%igi ﬁ{nhel%@etg\nag b gﬁ:zi)%qg%g%%es O?CJ lﬁgﬁtﬂgeertaﬁ%e éit;{f)}gordtj§ gon g%a

hydr ogen of cd/gandyley axaragy parficleSsiavai inadht @arige @f fiban3d e 10@ et alHeocene
conmpounds. The supported cat al g/st system may be used di rect%%%( in

pol ymeri zat | ®§ra8E POFhEz¢ at typirat PUgUs BIPPARYHRIFT 0B £ 8l ytonet hods

wel | known i e : i i I i | see

U S. 4,923,8 3dog‘hd‘%4sf"331i’l gigﬁ opifiyRHiays LEAARS 9 BlEBed BE A Bl br

Pol yneri 2at i tomP5®ce sS04, land dinem €tfbadBhihtin drtothep cimyboditseraf Ithingy ibevent i on
are generally prepared 15 in a hultiple stage process wherein

homopol yner i Jestrnil to sighypis| tgﬁém%% A dfmaFalTe ghdgt 8bpd é@&?‘éﬁ% 2ot

paral |l el or, S(Rfo@fa%g@?%r% ﬂd???&mt%% al!)cfht@ﬁ%oﬁ bodi ment, propylene is

honopol yneri zed an ereafter propylene and conononer are copolymnerized
in the presence of the initially produced honopol ynmer using the above

descri bed netal |l ocene catal yst systens. If, however, the cqopolyner is 20
prepared first, thee agisblesarentacl VPl BEPom SRl Ay be Gognbin o

contain 1%0”?nu1£l§é?%‘?%va2§. §£ﬁ?¥a{ﬂé§§1§zﬁmrt.'t&h§{h‘&%§‘8fe c{%@@fb‘éh@i‘?ﬂﬂs. 4888 3 gEr s of

this invention are prepare single or nmultiple stage process wherein
copol yneri za4,7ohd3ar esimblyc tled metmllo2énep amd| dativator arprcefnbimebll and theirseri es,
In o enbodi nent I d co

or sinply in a single stage. e , _pra ene a omer are
copol yneri zeﬁaﬂéqnng"ogﬁﬁ S&%B?/‘éedd‘é%gﬁ PRIQUS SRPRfY ‘E}g’@ﬁgﬁl ﬁsa?%ﬁcyg‘?d ényﬁ ms.
I ndi vi dual | y5 288804 84PN BY 28GBAOWE 98700285 OHRISWO 96U NIAGSBatiwdIyr 1y or
the metallocenes may be preactivated separately and then combined with the
15 support material either separately or together. If the metallocenes are separately

supported, then preferably, they are dried then combined as a powder before use

in polymerization.

Regardless of whether the metallocenes and their activator are separately

20  precontacted or whether the metallocenes and activator are combined at once, the

total volume of reaction solution applied to porous support is preferably less than

about 4 times the total pore volume of the porous support, more preferably less

than about 3 times the total pore volume of the porous support and even more

preferably in the range of from more than about 1 to less than about 2.5 times the

25  total pore volume of the porous support. Procedures for measuring the total pore

volume of porous support are well known in the art. The preferred method is

described in 1 EXPERIMENTAL METHODS IN CATALYST RESEARCH 67-96
(Academic Press 1968).

30 Methods of supporting ionic catalysts comprising metallocene cations and
noncoordinating anions are described in WO 91/09882, WO 94/03506, WO
96/04319 and in co-pending U.S. Ser. No. 09/339,128, filed June 24, 1999. The



30 solution phase or high pressure autoclave processes. In one enbodi nent,
a slurry (bulk I'iquid propylene) polynerization process is used in each
stage. WOVO02L07B372 PCT/ US02/ 02379 -24 A slurry pol ynmeri PETIUSN2/M30LESS
generally uses pressures in the range of fromabout 1 to about 100

at mospheres (about 0.1 to about 10 MPa) or even greater and tenperatures
in the range of from about -60C to about?3150C. In a slurry pol ynerizati on,
a suspension of solid, particulate polynmer is formed in a 5 liquid or
supercriti camnetholly gatatlgtdoiprise dithenph9sivdliadkorptiepyh enditiand pobommpiewsrer s and
often hydrogen along with catalyst are added. The |i d | oyed in the
pol yneri zat i BATEIBGisUPRVih¥dave %q:enégrgﬁlm ‘@hyﬁrﬁteglaklgﬁéﬂﬁm’éylatg&ﬂr&éﬁnﬁane The

redi UM e oNeitaP Atthdpdeursbindt WAIRLerdiI Oltfiry PORiLheidP Qb YaTRRbEAl | O

and relatively i nert s hexane and 1so uta In the preferre
enbodi ment, etaiyed lydeoxyerogs msﬂnchleomanhyrganongamn@mdm drlwtidedchotifed

polynerlzatlon is cafrje t .usi sure fro a 00 kP,

about 77 OOOS“IPP%rt%ﬁ“cé that SWi§, F‘%‘g%ﬁc‘i‘ﬁfés%oé‘ﬁej & SPP%(?Hl ?ﬂﬁgzh]ft‘ycé about
120C. The Peiht AY&roRy gl;duBFis 5@fi1aBRGY pRtGife e nhetslfRBAIRRIUNESIE Cat aI yst
system 15 conbnoner and reaction conditions. In the case where TCR is

desired, the propylene is be honopolynerized for a time period sufficient

to yield a conposjtion fro 10 t0,90 W ho based on the
ot St ant o OThe B RL kA SR eh s eyt s Sopy TR AR o

anot her enbogle Refatyst 3R¢m fa9rBeIRepdlyhBrizeani Meihbdy\lh%l b@@ﬁ'ﬂ iffthd &€ t ot al
wei ght of the polyner in yet 20 another enbodinent. In the enbodi nent where

an RCP 1§ foFcrredrtalksHégq@d@gmrméym@rmtlemrm&hﬁr4 2283bped §9RIB2ER Or a tine

period suffi crystal line propyl ene copol yner wherein the
wt % of the c%ﬁ%%%é%@Iﬁgzé%4g%3the total weight of the polyner is in the

range from0.05 to 15. 25 The pol yneri zati on nay be conducted in batch or
cont i nuous npde and the entire polynerization may take place in one
react or or, bpl¥merization Pregesseso| ynerizati on may be carried out in a series

added t ff”aﬁy Feach et dingt Epofificrs WP Bl ik Offor € AERINP PRipaltRY bE
15 in a multiple stage process wherein homopolymerization and copolymerization are
conducted separately in parallel or, preferably in series. In one embodiment,
propylene is homopolymerized and thereafter propylene and comonomer are
copolymerized in the presence of the initially produced homopolymer using the
above described metallocene catalyst systems. If, however, the copolymer is

20  prepared first, the subsequently prepared “homopolymer” is likely to contain some

traces of comonomer.

In another embodiment, the polymers of this invention are prepared in a

single or multiple stage process wherein copolymerizations are conducted in

25 parallel or, preferably, in series, or simply in a single stage. In one embodiment,
propylene and comonomer are copolymerized using the above described

metallocene catalyst systems.

Individually, each stage may involve any process including gas, slurry or
30 solution phase or high pressure autoclave processes. In one embodiment, a slurry

(bulk liquid propylene) polymerization process is used in each stage.



preferably, the conononmer is added to the second or subsequent reactor. 30
Hydr ogen nay be added to the polynerization systemas a nol ecul ar wei ght
regul at orwpr2os7f i r st and/ or subsequent reactors dependi RgTOO03ME WO
02/ 070572 PCT/ US02/ 02379 -25 particular properties of the product desired
and the specific netall ocenes used. Wen netall ocenes having different
hydr ogen responses are used, the additi®d-of hydrogen will influence the
nol ecul ar wei ght distribution of the polymer product accordingly. A

preferred TCR progutirrf polyhiesizitionhpioCess f‘g%nex@rrp ml@efﬁeprekmrqsrmstﬁatra@ei of the
hi gh nol ecul ar wei ght species of the total QZ provi de a favorable
bal ance of ¢&o@ 4110P¥nls&0r@10@h599 |a|fm9snhpteﬁdal?0%r hitp ﬂéou%&lé\l{%@ M EYFN ow

extract abl es, | v, Az, and. 000CHTRL ! 51 41° AT Aol dPCiBGnbld {SooCo TR N1V

in this case, SRS rogen are u zéd during

copol ymer i zadliugy p@@rmeﬂﬁﬁ@omSaedlsﬁttﬂsid’igoﬁ)gﬂliﬂn'@antlzzal‘a'teopblyiner inforeetadianent , i f
the reactors _in_series are 10 used, .then the conononer nmay be added to any
reactor Pn th@udepr e§upeFﬁ§Wé?/]erP°1ny?ré?faélPabIn}P iy e 1 o WBifmgoRdesd i to t he

second or SUBSEAERL, LARCEN: nlRos A GIETWATRAMI U 008D arRORgla

produced, if reactors In seri e use conononer sh
each react oremplogal ireshe ﬂx&lyi?@hyatmnsmledlunnearem;)ﬁ)rnmmple heen p]d{b.mmra of this

|nve|nt| on are eact }@biﬁeﬁﬁd Ofgmpfo(%?ﬁ % llfig‘)eggq%ﬁ ge hogo otlrl o %f and
copol yrer. ‘}5"5}? 0 Uk ’FTH?:?O ?}ﬁ]é ased on
the total \A%cg%eﬁiaubh%n@%w {rertQ06h aERXaRE BRMsobifthM 18Qhd PreBQraat %0 i n
anot her enbodi nent, and from30 to 70 wt % 20 honopol yner based on the total

wei ght dp th@nmﬂnylmtc pmpytmearsomwr as ertfodpotgmerizatipnandituset  embotienent ,

th I th t t stal |

copol ynar  whRTEPHIAEGE A tebihoh drar bSO rephE 0T 5B e o
the polymer 4806 ﬁPéﬁ%t@ﬁ‘l@%ﬂfré ftha kg of 08 ARUBBT toldbourrdefrom 0.5 to
10 i n anot her’ enbodi nent .

The periods of time for each stage will depend upon the catalyst system,

15 comonomer and reaction conditions. In the case where TCR is desired, the
propylene is be homopolymerized for a time period sufficient to yield a
composition having from 10 to 90 wt% homopol};mer based on the total weight of

the polymer in one embodiment, from 20 to 80 wt% in another embodiment, and

from 30 to 70 homopblymer wt% based on the total weight of the polymer in yet

20 another embodiment. In the embodiment where an RCP is formed, the propylene
and comonomer are copolymerized for a time period sufficient to yield a
crystalline propylene copolymer wherein the wt% of the comonomer based on the

total weight of the polymer is in the range from 0.05 to 15.

25 The polymerization may be conducted in batch or continuous mode and
the entire polymerization may take place in one reactor or, preferably, the
polymerization may be carried out in a series of reactors. If reactors in series are
used, then the comonomer may be added to any reactor in the series, however,
preferably, the comonomer is added to the second or subsequent reactor.

30

Hydrogen may be added to the polymerization system as a molecular

weight regulator in the first and/or subsequent reactors depending upon the



As shown later in the Exanples, a reactor blend of just crystalline

propyl ene honopol yners made in the different polynerization stages, using a
syst em of woiz@dsnet al | ocene cat al ysts, does provide an enlramaesomod379n film
orientability and good filmproperties over the case of a propyl ene

honopol ynmer 30 nmade via a single netall ocene catal yst. The

honopol yner/ copol ynmers in one enbodi ned#®-and copolymers in an alternative
enbodi nent of the invention, W 02/070572 PCT/ US02/ 02379 -26 however,
provi de a nopetiblmopbeiedal anc producbdaadd fantl the spetlis atutdllocynes ange and
rheol ogi cal properties. Any conpponer nmay be used to nake the polyners of
this inventi ¥hen nstploserasdigyipgdidersainiisegan reepogstsare veeds thsmddion of

al pha- ol efi bSL i 1 : -.hexene,
and 1 oct enen Bk, GRANEE B ol LI Wl kR e RAYERfroader 00
as 4-met hyl pacbeingll agrefethsd TR progact. forhés toasive phieedomanethedbe phease

conononers are_ ethylene, 1-pentene,  an - hexene. Diolefjns and clic
ol efins fray Bs b%‘i’j‘g gulag gye _és%er%rﬂq. té‘? F@M&%ﬂ%@@w%% AR@BEnd on
the type of Eﬁ&ﬁeowgo&n%lme%tﬁeﬁcﬂamig}g%ﬁh&ﬁ- breARink] f@upﬁe@”&@&f tih@n may

contain any anount of~ conononer as |l dng as the conponents of the
conposi ti on exrmiahlesy lpwt ezt and goddmogrture batrier ve thenlumt Ag€ordmghniontbis uni t s

based on the tohﬁl V\Bi%tt of tI]e Egl%mar 15 i.f icp t he rang/e of from0.05 to
15 W % i n on@SEriBotiMelh OVET kel o hygoger HEqifined SHBIHOPORMSBER A, and
fromO0.5 to feptiled Qui®t pPRERSHio8NMIRShéBRbodialRdt, fif @B redltdrs Ibsehieyvhi based
on the total weight of tri)'ue polymer in yet another enbodinent. Conversely,
t he pol yfrer esdpihendhke toroan@eeroBay begdded 9o propsacndn ubkg seridsab@devesn t he
total weight_of the palynmer in aqn dinen r w%in 20
anot her enb F%éanl{f}," g‘ﬁdy Fromes ! Eél‘td gé%go %s%cﬁnéecg%&%%ﬂ%g?{ gea tgcrji rrlélnt, and

from 99.5 t carfdthemMeobodmsnt enigenUn RICP Baneduced, if heactdrt &l seMbisglid uedd, thee
polymer in yet another enbodinment. In one enbodi nent of the invention, a
desirabl e feéamenemse sheyld be added to each reactor in series.

15 Polymers
In one embodiment, the polymers of this invention are a reactor blend of
crystalline propylene homopolymer and copolymer. The polymer comprises from
10 to 90 wt% homopolymer based on the total weight of the polymer in one
embodiment, from 20 to 80 wt% in another embodiment, and from 30 to 70 wt%
20  homopolymer based on the total weight of the polymer in yet another
embodiment. In another embodiment, the polymers of the present invention are a
crystalline propylene copolymer wherein the wt% of the comonomer based on the
total weight of the polymer is in the range from about 0.05 to about 15, and from
0.5 to 10 in another embodiment.
25
As shown later in the Examples, a reactor blend of just crystalline
propylene homopolymers made in the different polymerization stages, using a
system of mixed metallocene catalysts, does provide an enhancement in film
orientability and good film properties over the case of a propylene homopolymer
30  made via a single metallocene catalyst. The homopolymer/copolymers in one

embodiment and copolymers in an alternative embodiment of the invention,



25 conposition is the presence of conmonomer in the high nol ecul ar wei ght
species, to selectively reduce the crystallinity and inprove film

ori ent abi wWotog/oais7st ret chi ng tenperatures, while the honopairyrsez/23m gher
crystalline conponent provides the desirable filmproperties such as
stiffness and barrier. In an alternative enbodinent of the invention, the
desirabl e feature of the conposition is2hat the 30 presence of conopnomner
in the high nol ecul ar wei ght species are less than in the |ower nolecul ar

wei ght  specigsveveh) peovidPs eoré Grvbidble Bdlae o Bidaddtimaprot@vabilty rétgeindg
tenperatures. The hi gher nol ecul ar wei ght crystalline conponents that WO
02/ 070572 PalrelggralEepgties. 27 contain | ess cononomer (or no conmpnoner)
provi de the desirable filmproperties such as stiffness and barrier
strength. The polynmers of this invention also retain the | ow extractabl es
| evel s char act er i Ahy @ofonsmeg hey shd asedetoamaRe elte pblgsres op dliy ieveatiomhi ch are
typi callg under 2 wt 9% as neasured by 21 CFR 5 %77 520§1d)(3)(ij). w | |
be shown’| at¥efergbly je pompmamaer s splscisd i tae gipha-plelin gryR fPRRHIERbi ne the

Ui Tness angyhard | gl Pef bSOl | ROKRRO! oI anhae Weblhbirdignenfianced

| ow tenperature stretchability, reaks, of a random copolyner. 10
The propyl enenpoloymees andodubstiugedi cowembiners such apdrmetbylpanteye-$ wht alsbebef or

oriented and non-griented film | i cati ons and preferably have a wei ght
v nge. ol W AP ey of AR COmPRORHS e RIS e TrEreab e Be. 000 1o
about 1, 500,30k | DickThs@AR e IERNEfins| hAMAIaPBeIhsel00, 000 to about 1,000,000

i n anot her enbodi nent, from about 140,000 to about 750,000 in anot her

enbodi n8At, from 15 about 150, 000 to about 500, 000 i n anot her enbodi nent,

df b 2 000 b 00. 000 i h di . h
T ues Tor the aofhgnguls ot itnomal wst il a¥ing MO Soe B OSBRIy THE M

2, 000, 000 i narndesiedOpiopeiies. f TReNfirfaD @offYdsition ImbP @olfith iafy adied i@’ of
enbodi ment, and from 600,000 to 800,000 in yet another enbodi ment. 20
These pol ymetosnanamer as hang asfthg gomperentavdRthe cpmposigon fenpaa cpyskdlencofIng r om

general the amount of comonomer units based on the total weight of the polymer
15 is in the range of from 0.05 to 15 wt% in one embodiment, from 0.1 to 10 wt% in
another embodiment, and from 0.5 to 8 wt% in yet another embodiment, and from
0.5 to 5 wt% based on the total weight of the polymer in yet another embodiment.
Conversely, the polymer comprises from 99.95 to 85 wt% propylene units based
on the total weight of the polymer in one embodiment, from 99.90 to 90 wt% in
20 another embodiment, and from 99.5 to 92 wt% in yet another embodiment, and
from 99.5 to 95 wt% propylene units based on the total weight of the polymer in

yet another embodiment.

In one embodiment of the invention, a desirable feature of this

25  composition is the presence of comonomer in the high molecular weight species,
to selectively reduce the crystallinity and improve film orientability at stretching
temperatures, while the homopolymer, higher crystalline component provides the
desirable film properties such as stiffness and barrier. In an alternative
embodiment of the invention, the desirable feature of the composition is that the

30  presence of comonomer in the high molecular weight species are less than in the
lower molecular weight species, thus improving film orientability at low

stretching temperatures. The higher molecular weight crystalline components that



0.2 dg/mn. to 30 dg/mn. in one enbodinent, fromO0.5 dg/mn. to 20 dg/ mn.
in another enbodinent, and from1l dg/mn. to 10 dg/mn in yet another
enbodi merwo0 020hes7pol yners of this invention have a broadem®ed/usot/exsad ar

wei ght distribution as 25 conpared to polyners prepared with only one type
of netallocene catalyst. The polyners have a nol ecul ar wei ght distribution
(MM M) in the range of from2.1 to 10-4-in one enbodi nent, and from2.5
to 7.0 in another enbodinment. The TCR polynmers of this invention will have

a tailored cenedfiilésk @BmoBSmel @k hbReoadmEDPreGld g dedable film properties
honmopol yrer/ cogol ymer makeup and the presence of the conponent
cont ri but i ongchragstiaess apfl hareer pivengtho ddsepelmers of fiHe imyeptiopalsg felpid of this

i nvention Qr 0 [ dist | WO
021 070572 piF U, 6BAEIE, ARETRARILR: 0 A b GIOREEMIRTO
t he corrponenpolymetsrldahichoafe ftypmllyeaﬁideﬂfzttw%malrﬂleaslﬁaesbyusw CFRe
copol ymer speci es net al |l ocene w I I ge narr ow

conposi t Pon HWSH%OB@Q)GH “P%/HFI&QF Sh‘b’}’n tergn dhes Fxamplgsthe pelymges. ‘Hja@qu
pol ymers. Th v oo ﬁﬁgﬂi’eﬁﬁi‘etsh eS8 bh 2; mﬁ%&bgﬁgi‘ﬁés of %Hl%@@'lgg{&gggh@%ﬂhevel of

conononer, e rati o of honopol ymer sent produced
and t he cormthenemhann@brlpwr ampegattuen dectchabslityf Vmﬂ@ut noteakisdued] a raetlainl ocenes.
The design of tpe nol ecul ar wei ght distribution, tacticity distribution,
and conposi t Y8R St ri buti on of the final conposition depends on the

requi renents of the targeted end application. 10 The polynmers of this

i nvention can be blended with other polyners, particularly with other

pol yol eflons. Exanﬁh@@r@ylwowlmtsdogénbIlem!llslom arg pagieaweshn pwiskle Beropyl ene

rventi on exti el RartiEha) bk Fn PR e R EROL AR REWHER BBl i ¢

good bal ancemefechlap psiftite@MW)Ayt fid e Rarigeas mmmbdsmdzsmo ke absed to
prepare the oriented filns of this invention as the filmis

oriented at 168&P0GHceng ‘ﬁn}a‘tdlméﬁtsfro@h@%ﬁ 1@B00% a0 1,000, 000 in another
embodiment, from about 140,000 to about 750,000 in another embodiment, from

15  -about 150,000 to about 500,000 in another embodiment, and from about 200,000
to about 400,000 in yet another embodiment. The Mz values for the polymers of
the present invention range from 400,000 to 2,000,000 in one embodiment, from
500,000 to 1,500,000 in another embodiment, and from 600,000 to 800,000 in yet
another embodiment.

20

These polymers have a melt flow rate (MFR) that is in the range of from

0.2 dg/min. to 30 dg/min. in one embodiment, from 0.5 dg/min. to 20 dg/min. in
another embodiment, and from 1 dg/min. to 10 dg/min in yet another embodiment.

The polymers of this invention have a broadened molecular weight distribution as

25 compared to polymers prepared with only one type of metallocene catalyst. The

polymers have a molecular weight distribution (My;/Mp) in the range of from 2.1

to 10.0 in one embodiment, and from 2.5 to 7.0 in another embodiment.

The TCR polymers of this invention will have a tailored composition
30  distribution reflecting their homopolymer/copolymer makeup and the presence of
the component contributions from each of the metallocenes used. The RCP

polymers of this invention will have a tailored composition distribution reflecting



20 Typically, comercially desirable oriented polypropylene filns are
biaxially oriented sequentially or sinmultaneously. The nost common
practice woowo7sri ent the filmfirst longitudinally and PREAUSVIA3ME
transverse direction. Two well known oriented filmfabrication processes
include the tenter frame process and the double bubble process. 25 W have
found that the novel structure of the C'r2§stal | i ne propyl ene conpositions
of this invention translates to distinct differences versus standard filns
made w th tofialy' copadiimpr adikeasl apd dpy pesehcp @If the compmttne aomaibatonsi frém fil ns
produced with a single netallocene. As discussed in nore detail below 30
bi axi al st r et3hi Hgthet petallocarsviserat ThReCaPOIMRE! ofPEEISS sdsrivge 9 Bncalve a
substant| al | eiaR6QAELIIPEE GRASAH LonipdsANACIRRMuAN, BRI B Mnslkrached at
| ower tenperature. Stretching stu |e% at elevated t erature3 on cast
sheet s al ongmaabibiene-bdsedepilymars\WI 12fifad @B 7ADoRHGEHTH dBOERVBRA Wil d&fnd MD) and

transverse directjo TD) indicate that the fil of this . invention stretch
easily wht ho%’(3 ?%VFESEF%‘Q"%QmTIOG@rraE?!O %NOH@YPEHK‘Z{PQI H?eé%‘ltme?PPB Mared to
ZN pr oducedprgalgugul ang el Béﬂﬁllbﬁoma_ﬁ'iﬁcdﬁ&‘aﬁﬁ‘é e@nderfeRRaRF | ihky iddviggr ate at

significantly higher line speeds on comercial tenter frane lines, while
still 5 naknegllosenent edhii desghandi e goodcwararweight distfifuiioss tagtgityarri er

ties. The,final fil . this.i i cally b f
P Ckness. HSTLhURE o spBatliof disfitfiok Rhre L YorFRRasH dabsBeM ¥Bom 1- 200
m from 2- 15@quikerhéht&o0th eirg@BDOEH 4pphitatioand from 5 to 75 min anot her

enbodi nent. There 10 is no particular restriction with respect to draw
rati o old0filmstretching, however, preferably the drawratio is from about

4 to about 10 fol ?lhe]; 8{)1 I o @l ang{ltltl&lntcgrg be! bielFed M 5@1%% Z’?%ﬁré to

about 15 fold in nsverse direction in the case of
oriented filpsticdlahgmithdbthet poolefmnd Exansleeios esusli vedutdibegblesdsdesthr abl y
carried out at a tenperature in the range of from about 70C to about 200C,
15 desi r abl yeOVeMoBLRIOPEERE PYYHEBuUt 190C.  The fil s may be coextruded or
| am nated and/or may be single or nulti layered with the filmof the
i nvention

15" Films

The crystalline isotactic propylene polymers of this invention exhibit
exceptional film orientability and the films exhibit a good balance of properties.
Any film fabrication method may be used to prepare the oriented films of this
invention as long as the film is oriented at least once in at least one direction.
20 Typically, commercially desirable oriented polypropylene films are biaxially
oriented sequentially or simultaneously. The most common practice is to orient
the film first longitudinally and then in the transverse direction. Two well known
oriented film fabrication processes include the tenter frame process and the double
bubble process.
25
We have found that the novel structure of the crystalline propylene
compositions of this invention translates to distinct differences versus standard
films made with today’s ZN produced propylene polymers and compared with
films produced with a single metallocene. As discussed in more detail below,
30 biaxial stretching studies show that the films of this invention have a substantially
broader processability range and can be evenly stretched at lower temperature.

Stretching studies at elevated temperatures on cast sheets along machine direction



conprising at |east one conponent of the layers, typically the core |ayer.
The crystalline propylene polyners of this invention are also very suitable
20 for nowooeioarstzed fil m which can be fabricated using ca®CcTarsopdsen fil m
process technology. Like the oriented film the non-oriented filmcan al so
be coextruded or |am nated and/or may bhe single or multi |layered with the
filmof the invention conprising at | et one conponent of the |ayers. 25
Additives may be included in the filmpolyners of this invention. Such

addi ti ves an@Mbhehd triig®e@é dirggivar(@Dl) yndiedtd thattheriling of tes miventiohh#eeehi ncl ude
those comonly enployed with plastics such as heat stabilizers or

ant i oxi dant s?aSllhég}beO&%/béeék@g af|lpyergfesiehing iempemtaier Whie riosnpagsdgiveAils |

anti f oggi ng , i.stat] ents:. C i Ld er Jggﬁlc, [e i ents,

ul travi ol et g&%ggéegepgdbg;&%i Bh&ms??%bi f[:ﬁlzserqé(?&*tiéél I%er%gp3 ng6 o(%}%éa?ga ditives
i n convent i osighifiaamlynhigheElihe speads drevwemsneaciel kemanframe tihes,awhile axitd depend
on the details, of the ggfe ol.ymers, the ffﬂ)ri catjon.node and the end WO
02/ 070572 PCTAKIgs Srigniy §lims @’lé%)%‘i"?déﬁ?ri‘%ns.n eSS Rty ProRrdiSgenat ed and/ or
petrol eum hydrocarbon resins nmay be used as additives. The filmsurfaces
may be treated by any of the known nethods such as 5 corona or flane
treatment. | n addihé dmak tfime aofdthii§ linmeptior anayi iggnerallyy bearineny ithighnesand

converting operations e adopted to_ transfo the filmat the line into
Gonble. prodybousver qUereRBln ao R Ehers ot hiteraaee o B0 2t Horb 358 opr | at o
t abl es bel ow i J e | ow ng:
MFR was det e{’l%qr}gggt\;lfeg&%hg&mﬁg{g o(g?%ﬁ? %&'?/F Bﬂﬁ%@%&éﬁgﬁ@gﬁn@ :I[kgljemel ti gg
t enper atigr e isam mheti@iar ragdctidn with pespkcttte nipay aitivr es fifm retobidg) hinsevat,

10C/ min. heating . and cpoling rates. nmononer, _content was.determ ned via
FTI R measur eﬂrsﬁﬂwﬁx ﬂm ey attters fioma oot tq geoyipfyfol Ff%rr@@ﬂ?awgk/am@nteg

extractabl esglevgld #eR a@Sﬁtﬁéf 3] lgﬁﬂlt\{ijgol%]in%gtransjv'gl%e R {1:13&1& cdsedgd (i) .

Percent TREF extractables | evel was determ ned uring TREF (Tenperature
Ri si ng El uti biaxielpotiewedfiiron) Largitudapt 6dPnasd dansverse stretching is desirably

carried out at a temperature in the range of from about 70°C to about 200°C,
15 desirably from about 80°C to about 190°C. The films may be coextruded or
laminated and/or may be single or multi layered with the film of the invention

comprising at least one component of the layers, typically the core layer.

The crystalline propylene polymers of this invention are also very suitable

20 for non-oriented film which can be fabricated using cast or blown film process
technology. Like the oriented film, the non-oriented film can also be coextruded

or laminated and/or may be single or multi layered with the film of the invention

comprising at least one component of the layers.

25 Additives may be included in the film polymers of this invention. -Such
additives and their use are generally well known in the art. These include those
commonly employed with plastics such as heat stabilizers or antioxidants,
neutralizers, slip agents, antiblock agents, pigments, antifogging agents, antistatic
agents, clarifiers, nucleating agents, ultraviolet absorbers or light stabilizers, fillers

30 and other additives in conventional amounts. Effective levels are known in the art

and depend on the details of the base polymers, the fabrication mode and the end



alternate nethod to quantify the generally | ow nol ecul ar wei ght, high
conononer -cont ai ni ng species that are prone to be mgratory and

extract abWwe.o2ioms2D t he TREF experi nent (ExxonMbil Chem caicT@sopeasys met hod;
see Wld et al., 20 Journal of Polynmer Science, Polyner Physics Edition
441 (1982); U.S. 5,008, 204; and WD 93/03093) these species are the ones
that do not crystallize at OC but remaid-in the solvent at this
tenperature. While the absolute |evels of hexane and TREF extract abl es

will be di ffﬁfrﬁﬂéﬁorﬁ I dddnioie hh@egeriddVirdforetfoleam Bairbdaith @aih@mafhe
isotactic index was determ ned by the nethod of 13C NVMR spectroscopy as

di scl osed i nbeamed ayaqditiygs. Mol ecul ar wei ghts (Mh, My, Mz) were deterni ned
by Gel Perneation Chronmatography (GPC), a well known analytical procedure
to quantify nol ecul ar wei ght data. The pol ydi spersity index was also
determ ned by dyn@hé €l heshceshaayet efcard Wi asusithd Knpwir methodnsieh &l ., 30
9 Journal of Plasti¢c Filmand Sheeting 22 éql993). WO 02/ 070572 .

PCT/ US0260235@ona an flamgitseatsient. £h a3qibpn siapdard HilRgPieesssie dfentdnegingly an

Instron mac hérgiec%l}l(v%%g Lodnlailag%)ls \Pﬁiyebec 9(#%%@ f?)dtrﬁflg'{o?rgsﬂh@‘i AIRY aSBE 1AL iRQ! YITEr' S

anal yzed vi a stretchrng. e key rence 1s the sinultaneous
bi axi al st r etwmblengodystsovi ded by the T. M Long machi ne versus a sequenti al
stretching provided by 5 the Instron machine, simlar to the operation of a
typi cal commercial tenter frame nmachine. The stretching nmeasurenents on
the Instron yeyiméepodycted as follows: Cast extruded sheet (typically 600
m thick) was cut along the nmachine direction to (MD) into strips 76.2 nmm
wide. AlStrip was gestppetiodreanseliated hethe apprapniatehiablen detown. Otherdpgingpr i at e

was i nt ai net PRCE En ol RTDERME MER Rhad BB v Bioer ot o e

of 110C. Thepk@aera9TM ) 1238106 AbE LD IMendEsg Rgickitoreaths Rérag@d to the
sanpl e. The sanple was stretched to 700% al ong the MD in the 15 Instron at

a tenper at ur fowf pepk ganpergtusessiromt RHEC myny ait 0°6/mB0 heating #rchcoolinggpteshe VD
stretching, bhe san‘gl e has heléjetat .YQp% edensLon whi Ise(gaﬁgragetaanber‘ doors

omonomer content was ermined via measurement VETSus

15 BC NMR). Percent hexane extractables level was determined via 21 CFR §
177.1520(d)(3)(1) and (ii). Percent TREF extractables level was determined
during TREF (Temperature Rising Elution Fractionation) and represents an
alternate method to quantify the generally low molecular weight, high
comonomer-containing species that are prone to be migratory and extractable. In

20  the TREF experiment (ExxonMobil Chemical Company method; see Wild et al.,
20 Journal of Polymer Science, Polymer Physics Edition 441 (1982); U.S.
5,008,204; and WO 93/03093) these species are the ones that do not crystallize at
0°C but remain in the solvent at this temperature. While the absolute levels of
hexane and TREF extractables will be different, the two methods provide similar

25  trend data. The isotactic index was determined by the method of *C NMR
spectroscopy as disclosed in EP 0 747 212. Molecular weights (Mn, Mw, Mz)
were determined by Gel Permeation Chromatography (GPC), a well known
analytical procedure to quantify molecular weight data. The polydispersity index
was also determined by dynamic shear rheometer as discussed by Drickman et al.,

30 9 Journal of Plastic Film and Sheeting 22 (1993).



wer e opened and the sanple allowed to cool down to anbient tenperature. The
sanpl e (about 100mthick) was renoved fromthe chanber and cut al ong the
ori gi nal wopanswsrse direction (TD) into 25.4 nm wi de stri p€T/UAZ023TP oOf
appropriate 20 length was again gri pped between jaws on the Instron. Two
different TD stretching conditions were used. Case 1: 25.4 nmmjaw
separation, 1,100 % TD stretching rati 31508 mmnmin. stretching speed,
different stretching tenperatures varying 25 from 100C to 150C. The strain

rate for this straggitiong biexidi tsiredhing mebawémentGRbtgpen NGt enachftase 2:
12.7 mm jaw separation, 2,200 % TD stretching ratio, 1270 mm mn.

stret ching siéeds! 1423¥ weterrondusied eniangimilamselr of RRls@essa0phRed vaoTs Mm 120C

to 160C. Th ' at e i §; chi it LSy 11,000 %
per i nute. W3rBsiBly SRk b SiBaaEE Y 8 FRMMhiAR bl afbenik P,
was measur edpronidad bpehé @r M.i lLongSeatidne vémudelse®Entiatstietvhirigeprpeidad bye shown
in the tabl e%. After conditiqping at 23C for. 24 hours, seal strengths were
measur ed> usi 1§ [BsUORmRAINS; Sindiasiq s opsaHPR T adyrs ICPHﬁneE‘E)‘ﬁﬁﬁeP'iebffg re
206. 8 kPa segl.pressure, 0.5 second seal dwell tinme, 2.54 cmwde film
strips, 3 test specinmens per sanple, 50.8 cmper mnute test speed. Shrink
tension force (Table 12) was determ ned by nounting a filmstrip, 2.54 cm

i de and cut al th in the f | nst hi del 10
1199) " The ' separ aftb Tt man e ERES 05 BurchaeBn o RaRIsR g6 JP e RRirber
surrounded tfg leRided WRBtGRARAY 60D3GE 1Y whsi&it ARAL SRk AAChiROBEEQIned O

desired tenperatures to induce shrinkage and the asSoci ated shrink tension
force i t h@MD) limto sépsl Hs2 nkix peide.nehtsgipwae goppeil betedenthegjate mpethat ur e of

110C. The fjlmstrips were unied faut at anbi.ent tenperature é |.I owi ng
whi ch t ho 1510ERUE r OAERIEN e EBLAT G EPpS0 ZHaVneot BRHGIE? GF 65ai sed t o
110C. Once thg. TRSaniphiRas hlhifndBs MeRCResmetthliecHafber Rthedfftidnuiad for 20
mnutes at this tenperature. The tension force developed in the filmfrom
the time of femperature of 110°C. The témperature thermocouple probe was positioned
adjacent to the sample. The sample was stretched to 700% along the MD in the
15 Instron at a temperature of 110°C and a stretching rate of 50.8 mm/min. After the
MD stretching, the sample was held at 700% extension while the chamber doors
were opened and the sample allowed to cool down to ambient temperature. The
sample (about 100pum thick) was removed from the chamber and cut along the
original transverse direction (TD) into 25.4 mm wide strips. A strip of appropriate

20 length was again gripped between jaws on the Instron. Two different TD

stretching conditions were used.

e Casel: 254 mm jaw separation, 1,100 % TD stretching ratio, 508
mm/min. stretching speed, different stretching temperatures varying
25 from 100°C to 150°C. The strain rate for this stretching condition is

about 2,200% per minute.

e Case2: 12.7 mm jaw separation, 2,200 % TD stretching ratio, 1270
mm/min. stretching speed, different stretching temperatures varying
30 from 120°C to 160°C. The strain rate for this stretching condition is

about 11,000 % per minute.



| oadi ng was recorded on a strip chart recorder. The final |evel ed-out force
reading when the filmhad equilibrated at 110C was taken as the shrink

t ensi on fwWO®RNOAS720 that tenperature (g force). Two runs PET/GSaNA3®9 wer e
conducted at 110C to check reproducibility and average the data. Film
processability determ ned as follows: Sanples were stretched on TM Long
stretching apparatus; MD x TD stretching2ratio = 6x6; preheat time 27 25
sec; stretch rate 76.2 mm sec; the initial sheet thickness was about 600 m
the final stretched filmthickness was about 20 m wherein E = Even
stretch, U= Uneven stretch (i.e., unstretched rks/unstretched regions),
B = Break, S = SaH§ttnga atrmeth (TableoAeB) was ﬁé‘aﬂl‘&g@&)?T llerdilpopealest i ng of

14330, D xFReLFE Lt RaBRSnbuE plMe R SAEE] KR RgnARRR 2L Rt

t hi ckness we detwr sediedrengihagware peadurddonehgrd Uaed simstatpasmaddngper ASTM
D 1003; d os )er ASIM D 2457; 02/ 070572 P us02{ 02379 . -.33 R (wat er
vapor t rénsn§ ng qonditiens were 2&@'%\%33 S§9LPIESFUIfs Sl-geseﬁ? %ﬁaf 5‘@5“ LAY 2P% secant

modul us was JRJGH fih E&ﬁgs,fﬁ%\{' sgeé%ns WEESSO@ cRPPR InGAut 18t sperfp! es: 1-9,

data for which is in Tables 1- are di scussed below and exenplify the
case of having a dual netall ocene conbination to forma crystalline

pol ypr opyl ene conpgsi.t,ion .t hat i TCR.  Sanpl es 2A and 2B . are.

propyl ene pol yner sgﬁ%ﬂ‘sﬁeg?‘% TGy f‘i?%{eh@w@igﬁf‘%ﬁ%%‘é%‘@%? ll%lossﬁb%r ed

agai nst  sevesflonRi®! dracan Qidiashe MDIiCaRYent iof raallnat&gxhlaémﬁagmadélzl\l)

based propyl ene 10 polyners as foll ows. gSsa(galge 3 was prepared fromthe sane

met al | odeéne bE@2al yBie sepawptipeof (thoadvs siap mpedl fodenasntal sbambey nake
Sanples 1, 2A_and,2B.. bu 4. ho in n re. nd 5
T e b AP, b AR BRORIRS wRTRRD] 90,

were prepared froma si ased catalyst;

honmopol yner, destied eenfr@ines 3o ¢atucaishsnkage Ayl eifcasldsciaedBhonie tensibhefordy
produced propyl ene polyners are Sanples 6, 7, 15 8 an . Sanples 6 and 9

5 d 9. S
are pol ymer singhe 8bnpBPleedEpsyisRety Vaecpnduciedstiaemgerturg 853:][@9- bihénd of
propyl ene hogmpal Yite tyefd Gn AMERY k&R CatC ARBlNREmpethtiid F51SWink NGhich the

15 environmental chamber was closed and the temperature raised to 110°C. Once the
test temperature was reached, the test was continued for 20 minutes at this
temperature. The tension force developed in the film from the time of initial
loading was recorded on a strip chart recorder. The final leveled-out force reading
when the film had equilibrated at 110°C was taken as the shrink tension force at

20 that temperature (g force). Two runs per sample were conducted at 110°C to

check reproducibility and average the data.

Film processability determined as follows: Samples were stretched on

TM Long stretching apparatus; MD x TD stretching ratio = 6x6; preheat time 27

25 sec; stretch rate 76.2 mm/sec; the initial sheet thickness was about 600 um; the
final stretched film thickness was about 20 pm, wherein E = Even stretch, U =
Uneven stretch (i.e., unstretched marks/unstretched regions), B = Break, S =
Sagging (abbreviations in the Tables). Films for testing of film properties were
prepared on the TM Long stretching apparatus at 143.3°C; MD x TD stretching

30  ratio=6x6; preheat time 27 sec. Film thickness was determined using a

profilometer; Haze was measured per ASTM D 1003; Gloss per ASTM D 2457,



i nvention polyners but prepared from conventional ZN catalyst. Product
PP4792 El is an exanple of Sanple 6. Product PP4782, at a slightly | ower
MFR (2.1 woansos72. 6 for PP4792 El) is an exanpl e of SanplreTAiSoSBeaspd es 7
and 8 are 20 conventional random copol ynmer pol ypropyl enes. Products PP 4822
and PD 9012 EI are exanples of Sanples 7 and 8 respectively. The ZN
products above (Sanples 6, 7, 8 and 9)‘3§re avail able comercially from
ExxonMobi | Chem cal Conpany, Houston Texas, USA. Table I A and Table 113
provi des CchWWIR ewatzavapn thasmission aateppergA SENMPF 8921 Temsil® .prdpestidsedna "2 MCN'
refers to the 25 case where two rrgial ;{gg ne %gﬁal yst systens are used. The
i ndi vi dual  hesstanbriedelas tae msasured Per PR&‘same or different. The

copol ynmer, Sanple 1, was prepared by using a catal yst systemthat enployed
an equinolar mx of two netall ocenes on a silica support. The catalyst 30
system was pEXAMBHESs follows. In an inert nitrogen atnosphere, 8.0 g of

di et hyl si | iyl bis(2-pethyl-4- AN | ) z) j dichlorid
Corbi ned w tSABIES 1190 SRHIER Fot SHP AHEANAGS &t 3SR gt A OISHYIL PHEBNT um VIO
02/070572 PCHUSQ24 A3 1Re _c'a§E4o|F] 'hﬁblhqua @ﬁalaﬂfé‘ltafl%Qerﬁ &mBfatt¥n’@o form a

met hyl al unoxane sol'ution in toluene (A bemarle Corporation, Baton Rouge,
LA). 860 g ofrystalline pelymeopytaaid edmpositiph thag is nd CRs oBamples 1, Sapad 2Bk 939 ¢
M5948 silica (1.6 cc/g RQr e v.0l une. o avai | a@l e i.{lom Davi son ghem' ctal

Di vi si on of RAPPHEneofmersgeonsistent with fts inventeny, Theseavege gompared 4€81sts 0o c i n
a stream of Jehver R@talobéRASReIaRd ehdBohd Titdler-Nakn (28] based PR&yddrieONn
vessel. Wth the agitator on the netall ocene - alum noxane sol ution was

added t dot hepdympisas falfqwes: Samaple Bovasoprepared Fomuthe samgimgtallpceneataligtd f or

one hour an%a%g’e{kgxﬁﬁgﬁgt%sm@tgﬁ&iteﬁgs)ttge& p?em[\éﬁg ggjalpllég Shighty %1113{ %lggen

purge was a ottomo vessel "to al N réenovin

vol atil es. Awithdie 8ing afy ddneliomerg Sahpleg4aindfs eerd bapured Bahidsingle

obt ai ned. Anal ysis showed a | oading of, 8.95 w% Al and 0.17 wt% Zr with an
Al Zr ol ar Pselieccas-basd caiagy §i‘mB]§t4c‘ﬁég‘OHPPPW@eé’a‘t’]é‘Il%é‘imé9étcéﬁﬁaWér e

Corbi e o BAACE ST R eRRR L RO S 1T
15 8 and 9. Samples 6 and 9 are polymers of controlled crystallinity, comprising a
reactor blend of propylene homopolymer and propylene copolymer, similar to the
invention polymers but prepared from conventional ZN catalyst. Product PP4792
El is an example of Sample 6. Product PP4782, at a slightly lower MFR (2.1
versus 2.6 for PP4792 E1) is an example of Sample 9. Samples 7 and 8 are
20 conventional random copolymer polypropylenes. Products PP 4822 and PD 9012
El are examples of Samples 7 and 8 respectively. The ZN products above
(Samples 6, 7, 8 and 9) are available commercially from ExxonMobil Chemical
Company, Houston Texas, USA. Table 1A and Table 1B provides
characterization data describing Samples 1 to 9. The term "2 MCN" refers to the

25 case where two metallocene catalyst systems are used. The individual

metallocenes themselves can be the same or different.

The copolymer, Sample 1, was prepared by using a catalyst system that

employed an equimolar mix of two metallocenes on a silica support. The catalyst

30 system was prepared as follows. In an inert nitrogen atmosphere, 8.0 g of rac
dimethylsilanediylbis(2-methyl-4-phenylindenyl)zirconium dichloride  was
combined with 6.0 g of dimethylsilanediylbis(2-methyl-indenyl)zirconium



15 by weight to 80 parts by wei ght Drakeol TM 35 avail abl e from Penreco,

D ckinson, Texas) for ease of addition to the reactor. The procedure for
pol ynmeri avog28aspi e 1 was as follows. The pol ynerizati onpaagSepodocted in
a pilot scale continuous, stirred tank, bulk liquid 20 phase

pol yneri zati on process enploying two reactors in series. The reactors were
equi pped with jackets for renoving the h¥at of pol ynmerization. The reactor
tenperature was set at 70C in the first reactor and 64C in the second

reactor. Cafizhpside wag 78@¢d cA30an’e aletliyidlegok@leasobftion ighdlueneliAlbémyreal um num
(TEAL) was enpl oyed as scavenger and fed at a rate of lqg m/hr of a 2 wtw%
sol uti on of ©3rPpEAion; Bagy Reres ol-fént 860k telnene,ias raddeditto filutg ghest about

73 kg/hr 1o (hgdd T8l aritaggiggrgog{s%gﬂgﬁ (F5 QKRR vk Do ERRARD HofrPac! Of

Et hyl ene cononomer S a € seco reactor at a rate as
needed to reBalison N"ChemioxleTdVisioni € oMpoRat Geaee ofBadtoote, OMD )wiptévadusiyl ene i n
the final polyner. drogen was added for nol ecul ar weight control at 500
mppm i n the f¢hyeratediocdQC iRG degam <i>foﬂ0\swgdmr%e@swa%§lm%f‘g'eﬁ9 Hmsatelvat t o the

second r eact gl BSh JENEE iflERe YEIRoRR W RedlochOW Subihdif Ly T eact or

and about 2 rsint second r&actor. e production rate of polymer
was about 32wkghltided tohthe pibicy.mAftenadditios o dliggsduticromuxihg co¥ifi2d A2

PCT/ US02/ 02379 -35.reactors as a granul.ar product having an MFR of about
2.0 dof i n. Ao ChER AR GS ABPHeh i theov Sy oi Hgh) DEIOREH PHYEC Wes

i nter medi at e,RfeaqyGhe botRIM bPthel ves§dl to hRIBRIEMSREWRE valahREPRANPERPYE Ene
with an MFR of 4.0. 5 The copol yner, Sanple 2A, "was prepared using the sane

cat al yst0sysdeiing ki pof fmeflowing sidpvaceltuined adndlysisshbwed aieading of  Sanpl e
1. The only i.f ference i.ght increase in.the £thyl ene cononomner
feed to the §'gé3ﬁégPQ§cW?%¢?§u‘??m%Apzrgw?%\fé}}oa?ﬁg@t hyl ene i ncor poration

in the final product of about 1.0 wt% The final granular product had an

MFR of about 1.0; that of the 10 intermedi ate product fromthe first
react or about 4. 0Sewsalibaphes eiethe catalysipivstem wergrr@nibapedctgpseyide sufficisntt or

blend of a hygRl ek MR INHIRPAMILRPHHEGtaWst By sfem WAY MFR.ARA S GRPO! yITer .

15 by weight to 80 parts by weight Drakeol™ 35 available from Penreco, Dickinson,

Texas) for ease of addition to the reactor.

The procedure for polymerizing Sample 1 was as follows. The
polymerization was conducted in a pilot scale continuous, stirred tank, bulk liquid

20  phase polymerization process employing two reactors in series. The reactors were
equipped with jackets for removing the heat of polymerization. The reactor
temperature was set at 70°C in the first reactor and 64°C in the second reactor.
Catalyst was fed at an estimated rate of 5 g/hr. Triethylaluminum (TEAL) was
employed as scavenger and fed at a rate of 160 ml/hr of a 2 Wt% solution of

25 TEAL in hexane solvent. Propylene was fed at a rate of about 73 kg/hr to the first
reactor and about 27.5 kg/hr to the second reactor. Ethylene comonomer was
added only to the second reactor at a feed rate as needed to result in an overall
incorporation of about 0.8 wt% ethylene in the final polymer. Hydrogen was
added for molecular weight control at 500 mppm in the first reactor. No addition

30  of fresh hydrogen was fed to the second reactor. Residence times were about 2.75
hours in the first reactor and about 2 hours in the second reactor. The production

rate of polymer was about 32 kg/hr. The polymer was discharged from the



The copol yner, Sanple 2B, was prepared using a simlar catal yst system 15
and pol yneri zati on procedure as described above for Sanples 1 and 2A, with
sonme nodiwoganr@sns. On catal yst, M5 952 silica (Davison Cremiusat/23D vi si on
of W R Gace, Baltinore, MD), previously dehydrated to 600C under
nitrogen was used instead of M5 948. Also, following the addition of the
net al | ocene/ al unbxane m xture to the si ’r3|5ca a solution containing Kemam ne
AS 20 990 (Wtco Corporation, Geenwich, CT) in toluene (1 wt% of AS-990

based on weieghtbrsods #glahtla) praactalsidas zirDMFlEoﬁththl Ooéd/anie ahditideneOn
reactor polynerization, théa reactor levels were adjusted to provide a
70% 30% spl i fevelped alah Opgr Sdthet Enelyatiomof e fgrae léF?dp@éE@nﬁometaétfHFts

versus a 55% éé“{? ?%l“gh dﬁg@%&gﬁ%ﬁg%ﬂp@& Sgmples 1 and 2A. 25 The

honopol yner, epared usi ng t e two- netall ocene m x
descri bed above. Several batches of the catal yst were conmbined to provide

the charge for th ol yneri zatio The cat al. stem was oil
slurri edg(15 vvt%ﬁ‘%?o%’ég’%er a%iﬂgﬁi‘?’ wias repaed Pl %tﬂEﬁXa CaMESt Y E®dur e for

pol ymeri zi ngan%age yneiz4f@ch ??ocfe&hﬂeox\.@ deddifBed p&%vé“%f Zahigpd mastiopdycted in
a pilot scale continuous, stirred tank, bulk liquid W'02/070572

PCT/ US02/ 023di¢ferengd6 wrlsaes ehgmImreasezatthonﬂpfdme@mmnmeofwdgmtnhe seeact ors in

series. The reactors,wer.e Wi th ck ts.for re heat of
o Vi i 2ot i BROSHRERIAER an YRR acbREOEER i fe AT B0l SrPouf

reactor and 64Gyion. thRe %ﬁpgﬁhnhﬁﬁcﬁreduct Hadl & WR\MSaHoﬁﬁlc’d ARt 66 tHemat ed
rate of 13.5 g/hr. Triethylalum num (TEAL) was 5 enpl oyed as scavenger and

fed at dOr at @tqymeélam prafluct fesim gheofitgt oseagior @bowrt-&f vaolymﬁmh@mn@s dol vent .
Propyl ene ?g’[ %}I?ﬂ'lse%dt £aQr BRAY LS Qashlgbggf ER Ror}l&)eo raS)%lener &aglor and

about 27.2 kg € second reactor r‘ogen was a mol%ecul ar
wei ght cont r ol BIFRS@AdémRopdlpmehe first reactor and 900 nppmin the second
reactor. Residence tinmes were about 3 hours in the first reactor and about
The copolymer, Sample 2B, was prepared using a similar catalyst system
15 and polymerization procedure as described above for Samples 1 and 2A, with
some modifications. On catalyst, MS 952 silica (Davison Chemical, Division of
W. R. Grace, Baltimore, MD), previously dehydrated to 600°C under nitrogen was
used instead of MS 948. Also, following the addition of the
metallocene/alumoxane mixture to the silica, a solution containing Kemamine AS-
20 990 (Witco Corporation, Greenwich, CT) in toluene (1 wt% of AS-990 based on
weight of silica) was added to the slurry before drying. On reactor
polymerization, the reactor levels were adjusted to provide a 70%/30% split
between product made in the first and second reactors, versus a 55%/45% split

during the production of Samples 1 and 2A.

25
The homopolymer, Sample 3, was also prepared using the two-
metallocene mix described above. Several batches of the catalyst were combined
to provide the charge for the polymerization run. The catalyst system was oil
slurried (15 wt%) for ease of addition to the reactor.
30

The procedure for polymerizing Sample 3 was as follows. The

polymerization was conducted in a pilot scale continuous, stirred tank, bulk liquid



10 2 hours in the second reactor. The production rate of polynmer was about
25 kg/hr. The final polynmer was discharged fromthe reactors as a granul ar
honmopol yreo 02prasduct havi ng an MFR of 2.0 dg/ m n. The hon®pdlusare237Ganpl e
4, was prepared using the netallocene catalyst 15 systemrac

di net hyl si | yl bi s(2- net hyl - 4- phenyl i ndenylgrzi rconi umdichl oride, activated
wi th met hyl al unoxane and supported on st36rca. The catal yst system was
prepared in the follow ng manner. A precursor solution was prepared by

conbi ni ng 34ghAe pblyaferivhtion prg&:smg}Hyiﬂ SURNRX Aotk fin bedles e Mae (Aktesratiee Corp. ,
Bat on Rouge, LA) representin nmoles Al with 6.36 g of
di met hyl si | yeasfirged- with ipekess gcnewwavmgn&@nmaytzqfr wﬁmemadioem dhe geaq@. 01

noles Zr) by, stirrin ng was
conti nued fotre"?gra}h“ﬁq?'aessse?%zgoé g‘cﬁlﬁ sfi)rls4 s6f Of ?on%4§(gg‘§q5 &;&)E& Hac{é’ded to
392 g of Davisa@ystMeadd a8 ah efandtdd RESHOI mrgﬂuvqklumlalﬁﬁlnaﬁﬁaﬂm)awisr om W
R Grace, Davison Chemi cal Division, Baltinore, Maryland) previously

heated t& 60eTplgriebes srvenggeand fThat 2 k(¢ of %ml/mlermf@ wi%aselution p6TEAL silica

por e vol ume e dud Qe BRkySIA We.CPUSL STSRGK &fs JATR: 8R0¢ A ves

dried at reduce press cuu enpératures as |gh as
50C over 16reacor and 4185ut52'g2fkg7i&| ty theviedeill rdacee- fHphbpeh sakiaddedta yst

were obtained. 30 Elenental analysis showed_0.09 vvt%g nd 7.37 W% Al .
WO 02/ 07057 2mplesplastysighd soutrol %ﬁoéévmunmﬁ@ﬁégeaaﬁorea 89@&%%&8}% ver e

conbi ned to &rceeq Pe%ct%peR%%ra&%gérﬁ Mwélrggbmlavmg ZEhk Pst fré’zg:tcgma Hahel yrs]t

system was oi l urried for ease o ition to
react or .10The2 poars endmee;ei’:(md padtymeltiezirodpcBanpdte of golymsr was alajuk @Svskg/h]'he

pol yneri zat i nduct ed.in a ot scale, two reactor i huous,
ri T red tankihedng rgarasanabegebbish HERetiusdh o GaRuReuRRAcRE i th
j ackets for agyllﬂagmrgthgm?gtofgfo%wrerl zation. The reactor tenperature
was set at 70Cin the first reactor and 66C in the second reactor. Catalyst

was fed at a rate of 6.6 g/hr. TEAL (2 Wt % in hexane) was used as a

fsggv:gg:r 1?5 7 2| ur?be hﬁl%olg'olymg{ I%ampl hl? \gaastp% aréd tﬁlmrgetgll?ocege cz?tgl%)l\s/te Was

15 system rac dimethylsilylbis(2-methyl-4-phenylindenyl)zirconium dichloride,
activated with methylalumoxane and supported on silica. The catalyst system was

prepared in the following manner.

A precursor solution was prepared by combining 343 g of 30 wt%.

20  methylalumoxane in toluene (Albemarle Corp., Baton Rouge, LA) representing
1.76 moles Al with 636 g of dimethylsilylbis(2-methyl-4-phenyl-
indenyl)zirconium dichloride (0.01 moles Zr) by stirring. Then 367 g of toluene

was added and stirring was continued for 15 minutes. The precursor solution
(625.9 g) was added to 392 g of Davison MS 948 silica (1.6¢cc/g pore volume -

25 available from W. R. Grace, Davison Chemical Division, Baltimore, Maryland)
previously heated to 600°C under nitrogen. The ratio of liquid volume to total

silica pore volume was 1.10. The solid had the consistency of damp sand and was

dried at reduced pressure (483 mm Hg vacuum) and temperatures as high as 50°C

over 16 hours. 485.5 g finely divided, free-flowing solid catalyst were obtained.

30  Elemental analysis showed 0.09 wt% Zr and 7.37 wt% Al.



10 mineral oil and was flushed into the reactor with propyl ene. Propyl ene
nonomer was fed to the first reactor at a rate of 73 kg/hr and to the
second rewoten7@r2a rate of 27 kg/ hr. Reactor residence PCRaSOas23zbout 2.3
hours in the first reactor and about 1.7 hours in the second reactor.

Pol ymer production rates were about 16 kg/hr in the first reactor and 8
kg/hr in the second reactor. Polyner was$715 discharged fromthe reactors as
granul ar product having a MFR of 4.3 dg/nmin. The copolyner, Sanple 5, was
prepared using thgevari EUaidh@ﬁBﬁcﬁ@lty@ﬂ é&%ﬁem SNeed @cmlbmed to provide the charge

rac-di met hyl si | anedi yl bi s(2-neth - benzo- |nden éﬁ:rconlun1 di chl ori de,
activated wifon thepelymstizgatooama. aﬁtﬁ msrswetgmowa%m iskriedrfarakeql B, >1§t 20

o apar cd by ERRLI Y weraied R BIPE TR pr e B A g b s
(Al benarl e Cpips as BoMR. RhegRly nLe&\)zaﬁ@pcmecsﬁdua@d i a plloNaks twid reaa:foh 8.45 g
of di net hyl si |l anedi yl bi s(2- net h benzo 25 indenyl)zirconium d| chloride

(0. 015 mbl escantinuens, stinred fank, bqiigémumghage Frocess: udhe reagEss AgEreRAUWPREdst i rri ng

was conti nue 3ﬁﬁg 783 g of
Davi son M594 ltm Clk(%g 1’&@%&1 lag -;I)Egereg&\[}o% ?ﬁﬁergé\%é? ab e\,\ggcc}?nfaI ﬁhgr ace,
Davi son Cheniv@ﬁbetlat VO fnthe Bkt reBd@bandMB6°y) iantle s¢uold iredesdry (edyedvdso  600C

under nitrogen. The ratio of liquid volume to total silica pore volume was
30 0.95. Thefeddt adatgmicad athrdriEAdn (2 Wi%enfheygna gvasTised %aéﬁqwe@gerveérae

ac i gh s V0] bk, ABSRSNbG s BINEGICRIIT EREARRIRCET LT e

finely divi degherdlroglearidl voas iﬂlg;hs@intd tlibalfe@dtyﬁtwthkpr@ylﬂbt &Irm@deneﬁheﬂifﬁﬂéral
anal ysis showed 0.13 wt% Zr and Sev tches of this

catal yst sysWéﬁfe\ﬂéPéh"c@ﬁ‘bfeﬁ@@r fipa Wﬁepﬁﬂ hg/hewéf} &&eéew UFFET & drratche
pol ymeri zat el ggﬂ%vﬁw&o} I%Sfaéh&guﬁle %Lb)flﬁ‘EE%B%hfs% Jﬁg g&@t%ac MRl ne AS

990 (avail ab Corp., Geenw c was a e catal yst
dry solids. dtvatdat kdwsin vdessecoehreattor.sPotymeaprodrciike ahtEdweidabud)l 6f or

ease of addiipn.to the reactor, tg The progedure for pol ypgrizing,Sarpl e 5

15 discharged from the reactors as granular product having a MFR of 4.3 dg/min.

The copolymer, Sample 5, was prepared using the metallocene catalyst
system rac-dimethylsilanediylbis(2-methyl-4,5-benzo-indenyl)zirconium
dichloride, activated with methylalumoxane and supported on silica. The catalyst

20 system was prepared in the following manner.

A precursor solution was prepared by combining 837.4 g of 30 wt%
methylalumoxane in toluene (Albemarle Corp., Baton Rouge, LA) representing

431 moles Al with 8.45 g of dimethylsilanediylbis(2-methyl-4,5-benzo-

25 indenyl)zirconium dichloride (0.015 moles Zr) by stirring. Then 249 g of toluene
was added and stirring was continued for 15 minutes. The precursor solution was
added to 783 g of Davison MS948 silica (1.6cc/g pore volume - available from W.

R. Grace, Davison Chemical Division, Baltimore, Maryland) previously heated to
600°C under nitrogen. The ratio of liquid volume to total silica pore volume was

30 0.95. The solid appeared dry and free flowing. The volatiles were removed by

drying at reduced pressure (737 mm Hg vacuum) and temperatures as high as



pol ymeri zati on of propyl ene/ et hyl ene copol yner was conducted in a pil ot
scale continuous, stirred tank, bulk liquid phase polynerization process
enpl oyi ngwowe/o765eactors in series. The reactors were equi poadoee/ti379 acket s
for renoving the heat of polynerization. The reactor tenperature was set
at 55C in the first reactor and 15 51 Cin the second reactor. Catal yst was
fed at rate of 9.2 g/hr. Triethylal um ™ém (TEAL) was enpl oyed as scavenger
and fed at a rate of 2.25 m/mn. of a 2 w% solution of TEAL in hexane

sol vent. Propyieoeerass fiRersat1086 g @ihelyodivialbUire@8oRinggsdlid cablpyl @8R Was
used as a compnoner _and its flow rate adjusted to Er ovi de an incorporation

| evel of abogbtained Flementdanalesicehomedds! 326t %0&r andibdlt wi%awdlirs in the first

react or and about 2.2 hours in the second reactor. The production rate of
pol ymer was about 13.6 kg/hr. The pol yner was discharged fromthe reactor

as a granul ar pr oSeefrallbawhegofihiathlpdt sgstdmdgéraicombiretido igld endarye cont ent
of 1.1 wt% ethy]ene. 25 The nol ecul ar wej ght djstyibutions of the
met al | océne- FABEeH {9 Yigerodymerzghpn gun. 1 Peior do aiswgoifn POl msrigahen. 2 Wite GPC

pl ots are of ARV I i ﬁg{w- r

conpl i ance nlé%glg?l t"%ei ﬁsgﬁmaﬁgi@%ﬁﬁggwgaﬁ?%r e 1{:%@%%%%}’1&2%&0

di stri buti ontherdtabysedtyrsolids.t Thotathlast wasltBérdloil Chungidd @rakeal®, 15reak)ifed at
about 200C using _an ExxonMbil Chem cal Conpany nethod 30 described further
bel ow. Sanpl easc2f adfhitien tythe Haetofed from a singl e netal | ocene- based
catalyst, while Samples 1, 2A, 2B and 3 are derived froma two

net al | ocene-based catal yst. Sanples 4 and 5 (honopol yner and et hyl ene WO
02/ 070572 PCT/ USOZh® 2368edur8 Hoc opalymmezing eSpeplei Yelway shofellows.  The

characteristically narrow nol ecul ar, wei gh distributions, typical_ of
Single o to REVRETEHOHLCRYIgHUH RGNS ARy MR et PR BB B PO BRkCUl ar
wei ght di st r piHiinL08, 3fifePRAR! MK liaﬁﬁd}’iﬂﬁ& mwgﬂia)(%ﬁgaro Elo§vin%rt%et hyl ene

copol ymer Sanple 5. O the two-netall'ocene Catalyzed 5 polyners,
honopol yner BasptseinFeréroviBheareagidssvérg ehvippeibwatl janbksdar remonangythe heat

et al | ocenes®t PUPBHAPHoNDS FEHB! RIS PSOr e o Saifgas SaetorRdang 26
show an |5 51°C in the second reactor. Catalyst was fed at rate of 9.2 g/hr.
Triethylaluminum (TEAL) was employed as scavenger and fed at a rate of 2.25
ml/min. of a 2 wt% solution of TEAL in hexane solvent. Propylene was fed at a
rate of about 99.8 kg/hr. Ethylene was used as a comonomer and its flow rate
adjusted to provide an incorporation level of about 1.0 wt%. Residence times
20  were about 3 hours in the first reactor and about 2.2 hours in the second reactor.
The production rate of polymer was about 13.6 kg/hr. The polymer was
discharged from the reactor as a granular product having an MFR of 3.9 dg/min.

and a comonomer content of 1.1 wt% ethylene.

25 The molecular weight distributions of the metallocene-based polymers
(Samples 1-5) are shown in Figure 1. The GPC plots are of relative area versus
molecular weight. The recovery compliance number (in Figures 1 and 2) tracks
the high end of the distribution and are in units of Pa” x 10®. Compliance is
measured at about 200°C using an ExxonMobil Chemical Company method

30 described further below. Samples 4 and 5 are derived from a single metallocene-
based catalyst, while Samples 1, 2A, 2B and 3 are derived from a two

metallocene-based catalyst. Samples 4 and 5 (homopolymer and ethylene



unexpect ed bi nodal nol ecul ar wei ght distribution. The incorporation of |ess
than 10 or equal to 1 wt % et hyl ene conononer during the pol ynerization
process rweukins7tn a substantial broadeni ng of the nol ecwlcarusegizyhg
distribution at the high nolecular weight end. This is unexpected since
with both the individual netallocenes, nolecular weight drops with

ethyl ene addition. 15 A conparison of t#8-nolecul ar wei ght distribution of
an invention polynmer (Sanple 2A) versus one nade by the sanme process
(i.e., additigpalydher eéspyttbRb)CBHDRORRsratiridicalipanatrew paholamidrzaidight st age)
but using a conventional ZN catalyst (Sanple 6) is shown in Figure 2. The
extent of nolisEibpaenseeiygicel oy suglenisig mstalleeensi ghtalcyﬁeg f BRLYRRES. | nMent i on
pol ymer is ck: Vi si bl Thi s: i i oadeni ng
B The hi gh SpintrhBleBup Rkl fisRHRELAAL BbecltB1 K & MR Gty

char act er i zeghrple slemelr ehylers bopayresr, Sangle .  Oftthe twa-metdhlecereasamlgrednt  of

recoverabl e conpliance (see, e.qg., .Figures 1 and, 2) he val ue of which is
wel | known ety hsshamePaly g %1?@8énShgwmiwstg&hwoéﬁ%%b&Olﬁh%fwilgﬁé

di stributiong;sReG e/&rrfﬁécange&mhb@tm fiotn IRASYNAdlVIABANAcRISRAEEL i Cc Stress
Rheoneter. A sanple of polyner is nelted at 200C, 1 x 104 dyne/cnR stress

for 180 seconds. Then the stress is released to zero to allow the pol yner
to recover the deformation. The recoverabl e, conpliance i he strain
nornal i zed by th_egurg’fl?lﬁglé” %@cWSP on ‘Pﬂg'nbe(ﬁrpsl; Selvgr%‘ugg‘?f%}r gtﬂ% 4Banpl es
are obser vedydpédisd BigRRaBRolt@a? Weibkid @idtrfBatidn.f Phe SBRHRoatidbn OF1d3gkin

net al | ocene; hono ol)ﬁmer) to 3.6 x I04 Pa-1 for Sanple 3 (two

met al | od@nesor ¢auabisol yikercthylenegromanemer Harng theaqupligmerizgtion pepocpssrresultsent i on

pol ymers ‘Sanpl es A, and, 2B ( | ocenes; r). /070572
bCT] US02/ 023598 S—“ﬁﬁ‘agr‘hdé b%%%dc?\?‘en a%f“ﬁheg?ﬁn‘%%‘i“i%c“evg Bt cd%ggn%%{@ %tothgfﬂ%f’l are,
respectivel ymoRchlas weidit4end?a’ Thizdis4 unexpadiPa - sinceThéthi botr pigy aidividualf

et hylene in the_inventian [l)ol yners, beljieved to occur 5 primarily in the

| ar ger nol ectiF@docanes sepderilarveeightdronsgvigh ¢hyieBttdd#oms is seen in the DSC
melting data shown in Figure 3 which conpares invention polyner,

15 A comparison of the molecular weight distribution of an invention
polymer (Sample 2A) versus one made by the same process (i.e., addition of
ethylene comonomer in a separate polymerization stage) but using a conventional
ZN catalyst (Sample 6) is shown in Figure 2. The extent of molecular weight
broadening to the high end for the invention polymer is clearly visible.

20

This substantial molecular weight broadening at the high molecular weight
end for the invention polymers can be characterized by several techniques, one of
which is the measurement of recoverable compliance (see, e.g., Figures 1 and 2),
the value of which is well known to track the high molecular weight end species

25 of the distribution. Recoverable compliance is measured using a Rhemetric Stress
Rheometer. A sample of polymer is melted at 200°C, 1 x 10* dyne/cm?® stress for
180 seconds. Then the stress is released to zero to allow the polymer to recover
the deformation. The recoverable compliance is the strain normalized by the

stress recovery. The compliance values for the Samples are observed to increase
30 from 1.1x104 Pa-! for Sample 4 (single metallocene; homopolymer) to 3.6 x 104

Pa-l for Sample 3 (two metallocenes; homopolymer) to greater than or equal to

3.9 for invention polymers Samples 1, 2A, and 2B (two metallocenes; copolymer).



Sampl e 2A, with netall ocene control, Sanple 4, and ZN control, Sanple 6.
Melting traces were performed on a Perkin Elmer DSC 7 Differential Scanning
Cal ori mnetwn.028705gt e site netal |l ocene-based catal ysts are Paavirsor/o23py ovi de
10 uni form cononomer incorporation anmong all the nolecules in a polyner
sanple and to allow greater nelting point depression than conventional ZN
based catalysts for the same compnoner-4Pncorporation level. Even with the
greater |level of ethylene incorporation in the invention polymers versus
conpar abl e ZMhe Roptdrsbls cé;ﬂpﬂarﬁedorISQn%%é’/dO An®aMake sesheativd1RA.6/8sLF 0. 55
and 0.4 wt%in 15 Sanpl and 7) e extractables levels in the

i nvention potd rasdd hxdo fB@\er reflecting their single site catalyzed
origin (Table 1A). The i nvent i on polymers (Sanples 1, 2A and 2B), two

net al | ocene- catal yzed controls (Sanples 3 and 4) and two ZN catal yzed
control s (Sanpl esTle inE&pamioﬁ)of ethyne antheritedhtibo pblymdralbleyewa:ditemtad films

to assess ease of stret hi n nd orientati IS reco ni,zed to be
the crit? cal PTHBRRHY ipihg q‘re{'ﬁ? F‘E}Q‘Fﬁ 8Fpadens @’Gdﬁ‘;{ﬂ?gg gﬁlﬂpmaﬁgs SEHeof t he

procedures aglenbed WaEn® Watd Hthwd +n W 433 %ﬁ:ﬁ ddih arrésen@eﬁu&lngol epl ved
cast extrusion of a sheet of polyner ypi cal | Omto 650m t hi cK)

fol | owed by $ﬂrapdb aZA,owitbnhattallmnatcoatrek/a&amblt élmmadaZNr eontirpl,aSabplet §.et chi ng

appar at us sug a filmstr r fr ville, . J.
(henceforth }ftg’lgrté%fef &'eLs P %!’ ﬁ bsgig a%a)fff;e’ieﬁgge%?ﬁ%%ess of
15mto 25m EasAmeferf | SMgid rsﬁé cﬂﬁmrago&he%ge@ntc@cmy@@ WRaskhdidgad proRiBet he
uniformty of stretching (i.e., even stretch versus the presence of stretch

bands), 10f| |mn1§>aglgmymmr inporpesatippsameng,all thegaelscules img pelakagenpls desired
stretching 30 profy| eg? gg%ng m?rdgprgys?(ﬂl $hre LGN Aion Eﬁg%ﬁseﬁny

stretch banaas l%orealll? de"range of stretching

t enper at ur esGatemas ﬁdrrtleet @hieﬂ@rrﬂfhbfrﬁf ﬂﬁﬂ@ﬁratfoﬁl’le\tdneESﬁi ®ith €ltk gredtyintevd are
sumari zed in Table 2. The single netall ocene WO 02/ 070572 PCT/ USQ2/ 02379
~41 catal yzetf KhHsES| PAIPOBEAD| 18 thes HYRRUPD ROLERGTE 1 (resi FomparabifeZNno

et al | ccene ARSRPRLY R 1. ST £ JumBIOVS oA ATREGHETSALand AURRI 1S ot

as good as the rnvéntion pol yners A an B, which show a
desi rablly brSadples 6 and 7), the extractables levels in the invention polymers are lower,

reflecting their single site catalyzed origin (Table 1A).

The invention polymers (Samples 1, 2A and 2B), two metallocene-

catalyzed controls (Samples 3 and 4) and two ZN catalyzed controls (Samples 6

20  and 7) were converted to biaxially oriented films to assess ease of stretching and
orientation. This step is recognized to be the critical point in the fabrication of

such oriented films. One of the procedures adopted was one that is widely used in

the art and involved cast extrusion of a sheet of polymer (typically 500um to
650um thick) followed by biaxial orientation at elevated temperature on a

25 stretching apparatus such as a film stretcher from the TM Long Co., Somerville,
N. J. (henceforth referred to as TM Long machine) to yield a final thickness of
15um to 25um. Ease of film stretching or orientation was judged from the
uniformity of stretching (i.e., even stretch versus the presence of stretch bands),

film sagging and in the most severe case, film breakage. A desired stretching

30  profile is one that offers even stretching, without any stretch bands, breakage or
sagging over a wide range of stretching temperatures. The stretching performance

for the selected polymers are summarized in Table 2. The single metallocene



stretching w ndow. The performances of Sanples 2A and 2B are seen to be 5
superior to those of the ZN controls, Sanples 6 and 7. G aphi cal
representwioRnmsef the conparative processability ranges POT/tiSHz023@¢ f f er ent
sanples are shown in Figure 4. A curve having as wide a well as possible
woul d be reflective of a polynmer of good processing latitude. Figure 4A 10
conpares the standard netal | ocene singl #lsite-based pol ymer Sanmple 4 versus
the ZN control Sanple 6. The |ower nelting, narrowy distributed pol yner

Sanpl e 4 cagtdligzedMOaRPSBha Sanples sHoeRbabtwtchabilan Tahatweometallopdre 6, but
it is seen to have poor processing latitude with stretching tenperature.
Fi gure 4B cdMimeredymee Samplesd, Zhows AR improssmsnte thpughdl isdiot e gard 8t Bke

pol ymer, Sam 2A, } ho ) b nge for
Sanmpl e 2A i rsTIPl k%&@egélpﬁggiesawq%% é’ gﬁ%xﬁ)’aggﬁ %g"%?“iﬁ a}ralby ?trgﬂaow
stretchi ng terguhing wiskw.r dibeepdrfonganes yof $awdealBAeapt Beasi segn Itathet ude.

Fi | m property neasurenen an .sone of the bjaxially stretched filns 20
produced?ab e%?réoéli’%‘?tf%}? é&ﬂﬁ?@r@% &H@?ﬁr%fi es of the invention
polymer filnms conpare favorably with the ZN control. The ZN fil m has

slightly higher filmstiffness. It has been found that the stretching
tenperature for optaphigal feprasentpiiopefithe soripaativeaprocessabilityurangssi fof thess) f or

the inventio olymers is |lower th that used typi.cally for the ZN
control 111 iiiREEsamplen areshave in higrg o A st aiiradgr & WET Bl o 24
filmare botbskibRy WY@ RIe&UiNE of b PBlyhR4 - Good bfRb&HA AP PigeaR t O
143.3C. To attain such [ower stretchin t_en‘geratures with today's ZN

pol ymer 80 offunpazes the standard oratallngenesiegle sisg-basedinobmeraiampiey4 verspe gt ure to

the inventio : [ e ' g 2.8 W%
et hyl ene ran orﬁ%g%%ﬁ%@é %V\ATtLIE I%Nré?ﬁ%@?g’trhae sk,&gﬁgﬁg}gmﬁlteﬁlvéd%@gngaﬁ%g r‘%er S
Sanpl es 1, 2dndtproctBsedBit fotvetlténipersitutnthen corittolSumples, dpeait édsekn aohSanpl e 8

by extruding cast sheet WD 02/Q70572 PCT/ US02/02379. -42 and stretching it
at the | owerPQomsesessing datypde yathagtredching, eemmaratyiey  Eigues AR synpasphieat us.

Fi I m propertigg o\ SohtbCRathpld |68gRhstSHBMIRcEATOIyRRIP Xafifble/ &8 Uthe
g

15 invention polymer. The processability range for Sample 2A is now seen to be

quite a bit broader, particularly at low stretching temperatures, reflecting very

favorable processing latitude.

Film property measurements on some of the biaxially stretched films

20  produced above are shown in Table 3. The properties of the invention polymer
films compare favorably with the ZN control. The ZN film has slightly higher

film stiffness. It has been found that the stretching temperature for optimum film
properties (low haze, maximum stiffness) for the invention polymers is lower than

that used typically for the ZN control film. As seen in Table 3, the haze and

25 modulus of the Sample 2A film are both improved on going from 154.4°C

stretching temperature to 143.3°C.

To attain such lower stretching temperatures with today’s ZN polymers,

one can use random copolymers of similar melting temperature to the invention

30  polymers. This was done using Sample 8, a 2 MFR, 2.8 wt% ethylene random
copolymer with Tm=146°C, the same as invention polymers Samples 1, 2A and

2B. Biaxially oriented film was prepared from Sample 8 by extruding cast sheet



those for Sanple 2A in Table 4. The fil mproperties profile displayed by
the random copolynmer Sanple 8 is seen to be deficient to that of the

i nventi onrwb qpobosier. Film stiffness, noisture barrier andPCansot/e2379
properties are all |lower than those for the invention polyner. The film
data denonstrate the unique bal ance of favorable filmstretchability
coupled with good filmproperties for t#é-invention polymer. 10 Not all
the sanples were able to endure these TD stretching conditions and remain

unbroken. Brgriksrepdif Rat 8 16@eNtenpetdigre dAt1a3 FRASIN BTEM L oM Streichiy
occurred, along with the tensile strengths at 1,100% and 2, 200 % stretch

ratios if appetskesn. Filmoprppsstiessore siretelresl lars poSample Sansplompaeadevessusl uat ed

at each stretching..conditi on; | pes..reported rages.faor the two
speci nens. 1§°ﬁ%k°§ﬁaé’%p %izﬁgmdg?%l%pﬁr%thﬁgfﬁ?leg’iolpﬁrg{egéﬁéﬁf iacgs 3“83 t@faglee 1 above
are shown i nrand@h| @®polymlenie @ Secnh® B defivizhl €0 shidt sTYtheSin@éntibn100 %
stretching ratio, and the break points for those sanples that broke prior

to achi e¥i ngPAyiner skiraistifnesy, motsie barrisr apd fensiteproppisice are alhlowsr dsensity to
break bef or eth5§eﬁ1%§3 G nvertiod tp%iy-[%rz OrpR Uit Gl @&nbﬁsnﬁ{e‘%ﬁé GhigBt b%lgﬁcel gver

t enper at ur es. e superiority -of the invention polymersi's clearly seen in
t he data. Thiayorablehflirasttettitability rguplad Iwithegdoalr filnt ropettidsHfer thehiavereioal | ocene
controls (Samfl es 3 and 4) or the ZN controls (Sanples 6 and 7). One has
to go down tRPETEEretching tenperature of 110C (25C | ower than the best of
the control sanples) before a break is noted in the invention 25 pol yner
films. Al so, when conparing sanples at tenperatures where breakage does
not occup (see daNat alth¢5@aples viereatderyl adyret thesei TV stetcling wohdiners dndl ns

(Sanples 1 and 2A) .show lgwer tensile, strengths, (i.e. easier

Stretchabi | | EYRTEOrOR oo aEs WER P o BRLE e 5ean PR eTABIFR ¥t | over
stretchi ng ternRE@tddRSwith d @Rdle sieRgdhb BO1,100%0M P00 RestkbRihdBod Fat ur es
of fered by the invention polynmers. 30 Since filmbreaks during TD

stretching adrekepi cdiwoy teshSpogamprns ipak polynisir asample ywerg ravahiated @otaghr opyl ene

o for o si gnitirobing bt bRk TepbARIEe RIAGETo: o Bub Bk 802l 02570

15

TD stretching data per the testing conditions of Case 1 above are shown in

Table 5. Table 5 shows the TD tensile strengths at 1,100 % stretching ratio, and

the break points for those samples that broke prior to achieving this stretching

level. For all the samples, the propensity to break before reaching 1,100 % TD

20  stretching is greater at the lower temperatures. The superiority of the invention

polymers is clearly seen in the data. They withstand breaking much better than

either the metallocene controls (Samples 3 and 4) or the ZN controls (Samples 6

and 7). One has to go down to a stretching temperature of 110°C (25°C lower

than the best of the control samples) before a break is noted in the invention

25  polymer films. Also, when comparing samples at temperatures where breakage

does not occur (see data at 150°C, for example), the invention polymer films

(Samples 1 and 2A) show lower tensile strengths (i.e. easier stretchability) at

1,100% stretch ratio. Easier TD stretchability at lower stretching temperatures,

without breaking, is one of the unique features offered by the invention polymers.

30 Since film breaks during TD stretching are typically the weak link in biaxially

oriented polypropylene film fabrication, via the tenter frame process, the invention

polymers offer a significant processing advantage.



-43 A typical commercial tenter frame process to nake biaxially oriented
pol ypropylene film operating at 250 mimn. line speed and with TD stretch
ratio 8590%p07ese2 1 mwide filmstretched to 8.5 nm), hasPaTABF023&4 ch
strain rate of about 5 15,000 % per mnute. Wiile it is difficult to match
this value in a |l aboratory test, the Instron TD stretch test conditions of
Case 2 above provide a strain rate of £3: 000 % per m nute, which
approaches that of the conmercial fabrication process. Data neasurenents
per Case 2 conditions are shown in Table 6. The results are the sane as

those noted earlier: Low TD tensile strength val ues and no. 10 fil m breaks
for the inventio ptcywﬁévpgm&ma angetrréﬁrﬁ‘hm‘i%‘:eﬁ%ﬁcb aj‘teuplé?a penasder (130C

ver sus - 1600) i3 RS or@facS 350 G0RE Olne U] 8% with T GhetTPrautrai n

rates, approac g those encountered during commercial tenter frane
processi ng, $¥&%i(ne.chmiwide fidinystretchediicsH b ay), hasta EP-strotghtseaprantztafrabomD

stretchabili { $ hout .breakjng.. 15.Testing of the processabilit f the
i nvent i 02 pof%}lgr@r & %Wlﬂbteb%?eaﬁt Ilsydl-{ﬁ‘f‘qtltetﬂft gk fﬁ‘?ﬁﬂ}q&%m %%%P’E?ﬁorﬁ%??’t he
tenter framethpri@@RYSTDGRtAPRIUESRILET & Cise0l abdvensrovRiRaDk@aiftfrate ¢p W de
trimred filnms. The preparation of such filnms is readily done using

t echni ques wel.00k fovier i minukee which anpyeashesoithas odfy ther caamgradal 28bgieationo

or ocesei ng. pipas: 008 M Rlre g8 58 oner S i iodEnitBe38 i B SETEHETY,
Sanpl e 9 Sangbets2e famame atthose dotedMaffier:( Low NH-Rnsil@ steenyliRyaludsa®@ nbm) 147C

Tm) 144C Tm) Extrusion Melt 279C 272C 263C Tenperature MD Oven 135C 122C
122C Tefper fkmbeeaks for the invention polymers down to stretching temperatures 30°C

lower (130°C versus 160°C) than the best of the ZN control samples. At high TD
strain rates, approaching those encountered during commercial tenter frame
processing, the invention polymers display better low temperature TD
stretchability without breaking.
15
Testing of the processability of the invention polymers during biaxially
oriented film fabrication via the tenter frame process, was conducted on a pilot
line capable of 1m wide trimmed films. The preparation of such films is readily
done using techniques well known in the art. Invention polymer Sample 2B was
20 compared against ZN control Sample 9. Typical values set for some key

processing parameters were:



MD Stretching 5.0 5.1 5.1 Ratio TD Oven 182C 166C 168C Tenperature TD
Stretching 7.7 7.7 7.7 Ratio Film Thi ckness 20m 20 gm 20 gm A desirabl e
pr ocessabwbiokg7asange i s the range of TD oven tenperat ur es POTArS02/@3whi ch
good filmquality and uniformty are maintained. This was done because in
the tenter oriented pol ypropylene (OPP) film process, TD stretching is
usually the nost critical step when str¥ch ratio, rate and contour are
constant. At low TD oven tenperature, the filmis too strong to be
stretched evenly and it breaks. At high TD oven tenperature, the filmis

t oo soft andJaaLJ_oJLthLand_sLLethLg.sg_LL_lﬂ_Lends_Lo_sag_leadl ng to
poorly forned fﬂﬂrmtel‘breaka§éml’!309ther 4mplg 28esi r a¥AapletWnper at ure range

(processability range) to achi nlfor ood film A
preferred resin provides a g@ r proce s’g l?ty ra a(“\/hiﬁfe data for

Sanples 9 and 2B are shown i1r59REguui)e 5. THTRC AmocessdddPCBmy ange for the
invention palLyner, Sanple 2B is substantially broader than for the ZN
control, 15 E&WI@MeltFor exarpP& at a pr@R€ssing quaPBty index that

pr ovi des a Ssaability range of 15C (174-189C) for Sanple 9, the
correspondi ng Er ocessability range for Sanple 2B is 28C (150-178C). The

i nvention poMrewvenprovi des nd3st@y greatdp2fd ocessi ng2Raitude, but also
the capability to operate at WO 02/ 070572 PCT/ US02/ 02379 -45 significantly
| ower TD oveh®B#B®¥Gt ures. This indi cates advantages of |ower energy

i nput and hi Sﬁ?gtrlet'c?i‘?l speed potsgntial . Thi s guperior stygetching performance
over a wi de range o étrain rates and 5 tenperature is a key attribute of
the inventioRagel yners. It translates to a broader biaxially oriented film

processabil i {rﬁ)c(éange ver sus tgggygisebest ﬁ%ﬁ g!oy[rﬁing 169‘0& ymers and versus

si ngl e net al Y&~ cat al yzed ne po
Temperature
TD Stretching 1.7 7.7 7.7
Ratio
Film Thickness 20pm 20 um 20 um

A desirable processability range is the range of TD oven temperatures over

5 which good film quality and uniformity are maintained. This was done because in
the tenter oriented polypropylene (OPP) film process, TD stretching is usually the

most critical step when stretch ratio, rate and contour are constant. At low TD

oven temperature, the film is too strong to be stretched evenly and it breaks. At

high TD oven temperature, the film is too soft and weak to withstand stretching; it

10  tends to sag leading to poorly formed film or breakage. So there is a desirable
temperature range (processability range) to achieve uniform and good quality

film. A preferred resin provides a greater processability range. The data for
Samples 9 and 2B are shown in Figure 5. The processability range for the
invention polymer, Sample 2B, is substantially broader than for the ZN control,

15 Sample 9. For example, at a processing quality index that provides a
processability range of 15°C (174-189°C) for Sample 9, the corresponding
processability range for Sample 2B is 28°C (150-178°C). The invention polymer

provides no only greater processing latitude, but also the capability to operate at



processi ng advantage is acconpani ed by a good profile of film properties.
to Sanples 10-18. Sanples 10 through 18, data for which is represented in
Tabl es  7Wo0X2/070532 di scussed bel ow and exenplify the case e@cCThse2/mzs7a dual
metal | ocene used to forma crystalline propylene polyner that is an RCP.
Sanmpl es 10 and 11 are propyl ene polyners fromthe dual netallocene 15
conbi nati on, consistent with this invent4%n. These are conpared agai nst
several nmetall ocene-based and conventional ZN based pol ypropyl ene pol yners
as follows.siSamphRE bvea i b3emedtpdstaral €thit iadicaes adwenmgeabf doeane

catal yst ( ', the former being a homgpol yner and the tatter a copol yner,
with et hyl edhergshiapeiodrvghsr linsgpasH @eteptialand 15 were al so prepared from a
single 20 netal |l ocene catal yst, again the forner being a honopol yner and

the later an ethyl .ene copo v . ACHI EVE 3854 (E ! 1 cal
ooty Houst on TS pd R ke seibhinfice 08 WREAMMOBE SrdflB Rl o |
honopol yger tepipefhteeds 4 kéymttdsutélopihe iRieatibe pelytmetn nivitranilatento HShrgalas 17 and

18 are comerci al ZNpgéogéllhene pol ynmers. Pol yprocgél ene 9012E1 ( ExxonMobi |
25 Cheni cal @iaxgHnyorieptsdstiln processabildy dangreversyy teday spbest AN sappileney 7,

ohi l | | . ) .
cormer of al * bR Gy U8k MUS e dRLELERRNBAL prRAL P RBRE T 0™ 11,
Wer e prepar eproudssing advardflzecia hedoygianiey dyengood ppsfils ofi lmiprepgrtiesol ar m x of

two netall ocenes on a silica support. The catal yst systemwas prepared as
follows. In an inert nitrogen atnosphere, 5.31 g of

rac- di mqﬁ)hyl ShhARE 4! 132L§a&?g1€§9fd1ﬁﬁbmef&|d)ﬂ fof Wi%s?%r@%%ﬁzables

PCT/ US02/ 02 | ori de was conmbined wth 6. 8
rac- di met hyl 3A+12nédgiscusssi Belowtdml] exdmppifiethe| danel efihbving mcbwal metaioctrieor i de

and 732.1 g of ?{0 wt % rretth‘\il al unoxane . sol t’;ﬁ%' on iﬁggol uene (Al bemarl e
Cor por at i on, "4 forEpgastalling propylene polymer thatizan RERS 2 qded to dilute the

solution. Separately, 798 g of M5 948 silica (25 mb5 average particle size;
1.6 nL/g pore vol une; Davison Chemical division of WR G ace, Baltinore,
MD) previously debguiplgs d@ ang bbarecprapylenstpodunersfiram glip iyal metallocene

15 combination, consistent with this invention. These are compared against several
metallocene-based and conventional ZN based polypropylene polymers as
follows. Samples 12 and 13 were prepared from single metallocene catalyst
(MCN), the former being a homopolymer and the latter a copolymer, with
ethylene the comonomer. Samples 14 and 15 were also prepared from a single

20  metallocene catalyst, again the former being a homopolymer and the later an
ethylene copolymer. ACHIEVE 3854 (ExxonMobil Chemical Company, Houston
TX) is a commercial example of Sample 14. Sample 16 i1s a homopolymer
produced from the dual metallocene combination. Samples 17 and 18 are
commercial ZN propylene polymers. Polypropylene 9012E1 (ExxonMobil

25 Chemical Company, Houston TX) is a commercial example of Sample 17, while
polypropylene 9302E1 (also from ExxonMobil Chemical Company) is a

commercial example of Sample 18.

The invention examples, Samples 10 and 11, were prepared using a
30  catalyst system comprising an equimolar mix of two metallocenes on a silica
support. The catalyst system was prepared as follows. In an inert nitrogen

atmosphere, 5.31 g of rac-dimethylsilanedyl-bis(2-methylindenyl)zirconium



nitrogen was charged to the catal yst preparation vessel. A toluene solution
of Kemam deTM AS 990 (8 g of AS 990 in 80 g toluene, C. K Wtco

Cor por at i1 w0,02/0@seenwi ch, CT) was added to the slurry bef oP€TArSy2/o0379 A
slight nitrogen purge 10 was added to the bottom of the vessel to aid in
renoving volatiles. At the end of drying, 972.5 g of free flowing solid
was obt ai ned. Analysis showed a | oading®8f 10.2 wt% Al, 0.20 W% Zr and an
Al/Zr nolar ratio of 175. Several batches of the catal yst system were

conbi ned to @ichistide veasf Eombired withS68bag o€ rhedinmdibylptingddrbig@tmahylrdins. The

TR U AR KA R AP ek RS I R
y weig | =<0 8l
addi tion to §dmicrnt%ﬁqglg&%%@ﬁahﬁlel@o%&ﬁ_e | Y4¥6 REEE, 20)f 0bb OV tdllkne

pol ymeri zati on was ucted 1na pilot scale continuous stirred tank,
bul k 1iquid phasddedpiol ditne itteasdlaomr otepsmtayp? Wy g g MBP48ealitao(XS um seri es.

The reactors were equipped wth jackets for renoyng. the heat

ol yrer | 3at | BEerialS Bver 8 g P, U BeyRp BSTer TieBla TR of - ¢ st
reactor and gfhck; Bltitfdfe, MOIMHeviSRIY Qbhydrdedd &) ¥60 VA of fkbadl ofeowii Mat ed
rate of 4.89 g/hr. A2 wt%Solution of 25 triethylalumnum (TEAL) i n hexane

was enpl oyednifogen seavcharged tarike aaalyst preparatipevesselof AlBlugnpreolutioomfi ene was

the cecond r BSREBRE AT PSS B RS lP 0 L bR Ik Mo TRl 2 1

feed rate asGreadash, CT)asWdded o @ JnepbpREatidm. | avalghohitégn puidy
Hydr ogen was used for nol ecul ar weight control and added at a | evel of 525
30 mppmifo t Was pddedito thegbatiom ghihe yessehinid i rerpeviag ¥elatles.c Aé therendmdsi dence

times were ' [ a [ e
second react%&%ﬁgzg&qgﬁ%tﬁi(gﬁné 3%12& ‘\X/é%élg[ 1(o?%(ti %&aﬁ’gﬁﬁb‘?‘;"r‘ﬁ%%ﬂ’%&ﬁ was
di schar ged f i@2wtheAMO.2024O7 @bkl HCA/VSHBI028100f 1747 reactors as a granul ar

product having an MFR of about 2.6 dg/mn and ethylene |evel of about 0.9
wt % based on the total weight of the polymer. The copol yner Sanple 11 was

prepared using thg.Rall®afcRbLOMBE cAASEETtem FOL BHLHTRMD PRIV sUBfQeRdUr € as
descri bed above for Sanple 10. The primary .
15 charge for the polymerization runs. The catalyst system was oil slurried (20 parts
by weight catalyst to 80 parts by weight Drakeol™ mineral oil (Penreco,

Dickinson TX) for ease of addition to the reactor.

Sample 10 was polymerized as follows. The polymerization was

20 conducted in a pilot scale continuous stirred tank, bulk liquid phase
polymerization process employing two reactors in series. The reactors were
equipped with jackets for removing the heat of polymerization. The reactor
temperatures were set at 64 °C in the first reactor and 59 °C in the second reactor.
Catalyst was fed at an estimated rate of 4.89 g/hr. A 2 wt% solution of

25 triethylaluminum (TEAL) in hexane was employed as a scavenger and added at a
level of 15 mppm. Propylene was fed at a rate of about 89 kg/hr to the first
reactor and about 27 kg/hr to the second reactor. Ethylene comonomer was added

to both reactors at a feed rate as needed to result in an incorporation level of 0.9

wt%. Hydrogen was used for molecular weight control and added at a level of 525

30 mppm to the first reactor and 325 mppm to the second reactor. Residence times
were about 2.6 hr in the first reactor and about 1.8 hr in the second reactor. The

production rate was about 25 kg/hr. The polymer was discharged from the



di fference was an increased ethyl ene conononer feed level, resulting in a
final incorporation of 1.6 W% ethyl ene-derived units. The di scharged

gr anul ar woedwots72 had an MFR (23C) of about 3.4 dg/ mn. 1l@C$arspr/e23ls, a
honopol ynmer product, was prepared using the sane catal yst and

pol ynmeri zati on nmethod as descri bed above for Sanples 10 and 11. The

pol yneri zation did not involve any ethyl¥ne cononormer. The di scharged
granul ar product had an MFR of about 4.4 ft/mn. 15 Sanples 12 and 13,

honopol yner racostlyd gnaauias paldyoretiavirgSaeMAR 6f yhout \Bef dg/atih yane rettgdgheusi ng
the single netall ocene rac-di net hyl sil anedyl - bi s(2-

met hy| - 4- phel§yglioh @bentI0) % Wi'e Sasedrindhatatalyreizhtiod thepolyer systems were
prepared wusing generally simlar procedures to that described above for
Sampl es 10 and 11. Specifically, the catalyst for honopol yner Sanple 12

i nvol ved t he use Tiie Bspolwaer nple | lilcaaDppared ABing the snmgecapdyst isgdtemsi ze) as

support, tris(perfluqgrophenyl)boron, as cpcatalyst, N, N-diethylaniline as
the Lewi § ba¥¥l p%@erlaﬁ@ﬁyma?%*sfw desepped rhaE %’zgtsamaﬂf‘oh@t e RIEscl osed
in US 6 143¢68Gce WS ahdhekysel MRded &R Rther Tedd RvKID rRaltiRES d Nnd

nitrogen purged dry glove 25 box "per the follow ng schene.
Tri s( per f | uoinogiperayibh bdl Grwi¥methplenederivesl witde dhe discharged grastbpr prodyedr at ed

silica and m xed | i t.h N-di et hyl.ani |l i ne added via syringe. Stirring
conti nued m"%%deantwgt(ﬁﬁ@l%%‘ﬁ%‘f%‘}- was added. Metall ocene

rac-di nmet hyl si | anedi yl - bi s(2-net hyl - 4- phenyl i ndenyl) zirconium dichloride
plus the pronoter, phenyldinethylvinylsilane, were added and the 30
reacti odom xt ure bahple bt d hewapelmeuprodusty wanprepaned aigingdbe saneedtalligur . The

solvent was_r ved . C | ys i Vi i r@ﬁﬁ] i t . WO
02/ 070572 Pﬁ%%%g%g’n g’%@#hges ?‘gesgrg??do?\&s}%qﬁénce s!g%é\g éaﬁgol\?ié islglgcri tical
t o obt ai ni ngpgPMeriationVdidy nof nevelvdany eatylehd Goaminamest . ThbadiscHagteidzat i on
of the catalyst gave the follow n conpositjion: 0.026 mmle Zr/g Si Q2;
0.11 rmol e BEgnwapprodect had aRdfER ohekawy, #didgéi®y | vi nyl si | ane promoter/g Si 02,
and 0.57 mmol e TEAL/g Si02. 5 '

15 Samples 12 and 13, homopolymer and ethylene copolymer respectively,
were polymerized using the single metallocene rac-dimethylsilanedyl-bis(2-
methyl-4-phenylindenyl)zirconium dimethyl. The catalyst systems were prepared
using generally similar procedures to that described above for Samples 10 and 11.
Specifically, the catalyst for homopolymer Sample 12 involved the use of Davison

20 silica D-952 (25 um average particle size) as support, tris(perfluorophenyl)boron
as cocatalyst, N,N-diethylaniline as the Lewis base, and

phenyldimethylvinylsilane as a promoter, as disclosed in U.S. 6,143,686.

The catalyst was prepared in 0.5 kg batches in a nitrogen purged dry glove

25  box per the following scheme. Tris(perfluorophenyl)boron in toluene is added to
previously dehydrated silica and mixed well with N,N-diethylaniline added via
syringe.  Stirring continued while triethylaluminum (TEAL) was added.
Metallocene rac-dimethylsilanediyl-bis(2-methyl-4-phenylindenyl)  zirconium
dichloride plus the promoter, phenyldimethylvinylsilane, were added and the

30  reaction mixture held with continuous stirring for an additional hour. The solvent

was removed and catalyst dried via nitrogen purging at 50°C.



Honopol ynmer Sanple 12 was polynmerized as follows. The polynerization was
conducted in a pilot scale, continuous, stirred tank, bulk liquid phase
pol yrer i 280i0en7q3rncess enpl oying two reactors in series. PO@/uUSezeA3ny s were
equi pped with jackets for renoving the heat of polynerization. The reactor
10 tenperatures were 70 Cin the first reactor and 64 Cin the second
reactor. Catalyst was fed at a rate of-48bout 1.3 g/hr. TEAL (2.0 w%in
hexane sol vent) was used as a scavenger and added at a level of 13 nppm
The catal yst systEig résasord @duésceashdnVibyvé liditritycal o obagtied godd aaivitywas
flushed into the first reactor wth propylene. Total prop Ien? feed to the
first react offomethe aﬁ%‘ﬂtngS@tﬂwthrChaISCtW@ﬁWéﬁéh?rﬁ?‘féh‘étr g?"(—?e etfgllowi@esecond
react or was 0 edyf a i ghit rol at a
rate of 950 érerr(gn {tgﬁlt he” quﬁ%;%’:fér rabqgﬁd 1?4%%1@%'& gl%e(g{;leggﬁg%react or.
React or r esi plengklithethplvisgistlade proftoteny Bide, dridG57 rrmﬁfle’tTEAL*Ag\lﬂg 8 hr in the
second reactor. Overall polynmer production was about 30 kg/hr. About 69 %
of the fPnal polymer product was obtained fromthe first 20 reactor and
about 31 % from {16, 6A0RM: T SHBR! - 1POMKEE palfifieledChar Bfloge 2 manul.ar
product of about 1100 niaverage particle si ze The MFR (at 230 O)

about 3.3 dgpatymerlﬁttlloyIveaﬂeombmﬂdymrpllsamalee caiginuaus, sotrgdrtank zZlmdk bqultdhe same

pilot line e nment . used ctor eratures
here. 6aC | n TS Dol RERA SR IT Gt HOPBOE (Y O (8 Gb SRS e ABE CHOELT ARyt v
fed at a ratgupfpeab@ih JQOk%ts fHirhfemoVERL tHe2h &t VW% d1PmbBeXAid8. SThy @8dctornas used
as a scavenger and added at a |evel of 15 nppm Total propylene feed to
the firdp reguperatues wetoid® "S0irkrenfirst reactsyandnéd nonivntie feeend tegctone second
reactor was bot 30 ka/ hr 0 e t t 580
nppmto the ?atlag?t Vrv%%tg o‘art aarﬁgycggag’(éﬁ pl%@mgﬁngg oat(ﬁé't%s}églggﬁ%r eac? gr.
Et hyl ene conwa@mla dseestav@iges and hddedhun ut ledel bfKIG/ ﬂﬂppxho Theecdtdlys tsysteact or
and about 0.4 kg/hr to the second reactor. The ethyl ene incaqrporati on WO
02/ 070572 PCFAUSE35023 ovt% slgrty dy anineral o end ovasnibys %éntaéh%%ﬁ%tﬁ%t%s 1. 26
W%in the f t or . [,
o vr o (WA prbSAELOT TBRf p%(gjyge o fa i O Fr SERAG LAAGHAN sIKEMR

15 Propylene monomer feed to the second reactor was 30 kg/hr. Hydrogen was

added for molecular weight control at a rate of 950 mppm to the first reactor and
1450 mppm to the second reactor. Reactor residence time were 2.6 hr in the first
reactor and 1.8 hr in the second reactor. Overall polymer production was about 30
kg/hr. About 69 % of the final polymer product was obtained from the first
20  reactor and about 31 % from the second reactor. Polymer was discharged as a
granular product of about 1100 pum average particle size. The MFR (at 230 °C)

was about 3.3 dg/min.

Ethylene copolymer Sample 13 was polymerized on the same pilot line

25 equipment used for Sample 12 above. The reactor temperatures were 64°C in the
first reactor and 59°C in the second reactor. Catalyst was fed at a rate of about 0.9

g/hr. TEAL (2.0 wt% in hexane solvent) was used as a scavenger and added at a

level of 15 mppm. Total propylene feed to the first reactor was about 80 kg/hr.
Propylene monomer feed to the second reactor was about 30 kg/hr. Hydrogen was

30 added at a rate of about 580 mppm to the first reactor and about 1075 mppm to the
second reactor. Ethylene comonomer feed rates were about 1.4 kg/hr to the first

reactor and about 0.4 kg/hr to the second reactor. The ethylene incorporation



75% of the final polynmer product was obtained fromthe first reactor and
about 25% fromthe second reactor. Reactor residence tines were 2.6 hr in
the firstwboweasror and 1.8 hr in the second reactor. Pol yagEruseze2379

di scharged as a granul ar product of about 4.3 MFR (at 230 C). The average
particle size was about 1400 m Copol yner Sanple 15 was pol yneri zed using
the single metallocene 10 dinethyl sil arf@diyl - bi s(2-met hyl -i ndenyl)
zirconiumdichloride. The catal yst was prepared as follows. In an inert

ni trogen at nesghgtie poldmer Wasdetdratined as 1.26 wt% in the first reactor and 1.16 wt%

di et hyl si | anedyl bi s( 2- net hyl -i ndenyl ) zi rconi um di ch] ori de from Al bermarl e
was conbi ne@ thE secopdagagier. o versllpaly mer RIAAFIRTORAHADYW 200keiineARBY L i on
also from I f Ahct" & xd o5 BleVeist lL.85ene, the
sol ution m?#érgt%rtgﬁgflglrécggm%rop% g%t%éégap&ﬁ%g%%gv\a (‘Jfr yesr p&%ﬁgt‘lﬁ? r?es wer e
flushed wi t 28%5rdegy thd sedoal ueavtor. TReattorwiesideridedirhiers wken2 6alyi inatherfirstcr ew

rotating at 60 rpmand the arm at 1.5 rp 2.4 kg of M5 952 silica from
Grace Davi so‘i‘??CtBE %‘?ffi 6%31Prym gﬁ%“r"&?éﬂa‘ﬁ?r' g]‘ﬁ)‘(’)@,er W&g dixghrrged #s 2 g{@nlgﬁlr t ol uene

was used to 151’68&5% driagodteed MG (atR0 *BPPThe a9&5Ed PRtIAE stRSV&UBLGR] 408 Yer .
After 30 m nutes agitation, the dryer”jacket was 20 heated to 49C and

vacuum started. while a slow stream of nitrogen entered from the bottom of
the dryer. When the m xture entered the nud stage, the dryer jacket
tenperature was increased to 79C. Drying continued until a free flow ng

catal yst solid wasp@iphar Saehple?d5 TWEs Polynigized atsimpn tief sigRO¢i@locSRMI € 15
was conducted on the sane pilot scale, two-reactors-in-series |ine,

ref erendéd aboethylsilaaediphblis@rmethhipdentlliziseonien didbariden Theecatalystwaseact or
and 59C int 0 or . St f r : / hr.
TEAL (2 wt %Iit} ﬁp %gﬁaﬁsg %’@?%&htly \Kalgztuﬁés%dﬁ ltra a agglggsehﬁgeérag%doédoﬁega%t a

| evel of abodimellylsiapadyifisQahethybipdepynikcesidmt dicklOrilidérofd Atientalaoley was
about 80 kg/ hr. .Propyl|ene nononer feed to the second reactor was about 36

kg/ hr. Et hyl €mebinechHbrer kg hwl wt'e mrethylplymoxanecin dolugpgssolptiongalagyiram (0. 40 %

concentrati ogi e .2 _ 070572
PCT/ US02/ 0'2 3$19Heﬁl_a%lg. AfRer Pl'h%ﬁte)szﬁrﬁg 8- digsok e xﬁ&altl&%né,etﬁgr&gluv}gnqgés

15 transferred to a conical Hosokawa dryer. The lines were flushed with 5.5 kg of
toluene. Then, with the Hosakawa agitator screw rotating at 60 rpm and the arm
at 1.5 rpm, 2.4 kg of MS 952 silica from Grace Davison, previously dehydrated at
600°C, was added. 1.1 kg of toluene was used to rinse the feed port and upper
section of the conical dryer. After 30 minutes agitation, the dryer jacket was

20  heated to 49°C and vacuum started while a slow stream of nitrogen entered from
the bottom of the dryer. When the mixture entered the mud stage, the dryer jacket
temperature was increased to 79°C. Drying continued until a free flowing catalyst

solid was obtained.

25 The polymerization of copolymer Sample 15 was conducted on the same
pilot scale, two-reactors-in-series line, referenced above. The reactor
temperatures were 64°C in the first reactor and 59°C in the second reactor.
Catalyst was fed at a rate of 4.8 g/hr. TEAL (2 wt% in hexane solvent) was used
as a scavenger and added at a level of about 16 mppm. Total propylene feed to

30  the first reactor was about 80 kg/hr. Propylene monomer feed to the second
reactor was about 36 kg/hr. Ethylene comonomer flow to the first reactor was

0.38 kg/hr (0.40 % concentration in the gas phase) and 0.22 kg/hr to the second



reactor (0.45 %concentration in the gas phase). Hydrogen was added for

nol ecul ar wei ght control at a | evel of 527 nppmat the first reactor and
729 nppnwato2iohes7second reactor. Overal |, pol ymer product ipem/usaz02s69 8

kg/ hr. About 60 %of the final product was obtained fromthe first
reactor, and about 40 %from5 the second reactor. Reactor residence tines
were 2.5 hr in the first reactor and 1.40-hr in the second reactor. Pol ymer
was di scharged as a granul ar product of about 650 m average particle size.
The MFR ( 230refidtom@s.48bRUEokent@dneirYeeB8s pha®yr pivdidgen was addss red as
about 0.8 wt% 10 Conparison of pol ypropyl ene resins from Sanples 10-18 are
listed in Taplegulzmwsight zpntrol sy rl@fef 5?§|7d@apms?tnf§*?eﬁrﬁ*efeéﬂ05@§ﬁe7§, t he
single-site C 12 and
14) and et hypgﬁ%lt p‘%o%g‘?“e‘ﬁ%t“%l&%o gﬁg{ls&%‘%ﬁ&e es 1 an 1?3 f‘éﬁgpk%ut
characteri zegh %yoﬂthleﬁnal plﬂ@dlrcDWaM@amadifIﬁ)ﬁWh@lﬂ,rstamttdrpmdsaﬂowem % from

extract abl es. is of note that the two 15 | |.ocene systens ffer in
the exteft ohe ﬁwpegwoanéleé%tﬂwélﬁén%%%wr«' Bé}h%%t TegRigr ﬁ@f or
under the s oA fferent
| evel s of no CEF%%(&\%%?E t anﬁ@gﬁéon‘g%e@scggf glnétgeal grgﬂkel%%ﬁ%dl“rﬁf%g%these t wo
met al | ocene &% pﬂnymtesagenparh@ie psrztace"ﬁbe MER(2pY F@nevas bnupdd wne rethyddneon,
honmopol yrer s, ( Sanpl.e 16) Wlth(i) I\/g\g as, a result of 20 different MWV
capabil ity fYGHPE 8{‘?‘{368???5‘88 ?aﬁ%’é’f"% Y87 r oduced. It is noted from the
data in Tables 7A and 7B that the MAD and pol ydi spersity indices are only
mar gi nal Iy hi gher than those fromthe individual conponents. Wat is
unexpectieéd i n oneCempartioneelt peliypronpleneivesing diom emptasolsi ¥ @redistedsini n t hi s

o eeten ng. DTRTeEkE Ak 3 Bing M@t dfud MRS AR, AR iR siee

br oadeni ng ene conon m xe al | ocenes
(each netal |1@6ﬁﬂ6cdﬁ§edathl§/z&h%p‘ﬂédey hdm‘é)?bll’yﬁ{e}s (Shinpleb 12 nzdidcatl)EChnd
or these invention Sanple

guantitati Veltﬁ the | arger Mz val ues

relative to ¢ e%ﬁmykm wepolymarspiSampies bhangh 19h arneharagierazed bWht%lewz val ue

commn, a5 deRIEAEaR, PSR IR and v R b IRl i o N S e

SCI ENCE 1AND  inbial1diehBl sl}dﬁieﬁ@&hﬂ“@r (n.]thle extdfit Gﬁ“d‘mdm@n and. ¢thylein coihbeyme& Sons
1990), which in the fresent invention is
responses, and therefor under the same polymerlzatlon conditions, produce
polymers with different levels of molecular weight and comonomer content.
When combining these two metallocene catalysts in the process of propylene
homopolymerization, homopolymers (Sample 16) with broad MWD as a result of
20 different MW capability from constituent catalysts are produced. It is noted from
the data in Tables 7A and 7B that the MWD and polydispersity indices are only

marginally higher than those from the individual components.

What is unexpected in one embodiment of the invention, as demonstrated

25 in this invention in Samples 1, 2A, 2B, 10 and 11 is the significant MWD
broadening by copolymerizing ethylene comonomer with the mixed metallocenes

(each metallocene used is chemically distinct). This is indicated quantitatively by

the larger Mz values for these invention Samples relative to the comparative
examples as shown in the tables. The Mz value is the higher average molecular

30 weight value, and its calculation is common, as discussed by A.R. Cooper in
CONCISE ENCYCLOPEDIA OF POLYMER SCIENCE AND ENGINEERING 638-39 (J.I.

Kroschwitz, ed., John Wiley & Sons 1990), which in the present invention is a



WO 02/ 070572 PCT/ US02/ 02379 -51 neasure of the degree of nol ecul ar wei ght
br oadeni ng towards hi gher nol ecular weights. This is due to the conbi ned
MAs of t hwopelyiser s generated by the two stages of the pecyrusoz/ear on
process, wherein one netall ocene generates a polyner of higher MN and/or
broader MW In particular, the 4-phenyl-I|-indenyl 5 substituted

met al | ocenes increase the M and created-the high Mz values. Values for
Mh, Mv and Mz are in Tables IB and 7B for Sanples 1-18. The substanti al

mol ecul ar wenghdurds0mdeiRbie dfanelechlimReibhOheaddmleomasds hipkdrghdleanst of the
distribution for the invention polynmers can be seen in the 10 nmeasurenent

of recoverabWélgbﬁrrﬂhl%ﬁ&éle tg the spmbueed MWswbf iR PPy mgEs Benerahby dhettvack t he
hi gh rmol ecul ghodeh ViRBBEHED Fhodsfe WHlbRAT IM hiRflodliE dafdfarbd TQur es 1
and 2) show ues F ecoverabl e ‘conp |ance to I ncrea rom 1.1 x

104 Pa -1 fpdlyﬁamﬁﬂ}ﬁgltﬂer(MWJgh@’oﬂbﬁoaﬂérQﬂWem pagicdo] theErphenhpl- Bifdenyl104 Pa
-1 for Sanple two netal |l ocenes, honppolyner) to gt e%'rier t han or equal
to 3.9 x51o451ﬂ’étltu edr metalloceney dnetease sl YhWp sandafrsaiss gh Mg vahiest wo

met al | ocenesy %L@gﬁg%ﬁfg\ﬁgamaingys{eqmﬁb@géha%% Qaé«arzppel% 10 and 11 are,

respectively, 4 Pa" 1 conparlsoh of the MAD of the
i nvention polyners versus other 20 polyners is shown in Flgure 6 for the

RPC enbodi nent . t Wo- r act or ess was Io

production of Saﬁ#‘ %%E?n%ldnﬁlfc %WFWB?E & How &g%dhlé ‘H’B‘i’ Fr‘i}g%ﬂ MAD
pol ymer was @{hiBadid Rirade cBGribitidnh forf the Shvéxﬁ%ﬁtﬁﬂymeﬂ:' SHAl Be GechNfiVehet he MAD
of polyners discharged at various stages of polynerization, and reflects

t he hi ghoMz mahswesment of hecqy@tayb&mc@nplﬁamhethpr\@wn or veigch mwmthlm@wnme

di | d
opposed Lo tHEH MRBREoRaNFolFaly of $Peift SFLPthR JHE ke P8R g °°

copol ynmers ( Hafawl2¢shdss tiad dalhés forasco%@ﬂw ¢dnhthnted td-in@kage &omAi though the
same 30 |evel pf CD br oadeni ng be achieved with convpntf onal ZN

catalysts, tRe fojslagele ‘S {swale et ogenen BemoBHlREn & e 10 i RF Saeplbl es
fromthe i nve QMO Retallocenes, homopolymer) to greater than or equal to 3.9 x 10* Pa’ for

15 invention polymers Samples 1, 2A and 2B (two metallocenes, TCRs). The
recoverable compliance in Samples 10 and 11 are, respectively, 3.6 and 4.3 x 10*

Pa’l.

GPC comparison of the MWD of the invention polymers versus other

20  polymers is shown in Figure 6 for the RPC embodiment. Although a two-reactor
process was employed in the production of Samples 10 and 11, an indication of
broad and bimodal MWD polymer was already produced in the first reactor.
Figure 7 shows the MWD of polymers discharged at various stages of
polymerization, and reflects the high Mz values of the polymers of the present

25 invention.

The invention RCPs (Samples 10 and 11) also display a relatively broad

CD as opposed to the inherent narrow CD of single-site metallocene catalyzed
copolymers (Samples 13 and 15), as exemplified in Figure 8. Although the same

30 level of CD broadening may be achieved with conventional ZN catalysts, the
valued attributes of both broad CD and low extractables from the invention

polymers affords advantages in many applications which require good cleanliness,



pol ymers affords advantages in many applications which require good

cl eanliness, WO 02/070572 PCT/US02/ 02379 -52 less volatile fume, |ess

t her mal owbdabr@n2 br eakdown, i nproved recyclability, and Ppatrheo2/ed3vyi but es.
Further CD analysis of the invention RCP Sanple 10 was conducted by a 5
preparative tenperature rising elution fractionation (TREF) technique in
the tenperature range of roomtenperatit2e to 100C. The fractions obtained
from different ranges of elution tenperature were selected for 13C-NWR and

GPC  char act REd vAhtileFeme, BS themdNYRidaB6H! bi&k&Mﬁm})fbv'Eabb@c&bﬂuﬁ%ﬁt t hat
the fractionation takes place according to the defect structures (stereo

or regi o typebergtitribotedef ect) and the | evel of conpnoner incorporation. It
is apparent that fraction-3 polyner, which elutes at the highest
tenperature range, has mninmum chain disruptions and the | owest |evel of

conononer i ncor poF@thed Dy ehaAysiyef the ihveatioh REIP Simplefltawis eonductddbillae
details of MWand MAD of each fraction are shown in Figure 9. The

. g : .
fraction33 poEDHBHve semprsRHravpsRgdelvien Hragherationa fTREDS dechpiape 48t thsn- 1 and
- 2. The ab h . nv.entd . : DAl r
conpri si ng: Ot\é%f%ﬁguhitrg?&hﬁ\fgﬁgﬁggﬁ o%gatk%%c%dggghgﬁ%eygm&{t Olﬁgsorb gﬁ‘%@i %gfly | ower
| evel of codifiersne ranges arfpelntdn oamper@)irea werd seledted MY SENMR rands GRO
conmponent 20 with a noderate |s;ev. of conononer. | rporation, . an 3
| ow MW and b?%terWI}?ong[g‘ﬁehﬁ'ﬁMﬁﬂ_rﬁs _ giopay ) Bgleggn%‘ﬁg?%rthat %e( )
i ncor por at i OfYacifoRAt SRANesIRLUCErARR! th #RL dPAS strid@irel RIS Br FldR HPR]ILTI St C

benefits of processability and property bal ance, the invention nethod
provi dedot hedefehrpactfe lepd addfcomonginen inspruationonlt o appsirgntehas frastiomdt t hese

demands. For_exanple,. in, nold rt,s and filmproducts the stiffness and
dar t - punct ur%‘ﬁylgg'}?s‘flglﬁf& elyiss ﬁﬁgggjﬂl@e“afwg%r&ﬁnﬁﬁl h?s SRR cli‘l?‘R}e ntion
preparati on @kfufiond HRACHO oWt &vEPOYEBRAchohier iROAbRNRor! RETITe @M thelytRgrer ti es.
30 One of the advantages of this invention is that, despite the substanti al

| evel of MAD&iRFNUODS.br oadeni ng, the hexane extractables for the invention
pol ymer s

15 The details of MW and MWD of each fraction are shown in Figure 9. The
fraction-3 polymer has both MW and MWD higher than those of fraction-1 and -
2. The above results show that the invention polymer has a polymer comprising:
(1) a high MW and broad MWD component with a relatively lower level of
comonomer incorporation; (2) a moderate MW and narrow MWD component
20  with a moderate level of comonomer incorporaﬁon, and (3) a low MW and broad

MWD component with a high level of comonomer incorporation.

For many product applications that require the synergistic benefits of
processability and property balance, the invention method provides the advantage

25 of in-situ production of polymers to meet these demands. For example, in molded
parts and film products the stiffness and dart-puncture resistance balance are
always desirable, and the invention preparation offers reactor made polymers to

achieve these end properties.

30 One of the advantages of this invention is that, despite the substantial level
of MWD and CD broadening, the hexane extractables for the invention polymers

are still below 0.3 wt%, which is substantially lower than for ZN polymers. In



are still below 0.3 wt% which is substantially |lower than for ZN pol yners.
In WO 02/ 070572 PCT/ US02/ 02379 -53 one enbodi nent, the hexane extractabl es
is | ess twan2®708t24 in another enbodi nent |ess than 2 w ®CTarsd2/0237y et

anot her enbodi ment the hexane extractable is less than 1 ww% 5 The MAD
broadening fromthe invention polyner benefits the rheol ogical properties
in terms of higher nmelt strength at | ow3Xhear rate and inproved shear
thinning at high shear rate, as exenplified in Figure 10. In nany
fabrication ofy eam®disent,s theh hasarichexti@iiables Mg, lesagianng, widwhnanothe nni ng,
stretching, etc., high nelt strength is desirable to mtigate any
potential i n@ﬂ%&dlmie’t“y?"é? hay b ﬁ’&g/bf and) ip a¥ft; anethey pRPeUmgpt ?*Pf‘ehﬁﬁr{een
stage. The géﬁ&E&BlesiE?e%thtaHiIW/ﬁg at increased shear rate helps to reduce
extruder torque In the extrusion and inprove nold flow and cycle tines in
the nol di ng process. Cast filnms were prepared from Sanples 10, 11, 13 and

17 using_the 15 fol 1 oper atj ons. .Cast. nonpl ayer fil re fabricated
on 5 Ki'Fion cast Ths MVDIHwEeRgiom Risdrbiop ppDa sk penetis Beabaiagenls. (- o
extruder at %ogéﬁﬁmrfite?rﬁﬁbﬁhighef' ﬁi‘eltesﬁeﬁgtﬁ% 18 shea? kaemndi iR RY;shaqd " C'
extruder at 1.91 cmdianeter), which feed polynmer into a feedbl ock. For

nmonol ayer cathinnfing pt pighdshean mtg, gsodxemplifiedgn Higareold). y In mpany” fabrieationuder .

The feedbl ock diverts .nolten | yner fromthe 20 extruder tp a 20 32 cm
W de O oer P st s iR R LSRR Pk GPe S e Refen e 1 ol
(20.3 cm di apieh Shelt StPer@tiCid deSirdblé ?&ﬁﬁ;i%dfélﬁnﬁ@&fehﬁﬂ iHgthbilitys oesHgbipest Wi th
adj ustabl e wi ndi ng speeds to obtain filmof the targeted thickness.
Operating clhafatedbpartsaatdhg moltemptags . Thogreatst slidar thirng at ncwasedghedri | m
t hi ckness of 10 ( s§ll . iJ: i bles 1
O and 106, PEOTRY T A0 osuRl falE bl extfiddy pRl P BRE L ol AT O
pol yner s haveychntimtd inahé moklifipp@oess. of stiffness (1% secant nodul us) and
t oughness (puncture and dart inpact resistance). Specifically, the film
stiffness fromthe invention polynmer (Sanples 10 and 11) is higher than
Eﬂgt b?gagf the nagrQwiMDLBR! BebAeq "ol SAYHIENG0C RO Y HRa § PaARRIEHE3) and
15 following operations. Cast monolayer films were fabricated on a Killion cast film

line. This line has three 24:1 L/D extruders ("A" extruder at 2.54 c¢cm diameter;
"B" extruder at 1.91 cm diameter; and "C" extruder at 1.91 cm diameter), which
feed polymer into a feedblock. For monolayer cast film production, polymer was
fed only into "A" extruder. The feedblock diverts molten polymer from the
20  extruder to a 20.32 cm wide Cloeren die. Molten polymer exits the die and is cast
on a chill roll (20.3 cm diameter, 25.4 cm roll face). The casting unit is equipped
with adjustable winding speeds to obtain film of the targeted thickness. Operating

conditions are in Table 9.

25 Cast film properties, at film thickness of 102 um (4 mil) and 38 pum (1.5
mil), are reported in Tables 10A and 10B, respectively. Data show that cast films
from the invention polymers have an attractive balance of stiffness (1% secant
modulus) and toughness (puncture and dart impact resistance). Specifically, the
film stiffness from the invention polymer (Samples 10 and 11) is higher than that

30  of the narrow MWD metallocene propylene copolymer (Sample 13) and the broad
MWD ZN copolymer (Sample 17). With additional ethylene comonomer in
Sample 11 than in Sample 10, the dart impact strength of Sample 11 is greatly



MAD ZN copol ynmer (Sanple 17). Wth additional ethylene conmononer in Sanple
11 than in Sanple 10, the dart inpact strength of Sanple 11 is greatly WO
02/ 070572wB@TAWBEL2/ 02379 -54 inproved and exceeds that ofPcrhsopasry ol s
(Sanples 13 and 17). O her inportant filmproperties of the invention

pol ymer include opticals (haze and gl oss),  noisture barrier (WTR) and
heat sealing strength, which are all corf?ﬂar able or inprovenents over the
prior art films. The |low tear strength, when conbined 5 with the good

toughness, Ofmprbeed ddeekce@R’ thalof My Sortl Bahpldes ambl®. iOthapapoabiity
applications where "easy tear" is a beneficial attrjibute. Shri nk films were

prepared frofinsaprepeesy pf (thaviarention pelyinesripclade opsicalssihage pAd 8lesshowi ng
oper atione. sk, THR STy PREGH FAPLGRIL I ERNTLAR I L cobfatbicbness vas

fabrlcated on a |on ca né uSi'ng procedures simltar to that
descri bed abﬁmﬁoveﬁmmmnm thy girios hetefilngy. odhe tlowneart stengthrrevieol opmvinadas f ed

into all three extruders. The edbl ock diverts en polynmer from each
extruder 3 t oWipdhs goad tEFi%lHﬁ%? §£&’?r‘%‘fﬁnflﬁ’épelr¥§?ﬁﬁ%? n% E"haesa:ra ”ﬁéﬁecéaﬁtryeans of

nol ten poly éjhcﬁ&flﬁrrol tgagypegls- ik D8R ia NRLDGB. polyrrer exits the die and

is cast on t to forma thick sheet. Operating conditions
used for preparing cast sheets are shown in Table 11. Follow ng the

production of cas 5. 08 cm cms res of t t.s were

B Fetohed (Lo 6 x BTl BHE MeroProgred 6oy Sammem | LoNgrSen REISHFgreog

nmachi ne. To pgigdufefolbRtly op&mfén@luajasttmoﬁélhyr@,shééieey;ﬁ&an@tsxm g (bemper at ures
of 141C and 138C were selected for Sanples and 18, respectively. Data of

film pri@per thickmess wass febmsated onabKallion caShﬁthlkmqi mrsmgmr@mdmé similamtoi on

G Vi mess (9o Bsoe BT £ BBERGT BiealhaREfih S Al REP TS,

Shrink tensi o kg tiatesxtiudetsheThk deeaiblotk diveats Iﬁckl&nfpomherstwﬂl Bichpaedadei ng
applies on the package contents at a given packaging terrperature
General |y, atohingsifigishamiels; diamdhe ehanpels(thecombingd,Sireains ofgpelien nojyneryher e

damage or d egrﬁé%tthée) @%étliﬁg'dné By, pglgntep ExRAHK L 5P RIERI S th %hllhioglh ly

desirable to provi crisp I ng that secures t e package
15 to form a thick sheet. Operatmg condltlons used for preparing cast sheets are

shown in Table 11.

Following the production of cast sheets, 5.08 cm x 5.08 cm squares of the

sheets were stretched (to 6 x 6 along MD x TD) using a T.M. Long stretching

20 machine. To produce clear, good quality films, the stretching temperatures of

141°C and 138°C were selected for Samples 11 and 18, respectively. Data of film

properties are shown in Table 12. Shrink film from the invention polymer

displays a favorable balance of properties, iﬁcluding WVTR, stiffness (1% secant

modulus), tensile strength, and shrink tension. Shrink tension relates to the force

25  that the final shrink packaging applies on the package contents at a given

packaging temperature. Generally, a high shrink tension force (but below the

force level where damage or deformation is inflicted on the package contents) is

highly desirable to provide a taut, crisp packaging that secures the package
contents as well as provides an appealing presentation.

30
Although the Examples in this invention deal primarily with films, it will

be instantly recognized that the attributes of the invention polymers will lend



contents as well as provides an appealing presentation. 30 Although the
Exanples in this invention deal primarily with filnms, it will be instantly
recogni zewotoharosthe attri butes of the invention polyners wdrlusozozs7iO

02/ 070572 PCT/ US02/ 02379 -55 thenselves to use in other end-application
areas as well. For exanple, in thernoformng and bl ow nol ding, the
increased melt strength derived fromt h®5- br oadeni ng of distribution to the
hi gh ol ecul ar wei ght end, coupled with the weasier orientability at |ower

t enper at ur esthesibeluésd td asel i bthepend-appisation heasf ad svells Rt Séxantpid)gine

nmet al | ocene-cat al yzed propyl ene polyners. Al priority docunents are herein
ful l'y i ncor pbearefarmipg rasddlewdoldme. shq lnchaﬁqu@FEtSFréﬁ&thlqﬁrlm &nms then

i ncor porati r , gﬁpﬁé t ncl udi ng
testing pr Oglg}gh?eggr?grgﬁg ﬁ%rugloﬁ t%nﬁ hlgrlnlglé)?%gr ate élg &{d de?belﬂlcteﬂef or all

j urisdicti onsasien ondentabilsyiah lowmaerpperatme:sn shcmlqbeesmltt mthrfoViﬁalﬁrE/ BenehiE2

PCT/U802/02379 56 W ~ ~n ~0 O~ g -~ 300~ [~ MNv " 0
100 o Mrivewu Slf@i‘ém@a °°e“9r°a@1>@e€)Pf°HWeéelﬂ° Y& ot ' not' ~ V-~ VI M V7 V7
~V7 CHf.nit .Q-0 .-. 000000 VI) 00

All priority documents are herein fully incorporated by reference for all
jurisdictions in which such incorporation is permitted. Further, all documents
cited herein, including testing procedures, are herein fully incorporated by

10 reference for all jurisdictions in which such incorporation is permitted.
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Table 1B. Description of samples 1-9
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s. . ~0o0oU 0o O&.ObA~_0Oo0o ,r, MOHW 14 CGnP=L-pHxU N
\ J V] WD 02/070572 PCT/US02/02379 71 Caims We claim 1. A crystalline

i sot acti cwproejoyisene pol ynmer conprising from0.05 to 15 w ®CTAISewM3nONer
units based on the total weight of the polynmer, wherein the nolecular

wei ght distribution of the polyner is characterized as being binodal, the
propyl ene having a Mz val ue of from 400,000 to 2,000,000 and a MAD vaI ue
of less than 3.0. 10 2. The polyner of daiml, wherein the M val ue of the
polymer is fCRiims90,000 to 120,000. 3. The polyner of Caim1l, wherein the
hexane extrapadhias | evel of the polymer is less than 2 wt % as neasured by
21 CFR 177.1520(d)(3)(ii). 15 4. The polyner of Caim1l, wherein the hexane
extractabl es level of the polymer is less than 3 wt% as neasured by 21 CFR
177.1520(d) (B) (iiA. crﬁtalﬁh@isp@b%ﬂopmn@diymeipomplésie@ frotlh@oi:m‘rbﬁm%r W%is
in the range of 0 10. 6. . The [ erein

t he comonomer vw%ql’éor}oﬁqefﬂlél]t?i’ﬁﬁeé thefﬁ%a-rL lgﬁ(}oﬂg é’o yé%er Wwﬁ:@ B%I yner of
Caim1l, wherein fhcMar Wigh distibu®h 90 AhdPOlynter il DRACREBedTRS eritigar

wei ght units.
bimodal, the propylene having a Mz value of from 400,000 to 2,000,000
and a MWD value of less than 3.0.

10 2. The polymer of Claim 1, wherein the Mn value of the polymer is from

90,000 to 120,000.

3. The polymer of Claim 1, wherein the hexane extractables level of the

polymer is less than 2 wt% as measured by 21 CFR 177.1520(d)(3)(i1).

4. The polymer of Claim 1, wherein the hexane extractables level of the

polymer is less than 3 wt% as measured by 21 CFR 177.1520(d)(3)(ii).

5. The polymer of Claim 1, wherein the comonomer wt% is in the range of
20 from 0.1 to 10.0.
6. The polymer of Claim 1, wherein the comonomer wt% is in the range of

from 0.5 to0 5.0.

25 7. The polymer of Claim 1, wherein the Mz value is from 500,000 to
1,500,000 molecular weight units.

8. The polymer of Claim 1, wherein the Mz value is from 600,000 to 800,000
molecular weight units.
30
9. A crystalline propylene polymer comprising from 0.05 to 15 wt%

comonomer units based on the total weight of the polymer, wherein the



8. The polyner of daim1, wherein the M value is from 600,000 to 800, 000
nol ecul ar weight units. 30 9. A crystalline propyl ene polynmer conprising
from 0. 05WD@2AH5M % cononomer units based on the total weCghiSow623rhe

pol ymer, wherein the WO 02/ 070572 PCT/ Ug02/ 02379 72 polynmer is generated
fromat |east two polynerization steps ‘Conducted in the presence of a
catal yst systemconprising at least two different netall ocene catalysts,
and wherein the nol ecul ar weight distribution of the polyner is
characterized as paymer Bigeacated fidig ap fcapytwensoljuaviizagioa shps cobndigtedeinof from
400, 000 to 2,000,000. 10. The polymer of Claim$9, wherein the tal | ocene
catal yst system ®8nPieraase ofngd FAIRINFY SYSERIR SCRBRIFINE FE Jed il (itfedpitesent ed

by the formula: &Qtam&}le%am!\ﬂnﬁ?éeiﬁ tRPmofbctiavelbht ﬁggrﬁ)u%]lg? whagein Mis

selected fromthe group consi'sting of titanium zirconium nium
vanadi um ni obi um pdlgmtaisucharadtteromi Las) beimp birhathutie gdpylemgbavemg all8lzR1 and

R2 are identical or differ -1y a hydrogen atom a C1-Cl10 al kyl
group, preferabl yvaéued’gg@ngﬁﬁﬁpg&%ﬁﬁﬁo‘g501 C10 al koxy group, a C6-C 10

aryl group, a C6-C 10 aryloxy group, a C2-C 10 al kenyl group, a C2-C4
al kenyl group, a C7-C40 aryl al klyl group, a C7-C40
10. The polymer of Claim 9, wherein the metallocene catalyst system

comprises two metallocenes each independently represented by the
formula:

10

10
R )4

(
859
ROR®)
R 5 \
R1\ R6 /

R'Z/

4
R CRORY)_

(R19),

wherein M is selected from the group consisting of titanium,
zirconium, hafnium, vanadium niobium, tantalum, chromium,
molybdenum and tungsten;

15 R! and R2 are identical or different, are one of a hydrogen atom, a
C1-Ci0 alkyl group, preferably a C1-C3 alkyl group, a C1-Cq¢ alkoxy
group, a Cg-Cq aryl group, a Cg-Cqq aryloxy group, a C»-Ciq alkenyl
group, a Cp-C4 alkenyl group, a C7-C4q arylalkyl group, a C7-Cy4
alkylaryl group, a Cg-C4() arylalkenyl group, or a halogen atom;

20 R3 and R4 are hydrogen atoms;

R5 and R are identical or different, and are one of a halogen atom,
a C1-Cqq alkyl group which may be halogenated, a Cg-Cq( aryl group
which may be halogenated, a C5-C) alkenyl group, a C7-Cy4q -arylalkyl
group, a C7-C4 alkylaryl group, a Cg-Cy arylalkenyl group, a -NR215, -



al kyl aryl group, a C8-C40 aryl al kenyl group, or a hal ogen atom 20 R3 and
R4 are hydrogen atons; R5 and R6 are identical or different, and are one of
a hal ogernwatoesnr0s7a C 1-C 10 al kyl group which may be hal ogematserp23a9 C6- C10
aryl group which nmay be hal ogenat ed, C2- C10 al kenyl group, a C7-C40
-arylal kyl group, a C7-C40 al kyl aryl gpoup, a C8-C40 aryl al kenyl group, a
-NR215, WO 02/070572 PCT/ US02/ 02379 73 SR15, -OR15, -0Si R315 or -PR215
radi cal , mherein R15 is one of a halogen atom a C 1-C 10 al kyl group, or

a C6-C 10 aryl 55 R11,R1{l - 18R: - - -
(cRe13) | RiD RISKL ) QRS 3D R IPRES Bhfloay Rl g I3 gne o 48 1

- B(R11) -, -AI(Rllf)alqgen@@m a@nﬁ,loadky,lgn@p;or%@s-,Cm@@LgrouwR11)-, -CO-, . -
P(R11)-, or -P(O(R11) ; 10 wherein R11l, R12 and R13 are identical or
different and are_a  hydrogen atom a hal ogen atom a Cl-C20 al kyl group, a
Cl-C20 fl uoroal K§[ isgroup, a ©6-C30 aryl group, a 06-C30 fluoroaryl group,
a Cl- C20 al koxy group a C2-C20 al kenyl group, a C7-C40 aryl al kyl group, a
C8- C40 aryl al kenyl g\M a Cr7- C?Q al kyJ,aryl groyp, or Rl1l and R12, or 15
R11 and R13, together th the atons b nd| ng the can formring systens;

M2 is silicon, germanijumor tin; |R8 an RO are identical or different and

have the neanings stagd | M2 M2 — , —M2 — (CRp13)— .
rL12 R12 ,L12 ,L12
R11 R11 R11
—o—!an——o— , —‘c— , —o——ivﬂ—
R12 . ,L12 ,L12

-BRI1D)-, -AlRI1)-, -Ge-, -Sn-, -O-, -S-, -SO-, -SO5-, N(R11)-, -CO-, -
PRID)-, or -PO)RI1)-;

10 wherein Rll, R12 and R!3 are identical or different and are a
hydrogen atom, a halogen atom, a Cj-Cpqg alkyl group, a Ci-Cpg
fluoroalkyl group, a Cg-C3¢ aryl group, a Cg-C3¢ fluoroaryl group, a Cq-
Co( alkoxy group, a C3-Cp( alkenyl group, a C7-C4q arylalkyl group, a
Cg-Cy arylalkenyl group, a C7-C4 alkylaryl group, or R11 and R12, or

15 R11 and RI13, together with the atoms binding them, can form ring
systems;

M2 is silicon, germanium or tin;
R8 and RY are identical or different and have the meanings stated
for R1 1;

20 m and n are identical or different and are zero, 1 or 2, m plus n

being zero, 1 or 2; and
the radicals R10 are identical or different and have the meanings
stated for R1 1, R!12 and R13 and two adjacent R10 radicals can be joined

together to form a ring system.
25

11.  The polymer of Claim 9, wherein the metallocene is selected from the

group consisting of:



for R11; 20 mand n are identical or different and are zero, 1 or 2, mplus
n being zero, 1 or 2; and the radicals RLO are identical or different and
have t he weaniomzs2 stated for R11, R12 and R13 and two adjpatcdrsn2/RBoo

radi cals can be joined together to forypa ring system 25 11. The pol yner
of Claim9, wherein the netallocene is ‘Selected fromthe group consisting
of : WD 02/ 070572 PCT/ US02/ 02379 74 di net hyl si |l andi yl bi s(2-net hyl i ndenyl)
zirconiumdichloride, dinethylsilandiylbis (2-nethyl-4-phenyl-I|-indenyl)

zi rconi um di chl ordlﬁhethylﬁbﬁtﬁ?hys(&hie&r}dinylért}il)sﬁ&,oﬂhﬂi diehlyide,ndenyl ) zirconi um
di chl oride, dinet hyI sil andi yl bis(2 trinethylindenyl) zi rcom um

di chl oride, 5 di P%EHH%W (Brlgethh'd‘érﬁwnﬁw ripdenylraiorNbicheride,

g: net hyl si | andi yI | s?‘ﬁisﬁét%iﬁbﬁsﬁi@%ﬁ@g. %ggg}lzgrcgﬂlﬁﬁ%&mggl&g chl ori de,

met hyl si | andi yl zirconi um di chl ori de,
di met hyl si | andi yldimsthyBsilaedihipis(2}S pheimethyllindedénzitconaint dichlonide.di et hyl ,

di net hyl si | andi yl nzoi nde I zj rconi um di net hyl , 10

di met hyl 3i | andi yl W%lﬁ?ﬁﬁblﬁngﬂﬁf?gwlﬂﬁ@% lﬁi@ﬁw ) zirconium dinmethyl,
di met hyl si | andi ylcﬁh’éﬁ%kﬂ%ﬁmgfrbi’sz@b%nﬂ{etraﬁydrbl'ﬁqgrﬁﬂj 2ircdh{unPBicHRYidb et hyl

di met hyl si l andi yl bis (2-ethyl napht hyl -1 -1 ndenyl) zirconi um di met hyI

phenyl (net hyl ) si Ichmdth}'lﬁda@dlzlbmél nwthﬂ%bmtndenyw@nqqn)um dichboridem 15
g: ?EE)E?/Lm g: g: E g el hy?snl (Ylyf%L 3 2met lmrl-phenyﬁ]I-mggnytl)hé{rc)omjﬁn{ (%%fee yl)

gl et Ey: si | agdl yl dlh}%ﬁgdsmﬁﬁdiylbls@ “yaahs-Batl b mbehyly giRodniurd idis&@Ay Iy m
i met an
Y dimethylsilandiylbis(2-methyl-4,6-diisopropylindenyl) zirconium

dimethyl,
dimethylsilandiylbis(2-ethyl-4-phenyl-1-indenyl) zirconium dimethyl,
dimethylsilandiylbis (2-ethyl-4-naphthyl-1-indenyl) zirconium dimethyl,
phenyl(methyl)silandiylbis(2-methyl-4-phenyl-1-indenyl) zirconium

15 dimethyl,
dimethylsilandiylbis(2-methyl-4-(1-naphthyl)-1-indenyl) zirconium
dimethyl,
dimethylsilandiylbis(2-methyl-4-(2-naphthyl)-1-indenyl) zirconium
dimethyl, and

20 dimethylsilandiylbis(2-methyl-indenyl) zirconium dimethyl, and mixtures
thereof.

12.  The polymer of Claim 9, wherein the hexane extractables level of the
polymer is less than 3 wt% as measured by 21 CFR 177.1520(d)(3)(11).
25
13.  The polymer of Claim 9, wherein the comonomer wt% is in the range of
from 0.1 to 10.0.

14.  The polymer of Claim 9, wherein the Mz value is from 500,000 to
30 1,500,000 molecular weight units.



20 di et hyl si |l andi yl bi s(2-met hyl -i ndenyl) zirconium di methyl, and m xtures
thereof. 12. The polynmer of daim9, wherein the hexane extractabl es |evel
of the pebYewT057Ts | ess than 3 wt % as neasured by 21 CFR PCT/US02/02379
177.1520(d)(3)(ii). 25 13. The polymer,_of Caim9, wherein the conononer
w%is in the range of fromO.1 to 10.8. 14. The pol ymer of Claim9,
wherein the Mz value is from 500,000 to 30 1,500,000 nol ecul ar wei ght
units. WD 02/ 070572 PCT/ US02/ 02379 75 15. The polyner of daim9, wherein
the Mz val ugls.s fTiPRRAeAIT]bim 80Nh&OR theMAiedis frori G0C,00000t890,000. The
pol ymer of Claim 10, wherein one netall ocene catalyst is a 4-phenyl- 5

1-i ndenyl substi tmeleeulppveighigieie cat al yst. . 17. A crystalline propyl ene
pol ymer conprising fromO0.05 to 15 w % conononer units based on the total
wei ght of the polyner, wherein the polyner is generated fromat |east two
pol yneri zat il stEpspadpneuat@din m0,19hdérbia gneasenliecené catalysttialayispheaykt em
conprising at least two djfferent tall ocene catal ysts, and wherein the
mol ecul af wei ght ringepylisy qtgwegfnegq% Cerk?cﬂa%iﬁ" i's characterized as being

bi nodal , the polymer having a Mz value of from 500,000 to 1,500, 000

nmol ecul ar weight units. 15 18. The polynmer of Claim 17, wherein the

met al | ocene KAt al 4strystpBinenpropglepe i pegmenccomgrisinigodeones).@ach ilhdepéndent |y

represented by t hcei\)mc;cn(())¥nrerzlrJ Iu(;j}i-ts lﬁg{s%d)cfh helz%géalinweli?gﬁlt%f%lg po@mer, wherein the

polymer is generated from at least two polymerization steps conducted in
10 the presence of a catalyst system comprising at least two different
metallocene catalysts, and wherein the molecular weight distribution of the

polymer is characterized as being bimodal, the polymer having a Mz value

of from 500,000 to 1,500,000 molecular weight units.

15 18.  The polymer of Claim 17, wherein the metallocene catalyst system

comprises two metallocenes each independently represented by the

formula:
10
(R™),
89
R°R )m
RS 5 \
R1\ R6 /
R 4
R CRORY)
n
10
(R10),
20 wherein M is selected from the group consisting of titanium,

zirconium, hafnium, vanadium niobium, tantalum, chromium,

molybdenum and tungsten;



4 RCOO) n (R10 )4 20 wherein Mis selected fromthe group consisting
of titanium zirconium hafnium vanadi um ni obium tantalum chrom um
nol ybdenwwDang7asangst en; WO 02/ 070572 PCT/ US02/ 02379 76 RCTArA2/6B7ar e
identical or different, are one of a h rogen atom a Cl1-C10 al kyl group,
preferably a Cl-C3 al kyl group, a Cl- Cl al koxy group, a C6-Cl10 aryl
group, a C6-Cl0 aryl oxy group, a C2-Cl10 al kenyl group, a C2-C4 al kenyl
group, a C7-C40 aryl al kyl group, a C7-C40 5 al kylaryl group, a C8-C40
aryl al kenyl group, or @ h o) A R5 and
R6 are identical or d| fel?(ieﬁt %Pe ggtggra(laor (rilﬁfér?m arﬁ ﬁ nghg%%g]@gﬂ T C10
al kyl group whi crcnsé:yomékyiagrogmrm@wblsaach}CJ;oalbylygrogpom&1 (i etkorily be
hal ogenated, a At [ A Cle#9 1@( 1%{1 4 A0c O uBayl a Cr- C40
al kylaryl gr oup,c2g % gﬂ%y?rgl %&ay’l Cg 37K fS,y 2 R%VS
- 0Si R315 or -PRZJ%OFI%tdiic,%Z Canplksmil nng@JS 2 Corkd0odry M%agreglénaa%@Oa C 1-C
10 al kyl sgroup, ailkg@a g@u @§§d r?lﬁ]kcnﬁ@rb% ot & hiRbgeRdtdbmiRl1l R11 M2 - M2 -
M M - (CR213) Ri ﬁ4 I3 % R11 R11 R11 -OM -O , -C -OM2 | |
| R12 R12 R12 an ydrogen atoms,
RS and RO are identical or different, and are one of a halogen atom,
a C1-Cjq alkyl group which may be halogenated, a Cg-Cq( aryl group
which may be halogenated, a C»-C1q alkenyl group, a C7-Cy4( -arylalkyl
10 group, a C7-C4 alkylaryl group, a Cg-Cy4 arylalkenyl group, a -NR21 5.
SR15 -ORI5, -OSiR315 or -PR215 radical, wherein R13 is one of a

halogen atom, a C1-Cq alkyl group, or a Cg-C1 ¢ aryl group;

R7 is
15
RrR11 R11 RrR11 RrR11
| | |
M2 — , — M2 — M2 — —MZ—(CR213)— )
;L12 L12 L12 ||q12
R11 RrR11 Rr11
| | |
—O0—M2—0— . —C— , —O0—M2 —
FL12 |L12 |L12

-BR1)-, -AlR1))-, -Ge-, -Sn-, -O-, -S-, -SO-, -SOs-, -NR11)- -CcO-, -
PRID)-, or -PO)RI)-;

20 wherein Rll, R12 and R13 are identical or different and are a
hydrogen atom, a halogen atom, a Cy-Cy alkyl group, a C1-Cpq
fluoroalkyl group, a Cg-C3 aryl group, a Cg-C3 fluoroaryl group, a C1-
Co( alkoxy group, a C»-Cp( alkenyl group, a C7-C4q arylalkyl group, a
Cg-Cy4 arylalkenyl group, a C7-C4¢ alkylaryl group, or RI1 and R12, or

25 RI1 and RI13, together with the atoms binding them, can form ring
systems;

M2 is silicon, germanium or tin;



-B(R11)-, -A1(R11)-, -Ge-, -Sn-, -0-, -S-, -SO, -S2-, -N(R11)-, -CO, -
P(R11)-, or -P(O(R11)-; 20 wherein R11l, R12 and R13 are identical or

di f f erentwandoarse a hydrogen atom a hal ogen atom a Cl - ER0/tsbk¢d37gr oup, a
Cl-C20 fluoroal kyl group, a C6-C30 aryl_ group, a C6-C30 fluoroaryl group,
a Cl- C20 al koxy group, a C2-C20 al keny77 group, a C7-C40 aryl al kyl group, a
C8- 40 aryl al kenyl group, a C7-C40 al kyl aryl group, or R11 and R12, or 25
R11 and R13, together with the atonms binding them can formring systens;

M2 is silicon, germaniymor 49 n. WO 02/070572 PCT{US02402379. 77 and R9
are identical or diffe eﬁPd%darﬁa\g%mtcﬁ{eor Aich %anF%\fegt er?%‘}lmﬁift;a@% and n
are identical or firffldrent and are zero, 1 or 2, m plus n being zero, 1 or

2 and 5 the radicals Hlgf e JARBhiGR: AdLhTASHL 80d1 NV EhguERani ngs

stated for R11, R12 an nd two ad] acen radi caf s can ] 0oi ned
toget her to form being myosyet&mnd19. The pol ymer of Claim 17, wherein the

g?t a![ Lorg_n? i 3 _ s;alb.ect efhe fra@italk |T§O éi%i%rﬁi‘é@l &Pﬂﬁfegqtnit glﬁd ®hve the meanings

i met hyl si | andi yl bi s(2- inde zj rconj.um or.i de, ..

di met hyl si | andi yl ﬁ?@éﬁ%ﬁtﬁ{ﬁ%% engﬂ/lP‘J- e piacspt %‘qzif?%(?ﬂ? 63 b ok i de,
di et hyl si | andi yl tigsthes h-fdinratinglsystemny! ) zi rconi um di chl ori de,

di met hyl si l andi yl bis(2,5,6-trinethylindenyl) zirconiumdichloride, 15

di met hyl si | andi yl bi s i ndenyl zirconium dichlori de,

di net hyl si | ahdi yl BhaspaymesofClein d dnybrreinthemgiallossnedspalepediremites i de,

0 | v BabEo e, benaot ndeny) o contum o or ey

di net hyl si | andi y| dinsfi3-sihbiylbid2 m&aylneicnde niytgniwh dichidridey di met hyl ,
dimethylsilandiylbis (2-methyl-4-phenyl-1-indenyl) zirconium dichloride,
dimethylsilandiylbis(2,4-dimethylindenyl) zirconium dichloride,
dimethylsilandiylbis(2,5,6-trimethylindenyl) zirconium dichloride,

15 dimethylsilandiylbis indenyl zirconium dichloride,
dimethylsilandiylbis(4,5,6,7-tetrahydroindenyl) zirconium dichloride,
dimethylsilandiylbis(2-methyl-4,5-benzoindenyl) zirconium dichloride,
dimethylsilandiylbis (2-methyl-4-phenyl-1-indenyl) zirconium dimethyl,
dimethylsilandiylbis(2-methyl-4,5-benzoindenyl) zirconium dimethyl,

20 dimethylsilandiylbis(2-methyl-4,6-diisopropylindenyl) zirconium
dimethyl,
dimethylsilandiylbis(2-ethyl-4-phenyl-1-indenyl) zirconium dimethyl,
dimethylsilandiylbis (2-ethyl-4-naphthyl-1-indenyl) zirconium dimethyl,
phenyl(methyl)silandiylbis(2-methyl-4-phenyl-1-indenyl) zirconium

25 dimethyl,
dimethylsilandiylbis(2-methyl-4-(1-naphthyl)-1-indenyl) zirconium
dimethyl,
dimethylsilandiylbis(2-methyl-4-(2-naphthyl)-1-indenyl) zirconium
dimethyl, and

30 _ dimethylsilandiylbis(2-methyl-indenyl) zirconium dimethyl, and mixtures

thereof.



20 di met hyl si | andi yl bi s(2- et hyl -4, 6-di i sopropylindenyl) zirconium

di met hyl, di net hyl sil andi yl bi s(2-et hyl -4-phenyl -1-indenyl) zirconium
di et hyl ,wodenetshy| si | andi yl bi s (2-et hyl - 4- napht hyl - | - i ndeaylUysozo3eodni um
di met hyl , phenyl (net hyl)sil andi yl bi s( 278m3t hyl - 4- phenyl - | -indenyl)

zi rconi um 25 di net hyl , .

di met hyl si | andi yl bi s(2-net hyl - 4-(1- napht hyl )-1-indenyl) zirconium

di mret hyl, di net hyl sil andi yl bi s(2- et hyl - 4- (2-napht hyl )-1-indenyl) zirconium
di met hyl , anzD.30 mapdlymb]smﬂ(élanhn W,bwlsdré’inrrbé haxlané exdeidblesis lesothand di met hyl

and m xtures thereof. 9 78 20. The pol ymer of
daim 17, wherei n"t’ éSH’éﬁ%{H ﬁ; ﬁr %@%ﬁé than 3 w % as neasur ed
by 21 CFR 177.1520(d)(3)(ii). 21. The pol ymer of Claim 17, wherein the
comononer Wwt%is in the range of 5 fromO0.1 to 10.0. 22. The pol yner of
daim 17, wh2k.ei nThmpolymnDnﬁﬁbiva%’vihsreimﬂkrtemoaﬂ@er wi%asit0thg ramgesof 10 23.
The pol yper of CI é)lﬁ!é)[m](?rei n one netall ocene catalyst is a 4-phenyl -
1- |ndenyP substlt ocene catal yst. 24. The polynmer of Caim1l7,
wherein the cormnorrer is present from0.5to05 wW%relative to the total
wei ght  of the poI 15 25. A crystalline isotactic propyl ene polyner
conprising: %hﬁ polymsr 9 Glris ¢7.ywherkini the oemeppmen avitfoiroipdhy renge and b)
from90 to 10 vvt(V of Ps &f $/stal l'ine propyl ene copolymer, the 20 copol yner
conprising units d%linl 2d T'rom propyl ene and units derived fromat |east
one ot her cononomer, wherein the w% of the

10  23.  The polymer of Claim 18, wherein one metallocene catalyst is a 4-phenyl-

1-indenyl substituted metallocene catalyst.

24.  The polymer of Claim 17, wherein the comonomer is present from 0.5 to 5
wt% relative to the total weight of the polymer.
15

25. A crystalline isotactic propylene polymer comprising:

a) from 10 to 90 wt% crystalline propylene homopolymer; and
b) from 90 to 10 wt% of a crystalline propylene copolymer, the
20 copolymer comprising units derived from propylene and units
derived from at least one other comonomer, wherein the wt% of the
comonomer based on the total weight of the polymer is in the range
of from 0.05 to 15, and wherein the hexane extractables level of the
polymer is less than 3 wt% as measured by 21 CFR
25 177.1520(d)(3)(1i).

26. The polymer of Claim 25, wherein the hexane extractables level of the

polymer is less than 2 wt% as measured by 21 CFR 177.1520(d)(3)(i1).

30 27. The polymer of Claim 25, wherein the hexane extractables level of the
polymer is less than 1 wt% as measured by 21 CFR 177.1520(d)(3)(i1).



conononer based on the total weight of the polynmer is in the range of from
0.05 to 15, and wherein the hexane extractables |l evel of the polyner is

| ess t harw® oa%sas neasured by 21 CFR 25 177. 1520(d) ( 3) (PCOr/Usas023The

pol ynmer of C aim 25, wherein the hexane extractables |evel of the polynmer
is less than 2 wt % as neasured by 21 177.1520(d)(3)(ii). 30 27. The
pol ymer of C aim 25, wherein the hexane extractables |evel of the polyner
is less than 1 w % as neasured by 21 CFR 177.1520(d)(3)(ii). WD 02/070572
PCT/ US02/ 02378  7Ph&folyhbeoPOlaymes, ohefeimihe cdmonwvder @i% i$ hethe eargeosfer Wt %
isinthe range of from0.1 to 10.0. 29. The polyner of Caim25, wherein
the comonomer is HeMdet ®l%Qomthe 5 group consisting of ethyl ene,

1- but ene, 1-pentene, 1-hexene, and l1l-octene. 30. The polynmer of C aim 25,
wherein the wt % of the crystalline propylene honopolynmer is in the range
of from 20 t29.80. TADp&lymeT o€ (Haihy BBy whéreld thienoB®nomier nebeledtérk fronl deul ar

wei ght distribution is in.the rapge of from2.5 to 7.0. 32. Th ol ymer of
Cl ai m 257 wher ei ngrPHBCWE?h%‘ﬁ‘SI(’?Fr@P'pe?‘& %‘EW&%{I}R?P?% lgg?xe?ﬁ’eanﬂoll'?ﬁig% of daim
25, wherein the polynmer is prepared using a netallocene catal yst system
34. The polynmer of Caim25, wherein the netallocene catal yst system

conpri ses twi.net &hd pelymes o &34im RAdlewherdianthe yvibe pf wesryetallivg propylenzo

formula: RIO )4 I%%an%prI)]lyrgerF\;s ?n éﬁie rrnanFéGG of%rolsn %98(9. :

10 31.  The polymer of Claim 25, wherein the molecular weight distribution is in

the range of from 2.5 to 7.0.
32. The polymer of Claim 25, wherein the homopolymer is isotactic.

15 33. The polymer of Claim 25, wherein the polymer is prepared using a

metallocene catalyst system.

34.  The polymer of Claim 25, wherein the metallocene catalyst system
comprises two metallocenes each independently represented by the

20 formula:

(R,
R8RY)
RS 5 \
R1\ R6 /
R )
R CRER?)_

(R19),



(R10 )4 WO 02/ 070572 PCT/ US02/ 02379 80 wherein Mis selected fromthe
group consisting of titanium zirconium hafnium vanadi um ni obi um

t ant al umwohleonisam  nol ybdenum and tungsten; Rl and R2 apeTiusenvical or
different, are one of a hydrogen atom 5 Cl1-C10 al kyl group, preferably
a Cl-C3 al kyl group, a Cl1-Cl10 al koxy oup, a C6-Cl10 aryl group, a C6-Cl10
aryl oxy group, a C2-Cl10 al kenyl group, a C2-C4 al kenyl group, a C7-C40
aryl al kyl group, a C7-C40 al kylaryl group, a C8-C40 aryl al kenyl group, or
a hal ogen atom R3 and 4 ar dr tical or
different, and are one"of & p%gggeggpoﬁﬁ n§1 %go i(%ﬂg Eglgfrgtanﬂ]%?/\hlch may
be hal ogenat ed, azi@n@nL0 éaa@rmurg,rowpnadechnmwlme leritdgenat omamq;z C 10
al kenyl group, group, a C7-C40 al kylaryl group, a

C8- C40 aryl al keny‘i%d%grﬁ)‘”ﬂ%ﬁhg%n SR15, - ORL5, -OSi R315 or - PR215
radical, wherein R15 iR @ﬁ@RgfarféldePBC%é?Fégfﬁeﬁe‘ﬁt%fﬁ]"nﬁof:ailyé%en alory2 group,
or a C6-¢ 10 aryl cgr@upalki’ glotp,Rirkfdrdbl Bléc allgl P&l-aNE-c dMeoxy (CR213)
I 1 1 1 R12 R12 ng(%%o % RRI%{ 1%1 e 1 0 %ﬁlxy R12
R12 R12 20 - B( RI&PYP: aEi6( 0 1 gr‘@@z?cfs 10 ar)doxy g@“P’ 2§10 8

-N(R11) -, -CO-, -group, a C»-C4 alkenyl group, a C7 Cy40 arylalkyl group, a C7-Cy4p

alkylaryl group, a Cg-Cy4 arylalkenyl group, or a halogen atom;
R3 and R4 are hydrogen atoms;

10 RS and RO are identical or different, and are one of a halogen atom,
a C1-Cyg alkyl group which may be halogenated, a Cg-C1q aryl group
which may be halogenated, a C-Cj( alkenyl group, a C7-Cy -arylalkyl
group, a C7-C4 alkylaryl group, a Cg-C4( arylalkenyl group, a -NR215, -
SR15, -OR15, -OSiR?,15 or -PR215 radical, wherein RIS is one of a

is halogen atom, a C-C1¢ alkyl group, or a Cg-C1 ary! group;
R7 is
R11 R11  RM R11
—,!\AZ — —I|VI2 — !VIZ — —!VIZ — (CRp13)—
I R R
R1 R11 : R
—o—!vIZ—o— , —|c— , ——o—!\n2—
,L12 ,L12 .L12
20

-B(R11)- -AlRI1)-, -Ge-, -Sn-, -O-, -S-, -SO-, -SO5-, -NR1])-, -CO-, -
PRID-, or PO)RI)-;
wherein R“, R12 and R13 are identical or different and are a
hydrogen atom, a halogen atom, a C1-Cpg alkyl group, a Ci-Cpq
25 fluoroalkyl group, a Cg-C3() aryl group, a Cg-C3( fluoroaryl group, a C1-
Cp alkoxy group, a C2-Cy() alkenyl group, a C7-Cy4 arylalkyl group, a
Cg-C4 arylalkenyl group, a C7-Cy4 alkylaryl group, or R11 and R12, or



P(R11)-, or -P(O (R11)_; wherein Rl11, R12 and R13 are identical or
different and are a hydrogen atom a hal ogen atom a Cl-C20 al kyl group, a
Cl - C20 2§ofoeworsonl kyl group, a C6-C30 aryl group, a Co6- CROTiUSanomay vl
group, a C1 C20 al koxy group, a C2-C20, al kenyl group, a C7-C40 aryl al kyl
group, a C8-C40 aryl al kenyl group, a Cr-C40 al kyl aryl group, or Rl1l and
R12, or WD 02/070572 PCT/US02/ 02379 81 Rl11 and R13, together with the
atons binding them can formring systens; M2 is silicon, gernmani um or

tin, R8 and RO argii tLeal L ff. t V. i ted 5
for Rl 1; mand nﬁar %%?dgnt’i E:O ethg# Vgﬁ ?}ger gﬁi%aﬁgld?rggﬂgegggml?%& %%n%m plus n
being zero, 1 or ystearsd the radicals RLO are identical or different and

have t he meani ngs);2st &g f@fmitdm Rkd: and R13 and two adj acent R10

radi cal s can be joined_ 10 P?et her to forma ri nqg s‘%/f}éem 35. The pol yner
of Claim 34, wherein tRo aigt | 16 ddenticalar difents g hvjehe sneapingg statedat or . 15
36. The pol yner oforgléi m 25, wherein the nol ecul ar wei ght distribution of
the polynmer is characterized as, bei ifodal , .the Mz val ue being from
500, 000 10 1, 500, 000 1 B 4 HERGi SuAlert s ot 2Bl ek BYPEF &l i o5,
wher ei n the nol ecbding zavej Qo 2;dindt ri buti on of the 20 polymer is
characterized as bein i n Iioh u } , . 800, 000
mol ecul ar wei ght uni tgm%giﬁ@@ eR po%%l\%ern\(%%l %%ﬁﬁ]@hgﬁm‘é?ﬁ rﬁ?&l}%@st one
metal | ocene is a statghéon/RIL R antbira adinceat ReY sadieddeern bopimd, A
crystal ljgne i sot aghliheoqBith 8RRgROLMAEr conpri sing:

35. The polymer of Claim 34, wherein the metallocene system also includes an

activator.

15 36.  The polymer of Claim 25, wherein the molecular weight distribution of the
polymer is characterized as being bimodal, the Mz value being from

500,000 to 1,500,000 molecular weight units.

37. The polymer of Claim 25, wherein the molecular weight distribution of the
20 polymer is characterized as being bimodal, the Mz value being from

600,000 to 800,000 molecular weight units.

38.  The polymer of Claim 34, wherein at least one metallocene is a 4-phenyl-

1-indenyl substituted metallocene.

25
39. A crystalline isotactic propylene polymer comprising:
a) from 10 to 90 wt% isotactic crystalline propylene homopolymer
having a molecular weight distribution of less than 3.0; and
30 b) from 90 to 10 wt% crystalline propylene copolymer having a

molecular weight distribution of less than 3.0, wherein the wt% of
the comonomer based on the total weight of the polymer is in the

range of from 0.05 to 15, wherein the polymer has a MWD less



a) from1l0 to 90 wt % i sotactic crystalline propyl ene honopol yner having a
nol ecul ar wei ght distribution of less than 3.0; and 30 b) from90 to 10 wt %
crystal | iwe opoosyt ene copol yner having a nol ecul ar wei ghtrcaitsoz/odad | on of
| ess than 3.0, wherein the wt% of the conononer based on the total weight
of the polymer is in the range of from%. 05 to 15, wherein the polyner has
a MAD | ess WD 02/070572 PCT/ US02/ 02379 82 than 3.0, and wherein the hexane
extractabl es |l evel of the polyner is less than 3 wt% as neasured by 21 CFR

177.1520(d) (3) (ii). 40thad b&) aﬁxﬂ wmereuofhetﬂeahﬁe é&nacwblewével bhthehpiane
extractables | evel of the is less than 2 wt % as neasured by 21

CFR 177.1520(d) (3)(ii)is lmthamﬁe a|ayn’@ﬁsqr5¢dbral §F§9177V\1t§89(§1)(§)<tﬂﬂe hexane
extractable | evel of the polyner is less than 1 wt% as neasured by 21 CFR
177.1520(d)(3)(ii). 10 42. The polyner of O aim 39, wherein the conononer
W% is in the.rangee pblynfer @h@laiin 88, hbiefkin 4i2. hekiage [ergmﬁrlesofevéll af the39,

wherein the conononer is selected fromthe I n ..ethyl ene,
1-but ene’ 1 - pent RjEmenisiess dhas 2 \g}/dagnge@tg%gy SEE:FE%I é%ﬁ %T of laim
39, wherein the wt% of the crystalline propylene honmopolymer is in the

range of from20 to 80. 45. The polyner of C aim 39, wherein the nol ecul ar
wei ght di st rébut i Bhe ipslyimer df0Clalne Yarvgerdifi the drxdheSextmc@bl. lead. ofThe pol yner

of Claim 39, wherei,n the honppo is iso T of Claim
39, wherein the poYmErs; lgssﬁ?%p]aw aﬁlgieﬁﬂ”%f} g}ééi ??EMW @ﬁ@@%% yst
system 48. The polymer of Caim 39, wherein the netall ocene catal yst

system conprises two netall| ocenes each independently represented by the
f or mul a:1030 42. The polymer of Claim 39, wherein the comonomer wt% is in the range o

from 0.1 to 10.0.

43.  The polymer of Claim 39, wherein the comonomer is selected from the
group consisting of ethylene, 1-butene, 1-pentene, 1-hexene, and 1-octene.

15 -
44.  The polymer of Claim 39, wherein the wt% of the crystalline propylene

homopolymer is in the range of from 20 to 80.

45.  The polymer of Claim 39, wherein the molecular weight distribution is in

20 the range of from 2.5 to 2.9.
46.  The polymer of Claim 39, wherein the homopolymer is isotactic.

47.  The polymer of Claim 39, wherein the polymer is prepared using a

25 metallocene catalyst system.

48.  The polymer of Claim 39, wherein the metallocene catalyst system
comprises two metallocenes each independently represented by the
formula:

30



WD 02/ 070572 PCT/ US02/ 02379 83 R10) 4 RPBRO)m R3 5 R R6 4 R CR8R9) (R10
)4 wherein Mis selected fromthe group consisting of titanium zirconium
haf ni um wearadresm ni obi um tantalum chrom um nol ybdenumcandboz/ea3gst en; 5
Rl and R2 are identical or different, are one of a hydrogen atom a C 1-C
10 al kyl group, preferably a C 1-C3 al Kyl group, a C 1-C 10 al koxy group,
a C6-C 10 aryl group, a C6-C 10 aryloxy group, a C2-C 10 al kenyl group, a
C2-C4 al kenyl group, a C7-C40 aryl al kyl group, a C7-C40 al kylaryl group, a
C8- 40 aryl al kenyl group, or a hal ogen atﬂy; 10 R3 and R4 are hydrogen
atons; RS5 and R6 are identical or diffe %nt“4and are one of a hal ogen atom
a Cl-Cl10 al kyl group which nmay befiabggenated, a C6-Cl0 aryl group which
may be hal ogenated, a C2-Cl10 alk-@zbqroup, a C7-C40 -arylalkyl group, a
C7-C40 al kyl aryl group, a C8-C40 s ) groueﬁﬁg)-NR215, 15 SR15,

Q-ylal kenyl
- OR15, -0Si R315 or -PR215 radical, qaiyf R f a halogen atom a
C 1-C 10 alkyl group, or a C6-C 19 ary grgup; RY is 02/ 070572
NR=M2 - MA- (CR213) | | | 1

PCT/ US02/ 02379 84 R11 R11 R11 RR

R—_ !

R6

R CRORY)_

(R19),

wherein M is selected from the group consisting of titanium,
zirconium, hafnium, vanadium niobium, tantalum, chromium,
molybdenum and tungsten;

5 ~ R! and R2 are identical or different, are one of a hydrogen atom, a
C1-Cqg alkyl group, preferably a C1-C3 alkyl group, a C1-Cyq alkoxy
group, a Cg-C1 aryl group, a Cg-C1q aryloxy group, a C»-Cqq alkenyl
group, a Cp-Cyq alkenyl group, a C7-C4¢ arylalkyl group, a C7-Cy4g
alkylaryl group, a Cg-C4 arylalkenyl group, or a halogen atom;

10 R3 and R4 are hydrogen atoms;
RS and RO are identical or different, and are one of a halogen atom,
a C1-Cq¢ alkyl group which may be halogenated, a Cg-C1( aryl group
which may be halogenated, a C-Cj( alkenyl group, a C7-C4( -arylalkyl
group, a C7-Cy4 alkylaryl group, a Cg-C4( arylalkeny! group, a -NR215, -
15 SRI5, -OR15, -OSiR315 or -PR215 radical, wherein R15 is one of a
halogen atom, a C1-C1¢ alkyl group, or a Cg-Cq aryl group;

R7 is



R12 R12 R12 R12 RI1 RI2 R121 1 I -OM -0-, -C , -0-M | | | R12 R12
R12 -B(R11)-, -AI(R11)-, -Ge-, -Sn-, -0-, -5-, -SO, -SM2-, -N(R11)-,
-CO, - RAyBbp7057Dr -P(O (R11) _; 5 wherein R11l, R12 and RegTarse2ixenti cal
or different and are a hydrogen atom hal ogen atom a Cl-C20 al kyl

group, a Cl-C20 fluoroal kyl group, a Co-C30 aryl group, a C6-C30
fluoroaryl group, a Cl- C20 al koxy group, a C2-C20 al kenyl group, a C7-C40
aryl al kyl group, a 10 C8-C40 aryl al kenyl group, a C7-C40 al kyl aryl group,
or R11 and R12, or RLlqand RI3, tpgethers with the,@gtons binding them can
formring systens; is silicon, germganiumor tin; R3 and R9 are

i dentical or differeﬁand have the me:ﬁ: ngs stategd 15 for R11; mand n
are identical or diffegpent and_argzzeroy2l or 2, myplus hs zero, 1 or
2; and the radicals R10 are ident lacal oM di fferent; and h(g:ng t’he neani ngs
stated for R11, R12 and R13 and t adj Lcent R10 r@dicals can be joined 20
together to forma rirmgi%system 4R12 TheRpdl ymer ofR1@ ai m 48, wherein the
net al | ocene system al so i ncludes an activator. WO 02/070572 PCT/ US02/ 02379
85 50. The polymer of C gl 39, wherein the nol ecul ar \e%igght di stribution
of the polyner is characterized as bei n?‘ bi nodal , the| val ue being from

o—mM —0—, —C— , —0—M2

R12 R12 R12

BRI, -AIR1!), -Ge-, -Sn-, -0-, -S-, -SO-, -SO5-, -N(R11)., -CO-, -
PRID)-, or -P(O)R1D)-;

wherein R11, R12 and R13 are identical or different and are a
hydrogen atom, a halogen :dtbfn, a C1-Cpq alkyl group, a Cp-Cp
fluoroalkyl group, a Cg-C3¢ aryl group, a Cg-C3 fluoroaryl group; aCy-
Cp( alkoxy group, a Cp-Cy alkenyl group, a C7-C4¢ arylalkyl group, a

10 Cg-Cyq arylalkenyl group, a C7-C4( alkylaryl group, or R11 and R12, or
R11 and RI3, together with the atoms binding them, can form ring
systems;

M2 is silicon, germanium or tin;

R8 and R are identical or different and have the meanings stated

15 for R11 ;

m and n are identical or different and are zero, 1 or 2, m plus n
being zero, 1 or 2; and

the radicals R10 are identical or different and have the meanings
stated for R11, R12 and R13 and two adjacent R10 radicals can be joined

20 together to form a ring system.

49.  The polymer of Claim 48, wherein the metallocene system also includes an

activator.



500, 000 to 1,500,000 nol ecul ar weight units. 5 51. The polyner of C aim 39,
wherein the nol ecul ar weight distribution of the polyner is characterized
as bei ng woma@als72t he Mz val ue being from 600,000 to 800pe@USHmbBCUl ar

wei ght units. 52. The polyner of Caimg48, wherein at | east one netall ocene
is a 4-phenyl- 10 1-indenyl substitut edhetal | ocene. A 53. A process for
preparing a crystalline polypropyl ene conposition conprising the steps of:
15 (a) polynerizing propylene in one stage; (b) copolynerizing propyl ene
and a cononofer iThepdempar af €lagh 3gewheraindhé tolacelmoweighn disaitysivaloff ihee

propyl ene pol ymer conprising from0.5 to 8 wt % comononer units based on
the total weight mﬁyrpﬁ% 1§ GhgragiFrizedy as W@ebimadal t@sﬂVﬁeYahz%twa.g PBps (a)

and (b) are condugieshd 3 1t GUO%&@&ﬁarqxfeigllatWﬁﬁ@.l | ocene catal yst system

conprising two different nefallocene catalyst conponents, and wherein the

nol ecul ar wei ght distribution of the polynmer is characterized as being

bi nodal , _t he_pol yner havin Mr yal ye of from 500, 000 to .25 1,5Q0, 000

mol ecul ar_ wel ]Shft ﬂﬁﬁg@_ymgagf@ﬁgn 3¥p‘6 grginghe golge afué‘felg%ﬁg’rsgfqllm&né’gﬁﬁnoner_ is
copol ymeri zed W thol{her iPcARAESALd Bs DR biddodaBthe Mz MiudbemgSfopl C aim
53, wherein the conononer is selected fromthe group consisting of

et hyl ene, 1-but en00,0001e808A80 mol¢rarkasveeighimdits.- oct ene. WO 02/ 070572
PCT/ US02/ 02379 86 56. The process of Caim53, wherein the crystalline
propyl ene polyner conprises fromO0.5 to 5 wt % conononer units based on the

total wei ghts52.of TRepHPmgNef CladmA8, whBRiadeSS 9n®nctdlRicenedis a 4pRdgi-n t he
net al | ocene catal yst systemis
10 -indenyl substituted metallocene.

53. A process for preparing a crystalline polypropylene composition

comprising the steps of:

15 (a) polymerizing prdpylene in one stage;
(b) copolymerizing propylene and a comonomer in a separate stage;
and
(©) recovering crystalline propylene polymer comprising from 0.5 to 8
wt% comonomer units based on the total weight of the polymer,
20 wherein the polymerization steps (a) and (b) are conducted in the
presence of a metallocene catalyst system comprising two
different metallocene catalyst components, and wherein the
molecular weight distribution of the polymer is characterized as
being bimodal, the polymer having a Mz value of from 500,000 to
25 1,500,000 molecular weight units.

54.  The process of Claim 53, wherein a comonomer is copolymerized with the

propylene in step (a).

30 55.  The process of Claim 53, wherein the comonomer is selected from the

group consisting of ethylene, 1-butene, 1-pentene, 1-hexene, and 1-octene.



conprised of two netall ocenes each independently represented by the
formula: RLO) 4 RBRO) M R3I 5 R-- R 4 RCOO n (RLO )4 wherein Mis
sel ect ed Wopanmtdse2 gr oup consi sting of titanium zirconi umPCTAGOhed3M um
vanadi um ni obi um tantalum chrom um ybdenum and tungsten; Rl and R2
are identical or different, are one of hydrogen atom a C1-Cl10 al kyl
group, preferably a C-C3 al kyl group, a Cl1-Cl0 al koxy group, a C6-C 10
aryl group, a C6-C 10 aryloxy group, a C2-C 10 al kenyl 15 group, a C2-C4
al kenyl groups. a Tie GAbteas WifaClajh §F OWwherein €he- CABtallalek ptoplieche Qrodyiper a

C8- 40 aryl al kenyl group, or a halogen atom R3 and R4 are hydrogen atons;
R5 and R6 are i defRMBrases §onyPorteremi” wmenamer gpids based opdhe fud weighy  a
Cl1- C10 al kyl grougft\p{gipég,n%?y be hal ogenated, a C6-Cl10 aryl group 20 which
may be hal ogenated, a C2-Cl0 al kenyl group, a C7-C40 -aryl al kyl group, a
C7-C40 al kyl aryl group, a C8-C40 aryl al kenyl group, a -NR215, - SRI15,

-OR15, -0Si 5 or, -PR215 radical,_wherei.n 5 is, one of hal ogen atom a
C 1-C 10°al @71 gr h‘f),pr%essa0?:6(1-“1@“1053ar%er@?ot§%;mﬁ?“?‘?”?\éa@;ysﬁ)'ﬁ@@? 18
PCT/ US02/ 02379~ 8%, fkscldy Rl riitidilockResMeach MAepRAéRR Idreselibd Bl theR12 R12

formula:
10
(R™),
8n 9
R°R )m
RS 5 \
R 4
R (CRORY)_
10
(R10),
wherein M is selected from the group consisting of titanium, zirconium,
10 hafnium, vanadium niobium, tantalum, chromium, molybdenum and
tungsten;

R1 and R2 are identical or different, are one of a hydrogen atom, a
C1-Cq0 alkyl group, preferably a C1-C3 alkyl group, a C1-Cqq alkoxy
group, a Cg-Cq aryl group, a C¢-C1q aryloxy group, a C-Cyq alkenyl
15 group, a Cp-Cy4 alkenyl group, a C7-C4¢ arylalkyl group, a C7-Cyg
alkylaryl group, a Cg-Cy4 arylalkenyl group, or a halogen atom;
R3 and R4 are hydrogen atoms;
- RS and RO are identical or different, and are one of a halogen atom,
a C1-Cyq alkyl group which may be halogenated, a Cg-Cj( aryl group
20 which may be halogenated, a C-Cq( alkenyl group, a C7-Cy4 -arylalkyl
group, a C7-C4 alkylaryl group, a Cg-C4( arylalkenyl group, a -NR215, -
SR15, -OR15, —OSiR315 or -PR215 radical, wherein R15 is one of a
halogen atom, a C1-Cy alkyl group, or a C¢-C1 aryl group;
R7 is



R11 R11 R11 -OM -O , -C -0-M - R12 R12 R12 -B(R11)-, -Al(R11)-, -Ge-,
-Sn-, -0-, -5-, -SO, -SX2-, -N(R11)-, -CO, - 5 P(R11)-, or -P(O(R1 I)_;
wher ei n, WD12/0RF22 and R13 are identical or different and acCe/s02/msdy ogen
atom a hal ogen atom a Cl-C20 al kyl grQup, a Cl-C20 fluoroal kyl group, a
C6- C30 aryl group, a C6-C30 fluoroaryl Yroup, a Cl- C20 al koxy group, a
C2- C20 al kenyl group, a C7-C40 aryl al kyl group, a 10 C8-C40 aryl al kenyl
group, a C7-C40 al kylaryl group, or R11 and R12, or R11 and R13, together
with the atons binding them can formring systens; M is silicon,
germaniumor tin; R8 and RO are identical or different and have the
meani ngs stated 15 f&'R11; man®™ ar®&'denticalRbr different and are
zero, 1 or 2, mplus q bei ng zerjo, 1 3r 2; and the radicals RIO are

t me

identical or differen nd have th njnngs stated for I‘%% R12 and R13
and two adj acent R10 rMilical s calbe Jdhed 20 tWethetCR1 Form a ring
system 58. The proces|s of O aim57, erein at | east one netallocene is a

4- phenyl -1- indenyl sypstituted rgwal | gaene. 25 5812 The process of Caim
57, wherein the netall ocene catalyst systemfurther conprises a porous
support material and al kyl al unoxane activator. WO 02/ 070572 PCT/ US02/ 02379
88 60. The process of C zﬁﬁ\ 53, wherei n RHe nol ecul ar R ght distribution
of the polyner is charadterized as bei nE bi nodal , thel Mz val ue being from
600, 000 to 800, 000 rméec | &1 V\%I ght units. 5 5

J C ) 0] M

R12 R12 R12

-B(R11)-, -AlRI1)-, -Ge-, -Sn-, -O-, -S-, -SO-, -SOs-, -N(R11)-, -CO-, -
5 PRID)-, or -P(OYRID)-;

Wherein, R11 RI12 and R13 are identical or different and are a
hydrogen atom, a halogen atom, a Cj-Cpq alkyl group, a C1-Cpp -
fluoroalkyl group, a Cg-C3q aryl group, a Cg-C3( fluoroaryl group, a Cq-
Cy( alkoxy group, a Cp-Cy( alkenyl group, a C7-Cy4 arylalkyl group, a

10 Cg-Cy4 arylalkenyl group, a C7-C4( alkylaryl group, or R11 and R12 or
R11 and R13, together with the atoms binding them, can form ring
systems;

M2 s silicon, germanium or tin;

R8 and RY are identical or different and have the meanings stated

15 for R11;

m and n are identical or different and are zero, 1 or 2, m plus n
being zero, 1 or 2; and

the radicals R10 are identical or different and have the meanings
stated for R11, R12 and R13 and two adjacent R10 radicals can be joined

20 together to form a ring system.

58.  The process of Claim 57, wherein at least one metallocene is a 4-phenyl-1-

indenyl substituted metallocene.

25 59. The process of Claim 57, wherein the metallocene catalyst system further

comprises a porous support material and alkylalumoxane activator.



61. The process of Caim53, wherein the netallocene is selected fromthe
group consisting of: dinethylsilandiylbis(2-nmethylindenyl) zirconium

di chl ori d&p o2d7oses hyl si | andi yl bi s (2- et hyl - 4- phenyl - | - i neemyisp2/@3rconi um
di chloride, 10 dinethyl silandiyl bis(2,4;di nethylindenyl) zirconium

di chl oride, dinethylsilandiylbis(2,5, 6-3% i et hyl i ndenyl ) zirconium
dichloride, dinethylsilandiylbis indenyl zirconiumdichloride,

di met hyl si | andi yl bi s(4, 5, 6, 7-tetrahydroi ndenyl) zirconium di chl ori de,

di m et hyl si | andi yl bi s( 2- net hyI 4 5- benzoi ndenyl ) zirconi um di chl oride, 15

d t hyl sil iyl (2-met h l-1-ind di met hyl
di et h§| o Zﬁfg: §| ﬂ‘ @Cﬁsénf% Taip enyﬁpﬁ}&%%yfefx'?% Wéiﬁr’i‘? isirdhuan mirhey
di met hyl si | andi yl gj 1§£n%r rr?tchxﬂactém@eddbé %@H{goguﬁddaﬂeﬂhxl MzZVAIGO B frGinet hyl

di met hyl si | andi yl bi 5( 2- et hyl - 4- phenyl - -1 ndenyl ) zirconi um dimet hyl, 20

di net hyl si | andi yl w&OQ@wwﬁ;ﬂOOmmW&arWydlghtmndenyI ) zirconium di net hyI
phenyl (m;t hyl ) si | andi yl bi s(2- net hyl - 4- phenyl -1 -i ndenyl ) zirconium

di et hyl ;7 di net hyl si | andi yl bi s(2- et hyl - 4- (1- napht hyl ) - 1-i ndenyl ) zirconi um

di methyl, 25¢di methy pcbRrgicrdiRi 3 sheRiMHe rdethifoceadRtsBttd Fohigeny! )

zirconium dimethyl, and dinethylsilandiylbis(2-methyl-indenyl) zirconium
di et hyl, and mxgwwon&m@g@cﬁf 30 62. The process of O aimb53, wherein

the hexane extrac l.e : ' than 2 wt % as
measur ed by 21 CFéi"%?hiyﬁTlﬁﬁékyatj‘%iéj“%?‘uﬁ%l?‘pwlgg%di@%%?@Hﬁ%sozl 02379 89 63.
The process of d ai'nliBtl’@Bmla\ﬁrﬂ@'lltﬁi(B inh&yhemeﬂyleutﬁdaﬁﬁlﬁhk@ni@ﬂeichm‘ndt: he
polynmer is less than % as .neasur CFR 177.1520(d)(3)(ii). 64. A

process or prepaijimf‘éhﬂsﬂf"in?‘é’ﬂlaﬁli@1%‘@“’&813’911&3@1)’9') @W@nb‘ﬁhﬁ‘@@flﬁ@ t he steps

dimethylsilandiylbis(2,5,6-trimethylindenyl) zirconium dichloride,
dimethylsilandiylbis indenyl zirconium dichloride,
dimethylsilandiylbis(4,5,6,7-tetrahydroindenyl) zirconium dichloride,
dimethylsilandiylbis(2-methyl-4,5-benzoindenyl) zirconium dichloride,
15 dimethylsilandiylbis (2-methyl-4-phenyl-1-indenyl) zirconium dimethyl,
dimethylsilandiylbis(2-methyl-4,5-benzoindenyl) zirconium dimethyl,
dimethylsilandiylbis(2-methyl-4,6-diisopropylindenyl) zirconium
dimethyl,
dimethylsilandiylbis(2-ethyl-4-phenyl-1-indenyl) zirconium dimethyl,
20 dimethylsilandiylbis (2-ethyl-4-naphthyl-1-indenyl) zirconium dimethyl,
phenyl(methyl)silandiylbis(2-methyl-4-phenyl-1-indenyl) zirconium
dimethyl,
dimethylsilandiylbis(2-methyl-4-(1-naphthyl)-1-indenyl) zirconium
dimethyl,
25 dimethylsilandiylbis(2-methyl-4-(2-naphthyl)-1-indeny!) zirconium
dimethyl, and
dimethylsilandiylbis(2-methyl-indenyl) zirconium dimethyl, and mixtures

thereof.

30 62. The process of Claim 53, wherein the hexane extractables level of the

polymer is less than 2 wt% as measured by 21 CFR 177.1520(d)(3)(ii).



5 of: (a) polynerizing propylene in a first stage; then (b) copol yneri zing
propyl ene and a conononer in a second stage in the presence of the product
of the fiwetozer@ge; and 10 (c) recovering crystalline propgrarse2/psiymer
conprising from0.05 to 15 wt % cononongr units based on the total weight
of the polyner and wherein the hexane ®xtractables is |ess than 3 wt % as
nmeasured by 21 CFR 177.1520(d)(3)(ii), and wherein the polynerization
steps (a) and (b) are conducted in the presence of a 15 netall ocene

catal yst sysé®m cOmpprsdesigof Waidi 68 enbbicinmiieahéamenextractablel lgsdl efoteonent s.
65. The process of C aim 64, wherein the hexane ract abl | evel of the
pol yner is |ess tPRiymSr \ﬁ/tl%sél!,annle‘é{%la%Hleﬂﬁ}lreﬂlb@h%ﬁlﬂ%%ﬁﬁé9@;@2@"@1’ i). 20 66.
The process of O aim64, wherein the hexane extractable | evel of the
polynmer is less than 1 wt% as neasured by 21 CFR 177.1520(d)(3)(ii). 67.
The process &f. C Aiproées foshgreparmgt 4 erystattoreopadypropylem embesifg tr stéps 25
group consisting of ethylene, 1-butene, 1-pentene, 1-hexene, and 1-octene.
68. The Brocess of" Cl aims 64, wherein the crystalline propyl ene pol ymer
conprises fromO0.5 to 8 w % conononer units based on the total weight of

t he polyner. 30 WD 02/070572 PCT/ US02/ 02379 90 69. The process of Claim
64, wherein the cyst apolymeripngpydpytene poh {inststagedhpyi ses from0.5 to 5 w%

conobnoner unit_s b@jed on the total vvel: ﬁht of the pol YJTer.. 5d_7g. The _
process of O aim &4, wiRPHTEANE RopEiersanda c@&loélp&gf 8 S ¥28°%CBnpri sed

of two netallocenes eagh prazdeRaeTdRNpoNudt P FRSESE #gbebind he formul a:
10 () recovering crystalline propylene polymer comprising from 0.05 to
15 wt% comonomer units based on the total weight of the polymer
and wherein the hexane extractables is less than 3 wt% as
measured by 21 CFR 177.1520(d)(3)(ii)), and wherein the
polymerization steps (a) and (b) are conducted in the presence of a
15 metallocene catalyst system comprising two different metallocene

catalyst components.

65.  The process of Claim 64, wherein the hexane extractables level of the

polymer is less than 2 wt% as measured by 21 CFR 177.1520(d)(3)(ii).

20
66.  The process of Claim 64, wherein the hexane extractable level of the
polymer is less than 1 wt% as measured by 21 CFR 177.1520(d)(3)(ii).
67.  The process of Claim 64, wherein the comonomer is selected from the
25 group consisting of ethylene, 1-butene, 1-pentene, 1-hexene, and 1-octene.

68.  The process of Claims 64, wherein the crystalline propylene polymer
comprises from 0.5 to 8 wt% comonomer units based on the total weight
of the polymer.
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(R10) 4 RROM 3 R5 R-, R6 4 RCRPRO ) (R10 )4 wherein Mis selected
fromthe group consisting of titanium zirconium 10 hafnium vanadi um

ni obi um wanearesm chrom um nol ybdenum and tungsten; R1PERASRR20237%E
identical or different, are one of a hygrogen atom a Cl1-C10 al kyl group,
preferably a Cl-C3 al kyl group, a Cl- CT al koxy group, a C6-Cl10 aryl
group, a C6-Cl0 aryl oxy group, a C2-Cl10 al kenyl 15 group, a C2-C4 al kenyl
group, a C7-C40 aryl al kyl group, a C7-C40 al kylaryl group, a C8-C40

aryl al kenyl @& oupThedpratetsabd gdninatédm wikddeianghe Réystakinbystopgene aobmeer RS and
R6 are identical or different, and are one of a halogen atom a.Cl -C 10
al kyl group whi creomsyispefram &gdnar wite Cameeomroma@asgf%ﬁhe otpl NN may be
hal ogenat ed, a C2: yl group, a C7-C40 -aryl al kyl group, a C7-C40
al kyl aryl group?zgq%gP@Qgégrylalkenyl group, a -NR215, - SR15, -OCR15,

-0Si R315 or -PR215 radical, wherein R15 is one of a halogen atom a C 1-C

10 al kyl group, o, a C6-C 1 ryl group; .R7 is 02/ 070572 PCT/ US02/ 02379
o1 RI1 Ri1 RDL Rlihe_wc?'mog Glatvs e mefalqcene ﬁitfzylﬁiﬁyﬁf&’i 811 R11
-om -0, -G '(.QM?prised of two metallocenes each independently represented by the

formula:
10
(R™),
89
R°R )m
RS 5
R R® /Q7
R 4
R (cRORY)_
10
(R10),
wherein M is selected from the group consisting of titanium, zirconium,
10 hafnium, vanadium niobium, tantalum, chromium, molybdenum and
tungsten;

R1 and R2 are identical or different, are one of a hydrogen atom, a
C1-C1o alkyl group, preferably a C1-C3 alkyl group, a C1-C1q alkoxy
group, a Cg-C1q aryl group, a Cg¢-C1q aryloxy group, a C-Cyg alkenyl
15 group, a Cp-C4 alkenyl group, a C7-C4q arylalkyl group, a C7-Cy4q
alkylaryl group, a Cg-C4() arylalkenyl group, or a halogen atom;
R3 and R4 are hydrogen atoms;
R5 and RO are identical or different, and are one of a halogen atom,
a C;-Cqo alkyl group which may be halogenated, a Cg-C1q aryl group
20 which may be halogenated, a C»-Cq( alkenyl group, a C7-Cy4q -arylalkyl
group, a C7-C4¢ alkylaryl group, a Cg-Cy4 arylalkenyl group, a -NR, 15, -
SR15, -OR15, -0S8iR315 or -PR,15 radical, wherein R15 is one of a
halogen atom, a C{-C1 ) alkyl group, or a C4-Cq aryl group;
R7 is



R12 R12 R12 -B(R11)-, -A(R11)-, -CGe-, -Sn-, -0-, -S-, -SO, -SM-,
-N(R11)-, -CO, 5 P(R11)-, or -P(O(R11)-; wherein, Rl1l, R12 and R13 are

i dent i calwomzaidsterent and are a hydrogen atom a hal ogercatusn?/0m7€l - C20
al kyl group, a C-C20 fluoroal kyl group, a C6-C30 aryl group, a C6-C30
fluoroaryl group, a Cl- C20 al koxy gr oJ’ﬁ, a C2-C20 al kenyl group, a C7-C40
aryl al kyl group, a 10 C8-C40 aryl al kenyl group, a C7-C40 al kyl aryl group,
or R11 and R12, or R11 and R13, together with the atons binding them can
formring systems; M2 is silicon, germaniumor tin; R8 and RO are
identical or different and have the neanings stated 15 forR11l; mand n are
identical or differenRldnd are z&1d, 1Rdt 2, mplRE n being zero, 1 or 2;
and the radicals R10 ﬁre identicdl or different apd have the neanings
stated for R11, R12 and R13 and tV\é) adj'acent R10 gdi cal stggn be joined 20
together to forma Tin¥ system Ms —Thdprocess oM Cai aRe0°) Wherein t he
net al | ocene catal yst systemfurther cqnprises a porous support materi al
and al kyl al unbxane actgqgator. 25 R12- Thgaprocess fo Gl aim 70, wherein at

| east one netall ocene Is a 4-phenyl-1-"indenyl substituted netall ocene. WO
02/ 070572 PCT/ US02/ 02379 92 73. A process for preparing a crystalline

pol ypropyl ene conpri si ng R'Ae steps of RYla) pol yneri zﬁﬂg propylene in a
first stage; then (b) coqolynerizing propylene and a qonononer in a second
stage in the presence of fhe product of the first staﬂg; and (c)
recovering crystalli i pr'l\‘!)pyl efre pof yﬁrlccorrp‘ri SI n% fr| mO0.05 to

R12 R12 R12

-BRI!)-, -AIR1)-, -Ge-, -Sn-, -O-, -S-, -SO-, -SO5-, -N(R11)., -CO-, -
5 PRID)-, or -P(O)R!1)-;
wherein, R11, R12 and R13 are identical or different and are a
hydrogen atom, a halogen atom, a Cj-Cpqo alkyl group, a C1-Cpg
fluoroalkyl group, a C4-C3( aryl group, a Cg-C3( fluoroaryl group, a Cq-
Co( alkoxy group, a Cp-Cy alkenyl group, a C7-C4¢ arylalkyl group, a
10 Cg-Cy arylalkenyl group, a C7-C4( alkylaryl group, or R11 and R12, or
R1l and RI3, together with the atoms binding them, can form ring
systems;
M2 is silicon, germanium or tin;
R8 and RY are identical or different and have the meanings stated
15 for Rl 1;
m and n are identical or different and are zero, 1 or 2, m plus n
being zero, 1 or 2; and
the radicals R10 are identical or different and have the meanings
stated for R11, R12 and R13 and two adjacenf R10 radicals can be joined

20 together to form a ring system.

71.  The process of Claim 70, wherein the metallocene catalyst system further

comprises a porous support material and alkylalumoxane activator.

25  72.  The process of Claim 70, wherein at least one metallocene is a 4-phenyl-1-

indenyl substituted metallocene.



15 wt % conononer units based on the total weight of the polyner, 10
wherei n the hexane extractables is less than 3 wt % as neasured by 21 CFR
177. 1520(p(03¢os7) , and wherein the polynerization steps PCajusamo3fd) are
conducted in the presence of a netallocene catal yst system conprising two
different netall ocene catal yst corrponengt ,and wherein the nol ecul ar

wei ght distribution of the polynmer is 15 characterized as bei ng bi nodal,
having a Mz val ue of from 500,000 to 1,500,000 nolecular weight units. 74.
The process of Caim73, wherein the hexane extractables | evel of the
polymer is less than 2 wt% as neasured by 21 CFR 177.1520(d)(3)(ii). 20 75.
The process GF O Ainiocess foimeraringt s erysaliseradyarepdensosampresieg thef stense

pol ymer is |ess t&an 1 wt% as neasured by 21 CFR 177.1520(d)(3)(ii). 76.
The process of daim73, wherein the conononer is selected fromthe 25
group consisting of ethylene, 1 -butene, 1-pentene, 1-hexene, and 1-octene.
77. The process of Clains 73,  wherejn the crystaILi ne propyl ene pol yner
conprised from 0.® t o BINOHEBEBIGMSHE Uht {55t BRESIYh the total wei ght of

the pol yrer. 30 g@ozl %@ﬁé?eé#r%gg ﬁg%{z@ﬁz&a AhofBmer {1 aR &ﬁl@ss?a%fitnu ai m

73, wherein the sta e polynmer conprises fromO. 05 wWm%
conononer units based thaptdsenceaf ahe predgdttof theffirktmagepandrer . 5 79. The

process of ol m I3 el en e e oot ot VSt SLal S BB oo
RERO)mM 3 R 5 15 wt% comonomer units based on the total weight of the polymer,
10 wherein the hexane extractables is less than 3 wt% as measured by
21 CFR 177.1520(d)(3)(ii), and wherein the polymerization steps
(a) and (b) are conducted in the presence of a metallocene catalyst
system comprising two different metallocene catalyst components,
and wherein the molecular weight distribution of the polymer is
15 characterized as being bimddal, having a Mz value of from 500,000

to 1,500,000 molecular weight units.

74.  The process of Claim 73, wherein the hexane extractables level of the

polymer is less than 2 wt% as measured by 21 CFR 177.1520(d)(3)(i1).

20
75.  The process of Claim 73, wherein the hexane extractable level of the
polymer is less than 1 wt% as measured by 21 CFR 177.1520(d)(3)(i1).
76.  The process of Claim 73, wherein the comonomer is selected from the
25 group consisting of ethylene, 1-butene, 1-pentene, 1-hexene, and 1-octene.

77.  The process of Claims 73, wherein the crystalline propylene polymer
comprises from 0.5 to 8 wt% comonomer units based on the total weight
of the polymer.

30



R-- R 4R CR8RO ) n (RIO )4 wherein Mis selected fromthe group
consisting of titanium zirconium 10 hafnium vanadi um ni obium tantal um
chrom umwoeokphbdenum and tungsten; RlL and R2 are identi cacrarsogoisier ent,
are one of a hydrogen atom a Cl1-C10 %Ig)kyl group, preferably a C-C3 al kyl
group, a Cl1-Cl10 al koxy group, a C6-ClG-aryl group, a C6-Cl0 aryl oxy group,
a C2-C10 al kenyl 15 group, a C2-C4 al kenyl group, a C7-C40 aryl al kyl group,
a C7-c40 al kylaryl group, a C8-C40 aryl al kenyl group, or a hal ogen atom
R3 and R4 arz. hydriegerocassons ;Clidm amid vReeréin ethe dapstaltiab prbpgzlielﬁe‘ gobmier and are
one of a halogen atom a C 1-C 10 al kyl group which hal ogenat ed, a
C6- C10 aryl gr ouFompuisghirem Grafo éeWWaICB’@@ﬁ%EP@dunl§ l@ﬁecgg W@iwegi% toup, a
C7-C40 -aryl al kyloﬂ%%@ym@r C7-C40 al kyl aryl group, a C8- C40 aryl al kenyl
group, a -NR215 OR15, -QOSi R315 or -PR215 radical, wherein R15 is
one of a halogen atom a C 1-C 10 al kyl group, or a C6-C 10 aryl group, R7

is WD 02/070572 PCT/ US02/ 02379 . 94 Rl -
(CR213) 51 Rf? R1IDERPECESSO éﬁ‘ml:éi’ p%frqm t@wm%)cene CéwaSb &gem 1s

comprised of two metallocenes each independently represented by the

formula:

10)

R8R9)
R
R\
10
(R10),
wherein M is selected from the group consisting of titanium, zirconium,
10 hafnium, vanadium niobium, tantalum, chromium, molybdenum and
tungsten;

R1 and R2 are identical or different, are one of a hydrogen atom, a
C1-Cqo alkyl group, preferably a C1-C3 alkyl group, a C1-Cqq alkoxy
group, a Cg-C1q aryl group, a Cg-Cy( aryloxy group, a C-Cjq alkenyl
15 group, a Cy-C4 alkenyl group, a C7-C4¢ arylalkyl group, a C7-Cyg
alkylaryl group, a Cg-Cy arylalkenyl group, or a halogen atom;
R3 and R4 are hydrogen atoms;
R3 and RO are identical or different, and are one of a halogen atom,
a C1-Cqq alkyl group which may be halogenated, a Cg-C1q aryl group
20 which may be halogenated, a C-C1( alkenyl group, a C7-C4 -arylalkyl
group, a C7-Cy4 alkylaryl group, a Cg-Cy4 arylalkenyl group, a -NR215, -
SR15, -OR13, -0SiR315 or -PRy15 radical, wherein R13 is one of a
halogen atom, a C1-Cy alkyl group, or a Cg-Cj aryl group;
R7 is



| R12 R12 R12 -B(R11)-, -A(R11)-, -Ge-, -Sn-, -0-, -S-, -SO, -S2-,
-N(R11)-, -CO, - 5 P(R11)-, or -P(O(R11)-; wherein, Rl1l, Rl12 and R13 are
i dent i calworo2@rdsier ent and are a hydrogen atom a hal ogercatusor/0B7€1- C20
al kyl group, a C-C20 fluoroal kyl group, a C6-C30 aryl group, a C6-C30
fluoroaryl group, a Cl- C20 al koxy gro ﬁ a C2-C20 al kenyl group, a C7-C40
aryl al kyl group, a 10 C8-C40 aryl al kenyl group, a C7-C40 al kyl aryl group,
or R11 and R12, or R11 and R13, together with the atons binding them can
formring systems; M2 is silicon, germaniumor tin; R8 and RO are
identical or different and have the neanings stated 15 forR11l; mand n are
identical or differenRlAnd are z&'d, 1Rdt 2, mplRKY n being zero, 1 or 2;
and the radicals R10 ﬁ\re identical or different alpd have the neani ngs
stated for R11, R12 and, R13 and égp adj acent R10 gdi cal s g@n be joined 20
together to forma TT{f Systerm Th&process oW crai ¢R297)wherein the
net al | ocene catal yst gystemfurther conprises a porous support materi al
and al kyl al unbxane actdqgator. 25:83%. Theaprocess ofs G aim 79, wherein at

| east one netal |l ocene Is a 4-phenyl-1- indenyl substituted netallocene. WO
02/ 070572 PCT/ US02/ 02379 ?5 82. The process of Caim73, wherein the

nol ecul ar wei ght distri b&'on of the p(ﬂ‘)?mer i s char&lfleri zed as bei ng

bi rodal , the Mz val ue beilng from 600,000 to 800, 000 | ecul ar wei ght
units. 5 83. A process far, preBari ng cr éstalljne iésot I\(/:él c propyl ene

pol ynmer conpri sing l ’ l

R12 R12 R12
BRI, -AIR1D)-, -Ge-, -Sn-, -O-, -S-, -SO-, -SOy-, -NR11)- -CO-, -
5 PRID)-, or -P(O)R1)-;

wherein, R11, R12 and R13 are identical or different and are a
hydrogen atom, -a hélogen atom, a C1-Cyg alkyl group, a Cp-Cpg
fluoroalkyl group, a Cg-C3 aryl group, a Cg-C3() fluoroaryl group, a C1-
Cy(y alkoxy group, a Cp-Cpq alkenyl group, a C7-Cyq arylalkyl group, a

10 Cg-C4¢ arylalkenyl group, a C7-C4¢ alkylaryl group, or R11 and R12, or
R11 and RI3, together with the atoms binding them, can form ring
systems;

M2 is silicon, germanium or tin;

R8 and R are identical or different and have the meanings stated

15 forR11;

m and n are identical or different and are zero, 1 or 2, m plus n
being zero, 1 or 2; and

the radicals R10 are identical or different and have the meanings
stated for R11, R12 and R13 and two adjacent R10 radicals can be joined

20 together to form a ring system.

80.  The process of Claim 79, wherein the metallocene catalyst system further

comprises a porous support material and alkylalumoxane activator.

25 81.  The process of Claim 79, wherein at least one metallocene is a 4-phenyl-1-

indenyl substituted metallocene.



the steps of: (a) copolynerizing propyl ene and a conononer in one stage;
and 10 (b) recovering crystalline propyl ene polynmer conprising fromO0.5 to
8 wt % coworemers7units based on the total weight of the p®Cyrsn2/023mherei n

t he pol ynerization steps (a) and (b) a&gmgonducted in the presence of a
nmet al | ocene catal yst system conpri sing different netall ocene catal yst
conponents, and wherein the 15 nol ecul ar weight distribution of the polyner
is characterized as being binodal, the polynmer having a Mz value of from
400,000 to 2,000,000 nol ecul ar wei ght units. 84. The process of C aim 83,
wherein a conononer is copalynerized with the 20 prpgglene i.n step (a).

85. The prockss ofheprarsss 88 Clatiefbivvherdie thearplseiat Wrighs@issibuien ot O t he
group consisting @iviblyd Shfacidn ' 80 Bcink- BRRUEN he Ih VERRE beitR drdmOCt ene-

25 86. The proce erein the crystalline propyl ne pol yner
conprises from 0. &0 @050 80000 mmidernkar weight anitased on the total weight of
the polyner. 87. The process of Claim83, wherein the netall ocene catal yst
systemi$ 30 conprised of two netall ocenes each independently represented

by the formya: NQ-QL0F9plpafifd tiySARNE2DR tic Popy iRt Pofy it RBMisiRE R--- R6

7 F4An RR (RLO )4
the steps of:

(a) copolymerizing propylene and a comonomer in one stage; and

10 (b) recovering crystalline propylene polymer comprising from 0.5 to 8
wt% comonomer units based on the total weight of the polymer;
wherein the polymerization steps (a) and (b) are conducted in the
presence of a metallocene catalyst system comprising two
different metallocene catalyst components, and wherein the

15 molecular weight distribution of the polymer is characterized as
being bimodal, the polymer having a Mz value of from 400,000 to
2,000,000 molecular weight units.

84.  The process of Claim 83, wherein a comonomer is copolymerized with the
20 propylene in step (a).
85. The process of Claim 83, wherein the comonomer is selected from the

group consisting of ethylene, 1-butene, 1-pentene, 1-hexene, and 1-octene.

25 86.  The process of Claim 83, wherein the crystalline propylene polymer
comprises from 0.5 to 5 wt% comonomer units based on the total weight

of the polymer.

87.  The process of Claim 83, wherein the metallocene catalyst system is
30 comprised of two metallocenes each independently represented by the

formula:



wherein Mis selected fromthe group consisting of titanium zirconium

haf ni um vanadi um ni obi um tantalum chrom um nolybdenum and tungsten; 5
R1 and Raweroe/ovatentical or different, are one of a hydrog@aTaiSomy23z Cl- Cl0
al kyl group, preferably a Cl-C3 al kyl group, a Cl-Cl0 al koxy group, a

C6- C10 aryl group, a C6-Cl0 aryl oxy gr%ﬁp, a C2-C10 al kenyl group, a C-C4
al kenyl group, a C7-C40 aryl al kyl group, a CTC40 al kylaryl group, a C8-C40
aryl al kenyl group, or a halogen atom 10 R3 and R4 are hydrogen atons; R5
and R6 are identical or different, and arg,one of a hal ogen atom a Cl-Cl0

al kyl group which may be hal ogenated, a(Ro6-L10 aryl group which may be
hal ogenat ed, a C2-Cl10 al kenyl growgr>xa C7- -arylal kyl group, a C7-C40
al kyl aryl group, a C38-C40 aryl al @ group, a -NR215, 15 SR15, -OR15,
-0Si R315 or -PR215 radical, wherein-=R

is one of a _halogen atom a C 1-C
10 al kyl group, or a C6-C 10 aryl i E@]2)99)70572 PCT/ US02/ 02379
97 R11 R11 R11 R11 M2 -M2 - M2 2 R12"R12 R12 R11 R11 Ri1
| -0-M -0 -C , -OM R12 R12 R21)-, -\AW (R11)-, -Ge-, -Sn-, -0-,
-5-, -SO, -S@-, -N(RL1)-, -CO pgl- ©) (R11) _; 5 wherein,
R11, R12 and R13 are identical or R a hydrogen atom a

hal ogen atom a Cl-C20 al kyl grOI,ﬁsg,j/a or oal kyl group, a C6-C30
aryl group, a C6-C30 fluoroaryl groum

(R19),

wherein M is selected from the group consisting of titanium, zirconium,
hafnium, vanadium niobium, tantalum, chromium, molybdenum and
tungsten;

5 R1! and R2 are identical or different, are one of a hydrogen atom, a
C1-Co alkyl group, preferably a C1-C3 alkyl group, a C1-Cyq alkoxy
group, a Cg-C1 aryl group, a Cg-Cqq aryloxy group, a Cp-Cqg alkenyl
group, a C»-C4 alkenyl group, a C7-C4q arylalkyl group, a C7-C4q
alkylaryl group, a Cg-C4 arylalkenyl group, or a halogen atom;

10 R3 and R# are hydrogen atoms;
R5 and RO are identical or different, and are one of a halogen atom,
a C1-Cqo alkyl group which may be halogenated, a Cg-C1 aryl group
which may be halogenated, a C3-Cj( alkenyl group, a C7-C4 -arylalkyl
group, a C7-Cy4) alkylaryl group, a Cg-Cy4( arylalkenyl group, a -NR215, -
15 SR15, -OR15, -OSiR315 or -PR215 radical, wherein RI15 is one of a
halogen atom, a C1-C alky! group, or a C¢-Cq aryl group;
R7 is



C20 al koxy group, a C2-C20 al kenyl group, a C7-C40 aryl al kyl group, a

C8- 40 aryl al kenyl group, a C7-C40 al kyl aryl group, or R11 and R12, or 10
R11 and Ry®,020oer her with the atonms binding them can foPEITISHZ0233y St ens;
M2 is silicon, germaniumor tin; R8 and _R9 are identical or different and
have the neanings stated forR11l; 15 mnd n are identical or different and
are zero, 1 or 2, mplus n being zero, 1 or 2; and the radicals R10 are
identical or different and have the neanings stated for R11l, R12 and R13
and two adjacent R10 radicals canqhe j%ped toge&her to forma ring
system 20 88. The prqcess of Cgim87, wherein af | east one netall ocene is
a 4-phenyl -1- indenyl (iubsti t ut eg net alll ocene. 89’. The process of O aim 83,
wherein the netal |l ocenge catal yst \gystemfurther g3 _cm@rﬁi 3§s_a por ous
support material and al kyl al um)xme actjl vat or. 02/ 070572 'PCT/'US02/ 02379
98 90. The process of IC ai m 83, erein the nol ecul ar wei ght distribution
of the polyner is ch&'dcterizedRIZ beiRlg§ bi nodalR'2 he Mz val ue being from
600, 000 to 800, 000 nol ecul ar weight units. 5 91. The process of C aim 87,
wherein the netallocene iggisel ected fromhe group cqpsisting of:

di met hyl si | andi yl bi s(2-mgt hyl i ndenyl ) zifconium di chl gri de,

di met hyl si | andi yl bi s (2- et hyl - 4- phenyl -|I -indenyl) zi ﬂconi um di chl ori de,

di net hyl si | andi yl bi-s(@—4-m2 ret by-ndenyl ¢ —zi r coniym dighlori de, 10

di met hyl si l andi yl bi s(2,5,6-trinmethyli ndePyI ) zirconi unr di chl ori de,

di met hyl si l andi yl bis i nden)él zi rconi um di chl ori de,

di met hyl si | andi yl bi s(4, 5,f%7-t et rahydr oiRlbenyl ) zircorR%m di chl ori de,

BRI, -Al(R1)-, -Ge-, -Sn-, -O-, -S-, -SO-, -SOy-, -N(R 1), -CcO-, -
PRD)- or -PO)R!)-

5 wherein, R11, R12 and R13 are identical or different and are a
hydrogen atom, a halogen atom, a Cy-Cpqg alkyl group, a Ci-Cpq
fluoroalkyl group, a C4-C3() aryl group, a Cg-C3 fluoroaryl group, a Cj-
Cp alkoxy group, a C3-Cp( alkenyl group, a C7-Cyq arylalkyl group, a
Cg-Cy4q arylalkenyl group, a C7-C4¢ alkylaryl group, or R11 and R12, or

10 R11 and RI13, together with the atoms binding them, can form ring
systems;
M2 is silicon, germanium or tin;
R8 and RY are identical or different and have the meanings stated
for R1 1;
15 m and n are identical or different and are zero, 1 or 2, m plus n
being zero, 1 or 2; and
the radicals R10 are identical or different and have the meanings
stated for R11, R12 and R13 and two adjacent R10 radicals can be joined

together to form a ring system.
20

88.  The process of Claim 87, wherein at least one metallocene is a 4-phenyl-1-

indenyl substituted metallocene.

89.  The process of Claim 83, wherein the metallocene catalyst system further

25 comprises a porous support material and alkylalumoxane activator.



di met hyl si | andi yl bi s(2- et hyl - 4, 5- benzoi ndenyl ) zirconium di chl ori de,

di nmet hyl si | andi yl bi s (2-net hyl - 4-phenyl - 1-i ndenyl ) zirconi umdi nethyl, 15

di met hyl swbandiosibi s( 2- net hyl - 4, 5- benzoi ndenyl ) zi r coni umpPdirfEspnya3;79

di met hyl si | andi yl bi s(2- et hyl -4, 6-di i s%gr opyl i ndenyl) zirconium dinethyl,
di met hyl si | andi yl bi s(2- et hyl - 4- phenyl - -indenyl) zirconium dinet hyl,

di net hyl si | andi yl bi s (2-ethyl -4-napht hyl -1-i ndenyl) zirconiumdinethyl, 20
phenyl (net hyl ) si | andi yl bi s(2- net hyl - 4- phenyl -1 -i ndenyl ) zirconium

di met hyl , digget hyltsi praceds yi Bl B3meihbidin the (Moloapdrt weiEhtdistribdiony 6f thzi r coni um

di met hyl, dinethyl sil andiyl bi s(2-nethyl -4-(2-napht hyl)-1-indenyl) zirconium
25 di met hyl, and RelyfBemi §1ilqr%€ﬁ<iﬂz§75§}53 ?ngrewﬁe?lf ﬁ}&f‘ei‘@% yValer g‘aﬂg J)ﬁ‘?fai net hyl ,
and m xtures th%O%QiOO 13908800 HARcRLPGeTHt 8hitl ai m 83, wherein the hexane

t ’ th

extract abl es of e’ polyner is |ess n 2 w%as neasured by 21 CFR

177.1520(d) (3) (ii). WD 02/070572 PCT/US02/02379 99 93. The process of

Cl ai m 83 rein.the hexa extractabl e | evel of t.he olyner.is |ess than
1 wt % as’ rr;g}(;ure Wrﬁﬁestﬁ&s@?’?%i5‘f Rranths mefallocey is ﬁelf)‘g%iﬁglg PSr prepari ng
crystalline isotaghiGcqisRRYE 6n€ pol yner conprising 5 the steps of: (a)
pol yneri zi ng propyl ene and a conononer in one stage;, (b) copolynerizing

propyl ene and a cbmetiyigiandinlbis(Sesndindenst bgjeconivandichoride;) recovering

oAl e o oD RO ST SLABE . Rt aBont A ERIBERTS, ULt

(a) and (b) are cHRREEISENIPILISIEL-ddhedeisdndl) zacomtal dicteid, cat al yst system

conpr Sll(? g two dimethylsilandiylbis(2,5,6-trimethylindenyl) zirconium dichloride,
dimethylsilandiylbis indenyl zirconium dichloride,
dimethylsilandiylbis(4,5,6,7-tetrahydroindenyl) zirconium dichloride,
dimethylsilandiylbis(2-methyl-4,5-benzoindenyl) zirconium dichloride,
dimethylsilandiylbis (2-methyl-4-phenyl-1-indeny!) zirconium dimethyl,

15 dimethylsilandiylbis(2-methyl-4,5-benzoindenyl) zirconium dimethyl,
dimethylsilandiylbis(2-methyl-4,6-diisopropylindenyl) zirconium
dimethyl,
dimethylsilandiylbis(2-ethyl-4-phenyl-1-indenyl) zirconium dimethyl,
dimethylsilandiylbis (2-ethyl-4-naphthyl-1-indenyl) zirconium dimethyl,
20 phenyl(methyl)silandiylbis(2-methyl-4-phenyl-1-indenyl) zirconium
dimethyl, |
dimethylsilandiylbis(2-methyl-4-(1-naphthyl)-1-indenyl) zirconium
dimethyl,
dimethylsilandiylbis(2-methyl-4-(2-naphthyl)-1-indenyl) zirconium
25 dimethyl, and

dimethylsilandiylbis(2-methyl-indenyl) zirconium dimethyl, and mixtures

thereof.

30 92.  The process of Claim 83, wherein the hexane extractables of the polymer
is less than 2 wt% as measured by 21 CFR 177.1520(d)(3)(i1).



different netall ocene catal yst conmponents, and wherein the 15 nol ecul ar
wei ght distribution of the polyner is characterized as being binodal, the
pol ymer haoin®7&7Mz val ue of from 400,000 to 2,000,000 nwicaaisozn23rei ght
units. 95. The process of C ai m 94, whe9 ein a conononer is copol ynerized
with the 20 propylene in step (a). 96. The process of Claim94, wherein
the conmononer is selected fromthe group consisting of ethylene, 1-butene,
1 -pentene, 1-hexene, and 1l-octene. 25 97. The process of C aim 94,
wherein the 93.ystBid prgessr opyligme 8pohviierein dﬁ:nhesﬁase&ﬂmmabl@ 16vdl cofSthet %
conononer units based on the total weight h ol 98. .The process
of O aim94, wherRalymemis lessthan lowepas @5@%‘?}%‘?3’ é&/&?grﬁ%sl 52@@)@&%r| sgd of
two netal |l ocenes each independently represented by the fornula: WO

02/ 070572 PCT/ US02/ 02379 100 R1 0 )4 RBRO)m R3 5 R-, R 4 RC R$RO )n
(RHO )4 wher®i.n Mipsocesd foc peghafing onystiaBing ri snigetic gnapydenienpg Lyofer teiotrgpniis ung)
zirconium hafnium vanadi um ni obium tantalum chrom um nolybdenum and
tungsten? 5 Rl arfd€E8PHPe identical or different, are one of a hydrogen
atom a Cl1-C10 al kyl group, preferably a Cl-C3 al kyl group, a Cl-Cl10

al koxy group, a C6-Cl10 aryl group, a C6-Cl0 aryl oxy group, a C2-Ci10

al kenyl group, dalr2- Gpluhkeriyg prppyleps ard CTor@amoragryih ahk sthggyr oup, a C7- C40

(b) copolymerizing propylene and a comonomer in a separate stage;
and
10 (©) recovering crystalline propylene polymer comprising from 0.5 to 8
wt% comonomer units based on the total weight of the polymer;
wherein the polymerization steps (a) and (b) are conducted in the
presence of a metallocene catalyst system comprising two
different metallocene catalyst components, and wherein the
15 molecular weight distribution of the polymer is characterized as
being bimodal, the polymer having a Mz value of from 400,000 to
2,000,000 molecular weight units.

95.  The process of Claim 94, wherein a comonomer is copolymerized with the
20 propylene in step (a).
96.  The process of Claim 94, wherein the comonomer is selected from the

group consisting of ethylene, 1-butene, 1-pentene, 1-hexene, and 1-octene.

25 97.  The process of Claim 94, wherein the crystalline propylene polymer
comprises from 0.5 to 5 wt% comonomer units based on the total weight

of the polymer.

98.  The process of Claim 94, wherein the metallocene catalyst system is
30 comprised of two metallocenes each independently represented by the

formula:



al kyl aryl group, a C8-C40 aryl al kenyl group, or a halogen atom 10 R3 and
R4 are hydrogen atons; R5 and R6 are identical or different, and are one of
a hal ogenwatoenyos7a Cl- C10 al kyl group which may be hal ogemratracse2/e23@6- C10
aryl group which nmay be hal ogenat ed, C2- C10 al kenyl group, a C7-C40
-arylal kyl group, a C7-C40 al kyl aryl SQ%UD, a C8-C40 aryl al kenyl group, a
-NR215, 15 SR15, -OR15, -0Si R315 or -PR215 radical, wherein RL5 is one of
a halogen atom a C 1-C 10 al kyl group, or a C6-C 10 aryl group; R7 is WO
02/ 070572 PCT/ US02/ 02379 101 R11 R11 R11,R11 M2 -M2-M2 MR- (CR213) | R12
R12 R12 R12 RI1 RI1 R11 | -oM -0 (RC), -OM | | | RI2 R12 RI2
-B(R11)-, -Al(R11)-, -Ge-, -Sn-, A-S, -SO, -S@2-, -N(R11)-, -CO, -
P(R 11)-, or -P(O(R 11) ; 5 vvher R11, R12 and R13 are identical or
different and are a hydrogen atoq—3 r% g C Il -C20 al kyl group
a Cl-C20 fluoroal kyl group, a C6-Cg HR°R §;§-CSO fl uoroaryl
group, a Cl- C20 al koxy group, a g2
group, a C8-C40 aryl al kenyl grot;
R12, or 10 R11 and R13, together ghit
systenms; M2 is silicon, gernaniuq¥8L, '

K group, a C7-C40 aryl al kyl
A0 al kw aryl group, or R11 and
pbons blgring them can formring

(R10),

wherein M is selected from the group consisting of titanium, zirconium,
hafnium, vanadium niobium, tantalum, chromium, molybdenum and
tungsten;

5 R! and R? are identical or different, are one of a hydrogen atom, a
C1-C1o alkyl group, preferably a C1-C3 alkyl group, a C1-Cq( alkoxy
group, a Cg-Cjq aryl group, a Cg-Cjq aryloxy group, a C»-Cy( alkenyl
group, a Cp-C4 alkenyl group, a C7-C4¢ arylalkyl group, a C7-Cygg
alkylaryl group, a Cg-C4 arylalkenyl group, or a halogen atom;

10 R3 and R4 are hydrogen atoms;
RS and RO are identical or different, and are one of a halogen atom,
a C1-Cq10 alkyl group which may be halogenated, a C¢-C1q aryl group
which may be halogenated, a C»-Cj( alkenyl group, a C7-C4( -arylalkyl
group, a C7-Cy4 alkylaryl group, a Cg-C4( arylalkenyl group, a -NR215, -
15 SR15, -OR15, -0SiR315 or -PRy!15 radical, wherein R15 is one of a
halogen atom, a C1-Cq alkyl group, or a Cg-Cq aryl group;
R7 is



R8 and R9 are identical or different and have the nmeanings stated for R11;
15 mand n are identical or different and are zero, 1 or 2, mplus n being
zero, 1 owo2p/0as@ t he radicals RLO are identical or diffePemtusazomave the
meani ngs stated for Rl11l, R12 and Ran?8g two adjacent R10 radicals can be
joined together to forma ring syste 0 99. The process of C aim 98,

wherein at | east one netall ocene is a 4-phenyl-I- indenyl substituted

nmetal | ocene. 100. The process of Caim94, wherein the netallocene catalyst
system further 25 cogpfises a poyous gypport naigﬁial and al kyl al unoxane
activator. WD 02/0705(2 PCT/USOZ 2379, 102 101 he process of C aim 94,

wherei n the nol ecul ar {wei ght di strl butijon of the l polymer is characterized

as being binodal, thep#-val pe bgjng £ p@em 600, 00(2to ZOQO_HQI ecul ar

wei ght units. 5 102 The process |of CIT|n198 mhe[eln t metal | ocene is

selected fromthe u consi stiin

di met hyl si | andi yl bi S(B thyI i ndéﬁ 1) Ri'fconi um dR%hl ori de,

di met hyl si | andi yl bi s (2- et hyl - 4- phenyl -1 -indenyl) zirconiumdichloride,

di met hyl sil andi yl bi s(2, 41dhmet hyl i ndenylgq4zi r coni um dighl ori de, 10

di met hyl si | andi yl bi s(2, 5, 6 trimethylindgnyl) zirconium dichloride,

di et hyl sil andi yl bi s i ndeinyl zi rconi um di chl ori de, T

di et hyl si | andi yl bi—s(o¢—5|\ﬁ2 -+t et+ahydroi @denyl )—zig-conpzm-di chl ori de,

di met hyl si | andi yl bi s(2- mgt hyl - 4, 5- benzoi Fdenyl ) zirconjumdichloride,

di met hyl sil andi yl bis (2- hyl - 4 phenyl -1 - | ndenyl ) zirlconi umdinethyl, 15

di met hyl si | andi yl bi s( 2- mét! yl -4, 5- benzoiRlfe nyl) zi rcorR'@m di net hyl ,

di met hyl si | andi yl bi s(2-net hyl -4, 6-di i sopropyl i ndenyl) zirconium di met hyl ,
BRI, -AIRD)., -Ge-, -Sn-, -O-, -S-, -SO-, -SO5-, -N(R1])-, -CO-, -
PRIy, or -PO)RI1)

5 wherein, R11, R12 and R13 are identical or different and are a
hydrogen atom, a halogen atom, a Cp-Cpg alkyl group, a C1-Copy
fluoroalkyl group, a Cg-C3g aryl group, a C6-C30 fluoroaryl group, a C1-

Coq alkoxy group, a Cy-Cy( alkenyl group, a C7-C4q arylalkyl group, a
Cg-Cy arylalkenyl group, a C7-C4¢ alkylaryl group, or R1! and R12, or

10 R11 and RI3, together with the atoms binding them, can form ring

systems;

M2 is silicon, germanium or tin;

R8 and R are identical or different and have the meanings stated
for R”;

15 m and n are identical or different and are zero, 1 or 2, m plus n
being zero, 1 or 2; and

the radicals R10 are identical or different and have the meanings
stated for R11, R12 and R13 and two adjacent R10 radicals can be joined

together to form a ring system.
20

99.  The process of Claim 98, wherein at least one metallocene is a 4-phenyl-1-

indenyl substituted metallocene.

100. The process of Claim 94, wherein the metallocene catalyst system further

25 comprises a porous support material and alkylalumoxane activator.



di met hyl si | andi yl bi s(2- et hyl - 4-phenyl - | -indenyl) zirconium dinethyl,

di met hyl si | andi yl bi s (2-ethyl -4-naphthyl -1-indenyl) zirconiumdinethyl, 20
phenyl ( mewbykp®istandi yl bi s(2- net hyl - 4- phenyl -1 -i ndenyl ) zPCEAIS02M379

di met hyl , di et hyl sil andi yl bi s(2-net hyl -4-(1-napht hyl)-1-indenyl) zirconium
di met hyl, di net hyl si | andiyl bi s(2- met hyl9%- (2- napht hyl ) - 1-i ndenyl ) zi r coni um
25 di net hyl, and di net hyl sil andi yl bi s(2-net hyl -i ndenyl) zirconi um di net hyl
and m xtures thereof. 103. The process of Caim94, wherein the hexane

extract abl esj@f thie %&é&%f Cl36 945 WHREsSn ihaRoRcwhlivaighn@issibugeh bythdl CFR
177.1520(d)(3)(ii). 02/ 070572 PCT/ US02/ 02379 103 104. The process of
Cl ai m 94, wher ei rPalymen isk shasadstizedcenbriag| kivwdalpfthe Mz ysdwey heingj fomess t han

1 we% as measur edsdyoiglo 66R0dd foteraftt Wefght Ghitd -

5 102. The process of Claim 98, wherein the metallocene is selected from the
group consisting of:
dimethylsilandiylbis(2-methylindenyl) zirconium dichloride,
dimethylsilandiylbis (2-methyl-4-phenyl-1-indenyl) zirconium dichloride,
dimethylsilandiylbis(2,4-dimethylindenyl) zirconium dichloride,

10 dimethylsilandiylbis(2,5,6-trimethylindenyl) zirconium dichloride,
dimethylsilandiylbis indenyl zirconium dichloride,
dimethylsilandiylbis(4,5,6,7-tetrahydroindenyl) zirconium dichloride,
dimethylsilandiylbis(2-methyl-4,5-benzoindenyl) zirconium dichloride,
dimethylsilandiylbis (2-methyl-4-phenyl-1-indenyl) zirconium dimethyl,

15 ' dimethylsi1andiylbis(2-fnethyl-4,5-benzoindenyl) zirconium dimethyl,
dimethylsilandiylbis(2-methyl-4,6-diisopropylindenyl) zirconium
dimethyl,
dimethylsilandiylbis(2-ethyl-4-phenyl-1-indenyl) zirconium dimethyl,
dimethylsilandiylbis (2-ethyl-4-naphthyl-1-indenyl) zirconium dimethyl,

20 phenyl(methyl)silandiylbis(2-methyl-4-phenyl-1-indenyl) zirconium
dimethyl,
dimethylsilandiylbis(2-methyl-4-(1-naphthyl)-1-indenyl) zirconium
dimethyl,
dimethylsilandiylbis(2-methyl-4-(2-naphthyl)-1-indenyl) zirconium

25 dimethyl, and
dimethylsilandiylbis(2-methyl-indenyl) zirconium dimethyl, and mixtures

thereof.

103. The process of Claim 94, wherein the hexane extractables of the polymer.

30 is less than 2 wt% as measured by 21 CFR 177.1520(d)(3)(i1).



WO 02/070572 PCT/US02/02379
103

104. The process of Claim 94, wherein the hexane extractable level of the

polymer is less than 1 wt% as measured by 21 CFR 177.1520(d)(3)(ii).



