| MPROVED POLYMERI ZATI ON PROCESSES USI NG METALLOCENE CATALYSTS, THEIR
POLYMER PRODUCTS AND END USES BACKGROUND OF | NVENTION Field of the

I nvention [0001] The invention relates generally to a process for

pol yol ef i n manufacturing in gas-phase fluidized bed pol ynerization
reactors and pol yol ef m8 manuf actured therefrom Background

[ 0002] Recent advances in polynerization and catal ysis have resulted
inthe ability to produce many new pol yners having i nproved physi cal
and chemical properties useful in a wide variety of superior products
and applications. Regardless of these technol ogi cal advances in the
pol yol ef i n i ndustry, comon problens, as well as new chall enges stil
exi st. [0003] Advances in-polynerization technol ogy have provi ded nore

efficient, hi ghlppladyel REEA PRAG BROCH I kSO 19,«{19196&%%&%
Especially illust ﬁfﬂﬁygﬁ mm o §la)

single site catal yst systens. e site cata ysts ave been shown
to be highly useful in the preparatlon of polyolefns pr oduci ng

rel ati vely honogeneous copol y iﬁ}l?(? YREfbRat i on rates,
allowing one to closely tailor t I nal propertles of the polyrrer

produced. In contrast to traditi dili ofthedheantivgt t a cat al yst

conposi tions, ﬁi gl e sihe 6/ F&E&ﬁtrezﬁfégp SHelI9N$ C£’ LRE FRt ﬁé%l'eﬁn
conmpounds in I'ch each catal yst conpos t|on nmol ecu e cont ai one or
only a few pehappiaciuzineiin gasphase fluidized| ted petwmerizadon reectarsamd\pelyoletingwn
type of singlg SklRr&Phdletd. Precursor, and are organonetal lic

coordi nation conpl exes contalning one or nore pi-bonded noieties
(e.g., cycloal kadi enyl groups) in association with a netal atom from
Goups Il1IBto VIIl or the Lanthanide series of the Periodic Table of
El ements. [0004] There has been trenmpgepsuh®cus in the industry on
devel opi ng new and i nproved netal | ocene catal yst systens, designing

t he cat al yst j@pgt ens t(Repémd:uemcaeim p@lh(;tﬁﬁm;ont@di apiipvehopaeaiielihy
or processabi

rove ata rooducti,vjt Me | ocene
Ot Bl ver vy e i Britet TRo G P VBRI st hvaieat B Shsntie
nDi eti es ass@eopittd widfll fhea mﬂalvaaiquofth@ehmp@mﬂuctsam ye@phmupp@rt

used, as well ctiv, r and t tion ratio of
the catal yeot RsardiH of Bl XeonBobietCARonBa oS ppRitFl: e Sy
upon the prodmmﬂunsmymmﬁpenmbmhﬂhygmpmmbﬁsaablI|ty, and econom cs of
a polynerization process entails overcom ng several obstacles,

especi al | y wieasli nt r oddgivagcea irepobyerization técknelogyf hinee peovidsiuasorar e

di scussed in ent . h i.ncl udl ng:

U S. Patent %@3@@%5{6%{%‘%0?3? %%&%mﬁ)gpéﬂh%ﬁ%ége@% Fr%esg‘% prgé%glra%l?(es
of et al | ocenBustrativieiof theet panances iy, tB: dﬁwdmenNof siglssiteJ@mlyst systems.

di scussing t f [

Patent No 6. G 655 coivel e EBKEGPS, bR SudP BORE prfetiion of
and the| r relnelvlpfineat produsinger re;htmsbeﬁémrrmme@ue @aﬂle’mef%pml @eefon
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heat renoval ‘frromthe polynerization reactof; each whi ch 1's hereby

i ncor por at ed RYlymesfEpdiced . IEgRHrags mttwéeenﬁ'e?es@ﬁeega caﬁ’aﬁfgcqmm@ns
describes comgmpe BROBLEIVE: BRI ChriRfe WiafRicAEnRhndO B VLRINRE

i ntroducing a new catal yst to_the process due to the unpredictability
of results aseBbihrenpyition §‘°?F’€W°c°é¥1§‘|“3ﬁs‘?neo?f ey A {ret pAlymeEption sites.

[ 0006] For exaithRecehfCatHE BHSEREI khawmyﬁa&ifashﬂgwgwecm% t/PRdcalsoR R e-
type catal yzed pol yeth Ienes is often different than

pol yet hyl enes™hPEHICRS i I 8"?{1(1@‘&“% ERmplexes) BPRFHBINE 3RS B MorD Pibendsd

with other cahgiktist @, safélbamsndfdngg eRPRY i adspigtiGabathy S tnfetal RA6m from
exanpl e, nPEs té | cal have_a_narrqw no] ecul ar_ wei f?ht di stribution,

whi ch tend t SwEESERLYHT ore Lapthanidciegies of g Rerigfif Jable REElsimsatter

the pol ymer molgeul ar Y haclheeh” tamiinddhs 16438 i e Fhaublly OB et Bping®

new and improved metallocene catalyst systems, designing the catalyst systems to

produce new polymers, to improve operability or processability, and to improve



stability during blown filmextrusion, and they are prone to nelt
fracture at 3 commercial shear rates. On the other hand, nPEs

exhi bit many superior physical properties as conpared to LDPEs.

[ 0008] Addi tionally, reactor conditions and the catal yst enployed in

t he pol ynerization affect nunerous physical and chem cal properties
of the polyner, including nolecular weight, nolecular weight

di stribution, conpositional distribution, crystallinity and nelting
tenperature, and extractable content (e.g. hexane extractables),
anong others. In addition to the several reactor and reactant process
control variables which may be mani pul ated during production, polyner
product properties may al so vary based upon catal yst fornul ati on and

structure. {T@; a |.i ggtd§ ' nee [
formng the r?gétag’l elﬁ%ﬁatgnprﬂg@lé%ﬁe glfng ct afrﬁgleﬁglgper ?Llhggﬁeg%l a%ﬁ)l the
pol ymer prod mdsmrrpe@ondadang@pmsomcmwb ¢hemetal atha, mmm afpgatalyst
functi onal t r Srell I )
activator | oa #’tﬂﬁt B%r?él ﬁgéigfag alh fa’? gt a(gzge_{{lt %fd(;s T ?erl]g}aglgn()fa?‘
affect the pm@b@tmfcmahﬁdpw[?@@@l@] End users often desire inprovenents
or a bal ancing of several polyner properties. Anong these are

i ncl uded nel 998 poi nt Unbertupatplys e smpoyiig yiponefie mredistivites oppapRiEy.
and tensile $5&0gbikity, NERAL etRBMIQNGE Q%lﬁﬁ&i&a@&mﬁ%&ise&ta@ﬁgvéé&%g
For exanple, there is a strong desire in the in ustrq¥ to i nprove heat
seal and hot sewel Phstaslest epsciplly phepjintreducing 3 sevypoatalyst| o |fﬁ;1w of these
desirable to 1lsQ¥‘@£retd?&uEt%§tm %%éhtstrﬁmiﬁbﬁméﬂepatéﬁ Qﬁﬂﬁ'ﬁné&%n@l@&m&a@ks

wi ndow and increase the hot tack strength while naintainin

extract abl es Resnhdie: 6,38%dPhtdropsyie WRYCREMPEoRdRel; Brogerise ﬁggxewgocene

These i nprovengdics ﬁn&guw $Y paeRO MR I@é‘eadxﬂay diRuRirighehd BFed €H¥S kdett
of the filmresin. This, however, maﬁgt atively affect other film

properties sdERUEECS SBPT SE REESS: d cNost& R, disqupsinggldnes,

and it |ower prédiRtio) stmétqlg?fam@g asnur:am@fmlh@a Hehd ﬁ‘hnsMCBrbe@H@'l boa UL
achi eve good clarity, r ocessabi

tter
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derived resins have adv geous rovi.d

Cormor i al Ty AP P Hosririe EairrirAgb Ferus el G g agw
for | ow and radiysnockendyst yygoehyet hyl enes haV| ng i npr oved properties.
SUMMARY OF | NVENTI ON [ 0012] I n one aspect, the present invention
relates to irnpuoevenent For examplel j&mpme@ha’mlhtgggf metd!lpezng rapd metaliocene-
properties. ggxp

processabi | i tgﬁéﬁéﬂ%ﬁ%ﬁ on élep B)1 ?%g%?gggg%t%‘ah% %%M@gen?%%tﬁgécdt o]
a process f orin@afdghpprsshye P@nmgmzmwn@rmhewevm pihar citdlfith sodpas Fingler-
The process il Apkudeiprl y%&l&hagxcehmﬁs CRBiANY Hle LA Holecular

al pha-ol efin by contacting the et ene an he at | east one
al pha- ol ef i n waight distributign, o'duﬁeteeléttaltyﬁsmtmdléﬁcqlte@srmwe deeersiias the

reactor at a y:5gfet e P 1%5.}1&%l&ﬁlﬁ%é‘@ﬁ%s@rﬂm@ﬁdthloeanéf tlﬂ':ngol%&eﬁcﬂjor
tenperature of between 20C and 150C to form an et hyl ene al pha-ol efin

copol yner. THuogessy| Thesy etamplesndlugicppatbe| @rallenses g8l Yerencornferpd wehey
density D of Qunigefcidlififg @hew@adlystsydRd i ndex (12) of between 0.1 and
100 dg/ mn, a MAD of bevveenlgandSO and a peak nelting

tenperature Tomys Secondsdieldllys @idsé P rdque fiRbleOMbitE Fowletdn@NprodiidX
second nmelt > D¥398 -245. [0014]In anot her aspect, ther‘;‘present

i nvention relghss %H“%Br;ﬂrﬁsélé% 9 Hia“{%‘é‘eﬁu"%ﬂ% 1255 9% DEEs et Txpicah gPEs
al pha- ol ef i n gEP@hYW T RIwer TRt PIRAEHS WREH, IfHC kxdfplBO hyveRiely iaffgcre thipbrRNe

stability during blown film extrusion, and they are prone to melt fracture at



5 [0015] I n anot her aspect, the present invention relates to an

et hyl ene al pha-ol efin copol yner obtained by contacting ethylene, at

| east one al pha-olefin, and a netall ocene catalyst in at |east one
gas- phase reactor. The ethyl ene al pha-ol efin copol ymer may have: a
density of 0.927 g/cc or less; a nelt flow index between 0.1 and 100
g/ 10 mn; a nol ecul ar weight distribution between 1.5 and 5.0; and a
peak nelting Tmax second nelt satisfying the follow ng relation: Tnax
second nelt > D*398 -245. [0016] I n anot her aspect, the present
invention relates to a filmformed froman ethyl ene al pha-olefin
copol ymer obtai ned by contacting ethyl efe, at |east one al pha-olefin,
and a netallocene catalyst in at | east one gas-phase reactor. The
filmmay have; r r 1 : - -

i npact str enS?’H%@@SB%‘ ?né%' gﬁ q%%]%tg%re%gh%ggltg x@éﬁ?ﬂﬁﬁg%ﬁéeﬁp?gﬁ%&i

t enper at ur e @fopgBies e corapared wrldPBEsdensity D and a peak nelting
tenperature Tnax second nelt satisfying the followng relation:
Tr,,". secondofd|t > DAZdgionally rejqtpyicoppiitiops and i prsalysisqmenioyed: iethe
present | nveﬁbfy%ﬁrz&kcﬁlt &fect AuBehOpRRR Al B5d LGl s e Mlymer,
et hyl ene al pha-ol efin copolyner having a broad orthogonal conpoSition
di st ri buti onifcBobmy . mplesulsy oweight. maplechiar uskeighsd| Jisibubipmg compesitiaral
and at | east di%ﬁ%mﬁ‘ibﬂ,h@ry&!aﬁfn'i@ 44 rﬁ&ﬂhé‘%ﬁﬂﬁa&&? afRl QXBS‘&?&I?QGM&H&E{&&.

| east one al iha-ol efin"wth & nmetall ocene catalyst in at |east one
gas phase re&examne extragiablesycamagngsiteass yIncadgitionde Wisese veratreagior ang mpagtaring

a reactor teygpREal dnkoPlal@iedestic Ray HedndmPFadd diBhEorianelidh p8isner

al pha-ol efin copol yner. The resulting ethylene al pha-ol efin copdlyner
may have a d@FSUEYPOPeRtich Myl vy Spsadaipon qtalyst formpydation apg)sugptute.
between 0.1 aid 440 A8MThi 1R MARAOpIRRINWEE thoteties R RS ming thedRafo&RED
evidenced by a T75 - T25 value of greater than 15 and a M50/ MBO val ue
of greater tKamplex Gratisrhteomopestiesf thepobimesrrredust fopmedh Bisvsupporthe
el uted pol ymafchitsct@fe! detRehtRPEF fuhdtideal R%@apg SRR RAbpoiE (sakh WOiGH gfrigs Of
the eluted polyner_is obtained in a TREF experinment, and, wherein MO
i s the nol ecqPraticbithmictiyptor ipading: Jihe presimpregnated gatalyst; joading cag gleo
and MO is tRffec@heplaliac: fo@he@nt of the polymer fraction that elutes
at 90C in a TREF-LS experinment. 6 [0018]In yet another aspect, the
present invemoo®n rel aBnd dsersadftai Hysienignprbydigent of ianbataiealgy ok keveddle
et hyl ene al pha: ol efin copol yner may have: density .of _0.927 g/cc.or
Tess: a ol ¢ PPIGHT PRRSR e rAmate o Anrclulid rltra ot for psatenst.
wei ght di st r itda tprapertisa] ingmot dndteasild skrefigth Aliecht seadBahiDhenvtacle piopektiby, and
T75 - Tz5 val ye of _greate han. 15 and a M50/ MBO val ue of greater
than 1, wher &ty 26k S8Rl i Sy Bevm B iy fo Pty firden
pol ymer i s ohhdihoetchpdopbrttesiis PENGInise nip & pdrticidardyt destrablp 1d 38wafthé heat
el uted pol yner ,i.s_obtai ned i,n TREE experinment . and erein MBO s
the mol ecul ar el ght = or PR3 frr}é%lrg kARG f?é‘%"‘%ﬁsﬁf’}e@s}“’ét ack steagth
MBO i s the nothileumamtaiming hiowoextrdvabjes| tprmeeetf regotaton edpadtensinst &g fipd

Q/?ljngl)tg %g r 'f%?“]@% Satcgorg@ghgéj Wn io%%%ﬁ glf.hf he

90C in a TREE; er+ t.

the inventi or?a%\nlérgﬁﬁge ’;‘{éggr“é‘ﬁ%" romt g description a
appended cl aidessityBRf Eie DESCRISIET| GRNiOMhdDRAW, NGy [@f20kED &fed gthes &ibms
differenti al i l r f i t

i nventive mggﬁﬁgﬁggg%%ﬁé%oﬁﬁn rCt esc(r:lg'?lggt egr]ea?‘ﬁq%;llson'szias the
conpared to mesidng teomeeatyre of geeefilng o pdiipiontlly. o6 adiieriel good gbwisy, tlgwdage,
mel t i ndex. I i t ! i
results for [ggngég%[ %Epg?%eg%a?ﬁ? ggiglhﬁ}\}gdﬁﬁ \%ﬁ%ﬁré*y{tﬁrﬁ@lﬁ@de@%@ﬁ%@é p'?&E{irg

copol yner dedd?iheddingtemanyfacyunpeestsd t o et al | ocene- pr oduced
copolynmers of simlar density and nelt index. [0022]FIG 3 presents

differential @@8inni ng Cdherhaskereynd wiupacss ingludeffodiladndsd o1, Ehé 416
inventive meigah | OCI0E- 1508959 WOPRION/TBOo L RLS ! Pfdht Dehfitdlica PubRERRREd

Nos. 2003/194575, 2005/0058847, 2005/054791, and U.S. Patent No. 6,448,341.



[0023] FIG 4 presents hot tack properties for enbodi nents of the

i nventive netall ocene-produced copol ynmer described herein as conpared
to netal |l ocene-produced copolyners of simlar density and nelt index.
7 [0024]FIG 5 presents heat seal strength results for enbodi nents of
the inventive netall ocene-produced copol yner described herein as
conpared to netall ocene-produced copolyners of simlar density and
melt index. [0025]FIG 6 presents differential scanning calorinetry
results for blends containing enbodi mrents of the inventive

nmet al | ocene- produced copol yner described herein as conpared to

met al | ocene- produced copol yners of simifar density and nelt index.
[0026] FIG 7 presents hot tack properties for blends containing

erbodi ments Roihne | NVRRAKERALLO LR g&cop ymsgéafaggyorﬁqﬁﬁmabed

herein as conpared to netal [ ocene-produ
density and pesivide epaererciall® 2racrice p@oq@mgsehc@rﬁeahy thewd exists enpged for

results for bl endpmedia g, g%gﬁgﬂ%%éﬁ% P%%ed{% Bhiye

nmet al | ocene- produced copoly as c npared to
met al | ocene- produced copol ynmeksmneajyoEsnadegsidy and nelt i ndex.
[0028] FIG 9 presents the TREF-LS results obtained for Sanple 9.

[0029] FI G 1@yopsiesent sid BRe hbfet, Libe Re&ddht Svelich Rgsled &F nﬁﬁ#@éﬁe&? in
[0030] FIG 11 presents the T F LS results _obtajined for Sanple 11.

[ 0031] FI G 123tﬁ]ryé%‘€?ft“§ QB and REFYPISS PRRRETHES s T&siedmpé%"wtssa%ﬂéo albow
[0032] FI G 1%omipasel polyifer pReEsshiilityesul ts obtai ned for conparative
Sanple CS6. S DETAILED DES | PTION [0033] I n one aspect, enbodi nents

of the inventdoes rel at & bfe raieﬁea{ Izﬁemcﬂainakm&mrcwﬂ& R HPRERES fdrOhe
produci ng a pol yner. %n payst.i cul zb ts o&kthls inventjo
Pelate to t nESPEHRILET R P Ieh iRbieledoRerChIR n The REr b gt
as i npr overrepbsmienzmaedgﬂmahﬂ aekasifonté hiphi-@ffintbyn@neiktiyd éBethylene and
al pha-ol efir tthve,- athasYone alpha-olefin with a metallocene catalyst in at least one gas phase
reactor at a reactor pressure of between 0.7 and 70 bar and a reactor temperature
of between 20°C and 150°C to form an ethylene alpha-olefin copelymer. The
resulting ethylene alpha-olefin copolymer may have a density D of 0.927 g/cc or
less, a melt index (I;) of between 0.1 and 100 dg/min, a MWD of between 1.5 and

5.0, and a peak melting temperature Tpax secona ment Satisfying the following relation:
Tmax secand melt > D*398 bt 245.

[0014] In another aspect, the present invention relates to a process for the
production of an ethylene alpha-olefin copolymer. The process may include
polymerizing ethylene and at least one alpha-olefin by contacting the ethylene and
the at least one alpha-olefin with a metallocene catalyst in at least one gas phase
reactor at a reactor pressure of between 0.7 and 70 bar and a reactor temperature
of between 20°C and 150°C to form an ethylene alpha-olefin copolymer. The
resuiting ethylene a]pha—oléfin copolymer may have a density D of 0.927 g/cc or
less, a melt index (1) of between 0.1 and 100 dg/min, a MWD of between 1.5 and

5.0, and a peak melting temperature Tmax firse men Satisfying the following relation:

Trmax irst men > D*398 — 245,



10034] I n ot her enbodi nents, the invention relates to netall ocene
catal ysts and pol yneri zati on processes for producing a netall ocene
pol yet hyl ene having an increased nelting point. In other aspects,
enbodi ments di scl osed herein relate to an ethyl ene al pha-ol efin
copolymer having a |lower seal initiation tenperature. O her

enbodi nents relate to an al pha-ol efin copol yner having a broader hot
tack wi ndow. Metallocene Catal yst Conpounds [0035] The netal | ocene
catal yst conpounds as described herein include "half sandw ch" and
"full sandwi ch" conpounds having one or nore Cp |igands

(cycl opent adi enyl and |igands isolobal #o cycl opentadienyl) bound to
at least one Goup 3 to Goup 12 netal atom and one or nore |eaving
groups boundighgyt he al yl GASheCBbefPH ALOHR bRhEIT FARL o [ Sfhylene
conmpounds wi Il be referred to as "netall ocenes” or et al | ocene

cat al yst conplghenatesin copplymee pbiiaingd by contactinighylermrpbleasitongaiphpolefin,
suppor t ed Onagy 2 URRAokedPURIRlin A2l SHE [gﬁ.g{dﬂs@ U] THE|efWierUpHIRY

be supported W th or w thout” another cat conmponent . one.
enbodi nent, els@nmepolymerynay aveap |dsowityeoicBPAT e ardrponanel flov index

i nvention ar geLepy Gﬁeahegl?ob%m hifinf f’rrﬂﬂi'écﬂlag- e i (Helween 1.5 and

[ 0036] wherein M1s a net tom sel ected fronithe group consisting of
G oups 3 t hr 8@yand 2pepkondting Ind antdransagisly@edhe felloving refptione

enbodi ment. In other enbodi nents, Mnmay be selected fromTi, Zr, Hf
atons. I n yet ot h&mxerodi HENBE8 —4Ps hafni um (Hf). Each | eaving
group X is chemcally bonded to M each Cp group is _chem cally _ bonded
to M and n 199 or anlt ARLBR 2sPEYnthe Rresent nysptien felales o ahilpt fqgmgd
particul ar efadin eilylene Aph@QBfinldtPolvirer bBRAMEE b3 cBn@EE pth FIBHES all e £} S
or ring systens, at |east a portion of which includes 7r-bonded
systens, suc ﬂ“%\%‘%"ff&l“’gai e E‘ﬁ&?ﬁ“’?ﬁ“@ SHAYSHRAG Irattems e Phase 255 By dBs .
The lqo |'i gangismahisy ms:amh&mnaehgtﬁ df@ﬁ&gﬁ?l gf Sdfer; BAlARdmipectishiength
catal yst co in that they are not. hi. susceptible t )

Cabat Lt + onBb 08 eLTH gt Breate™ SR sHHan SR HE 1SRRI IREC e BY EpA
and Cps in fdemdidyaD @hd anpreyk beeltidietefmerange TS £66 GAL satiyinpphe fatbvany |

| i gands or |igands isolobal to cycl opentadienyl, either or both of

whi ch may COH§§FW"heteroatons and ei ther or both of which may be
substituted by at.Jeast ong o] Non-limting exanples of
substituent R grouﬂ?“?ﬁ%?ﬁagﬁgggﬁgg53elected from hydrogen radical s,

al kyl s, al ke , al ky , Vhs., 5 vl s, . aroyl
2l koxys, “ar yias, ol T v aspet Bl prblehl fveiEl Baio ¥ phocess for
al koxycar bonyhesprodustionof cardsiiri¢riesalpiaaelbtinsypelymeat kaMing abpgoad orthogonal
di al kyl -carb . in an.no d . s
conbi nat i ons%?ﬂéésg%?r?q?ﬁég %‘%g’“e%%m nt(:al,&h’e A ggﬁd I;ﬂ(%s &;;@Q polymerizing
i ndependent | gthylene @pdat feagmmetrdphyrdefin by wontaetinggthe fethyasie wd bl leasy|
i ndenyl, tet GROVMLRINGR Wit alhtQIREY cardd iﬁfglpﬁ:géttdﬁt:%ﬁs b Y&kolof @ 2 O
each. (As used herein, the term"substituted" neans that the group
follow ng t haQac';%mmswss:é;&se’seeatDJ _E‘&is't’o b?reﬂﬂ_ﬁ‘m eagtor fenplegpiwre of befvecenr
mor e hydr ogenged in@NYs00@Sio! Fo?hh Mu@&nwgia-&%ﬁarc%psghﬁﬁt efhd fRakBECh
groups as halogen radicals (e.g., d°, F, Br) hydr3§yl %roups,
car bonyl gr ofip¥lene AMgsaiefin Fwsgwcrawaﬁ@am auisasityoRoRiMP AR 25 i dess. a
al koxy gr oupSnelPhBEY (1,)06f 0B Feen® P ahM Y bo dpAMASa MWD 6F bdevBer?l KYhd 5.0,
groups, C2 to Clo alkenyl groups,_ and_conbi nations thereof. Exanples
%5, ?‘%yl

of substitut 889 2IRYED e¥idensed Py 4 fusludes, valif ohgwatshthap; Iy wdge

radi cal s, al k¥iuof BReaterdianal, SvheRhiK PXYs fiRAEMBEBre ALY 25B U6 Suted
al kyl thi o radical s, kyl am no radi cal s, alkoxycarbOﬂ%% radi cal s,

, dlal Ky . !
aryi oxycar boR§lymeads cobtained; andy dirpyit thes tireperatureaptihichyffe of the eluted

di al kyl car ba EE_BWmeE adiobalned iAWY/ TREF dxpelimahts andCYheddih M J BAhé Mclecular
|

arylam no radi ¢al s, and_conbji nati gns thereoft? [.0038] I.n one .
weight of the polymer fraction that elutes at 60°C and Mg is the molecular weight

of the polymer fraction that elutes at 90°C in a TREF-LS experiment.



[0042] I n sone enbodi nents, the netall ocene catal yst may be a bis(n-
propyl cycl opent adi enyl ) haf ni um Xi , ,

bi s(n-butyl cycl opent adi enyl ) haf ni um Xn>

bi s(n- pentyl cycl opent adi enyl ) haf ni um Xn, ( n- pr opyl

cycl opent adi enyl ) (n- butyl cycl opent adi enyl ) haf ni unXn, bi s[ ( 2-

trimethyl silylethyl)cycl opentadi enyl]hafni unXn, bi s(trinethylsilyl
cycl opent adi enyl ) haf ni um X",

di met hyl si | yl bi s(n-propyl cycl opent adi enyphaf nium 1t X',

di et hyl si | yl bi s(n-butyl cycl opent adi enyl ) haf ni um X",

bi s(1-n-propyl-2- nethyl cycl opent adi enyl®) haf ni um X",

(n-propyl cycl opent adi enyl ) (1- n- propyl- 3- nbutyl cycl opent adi enyphaf ni um
X', or conbi ns th r : In
ot her enbodi g‘gar:%g t he%ne%?gﬁ%%%nag %éét%l féﬁeﬁ%@ t#&ﬁ%&ts}:?\f@ an[e%%ﬂe
propyl cycl opetihichiefify Icppelymier muThe | cdhylens, a‘lﬁh@re in copolymer may have: a

propy! cycl opedzhagr Wbi'ﬁ%ﬁ@bi"f@lk fd Weh 'ﬂ@@w ﬂﬁé’;ﬁb&%&ybtﬂ'ﬁﬁﬂno /10 min; a
propyl cycl opent adi enyphaf ni um Activator and Activation

Met hods f or trhelepiiraveightedistibatien haiwean hcnd $0:[md MBPRP evidenced by a
"activator” i, def,i pRde bpg}aﬁteamangrmwksmm &e%rka:%&h 1 C@ﬂerem

activate a transition netal netallocene- cat al ound

descri bed aboles is theterapesptyrecat whickh dp% qc,th%re'@redapqlwnerdaeb@m@dtapﬁgn is
ionic activatgg t&hpér&ﬁl’czhpgvh?&xt 73Rt O (! c1BRY IPREr £OBRAMEY ik NATRERN
convert a neutral netal|ocene catal yst conponent to a netal |l ocene
cation. It i SSRFRMEH ¥ WaewsieMes istthe moleqylanwright efghe selyaien frastiondbdr
nodi fied al urgieNs 65C ARd M, '1§/@1E%ole&§iﬂg'/\@1%l{(%fﬁll yrﬁé'r fraWioR iH elutes
activators, neutral or _ionic, such as tri (n-but anmoni um

t et r aki s(pentaéPp&bW@pW‘)s %F‘é‘ﬁe’éfr a trisperfl uor ophenyl boron
netalloid precursor whi i oni ze eutral tal |l ocene conpound. A
preferred actP¥dt or usdy 6H P‘W“’Ftﬁ a‘! PRiages fnfigsinvemion wil Pﬁé‘PPafem
present i nventér the folloRing\esdripiion a¥@ne appdAet Hainlhhe MAO activator may
be associated with or bound to a support, either in association with
the catal yst conponent (e.g., netallocene) or separate fromthe

catal yst conmponent, such as described by Gegory G H atky,

Het er ogeneous Si ngl e- Sit e CatBRIERBESGRIRFION OF PRAWENGSat i on, 100(4)
CHEM CAL REVI EW5 1347-1374 (2000). [0045] There are a variety of

met hods for [P&Pari ng dGnokapreseatsd dififeieiitiad dscahning xealesmetmo rredulisi forng
exanpl es of Wolo ¥ il o : :
4, 952, 540, S%Kf!aé@%‘?s gﬁ%‘%é&‘%@‘,"kg” 2 1%31%15%&%;5 °é%lg§‘§2,ags§’2%d1§?mm
4,908, 463, 4, BowmERrEd B sERloesc-Bodrgd Gopolymepel sonilar siepdsy, gl melt
5,157,137, 5,;483. 031, 5,391,793, 5,391,529, 5,693,838 and European
publications 11 EP-A-0 561 476, EP-B1-0 279 586 and EP- A-0 594-218,

and PCT publ i[ﬁ@tlj on WOHd/ 1918@send |diffdreniili Ciadhifie NEA&HMetH ! deYults for
i ncor por at ed ref er eng&ﬁ J0046] I oni zi ng corrpoun%is may contain an

active prot one badimagiys of thedpventive grptallocens-prodieeg copolymer degseribed herein
coor di nat ed afs @MparddORs Rleyalloosicdirbaiced dofolyiRrs QfTBinﬂlaBgiehﬁgr afd ke
i oni zi ng conpoynd. Such compounds and the |1 ke are describe

Eur opean publlflge&‘tl ons EP-A-0 570 982, EP-A-0 520 732, EP-A-0O 495 375,
EP-A-0 426 6 P-A-5 944 EP- A- O 77 003 and EP-A-0 277

U.S. Pat. 33"2%F153, 1577 5° 1983t o ?ﬁff““‘%ng?é"’i‘@?“y 5‘“2‘3@ 8‘2‘5
5,387,568, 5, aﬂﬂa;lﬂﬁé)usanﬂtlﬁ 15@éht11124net&ildce:mf-pmﬂmbh capalyher desaribed hatein
i ncorporated Ry ref ce. nmbi nat i of .activators,ar

cont enpl at ed % CotnllPé]? i n&en’fe cenfeo?m%'ﬂfg ﬁogdyglleffnﬂiglﬁrg?r qe%s‘iyo?ﬁdz R
activators i rm(mrrbl nations, see for exanple, PCT publications WO

94/ 07928 and WD 95/14044 and U.S. Pat. Nos. 5,153,157 and 5, 453, 410,
al | of which (69281 her ei FIGul4 ypreszotr por sackdpivperties efioe nergbodiments of the

inventive metallocene-produced copolymer described herein as compared to

metallocene-produced copolymers of similar density and melt index.



Met hod for Supporting [0047] A support may al so be present as part of
the catal yst systemof the present invention. Supports, nethods of
supporting, nodifying, and activating supports for single-site

catal yst such as netal |l ocenes are discussed in, for exanple, 1
METALLOCENE- BASED POLYOLEFINS 173-218 (J. Schein & W Kam nsky eds.
John Wley & Sons, Ltd. 2000). The terns "support” or "carrier," as
used herein, are used interchangeably and refer to any support
material, including inorganic or organic support materials. In one
enbodi ment, the support material nmay be a porous support material.
Non-limiting exanples of support materials include inorganic oxides
and inorganic chlorides, and in particular such materials as talc,
clay, silicapophum na, G BREéhts Rbdt S04 Grenpth 385X fHEEmbOReRts of the
cal ci um oxi de, zinc oxide, bariumoxide, thoria, alum num phosphate
gel , and pol inyentives merplipsensarrpducsd| edpobmeyedesadbesh herein @6 egpmpared to
pol ystyrene, niekbﬁl'o@éﬂe%@&dc%@@o&{lyrﬁér@%?Lihﬁfﬁ?ﬁer&ftgﬁﬁﬁ fmeRWRRQIts such as

pol ystyrene divinyl benzene polyol efins or polyneric conpounds, and
m xtures thefes), and BrRpresonts MreRYtiAf schiring Sdlb@Hstry RisiBs for biends
silica-alum na, magnesiumchloride, graphite, and m xtures thereof in
one enbodi nefitntaiginge empedimeniss g pBier dnYeRHYS) dBcRlRRTES PERduEsd £Rrpalymer
zirconi a, noRtRRéd herid @s (BmpaRaCchl Re@ilbinEPReibt&h 2830iymers of similar
phyll osilicate, ;and the like. In other enbodinments, conbinations of
the support He#séyieaf ®efdide¥e used, including, but not limted to,
conbi nations_such as sj|ica-chronmu silica-alumna, sjlicatitania,
and the |ike®%diti ongié'sﬁp[%?sfmﬁa%f i QP pRgper %I%’Begt"'ﬁ%sseco&?r“ﬁﬁ%
a]gr ylhi c pol yembadidea&[)dfhadédvanmd ﬁﬁgw&«primwaﬂWyﬁf gg_tcﬁsexaiedsmanem
of the invention can_be made and use n a variety.of different S.
In one enbod??réﬂ’f“?"f‘ﬁe‘%ﬁ?%ﬁ%?c“??d&ﬁ%ﬁ?ﬁﬂ’k"ﬂ‘&f? Bripara ety o, '\é%%/d
form such asidliegcribed in U S. Pat. Nos. 5,317,036 and 5, 693, 727 and
Eur opean publication EP-A-0593083, all of which are herein

i ncor por at ed(doy7ir ef er eRE&. B Imeschs prae sealr eptngthbesilvefur , blemie catadipst

system of the inventjon.is.supported, Exanples of s orting the .
catalyst sysPmbPTRs T b ERRE, PEGoG e Halbted bR A 10l Poreip g
4,701, 432, 4pa808mpakd td,94t1310cEBe-prhddR&] 8ol ynier I, hilar Ber30H,aRd Smelt
5,238,892, 5, , 894, 5,332,706, 5,346,925, 5,422,325, 5,466, 649,

5, 466, 766, 5, , 702, 5,529, 965,

[0028] FIG. 9 presents the TREF-LS results obtained for Sample 9.

[0029] FIG. 10 presents the TREF-LS results obtained for Sample 10.
[0030] FIG. 11 presents the TREF-LS results obtained for Sample 11.
[0031] FIG. 12 presents the TREF-LS results obtained for Sample 12.
[0032] FIG. 13 presents the TREF-LS results obtained for comparative

Sample CS6.



5,554, 704, 5,629, 253, 5,639,835, 5,625,015, 5,643,847, 5,665, 665,
5,468, 702, 6,090, 740 and PCT publications WO 95/ 32995, WD 95/ 14044,
WO 96/ 06187, and WD 97/02297 all of which are herein fully

i ncorporated by reference. [0050]1n another enbodi nent, the catal yst
system of the invention contains a polynmer bound |igand as descri bed
in US. Pat. No. 5,473,202, which is herein fully incorporated by
reference. In one enbodi nent the catal yst systemof the invention is
spray dried as described in U S. Pat. No. 5,648,310, which is fully

i ncorporated herein by reference. In an_enbodi nent the support of the
invention is functionalized as described in Eur opean publication

EP- A- 0802203 or at | east one substituent or |eaving group is selected
as described in U S. Pat. No. PEG3diEthetokirrebnwhi ch are herein
fully incorporated by reference. [0051] 1 n another enbodi nent of the

i nventi on, t|[m3ﬂupp0rtﬁgoﬁahﬁiegl§$grﬁy6ﬁ@msf adf thé) e hie'lamad ﬂﬁia_ug&z]e_an
antistatic agent or surface ifier, for exanple, those described_in
0's Pt < No Sals and Hodates Bes PIIBTNE 4 HOM G0 BAPTYRS, SRRSOt
herein fully thip aeepisradebie toythe ptaluensiCof etiyledelddiid] Aefiti e&ﬁPpIﬂYrﬁd's getvand

for producing the catal yst. of. the invention can be found in

06/ 00245 and RPUOLES 81 IR BF ol FEPnE  RglePn P RsPlsfi
by reference.copslyme®ri zati on Process [0053] The pol yneri zati on process
of the present invention nay be carried out using any suitable
process, sucliocas, for &xantpbe, ensldirhems), tiel unveytiomni ghatsr s s mewlocnd
gas phase. A jcul.ar desi.rabl t hod fpr. produci.n ol yol.efin
o yhers ace A Pu o alER BreeEl RRGH QL ARt GohiSidnd
pol yneri zat i dwavipgove gxrqasef ercdiigy point.| | Ipi viberaadpects dembadibedtsr disdosed.

i ot examibich (520 S Bchl R SA Ak Boly i HEBEE g ) fab FRHkIORT
4,302, 566; 41500398, OU882m0dimG )8 5a1E 49 an5iBkiolefi) copiyhe0h8iRg 302

and Belgia”.E@&E@Imﬁ@miﬁﬁﬁﬂgﬁp: These patents disclose gas phase
pol yneri zati on processes erein the polynerization mediumis either

mechani cal |y agitated Qfehildie 'égtg?@y%&gﬁmﬁlggti nuous flow of the
Q

gaseous nononer and diluent. [0054 er- gas phase processes
cont enpl at ed (st he Pr ag@SHetdfiodeh€ catalyst compounds as described herein include

“half sandwich” and "full sandwich” compounds having one or more Cp ligands

(cyclopentadienyl and ligands isolobal to cyclopentadienyl) bound to at least one
Group 3 to Group 12 metal atom, and one or more leaving groups bound to the at
least one metal atom. Hereinafter, these compounds will be referred to as
"metallocenes” or "metallocene catalyst components”. The metallocene catalyst
component may be supported on a support material, as described further below,
and may be supported with or without another catalyst component. In one
embodiment, the one or more metallocene catalyst components of the invention

are represented by the formula (I):
Cp*Cp®MX, 4y

[0036) wherein M is a metal atom selected from the group consisting of
Groups 3 through 12 atoms and lanthanide Group atoms in one embodiment. In
other embodiments, M may be selected from Ti, Zr, Hf atoms. In yet other
embodiments, M is hafnium (Hf). Each leaving group X is chemically bonded to
M; each Cp group is chemically bonded to M; and n is O or an integer from 1 to 4,

and either 1 or 2 in a particular embodiment.



invention include series or nultistage polynerization processes. Al so
gas phase processes contenplated by the invention include those
described in U S. Pat. Nos. 5,627,242, 5,665.818 and 5,677,375, and
Eur opean publications EP-A-0 794 200 EP-B1-0 649 992, EP-A-0 802 202
and EP-B-634 421 all of which are herein fully incorporated by
reference. [0055]1n general, the polynerization process may be a
conti nuous gas phase process, such as a fluid bed process. A fluid
bed reactor for use in the process of the present invention typically
has a reaction zone and a so-called velocity reduction zone. The
reacti on zone includes a bed of grow ng®pol yner particles, forned

pol ynmer particles and a m nor anount of catalyst particles fluidized
by the contr s flow s

neat of pol yRARzat i on TR SUIRERR &y Sa Bl BIRE sRBFlof kbl shlehd LIERVE,
reacti on zonegoiteonpdseech freludae mbehdad syptensdsichias wyclostkadigred digands and
entrained pa r S r

Fi ner entrai rlrltee{(‘f%cgéltlé aiéléd and é?:p ﬁ%&gg "?‘g(r?tl‘;“‘&‘é frgga&% 1%%“%1% gP &g)/s or
fine filter. bﬁhred gasﬂiescapramwmﬂwo@gh thah elaty meSnwbigabgeuscnmdﬂertn

t he heat of | zat d, r B .and
then ot ur ned o abfhctin SRR pRONBAS Rtk ST PRI Y
reci rcul at ed fogawds (Bagﬂabebecmelsemea@rddﬁfsm e:srsiedemuhérml righndpu o Sigarhdat
increase the ;063 [FORYPEnESRAR! él ePBr r%&lﬁlo?hfh?dﬁ'lﬂé &%a%? :é}oﬁz%ﬁ{é‘agfﬁe”

readmttedtot e redctron zone. e rate owrra
readi |y det erethercat bigjh of kabmvﬁaﬂumnntedmmmsmnedﬁmas Nmnlmmgt o

the circul at IEQ?mErgé of LS A S r:ﬁtSR g} r‘rgs fxﬁinﬁe?&@k sbiRct %&'ﬁ'ﬁ @%n%ﬁigzhs,

particul ate po r produ noner ciate
Wi t hdrawn fr @H‘F}lliheﬂlk@é{bt @ikynahd cylealsWapests i asmlsohrayive a@mma@rquargs,

t hrough the ry s, | ?hd?lfylérlﬁﬁ-rﬁ taﬂﬂg@.}n%@l Qu&ﬁ @,ﬁﬁﬁ{}r ééf ﬁﬂgﬂ Is,

state gaseous npOSItI reactron one e process
of the presersarbompals iabiyl+ andsdiptkybrarbimeyls.hecyprysueaylagrines. aroylaminos,

honopol yner s aﬁa cgln%iﬂaﬂ&ls {h@ﬁ]oi" di '115] 9n€ E%B&%m zg{d @ﬁ&leym ndently

terpol yners, and t 't ke, of olefins, incl udrn rs corprising
et hyl ene and salectrcéasfm@neﬂm [BEPUP otcmBsistyizef iOfs . CYFF@CUP@FPﬁs riageryb

al pha-ol ef i nﬁctrr;g?,ﬁro%cﬁilyln ﬁuorfeﬁfl mgtﬁutCWHGQ%?bpcafcﬁO@guéeg hbfein,

carbon atons in an' nbodi nent y ene and conononer COﬁprSIﬂg
from3 to 12 thatasensehsihed’ ﬁnmmmmqu@w&g tehtera messghigs at least

ConNDNONEer COMGkingdifty ih pRAR 4r b dlnsRHAR éﬁ%n?%oﬁﬂ@ﬂ Reicle FBRELSER! |
and et hyl ene and a Conbnoner conpri sing fgr om 4 carbon atons in

anot her - enbodelesise fram surh gmpwRsy aspilegen radigale (e Ch § R, Jrvgeesyt groups,

descri bed hercamamyn%lr&%e QAMBYk AN bloapd, Yazidﬁx‘éagi&?& eﬂudﬁﬁnﬁsregrsups. alkox
di ol ef i ns havi n&) 8 carbon atons con&oug non- co% ugat e
}

di enes, pol yeRdPs: phegyl gﬁ?ﬁ?foﬁérlghﬂrﬁowcﬁ oerlrrﬁgm%r{:w ip Afkgnyl

rmngrrerls usefgtbugsn ahha:omweﬁbl bh@'ﬂhd’i&ifl | ExhigRs NI HBRiRd myrbmdwﬂe
| SO uty ene, Vi n enzocyc ut an styren

substit ut ed gflss}r‘@fn ut a5 Mot e&ﬁ%tm ¥di ﬁ@ﬁes’ rnaﬁeﬁfaﬂ ﬂf%rarﬁ%rcals

cycr:] I Iopent ene. ad'lﬂx?nﬂiihﬁ{s eslbadiioe rdidafs, Ij &@n@mﬁﬁ@sfade:s&r i zhla&iucyfh];&lbehﬂ

et ylene or pr ene .na e rized wit ast t e ent
Comnomer o Rl AR R katea o R Z Chpitth FhareSS ol ol GRAST

t er pol yner. [dﬁﬂﬁ&idynraalﬁtﬁlseﬁmdtmatcaist heylaninb efdicad, akfiemaloadicslk edndn

i ncorporated into the 0 mer may. be no greater than 30 nol % in
total; from 3""{"@’ ﬁ‘g/’ok ot her enbodi nments. The term

polyethylen en used here eneri.cal to I r t o
any or all Oﬁor%sﬁt pol yrrers (%lrrﬁcrhr Si ng éeLtlh’ ggmél'gs}grr%xéo%ulaé above
[ 0059] Hydr ogena;gds u&‘\em’nﬂmﬁwseldctﬂdl fubrafiihn goly ensizng oh Hadpgmntme.l
t he final talyst t
t he present | \%ﬁ hlzal]%ﬁ?d% %1\%[%{* g:t‘“?%reaéﬁoglkgﬁaﬁ%s %Hégmﬁg |8'n

16 aryloxys, Cy.1s alkylaryloxys, Cy.2 fluoroalkyls, Cs 1z fluoroaryls, and Cj2
heteroatom-containing hydrocarbons, and substituted derivatives thereof. As used

herein, the phrase "leaving group" refers to one or more chemical moieties bound



17 introduci ng ethyl ene and at | east one other al pha olefin
nononer (s) into the reactor; (b) introducing the supported catal yst
system (c) withdrawing a recycle streamfromthe reactor; (d)
cooling the recycle stream (e) introducing into the reactor
addi ti onal nononer(s) to replace the nononer(s) polynerized; (0
reintroducing the recycle streamor a portion thereof into the
reactor; and (g) wthdrawing a pol yner product fromthe reactor.
(00631l n enbodi ments of the invention, one or nore olefins, C2 to C30
ol efins or al pha-ol efins, including ethylene or propyl ene or

conbi nati ons thereof, may be prepolyneri%ed in the presence of the
net al | ocene catal yst systens descri bed above prior to the main

pol ymeri zat i GB thel RRiaPLERAY HBE icAAlysO rﬂgaﬁe&e v l:aﬁxdbef)hﬁ 1RALE Profl £
or continuously in gas, solution Or s ry phase, Inc Jrng at

el evated pr eﬁmﬁscom?@epfr@pm %ﬁ-‘r&%ﬁﬁoz dhysarodusing %1%@0195 actveVipwirds alefin
ol ef | N MONOMGo; Rler RN S BMADMIAR! Th oLV 3RBARLHariibhelBRh.cCU! ar

wei ght contr I ng agent s ydr ogen. or exanp es o

prepol yneri zggg; %n pr Ocqqlx@,rsﬁ%cmﬁﬁgf Mesl’netﬁﬁ;cené\lgéalyﬁ c%ﬁ%:o%gt;t may take on
4,789, 359, 4,923,833, 4,921,825, 5 278 and 5 78 and "Eur opean
publ i cati on EPeR. fypms wek aaﬁ%PSP@rSChm i fo1 evrrmml;c 9‘1,841’31711431 £.086.798,
whi ch are hergin phil e, lmmr ah&U by PLENGS 41687406 A04hdi Hg aoaﬁﬁ»ee%
invention is not linmted to any dPecr ic type of fluidized

phase pol ynerdligameds siecene; sirhaatdlizcdesed an,dar Freapleuv S FPap qu 2é 798

reactor or nMynlitpsEepdieRE! 0069, 214 NoMsrsiMQudy thHIH @ata(l?ﬁ&&&&ﬁbé 0 p%%hkr?cﬁ
I n enbodi ments, the present invention may.be carried out in fluidized

bed pol yneri Z&St orfat( t AP nd¥Psbe Waﬁlé‘&*WWm i VSPSEN64%152das and

fluidized), arswosiiémse Fdth bi merwoenﬂﬂﬁo&aasemsmsl&reﬁyoin&&@éraea
descri bed abqve. [In additigon to well-known conventional gas phase

pol ymeri zat i pigeReseln ofher jeanbpdimgnts, ithe ‘%’%@}%"‘Eﬁ map cbep forggd with a

i nvention t hafafniea #RMS lakdn,NGAER as id BGCHBENG UE Pat. ndslCah Loyl ehsinng
node" and "liquid nononer" operation of a gas phase polynerization

may be used. ERS’B’BTWMBNF"S&‘GFC"{*he present invention may enploy a
condensi ng ol yrmeri zation, such as those sclosed. in U S.
arent Noo. | 40895 5Y0" 1 “Eei sposingd. WS atliiSnd F5ist, sompaents
and 6, 489, 408esaiteh abbvmaghmred&rere&tsymbmﬂrq@arpataobrtehaﬂte&rﬁémmrners
Condensi ng nmode ptocesse to 18 achieve higher co I|n
capaci i o5 antreeRisRRRET s in e izt By DY P Fhediarer oh° P
condensabl e fHewinls aofsirighe patiyater asyatmamcqmyoeemﬂtécsanétallmeher catalyst
condensabl e f | rr%drslemr}]%r]tn to tc e.h9 &/,rrerr zation r@g 1goduce

i nduce a condenSrrRg mBdeeop&F At ATV UBT UL OBy ¢ 6[8% onstitute &
descri bed i n lehsStwddifferdnt biddged, hdG]134e carrhlrymonqaohatteby i ncor por at ed

by reference. [0066] O her enbodi nents of the preset invention nmay
al so use a |ilg#id nonorieronp@mméhﬁlfmatthemmweemnalag whags Wifgemosed

in US Pate 3,47 I 5

95/ 09826 (us;}il o Mrual oo, Bl ?P?%%S&iﬁwgna‘%?‘gﬁenﬁﬁ@ﬁ“ﬂﬁ[" Dpgfled
nmononer node,Mpicdes) deaiginhea myelopentadienybugpovpt  tihe odat | erabodishgmssr thiged
provi ded t hatm,iibfodehd dhakait® BOPMREH® &ﬁ%ﬂ%rg S\.g; he, Re 5/ ther BB &1%%9309180"
in solid particulate matter present iIn e as po ynmer being
produced or imeteloosas cpraingtaefinerider jeaying grepp. éfalyb\‘oﬂﬂlbll armkodigienisc the

clay, talc, a,ggameéhyr;&ﬁalwgﬁﬁg{)Ieaslgglg%g as there is no substanti al
anount of free 't qui d nononer present rating in a liquid nonomner

node may al sqogiBke it QRSS! &nsdauaé[ﬁmﬁe RAAYSRAS chillys: AR bfeh@%?s(n-
react or usi ng rmononers havin condensat i on tegferatures much hi ghe
C

than the tengsPRiexciepenpdigayidafaivmy ehe i Biseby wpemrwsenembafpmauxed
[0067] I n one rﬁﬂb%h@ﬁ% F@crthtﬁ@ﬁ)lﬁhaﬁﬁﬂrﬁnew zat @%h%ﬁcheyaugemer%m-

particle form palynerization or. a slurry process ere
butylcyclopeniadlenyl)hafmum bis{(2-

trimethylsilylethyl)cyclopentadienylJhafnium X bis(trimethylsilyl
cyclopentadienyl)hafnium X,, dimethylsilylbis(n-propylcyclopentadienyDhafnium



gas phase process may be operated in the presence of a

net al | ocene-type catal yst systemand in the absence of, or
essentially free of, any scavengers, such as triethylalum num.
trimethylal um num tri-isobutylal um num and tri-nhexyl al um num and
di et hyl al um num chloride, dibutyl zinc, and the like. By
"essentially free" it is neant that these conmpounds are not

del i berately added to the reactor or any reactor conponents, and if
present, are present in the reactor at less than 1 ppm [0070] As

not ed above, the polynerization process of the present invention may
be carried out by using a solution proctss. Non-limiting exanpl es of
sol ution processes are described in, for exanple, U S. Pat. Nos.

4,271,060, 5,001, ; O M"%E' .00 | R anat N
enbodi nent, 3%% gf&é}w@gﬁﬁ?gﬁ&%&c g‘ﬂ i&g ar Bgmﬁe} "]V\n {B ﬁ&ﬂ% ]{}gﬁyllg
wei ght per cemethicyclopsntatichpidhafninm &n.conproanigyclepraradienyflon-peopyhptie,
an al um num : t i - Of - I St

(or its conp%% ntygo?’egtg@%&g)s}ﬁgﬁ g‘(’:‘l (;kg’e i(%,mb %Jruogggthn%%f? \)L/Jl%etée S%'a%‘.grgs
Nos. 6, 300, 43escaivdd 883, 278. Ot her suitable netals include other
Goup 2 and Goup 5-13 netals. In another enbodinent, a solution, of
the metal -f ati®%3laci d cdmPehesembedimaents, the meydloceesc easalyst| may het+ bis(n-

enbodi nent, the,iRcRehddityypthgumonpound igiddaged Wi ththe cat glgyst
and fed into the reactor separately. These agents may be m xed with

t he catal yst Pppyieyglapentedignylfafnivhe rdiflsedde.i n & sot ut idoReBy! s| Bisfyy
with or W t hgyénilRidpRhBA¥SIHKEHEM OF i ts conponents. 20 [0072]In
sonme enbodi nent's, for a fluldized bed gas-phase reactor, the reactor

tenperature of therdiviofli 68l PeEvVAIACAIENMEBY ke he NieGNOSdne Catalyst
tenperature that is feasible taking into account the sticking

tenperat ure STORBRRAY| yol efin product within the reactor and any

foul ing that occur i,n the,reactaqr. gr.recycle line(s)., [0073] For
bvanpl o, for WBY pr odudHbsrmniechoion s Srdioh e Sou sBRpRdid Srafiragt,
in a fluid zedhibledagastraae trapgicibn rmetblhmetaacdnotyre datdlgsiparnaionnd dss
normal |y operate aonsi der abl el qw t.he .nelting tenperature SC. rd
Tl 0 of the Bretel RN R aeliC s Ul Sl B o oo PR Bb e tRigon
resin of 0. 91 igiziog daivaidrpr amdothermnm@irpolndidrat cin conelgt aneytral hnetablotdnieng

tenperature qof I r Js,i e_r of S .
roabur od by CRADS ORRBE op PrbilEehd Wal P i BE b of il
normal | y be detention 89)@e @himoking @s snddifiddhdupokanees anacticitdreandiatuoatsoi f

t he reactor re. inc : 07 .
enmbodi nent s, Q,gg r {oﬁ !?é“e% ra%%ac?r?’g n g%*‘ﬂt hlg q?ﬁg’e r? E“lglv eaé”rré\r[| a@%@n eammm"m1
cat al yzed r egéwakis{pergafivuoeepbhaylpi borpm ar f4 urigperBdorbphinyh sbaoora smetalloid
react or enbodj b i .
or wHiG JoRBE4RY n :e hﬁ%@%ﬁ%&&%ﬁ;ﬂéﬁ%{%y Rbééiggg& 8?&&?&1

In other enbddi ments, the reactor erature nay |
hi gher. Pol ymsed pird 7] il yss 6P pppdtfionsf ge prpgenpingention is medvislyningxsnepe

bl ended with (W")P‘Phé/ READ é’d?i%ﬁ{- ﬁﬂﬂbé hyBSiale@ &R %}%{ms& Ta! {A3port,
that can then be used in articles of 'nanufacture. Those additives

i ncl ude ant i Githamain sogigtinenith fae eajalpstscomponent(gfyangjaliacene) or separate

plasticizers,gshallel ica@fysy RBRPbRGRT RELW Nas2GERBed Db PVERGoRIRN! $latky,
ul travi ol et ht absorbers g_uenchers, antistatic agents

i r s, slip
agents, pi gne‘ﬁ‘iqgﬁog%ﬁﬁ‘égs aningls-Piter Satakysts cfpre QAsEnt Folymerizgdon,  100(4)

per oxi des. ThegevacdiEeEweNmEN1awdiZobyes in the polyolefin
i ndustry may be present in polyolefin conmpositions fromO0.01 to 50

wei ght Eercegtb)misp one efﬂégd}afﬂilat siarﬂdﬂﬂSJfl’@{Blhﬁdél fbO plddatifg GiimEne esid
I n anot her enbo nt, an rom.1.to we t. percent, 1 n yet t.her
enbodi nent, vfﬂ‘é‘%F a@"@égﬁ'ﬁsaﬁ?@%%ewﬁﬁ%ﬁérﬂn@ yﬁﬁﬂ&%& %ﬂ% 2
any upper weingby RBEes208B, | 4,952,540,t 15 Ga1y3s2oWeR0BEHY NS, TERILI®NT 4]87a7784,

Ant i oxi dant's f&ﬂ(?fgabiédszﬁegf 4536%%2%5 5?50%?8'?5? 5%3308}21: %5%8,885,”955?,‘381,

5,157,137, 5,103,031, 5,391,793, 5,391,529, 5,693,838 and European publications



[0078] Wth respect to the physical process of producing the blend of
pol yol efin and one or nore additives, sufficient m xing should take
pl ace to assure that a uniformblend will be produced prior to
conversion into a finished product. The polyolefin suitable for use
in the present invention can be in any physical formwhen used to
blend with the one or nore additives. In one enbodi nent, 22 reactor
granul es (defined as the granules of polyner that are isolated from
the pol ynerization reactor) are used to blend with the additives. The
reactor granul es have an average dianeter of from 10 mcrons to 5
mn, from50 mcrons to 10 nmin anot het2 enbodi nent. Alternately, the
polyolefinis in the formof pellets, such as, for exanple, pellets

having an av I t r m
naving an 2SR, G sk oEp 9§ o9 che U g 8. TRRALAL BIERER IRHAAT
the additi vesWii 94410188, slovfywdiich hne hersin ﬁlllcomoamratcﬁbyctfmumnt sin a
tunbl er or other physical blending neans, the polyoclefin being in the
form of reacti@6lgr anul deniziygjcompanndsHaay b@lmolmomue prdtomi ey spag, othry
mel t bl endi ngajifh %Eko@?é&:ﬁ B bR BB 8{,1 5@*%80 Ufited to the
conmponents is to melt bl-end t e po yoﬁ gt additrves
directly in demaigingyipsr of WBE?\DER(@)“P@M@&C@ panpovads mﬂethmlﬂ@ are
means. [00801&5@1%@%&'&@55%9%9&%%9E@nﬁ 00%/9% E#‘AC@%EQ ? £P5 0

the present invention urt SUIta € neans

rocessed
o e o B85, P 0426 SAAPPos] ik, EPomuR IO AndBR A 5T, 004,
foam ng; il bar 0%, obuTGL. PALSIPAHIS I AONPSBSENAN FILENDH, 5201025,

i njection nolding, blownold gpﬂrotalona m)dln ot omol di ng)

and transfer ﬁﬁﬁ"'@ﬁﬁﬁgis 384299 B‘P‘b G134t frvhigh @mdmwm f‘ﬁrbftlh@-‘asol‘elfedfbm m

formation to BeRineYeComBinaBE G LiivatBisatd Abo E8ntbhadited!bythd BREAIND For
t hernmof orm ng, as well as by |[am nation, pultrusion, protru5| on, draw
reduction, sprFABBISdRINGOxARSt andpioRizinggactivePEs is| Whi’gﬂtlo&ﬁcFeStfﬁ’erWm

of fiber and mpm@atmbwagimmtanar\vomhmw 50P5. NbBersens;157
These and ot her rns of suitable processing techni ques are descri bed

in, for exané343 U’@S’ pﬂwEsv&lmH( Pdlyitagoreespigd Py feBR¢ncAOy es Dat a
Corp. 1986). [0081] I n e of i njection nolding of various
articles, si rrpl e solid °r5| SURRRIUBE the pellets serve equal | y as

I K d nelt tt bl ends, of |
granul es wit BB et's, %?“P?J’Pﬁdaﬂe ES oSt of Rt O s GRaEL ek e e

1|‘or {nhng pr ocq&me?mtﬂvmt&m Supposed, tmagoda;n?lf mpgpﬁgalgogndmﬂfgawﬁmﬂvmmg
n e process of conpression n medi evi ces, however

e P e stgfonss BIPLRgRiat Stark OheRt o recslforetsy i Bior et e for
bl end woul d bsappkf{ & METADLOCENEPASERPOLY SILEFENS 125:d38 Of Stlkrs & W.

consti tuent et.s and/ I dln,the art . wll ,be
able to det e&rgngﬂr'l’emlfyhgag%?nog&{%%{te prr‘s-lé‘ ?ﬁgé)floﬁp TS PURRITINGT P He
pol yners to bualasedecherdin, meeedsddointémbingedbdy mndi rferofo hine snp;rqmmr&nal

i ngredi ents I SS_econo 2],.The

pr oduced nay%%}lr}?lhg?mg%ﬁl %‘lgrn&%réh t |I\’C}Je§t TRE 1'Fﬁars]ﬁll S n|’L“'p, %Uh{meb ?XuPpoa
ant i oxi dant s,ma¢gptemtys befa pbrous suppori ﬁmg:,rlaU\N@t-hbntﬁngzexzsqpl@snbf stpposg,
pol ymer proc -al rf

pi gnent s, dyggag nugﬁeatl Hg‘gééﬁgﬁn %r r Z%i&gé?ﬁ"\?g'gbﬁlc m Smh
silicon di oxirdaerialy as Halei elayi kiliga, altlmtranmﬁmehl-'oled:@ma iron oxides, bona

pol ydi met hyl %alc%ﬁ"b%deciin%' (?%&EJ"%QH‘% de, bAd, hsfHuH ?ﬁospﬁﬁL Gel! a’angon

stearate, zinc stearate, I at onaceous ear
bl ack, fl ame pobirears byl %Miﬂim@lommbﬁuu@d polybiytener %lsctmsiahzed or

hydrocarbon r e
oy esent it et pmeddyac BRAERs 2t b Rolylbfene Wind Kbt by TR or
such as 0. 00Polnayist mmnoemds) and | gbrtures mpw@airlﬂrgr@pieteenbm akits vatidus
pol ymers disgLQsed herein nmay have a nelt index (M) or (12) as

[0048) Desirable carriers are inorganic oxides that include Group 2, 3, 4,

5, 13 and 14 oxides and chlorides. Support materials include silica, alumina,



24 (0086) The polymers of the present invention have a bulk density
measured in accordance with ASTM D- 1895 (Method B) that, in one
enbodi nent, is greater than at |east 0.30 granms per cubic centineter
I n anot her enbodi nent, the bulk density of the polynmers is in the
range of 0.30 to 0.50 grans per cubic centinmeter. [0087] The

pol yol efins then can be nmade into filns, nolded articles, sheets,
wire and cable coating and the like. The filnms may be forned by any
of the conventional technique known in the art including extrusion,
co-extrusion, lam nation, blow ng and casting. The filmnmay be
obtained by the flat filmor tubular prbBcess which may be foll owed by
orientation in a uniaxial direction or in two nutually per pendi cul ar

directions i f a e ext S.
Orientation %@QE{&% e s%pﬁ? &eﬂiﬁéﬁf érgﬁbget’hn% | rec ul;gn?%gér(’f L %EE}%

t o di ff er ent embodinest. I@hen cw‘éuil yummetbenn@ukimemhmbslat otifapiam zmm:a
pol yners int ¢
cast filmli %leofnhb%lé%(ﬁng eo ogl ca 16%?%%?@?‘2%““8@6%&‘2?&@‘9 In
met hods and eHer embodipiehiscermibinations ofbe abppoctamatetials auty bo luyesl, fchuling, e

(ohn Schei r 2R, FRAEPLE i<°°3‘b5"§w%%¥ﬁ”&ﬁ%§§@§§%%ﬁf h”ﬁ%%& i

pol yol ef i n c@mpms nd thedikef Addidonnl umnort aterials ey incledeshoseaoras faorylic

such articl e i nwoven fabrics, extruded

articles and é@befmpes o@%ﬁ?ns i nclude bl own or cast filns
formed by CO%&M US' on %c%taiﬁf‘si@éﬂl%@ dx!éﬁ{v%n cabd Hl‘ad&'ahmusgd kg
film stretchfllm seal I'n oriented filns, snack packagi ng,

heavy duty bé(gect)fg%eiéfgre@awnxs Bakes| earm’dfm@éeﬁwf swalypads agiupgorted,

nedi cal packagiffdplyl ﬂadﬂéﬁlﬁ'{%hﬂ SRR R dABTHIARE $.S.CP&: Nok. B%@@'Uﬁ@%&m
and non-food contact E:H{ﬂcatl ons, agricultural filnms and sheets.

Exanpl es of f+4598r/27i pesh (PuBlisaHAR EP-AsBPL30B 3N 2l minwhish #A chereint

bl own fi ber W&t@&‘ﬁyfrﬁ&eﬂ&e{ﬁ he\PRMRRe®EmBONmMIRY B2 aiykt § RidiRkethe
filters, diaper fabrics, hygi ene products, nedical ‘gar ment s.

geot extil es, ”e‘te&“o’Ek%ﬁﬁ:HP8§° fExamplesaigsupppiting dhe caia ﬁ'd%steﬁbPFf‘gj’ in the

medi cal t ubi Reventbi eareruiseﬂﬁhelrmﬁm PAS , NBJ. pmvogmw‘ews@ﬁ,wm.downd
l'iners. Exanples of nol articles include nul ti-| ered

construct i oné-4%43-%2e 4f9<§|7 r%laf SE9REs D 2?'5#9% 512&8’68‘%843?%})% ? ?"l‘:

rigid food cgnmmeremtt@oxssa,ss%s sﬁévbﬁosgaﬁbbsrsde«wwbﬁezg 253
articles that can _be made gﬁld/or iLnc orate the oI oI eflns of

t he present Srﬁ?@rﬁ3|50r§§?r?cqll§de5 HHot 302 AL, &g cT
equi pnent, O%HMIOﬁQWtD t9!5!3@9§£ WO, 99 sradenwol ea;osuse)anamdowmmgwnd

equi pnent g fc[}af,t cog"ﬁ ents, and ot her such articles.
More parti cul® aéﬁ ‘E)"ﬁ’B’tf‘ e“l,CBFFB %r '?fE‘F‘iﬁ’de such as bunpers,

grills, tr|m ts da hboardsa L nstr el s eler door
and hood comg nts, 2'3) dé”&?'ge hclﬁ‘Bi %g PSR Ip& ® HEUETRY,
body panel, pccmdaemtmpoﬁrrmrdmumbhgh:ﬂgxp dasmhbedheUS ﬁ’aeNooﬁﬁmeZa)vtlmlnal

t t
ven ol s, [ 080T GRS IR bR L L S S g o SR 0 of
economi cal I y the invergomps spraye dtlmsaq)@ﬁsgrdiedfm RES prap.dNie 5488 10hwhigh acfullye

of our i nven%{%ﬁ]ﬁr&gh nglep'gby &?&{er?c% m@%%&!o%ﬁﬁau uf’eas%ﬁg%gpth {1&{ is

| abware, offi oor I NSt runen ion sa ers
wi ndows; | i qéberctivhalizeda@s ém@eﬁm@ﬁmmﬂlm&ﬂmﬁé’e&-@@&%& masgst one

pouches, and BELLIES of Moy EOhBEP A i H ds”cfeH&{b%g gfu 8! PRANG! 5 688,880,

sol utions; wapping or con preserve y Trradiation,

ot her nedi calbotiesfi whish rediersit ﬁglyumqymrewdlbb'trsfpmeﬁ heters, and
respiratory therapy, as well as packaging nmaterials for nedi cal

devi ces and flé58 whi ch laeapother iembadiment @ ihe gavartionr thg| supparted| eqtalyst

radiation i nglydihngr e¥endch Whilde@SinS bitisBflic! gl &r DALY GdafHerY for
example, those described in U.S. Pat. No. 5,283,278 and PCT publication WO
96/11960, which are herein fully incorporated by reference.




(BOCD) for inproved physical properties |ow extractables content.
(See, for exanple, by Kolb et at at the METALLOCENE CONFERENCE 2004,
May 13, 2004 - Houston, Texas, USA; and Davey et at at the

SPE- Pol yol efins 2002 | nternational Conference, February 25-27, 2002
in Houston, TX; and Farley et at at the SPE International Polyolefins
2005 Conference February 27 - March 2, 2005 in Houston, Texas).

[ 0095)BOCD refers to a broad conposition distribution in which the
majority of the conononer is incorporated in the high nolecul ar

wei ght pol ynmer chains. The distribution of the short chain branches
can be measured, for exanple, using tenperature raising elution
fractionation (TREF) in connection with a light scattering (LS)

detector to rmne th ] i 7
nol ecul es el @%@ from &éreﬁ%gg%%ﬁ%ﬁ% OJélgglgng\/ctg‘th{me%%eorqg{‘ ?J{r%’fé’?thﬁlﬁecaa
conbi nati on &t fOREF ie N OL S6/0TRES-20E)WOI 86/882430fablr ofatwhich adgohrreinhfally
breadth of the g(ﬂ)# ledlstribution and whether the conmpnomer
content increases, cCreases, or is uniformacross the chains of
different nol ecul ar weipg rizLH&-?ﬁrLI&@ TREF-LS data reported herein
were measured using an analytical size TREF instrument (Polynerchar,
Spain), W th gsgol um thcﬁaﬁﬁdgi&iz!a% Pecdls BEAS ipAent ifVi&kiofl h Rk @hrrieh D)
7.8 mm and outer dianeter. ) 9.53 mm and a colunmn | ength of 150 mm
The col urm wadt fiNEetPYysHiAbic gEpcepeatish 4. 5oF erample. solglion,, fiwrys) high
pol yer ol Uighigurt e ol Qe Wb LG sl I RleukRoR bRIANGE p6iy Bt
L were chargéd onto a the column and cooled from 140C to 25C at a
const ant coolReh@rerneeorting topfbe Resent SvsSEGY i £33 Phasoamlviaerizatipp Brpeess
through the GRimXBIyaLtiRih QWIGAIRI HedlrelotBd./ THIO tyRNEbabde &) H¥Bns for
tenperature was increased at a constant heating rate of 2C/ nin

| S 1 to
el ute the polOPRBHRERRE FEFiPRete AT At fB P PRPind/81 Bitediosi UNJBRS
detected by nEgiasief 4aRasinl ABERMe2ARFABPOHLOR RY 48088 TADLS saf 22857
cm-1 using an infrared detector. The concentration of th

e
et hyl ene- a- ol AP E8H30Y Ae Beisiapfaant Ny §30608Pd These eateaty disdeser 835m
the absor pti ghadngolphRtitRbnasrodedse Gherih e pERRRFAAIINE medileh is either
nol ecul ar vs/enlég% of tyhe _etgg en -ad-é%debl n_copolymer in th | ut ed
li quid was Pty Bt gRt ¥ BrtdasinBY U ngPPaoRR Y daWn oF ISt gfseous
| i ght scatt eréigpnitebed8idientVWatt, CA, USA). The nol ecul ar wei ght was
al so plotted as a function of tenperature. [0097]1n certain
enbodi nent s, [0di@ pol yneEkeragasdpbask i frockskhar einterniplyted bse the prooesd of the
conposition qi StnEii buté ocg:bcctl]%r %ct er{is%ed iq that .the T75 - %%5 val He
greater than "TERHRP APVAGTEIY P8 ANUSIP8T RO PBC IR ORBER CRiFY s 2] iP5 Phase
great er than peégesash epmtemplas hysthe lirevehgorpimchitie thosatesskibehinA3% Bht. Nog
el uted poly j bt. aj n Ls t t er at | 759% of
the. ol U ed’ por e Sesaens 486 577275 4t Sl SRRR sk aioRh g0l el %00
herei n. The HR-Bidr 6485 99 SEP-40 BORA02i andnigh-B-634 Wt alleof oblsckaatechérziad

in that the | I | ion is orthogonal defined by a
M50/ MBO val ugggf&glr)@gfag‘?ﬂ)ﬁ%#r%&breferabl y greater than 2 and nost

preferably grggter thaﬁn:’%ené!\‘aﬁrtﬁé oA rizStidr Brodls SHMY BF BBl odshe
polymer fraction that elutes at 60C"in a TREF-LS experi nent and_l\)BO

i s the nol ecuhase proFest sksh asha flwd bedipyeress. 4 dbid bed rerstor dputiess imthe
90C in a TRERsrbas£%PRhd B&@ént%%v&ﬁ%ﬁ&?ﬁ%ﬂlﬁ‘ﬁ&@'a%adfﬁﬁ%%e Bl Act-2hleas
by FDA Met hoc}FJ 0098] FDA regul ati ons for food packaging require the

| evel of hexaifcEX rreRetian | 288e-hERe EReNprszam, inghudefem ded of umewvingPobapesy
2. 5% for " boidaridlesD3GrmeAP pbiyaRt 'iﬁﬁiciéé\héﬂdeahﬂn%r NRhdunt B8 €Aral 5B Gakii1dsO
| ow density products nmade with Z-N catal ysts typically fulfill the
first requirdediged by thercaplingestilam gt Herseseaps aprmoser @éhd Agneng te Franove
cononomer typRar bMedlymeftdiicAShfouph AREFhb®sh EIMREUENd B 12avaitp Y fadiRnd-

The netal | ocenes, descri bed herein nay be able to deliver products in
zone is passed to the velocity reduction zone where entrained particles are allowed

is

to settle back to the particle bed. Finer entrained particles and dust may be

removed in a cyclone and/or fine filter. The gas is passed through a heat



have one or nore nelting points wherein the higher nelting point (T".
second nelt) as determ ned by Differential Scanning Calorinetry (DSC)
and the density of the copolyner satisfy the followng relation: 29
T ax second nelt > D*398-242, wherein Dis the density of the
copolymer. Melting Point (1st Melt) [0102] I n sone enbodi nents, the

et hyl ene/ al pha-ol efin copol yners may have one or nore nelting points
wherein the higher nelting point (Tnee tint nelt) as determ ned by
Differential Scanning Calorinetry (DSC) and the density of the

copol ymer satisfy the follow ng rel ation: Trea, first nelt
> D*398-245 wherein Dis the density of!3the copolyner. [0103]In some
enbodi nents, the ethyl ene/al pha ol efin copol yrrers may have one or

| t T
ol £) s, dot SRrnh WHERE ey Ao bODGrRAIoHOi L Rufivel Bk i
the density otbmpﬂwoccqudl npmerretsawstbythbheadtmuhl omen g Opedmtilyp somd nﬁxthe

[0104] For_axcvearaatr,gptiThE b ol Al ZoRRRRL e St NEBPRAL HiBRgs me

[ 0104] For exa urenents
System 7 Thehwal remoahly samcity sif etlre d‘mlmiagagasespmamedrhan geddmifted o fthe st

| t dat t T . f
second el t) T aE 20 a Fllable AR g’ AQPRSCRNRealRy bl By SiglE
of reactor grspeEinBgL. |Malte@amédawuampmrgcretmmcmaﬂ@mafga&S)@fam isat arate
tenperature apayeg, Wl 0 |att bvﬂ&hrlﬁlpt [J %ogpﬁ ? pT%(%#? aﬂa T %g(:lg@llt

the sanpl e is heated at aprograrrrre mn to a tenperature
above its nebterewth mrygighdrewo fredn dte Iaaqjmgnémhpe@bmmmmfome PRS$iDE a
t enperature k.S i e e

pr ogr amed ety WrCEFAHe a8l (o ndiAaCen BUEENCALE B dascous
reheating (seewnesitian vithin[tiel B8gtmrmoosi mat e val ues for the peak

mel ting point tenperature, T. second nelt, of several commercially
avai | abl e nmei®5flocene- Tht RroFewdofgbe Peasentl iayrasion finsuighlecior Sherpspdustionns

of density apfng@bpollheiordnennhibdid Eﬁ;ﬁ&fe koS ol Hie:. TeBIRREQN

melt of a commercially avail abl e pol yet ene produce
net al | ocene &84 Heylike. @f Pleﬁvarly‘ﬂﬂ@ﬂéﬁ’&bﬁ'&rﬁﬁ‘é}ﬁpﬁl% poyipRe and afispst opg o

and 30 densiot ¥aokObth8XAERL The ofe PRy BlaSi Rl dlaha-oleﬁns The olefins, for example,
avai | abl enet al | ocene-catal yzed netal | ocene pol yet hyl ene having a

density of aBRfft O LIYR L ulf SRR plomsdiexond oybediment thylens ¥yl i n

w1 have a pembndiBéd tatEpm@hd) frdn® M es ALUERLE 2BREY WX 1aHBhE! ¥mbddifrend
hi gher densit olymer wll generally_have a higher nelting point.

Table |. Peaf ﬂmﬁl& 3 SPMERAPEH SATRIFSing, FFREY #itar 10, caben pioniSelnpAnofker | |
and met al | ocefidogintent;\wae dthplhy @hd ¥ L&NEnGH@EBmprising from 4 to 8 carbon atoms

in another embodiment.

[0057] Other monomers useful in the process described herein include
ethylenically unsaturated monomers, diolefins having 4 to 18 carbon atoms,
conjugated or non-conjugated dienes, polyenes, vinyl monomers and cyclic
olefins. Non-limiting monomers useful in the invention may include norbornene,
norbornadiene, isobutylene, isoprene, vinylbenzocyclobutane, styrenes, alkyl
substituted styrene, ethylidene norbornene, dicyclopentadiene and cyclopentene.
In another embodiment of the process described herein, ethylene or propylene
may be polymerized with at least two different comonomers, optionally one of

which may be a diene, to form a terpolymer.

[0058] In one embodiment, the content of the alpha-olefin incorporated
into the copolymer may be no greater than 30 mol % in total; from 3 to 20 mol %

in other embodiments. The term "polyethylene™ when used herein is used



Density Melt

nelt Wee dg/mn approximate, C 0.912 1.0 116-I1I11 3.5 112 - 113 12.0

| ndex (12) Peak Melting Point Tenperature, Tn., second

109 - 110 0.915 1.0 116 - 117 0.918 1.0 118 - 119 1.25
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generically to refer to any or all of the polymers comprising ethylene described

above.

[0059] Hydrogen gas is often used in olefin polymerization to control the
final properties of the polyoclefin. Using the catalyst system of the present
invention, it is known that increasing the concentration (partial pressure) of
hydrogen may increase the melt flow index (MFI) and/or melt index (MI) of the
polyolefin generated. The MFI or Ml.can thus be influenced by the hydrogen
concentration. The amount of hydrogen in the polymerization can be expressed as
a mole ratio relative to the total polymerizable monomer, for exampie, ethylene,
or a blend of ethylene and hexene or propylene. The amount of hydrogen used in
the polymerization processes of the present invention is an amount necessary to

achieve the desired MFI or MI of the final polyolefin resin.

[0060] Further, in certain embodiments, the polymerization process may
include two or more reactors. Such commercial polymerization systems are
described in, for example, 2 METALLOCENE-BASED POLYOLEFINS 366-378
(John Scheirs & W. Kaminsky, eds. John Wiley & Sons, Lid. 2000); U.S. Pat. No.
5,665,818, U.S. Pat. No. 5,677,375, and EP-A-0 794 200.

[0061} In one embodiment, the one or more reactors in a gas phase or
fluidized bed polymerization process may have a pressure ranging from about 0.7
to about 70 bar (about 10 to 1000 psia); and in another embodiment, a pressure
ranging from about 14 to about 42 bar (about 200 to about 600 psia). In one
embodiment, the one or more reactors may have a temperature ranging f.rom about
10°C to about 150°C; and in another embodiment from about 40°C to about
125°C. In one émbodiment, the reactor temperature may be operated at the
highest feasible temperature taking into account the sintering temperature of the
polymer within the reactor. In one embodiment, the superficial gas velocity in the
one or more reactors may range from about 0.2 to 1.1 meters/second (0.7 1o 3.5
feet/second); and from about 0.3 to 0.8 meters/second (1.0 to 2.7 feet/second) in

another embodiment.

[0062] In another embodiment of the invention, the polymerization

process is a continuous gas phase process that includes the steps of: (a)



118 - 119 1.5 118 - 119 2.0 117 - 118 2.7 116 - 117 3.5 113 - 114
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introducing ethylene and at least one other alpha olefin monomer(s) into the
reactor; (b) introducing the supported catalyst system; (c) withdrawing a recycle
stream from the reactor; (d) cooling the recycle stream; (e) introducing into the
reactor additional monomer(s) to replace the monomer(s) polymerized; (f)
reintroducing the recycle stream or a portion thereof into the reactor; and (g)

withdrawing a polymer product from the reactor.

[0063] In embodiments of the invention, one or more olefins, Cz to Cyp
olefins or alpha-olefins, including ethylene or propylene or combinations thereof,
may be prepolymerized in the presence of the metallocene catalyst systems
described above prior to the main polymerization. The prepolymerization may be
carried out batch-wise or continuously in gas, solution or slurry phase, including
at elevated pressures. The prepolymerization can take place with any olefin
monomer or combination and/or in the presence of any molecular weight
conttolling agent such as hydrogen. For examples of prepolymerization
procedures, see U.S. Pat. Nos. 4,748,221, 4,789,359, 4,023,833, 4,921,825,
5,283,278 and 5,705,578 and European publication EP-B-0279 863 and PCT
Publication WO 97/44371 all of which are herein fully incorporated by reference.

[0064] The present invention is not limited to any specific type of
fluidized or gas phase polymerization reaction and can be camied out in a singie
feactor or multiple reactors such as two or more reactors in series. In
embodiments, the present invention may be camried out in fluidized bed
polymerizations (that may be mechanically stirred and/or gas fluidized), or with
those utilizing a gas phase, similar to that as described above. In addition to well-
known conventional gas phase polymerization processes, it is within the scope of
the present invention that “condensing mode”, including the “induced condensing
mode” and “liquid monomer” operation of a gas phase polymerization may be

used.

[0065] Embodiments of the present invention may employ a condensing
mode polymerization, such as those disclosed in U.S. Patent Nos. 4,543,399;
4,588,790; 4,994,534; 5,352,749; 5,462,999; and 6,489,408, each of which is

hereby incorporated by reference. Condensing mode processes may be used to
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5,283,278. Other suitable metals include other Group 2 and Group 5-13 metals. In
another embodiment, a solution of the metal-fatty acid compound is fed into the
reactor. In another embodiment, the metal-fatty acid compound is mixed with the
catalyst and fed into the reactor separately. These agents may be mixed with the
catalyst or may be fed into the reactor in a solution or slury with or without the

catalyst system or its components.



Dg/mn g/lcc CC1 1.16 0.9145 75 121 2 1.05 0.9137 80 121 Cs1 1.08
0.9145 80 116 [0120] DSC curves of three pol yethyl ene sanples are
conpared in FIG 1. The peak nelting tenperature for the CS1 was
approxi mately 116C, whereas the peak nelting tenperature for the
Sample 1 and Sanple 2 were each approximately 121C. Sanple 1 and
Conparative Sanple 1 had identical densities and simlar nelt

I ndexes, where Sanple 1 was produced at a | ower reaction tenperature.
Sanmpl e 2 and Conparative Sanple 1 were produced under simlar reactor
conditions, with Sanple 2 having a | ower density and a higher nelting
point. The higher nelting point at high® nmelt indices and | ower
reactor tenperature can thus be attributed to the catalyst and the

resul ting CO%?:ﬁi ti Onakn QJ,,ﬁ.E ngﬁﬂr@ﬁts, for a fluidized bed gas-phase reactor, the
reactor temperature of the fluidized bed process may be the highest temperature

that is feasible taking into account the sticking temperature of the polyolefin
product within the reactor and any fouling that may occur in the reactor or recycle

line(s).

[0073] For example, for the production of a typical metallocene-catalyzed
resin in a fluidized bed gas-phaée reactor, the reactor bed temperature is normally
ope-rated considerably below the melting temperature (DSC, 2" melt) of the
produced polymer. For a typical metallocene LLDPE film resin of 0.912 gf/cc
density and a melt index of 1 dg/min, the melting temperature of the polymer is in
the range of 116°C to 117°C (as measured by DSC 2™ melt). For these grades the
bed temperature would normally be set at 80°C. Stickiness in the polymer would

be induced if the reactor bed temperature were increased.

{6074] In some embodiments, for the production of the inventive
metallocene catalyzed resins described herein in a fluidized bed gas-phase reactor
embodiment, the reactor bed temperature may be 85°C or higher. In other

embodiments, the reactor bed temperature may be 90°C or higher.
Polymer

[0075] The polyolefins of the present invention may be blended with other
polymers and/or additives to form compositions that can then be used in articles of
manufacture. Those additives include antioxidants, nucleating agents, acid
scavengers, plasticizers, stabilizers, anticorrosion agents, blowing agents,
ultraviolet light absorbers, quenchers, antistatic agents, slip agents, pigments, dyes
and fillers, and cure agents such as peroxides. ’I'hése and other common additives
in the polyolefin industry may be present in polyolefin compositions from 0.01 to
50 weight percent in one embodiment, and from 0.1 to 20 weight percent in
another embodiment, and from 1 to 5 weight percent in yet another embodiment,
wherein a desirable range may include any combination of any upper weight
percent limit with any lower weight percent limit. Antioxidants and stabilizers
such as organic phosphites, hindered amines, and phenclic antioxidants may be

present in the polyolefin compositions of the invention from 0.001 to 5 weight



Exanpl e 2: Higher DSC Melting Point (1g nelt) and Onset of Melting
(1" Melt) [0121] Four pol yethyl ene grades produced wi th enbodi nents of
the netal | ocene catal yst described herein were conpared to two
commerci ally avail abl e netal | ocene-produced pol yet hyl enes of simlar
melt index and density, as described in Table 3. Sanples 3 through 6
were each prepared using [bis(n- 35 propyl cycl opentadienyl)hafnium
dinethyl]. Sanple 5 was prepared in condensed node wth isopentane
present in the reactor. Sanple 6 was prepared w thout condensing
agent present in the reactor. Conparative Sanples 2 and 3 (CS2 and
C53, EXCEEDTm 1012 and EXCEEDr nl018, re&lpectively are commerci a
grades avail abl e from ExxonMobi | Chem cals). Table 3 Sanpl e React or

Temp Melt | ndexend 2n OGRS efnbodibe,” Hol BRI B8 R8igRPSRlcehf AN DRl St

mnelt C
embodiment, and from 0.02 to 0.5 weight percent in yet another embodiment.

[0076] Fillers may be present from 0.1 to 50 weight percent in one
embodiment, and from 0.1 to 25 weight percent of the composition in another
embodiment, and from 0.2 to 10 weight percent in yet another embodiment.
Desirable fillers include, but are not limited to, titanium dioxide, silicon carbide,
silica (and other oxides of silica, precipitated or not), antimony oxide, lead
carbonate, zinc white, lithopone, zircon, corundum, spinel, apatite, Barytes
powder, barium sulfate, magnesiter, carbon black, dolomite, calcium carbonate,
talc and hycirotalcitc compounds of the ions Mg, Ca, or Zn with Al, Cr or Fe and
CO3 and/or HPO4, hydrated or not; quartz powder, hydrochloric magnesium
carbonate, glass fibers, clays, alumina, and other metal oxides and carbonates,
metal hydroxides, chrome, phosphorous and brominated flame retardants,
antimony trioxide, silica, silicone, and blends thereof. These fillers may
particularly include any other fillers and porous fillers and supports known in the
art.

[0077] Fatty acid salts may also be present in the polyolefin compositions
of the present invention. Such salts may be present from 0.001 to 2 weight percent
of the composition in one embodiment, and from 0.01 to 1 weight percent in
another embodiment. Examples of faity acid metal salts include lauric acid, stearic
acid, succinic acid, stearyl lactic acid, lactic acid, phthalic acid, benzoic acid,
- hydroxystearic acid, ricincleic acid, naphthenic acid, oleic acid, palmitic acid, and
erucic acid, suitable metals including Li, Na, Mg, Ca, Sr, Ba, Zn, Cd, Al, Sn, Pb
and so forth. Desirable fatty acid salts are selected from magnesium stearate,
calcium stearate, sodium stearate, zinc stearate, calcium oleate, zinc oleate, and

magnesium oleate,

[0078] With respect to the physical process of producing the blend of
pelyolefin and one or more additives, sufficient mixing should take place to assure
that a uniform blend will be produced prior to conversion into a finished product.
The polyolefin suitable for use in the present invention can be in any physical

form when used to blend with the one or more additives. In one embodiment,
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reactor granules {(defined as the granule-s of polymer that are isolated from the
polymerizaticﬁ reactor) are used to blend with the additives. The reactor granules
have an average diameter of from 10 microns to 5 mm; from 50 microns to 10 mm
in another embodiment. Alternately, the polyolefin is in the form of pellets, such
as, for example, pellets having an average diameter of from 1 mm to 6 mm that

are formed from melt extrusion of the reactor granules.

[0079] One method of blending the additives with the polyolefin is to
contact the components in a tumbler or other physical blending means, the
polyolefin being in the form of reactor granules. This can then be followed, if
desired, by melt blending in an extruder. Another method of blending the
components is to melt blend the polyolefin pellets with the additives directly in an
extruder, BRABENDER® or any other melt blending means.

[0080] The resultant polyolefin and polyolefin compositions of the present
invention may be further processed by any suitable means such as by calendering,
casting, coating, compounding, extrusion, foaming; all forms of molding
including compression molding, injection molding, blow molding, rotational
molding (rotomolding), and transfer molding; film blowing or casting and all
methods of film formation to achieve, for example, uniaxial or biaxial orientation;
thermoforming, as well as by lamination, pultrusion, protrusion, draw reduction,
spinbonding, melt spinning, melt blowing, and other forms of fiber and nonwoven
fabric formation, and combinations thereof. These and other forms of suitable
processing techniques are described in, for example, PLASTICS PROCESSING
(Radian Corporation, Noyes Data Corp. 1986).

[0081] In the case of injection molding of various articles, simple solid
state blends of the pellets serve equally as well as pelletized melt state blends of
raw polymer granules, of granules with pellets, or of pellets of the two
components, since the forming process includes a remelting and mixing of the raw
material. In the process of compression molding of medical devices, however,
little mixing of the melt components occurs, and a pelletized melt blend would be
preferred over simple solid state blends of the constituent pellets and/or granules.

Those skilled in the art will be able to determine the appropriate procedure for



80C 0.87 0.921 123.74 111.8 CS2 80C 1.08 0.912 100.19 92.2 C53 80C
1.0 0.918 109.71 99.3 [0122]FIG 2 presents the DSC nelting curves,
first nelt, for Sanples 3- 6, CS2, and CS3 The peak nelting (first
nelt) tenperature. Tnax first nmelt, for the reactor granules of CS2
and CS3 was approxi mately 100.19C and 109. 71C, respectively, whereas
Tme" first nelt, for the reactor granules of Sanples 3 through 6 were
at |l east 14 degrees higher for a given density. The onset of nelting
for CS2 and CS3 was approximately 92.2 and 99. 3, respectively,
whereas the onset of nmelting for Sanples 3 through 6 was at | east
108. 4 degrees, approximately at |east 93degrees higher for a given
density. [0123] Exanple 3: Table 4 conpares film properties of a

met al | ocene {,ﬁ,ﬁgﬂé{gp p%ﬁglggg&@ tﬁnbzﬁmgd#}??ﬂéed()ffmi NGiiRe g*.ingfge%? the

cat al yst descri ereir mle 7, to m properties

conpar abl e cepmpensnhinigyediants Widlh the desirefor prosess ecendrmy. Conpar at i ve

Sanple 4 (CS4, EXCEED 1018) Sanple 7 was produced using i

[ bi s(n- propy®83icl openTaelPeFIEFhRIPATAFIaRY fugben ersfain pdditvgsmaelnas slip,

granul ar reshiimesk, dﬁﬁ’tidﬁhcﬁaﬂg,edpiynﬁﬂsﬁmeﬁp M2 N oY 1QAfizers, antistats,
polymer processing aids, neutralizers, lubricants, surfactants, pigments, dyes and
nucleating agents. Preferred additives include silicon dioxide, synthetic silica,
titanium dioxide, polydimethylsiloxane, calcium carbonate, metal stearates,
calciumn stearate, zinc stearate, talc, BaSQ4, diatomaceous earth, wax, carbon
black, flame retarding additives, low molecular weight resins, hydrocarbon resins,
glass beads and the like. The additives may be present in the typically effective

amounts well known in the art, such as 0.001 weight % to 10 weight %.

[0083] In one embodiment, the polymers disclosed herein may have a melt
index (MI) or (I,) as measured by ASTM-D-1238-E (190°C, 2.16 kg weight) in
the range from 0.01 dg/min to 1000 dg/min. In other embodiments, the polymer
may have a MI from about 0.01 dg/min to about 100 dg/min; from about 0.1
dg/min to about 80 dg/min in other embodiments; and from about 0.5 dg/min to

about 70 dg/min in yet other embodiments.

[0084]) In one embodiment, the polymers disclosed herein may have a melt
index ratio (Is/Iy) (Is is measured by ASTM-D-1238-G, at 190°C, 5 kg weight) of
from 5 to 300. In other embodiments, the polymer may have a melt index ratio
from about 10 to less than 250; from 15 to 200 in another embodiment; and from
20 to 180 in yet another embodiment. In other embodiments the polymer may
have a melt index ratio from 15 to 30; from 10 to 40 in another embodiment; and

from 5 to 50 in yet another embodiment.

[00gs) In one embodiment, the polymers disclosed herein may have a melt
flow ratio (MFR) (I)/I;, where I3, is measured by ASTM-D-1238-F, at 190°C,
21.6 kg weight) of from 5 to 300; from about 10 to less than 250 in other
embodiments; from 15 to 200 in yet other embodiments; and from 20 to 180 in
yet another embodiment. In other embodiments the polymers may have a MFR
from 15 to 30; from 10 to 40 in another embodiment; and from 5 to 50 in yet

another embodiment.



2000 ppm Weston 399 (both avail able from G ba Chemicals) and 800 ppm
FX5920A (processing aid avail able from Dynamar) using a doubl e-cone
bl ender. Pelletizing of the resins was carried out on a Wrner &
Pfl eiderer ZSK 57mm 36 twin screw extruder. Qutput rate was 68.1
kg/h (150 Ib/h) and the nmelt tenperature was about 210C. [0125] To
produce film the resins were extruded into filmusing a 63.5 Mm (2.5
i nch) Battenfield doucester blowm filmline (30:1 L:D) equipped with
a 15.24 mm (6 inch) oscillating die and a Future Design air ring.

Qut put rate was 3.36 kg/mm (188 Ib/in) (or 7 g/mdnun (10 | b/in/in)
die circunference). The die tenperatureiwas 200C. Table 4 Sanmple 7
C4 EXCEED G ade LLDPE film 1018CA fil m Reactor Tenperature 85 80
M (12) O 95[0086] The polymers of the present invention have a bulk density
measured in accordance with ASTM-D-1895 (Method B) that, in one
embodiment, is greater than at least 0.30 grams per cubic centimeter. In another
embodiment, the bulk density of the polymers is in the range of 0.30 to 0.50 grams

per cubic centimeter.

[0087] The polyolefins then can be made into films, molded articles,
sheets, wire and cable coating and the like. The films may be formed by any of the
conventional technique known in the art including extrusion, co-extrusion,
lamination, blowin'g and casting. The film may be obtained by the flat film or
tubular process which may be followed by orientation in a uniaxial direction or in
two mutually perpendicular directions in the plane of the film to the same or
different extents. Orientation may be to the same extent in both directions or may
be to different extents. Particularly preferred methods to form the polymers into

films include extrusion or coextrusion on a blown or cast film line.

[0088] Common rheological properties, processing methods and end use
applications of metallocene based polyolefins are discussed in, for example, 2
METALLOCENE-BASED POLYOLEFINS 400-554 (John Scheirs & W.
Kaminsky, eds. John Wiley & Sons, Ltd. 2000). The polyolefin compositions of
the present invention are suitable for such articles as films, fibers and nonwoven
fabrics, extruded articles and molded. Examples of films include blown or cast
films formed by coextrusion or by lamination useful as shrink film, cling film,
stretch film, sealing films, oriented films, snack packaging, heavy duty bags,
grocery sacks, baked and frozen food packaging, medical packaging, industrial
liners, membranes, etc. in food-contact and non-food contact applications,
agricultural films and sheets. Examples of fibers include melt spinning, solution
spinning and melt blown fiber operations for use in woven or non-woven form to
make filters, diaper fabrics, hygiene products, medical garments, geotextiles, etc.
Examples of extruded articles include tubing, medical tubing, wire and cable
coatings, pipe, geomembranes, and pond liners. Examples of molded articles
include single and multi-layered constructions in the forrn of bottles, tanks, large

hollow articles, rigid food containers and toys, etc.



1.00 ELM (121) 19.06 15.8 MFR (121/12) 20.1 15.8 Resin Density
(g/cc) 0.9180 0.9200 Gauge Mc(MV) 19.30 19.30 Tensile kb Yield (nPa)
MD 8.96 9.58 Tensile 4111 Yield (nPa) TI) 9.51 9.58 Utimate Tensile
(mPa) MD 70.83 63.25 Utimte Tensile (mPa) TD
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{0089] Other desirable articles that can be made from and/or incorporate
the polyolefins of the present invention include automotive components, sporting
equipment, outdoor furniture (e.g., garden fumiture) and playground equipment,
boat and water craft components, and other such articles. More particularly,
automotive components include such as bumpers, grills, trim parts, dashboards
and instrument panels, exterior door and hood components, spoiler, wind screen,
hub caps, mirror housing, body panel, protective side molding, and other interior
and external components associated with automobiles, trucks, boats, and other

vehicles.

[0050) Further useful articles and goods may be formed economically or
incorporate the polyolefins produced by the practice of cur invention including:
crates, containers, packaging material, labware, office floor mats, instrumentation
sample holders and sample windows; liquid storage containers for medical uses
such as bags, pouches, and bottles for storage and IV infusion of blood or
solutions; wrapping or containing food preserved by irradiation, other medical
devices including infusion kits, catheters, and respiratory therapy, as well as
packaging materials for medical devices and food which may be irradiated by
gamma or ultraviolet radiation including trays, as well as stored liqud,
particularly water, milk, or juice, containers including unit servings and bulk

storage containers.

[00513 Polyethylenes useful for the compositions described herein may be
prepared by a variety of methods. The polymerization can be conducted as
solution phase processes, gas phase processes, and the like. Ethylene
homopolymers and ethylene alpha-olefin copolymers useful herein may include
linear polyethylenes including linear low density polyethylene (LLDPE, having a
density in the range 0.918 to 0.927 g/cc, as determined in accordance with ASTM
D 792), medium density polyethylene (MDPE, density from 0.927 to 0.940 g/cc),
high density polyethylene (HDPE, density greater than 0.940), very low density
polyethylene (VLDPE, density rangiﬁg from (.900 to 0.918) and ultra low density
polyethylene (ULDPE, density from 0.860 to 0.899 g/cc).



50.23 57.53 Utimate Elongation (%9 NMD 370 410 Utimate El ongation
(%9 Ti) 590 630 |% Secant (nmPa) MD 178.24 176.94 1% Secant (nPa) TD
210.57 197.95 Puncture Force (1,14/m 3150.00 2730.00 Puncture Energy
(kJ/m 237.63 201. 14 El nendorf Tear (kNm M 123.20 119. 35
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[0092] The polymers described herein typically have a weight average
molecular weight to number average molecular weight (Mu/M,) of greater than
1.5 to about 5, particularly greater than 2 to about 4.0, more preferably greater
than about 2.2 to less than 3.5.

Composition Distribution

[0093) The composition distribution of an ethylene alpha-olefin
copolymer refers to the distribution of comonomer (short chain branches) among
the molecules that comprise the polyethylene polymer. Ziegler-Natta catalysts and
chromium based catalysts produce resins with broad composition distributions
(BCD). These Ziegler-Natta and chromium based BCD resins are further
characterized in that the comonomer content decreases with the molecular weight
of the main polymer chains. Certain metallocene catalysts are capable of
producing resins with narrow composition distributions (NCD), in which the
comonomer content is about uniform among the polymer chains of different
molecular weights. For example, U.S. Patent No. 5,382,630 discloses linear
ethylene interpolymer blends made from components that can have the same
molecular weight but different comonomer contents, or the same comonomer
contents but different molecular weights, or comonomer contents that increase

with molecular weight (orthogonal composition distribution).

{0054] Certain advantages of a broad orthogonal composition distribution
(BOCD) for improved physical properties low extractables content. (See, for
example, by Kolb et al. at the METALLOCENE CONFERENCE 2004, May 13,
2004 - Houston, Texas, LUUSA; and Davey er al at the SPE-Polyolefins 2002
Intermational Conference, February 25-27, 2002 in Houston, TX; and Farley et al.
at the SPE Intermational Polyolefins 2005 Conference February 27 — March 2,
2005 in Houston, Texas).

[0095] BOCD refers to a broad composition distribution in which the
majority of the comonomer is incorporated in the high molecular weight polymer
chains. The distribution of the short chain branches can be measured, for example,
using temperature raising elution fractionation (TREF) in connection with a light

scattering (LS) detector to determine the weight average molecular weight of the



El mendorf Tear (kNm TD 180.95 177.10 Dart Drop (Method A) (kX n)
361.90 234.85 37 [0126] The resin and film data were obtai ned
according to the followng testing protocols: Mt Index (M) (g/10
mn): ASTM D- 1238, condition 190C, Density (g/cc): ASTM D-4703-03 and
ASTM D- 1505; Dart Drop Inpact F50 (g/ml): ASTM D 1709 A; El nmendorf
Tear (g/ml): ASTM D-1922; Hot tack force (N 25 nm: ASTM F-1921
Secant Modulus (1% (psi):ASTM D-882; Tensile @Yield (psi): ASTM
D-882; Utinmate Tensile (psi): ASTM D-882; U timte El ongation (%:
ASTM D-882 [0127] Sanple 7 has a sim|ar balance of MD tear strength,
dart inpact strength and 1% secant nodu’us as conpared to CS4.
[0128] Exanpl e 4: Table 5 conpares filmproperties of a netallocene
resin produce t n N
descri bed her eoller‘f . eégﬁt?fﬁg8%ﬁgkr comr"gl it %lgés'{ %&%ag(t:u 59%8 %an tnation
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obt ai ned according to the testing protocols described in Exanple 3.
Sanpl e 8 has {@sGluper i oﬂ'hbaT&EEdJSOfdawDrttp@apd shereingware depasuredpsolg an
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typl cal neta cene resins, reactor conditions nma e chosen
so that key il nefard ﬁr%u wayD optévmmwow@nsubsqrmwcalqm}beth (@RCB)o

or substant i gbh¥irkdIP8 QRTTAMC el dRhfzdl oflR Al QRN MARATRERSIRSC

to 25°C at a constant cooling rate of 1.0°C/min. Subsequently, ODCB was

pumped through the column at a flow rate of 1.0 ml/min, and the column
temperature was increased at a constant heating rate of 2°C/min to elute the
polymer. The polymer concentration in the eluted tiquid was detected by means of
measuring the absorption at a wavenumber of 2857 cor’! using an infrared
detector. The concentration of the ethylene-a-olefin copolymer in the eluted liquid
was calculated from the absorption and plotted as a function of temperature. The
molecular weight of the ethylene-a-olefin copolymer in the eluted liquid was
measured by light scattering using a Minidawn Tristar light scattering detector
(Wyatt, CA, USA). The molecular weight was also plotted as a function of

temperature.

{0097} In certain embodiments, the polymers as described herein may
have a broad composition distribution characterized in that the T75 — Tas value is
greater than 15, preferably greater than 20 and most preferably greater than 25,
wherein Tzs is the temperature at which 25% of the eluted polymer is obtained and
Tys is the temperature at which 75% of the eluted polymer is obtained in a TREF
experiment as described herein. The polymer as described herein may further be
characterized in that the composition distribution is orthogonal defined by a
Mgp/Mgg value of greater than 1, preferably greater than 2 and most preferably
greater than 3, wherein Mgy is the molecular weight of the polymer fraction that
elutes at 60°C in a TREF-LS experiment and Mg is the; molecular weight of the



[ 0130] Exanpl e 5. Table 6 conpares filmproperties of netall ocene
resins produced with an enbodi neni of the netall ocene catal yst

descri bed herein, Sanples 9-12, to filmproperties of a conparable
comercially avail abl e netal |l ocene-catal yzed resin. Conparative
Sanmpl e 6 (CS6, EXCEED Sanpl es 9-12 were al so produced using

| bi s(n-propyl cyclopentadi enyfihafnitun 39 difluoride]. Film
production was the sanme as descri bed above in Exanple 3. Resin and
filmdata were obtained according to the testing protocols described
above in Exanple 3. [0131] Heat seal and hot tack neasurenents were
made according to the follow ng procedwie. The filns were conditioned
for heat seal and hot tack neasurenents by aging the sanples for at

| east 40 hour at. 23C. and, 5050 bt bef tin t
(Model PC, ag%ryTnaBI ac?r om he{'ll r‘r’}dj\/(\}/aésé Usé oI; %as nmteﬂﬁgﬁdg C%J]sagcgl
characteristhegsinof the filns. The sanples were cut into 20.3 cm by
15.2 cm (8 inch by 6 inch) sheets and sandw ched between M/l ar sheets
so that the inside surHeaxas ExtractablebbpiRAf Methodwere i n contact. The
seal was created by placing the Mylar-covered filnms were between 12.7
cm (5 inch) I8 seal BRAsragnlitianypfassfond @ackagiesrenmiae (Iralqysh of hergne

appl i ed 107 LxBuhBRATKI b 563 8o Rk SRk AR LA bUBHDESA i‘Hre%ofIQHgJ(q%‘g

from75C to e sea was approxi mat e
inch). The hemhcgtm ml@ghnwm%dnfedmnatwipwﬂmmmrmmwa@ﬂswah 293

C and 50% hu &Ht&l%ﬁ.?% r%ah? fﬁl‘?ﬁ'# ﬂzﬁtf{rﬁr}g&\nremt mﬁlﬂ&%liﬁg @eﬁs@t&ean@for

508 MM m n ( Hot tack curves were genérate
| nstrunent s Keangingc khe comenomsy rigpel Sthawh Ritdrsiq mr@ﬂeg%ﬁﬁpll@ﬁedsa&se@ 3 th

50 mm t hi ck 'ﬁﬁlshbﬁperhem&aﬁ&%hesldﬁ&n&ﬂ%@uﬁﬁéy'b@ aﬁﬁsto QefPves Eﬁﬂlﬂct@ ia
MPa, respectively. The seal stredg@p was nmeasured after 0.

ay
tine at a spedde smeeob melthirdicip andideryisiss withowagRy EDS cpgstraints yelgisg to
G ade VLDPE Kid fovMs QiREndsiahne¥lebdtboiEd, | iltluding the more stringent “boil in bag”

restriction. In some embodiments, the resins described herein may have a hexane
extractable content of less than 2 percent according to the FDA method (see 21
C.F.R. § 177.1520, as revised April 1, 2005, for details on the FDA method and

requirements for food contact, repeated and while cooking)

[0099] In other embodiments, the hexane extractables content may be less
than 1.75 percent; less than 1.5 percent in other embodiments; and less than 1.4

percent in yet other embodiments.
Melting Point (2™ Melt)

[0100] In some embodiments, the ethylene/alpha-olefin copolymers may
have one or more melting points wherein the higher melting point (Trax secona met)
as determined by Differential Scanning Calorimetry (DSC) and the density of the

copolymer satisfy the following relatiorn:
Tmax second meit > D*398-245,
wherein D is the density of the copolymer.

(0101] In other embodiments, the ethylene/alpha-olefin copolymers may
have one or more melting points wherein the higher melting point (T max second melt)
as determined by Differential Scanning Calorimetry (DSC) and the density of the

copolymer satisfy the following relation:



VLDPE Fi | m EXC. E. ED 101 2CA M (12) 0.71 1.03 0.97 1.05 1.08 MR
(121/12) 32.7 32.4 25.9 25.6 16.1 Resin Density (g/cc) 0.9132
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Tnax second meie > D*398-242,
wherein D is the density of the copolymer.
Melting Point (1** Melt)

10102) In some embodiments, the ethylene/alpha-olefin copolymers may
have one or more melting points wherein the higher melting point (Tmax first mett) 25
determined by Differential Scanning Calorimetry (DSC) and the density of the
copolymer satisfy the following relation:

Trnax first melt > D#*368-245
wherein D is the density of the copolymer.

[0103] In some embodiments, the ethylene/alpha-olefin copolymers may
have one or more melting points wherein the higher melting point (Tmax first mett) 28
determined by Differential Scanning Calotimetry (DSC) and the density of the

copolymer satisfy the following relation:
T max first men > D*398-242
wherein D is the density of the copolymer.

{01043 For example, DSC measurements may be made on a Perkin Elmer
System 7 Thermal Analysis System. The data reported are Tnax from first melting
data (T ax fist met) @and Tiax from second melting data (T max second melt), TESPectively.
To obtain the Thax fist melts @ sSample of reactor granules is heated at a programmed
rate of 10°C/min to a temperature above its melting range. To obtain the Tiax second
meit» the sample is heated at a prog;'ammed rate of 10°C/min to a temperature
above its melting range, cooled at a programmed rate of 10°C/min to a
temperature below its crystallization range, and reheated at a programmed rate of

10°C/min, where the data reported is from the reheating (second melt).

[0105] Approximate values for the peak melting point temperature, Tpyax
second melts Of several commercially available metallocene-catalyzed polyethylenes,
for given combinations of density and melt flow, are shown in Tabie 1 below.
The Tmax second mert Of @ commercially available polyethylene produced with a

metallocene catalyst will vary depending upon the polymer’s melt flow and



0.9133 0.9129 0.9137 0.9145 T75 - T25 (Resin) 34.8 34.2 28.1 26.9
13.5 Moo/ M0 (Resin) 4.76 4.37 4.18 3.81 0.95 Fil mPeak Melting
Tenp /
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density. For example, a commercially available metallocene-catalyzed
metallocene polyethylene having a density of about 0.912 gfcc and a melt index
(I2) of about 1.0 dg/min will have a peak melting point temperature of
approximately 116°C. A higher density polymer will generally have a higher
melting point.

Table 1. Peak melting temperatures of commercially avaitable
bulky ligand metallocene-catalyzed polyethylene grades

Density | Melt Index (I;) | Peak Melting Point Temperature, Tiax second melt
gfcc dg/min approximate, °C
0.912 1.0 116 - 117
3.5 112 - 113
12.0 109 - 110
0.915 1.0 116 — 117
0.918 1.0 118-119
1.25 118 - 119
1.5 118 - 119
2.0 117-118
2.7 116 - 117
3.5 113-114
4.5 113-114
0.923 1.0 121 - 122
0.927 1.3 121 - 122
[0106] It has been found that the melting points of ethylene alpha-olefin

copolymers described herein and produced using certain inventive metallocene
catalysts described herein, are substantially higher than similar copolymer grades
produced with various other metallocene catalysts, where the copolymer grades
compared have substantially identical production targets, including melt flow and
density. For example, in some embodiments, a metalldcen&type polyethylene
having a density of 0.927 or less may have a melting point of about 123°C or
greater; about 124°C or greater in other embodiments; and about 125°C or greater
in yet other embodiments. In other embodiments, a metallocene-type
polyethylene having a density of 0.918 g/cc or less may have a melting point of
about 119°C or greater; about 120°C or greater in other embodiments; about
121°C or greater in other embodiments; and about 122°C or greater in yet other

embodiments.



C 120.64 121.13 120.3 12013 110.15 Fil m Gauge (Um 25.15 24.89 25.15

25.65 25.15

Utimte Tensile (MPa) MD 64.56 63.25 66.56 66.97

31

{0107 In certain embodiments, it has been found that polyethylene grades
produced with metallocene catalysts described herein have a melting point
approximately five degrees Celsius (5°C) higher than comparable metallocene-
produced grades, such as those which are commercially available or described in
Table 1 above. For example, a polyethylene produced with a metallocene
catalyst, having a melt index of approximately 1.0 dg/min and a density of
approximately 0.915 g/cc will have 2 Tmax second met Of approximately 116°C, as
shown above in Table 1, whereas a comparable polyethylene produced with
embodiments of the metallocene catalysts described herein may have an

unexpectedly high Tmax second menr, about 121°C.

[0108] In other embodiments, it has been found that polyethylene grades
produced with embodiments of the metallocene catalysts described herein have a
melting point as measured by DSC 1st melt of the reactor granules that is about
ten degrees Celsius (10°C) higher than comparable metallocene-produced grades,

such as those which are commercially available or described in Table I above.

[0109] In yet other embodiments, it has been found that polyethylene
grades produced with embodiments of the metallocene catalysts described herein
have an onset of the main melting peak as measured by DSC 1st melt of the
reactor granules that is more than about ten degrees Celsius (10°C) higher than
comparable metallocene-produced grades, such as those which are commercially

available or described in Table 1 above.

[0110] In certain embodiments, it has been found that the resin and
resulting films produced from polyethylene grades produced with embodiments of
the metallocene catalysts described herein, having a higher melting point (1st melt
or 2nd melt) than comparable metallocene-catalyzed grades, have properties that

are substantially identical to those of the metallocene-catalyzed grades.

[cr11] In other embodiments, it has been found that films produced from
the polyethylene grades produced with embodiments of the metallocene catalysts
described herein, having 2 higher melting temperature (1® or 2™ melt) than
comparable  metallocene-catalyzed prades, possess properties substantially

improved compared to films produced from comparable metallocene-catalyzed



68.69 Utimte Tensile (MPa) TD 57.19 54.09 61108 59. 74 59. 60
Utimte Elongation (% NMD 390 460 430 490 520 U tinate El ongation
(% TD 620 610
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grades. In some embodiments, films produced from the polyethylene grades
described herein may have a MD tear strength of 46 kN/m (120 g/mil) or greater.
In other embodiments, films produced may have a MD tear strength of 77 kiN/m
(200 g/mil) or greater; 96 kN/m (250 g/mil) or greater in other embodiments; 115
kN/m (300 g/mil) or greater in other embodiments; 134 kN/m (350 g/mil) or
greater in other embodimemnts; 154 kN/m (400 g/mil) or greater in other
embodiments; and 192 kN/m (500 g/mil) or greater in yet other embodiments.

[0112] In some embodiments, films produced from the polyethylene
grades described herein may have a dart impact strength of 134 kIN/m (350 g/mil)
or greater. In other embodiments, films produced may have a dart impact strength
of 154 kN/m (400 g/mil) or greater; 192 kN/m (500 g/mil) or greater in other
embodiments; and 231 kN/m {600 g/mil) or greater in yet other embodiments.

{0113] In some embodiments, films produced from the polyethylene
grades described herein may have a hot seal initiation temperature of 30°C or less.
In other embodiments, films produced may have a heat seal initiation temperature
of 85°C or less; 82°C or less in other embodiments; and 80°C or less in yet other

embodiments.

[0114] In some embodiments, films produced from the polyethylene
grades described herein may have a 1% secant modulus of 103 MPa (15000 psi)
or greater. In other embodiments, films produced may have a 1% secant modulus
of 137 MPa (20000 psi) or greater; 172 MPa (25000 psi) or greater in other
embodiments; 200 MPa (29000 psi) or greater in yet other embodiments.

[0115} In some embodiments, films produced from the polyethylene
grades described herein may have a hot tack force at 90°C of 6 N/25 mm or
greater; 8 N/25 mm or greater in other embodiments; and 10 N/25 mm or greater
in yet other embodiments. In some embodiments, filmms produced from the
polyethylene grades described herein may have a hot tack force at 85°C of 6 N/25
mm or greater; 8 N/25 mm or greater in other embodiments; and 10 N/25 mm or
greater in yet other embodiments. In some embodiments, films produced from the

polyethylene grades described herein may have a hot tack force at 80°C of 6 N/25
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mm or greater; 8 N/25 mm or greater in other embodiments; and 10 N/25 mm or

greater in yet other embodiments.

[0116] In some embodiments films produced from the polyethylene grades
described hefein may have a maximum hot tack force at 90°C of 15 N/25 mm; 16
N/25 mm in other embodiments; and 17 N/25 mm in yet other embodiments. In
some embodiments, films produced from the polyethylene grades described herein
may have a maximum hot tack force at 85°C of 15 N/25 mm; 16 N/25 mm in
other embodiments; and 17 N/25 mm or greater in yet other embodiments. In
some embodiments, films produced from the polyethylene grades described herein
may have a maximum hot tack force at 80°C of 15 N/25 mm; 16 N/25 mm in

other embodiments; and 17 N/25 mm in yet other embodiments.

fo117] In other embodiments, the films produced may advantageously
have two or more improved values for the above described properties. For
example, in some embodiments, films produced from the polymers described
herein may have a MD tear strength of 77 kIN/m (200 g/mil) or greater, a dart
impact strength of 192 kN/m (500 g/mil) or greater, and a heat seal initiation
temperature of 85°C or less, where the polymer further satisfies the following
relationship between melting point and density: Tmax fist men > D*398-242. The
polymer may also have a hot tack force, maximum hot tack force, 1% secant
modulus, or other properties as described above. In other embodiments, blends
incorporating the polymers described herein may advantageously be used in films

having two or more of the improved values for the above described properties.

[O118] These surprisingly high peak melting point temperatures may
advantageously improve the processability and end properties of the resulting
polymers. More specific embodiments of the catalyst systems and product

analyses will be illustrated by the examples below.
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EXAMPLES

Example 1: Higher DSC Melting Point (2™ Melt)

[0119] Two polyethylene grades produced with embodiments of the
metallocene catalyst described herein were compared to a commercially available
metallocene polyethylene of similar melt index and density, as described in Table
2. Sample 1 and Sample 2 were each prepared dsing [bis(n-propyi
cyclopentadienyl)hafnium dimethyl]. Sample 1 was produced at a reactor
temperature of 75°C; Sample 2 at 80°C. Comparative Sample 1 (CS1) was
prepared using bis{l-methyl-3-butyl cyclopentadienyl)zirconium dichloride at a

reactor temperature of approximately 80°C.

Table 2
Sample | Melt Index, I> | Density | Reaction Temperature | Trax DSC 2" melt
Dg/min g/cc °C °C
1 1.16 0.9145 75 121
2 1.05 0.9137 80 121
CS1 1.08 0.9145 80 116
[0120] DSC curves of three polyethylene samples are compared in FIG. 1.

The peak melting temperature for the CS1 was approximately 116°C, whereas the
peak melting temperature for the Sample 1 and Sample 2 were each approximately
121°C. Sample 1 and Comparative Sample 1 had identical densities and similar
melt indexes, where Sample 1 was produced at a lower reaction temperature.
Sample 2 and Comparative Sample 1 were produced under similar reactor
conditions, with Sample 2 having a lower density and a higher melting point, The
higher melting point at higher melt indices and lower reactor temperature can thus

be atiributed to the catalyst and the resulting compositional distribution.

Example 2: Higher DSC Melting Point (1% melt) and Onset of Melting (1*
Melt)
[oizn Four polyethylene grades produced with embodiments of the
metallocene catalyst described herein were compared to two commercially
available metallocene-produced polyethylenes of similar melt index and density,

as described in Table 3. Samples 3 through 6 were each prepared using [bis(n-
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propyl cyclopentadienyl)hafnium dimethyl). Sample 5 was prepared in condensed
mode with isopentane present in the reactor. Sample 6 was prepared without
condensing agent present in the reactor. Comparative Samples 2 and 3 (CS2 and

CS3, EXCEED™ 1012 and EXCEED™1018, respectively are commercial grades

available from ExxonMobil Chemicals).

Table 3

Sample | Reactor Melt Density | Tmax first Melting onset
Temp Index, I, melt from DSC lst

melt

°C Dg/min glce °C °C

3 75°C 1.0 0.9133 121.7 112.5

4 80°C 0.97 0.9129 | 121.19 108.4

5 80°C 0.6 0919 124.08 111.7

6 80°C 0.87 0.921 123.74 111.8

C82 80°C 1.08 0.912 100.19 922

CS3 80°C 1.0 0.918 109.71 99.3

{01223 FIG. 2 presents the DSC melting curves, first melt, for Samples 3-

6, CS2, and CS3. The peak melting (first meit) temperature, Trmax first men, for the
reactor granules of CS2 and CS3 was approximately 100.19°C and 109.71°C,
respectively, whereas Tmax first melts fOr the reactor granules of Samples 3 through 6
were at least 14 degrees higher for a given density. The onset of melting for CS2
and CS3 was approximately 92.2 and 99.3, respectively, whereas the onset of
melting for Samples 3 through 6 was at least 108.4 degrees, approximately at least
9 degrees higher for a given density.

[0123] Example 3: Table 4 compares film propertics of a metallocene
resin produced with an embodiment of the metallocene catalyst described herein,
Sample 7, to film properties of a comparable commercially available metallocene
resin, Comparative Sample 4 (CS4, EXCEED™ 1018) Sample 7 was produced

using [bis(n-propyl cyclopentadienyl)hafnium difluoride].

[0124) Each granular resin was dry-blended with 500 ppm Irganox 1076,
2000 ppm Weston 399 (both available from Ciba Chemicals) and 800 ppm
FX5920A (processing aid available from Dynamar)} using a double-cone blender.

Pelletizing of the resins was carried out on a Wemer & Pfleiderer ZSK S7mm
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twin screw extruder. Output rate was 68.1 kg/h (150 Ib/h) and the melt
temperature was about 210°C.

[0125) To produce film, the resins were extruded into film using a 63.5
mm (2.5 inch) Battenfield Gloucester blown film line (30:1 L:D) equipped with a
15.24 mm (6 inch) oscillating die and a Future Design air ring. Qutput rate was
3.36 kg/mm (188 Ib/in) (or 7 g/mm/mm (10 lb/in/in) die circuomference). The die

temperature was 200°C.
Table 4
Sample 7 CS4
EXCEED
Grade LLDPE film 1018CA film
Reactor Temperature 85 8¢
MI(12) 0.95 1.00
HLMI (121) 19.06 15.8
MFR (I12112) 20.1 15.8
Resin Density (gfcc) 0.9180 0.9200
Gauge Mic. ( pm ) 19.30 19.30
Tensile @ Yield (mPa) MD 8.96 9.58
Tensile @ Yield (mPa) TD 9.51 9.58
Ultimate Tensile {(mPa) MD 70.83 63.25
Ultimate Tensile (mPa) TD 50.23 57.53
Ultimate Elongation (%) MD 370 410
Ultimate Elongation (%) TD 590 §30
1% Secant (mPa) MD 178.24 T 17694
1% Secant (mP2a) TD 210.57 197.95
Puncture Force (kKIN/m) 3150.00 2730.00
Puncture Energy (k¥/m) 237.63 201.14
Eimendorf Tear (kN/m) MD 123,20 119.35
Elmendorf Tear (kN/m) TD 180.95 177.10
Darn Drop (Method A) (kN/m) 361.90 234,85
I




26 No data No data 26 17 Haze (9% 13.1 23.7 12.3 13.6 5.9 Carity (%
98.0 93.6 97.6 97.3 98.9 Hexane Extractables (% 046 0.65 0.46 No
data 0.41

37

{0126] The resin and film data were obtained according to the following
testing protocols:

Melt Index (MI) (g/10 min): ASTM D-1238, condition 190°C;

Density (g/cc): ASTM-D-4703-03 and ASTM-D-1505;

Dart Drop Impact F50 (g/mil): ASTM D-1709 A;

Elmendorf Tear (g/mil): ASTM D-1922;

Hot tack force (N/25 mm): ASTM F-1921

Secant Modulus (1%) (psi):ASTM D-882;

Tensile @ Yield {psi}: ASTM D-882;

Ultimate Tensile (psi): ASTM D-882;

Ultimate Elongation (%): ASTM D-882

(0127} Sample 7 has a similar balance of MD tear strength, dart impact

strength and 1% secant modulus as compared to CS4.

[0128] Example 4: Table 5 compares fili properties of a metallocene
resin produced with an embodiment of the metallocene catalyst described herein,
Sample 8, to film properties of a comparable commercially available
metallocene-catalyzed resin, Comparative Sample 5 (CSS5, EXCEED™ 1018).
Sample 8 was also produced using [bis(n-propyl cyclopentadienyDhafnium
difluoride]. Film production was the same as described in Example 3. Resin and
film data were obtained according to the testing protocols described in Example 3.
Sample 8 has a superior balance of MD tear strength, dart impact strength and 1%

secant modulus as compared to CS5.
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[0129]

As illustrated in Examples 3 and 4 above, while the peak melting

temperature of resins produced with embodiments of the metallocene described

herein is substantially higher than that of typical metallocene produced resins,

reactor conditions may be chosen so that key film and resin properties are

substantially identical to or subsiantially improved over typical

produced resins.

{0130]

metallocene

Example 5. Table 6 compares film properties of metallocene resins

produced with an embodiment of the metallocene catalyst described herein,

Samples 9-12, to film properties of a comparable commercially available
metallocene-catalyzed resin, Comparative Sample 6 (CS6, EXCEED™ 1012CA).
Samples 9-12 were also produced using [bis(n-propyl cyclopentadienyl)hafnium
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humidity before testing. A Heatsealer (Model PC, available from Theller) was
used to measure the heat seal characteristics of the films. The samples were cut
into 20.3 cm by 15.2 cm (8 inch by 6 inch) sheets and sandwiched between Mylar
sheets so that the inside surfaces of the blown films were in contact. The seal was
created by placing the Mylar-covered films were between 12.7 ¢cm (5 inch) long
seal bars and a pressure of 0.5 MPa (73 psi) was applied for 1.0 seconds. Seals
were created at temperatures ranging from 75°C to 150°C, and the seal length was
approximately 25.4 mm (1 inch). The heat seals were then aged for a minimum of
24 hours at 23 C and 50% humidity and the seal strengfh was measured at a rate of
508 mm/min (20 inch/min). Hot tack curves were generated on a J&B
Instruments hot tack tester using 15-mm wide film samples backed with 50 mm
thick PET tape. The seal time and pressure was 0.5 s and 0.5 MPa, respectively.
The seal strength was measured after 0.4 s delay time at a speed of 200 mm/min.
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Table &6
Sample 9 10 {1 i2 CS6
VLDPE VL.DPE VLDPE VLDFPE EXCEED
Grade Film Film Film Film 1012CA
MI (I2) 0.71 1.03 0.97 1.05 1.08
MIR (121412) 327 324 259 25.6 6.1
Resin Density {g/cc) 0.9132 09133 0.9129 0.9137 0.9145
Toys — T35 (Resin 34.8 342 28.1 26.9 13.5
Mgo/Mag (Resin) 4.76 4.37 4.18 3.81 0.95
Film Peak Melting Temp /
°C 120.64 121.13 120.3 120.13 110.15
Film Gauge ([1m) 25.15 24.89 25.15 25.65 25.15
Ultimate Tensile ({MPa) MD 64.56 63.25 66.56 66.97 68.69
Ultimate Tensile (MPa) TD 57.19 54.09 6008 59.74 59.60
Ultimate Elongation (%)
MD 350 460 430 490 520
Ultimate Elongation (%) TD 620 610 590 600 590
1% Secant (MPa) MD 145.24 138.49 132.77 138.42 123.40
1% Secant (MPa) TD 182.59 165.84 145.72 150.89 133,60
‘Puncture Force (kN/m) 2063.25 1855.00 2082.50 1785.00 1767.50
Puncture Energy (kJ/m}) 171.33 156.64 197.§4 160.20 155.31
Elmendorf Tear (kN/m) MD 80.85 84.70 84.70 88.55 88.55
Elmendorf Tear (kN/m) TD 138.60 138.60 127.05 134,75 130.90
Dart Drop (Method A)
{(kIN/m) 202.60 311.85 288.75 257.95 227.15
Heat seal Initiation (°C) 75 75 No data 75 B5
Maximum Hot Tack Force
(N/25 mm) 18.00 16.72 No data 16.51 15.94
Hot Tack Temp at 6 N/25
mm 81 77 No data 81 92
Hot tack window at 6 N/25
mim 26 No data No data 26 17
Haze (%) 13.1 23.7 12.3 13.6 5.9
Clarity (%) 938.0 93.6 97.6 97.3 98.9
Hexane Extractables (%) 046 0.65 0.46 No data 0.41
[0132] The resins described herein show a BOCD evidenced by Tys — Tas

values of pgreater than 20 and M/Me values of greater than 1, while the
comparative resins CS6 shows a narrow composition distribution indicated by a

Ts — Tas value of less than 20 and a homogenous distribution of the comonomer
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distribution across the different molecular weights indicated by a Mg/My value of
close to 1. Figures 9-13 graphically represent the TREF-LS data of the resins used
to produce samples 9, 10, 11 12 and CS6 further exemplifying the BOCD nature

of the resins described herein.

[0133] FIG. 3 presents the DSC melting curves, first melt, for Samples 9-
12, and CS6. The peak melting (first melt) temperature, Tmax fist men. for film
produced from the resin of CS6 was approximately 110.15°C, whereas Tmax fimt
ment, for film produced from the BOCD resins of Samples 9 through 12 were at
least approximately 10 degrees higher for a similar density. The onset of melting

for Samples 9 through 12 was also higher than the onset of melting for CS6.

[0134] FIG. 4 graphically compares the hot tack force experimental results
for Samples 9, 10, and 12 to the results for CS6, presenting the hot tack force as a
function of temperature. The numerical hot tack force data given in Table 6 and
the graphical representation presented in FIG. 4 indicate that films produced from
BOCD resins described herein may result in improved hot tack force, improved
maximum hot tack force, and/or increased hot tack temperature window at a force
of 6N.

[0135] FIG 5 presents the heat seal strength as a function of temperature
for samples 9, 10, 12 and CS6. FIG 5 and the numerical values in Table 6
demonstrate that the films produced from BOCD resins described herein exhibit a
heat seal initiation temperature of that is about 10°C lower than the heat seal

initiation temperature of the comparative sample, CS6.

[0136] The stiffness of films produced from BOCD resins described

herein is increased by at least 5% as evidenced by the 1% secant modulus.

[0137] The hexane extractables content of films the BOCD resins is
advantageously low and meets the FDA requirement of method 21 C.F.R.
177.1520 of less than 2 percent.

[0138] Resins described herein yield films that show a number of
advantageously improved properties over comparable commercially available

metallocene-catalyzed resins, for example, such as increased melt temperature,
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lower heat seal initiation temperature, improved hot tack force, improved stiffness
and low hexane extractables content, among others. To illustrate these
advantages, if the composition distribution was broad but not orthogonal, the
hexane extractables content may be increased to unacceptable levels and the hot
tack and heat seal initiation temperature may disadvantageously be increased. If
the composition distribution was too narrow, the melting point may be decreased
and the hot tack and heat seal initiation temperature may disadvantageously be

increased.

[0139} Example 6. Table 7 compares film properties of blends of BOCD
metallocene resins produced with an embodiment of the metallocene catalyst
described herein, Samples 13-16, to film properties of 2 comparable commercially
available metallocene-catalyzed resin, Comparative Sample 7 (CS7, EXCEED™
1012CA). The polymer blends were composed of 95% of the resins described in
Example 5 with 5% LD 20048 (a low density polyethylene available from
Exxon). Film production was the same as described above in Example 3. Resin
and film data were obtained according to the testing protocols described above in
Example 3. Heat seal and hot tack properties were measured as described in

Example 5.
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Table 7
Sample 13 14 15 16 87
Blend C it Sample 9 + 5% Sample 10 + Sample 11 + Sample 11 + CS86 + 5%
enc L-omposihion LD200 59 LD200 59% LD200 5% LD200 LD200
Film Peal Melting Temp / 120.30 120.47 119.63 120.13 110.15
Film Gauge (Cm) 25.40 25.65 24.89 25.15 25.40
Ultimate Tensile (MPa) 66.56 66.35 66.01 60.15 68.62
Ultimate Tensile (MPa) 54.57 55.46 60.08 54.43 63.11
™D ] . X . }
Ultimate Elongation (%)
MD 400 450 450 460 530
Ultimate Elongation (%) 610 500 620 590 660
TD
19 Secant (MPa) MD 161.29 158.88 149.38 148.00 139.73
1% Secant (MPa) TD 240.32 231.99 205.80 207.77 170.11
Puncture Force (kKN/m) 2112.25 2065.00 2047.50 1785.00 1627.50
Puncture Energy (kJ/m) 187.12 §77.56 194,91 145.29 133.95
E'“‘”‘d‘“fwg‘“ (kN/m) 46.20 5775 73.15 77.00 80.85
Elme“d‘“fTTI;" (kN/m) 138.60 150.15 138.60 154.00 154.00
Dart Drop (Method A) 319.55 234.85 260.50 25795 165.55
{(kIN/m)
Heat seal Initiation {°C) 75 75 No data 80 90
Maximum Hot Tack Force
(N/25 mm) 17.47 18.85 No data 16.81 13.43
Temperature at Hot Tack
oF 6 N/25 84 84 No data 90 97
Haze (%) 56 5.3 35 3.6 19
Clarity (%) 99.2 99.0 99.4 99.4 99.5

[0140] FIG. 6 presents the DSC melting curves, first melt, for Samples 13-16, and
CS7. The peak melting (first melt) temperature, Tmax first men, fOr films produced
from the blend of CS7 was approximately 110.15°C, whereas Tmax first melts fOr the
films produced from blends of Samples 9 through 12 were at least approximately
8.5 degrees higher for a similar density. The onset of melting for Samples 13
through 16 was also higher than the onset of melting for CS7.
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{0141] FIGS. 7 and 8 graphically compare the hot tack force experimental results
for Samples 13, 14, and 16 to the results for CS7, presenting the hot tack force as
a function of temperature. The results given in Table 7 and presented in FIGS. 6-
8 indicate that films produced from blends containing the BOCD polymer resins
descﬁbed herein may result in improved peak melting temperatures as well as
improvements in other properties, including 1% secant, puncture, dart drop, heat
seal temperature, hot tack force, maximum hot tack force, and hot tack

temperature at a force of 6N, among others.

[0142] Advantageously, in at least one embodiment, the present invention
provides for a metallocene catalyst system useful for the production of a

polyethylene having a broad orthogonal composition distribution (BOCD).

{0143] Films produced from BOCD resins described herein show a number of
advantageously improved properties over comparable commerciaily available
metallocene-catalyzed resins, for example, such as increased melt temperature,
lower heat seal initiation temperature, improved hot tack force and improved
stiffness, among others. Additionally, the metallocene catalyst system may allow
improved separations, yiclding a polymer suitable for many applications having

stringent FDA standards for polymer extractables content.

[0144] The catalyst system may atso be used for the production of polyethylenes
having improved physical and chemical properties as well as enhanced
processability. The polymers produced may advantageously yield resins having
improved film properties, including improved tear properties, impact strength, and

other physical properties.

[0145] While the invention has been described with respect to a limited number of
embodiments, those skilled in the art, having benefit of this disclosure, will
appreciate that other embodiments can be devised which do not depart from the
scope of the invention as disclosed herein. Accordingly, the scope of the

invention should be limited only by the attached claims.

{0146} All priority documents are herein fully incorporated by reference for all

jurisdictions in which such incorporation is permitted. Further, all documents
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cited herein, including testing procedures, arc herein fully incorporated by
reference for all jurisdictions in which such incorporation is permitted to the

extent such disclosure is consistent with the description of the present invention.
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CLAIMS
What is claimed ist
1. A. process for the production of an cthylene alpha-olefin copolymer, the .process
comprising: '

polymerizing ethylene and at least one alpha-olefin by contacting the ethylene and the
at least one alpha-olefin with a metallocene catalyst in at least one gas phase reactor at a
reactor pressure of from 0.7 to 70 bar and a reactor temperature of from 20°C to 150°C to
form an ethy(cne alpha-olefin copolymer;

wherein the alpha-olefin is selected from the group comprising hexene, octene, or
combinations thereof: '

wherein the ethylene alpha-olefin copolymer has;

a melt index () of from 0.1 to 100 dg/min,

a MWD of from 1.5 to 5.0,

a Ty — Tas value of greater than 20, wherein Tas is the temperature at which 25% of
the eluted polymer is obtained and Tys is the temperature at which 75% of the eluted polymer
is obtained in a TREF experiment; ' .

& Mgy/Mog value of greater than 1, whetein Msp is the molecular weight of the polymer
_ fraction that elutes af 60°C and Moy 15 the molecular weight of the polymer fraction that elutes
at 90°C in a TREF-LS experiment; '

g density I of 0.927 g/ce or less;
wherein the ethylene alpha-olefin  copolymer has a -peak melting temperature

| Tmax second men Satisfying the following relation: '
Tmax second mate = D*398 ~ 245; and
wﬁerain the metallocene is selected from the group consisting of:
. bis(n-propyleyclopentadienyljhafoium X,

bis(n-butyleyclopentadienylyhafnium X,

bis(n-pentyleyclopentadienylyhafiium Xy,

(n-propyl oyclopentadienyl)(n-butyleyclopentadienylhatnium Xn,

bis[(2-trimethylsilylethyleyclopentadienyllhafmium X,

bis(trimethylsilyl cyclopentadienylhafuium X,

“dimethylsil ylbis(n-ﬁropylcyclopentadienyl)hafnium X
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met al T HEERAORITRINE, Lo peansd wey Satighying Hlewing relptign: i ncreased nel t
tenmperature, | ongL, Leal., Sa@3dgni d4ntion tenperature, inproved hot’
tack force and inproved stiffness, anong others. Additionally, the

net al | ocene catal yst system may all ow i nproved separations, -yielding

a polyner i f ! i i Ons _having. stringent FDA .
st andae/lr ds orﬁ‘gg‘f%ﬁg?ﬁ%@ ?éﬁ@%%&%@@nﬁb@ﬁﬁ wt‘%‘%ﬁh‘%‘c? B gpomprises
syst ewnteing feanttellomed chalyst ek basicdenppirt BAkeRI NY| enes havi ng

i nproved physical and chem cal properties as well as enhanced
processability. The pol ynmers produced may advantageously yield resins
havi flg i npTegdcdss by ORE6E #18Sred iRg. v operties,
i npact str.ength, and ot her fo%is?ir%daefiﬁ%%{eﬁ?’t#@%@?3&%@%%%?%“@%
i nvefPPETIRG Bedaenllorese crisbist Withiat leesimmetactivatar.| i mi t ed nunber of :
enbodi nents, those skilled in the art, having benefit of this !
di sclosure, will appreciate that other enbodi nents can be devi sed

- whi cHdo nbte pfeqrss of ElabmS; Wacstmthe sofivitbeisian\wdrhbeneas di scl osed
herein. Accordingly, the scope of the invention should be |limted
only by the attached clains.” 45 cited herein, including testing

pr océdur estheaprecdseraf anf ohd BE tIRC ; : e -l
Purisdictiong in whi ol Bk, E URS POGUIAL Abidl, @%ﬁ‘f?@d“@g&%’%é‘hp@%{%‘%@“
such"ﬂ?@&“ﬁ%ﬁ@i‘@sﬁmpwtQ\Ptﬁ'?tﬂ‘Fé’-desbri ption of the present
invention. 46 CLAIMS What is clained is 1. A process for the
prodyction of' an ethyl ene al pha-ol efin copolyner, the ,process

7i si ndhe process ofl iezdfnglaisishidoe neicrlrd tad ethoRes - 5 '
gingﬂgégg{tﬁ%‘{@gg&%%% thewg%a Igast once g?ghfgﬁeﬁ%h%ow?%w
-1

rnetal | ocene-ca 84st one gas phase reactor at a reactor
pressure of fromO0.7 to 70 bar and a reactor tenperature of from.20C

to 130C tcf form an ?t hyl ene al pha- ol ef m copol yner;
. he process of any one of claims 1-6, wherein the ethylene alpha-olefin ¢opolymet

has a density from 0.918 to 0.927 g/ee.

Q. The process of any one of the preceding claims, wherein the copolymer has a melt
flow ratic from 5 to 50.



wherein the al pha-olefin is selrected fromthe group conprising
hexane, octene, or conbinations thereof; wherein the ethylene

al pha-ol efin eopolyner has: a nelt +imglex (12) of fromO0.1 to 100
dg/rain a | VfWD of from1.5 to 5.0, a T75 - T25 val ue of
greater than 20, wherein T25 is the tenperature at which 25% of the
eluted polynmer is obtained and T75 is the tenperature at which 75% of
t he ellgut edTI{OOl ynmer is obtained in a TREF experinent; a |N4O/ Mac val ue
of gri¢at er hptcass afidey eine o prckdigg FRIAE Wy | » Ly DET
f raclyrem, ¢ ? rﬁéﬂ% ﬁg?at 80C ande\/DO 'S the rmlﬁéergiaﬁa%%%%%&gﬂ&%%l%“
pol ymer fracty on ¥ 'G%%s at 90C in a TREF-LS experinent; a
density D of 0.927 g/ce or less; wherein the ethylene al pha-olefin
copoll(y'snervﬁ%s a peak nelting tenperature Tn.," second nelt satisfying
the 0l | ow WgPiogrsst Plonry omx of dbemuicoeiny elalig I%nerciadti PADMEE L6l is

t he @BL@kdJa ' d front the group consisting ©
bi s( ?—Epr opyﬁg;t%lng%%%%%ﬁgﬁyl ) haf ni um X",

bi s(n-butyl cyel opent adi enyl ) hafitiurn Xn,

bi s(Rypentyl cycl opent adi enyl) hafitium Xn, (n-propyl

cycl CI?)T)'th %céﬁwe)s? ﬂ-? Bt W“‘C9%&@@%%%91“)&93&@?@%’&1@/&49& value is greater
bi s[ @@ntls.net hylsil yt et hyl ) cycl operi Mli enyl | haf ni um Xn,

bi s(trinmethylsilylcycl opentadi enyl) haf ni um X",

di met hyl si |l yl bi s(n-propyl cycl opent adi enyl ) haf ni um 47

di methy! siihglhhsds0- | ey.c ent adi enyl ) haf ni um |
bi s(I - n- prop IJ1%“2&;rgneotti}Lr%’ﬁt!/’%{"c@:él %ﬁgﬁt g&f’%ﬁﬁfﬁé‘i’ﬁi Wheteingthe ethylene alpha-olefin
( n- pPAYaGIhasReTHs itk eailye af Brepte® Bakr 5. N- but y| eycl opent adi enyphaf ni um ‘

wherein X' is . selected fromthe group consisting of hal ogen ions,
hydrides, Cl.12 alkyls, C2_12 al kenyls, C6.12 aryls, C7-20

al kyldryl She Glockds aF laxVhe §Oml C7..15 al kyl | oxys, Cl-12
fluor oahl%l 31 Co_)2 fl ﬁor garyl é,q)rgél%h@.x%?‘le? Vﬁ’&t%ﬁ}%i‘% ﬁlphg—olefin
hy dr SERFBT 2 Al i Tbs Yalve obareater theatiOves thereof . 2, The process of
claiml, wherein the ethylene al pha-olefin copolynmer has a peak ‘
1o g IRt S By UGl M o ol
of tWé’OE?"@‘é‘é‘@ﬁﬁ@ff@MbMuwﬁegrmtwmzpr ocess further conprises
contacting the netall ocene catalyst with at | east one support

t erg, al . _of th i | ai ms, wher ei
The o aconss PR ERePt E57 She &AL brething: fiiive retan e i st dpbstlefin

wi t 1FoRelymssdins o MisoAdisivalieast. greater than 3.

17. The process of any one of the preceding claims,

whetein the ethylene alpha-olefin
copolymer has a Msy/Mog value of greater than 3.5. '

18. The process of any one of the preceding claims, wherein the copolymer Has a hexane

extractable content of 2.5 percent or less when tested in accordance with the FDA method
stated in21 C.F R, § 177.1520,



5. The process of claimb5, wherein the activator is an al unoxane, 6.
The process of any one of the precedi4¥g cl ai ns, wherein the ethylene
al pha-ol efin copolyner has a density from0.900 to 0.927 g/ec. '7.The
process of any one of clainms 1-6, wherein the ethylene al pha-olefin
copolynmer has a density from0.900 to 0.918 glee.. 8. The process of
any one of clans 1-6, wherein the ethylene al pha-ol efin copol yner has
a dendfty fArpeihgiciksalpion-0lefid7 cofedymerdobifilved dryo centactofg athyleane apleabhone
pr ecedj l.ans, wherein the copolyner has a nelt flowratig fromh5
P o Soslridstescingl 8 dhufledens, oA Broe, Kl P Banr s rerc, Yo aPBotimer
conposgbinpfgiab: di stribution of the copolymer is 50%or |less. 11. The
process of any one of the preceding clains, wherein the gas phase

react or i s acpdt mdey (bhoblrem bz ifddgmin. 12. The process of any one

of the pre i ' \glrsqjeinthe M)/ MBO val ue is greater than
1.5. 13. T%gqgfkggglg@hg?'ﬁatny'dne of the preceding clains, wherein the

et hyl ene alaphg-—oTgfvatuecoDgolcyee thanaX), avherda T3s & thalerapahitugy aatvhichtdsdt of
25. 14. The .process. of any, one.of the precedi ng claing, erein, the
ot hyl Sire A RaRR TS ot SR rbe feRbarsran el 73T of B eBiet pelfimer
30. 13 obthiRediPs TRESxpfihcaie of the preceding clains, wherein the
et hyl ene al pha-ol efi n copol yner has a M50/ 1v490 val ue of greater than"

2. 16. The d¥lofssvaine ahgreatse than 1 ndicpnin Midisihe srdeavdar wilglhtaifithe pelymer
et hyl : - fi / . f 1t

5.y T Bare iRl ool MIPls e ool YN oyl ARG o kRS

et hyl @h80°4l ipkaFREEiShe:qepntieprer has a 11/ 10/ MBO val ue of greater than

3.5. 18. The, pr.oceas ny one of the preceding clainms, wherein the
-copol ymer ﬁggg?%§x§£§%ﬁ$/¥$8{§eﬁ§*e content of 25 percent or |ess
when t est edvtieheiflCBO slfHACSIcR tshlebiag fFdA AR ihAh sdidts@dsidF kefie, Fockine, and
177.1520, . 49 19. An et hyl ene al pha-ol efi n copol yner obtai ned by

cont aéempinadenyhermel at” | east one |
wherzin the othylenc alpha-clefin copolymer has a peak rmelling temperature

Tna seoond mett Satisfying the following relation:
Tiax second meie = #3988 w245 and \

wherein the metallocene catalyst is selected from the group consisting oft

bis(n-propyleyclopentadienyl)hafhinm X,

bis(n-butyleyelopentadienyDhafnium X,

bis(n-pentylcyclopentadienylDhafiivm X,

(n-propyl cyclopentadienyl)(n-butylcyc]opentadienyl)ha:ﬁmiuin Kns

bisf(2-trimethylsilylethyleyclopentadienyllhafnium X,

bis(irimethylsilyl cyclopentadienylhafnium X,

dimethylsilylbis(n-propyleyelopentadienylyhatnium X,

dimethylsilylbis(n-butyleyclopentadienylhatnium X,

bis(1-n-propyl-2-methyicyclopentadienyhathivm X, and

(n-propylcyclopentadienyl)(1 -n-propyl-3-nnbutylcyclopentadienyi)hafnium X

wherein X, is selected from the group consisting of halogen ions, hydrides, Crp
alkyls, Ca.1z alkenyls, Co.z sryls, Crao alkylaryls, Cyiz alkoxys, Coue aryloxys, Cruis
alkylaryloxys, Ciaa fluoroalkyls, Ce.y fluoroaryls, and Ci.j2 heteroatom-containing
hydrocarbons and substituted derivatives thereof, a density D of 0.927 g/ec or less;



al pha-olefin, and a netal |l ocene catalyst in at' | east one gas-phase
reactor, the copolyner conprising: a It index (2) of fromO.1 to
100 dg/mn, a MAD of from13 to 5.0, a 1-75 - T25 val ue of
greater than 20, wherein 1'25 is the tenperature at which 25% of the
eluted polynmer is obtained and T75 is the tenperature at which 75% of .

t he -el uted pol r 1§ optained i TREF experiment; a
MBO/ 1\ 490 M@gﬁg?‘”&a@%{%m é]ﬁé%gii]ﬁﬂ%’r"el n M0 is the nol ecul ar
- wei ght 'of the polynmer, fraction that elutes at 60C and MBO is the

mol ecul ar \Rengiseular weight disthmsiontfiose 4i5da 3Hddel utes at 90Cin a
Tftsrg-Ls experinment; a density 1D of 0527 g/cc or less;

wher ei n t het peifs mzelting tanpesaieact edscdosiaen sbisiyipobe folbwringrrlatont

hexene, octeng, and cogbhpaid 92& t hereof ; wherein the ethylene
‘al pha- ol ef i n cBPSINPARY "Has 2 p 3K melti ng tenperature Tom second melt
satisfying. the followng relation: Tmax second nelt > D*398 -245; and
wherein the_netal | ocene, cat al ést is.selecte frﬁ?mthe roul;% '

consi st% ng :coéﬁoi)(’%@rp?fo‘%?ﬂnw 4 S %W}%Of}ﬂ%‘?' 8§ peak meliing temperature
hi s( n-out yl ﬁgi‘y i .

bi s( nd[b:r)“émn ?q%)ééﬁagﬁfgint a ?%&%‘ﬁ%&ﬁ?‘gﬁh&?n propyl .

cycl opent adi eny| TR schutayk &V&1388ertdRdi enyl ) haf ni um

bi s[(2-trinmethylsilylethypcycl opentadi enyl]harniumbis(trinethylsilyl’
cycl opent adi enyphaf ni um

di met iyl si 'feticsbhrmperaiyldyel vpsoashemnimpia icopolmn has a density from 0.900 to
. di mat %& i |yl bi s(n-butyl cycl opent adi enyl ) hat hi um

bi s(1- %r%{éirl 2- met hyl cycl opcnt adi enyphaf nium Xi, and
(n-propyl cycl opent adi enyl ) (1- n- propyl- 3- n- but yl cycl opent adi enyl ) hafi |
ium X'; wherein X, is selected fromthe ?r.oup consi'sting of hal ogen
i ons, Rydridédm commzirgsthe opdiianes of - afxlaimedAyAls, C6- 12 aryl s,

C7.20 al kylaryls, Cht2 al koxys, aryl oxys, C7.13 al kyl aryl oxys, Cl..12
fluoroal kyls, C6.12 fluoroaryls, and Cl.12 heteroat om contai ni ng
.hydr ocag boriBieafitin sufbaibing 22e dvictesin \the ifitlmshdshan &0D, tear stesrggtt wf D36fkKN/m or -

0.927 gl | ess;. SO i ndex fromo0.1'to 80 g,/10 nin;
ol oSSBT R AR Een PR Bh Y4 S RDST G0, ang

24,  The filn of claim 22, wherein the film has an MD tear strengih of 154 kN/m or

_ greater,

25, The film of claim 22, wherein the film has an MD tear strength of 192.5 KN/m or

greater.

26.  The film of any one of ¢laims 22-25, wherein the film has a 1% MD secant modulus
of 200 MPa or greater. '

27.  The film of any one of claims 22-26, wherein the film has a heat geal initiation
temperature of 85°C or less.

28.  The film of any one of claims 22-27, wherein the film has an MD tear strength of 77
KN/m or greater.,



a peak nelting tenperature tux second ruck satisfying the follow ng
relation: |',",,x scoria melt D*398 2b. The copol yner of .claim 19,
wherein the copolyner has a peak nelting tenperature Tnux second nolt
satisfying the following relation: tnax SeCOnd rneit >'D*398 -242.
21. The copolyrrer of clainms 19 or 20, wherei n the copolymer has a

density fr 0. 0 0327 22. Afilmc ng the copol yper

of any9f c Qn??%J olpigns 73- %,OWP’@F%F rfﬁgg{l“\/vh@‘-’r &i heat ealripfligfion
has ang ﬂ@efaﬁﬁéofﬁ g{;j&s_pf 134 KNNmor greater, and a dart drop

i mpact of 192.5 k limor greater. 24. The filmof claim22, wher ei n

the film has an MD tear  strength of 154 kN mor greater. 25. The

o 1 m o o D4 B oS85 B or faisi 22 aRieinebe Rt 185 5513k et pais of

t he f|13‘p\81waa>rlg%a%@ secant rmdul us of 200 MPa or greater. 27. The
filmof any one of clainms 22-26, wherein the filmhas a heat seal
initiation tenperature of 85C or less. 28. The filmof any one of

cl ai msy22- 2 f el A

ar oat oy~ qae SR B} Bfie o bR=.E00 TRRLRA o 55 &bl Nilsllubles
film hrastent pB2¥ ardeds. i nitiation tenperature of 80C or less. 30. The .
filmof any one of clains 22-29, wherein the filmhas an 1% secant .
nmodul us of 137:8 MPa or greater. 31. The filmof any one of clains
22- 30, 3onher Bhe fildeof mhynehas)faclmfsame_%@xw&%t@lﬂicﬁﬁhﬁqmsemleﬁne%ﬂ&mucs
| ess 32. The filmof any one of clainms 22-30, wherein the filmhas
a hexé’rﬁ’é‘t"@if’f&ég)‘aﬁﬂé@ content of 1.6%or less. 33. The filmof any
one of clainms 22-30, wherein the filmhas a hexane extractabl es

eontent, of 1.4%or less. 34. The film of any one of clains 22-33,

wher ei*l" t heTH¢ Filmhefsaty kot of adkinfsor280awhesin dic Glnvies anhemmcgwmbmblcs
35. T e of clains 22-33, wherein the filmhas a hot
“tack ;Lg’&é@k%?'g@?g% N 25 mmor greater. 36. The film of any one

of clainms 22-33, wherein the filmhas a hot tack force at 80C of .6

N125 rum or te 37. The filmof any one of clainms 22-3
wher ei¥- t heTgfi f&’ plipenene ehegims 8d-34 Wﬁ@'&ﬁ’tth@ﬁﬂmchﬂmﬁ qtdﬂqh@rce at 90°C of

pr ef er@m%mﬁlgy@gat&r essure | ow density polyethylene. 38. The film
of any one of clains 22-37, wherein the filmconprises two or nore

| ayers.
35.  The film of any one of claims 22-33, wherein the film has a hot tack force at §5°C of
6 N/25 mm or greater. ‘ |

36.  The film of any one of claims 22-33, wherein the film has a hot tack foree at 80°C of
& N/25 mm or greater,

37. The film of any one of claims 22-36, wherein the film ficther compriscs at least one
other polymer, preferably, a high pressure low density polyethylene.

38.  The film of any one of claims 22-37, wherein the film comprises two or more layers.

39.  The film of any one of claims 22-38, wherein the copolymer has a hexane extractable

content of 2,5 percent or less when tested in accordance with the FDA method stated in 21
C.ER. §177.1520,



“ 39. The filmof any one of clainms 22-38, wherein the copolynmer has a
hexane extractable content of 2.5 per&ent or |ess when tested in
accordance with the FDA nmethod stated in 21 CF. R 177.1520. 52 40.
The fil m of any one of clains 22-38, wherein the copolynmer has a
hexane extractable content of 2.0 percent or |ess when tested in
accordance with the FDA nethod stated in 21 CF. R 177.1520. 41. The
fil m of0.anyTlenBlupdf stbmsoDdalss 22488 rebercinithe copdlyywe haha bexanh exaamable

oA el R0k HERA B P B ARESE

C.F.R. § 177.1520.

4].  The film of any one of claims 22-38, wherein the copolymer has a hexane extractable
content of 1.5 percent or less when tested in accordance with the FDA method stated in 21 -
C.F.R. § 177.1520.



