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invention relates generally to ethylene al pha olefin
copol ynmers having densities of about 0.927 g/cnB or

hi gher and processes for making the sane. BACKGROUND
OF THE | NVENTI ON [ 0002] The conposition distribution
of an ethyl ene al pha-ol efin copolyner refers to the
di stribution of conononmer (short chain branches) anong
the nol ecul es that conprise the pol yethyl ene pol yner.
When the anmpbunt of short chain branches varies anong
t he pol yet hy| EFHYIENEZAEPHA IQLEEEN ICOBROIAMERS AND:
a " br oPOLYMERIBATION PROCESSES ®OR WAKING THE SAME
of conononer per 1000 carbons is simlar anong the
pol yet hyl ene nol ecul.es of different chain | engths, the
conposition distribution is said to be "narrow'

[ 883D OrergeMReaNTdNdi stribution is known to
i nfluence the properties of copolyners, for exanple,

exiopnitt Bhe inyeaton ehtes eaneralbHretidfnealpaelefin gopolymers having
I €Rdne iRl OF abd]ft 92969 M hi?ﬂgr dri3roSdsE&Net thakili}@he same.

conposition distribution of a polyolefin may De
readi |y nmeasured by nethods known in the art, for
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( or ystal ['1zati on alysis Fractionation
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PCT/ US2007/ 014709 2 catal yst system Ziegler-Natta
Cafodday Sirhe Aot HRLRARH RAkAbWRID RIFREHEE the properties of

copolymers, for example, extractables content, environmental stress crack
resistance, heat sealing, and tear strength. The composition distribution of a
polyolefin may be readily measured by methods known in the art, for example,
Temperature Raising Elution Fractionation (TREF) or Crystallization Analysis
Fractionation (CRYSTAF). .

{0004} Ethylene alpha-olefin copolymers are typically produced in a low pressure
reactor, utilizing, for example, solution, slurry, or gas phase polymerization
processes. Polymerization takes place in the presence of catalyst systems such as
those employing, for example, a Ziegler-Natta catalyst, a chromium based

catalyst, a metallocene catalyst, or combinations thereof.

{f0oos] It is generally known in the art that a polyolefin’s composition distribution
is largely dictated by the type of catalyst used and typically invariable for a given



resins with broad conposition distributions (BCD),

whereas netal |l ocene catal ysts normally produce resins
WOWaok/0oeEe4 ow conmposi tion distributions (NCD). POD083007/014709

Resi ns having a Broad Ot hogonal Conposition

Distribution (BOCD) in which the conononer is

i ncorporated predom nantly in the high nol ecul ar

wei ght chains can lead to i nproved physica

properties, for exanple toughness properties and

Envi ronnmental Stress Crack Resjstance (ESCR) . [0007]

Because of the inproved physical properties of resins

wi th orthogonal conposition distributions needed for
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100 dg/nmin, a nelt index ratio of 121/12 between 15
arf@MRYSIton dSEEPUNON- ue of 500 hr or greater when
neasured according to ASTM 1693E in 10% I gepal, and
ortho onal conposition distribution eV|denced by a
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m}b&)@}“ l"ﬁrone"?ﬁB&Qt th@f r&&ﬁt HR/L:W{@{ récla(t@scfd Qgr(;cg‘?st fo?ltﬁg ﬁ%ductlon

at 60C and M e nol ecul ar weig t he pol
f refcan cﬁhylenatalmauwleﬁn aopoyamern Hlermr:es_ssnex peslnde nplymerlzmg
[O r Qs [

Q@a odag[oltgrgsgcoengsﬁ Joleﬁn% pro%gfcﬁo uctnFoLﬁél g 691% and the at least
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206&1 GQES 28) BBétWs20 01/ A0 g/min, a melt 1ndex ratio of I;;/I; between
15 and 40, an ESCR value of 500 hr or greater when measured according to
ASTM 1693/B in 10% Igepal, and an orthogonal composition distribution
evidenced by a Mgy/Mgg value of greater than 1, wherein Mgo is the molecular
weight of the polymer fraction that elutes at 60°C and ngo is the molecular weight
of the polymer fraction that elutes at 90°C in a TREF-LS experiment.

(0009] In another aspect, the present invention relates to a process for the
production of an ethylene alpha-olefin copolymer having a broad composition
distribution. 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



3 between 0.7 and 70 bar and a reactor tenperature of
bet ween 20C and 150C to forman ethyl ene al pha-olefin
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copol ymer may have a density of 0.927 g/cc or higher,

a nelt index (12) of between 0.1 and 100 dg/mn, a

melt index ratio of 121/12 between 15 and 40, and a

broad conposition distribution evidenced by a T75 -

T25 val ue of greater than 15 wherein T25 is the
tenperature at which 25%of thg eluted polyner is

obtained and T75 is the tenperature at which 75% of

the eluted polyner is obtained in a TREF experinent.
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[oo16] FIG. 7 is a schematic representation of the variations of composition

distribution.
DETAILED DESCRIPTION

[0017] Before the present compounds, components, compositions, and/or methods
are disclosed and described, it is to be understood that unless otherwise indicated
this invention is not limited to specific compounds, components, compositions,
reactants, reaction conditions, ligands, metallocene structures, or the like, as such
may vary, unless otherwise specified. It is also to be understood that the
terminology used herein is for the purpose of describing particular embodiments

only and is not intended to be liiniting.

{0018} It must also be noted that, as used in the specification and the appended

claims, the singular forms "a,” "an" and "the" include plural referents unless



4 otherw se specified. Thus, for exanple, reference to
"a leaving group” as in a noiety "substituted with a
wo e@sioons2gr oup” includes nore than one | eavi ngpQr/U83907/014709
such that the noiety nmay be substituted with two or
nore such groups. Simlarly, reference to "a hal ogen
atom’ as in a noiety "substituted with a hal ogen atonf
i ncl udes nore than one hal ogen atom such that the
noi ety may be substituted wth two or nore hal ogen
atons, reference to "a substitpent” includes one or
nore substituents, reference to "a |Iigand" includes
one or nore ligands, and the like. [0019] Enbodi nents
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al pha- olefin copolynmers as well as_ inprovenents in
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di stribution. Conposition Distribution [0022] The

conposi n. distri i on of an,ethyl.ene ha- ol e
CoRBRT emBpaimay of this R¥etiat ML 41F GroduBiGr ohahyine alpha-

(Sctl@trun copalythdié agcRes )asaﬂmavémtmh afel g6pdrtiad of the resulting
r{g}rrl se the oI yet hyl ene polymer. Ziegler-Natta
9%%%‘%?18"&%%?10 Yased catal ysts produce resins
mnth Broad Conposition Distributions (BCD). These
Ziegler-Natta and chrom um based BCD resins are

f UP@Rer Incoriern embptlineants the, inventipn alates g meaheneapeatalysts and
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oner 1 nc oration™ Is that the conononer I's
i ndeosityph0-827 ;g!cmmhlm With an erthdgenalsmpgisiiion dastribution.
wei ght chains. Figure 7 is provided to further
illustrate the concepts presented in this section.
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composition distribution.

Composition Distribution

[0022] 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 by a
“conventional comonomer incorporation”. What is meant by “conventional
comonomer incorporation” is that the comonomer is incorporated predominantly
in the low molecular weight chains. Figure 7 is provided to further illustrate the

concepts presented in this section.

[0023] Certain metallocene catalysts are capable of producing resins with narrow



conposition distributions (NCD), in which the

conononer content is about uniform anong the pol yner
waebmsnesed di fferent nol ecul ar wei ghts. [0024]PE&D0E2007/014709

refers to a Broad Ot hogonal Conposition Distribution

in which the conononer is incorporated predom nantly

in the high nolecular weight chains. The distribution

of the short chain branches can be neasured, for

exanpl e, using Tenperature Raising Elution

Fractionation (TREF) in conneciion wth a Light

Scattering (LS) detector to determ ne the wei ght

average nol ecul ar weight of the nolecules eluted from

t h®migdsitionolistAbudibns (NCIB)) intMbhedhAlthd @omonber content is about

combi nati on of TREF and LS éT_R F-LS) g‘lagl ds .

i etoRRtanaenedhe pelyme chajng gt fiiesent ISR on

di stri bution and whet her the conononmer content

i ncreases, decreases, or is uniformacross the chains
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exanpl U. S..Pat ent LD I 0 - .
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WEihEreasta! @RereRitsO o #sNEniE6Hnk MAdrcd8 dthe Otk ToF CdIFfEARE hélecular
25C at a constant cooling rate of 1.0C/ mn.

Suweightient | y, ODCB was punped through the colum at a
flowrate of 1.0 m/mn, and the colum tenperature

was increased at a constant heating rate of 20mn_to
el [0925] t Rertaip| peeantagepeopor yioad evhesanal seqreppsitipny listribution
el i i s d ;1 ad NS PF j

ALY 81 e, hOE AT pipefRS nd 0BT PRictles Remtent are
i ndisclosed indoe example;THS. Patemt Blot $3B826800f t he

et hyl ene-a-ol efin copolyner in the eluted Iiquid was

cal cul ated fromthe absorption and plotted as a

f uazsi oTheTREFARS dataurportéthikerempiere wheasuned juging af anahygical size

mggg%@%ﬁ{ 'F;%?fx%@%%a},e B&éﬁ?ﬁgh%itﬁl Yt edidnkf1UbH B Stollowing
dimension: inner diameter (ID) 7.8 mm and outer diameter (OD) 9.53 mm and a
column length of 150 mm. The column was filled with steel beads. 0.5 mL of a
6.4% (w/v) polymer solution in orthodichlorobenzene (ODCB) containing 6 g
BHT/4 L were charged onto a the column and cooled from 140°C 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 liquid was detected by means of measuring the
absorption at a wavenumber of 2857 cm’! 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



6 neasured by light scattering using a M nidawn
Tristar |light scattering detector (Watt, CA, USA).
wabmsoadsecul ar wei ght was al so plotted as a fuPCt/Usw0T614709
tenperature. [00271 The breadth of the conposition
distribution is characterized by the T75 - T25 val ue,
wherein T25 is the tenperature at which 25% of the
eluted polynmer is obtained and T75 is the tenperature
at which 75% of the eluted polynmer is obtained in a
TREF experinment as described herein. The conposition
distribution is further characterized by the F80
val ue, which is the fraction of polymnmer nolecules

t hatéasatedt b@h@\é&:zﬁ@nﬁﬁld}n 1y 4 NEmidswe XpRtdriieghe sesttering detector
descri bed herein her F8Q val ue i ndicat

iR 1 AU oTHeoRBIRGHEF We st Was A plgited os a function of

nqgglf,g,lagneAn ort hogonal conposition distribution is
defined by a M0/ MBO value that is greater than 1,
wherein M0 is the nol ecul ar wei ght of the polyner

fr e i
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conmpounds havi ng. o or e | i gangds. .
CPRERER et el Ty e Bt e | WRER iothe fraction of polymer
cyxﬁbreaﬂaﬁ aehit e:llmé beloawsd gcoanaet TREFSLS @Rperifemtugs dkséribed herein.
ta tom and one or. npre | eavin p
ﬁg‘gﬁ‘ﬁ EE V%‘Pe indigates é‘n’é‘gﬁéﬁ actien, pof qqmen t’@rt?‘e polymer
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or "metall ocene cat al yst cogﬁgnents The netal | ocene
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B E( d1dles aRSOUCHE b IMFEEE-1 8 dxpefimRal M Mgeﬁsdmwoleauar weight of
su ported with or w thout another catal égt conponent

erpolymembastinanthat elytes M O0SE it TREE BB |cgpeiment as described
caﬂcq st conponents of the invention are represented
by t e formula (1): CpACpBMX' (1) wherein Mis a
nmetal atom selected fromthe group consisting of

Gﬁu%?log’e ogétr%%{lcg%ﬁg%%zrand | ant hani de G oup atons

In one e
[0028] The metallocene 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 bomponent. In one
embodiment, the one or more metallocene catalyst components of the invention

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

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
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be selected fromTi, Zr, Hf atons. In yet other
wersdiasent s, Mis hafnium (Hf ). Each | eavi ng BCDUR20K7/014709

is chemcally bonded to M each Cp group is

chemcally bonded to M and n is O or an integer from

1to4, and either 1 or 2 in a particular enbodi nent.

100291 The Cp ligands are one or nore rings or ring

systens, at |east a portion of which includes

n-bonded systems, such as cyclal kadi enyl |igands and

het erocyclic anal ogues. The Cp |igands are distinct

fromthe | eaving groups bound to the catal yst
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rapdeitheral or bt epasicolss embgdimanther or both of which

may be substituted by at |east one R group.

Non-limting exanples of substituent R groups include
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carbo I al k and di IkyI bamoyl s, acyloxys, .

%ﬂ H‘F%/?oal 8?‘3%}155@ m?é’““ afd u@gﬁ‘hﬂﬁ aa(rf¥ o ﬁﬂ‘i”élye(%scef’ﬂble to

onabaitieeh Bﬁllbstraaidh sendtiomd 'Hh@hgﬂﬂi%ﬁéﬁé@&”tﬁédlby Cp” and Cp® in

sel ect ed fromb roup cogsf stin

o JEEB L @b e etk or dnfcent sy ionsniadisny] lisands or ligands

f 15616841 cy@apexﬁ&héﬁylt &itiRel of Both\GFWHIES nfdly @At hétéoatoms and
used herein, the term "substituted" neans that the

gredgr PIPth if thl?lh mayther sbpdytedyeat Igast opg & grogpe Non-limiting

mé'xgﬁﬂblésrbf @h@s‘iﬁu&ft I@Fﬁ)uﬁg ifBRide SREpOERREed ﬂoﬁrﬁ&drogen radicals,
position, which noie are selected from such

graélenﬂs. alkemds.oalkpmylsdicydpalkyls, gryls.cacyls ampyls, alkpsysxgryloxys,
C u X

0 5o S AT GE A GO MG T oy

ngOYiarﬁlkﬂylangr@akbwl-cmameym ecselbk);sl ‘agyloupngs, @royleminos,

Cla% at%o%%tlong rtR f %]gn Woﬁﬂﬁé kl}ﬁ&%ﬁézl ﬁrg nd%})endently

es 0 subs uted
arselencai Iifmrm edtht:o gam;pl rcmimsathg, efl k)cb'almpmiadlenyl indenyl,

t'r%]}a)%qd?dmg a\forglgj)éhc %‘f(.ﬁquS?{u doci(e\fl a?g Coa}l ich. (As used herein,

F9Tadic am no radi ca
aI tka xaraatsnbstithitedl’ atbaas kimt tlaer gdoop;fom\bmgyhatr tadh paksesses at least
Ca(;n%Onrlrg%ty 1rnap Lc%acl)fs dne orerore hyﬁrogens n Xny position, which moieties are
selected from such groups as halogen radicals (e.g., Cl, F, Br), hydroxyl groups,
carbonyl groups, carboxyl groups, amine groups, phosphine groups, alkoxy
groups, phenyl groups, naphthyl groups, C, to C,p alkyl groups, C, to C,¢ alkenyl
groups, and combinations thereof. Examples of substituted alkyls and aryls
include, but are not limited to, acyl radicals, alkylamino radicals, alkoxy radicals,
aryloxy radicals, alkylthio radicals, dialkylamino radicals, alkoxycarbonyl
radicals, aryloxycarbonyl radicals, carbomoyl radicals, alkyl- and dialkyl-
carbamoyl radicals, acyloxy radicals, acylamino radicals, arylamino radicals, and

combinations thereof.).



car banoyl radicals, acyloxy radicals, acylam no
radi cals, arylam no radicals, and conbinations
wao bh@smeafs2d . WO 2008/ 002524 PCT/ US2007/ 014709 BCT/08807/014709
In one enbodi nent, each |eaving group X in the fornul a
(1) above may be independently selected fromthe
group consisting of hal ogen ions, hydrides, C-12
al kyls, C2.12 al kenyls, C6.12 aryls, C7_20 al kyl aryls,
Cl.12 al koxys, C6.16 aryl oxys, C7- 18 al kyl aryl oxys,
Cl.12 fluoroal kyls, ©6.12 flugroaryls, and Cl.12
het eroat om contai ni ng hydrocarbons, and substituted
deri vatives thereof. As used herein, the phrase
" @By} e die @eibodifiét| SachdeHiikg gfouiﬂ( @n ﬂféefﬁ‘hﬁﬁla (I) above may be
moi eti es bound to the netal center e catal é&l
c dngspsadrnt v geicctedolipmbe graup cRnsisying Péﬁaa qgsn e%rtsa?/ly des, Ci.12
c f d
PGl RS [ SIS G o SRR i SPEE U lonys, o
ohi dkdearyiexysorCi- ﬁh@u%r@@lkv i oFs-izs flyernarylpe dnd Ftheheteroatom-
ecloﬁfx &Q ngtyocmSnsc‘ ta&ﬂ%‘xﬂ{(’cﬁu@:ﬁ &ﬁ%a@s%&x@ﬁ? N&s used herein, the
catalyst®c onent e on many orns, such
t @wedlmitwdup'hefdr@to encaorpnere dieficabamoictids. bound to the metal
g c%ﬁt%ij theI (r:ﬁ: Txlar GL Eomgl)\%:nt WZIQC% %?J ’beaglgstrlgct%g t gﬁ{% ﬂ@o Catalyst
sumhlmenh byl an;enttuvatprf ds elmadpbmg hJ specieat actiNe. towards olefin
026, 798 a .S, _Pat .. 213, xhers_jncl ude
iRpanEeuRy o SligemeRtasion, hs AT EREY dosbea rhdteli.
Nos US2005/ 0124487A1, US2005/0164875A1, and
US2005/0148744. | n _other enbodi nents, the netall ocene
O3k Tl sEertyiecof hemetalless YShG9mPOnEpi fay dakes on many
dgsfhi,Ra6h bitdsSdisBidked MO forfexdfiplE4Ds. PAOIY. 5,026,798, U.S. Pat.

certain enbodi nents, the netall ocene catal ysts

cNpondf? 48 eand e gPatg h¥ge Seidy 408¢ |1%yédlpgé§ dimer or oligomeric

Stkrdehi, %bck%s @REIbSA mofor%ﬂﬁ%leoﬂieﬁ | oyt N&"S'b% (T9BGRANES. Pat.
m xture), and, In one enbodi ment, may be pure

erMioit 6.868213 AOthstsd "ﬁb%d@l thosegy cat@lyrsgl dﬁscﬁbﬁ? dgygblished U.S. Pat.
33)5%5*%& Clj’:%1 00570133487 Al e@sﬂ%ﬂ?i&%%ﬁlC&ﬁd’ﬂ‘bs%os/ommm In

conponent aving a racem c an meso | soner does
natther erslkddimenisndiei metaHocene |mags be fowneddwith ey kafnium metal atom,

brj ; t t 0033] |
otk OB s EReAediS, BF RpleaeESI Vst contains |

haf ni um as t he net al atom |In other enbodi nents, at

Lgﬁ%&] r@tpgﬁéﬁ gsé nt{l/? Irée?%lgo%%g régtlaf)ﬁtseggmponents described
endbosle rRay inchidectheit ahlcarsiner optical or enantiomeric isomers (racemic

mixture), and, in one embodiment, may be a pure enantiomer. As used herein, a

single, bridged, asymmetrically substituted metallocene catalyst component
having a racemic and/or meso isomer does not, itself, constitute at least two

different bridged, metallocene catalyst components.

[0033] In one embodiment, the metallocene catalyst contains hafnium as the metal
atom. In other embodiments, at least one of the ligands (pi-bonded moieties)
contains a cyclopenfadienyl group. In other embodiments, the metallocene
contains a chloride leaving group. In yet other embodiments, the metallocene
contains a fluoride leaving group. In yet other embodiments, the metallocene

contains a methyl leaving group.



contains a chloride | eaving group. In yet other
enbodi nents, the netall ocene contains a fluoride

wo e@sios§2gr oup. I n yet other enbodi nents, the PCT/US2007/014709
nmetal | ocene contains a nethyl |eaving group. WO
2008/ 002524 PCT/ US2007/ 014709 9 [00341 In sone
enbodi nents, the netall ocene catalyst may be a bis(n-
propyl cycl opent adi enyl ) haf ni um Xn,
bi s(n-butyl cycl opent adi enyl ) haf ni um X, ,,
bi s(n-pentyl cycl opentadi enyl ) kaf ni um Xn, (n-propyl
cycl opent adi enyl ) (n- butyl cycl opent adi enyl ) haf ni um Xn,
bi s[(2- trinmethylsilylethyl)cyclopentadienyl]hafnium
Xn, bis(trinethylsilyl cyclopentadienyl)hafniun1Xn

dlneth | sil S | cycl opent adi en af ni .
dl[?h‘?t‘hy ViRsisp bleW%?§¥ oﬁ‘gﬁﬂgﬁ‘?”én%a&ﬁf % a’ bis(n-
bi 6Pyl Sydhé éhywmﬁh{iuxhcm,l OBR(H- edﬂywyxi&paﬂ{aaieum)mmm Xa,

(n prop Icyclopentadlenyl)(l nxgro [ -3-n-
bthS(PW@D@‘ﬁ)@FﬂP&&FaéWD’PHMm n-pepyl nacydarentadienyl)(n-

thﬁgﬁgﬁﬂ Bl dert$D) @& descri bed abgye. [00351 In  pig2-

|nEnts e net al | ocene caf al yst may be a

bummmbwhﬂmmnt@mMwapm ni um d&ehl or i dus(trimethylsilyl

e SR, R I R UL AR
é;(.i, alimeﬁwrmlgmmsﬂwlattylguclwpemmusnjlbj?fmihmv I\/étnalll |bas({émepropyl-2-
dar PR ¢ SPERSRE AR o eI gpelf ol S propy-3-0-
adutylaydopentadiersilihiafiiume 8a] oret@hbinasdore- tlygreofc awkdry K, is as

0 Qs descri bed above, for exanple, a Lew s
aérg‘ﬂF%é‘ﬂﬁﬁ coordi nating ionic activator or ionizing

activator or any other conpound that can convert a
neutral_ netall ocene_ cataly conponent to a

PG oo A CRBRIT Rt s T tReRllpernes Caiatysh mayj be a bis(n-

| B Rlobdaihy asiBirANe Of WRdiibhqd al umoxgne as pis(n-
an activator, /or to also use ionizing actjvators,

nazxppﬂpycdiapqwl@yl)éleﬁmuras t ifluoridpyt yoF  arronidimethyl  bis(n-

tqhg@ﬁhﬁﬁﬁéﬁggﬁé gﬁh@gyl) boron or a

tris boron netalloid precursor which
ionize the neutral nmet al | ocene conpound. A preferred

aCAJ‘tl\{JQIog and lﬂﬁ‘?xga%ri n!e n}g)t%ﬁ%?r[ fFL X?Jtaﬁ&%ﬁ? %ia}cllﬁsq %o%po&nﬁs

present | nvention Is um noxane
[0036] The term "activator” is defined to be any compound or component which

can activate a transition metal metallocene-type catalyst compound as described
above, for example, a Lewis acid or a non-coordinating ionic activator or ionizing
activator or any other compound that can convert a neutral metallocene catalyst
component to a metallocene cation. It is within the scope of this invention to use
alumoxane or modified alumoxane as an activator, and/or to also use ionizing
activators, neutral or ionic, such as tri (n-butyl) ammonium
tetrakis(pentafluorophenyl) boron or a trisperfluorophenyl boron metalloid
precursor which ionize the neutral metallocene compound. A preferred activator
used with the éatalyst compositions of the present invention is methylaluminoxane
("MAO"). The MAO activator may be associated with or bound to a support,
either in association with the catalyst component (e.g., metallocene) or separate
from the catalyst component, such as described by Gregory G. Hlatky,
Heterogeneous Single-Site Catalysts for Olefin Polymerization, 100(4)



("MAO'). The MAO activator may be associated with or
bound to a support, either in association with the

W@ 210084092524 conponent (e.g., netallocene) or sepBCHUS2007/014709

fromthe catal yst conponent, such as described ' by
Gregory G H atky, Heterogeneous Single-Site
Catal ysts for Aefin Polynerization, 100(4) WO
2008/ 002524 PCT/ US2007/ 014709 10 CHEM CAL REVI EW5
1347-1374 (2000). [0037] There are a variety of
met hods for preparing al unoxagg and nodified
al unoxanes, non-limting exanples of which are
described in U S. Pat. Nos. 4,665,208, 4,952, 540,
5,CI9EMICAL REYIBWSD 93451204(2000). 4, 874, 734, 4,924, 018,
4,908, 463, 4,968, 827, 5,308, 815, 5,329, 032, 5, 248, 801,
5,235,081, 5,157,137, 5,103,031, 5,391, 793,
é&ﬁ& Shfbre ard W3vERSy FT0mBNOAP §61 pfapbhhg 2l uR6RaneParY thodified
1 476, EP-BI-0 279 586 and EP- A-0 594-218, and PCT
p@Mm@mbnnwmgum@ze@plqsoqfssthqho are; HegsribedniB W ds Pat. Nos.
I t t r
e R R B aSeOs Prr eir 4 BTATON, w.024.018,
cdo?Qﬁ%eﬁ%&SiheSBQHﬁIﬁl 159329|,Q3|2 1. 248801, oiu’lii A81, 5 157,137,

B R e R ey

EB6A- @7649EP-1:'B7150 m A860ant? EPSR7) SBA-2A85QAd9BEGT mblikaGon WO
2797 %ﬂ% and EP-A-0 277 004, and U. S. Pat. Nos.

HEIP07 "5 108, 401, 5,066, 741, 5, 206, 197, 5, 241, 025,
5 387,568, 5,384,299 and 5,502, 124. Conbi nati ons of
activators.are a ont enpl at ed the invention
7 P0kS IR SO B, TRnats iy A e ot B o other cation
C%mdikﬁéd Vith blat cberditxal et smyFtGEsemyJ Bbdnﬂﬂiatd@ln@) MQremammg
94/ 07928 and WD 95/ 14044 and US. Pat. Nos. 153

A 1ER 7 455 NS\ PRI lor SUSHp PRYS| B0aDE L EBrdspEribed in

”ﬁ%r@béaﬁ ﬂ?ﬁh@&tﬁﬁﬁ 'HP-AS0 B?@ bgofEp-ALo %Qb JBYSEPABIBR 15, EP-A-
t he g%esent i nventi on. gorts met hods’ of

subpet 6P RgEP AP )ﬂ“ﬁgEPa‘?a@ 0Qhend EPsAp @77 904f and U.S. Pat.

SiNpgH. §; 1%'3t1%70§f19!3 461, 74?15 SRI6219708 208 923! £387,568, 5,384,299

di scussed’in exanpl é VETALL GCENE- BASED

P@nﬁOﬁéplzl\lsM?sCmn(aoomsmfe Retivagoryy am:anisnskgnterenb.tqd by the
gg??n?{%)%lexorgéx 2% a&ﬁxqoxeglgg%d igﬁgintgegc%atowHlo&;lﬁbing{ions, see
for example, PCT publications WO 94/07928 and WO 95/14044 and U.S. Pat.

Nos. 5,153,157 and 5,453,410.

Method for Supporting

[0039] A support may also be present as part of the catalyst system of the present
invention. Supports, methods of supporting, modifying, and activating supports
for single-site catalyst such as metallocenes are discussed in, for example, 1
METALLOCENE-BASED POLYOLEFINS 173-218 (J. Scheirs & W. Kaminsky
eds., John Wiley & Sons, Ltd. 2000). The terms "support” or "carrier," as used
herein, are used interchangeably and refer to any support material, including
inorganic or organic support materials. In one embodiment, the support material
may be a porous support material. Non-limiting examples of support materials
include inorganic oxides and inorganic chlorides, and in particular such materials

as talc, clay, silica, alumina, magnesia, zirconia, iron oxides, boria, calcium oxide,



herein, are used interchangeably and refer to any
support material, including inorganic or organic
waappoexs24mt eri al s. I n one enbodi nent, the suppOr/US2007/014709
material rmay be a porous support material.
Non-limting exanples of support materials include
i norgani ¢ oxides and inorganic chlorides, and in
particul ar such materials as talc, clay, silica,
al um na, magnesia, zirconia, iron oxides, boria,
cal ci um oxi de, WD 2008/ 002524 ECT/U82007/014709 11
zi nc oxi de, barium oxi de, thorla al um num phosphat e
gel, and polymers such as polyvinylchloride and

SUdiad bkidecbharith Yoxide! @tivtia, hlunsihimnstosplede @él thiwlyiﬂi&te @uch as

or gani.c su port uch ol ene divi.n nzene
d?‘&hﬁ‘f‘%y ﬁ?ff yﬂ"@?ﬁ“&‘tépdc d%%@ilbﬁa%e tl E}J{Zgﬁ oOr crosslinked

%ﬁﬂfz suf) E@d@m Polystyréity dRfnyl tbenyéel ﬁél?olfeﬁh.mbr polymeric
[OO 0] Deswable carriers are inorganic oxides th

i rrompeandy, gng mixuzes therenf, and graphite]in asyiofdts vapigus forms

chl orides. Support materials include silica, alumna,
silica- alumna, magnesium chloride, graphite, and

i [Re40) eBetitablee odrriers angeinerganiti omides thaQincludeuGedup 2, 3, 4, 5, 13

SRR S B3 Sy A L i, aomi i
pmumm knatgaésaumarhﬂbmdee ghiphize, 4ml mixteres eindveafi inmmesmbodiment.
i nat of ort mater.ials nmay be d, . .

oh st ubbort SR Sirenioa il Atconfs B3 ftoglionite (s
SIhddslexalr(@anBP(DBMMSBB{U;q:h@lldmlétae, aid the dikdei thl’ti;thgltr cgﬁﬁodiments
t he |.Ke ti ona | NCl ude
t h‘i%’éb‘f}?ﬂ%’ﬁ 13kt Sonbr SARREIs iR b B, GndTiing B dimited to,

1. cdnfifdtiont hack at allicatcheortiiugd) silical d18mirity 81licaQflarfiaNarddethe like.
made and used in a variety of different wa In one

enbéditinpalsuppers maigrialy may |‘%CIBGFS'EPB%P?IQBS aggy éf eplypreys described
i qerh769igapuch as described in U S, Pat. Nos.

5,317,036 and 5, 693,727 and European publication

EP- A- 0593083. In the preferred enbodi nent, the

¢ %@Jl?’s’i‘he ?MS AR 38{3]']11 BE ﬁL&%@@ﬁtiﬁ%ﬁ%&h{Q@@ A lse al in a variety of

Exanples o ting the cat st system use
t hdifferent waysn b eneleshodiyeent; ﬁleuca@lystats ungypported, preferably in

2, (e Bem el QSfrived g 15o fae. Nog) Pafrdaq and 5,693,727 and
5, Bérop@fbputicatign FPSA- (5%683 649 thé& pref@rets Gmbodiaeas, 16 catalyst
o FAEnGEtme dngehtiol IS supptidd Eadiniel b pporing th caralypt system
angsed P@T theu iohvieaddn cite dASCIdRd3 ADISS. \RBL.OBbL.4040]1.,438) 4,808,561,
96{ 801875, 3395991, 4,937.217, 5,008,228, 5238,892, 5.240,894, 5,332,706,

5,346,925, 5,422,325, 5.466,649, 5466,766, 5468,702, 5,529,965, 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, WO 95/14044, WO 96/06187, and WO

97/02297.

[0042) In another embodiment, the catalyst system of the invention contains a
polymer bound ligand as described in U.S. Pat. No. 5473,202. In one
embodiment the catalyst system of the invention is spray dried as described in
U.S. Pat. No. 5,648,310. In an embodiment the support of the invention is

functionalized as described in European publication EP-A-0802203 or at least one



97/ 02297. [0042] In another enbodi nent, the catalyst
system of the invention contains a polyner bound

wo p@aneksas described in U S, Pat. No. 5,473, 200CT/US200TI€14709
enbodi nent the catal yst systemof the invention is
spray dried as described in U S. Pat. No. 5,648, 310.
I n an enbodi nent the support of the invention is
functionalized as described in European publication
EP- A- 0802203 or at | east one WD 2008/ 002524
PCT/ US2007/ 014709 12 substitygnt or |eaving group is
sel ected as described in U S. Pat. No. 5,688, 880.
[0043] In another enbodi nent of the invention, the
S npstitbett ot dFingsgroay 3¢ sdecndd astdescribuddnti.S nPatndlbL5,688,880.
an antistatic agent or surface nodifier, for exanple,
those described in U S. Pat. No. 5,283,278 and PCT
PUBG4BF atnl RiothP oAk of tHE dilenfion) @it %pp&h&m&dmglstf@atem of

produci ng the catal yst_ of the invention can be found

i ﬁh'ml leezu@u%ﬁﬁmtmt@met opyir{ace modifieh fopetararls, those
[ QdSibelng ws! paE N %tzs@mvmrmqs@r phblidAgioR! wgeml 1960.

i nvention may be carried out using any suitab
process, such as, for exanple solutlon slurry, hi gh

pr & prefifhqd

ms@%%g go?repro ugll'%ﬁg)gp ;P ‘ﬁulgl n- po fgrr%psét %gé%%r e%mm o " be
t Heund es W@ 96/0024% auhWQ 96/09243 phase pol yneri zat i on

process preferably utilizing a fluidized bed reactor.

This type reactor, and neans for operating the
raaﬂyménzzﬂroezﬂ%efsi bed in, for exanple, U S. Pat. Nos.

3, 709, 8 003, 712; 011.382; 02, 566
4/693) B¢ palvimErTager peckssy oF B brssisinyeriion may pegparried ou

3%@&;@1@@% Etoﬁ:ﬁs@alﬁﬂﬂhs Nor e;ﬁaﬁpBB Qoluﬁ&e%mt}ﬁglﬁ Pressure,
| SC| 0Se pnase. po nBrlzatlon roce Se er.e

t Hd 7P - ZAPRgiculashy; (i/?ﬁ\r?téle é‘?etﬂi‘f& Réqﬁlgmgc%ly(g}eﬁn polymers
agickaidit Qb fHelipidseft ilventida GORL igAs Opttasé | ﬁUVyﬁhEnwﬁ)n process

gaseous nonomer and diluent. [0046] O her gas phase
prisefesaly wibizingp| Biidiged pedieagspr c khis dype: Fractor, and jregans for

| Nl SBl B3ctY, AlabiGived qnpﬁlryéﬁmp;@tu 80 PRt 00RRS85709,853;
Also as phase processes contenplated by the

7 b ﬁﬁéﬂ@@é HA93S68e 674 11 h882.400;paB852,M48;. 5,541,270;
5 . x-8%802 50%%5&%@5%2%33 rﬁ7ﬁo3g§’9 381d ’ﬁ'}érsg Ipa@its disclose gas

pu i cations
phase polymerization processes wherein the polymerization medium is either

mechanically agitated or fluidized by the continuous flow of the gaseous

monomer and diluent.

[0046] Other gas phase processes contemplated by the process of the invention
include series or multistage polymerization processes. Also gas phase processes
contemplated by the invention include those described in U.S. Pat. Nos.
5,627,242, 5,665,818 and 5,677,375, and European publications EP-A-0 794 200
EP-B1-0 649 992, EP-A-0 802 202 and EP-B-634 421.

[0047] In general, the polymerization process may be a continuous 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 reaction zone includes a bed of growing polymer particles,



EP-B 1-0 649 992, EP-A-0 802 202 and EP-B-634 421.

(0047] In general, the polynerization process may be a
w@oomsiomious gas phase process, such as a fl ui BCDES2007/014709

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 reaction

zone includes a bed of grow ng polyner particles, WO

2008/ 002524 PCT/ US2007/ 014709 13 forned pol ymer

particles and a m nor anmount @f catalyst particles

fluidized by the continuous flow of the gaseous

nononer and diluent to renove heat of polynerization

t Hoanghpélpmer paticles and @nainod Amogatsofl caealyst paitietes fluidized by the

reaction z ne [ assed to the velogit red ction

, GRBtTRRire TR (o Hieq EAsheus CmotomP ane) GHfEert §o rempye cheat of

%Llyﬂl@aiaﬁﬁnﬂﬂfdugﬁ'tﬁe hesttiolriZoae. aer @isneshing ithd eéaeﬁon zone is
and dust may be renpbved in a cyclone and/or fin

f iRagsed, toTths” yelacity roductien zope dwﬁe gniraiged é’ﬁf!lfé?f’gé‘ie allowed to

WNRHR! Bhck e t}tkeﬁz{rtlglg vl Wr'eﬁﬁfﬁin@@ phiticleR Y Rfhst may be removed
Conpressed In a conpressor and hén returned to ¥

r déaca icyelope rad/appfine ddter.y | The gas 0$ pasfedr deoughup dreay exchanger
i ﬂg‘?&f“ﬁ%g gggt %ﬁé&lﬁeaﬁggw%oﬂquﬁ‘?ﬁ&p dofh &rs?a t%glébqﬂ)ressor and

renoval capdcit
cithen i‘tﬁminn(l] tqte redativamonbe @pneaaim somd of thet iecircudated igases may

abl e rat of gas. flow.
aRCsorfosCibd PR e Bl Pk Bl STpt BBH hovat capacity
. moofaheciréulatineg s sltteuinaﬂ_xeigegdmnmﬁneﬂm feactidn ZoneatAesuitable rate

th te at h t | at
ok Fout b o, desytiand 6y Simpie S Tienty Makape, g gaseous

f rrahohé&eto WEﬁulatﬂ@ ghsh Etré‘@ﬂ'ﬂ@fattal fiife @ﬁuilh@ @@sSrate at which
_paSS|‘ggthr ugh th tor is ab{(}usted

mai n
D P PaPIYEr rediny S6d iogomes SoREAEHpEEM o NIRERAp from

t hfie t@QREr] AU the LdhposHADE tHd Basp6iaE $hohigh AR Ra&EELRadjusted
invention is suitable for the production of

hdfopainiaie e esrensially| sigadyi ﬂWL&HS?@‘Se‘EqﬁW‘@Hé’“ ¥ithinpthe reaction
coppkyners, terpolyners, and the like, of olefins,

i ncludi ng polyners conprising ethyl ene and at | east

one or nore other olefins. The olefins may be

1 oh?é Péces$ %?;lﬁ@sprfg{egpﬂ\?&ﬁon PUWuita6re H)?Xtﬁg Sprofliiction of

ures ereo I NS exanp e
C drctrmpolylnmm of olefing,6inchrding) ethtydane, iand/on ecoeniymrsremtpolymers

et lot?]‘lgg %ngf glrc]eﬁglgg ?g gngdggfl}ké' %bgnpr[ ?}%ﬁgfeﬁe éﬁd at least one
Commnxome |0Lher olefins. The olefins may be alpha-olefins, such as propylene,
butane, hexene, or mixtures thereof. The olefins, for example, may contain from 2
to 16 carbon atoms in one embodiment; ethylene and a comonomer comprising
from 3 to 12 carbon atoms in another embodiment; ethylene and a comonomer
comprising from 4 to 10 carbon atoms in another embodiment; and ethylene and a

comonomer comprising from 4 to 8 carbon atoms in another embodiment.

[0049] 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



conprising from4 to 10 carbon atons in another
enbodi nent; and ethyl ene and a conobnoner conpri sing

w0 e@sdeseo 8 carbon atons in anot her enbodi meneCT/PI®4D)14709
O her nmononers useful in the process described herein
i nclude ethylenically unsaturated nononers, diolefins
having 4 to 18 carbon atons, conjugated or
non- conj ugat ed di enes, pol yenes, vinyl nononmers and
cyclic olefins. Non-limting nononers useful in the
i nvention may include norborngpe, norbornadiene,
i sobutyl ene, isoprene, vinylbenzocycl obut ane,
styrenes, al kyl WD 2008/ 002524 PCT/ US2007/014709 14
3 bebﬁt?thtéﬁeﬂyfghd,r&ﬁﬁiddhé h\dlrb&ﬁeﬁt, rdié}lﬂ?[ﬂiﬂ&ﬁlienc and cyclopentene.

i cycl opent adi ene and cycl opent ene n anot her

erfBoRnothss erppodimentyph thes pragessc fessabied, bpesiny, etBylRys of Propylene
Olmpy 8B YlotifReriZRYWHE 0 Wi RWb ZRfleMint RombnbBas! optiéhally one of
di ff'erent conononers, optionally one of which may be
a Which@mayks 7 diens. 4o feppy teppelymef.0050] | n one
enbodi nent, the content of the al pha-olefin
i ncorporated into the copolyner nmay be | ess than 30
noposy i Im ¢t ebodisest, tthaugo@@niof thg alphapledin incorporated into the
enmbodj nents_and ] ess, th L% 1 t -
BT, a5 HitclefE T 36 g101 g oxal 118 L ol %, i other
i Serbisclimegnts esridc sk ytham 10efrel % oinagst othenmlemboflidmes. The term

) Tpr. Si t hyl d i b b .. [ 00511
P oISt b ern 6 BnctE BEterRafiy Fo FRiF: L Emofr ol of the
C optlyMbrstdognprisihgl ethylempdestiibad sboviehe pol yol ef i n.  Usi ng

the catal yst system of the present invention, it is
known that increasing the concentration (partia

Preesiyr B digeh pdE GO BReRied iih OlFasS foliyhRriaRidn t0166htrol the final
rati o and/or nelt index (M) of the polyolefm

genrepertieyof thepolygtefin, Usinethe catplyst pestam of therrietpnpinvention, it
thg MNP ERR iRQBESRYE HR! toitentBfon JPRUAL pREsRYI6OU§lrdgBn may

the polynerization can be expressed as a nole ratio
r eingrepseethegnelh éindegtratio gadipremalt indee (WEhefriic palyelefin generated.

e»ﬁ';@lmq 6t huﬁg th@ bé inhgé}gcegfb %ﬁéﬂng@:gge@%@ O8%306n. The
or propyl ene. e anmount of hy r&ben used™In tﬁe
podmeeti ofahydrnogen de abe qolyrherizatiopr eanche exprassad ah a mole ratio

o< (AFREE 3o o R e B kg oM i o
c eethgliene emdotiexamet o1 propylpmd. y nEhe zamown pf dydsgenaysed in the
R, BB 5 s SHEARRTIPLE hount necssay 1

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

[0052] 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, Ltd. 2000); U.S. Pat. No.
5,665,818, U.S. Pat. No. 5,677,375, and EP-A-0 794 200.

[0053] 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,



for exanple, 2 METALLOCENE- BASED POLYOLEFI NS 366- 378

(John Scheirs & W Kam nsky, eds. John Wley & Sons,
wae@s/oese)); U.S. Pat. No. 5,665,818, U S. PapCT/NB2007/014709

5,677,375, and EP-A-0 794 200. [0053] In one

enbodi nent, the one or nore reactors in a gas phase or

fluidized bed polynerization process nay have a

pressure rangi ng fromabout 0.7 to about 70 bar

(about 10 to 1000 psia); and in another enbodi nent, a

pressure ranging from about 14 to about 42 bar (about

200 to about 600 psia). In one enbodi nent, WO

2008/ 002524 PCT/ US2007/ 014709 15 the one or nore

I QR€ oA Sor MYreNfdtods hﬁwﬁvawtanmmw gariging iR ubou‘k0m°c to

to.  about 150C, and in anqther enbodinment from abg

400N 3956, and bsgnother egyhedimens Srda%‘mut 40rE tp abpuyt d.25°C In one

t RBIIRhERLE the YefRForORBIRERGrenaly NSe lDpiagRtt af @RS hih@st feasible
t enper at ur e taking into account the Sinterin

t dpEpperatuse daking infe geepuntdhe wintering teﬂﬂ@r%‘é’é?c‘?fgﬂle Roby@eeWithin
eROATR!  Intdife SHPEHileht, %e &?ﬁegg&hpgésfz Vetﬂg&i)} illﬁm%%e% more

nore reactors may range roma
nmatanters se@:o@g(ecfrcﬂntabow G2ftedt) metersidggcondAJ tor Hfeet/second);

f eag' /fsrgrélo ﬁ%?u Ogga{r%;g her e§&gr§&gm§ IQ) tt?o%%ﬁeet( i Cgrrlfgt Kef pnother

erdnasbidiveent. of t he i nvention, the polynerlzatlon
process is a continuous gas phase process that
i ncludes the steps of. (a) introducing ethylene and

atfodsepsin amﬂl@tdaﬁocmnaﬂitaoﬁﬂheflmémmtmre( pélyin&haamdreprocess is a
r eact.or i_nt roduci ng t he orted

L oRtRous g ghot Pertets hat (HetuoBY BROEESA Ao tRiucing ethylene

I edtaleast 6he otﬁ&O‘ilg Rgolefif MoKk @) &itb @adHeadtoy; (b) mtroducmg the
|ntrodu0|n into the reactor additional nononer (

r SYPRREE; Frlalypiystey éy) Péhgrwing agecycle stfeéphfrpsuﬁleurﬁgctor @
t h@olifg e RcHdlE SBRAMY (e intRIFuLin@Inld WE 8&ctdridRitidh@l monomer(s)

reactor and (9) mnth draw ng a pol ynmer product from
t He rel?le%&:tl@rm{l%gssﬂ nobyreeritsd; (R Aetrgluging theesyele stream or a

0 f '
i Fofershel a8, 4 g RhBLIAS, oty gt rom e

cordrterat i ons thereof, may be prepolynerized in the
presence of the netallocene catal yst systens descri bed
above prior to the main polynerization. The

priegss] yimeembatiments o thd mvention, @de oo morb alefinswCs ¢o €ro olefins or

Cga@é%ag(?ﬁggﬁéa%’in!:lﬂd%%sem?l%l to'r %@oﬁ)yrlen & 8f tdmB n%tcigns 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
controlling agent such as hydrogen. For examples of prepolymerization
procedures, see U.S. Pat. Nos. 4,748,221, 4,789,359, 4,923,833, 4,921,825,
5,283,278 and 5,705,578 and European publication EP-B-0279 863 and PCT
Publication WO 97/44371.

[0056] The present invention is not limited to any specific type of fluidized or gas

phase polymerization reaction and can be carried out in a single reactor or



el evated pressures. The prepol ynerizati on can take
place with any olefin nononer or conbination and/ or

w0 pooslespr esence of any nol ecul ar wei ght  cont POI/U52097/014709
agent such as hydrogen. For exanpl es of
prepol yneri zati on procedures, see U S. Pat. Nos.
4,748, 221, 4,789, 359, 4,923,833, 4,921,825, 5,283,278
and 5, 705,578 and European publication EP-B-0279 863
and PCT Publication WD 97/44371. [0056] The present
invention is not limted to agy specific type of
fluidized or gas phase polynerization reaction and
can be carried out in a single reactor or WO
2Qﬂ|&k1§1}2&3étowddli§é@ﬁﬂd @1 4d6¥@ redGorsuint sgples. rinaerhbodiments, the
such as. two, or e reaatorﬁbén serie

o AECPHENESION HEY b FERA oo M ANETEA brd poliherizations Uy may be

i rinédh‘dhﬂhﬂf@uﬂ@&’ aRa)or "®is| faitlizedy drt With (i8¢ Blizing a gas phase,
mechani cal stirred and/or _gas f]uidized or wth

t mﬁéamq thab ph geseripsd abR¥Re, I adlitionzip well-khgn gonventional gas

?(9 JrRA2Mon ﬂ;ch&g&' el i9Rvifhidn VR dcopé\8Fhe present invention that
ven onal "gas ° phase pol ynerization processes, it

cwdqnsmgt modseoprecleding hidepf r@éemd_ icapdensingn nm@f’_ and “liquid
ensi n
ngg and %@gﬁgfaﬁgig $89@E$§?P§ﬁﬁggq”q§§§ phasg

pol ymeri zati on nay be used [0057] Enbodi nents of the
pr te iRy gt o Y.
P a8 of e BB Oeil 503 JAhIBY) Ccondensing mode
yrﬂ¢152h’31,039§1ch1hs EEc&,eZﬁﬂzlosed 9 YAS SBatentINGS 2,543 B99; 4,588,790;
e rocess
ol O S o 2085 £ AL o Sl U, "B PRE R processes
haﬁgﬁ behig@defo aérfete highef Qﬁbuﬁhg Wapycitiés aAdldhérce higher reactor
condensabl e fl ui of the pol rizati pr ocess.
i tREQPYCtiviiy e fn éé&'&@ﬂstﬁb?‘?é‘d@%ﬁ%g“g foﬂlf ppiymerization process
PalsETE bR tbidtnS®ie PRids"ineAdH GRE pb@mérfiﬁti@@ niay be introduced to
conden3|ng node operation, such as by the processes

de88wGen gORdensing mods,pRaiRtiqy, such asBy mprqce@ss]demsﬁ in U.S.

enmpdi M tsu3efsgahe present invention may al so use a
liquid nononer polynerization node such as those

disclosed in U S. Patent No. 5,453,471, U S. Serial
?ﬁogs@?vé&& 331151»0&’&&8%9%26?&@ A0ELRET ngag/ gggzase a liquid

en operatlng in the IQUI nonomner
| | yonenera polymqgizatiemt mode rsyely Hasu thosp edletrlpsendeupdﬂ prdtatent No.

begly o 2¥1.08%. 'SRAkI Na€ ok/s181395"PEY84/098 85 &7$) hiki PR] 95/00827

(US). When operating in the liquid monomer mode, liquid can be present
throughout the entire polymer bed provided that the liquid monomer present in the
bed is adsorbed on or in solid particulate matter present in the bed, such as
polymer being produced or inert particulate material (e.g., carbon black, silica,
clay, talc, and mixtures thereof), so long as there is no substantial amount of free
liquid monomer present. Operating in a liquid monomer mode may also make it
possible to produce polymers in a gas phase reactor using monomers having
condensation temperatures much higher than the temperatures at which

conventional polyolefins are produced.

[0059] In one embodiment, a useful polymerization technique may be particle

form polymerization or a slurry process where the temperature is kept below the



bed is adsorbed on or in solid particulate matter
present in the bed, such as polyner being produced or
WO p@soosar ti cul ate material (e.g., carbon bl ackCT/US2007/014709
silica, «clay, talc, and m xtures thereof), so |long as
there is no substantial amount of free |iquid nonomer
present. Qperating in a |iquid nonomer node may al so
nmake it possible to produce polyners in a gas phase
reactor using nononers having condensation
tenperatures much higher than,the tenperatures at
whi ch conventional polyolefins are produced. [0059]
In one enbodi nent, a useful polynerization technique

wni@eraﬁﬁetmcwmchf GEMHAPIEIEOLY Aitb Ydl@tiond Idtheér Ylurry processes
process where the tenperature is_kept belom;tqi ¥$&M
2008lude shose GReRIOYISE0D 9P LeRE9T 279 ﬂilsgﬁ?p‘étrlgt"eﬁ a phprayihy efstirred
t h%a&e}symege&@eﬁaﬂanao o?@oﬁiﬂu%rongtﬂﬁéoﬁ' WonVliRitEesa@iples of
i ncl ude those engmo yi ng op reactor and those

utslmumgceasqm ine ¢t09nanucms|lppmr stigrgdttank processesi elso, other
pits o of S i JaalsO v HBRLBE4 - m'\@@r Bt Nb§'9a, 613,484 and 2

exa es o ry processes 1 nclude continuous [ oop
orMﬁTAInIe@CENBeB@rSﬁQEQééEOEEEB{S 321882 (200! es of

slurry processes are described in U S. Pat. Nos.

4,613,484 and 2 METALLOCENE- BASED POLYOLEFI NS 322- 332

( 20060) . I OﬂﬁO]embndimmt e ab shhimye pblynaerization yprocess generally uses
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CogbiH oMRdrY theNPyadlel EoMpois aRAGEPArattielBnd M polymer and
vol atil e conponents are se?arated fromthe polymer and

r etsprtled), oppenabiyakfigr af distillgtion.stq |th%¢trpe¢for t oTheeliquid diluent
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Il zat | O I um I_S typl ca an a ane havi
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G B AOAOERE o SRy (I Sondlfohs/OF BORARERion and

pote}amrlt:lyz mierto nWand a propand metlinm mensed, Weeprogessrmopdrbe operated
rre ove rca% hlqu Qk%?ﬁt%q%?a‘iur%g%na q:»%s%hx%d dln‘%}x%\/e?nbodiment,

t he reac Ion UERt Cr erature an
pr £ hexune .or hn 1mbataﬁmmmﬁ1um it employed.

[0061) In one embodiment of the process of the invention, the slurry or gas phase
process may be operated in the presence of a metallocene-type catalyst system and
in the absence of, or essentially free of, any scavengers, such as triethylaluminum,
trimethylaluminum, tri-isobutylaluminum and tri-n-hexylaluminum and diethyl
aluminum chloride, dibutyl zinc, and the like. By "essentially free" it is meant
that these compounds are not deliberately added to the reactor or any reactor

components, and if present, are present in the reactor at less than 1 ppm.

{0062] As noted above, the polymerization process of the present invention may

be carried out by using a solution process. Non-limiting examples of solution



a hexane or an isobutane nediumis enployed. [0061] In
one enbodi nent of the process of the invention, the

WG RkwB0§250¢ gas phase process may be operat ed PCT/UR®07/014709
presence of a netall ocene-type catalyst systemand in
t he absence of, or essentially free of, any
scavengers, such as triethylal um num
trimethylal um num tri-isobutylal um num and
tri-n-hexyl al um num and di ethyl al um num chl ori de,
di butyl zinc, and the |like. Byg"essentially free" it
is nmeant that these conpounds are not deliberately
added to the reactor or any reactor conponents, and
| fproécRsednhre @dseribéde g Nfori dxaitple, rEACtRAt. Wos) 231j06a0 501,205,
ppm}éOOGZ] As not ed above, the polynerization process

£5.2 9%é§@§t5819r§?§nti on may be carried out by using

a solution process. Non-limting exanples of solution
WD 2008/ 002524 PCT/ US2007/ 014709 18 processes are .
dd8es] bacanother egbodimaensi ene qu all offthe catplysts are gombisd with up to
5, , : 2BEEk oénﬂﬁ:nm 0 n
an%?hkggggrﬁ% ﬁrﬁt?qﬁﬁe or yg?{iggcf t he lg’ata yg%’sfogrcexample’ an
c caliinireun witedratgp trased 1d¥popeithghtweightc @fit thef catalyst system (or its
nmetal - f id.c ; f e .
A prRighY e s “RHOU I, BUF Sl TS PR 00436 and
c &3,283,278. s Yahermsuftablei hetalscioohode eties \Grosp @haraks Group 5-13 metals.

discl osed i for exanple S. Pat. Nos., 6.300. 43 .

o ang g shfoainitey XA ofthe merdtitand Bk Bippofind Hked into the
Grebfor Bidhothied® ¢mbodimentpthelreetal -farty aoik doanpemiddsl mieed with the
a solution of .the netal -fatt cid conmpound is fed )

" ey and £, e i Tellon oyl s RaRES gy be Hixed with the
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and fed into the reactor separately. These agents may

becaAl ¥R FYHEMPTHRCOMPIPENSst or may be fed into the
reactor in a solution or slurry with or without the

catal yst systemor its conponents. [0064] In sone
enlB¥H nimsame eabodiments. oy @dflwdired ped SrsRbase Erackar, the reactor

t ht@rrﬁ)g fof the TREdi2Ld bed gioaesge nfdy Weline Ol REH (Bhp&Ga%Se that is
ma e the highest tenperature that is féeasible

t afensiblei takingaie® aacounh dhe stighing dempergre tofi rthe golyglefin product
po ] Weral VA § [
AR Bty ) B25E B 0 LUt
Pol ymer [0065] In a class of enbodi nents, the polyners
dilsglly’%,ed herein may have a nelt

[0065] In a class of embodiments, 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 200 dg/min; from about 0.1
dg/min to about 200 dg/min in other embodiments; and from about 1 dg/min to

about 200 dg/min in yet other embodiments.

[0066] In any of the embodiments described herein, the polymers disclosed herein
may have a melt index ratio (MFR) (I2y/I,, where I; 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
100 in other embodiments; from 15 to 50 in yet other embodiments; and from 15

to 40 in yet another embodiments.



index (M) or (12) as neasured by ASTM D-1238-E (190C,
2.16 kg weight) in the range fromO0.01 dg/mn to 1000
walgvosioees24 n ot her enbodi ments, the pol ynmer naRCTIHY®0Z014709
M from about 0.01 dg/mn to about 200 dg/mn; from
about 0.1 dg/mn to about 200 dg/mn in other
enbodi nents; and fromabout 1 dg/mn to about 200
dg/min in yet other enbodi ments. [0066] In any of the
enbodi nents descri bed herein, the pol yners discl osed
herein may have a nelt indexl%ftio (MFR) (121/12,
where I1i is nmeasured by ASTM 1238-F, at 190C, 21.6
kg weight) of from5 to 300; fromabout 10 to | ess
than 100 in other enbodinments; from1l5 to 50 in yet

ot her enbodi nents;_ and from15 to 40 in yet anqthe .
erfB5d] nigrny of\ies cpbedi %ﬁ@eﬁeﬁd@m#@ PRARETS ggsm ed herein
[ GR&Y kypRa®Pha¥t b hEe@RPAVERRBA! MoflRalkk | WEh 6 ShlimbdrN Gverage
pol ymers descri bed herein may typically have a weight
aveplegdanyeight (Myn/Me) efrgreater thantleY toaghaub jepartienlady, gegater than
' . ' { t
et B ghbih o e pittery 3o ey A s o' hofoRbare ..
preferably greater than about 2.2 to | ess than 3.5.

He ghe &&a&@?ples [00681 In a class of enbodi nents,
t HE“HEL & dctabl es cont ent may be less than 1.75
pego@sntIn 4 ekss tdf ambodimpsts £ thet haxane ekaractebibo doment may be less

| ess t 1.0 ercent | et ot her .enbodi nents nd

| B8 (1) ptcgn; HRLC i, 1%, B B ough rothieds: RS tan 10

gafsseizczelr?nepi%rs téetd olwiee amgsdﬁmtsj, NarRiC aasd&raaeo.\fﬂ tpErCéﬁTMl yet other
i ting Poin 0069] |.n an the

TR, e dafAhoRO a5k frcapised i AP gt Math A THLD-5227

made on a Perkin Elmer System 7 Thermal Analysis

System The data reported are fromsecond nelting
dP&C HelEng E@intn accordance with ASTM 3418. ESCR

[ 0[9(7@2[ Elsgﬁ b tHEEARbE e AG (RE&iNMA HeReitSONDmteRPements may be
Condition A (ASTM D- 1693/ A) and ASTM D- 1693 Condi ti on

B a&Ton B-Rsbpgflmardiysieat f Ak Agalysisfystem: eifbpidsta reported

e SRRPYERE ik I Re e W REDRlanct uRORMTENG

100 hr or greater when
ESCR
[0070] ESCR is measured according to ASTM D-1693 Condition A (ASTM D-
1693/A) and ASTM D-1693 Condition B (ASTM D-1693/B). For each condition,
measurements are conducted in 10% and 100% Igepal. In embodiments, the
polymers described herein have an ESCR value of 100 hr or greater when
measured according to ASTM 1693/B in 10% Igepal. In other embodiments, the
polymers described herein have an ESCR value of 250 hr or greater and in yet
other embodiments, the polymers described herein have an ESCR value of 500 hr
or greater, when measured according to ASTM D-1693/B in 10% Igepal.

{0071] In a class of embodiments, it has been found that resins produced with the
metallocene catalysts described herein that have a broadened composition
distribution characterized by having higher Ts- T»s value and a higher Fgo fraction
possess substantially improved ESCR than comparable grades with narrower

composition distribution. The polyethylene grades described herein may have



measured according to ASTM 1693E in 10% Il gepal. In

ot her enbodi nents, the polyners described herein have
wWa@eoESCR24al ue of 250 hr or greater and in yetPCDUR®NT/014709

enbodi nents, the polyners described herein have an

ESCR val ue of 500 hr or greater, when neasured

according to ASTM D-1693/13 in 10% lgepal. [0071] In a

cl ass of enbodinents, it has been found that resins

produced with the netall ocene catalysts described

herein that have a broadened ggnposition distribution

characterized by having higher T75- T25 val ue and a

hi gher F80 fraction possess substantially inproved

EJCFCR heingreaep ahab 1500 did d@ien Wntddufsdl' hedteding ®ONMASTM iD11693/B

di stribution. The pol yet hyl ene grades descri bed herein

ndyeasarrd 'MOQ@OQ%BIZSX‘&‘PW@SQ o/ the £ d‘%’“‘&k‘a’ bgapparent

OrRgth Se LOAPIAARISW. When nmeasured according to ASTM D-

1693/B neasured in 100% I gepal. More details about

the enbodi ments wi Il be apparent fromthe exanples

behOWiyDensity  [0072] In any of the embodi ments

descrl%ed herein, the density of the polyners nay be

0.[0®7] gihcanyoof @emmtmdjmbms alebaribed iipoeinnthet densithof the polymers

D aPRLbe 0523 e Fedler) T it Gpfiingng Mhe HefidinH Between 0.927
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[0074] 15 is neasured in accordance vvlth ASTM D- 1238- G
(190C, 5 kg weight). [0075] 12 as neasured in
addeltindese with ASTM D 1238-E (190C, 2.16 kg weight).

[ Q6B) 1LN8s Rda¥@e8f inn8ckddnde Wi SRSTM-DVEBLP168°C,b21 .6 kg
bl ended with other polyners and/or additives to form
co¥¢i8BY+t i ons that can then be used in articles of

"9166‘7“41’910 Hy ﬁ,eaﬂaf RPIccaidanéddich i ASEv-IDRRBYGS (Wocedd 'kPQ\aeight).

hem and met hods of bl ending are known to the ski
ar[tméhnl.z 350 oERyUrgRh dnprecprdanse gy LEEMnRRyl 288K H4P0°C, 2.16 kg
Cox%i@jaﬁ addi tives such as slip,

[0076) 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. Appropriate additives, methods of adding them and methods of

blending are known to the skilled artisan.

{00777 The polymers produced may further contain additives such as slip,
antiblock, antioxidants, pigments, fillers, antifog, UV stabilizers, 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,
calcium stearate, zinc stearate, talc, BaSQ,, 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 %.



anti bl ock, antioxidants, pignments, fillers, antifog,

WV stabilizers, antistats, polyner processing aids,
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and nucleating agents. Preferred additives include

silicon dioxide, synthetic silica, titanium dioxide,

pol ydi net hyl si | oxane, cal ci um carbonate, netal

stearates, calciumstearate, zinc stearate, talc,

BaSO4, di atonmaceous earth, wax, carbon black, flane

retarding additives, |ow nolegylar weight resins,

hydr ocarbon resins, glass beads and the |like. The

additives may be present in the typically effective

anouse} ST rksultaatvipolydléftte aadt polyulefinasorfipSiitionteinglyt b&o further

to 10 wejght % WD 2008/002524 PCT/U82007/014709 21

[ GIEsserh &Y a8Y)| falAblep FiepBt SER 35 B GRlgRfasingy casting, coating,

C UIRPOuhBRES cRBYsiOR, fodfdifiBrall RSrBREESH ibldvig aNNudinist @hgtession
means such as by calender| , casting, coatin

cdﬁ@lémﬁd |ungcn<és<muisilzarblow g raiponab mraédl@g%rﬁswapw@ng) and
t
| el r]'golﬁﬂ{gj rfﬁﬁlsbfwvm?%k %F%}ﬂ}% brzar gfti oﬂlg]ﬂg{jg; gﬂhm fgrmatlon to

bl ow nol di ng,” rotationa
t rmhwﬁ/e,rfonskmnlg, umiakial ot WEgomntctam nh:gxr@ﬁmng, as well as by

Jdnor I
GRS S L5 PR . sponi
wahelt ddowing, |amdi other (fommspof tfibes i aond, nmwbvamsfahmc ﬂxrmanon, and

reduct.i on, spi nb nel t oW n
rrnons PREoh bkl Tistnoid ks  nfiok 15%68 tothiners for
f adonmeying liquids, dewiib) agiculiocl tthedseahd lﬂigplpaaﬂs such as canoes or
rotonnlded ar |cle% i ncl.ude Iagﬁﬁqcont ner

R AT fogs - TP BRICRHPT BN e P e adephgisewares, thin

| a8 chrthingrss mdlidsSfor a6Mamerty. | arge playground toys.
~Typical injection nolded articles include, housewares,

thin wall containers, and lids for containers. [0079]

Thess) af'ﬂes@taﬁarotﬁ&rfﬁﬁnQﬁ)f SHikdHAD pRoBERE R hMiGues are described in,
techni ques are described in, for exanple, PLASTICS

PHOCESSNNG Fhé@TéﬁScﬂﬁ(aGE&Sﬂ%ﬁ (RedipaCapprstionr Noyes Data Corp.
19ffzky EXAMPLES [0080] It is to be understood that

while the invention has been described in conjunction
with the specific enbodi ments thereof, the foregoing

description is intended to 5%Hﬁ@iﬁk and not limt

the scope of the invention. er aspects, advantages

aridoaepditfisctat bonmdwistdodpthagpylilee ite inyentios dias kieeh edescmbed in

t h%n?t{ntcugg \W&Il ?l!;]e specific embodiments thereof, the foregoing description is
intended to illustrate and not limit the scope of the invention. Other aspects,
advantages and modifications will be apparent to those skilled in the art to which

the invention pertains.

{0081} Therefore, the following examples are put forth so as to provide those
skilled in the art with a complete disclosure and description of how to make and
use the compounds of the invention, and are not intended to limit the scope of that

which the inventors regard as their invention.

Example 1
[(0082] Higher ESCR due to broadened orthogonal composition distribution



the invention pertains. [0081] Therefore, the
follow ng exanples are put forth so as to provide

W b@seo2seki | led in the art with a conpl et e di SeCDES2087/014709

and description of howto nmake and use the conpounds
of the invention, and are not intended to Iimt the
scope of that which the inventors regard as their
i nvention. Exanple 1 [0082] H gher ESCR due to
br oadened orthogonal conposition distribution WO
2008/ 002524 PCT/ US2007/014709,,22 Pol ymeri zati on
[0083] The ethyl ene/1- hexene copolyners wer e produced
in accordance with the follow ng general procedure.
'Hpbgﬁwﬁ@yﬁm conposition conprised a the silica
orted bis(n-propylcycl gpent adi enyl ) haf ni um
hyTh%P&]FP%!p ddiracreponalmers etk Hreducsfl inggeqrdancenith the

Al foﬂ)wfr%t hebi ;ﬁ'gcé(ﬁﬁén apUEaBYstl cdBpdsiiord comprised a the silica
commercially avail abl e fron1Un|vat|on Technol ogi es,

L Lsappewsds bistn-propylepstopentadiany bhafaiimp odimethyh matallocene catalyst
Lgk}zﬁ?tﬁl@dﬁi&fnéy%e ank! Wi §diderei SfxBP?S&out 80:1 to 130:1,

ynerlzatlon reactor. re partlc | ar
paloynreercialyiayailakle fomn dimivatibn Kechnokpdes, ihG@li Houstenr, TX. The

- | ui.di . i .
O Syl SRR By CREE L' Mo, b, one phase
qulymérgimommatappr c}o{bmapatiyulﬁﬂy,()ﬁﬂlyh@rizat&?bmiwiisqungucted in a

I h
D BSoRER Wa e EepIRR Ied a8 redenat SRAGURD ot pppgcimately
apmzom?mﬁo&{l Ypréssre Phe réweeorrtitd weighf wab dpgrordmatgBs17,000 kg.

exiting the bed entered si n di sepgagi ng,zone

| Jluidezing €93 sRmBRTEE fieco G HIEnFERE AR PiRggen was passed
f | tHicdigh ithe) b&ﬂﬁt 4 hemcﬁytoerapgro&uﬁa@w 6 th @RP séddad P afeeuidizing
t hrough_ a thcrﬁ Ca as conpressor and wat er-cqol ed heat

X8 SHEIE. red §.rasen Wiseagaging zors located ajshe upper portion
adjeysd RAdclof. TRE ﬁhﬁixﬁnk 'gss fRAChiePsY 4 F‘é@@l&%éﬂ &nd ﬁasﬁélﬁtluough a
specified val ue. hyl'ene, hydrogen, "1- hexene ‘and

ni Qelgess eRMprepey artsl waterepeled hpss exghmeer. uSkheyshell sigen water
?Ltg&?%aﬁﬂ%&sécﬁﬁst@& 9 l}ﬂﬁmaﬁﬂ B ?éﬁELﬁn? 't&ﬂéergﬁrér% rt‘ltléa'sﬂecxﬁed

esired gas ™ concentrati ons. nmaril zes
t hethyasE&balmemyrhogmé -haxdne and nisrogen vire feshio thd gytlageas loop

fist e%‘% o? ﬁIc' regsgp §f%.|a§aﬁescaﬁ‘ﬁgﬁh{ A h i MeCdesired gas

asu an on- ne vap racti1on anal yzer.
concentrations. Table 1 summarizes the gas concentrations and reactor conditions

during the polymerizations.

[0084] Gas concentrations were measured by an on-line vapor fraction analyzer.
Product (polyethylene particles) was withdrawn from the reactor in batch mode
into a purging vessel before it was transferred into a product bin. Residual
catalyst and activator in the resin was deactivated in the product drum with a wet
nitrogen purge. Table 1 summarizes the gas concentrations and reactor conditions
during the polymerizations. “Ce/C; flow ratio (“FR™)” is the ratio of the lbs of 1-
hexene comonomer feed to the pounds of ethylene feed to the reactor, whereas the
C¢/C; ratio is the ratio of the gas concentration of 1-hexene moles in the cycle gas
to the gas concentration of ethylene moles in the cycle gas. The C¢/C; ratio is
obtained from a cycle gas vapor fraction analyzer, whereas the C¢/C; Flow Ratio

comes from some measure of the mass flow. The cycle gas is the gas in the
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Table 1
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reactor, wh
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gas concentration of 1-hexene noles in the cycle gas
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obtai ned froma
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t he resulti
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Table 2 summari zes the

et

ng polyner
pol

po cyasg,
als.

i

le 1 are fromthe gas
cormiwtbylam: oBEPERieshe dhecromparphize OIS 4 | epanmgeresial resin

&?égl{ﬁ?ctor The

Eﬁg in Table 1 is the

IS t e Superf

et hyl ene and 1 hexene with bis- (n-

i cial

Gas
Particle Size of

n

E th bxs (n-

propyl cycl o
Sanple 1 S4

tial

pressure, p
SGv, fps 2.
0.58 0.738

) 256

pent adi enyl) haf nijum, di tgy g&@%y t
nmpl e 2 Paraneter Tg%ﬂingg 7 7& %ar
STa ZpZ fmieter REACL[OT pressure, psrg 25
Q—Q—QQFL&eﬁ%fPQﬁe-—ﬁﬁkﬁ%H&4}€H%4?—{£FﬂDI %
emp, 7 7
C; partial pressure,
psia 234 219
Reactor pressure, psig 250 256
SGYV, fps 2.2 2.20
Isopentane, mol % 50 10.6
Ces mol % 0.58 0.738
C¢/C, 0.0065 0.0091
C¢/C2 FR (Ib/lb) 0.022 0.0369
H; ppm 309 370
H, ppm/C; mol % 3.51 4.58
Dew Point, °C 29.6 30.7
STY 54 6.82
Productivity, Cat
Feeder, g/g 7283 13318
I, dg/min 6.03 6.50
I4/1> 17.26 21.1
Density, g/cm’ 0.9404 0.9383
APS, mm 0.0285 0.03




C6/ C2 0.0065 0.0091 C6/C2 FR (I'b/1b) 0.022 0.0369 H2
ppm 309 370 H2 ppnmf C2 nol % 3.51 4.58 Dew Point, C

wWRyIgo@e247 STY 5.4 6.82 Productivity, Cat FE¥JE¥$2007/014709

7283 13318 12, dg/min 6.03 6.50 121/12 17.26 21.1
Density, g/cnB 0.9404 0.9883 APS, nm 0. 0285 0.03 WO
2008/ 002524 PCT/ US2007/ 014709 24 Table 2 Properties
of Sanples 1, 2' and, the conparative sanple 6
Conparative Sanple.l Sanple 2' sanple,. ova Su ass
Par g8l || 2 Préjgrie df)Saﬁx(&& 82584k co ragafaﬁ{?e le 6
104. 16 137.3 121:16 MPR 1/ 12) 17.26 21.1 23:
Density (/cc) 0.9404, 0,.9393.0.939 1Mn:. . 32.673.

20, 498 24, 207" bl gv 70, 731. 7,1, 989 75(Chndparativd, P87
165, 927 189 991 :| Sewiple 12.(16 SAmpde2. 13 . Shmple
‘Peak-.Mel't 127,3|125;1 124:|9 .Tenperat U (N ot Surpass)

 Parameter : , o .
I, (dg/min) | 603 - | 650 | 53
T (dg/min) 104.16 - 1373 - 12116
, MF]R M) | 1726 21 1‘ . 233 '
Densnty (glcc) ‘ 0.9404. 1 o 9383 S '0;939' -
Mn, 032,673 | 29498 | 24207
Mw" : 70,731 71,980 | 75,772 -

. Mg 131,887 165,927 . 189,993
CMwiMa 216 | 244 | 31
DSCPeakMelt ) IR B ST I |
Temperdturs °Cy | ,127"? N 1251 | o 1249 o

T'rs-Tzs (°C) o 245y dd 420
o 4w s | 0%
- 1 COUNAL
48 | 2 9 : ,Conventmnal CD |
BE T P 02 | 'notmeasured'_}
Hzhe | >1000hr - | 82hr
o 247he [ >10000r ,' : S7Shr
1% Igepal) Rh ) 35hr | “lh‘r S
ESCR(CondiﬁonAfi" A oAt I P A
I@O‘?/jepal) o 94 hr - > 1000 hr o 157hr

[0085] Both Samples 1 and 2 were produced w1th embodlments of the
metallocene catalyst descnbed herein and have a orthogonal composmon
dxstnbunon as ev1denced by the Mao/Mgo value of greater than 2 Sample 2 was
produced with a broader composntxon dlstnbutlon as cvxdcnced by the hlgher Tys-
Tas value, a higher low temperature fraction as ev1denced by the hlgher Fgp value
‘both resulting in signifi cantly improved ESCR. The reactor condltmns for both
resms are given in Table 1. Tys-Tas values, qu values, and E3CR are given in-
Table 2 along W1th other properties. TREF-LS data for both samplcs are given in

RECTIFIED SHEET (RULE 91) ISA/EP



T75-TZ ,N) 2.45 53 4.20 1E 7.4%11.75./0.. 0% Al 40
4.6 2.89 NN A Conventional CD. JFlcxane E tractablcs
wO2@snas2ereasur ed  1r SCkt oll dtaaal .' 112 hr > ROD0S1907/014709
82 hr. 10%' Illgepal) CSC (Condition 1~,':: 247 he >
1000 hr 575 hr X00% agcgal) CSC ~Condltlon , 12 hr 35
hr 11 hr [ESCR (ConditionA'" 94 hr 1000 hr 157hr
100% 11 sy [0085] Both Sanples |I' and 2 were produced,
wi th enbodi nents of the netall ocene catal yst
descri bed herein and have a onthogonal conposition
di stribution as evidenced by the M60/ Mgo vah a of
greater than 2. Sanple 2 was produced with a broader

s 1ia@a 2di&spedigly. on as evi denced. by the higher
T75- T25 value, a higher low tenperatute fraction as

evi denced by the higher F80 value both resulting in

Sigéks] | AadYnhpardtlRr Qe BRGRPASE™ 4v8A8818 frdn® Miival Ofmicals) of
fo[r bi)th reﬁéllns are given in Table 1. T75-T25 val ueslca »

Fodmilat mel indaxd ders@R 28 g Ve Valie to $ample 2isalynghopn ip Table

OB AR 3 Ll B P g

2008/ eHpsrure@iactiet.0 TREFLSGMta 5 thé-comparstite samiplg is shown in
?Eecté vely. [0086] A conparative sanple (SURPASS

a e from Nova Chemcals) of simlar nelt index,
density and T75 - T25 value to Sanple 2 is also shown

R e ol SRR P g RO e e

f Lmbwng eXpl Eﬁathﬁi (1 gldJS !;Ighkh&?l.mniff Simplﬁ S.al'r]:tl Bas $ong been
shown 1 n ure 0. Wi | e_not. whi shin
boReETEd Hegh%/ 2t et (o GHESGRGS Gf HUEh (HRISCUIAE wefght Chains that

contain the majority of the comonomer provide for increased toughness
properties, especially ESCR. The high Fgo value in Sample 2 is evidence for such
a fraction with higher comonomer content. These molecules also possess a higher
molecular weight than the molecules that elute above 80°C (i.e. molecules having
lower comonomer content) as evidenced by an Mgy/Mgp value of greater than 2

shown in the TREF LS data in Figure 2.

[0088] Both the orthogonal nature of the composition distribution and larger
fraction of high molecular weight chains with increased comonomer content
provide for the improved ESCR of Sample 2 over the comparati\}e sample. The
larger fraction of high molecular weight chains with increased comonomer content
as evidenced by the higher Fg value provide for improved ESCR of Sample 2

over Sample 1.

{0089] If the composition distribution was broad but not orthogonal, ESCR may
be disadvantageously low. Likewise, if the composition distribution was

orthogonal but too narrow, ESCR may be disadvantageously low as well.



foll owi ng expl anati on for the higher ESCR of Sanple 2.
It has | ong been recognized in the art that the

w@e@seosed of hi gh nol ecul ar wei ght chai ns t hat PC/US10a7/614709
the majority of the conononer provide for increased
toughness properties, especially ESCR The high F80
value in Sanple 2 is evidence for such a fraction
wi t h hi gher conmonomer content. These nol ecul es al so
possess a higher nolecular weight than the nol ecul es
that elute above 80C (i.e. noLecul es having | ower
conononer content) as evidenced by an McodMBo val ue of
greater than 2 shown in the TREF LS data in Figure 2.
[ @BRpiSRt h the orthogonal nature of the conposition
di stribution and |ar fraction_of high nol ecul ar

weéPogol Rasinshavigg brop evr@a%%orb@ﬁsmslﬁevs cont ent

P68t P& nffied 564 'aH@rSosV@r‘é groduceq fusRRRE %ax%eméﬁftoxt £edescribed in

conparative sanple. The ‘larger fraction of hi

mﬂxelumltanl V'Hlegllwcteh ahrameitrs And gay eencentralivnsms ted in Table 3.
gher F80 val ue provide

for %ﬁ oV Jgﬁéggﬁﬁgqggé#pﬁ%gm over Sanple 1. [0089]

| f the conposn tion distribution was broad but not

| be di sad
Elr L—E%‘i%ga ' %rergg%% 8§1$atmelo f’]rg a_nvg %sa r{cgétré/tlon(s) Yor production of

ort hogonal but too narrow, ESER
di saduani-agesustymlow—as—wel—G

PCT/ US2007/ 014709 26 |EGipled 2: QQ,Q, fd 4 Res g§meev5' ng
broad_conposition distrjibutions [D0O91 Sannl 3.4
and § wer d usijng the sang reactor ap
descrw%_&e—%wm and
gas doncenthemp,06s are || ist&d in [Tabl 3. The pdyner
pr opgr t¢epartial pressusel in Tadde 4.| Table 3 The redéPor
par anet ers amdiagas concentrati ons| f or 18Boduc}i on of
sanpl|dRemtoriprassurs, psignpl e 2P1Sanp] e 4242mpl e[ 5 241
Par anfet er T8O, fs 85 89 85 242 pafti al251(|z)5ressure 2985

149 Isopentane, mol % 5.0 _
Cs mol % 0.89 0.523 0. 687
C¢/C> 0.0101 0.0091 0.0118
C¢/C; FR (Ib/lb) 0.072 0.0595 0.1059
H, ppm 1416 849 1481
H; ppm/C; mol % 15.9 14.75 25.39
Dew Point, °C 335 25.9 26.9
STY 5.3 3.8 4.99
Productivity, Cat 13,048 9753
Feeder, g/g 7303
I,, dg/min 57.8 32.67 88.77
I>y/12 23.9 23.73 214
Density, g/cm’® 0.932 0.9303 0.9297

APS, mm 0.027 0.03 0.02




psia 148 Reactor pressure, psig 251 242 241 SGV, fps
2.1 2.15 2.09 Isopentane, nol %5.0 5.0 5.0 C6 nol %
w@2@88/0@5223 0.687 C6/C2 0.0101 0.0091 0.0118 PCBULDOFHR4709
(I'b/I'b) 0.072 0.0595 0.1059 H2 ppm 1416 849 1481 H2
ppm C2 nol % 15.9 14.75 25.39 Dew Point, C 33.5 25.9
26.9 STY 5.3 3.8 4.99 Productivity, Cat 13,048 9753
Feeder, 7303 12, dg/mn 57.8 32.67 88.77 121/12 23.9
23.73 21.4 Density, g/cnB 0.932 0.9303 0.9297 APS mm
0.027 0.03 0.02 WO 2008/ 002524, PCT/ US2007/ 014709 27
Table 4 Properties of Sanples 3, 4 and 5 Sanple 3
Sanple 4 Sanple 5 Paraneter 12 (dg/mn) 56.7 23.5 116
121(dg/ m n) 1289T@KId49 - MPropetdds/ dfNaniles’3, 27and 5
Density (g/cc) 0.9318 0.9288 0.9293 M1 38627 16, 059

11, 916 —My 12304 50 30733 817 Mz 105000 64 062
Mv M 8. 14 3.13 2.84 Sample 3 Sample 4 | Sample 5
Pérameter
I, (dg/min) 56.7 235 116
I2; (dg/min) 1289 643.9 -
MFR (I,,/1,) 22.7 27.4 -
Density (g/cc) 0.9318 0.9288 0.9293
Mn - 38627 16,059 11,916
Mw 12304 50,307 33,817
Mz 105,090 64,062
Mw/Mn 3.14 3.13 2.84
DSC Peak Melt 122.2
Temperature (°C) 122.0 1229
T75-T2s (°C) 16.1 222 17.3
Mgo/Moo 1.33 2.00 1.1
Hexane Ext - 0.8 1.5

(0092] Samples 3, 4 and 5 show a broad composition evidenced by Tzs — Tas
values of greater than 15. Moreover, Sample 4 shows an orthogonal composition
distribution evidenced by a Mgy/Mgy values of 2. The Hexane Extractables

content of all samples is advantageously low.

[0093]) Resins described herein having a broad orthogonal composition
distribution show an advantageously improved ESCR over comparable
commercially available resins, as well as over resins' having narrower composition
distributions. Advantageously, the present invention provides for a method for the
production of a polyethylene having a broad orthogonal composition distribution

at densities of 0.927 g/cc or greater.

(0094) The phrases, unless otherwise specified, "consists essentially of" and
"consisting essentially of" do not exclude the presence of other steps, elements, or
materials, whether or not, specifically mentioned in this specification, as along as

such steps, elements, or materials, do not affect the basic and novel characteristics



DSC Peak Melt 122.0 122.9 122.2 Tenperature (O

T75-T25 (O 16.1 22.2 17.3 1Vi60/wyo 1.33 2.00 1.1
woieooaneskkt - 0.8 1.5 [0092] Sanples 3, 4 and BCHOSAW0H014709

broad conposition evidenced by T75 - T25 val ues of

greater than 15. Mreover, Sanple 4 shows an

ort hogonal conposition distribution evidenced by a

M601MBO val ues of 2. The Hexane Extractables content

of all sanples is advantageously | ow. [0093) Resins

descri bed herein having a brogd orthogonal conposition

di stributi on show an advant ageously i nproved ESCR over

conmparabl e conmercially available resins, as well as

0'GE khe M¥eitsor!) additidnakly, thew do aotpxdudd impurities normally associated

distribu}ions. dvant ageousl y, the present invention

pPyth the glemgnts; AGHaBe¢he production of a

pol yet hyl ene having a broad orthogonal conposition

distribution at densities of 0.927 g/cc or greater. i
( 0e993l) Fprshesakgfdreviny, oaly esrtqin rnges assexplicigly disclosed herein.

; g&lﬁév%r,sra&%e}%@gmyno%; liffilmay SR tntihQOwiA P tippkt Kmit to

do not e The presence’ of other steps, o
elregiera sangomot guplégitlyrecitedhas wel asy ranges fropeanyf logver [limit may

i ot hi o1 Lan. _ o
TR Db 9 GRESHLLE BB 26, P00 85 xRy et i
anke saoveeway,rangastfesm siny oppsidinio @8Yy0g2&abined with any other upper

PCT/.US2007/ 014709 28 of. the_.jnventi.on. addi.tiopally,.
TRt VL DR R S0,
Weléryt freintebieid itidua ndlugeiceweal 8s and goinfOO&R] théugh hdteexplicitly

Sake 8l RvLLl S CELALD AAIGES, 8t S Ak Ler o uppe

| ilFhit compided waitinyesthéd pbinGdy ibdiPRIual vAluk draany’ 6Bkt Bower or
a range not eX?IicitIy recited, as well as, ranges

f BRETEHNPIY 19fEF1tg 2 FAnge BaY eXCbReEIeted with any ot her

lower limt to recite a range not explicitly recited,

in the sane way, ranges from any upper limt na¥ be

c 69A3FIn AL viriorityy dpcwnents agg besein fylly incopporated by rgterepggefor all
n(niﬁriﬁff&idng' inl WhicC i dincORfritddN & p¥rmitted nd @ RNS&ent such
includes every point or individual value between its
elischasurg is eopsistenh wityihe descsippion ©f tt.]ng,present invention. Further, all

documents and references cited herein, including testing procedures, publications,
patents, journal articles, etc. are herein fully incorporated by reference for all
jurisdictions in which such incorporation is permitted and to the extent such

disclosure is consistent with the description of the present invention.

[0097] While the invention has been described with respect to a number of
embodiments and examples, 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 and spirit of the invention as disclosed herein.



recited. Thus, every point or individual value my

serve as its own |ower or upper limt conbined with
w@eosoedsesr point or individual val ue or any otPEF/US0B014709

or upper limt, to recite a range not explicitly

recited. [0096] Al priority docunents are herein

fully incorporated by reference for all jurisdictions

i n which such incorporation is permtted and to the

extent such disclosure is consistent with the

description of the present inygntion. Further, al

docunents and references cited herein, including

testing procedures, publications, patents, journa

arcLAIeS, etc. are herein fully incorporated by

reference for all jurisdictions in which such

|ﬁ¥B¢ﬁ6F@PP€hmrs pernmitted and to the extent such

di sclosure is consistent with the description of the

present invention. [0097] Wile the invention has been

ddscri bedrogash tpepipdece ap ethylgne alphgrolefimiropplyaers then grocess

exanpl e “E#ﬂ e skilled in the art, having benefit of

this isclosure, will appreciate that ot her

ermbodi rentastivgrethgene andeat Wast lond oalpba-olefimpavith fr metallocene

the sco and irit of the invention ' e

hor e n a0 i 806 of ept e o 4 1B SBE R fpom 07 o
What | s70cbariamelch teactoi tempqmtoneeefsfrbm 20°CiockS04€ to polymerize an
et hyl en [ t he process

conprls%mg %ﬂ@%g[ﬁﬁ Bﬁ??éhe and at |east one

al pha- okkdrein \thd fhtlaylaﬁt adlplecelefin copdlinyiei sarisfads ItenSollowing

one gas phase reactor at a reactor pressure of from
0.7 to HORS: and a reactor tenperature of from 20C

to 150C to ppl ymegdmsyan efhyl ep@2al phagmkefinor greater,
copol yner, wherein the et hyl ene algha olefln copoh¥ner 40,
to
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of from15 to 40, an ESCR val ue of 500 hr q@wgreater
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a T+s-Tas value of 4 or greater wherein Ts 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, and
a Fyo ‘value of 10% or greater, wherein Fgo is the fraction of

polymer that elutes below 80 2C.

2. The process of claim 1, wherein the ethylene alpha-olefin copolymer has
an ESCR value of 1000 hr or greater when measured according to ASTM
1693/B in 10% lIgepal.

3. The process of any one of the preceding claims, wherein said density

ranges from 0.927 g/cc to 0.965 g/cc.

4. The process of any one of the preceding claims, wherein said density
ranges from 0.935 g/cc to 0.965 g/cc.



a T75-T25 value of 4 or greater wherein T25 is the
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the eluted polyner is obtained in a TREF experinent,

and a F80 value of 10%or greater, wherein F80 is the

fraction of polyner that elutes below 80 QC. 2. The

process of claim1l, wherein the ethylene al pha-ol efin

copol ymer has an ESCR val ue of 1000 hr or greater

when neasured according to AS] 1693/B in 10% I gepal .
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wherein said density ranges fromO0.927 g/cc to 0.965
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The process of any one of t he precedi ng cl ai s,

wherein said density ranges fromO0.940 g/cc to 0.965
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methylcyclopentadienyl)hafnium X,, (n-propylcyclopentadienyl)(1-n-
propyl-3-n-butylcyclopentadienyl)hafnium Xj;

wherein X, is selected from the group consisting of halogen ions, hydrides,
C\.12 alkyls, C;.12 alkenyls, Cg.j2 aryls, Cr20 alkylaryls, C,.;, alkoxys, Ce-16
aryloxys, Cy.13 alkylaryloxys, Ci.12 fluoroalkyls, Ce.12 fluoroaryls, and C,.j2

heteroatom-containing hydrocarbons and substituted derivatives thereof.

8. The process of any one of the preceding claims, wherein the metallocene

catalyst is a supported metallocene catalyst.

9. The process of any one of the preceding claims, wherein the metallocene
catalyst is activated with at least one activator selected from the group
consisting of an alumoxane, a modified alumoxane, an ionizing compound,

or mixtures thereof.

10. The process of any one of the preceding claims, wherein the activator is an

alumoxane.



wherein Xn is selected fromthe group consisting of
hal ogen ions, hydrides, C1-12 alkyls, C2.12

w@bdosnglss4 C6.12 aryls, C7_20 al kylaryls, C |-BRI/US2007/014709
al koxys, C6-16 aryloxys, C7_18 al kyl aryl oxys, Cl1_12
fluoroal kyls, C6_12 fluoroaryls, and Cl-12
het er oat om cont ai ni ng hydrocarbons and substituted
derivatives thereof. 8. The process of any one of the
precedi ng cl ains, wherein the netall ocene catalyst is
a supported netal |l ocene catal ygt. 9. The process of
any one of the preceding clains, wherein the
netal |l ocene catalyst is activated with at |east one
acti.vat An ahjlené¢ eptarelefih vopglymegp, whernsn she reghyléneanlpha-olefin
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al unoxane. WD 2008/ 002524 PCT/ US2007/ 014709 31 11. An
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greater, wherein F80 is the fraction of polyner that

elutes below 80 C. 12. The ethyl ene al pha-ol efin
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cl ai m 1figepsl. 12, wherein the density ranges from 0.927

g/cc to 0.965 g/cc. 14. The al pha-ol efin copol yner of
claim 11l or 12, wherein the density ranges from0.935

9/ £% t OTRe 8HRaBidiin cdpolymbeofodining10loefl2Nwheral EBlendity ranges

claim1l or 12, wherein the density ranges
from 0.927 g/cc to 0.965 g/cc.

14. The alpha-olefin copolymer of claim 11 or 12, wherein the density ranges
from 0.935 g/cc to 0.965 g/cc. '

15. The alpha-olefin copolymer of claim 11 or 12, wherein the density ranges
from 0.940 g/cc to 0.965 g/cc.

16. The alpha-olefin copolymer of any one of claims 11-15, wherein the melt

index ratio (I,/1) is from 15 to 25.

17. A composition comprising the alpha-olefin copolymer of any one of

claims 11-15.

18. An article obtained by rotational molding comprising the composition of

claim 17, wherein the article has a density of from 0.935 g/cc to 0.965
g/cc.



fromO0.940 g/cc to 0.965 g/cc. 16. The al pha-olefin
copol yner of any one of clains 11-15, wherein the nelt
wo p@emoxsat i o (121/12) is from15 to 25. 17. A PCT/US2007/014709
conposition conprising the al pha-ol efin copol yner of
any one of clains 11-15. 18. An article obtained by
rotati onal nol ding conprising the conposition of
claim17, wherein the article has a density of from
0.935 g/cc to 0.965 g/cc. WD 2008/ 002524
PCT/ US2007/ 014709 32 19. Thejarticle of claim 18,
wherein the article has a density of fromO0.940 g/cc
to 0.965 g/cc.
19. The article of claim 18, wherein the article has a density of from 0.940

g/cc to 0.965 g/cc.



