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aluminum compound or both may be deposited on a support for use. These
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U.S. Pat. No. 6,552,150 discloses a process which polymerizes ethylene
in two reaction zones to give polyethylene with a density of 0.929 to 0.934 g/cm3
and good film properties. A Ziegler-Natta catalyst is preferred. The preferred
process is a slurry loop reactor followed by a gas phase reactor. While this
process gives polyethylene with good properties, it would be desirable to
produce polyethylene in an all-slurry process. A combination slurry and gas-
phase process adds to complexity and cost. The reference teaches that “while it
may be possible to use a process comprising cascaded slurry reactors only,
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it my be possible to use a process conprising
cascaded slurry reactors only,such a process is not
recomended, due to problens which may occur when a
conmponent having a |low density is dissolved in the
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produced in a first
a slurry process and is conducted in at least two reaction zones. Preferably,

greater than 50% by weight of the total Cs-Cyo alpha-olefin is added to the
second reactor zone; more preferably, greater than 80% by weight is added.
From about 35 to about 75 wt.% of the polymer is produced in a first
reaction zone with a hydrogen to ethylene molar ratio in the vapor phase of from
about 0.00005:1 to about 0.01:1 to produce a first-zone material having a melt
index of from about 1 to about 300 dg/min. This material is transferred as a
slurry to a second reaction zone having a hydrogen to ethylene molar ratio in the
vapor phase of from about 0.000001:1 to about 0.003:1. The product is
polyethylene with a bimodal molecular weight distribution, a density of from
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i ndex of fromabout 1 to about 300 dg/mn. This
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A single-site catalyst is used. By "single-site” catalyst, we exclude
Ziegler-Natta catalysts and include metallocene catalysts and other systems
which comprise an activator and a supported Group 4 to 6 transition metal
complex containing at least one polymerization-stable anionic ligand bonded to
the transition metal. More preferred complexes include a Group 4 transition

metal such as titanium or zirconium.
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excl ude Ziegler-Natta catal ysts and i ncl ude

net al | ocene catal ysts and ot her systens which conprise
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preferred embodiment, a solution of the activator is added to a support material
prior to the addition of the organometallic complex. More preferably, the
organometallic complex is premixed with a solution of the activator prior to
addition to the support material. Preferably, the organometallic complex and
activator solution are premixed for a period of time between 1 minute and two
hours. When the organometallic complex is premixed with a solution of the
activator, optionally a portion of the activator can be premixed and the remainder

of the activator added to the reactor.



There are many suitable ways to introduce the
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preferred enbodi nent, a solution of the activator is

added to a support material prior to the addition of

the organonetallic conplex. Mire preferably, the

organonetal | ic conplex is prenm xed with a solution of

the activator prior to addition to the support
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01/563360.

By “bridged indenoindolyl ligand,” we mean that the bridged indenoindolyl
group can be joined to a second ligand by a divalent linking group. A wide
variety of linking groups are suitable for use and are known in the art. The
linking group can be a conjugated pi-electron system, but it need not be
conjugated. Suitable divalent linking groups include dialkylsilyl, diarylsilyl,
alkylboranyl, arylboranyl, siloxy, polysiloxy, and hydrocarbyl groups. Preferred
hydrocarbyl groups are alkylene, dialkylene, polyalkylene, arylene, diarylene,

polyarylene, cycloalkyl, adamantyl, aralkylene, alkenyl, and alkynyl. Specific



to nane, synthesize, and incorporate theminto
transition netal conpl exes have been described in

woanwiide7abl e detail el sewhere; see, for exanpPeTWs307/000398
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Pat. Nos. 6,838,410, 6, 794,468, and 6, 232, 260.

Sui t abl e procedures for making the Iigands and

conpl exes al so appear in PCT Int. Appls. WD 99/ 24446

and WO 01/53360. By "bridged indenoi ndolyl Iigand," we

nmean that the brid noi ndol yl group,can b .
 BRrtEhI oS00k SRR AT e YD Brre otk M BnHERG Jo7 dipethyiene,
ApWyﬁfétWﬁém@t )/ z:étHehwku N8-ghaups |§h"peo;$,tliidéabl a 4—pherw.lene a,a'-

are in the ar he I u
ﬂ}"u gaft e‘g'%wheé\y?é‘ter on! 579?,‘1 P‘?A’ % HP"’W ehenylbora"y'
c amtlm@atbradyl Simétaplsityl ddiphbrylsilyl,i mk(dngetjplylsljyi)s oxnbis(dim ethylsilyl),

TeRL Sk | EorLahe! Siddiidno) SNbRAT ALy GHobhBHEAY bnem. 460

d
hytBas) deny 518 (98 1a580a1l&%9r)?eﬂe di aI kyI ene :
pol yal jfﬁ B%C?artyll QH F)yl ?Heilnlp01 ({iézrﬂn%dé)lyl ligand to a

cycl oal ene
abmvmﬂnzamta’qlec dbganm e§tu¥ab!m i n%)bh%rlzﬁtr@a’ﬁéwe | ligekidgginclude

g Eg&gé%rﬁﬁﬁl efipit Weﬁ?le flu&re%yfj bBR{M %noﬂ@hb&ﬂ%ﬁh%h@ Nke.

I sopro
1, 4- ph§h9|lr@q@e qxctmylequgmcw beb?qﬁqgnw%thgr an indeno[1,2-blindolyl

1oB aﬂdﬁﬁaﬂbpﬂ 1-bjkndo|?d@ém@véuonph%é D% 2Py, .No. 6,559,251 for an
met hyl bor an ﬂy hyl si'lyl, diphenylsilyl,

b%re'an?mm? theidjstinctieRey bi s( di net hyl silyl), and the
||ke BAAgE® "thdeddirido gﬂalh Wél@é ib€l@dd . those used in open

t al 4 5 1996) 1: 580 .
IS0 CAmEIHBY o) Y ORTR AT H Gt WEM R CogIbiex having 2

I ﬂﬁ&ﬂ gem%yhhdaﬂ gramies gererptidry oBaitighly erpsseabhdtive site when the
gmg é(nltggé&} blmeed e\flthymer th va? ngit abltabg}J %%Pc%smélgg Iisugfgbcnded
[ m:lmeolnldénylyﬂ:p rmgdartdns élskessgrﬁ%onddémleroagu twondwol eore atoms to

rh@r%d% A A S{f%lgg He! mﬂeﬁwple lér{@% %ré?leﬂa%gpltﬂé metal is

or ani eno con |gura ion.
PaigmaNbonded 59, asgta‘rmtoan iexploaygean, oritregen, hghosphorus, or sulfur;

dh'ﬁfs't &g&fe%bl B[Hedg'?éial' i‘%dsx ﬂ'léqgﬁlné’éd kd gansterd! S%e heﬁgroatom is

thost use architecture conpl exe
" Bpjead ter 191 indenaindolyl @eouroHYIOUET: SrIdBNG:8TaURy Veieh Breferably

QE%HSHI,VA t&&r&lsﬁﬁa%&ﬁylgﬁeebﬁﬁlé{é QI‘;O&OBMQ@MS @gﬂ%?%ethylene,

active Sit I's conb

af thaatiles- F‘ﬁﬁ%ﬂﬂ%fisapreé?"?q’@"ée&Fﬂﬂ @5@“P§ 9;5? dd)’&ﬁ@’é'éﬁ"v'o methylene,
t Behylde RNl |£asbrbbmeaed Trfe sﬂ.@@ng oS0 RolarkntiPboMEsd to either

two or m)re atons to nlt ogen
.H}femom'w%hét%mo e iBHeRU miryleTingamBpa Fpg examples of

"open architecture” complexes and how to make them, see U.S. Pat. Nos.
6,659,251, 6,693,155, and 6,818,713.

Additionally, the complex usually includes ancillary ligands that are
bonded to the metal and satisfy the valence of the metal. The ancillary ligands
can be labile or polymerization-stable, but usually at least one labile ligand (such
as halides, alkoxys, aryloxys, alkyls, alkaryls, aryls, dialkylaminos, or the like) is
present. Particularly preferred labile ligands are halides; élkyls, and alkaryls
(e.g., chloride, methyl, benzyl).



si gma- bonded to a heteroatom i.e., oxygen, nitrogen,
phosphorus, or sulfur; nost preferably, the netal is

weigmasionded to nitrogen. The heteroatom i s | Pakas82100/000398
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t he i ndenoi ndol yl group through a bridging group,

which is preferably dialkylsilyl, diarylsilyl,

net hyl ene, et hyl ene, isopropylidene,

di phenyl net hyl ene, or the like. Particularly preferred

bri dgi ng groups are dinmethylsilyl, t hyl ene,

et hyl elidlengingol sompigresd g berfpadst by gfwag syiaRlp method: those
caNife®nh| thePSROR tekoghizBes Ydtety rb(ﬂ Qdac)deptﬁl:ﬂé mme’ﬂcoﬂ’rategles

or_the i nden | ene ¢arbon. For exa
afHien é&@uﬁthLea'ﬁp%Q% i mﬁﬁ%ﬂ & %rﬁesgsg fidghoindole
P@bmpbbﬁd fﬁ)rﬁiﬂarﬂcﬁﬂan indah8Re Hrd, apArydiaid praddirsors. Treatment

tionall t he compl ex usual | nclu illar.
Wi d8senalves: & YORBRG PR THE: med BF HF U o fiked to a
Vaydm@wteﬁlehweglmlpabr other polgineriaatjori-stgbled igarch tb@lve a linked

A DR 4 S el 8 et S15he g
abmdu&sorawmarqltta,nsmoyll metali siurge doi givs, therbridwdl trke@mon metal

2o %ie”tmep%rxtacf U Rfielic pét?ése (a(n%d tl’m@%ﬁqﬁeh VYL i normaly

or |
bdrretd ubnrdMQMOllwnmmthszdmrb@qm@%yoam

sui t abéﬁlté‘aé@ﬁ?leiéql‘%s?aéygg € émetJ?efo%anV\th molecular weight

recogni ze a var ept abl e synth
s ppiplefine alsaancke tfﬁfl?"ﬁ%ﬂﬂiﬂﬁt% P@“‘W@ieﬁéhé\ﬁ pﬁorporate one or more

P E\Wyabi‘ AfyiRfertdto R R dobrvtan @ R @rgus URE U drdrisidn metal.

parti cul ar 1 ndanone and aryl hydrazi ne precursors

TIS@&FW@nPOWP{Q’Feﬁaé@ glepeabad iin gengr pAbc Mos of329H49.  Preferred
i BS%@X@QC&f&hlsStybérﬂ@ﬂ/é e ﬁr@d&boma@t)ad(wdmg)g Gwmaré"h M is a

ot her merization-stable lig
" G5SoR r Bo b SESIRe TR B o faPUySItRed) PEctnsubstituted
r eﬁﬂbpérﬁaﬂfsnylhﬁ' E] eaamdsﬁmmubsomsumsmtuted toyelopetiadieny! and may

ggiﬁg(lfo S%‘é Cey E atg{ Vgg}% er%dd%? gﬁlecz%%ft | otl%% &heLH)C gonsisting of

usgdroaatiyl and rraétémathrpmmdtaurmog alityderad feeticdls gdm@nosda,d radicals,
C§?o&é§r§qierr%§%%%ﬁ OggF OP 3 O&J {){%Snﬁﬁlil ' %g*&l Sé %de SéuIeen(Jn-zero

ecu

pmtqgﬁrs'f b nssOaulrSlo andca*tlx:l@ statlafm meovalmemf Mo Pﬁps @xmen or sulfur;
t '
IAS% na'gggr%gr&glcg' Oed@rgﬁ'\a@&gln?r‘éﬁgﬁ tF?f(')synth?ﬁ&?&étnﬂy selected

strpﬂatbxleegr@@nmoeﬁﬁgngpé lws@gerbé\@lqgenucs Captydraegrbyl, trialkylsilyl,
6 a3kalodéated rr%fo%éa?rgoﬁor%ﬁic%xeé n‘i’tf’oéem Sohtahfin I\;F‘%Véa&@&adxcal an

structure (L) R t wher ei n is a
GP¥YESNY cmtamw d?f@?f“Poﬁ’ aﬁ”d éa%‘HfLE ¢ntaining, 8fganig sadical; d

Okatidtiedtfé stibétRdtion of A.

Any convenient source of the transition metal can be used to make the
complex. The transition metal source conveniently has labile ligands such as
halide or dialkylamino groups that are easily displaced by indenoindolyl anions.
Examples are halides (e.g., TiCls, ZrCls), alkoxides, amides, and the like.

The transition metal complex is supported. The support can be any inert
material such as polyethylene, magnesium chloride, silica, alumina, titania, or
the like. Silica is preferred. The support is preferably treated thermally,
chemically, or both prior to use to reduce the concentration of surface hydroxyl



cycl opentadienyl; L' is a substituted or unsubstituted
cycl opent adi enyl and may be connected to L by a

wdivaloss74r adi cal sel ected fromthe group consPeriUSgN00000398
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hydr ocar byl and het er oat om cont ai ni ng al kyl ene

radi cal s, diorganosilyl radicals, diorganogernmani um

radi cal s and diorganotin radicals; a and c are

non-zero integers; b is 0 or 1; and a+b+c satlsfies

the valence of M X is oxygen or sulfur; IS an

agr@wﬁm dharmgl Heatinentsensigtorhbeating (y; Cémngz) tge support in a

é’tﬁ{&% bty af Blevaididieht f%ﬂaidﬂ@ PR OgIeasdr thsr %fb t 100°C,
hy rogen, “hlz-a\gen Cl-C3 édrocgbl IG"\,trlalkr n o

|'s
a2 B rReeEmR My dise 2PBBh 1PAdP 2RPut SORIG, erg%ﬁX Ro. YA variety of

CORLAIM NEhePhieAN Fedthitingst .cadn @éyg%@dcomcaumhgg reaction with
organi c radi cal and a, sul.fur contai &?ng? anl C

r YGRRGAIUIMINYG, | SP3ESiyR <BHSPT 1 &Y mRﬂynds See, for

C@fbfrﬁﬂbemﬁ t%@hlﬂilq&e@ﬁeééiﬁ)eﬁhﬁmﬁst Pan N1 am . be used
1t he SQUrL C

L e MR EIC N (AL —
dmhwbammo Ryeferatsly ! hawesere thensohgerdiatiph aaededjrom about 0.01
RESBR VPgsE ED fg 987, (Pofipegton tmes
t deperid oortheetype ofompbess itbe suatalpstt eehceTiratisnppnd tothernfactors.
bﬁleglgya dg”%‘iwﬂ@r ShibAs FUCBoADIRE! %ﬁhhykéib:ra, ;E’%g@ﬁéé 48! several

ica, alumna, titania
Shoursa is preferred. The support is preferably treated

ther mep|yealfy! ﬁﬁéé}ailoWdeﬁltyb(%I tmjléﬁé id BIOWIE irlt® flhﬁﬁ“ﬂr??nachmes
t he concent ation of surface dr oxyl gr oups.

el
t PREEHRG SUEH 15k the ewaeaﬁutﬂgw'c r-hemPefal nBY) inyifig-pocket,” we

SHRBAT that thé pdiymé! BREPTHY 8icdin 81 WX Cy’\tsﬁﬂhttﬁapﬂfeabuslﬁe shape is
referablﬁy/ greater, than about 1000C1 and re

plosmer a9 1 ekioieadisutTMs BYPIcaily sethitsgd GoRubRie Wi 3 fpwer frostline
U§|¢d tybivaly 8tywer b[ﬂv&f—ﬁﬁrrﬁfl& tede Bbeahvelr with NRé thighestalkbprocess.

“Fig s amrais Bahptatn SF e anmist Fafis SURAE o die digmgter of the
e&(lélfl‘m’refertab@ wheh mlhq pe&eﬂ@ﬂa‘rfel i éxtovivm idkh®-pdiaket, d\bhow—up ratio of

oﬁeéf |t'ﬁé’bg§ (}ﬁ‘e(%ae?glt hg;g‘lpsgl t%’ﬁgzlﬁgnjhﬁg §§S{of§rrex t8%he die with an
Pmegjlealadnlametdﬂomparabtdwm Umtocﬁrtheaileomtralwgmﬁ ghoym the die, the

ﬁﬁ&?@ep rgéxgé Cal’nﬁn?’Iee l%‘?% elnggﬁés ttc? aapc{? %eter Although less

nol €s rization g
t preferyedh @fhlgi-r slelis procele cant alsg d1e veed éfmhka\mt @ fllrandngh-stalk

m%}ﬁéraﬁme%é thé@%‘%ﬁ%’v’e}y higR bYdWR Db4§ﬁ6 UsSafy Sre%@émhsﬁ :1, and

I'n several seconds to Several hours. Typlca

| & relativebywhigbnisestiing diejaltt Hyavenbeer ampiamed nt dighigtals anditions

NBIfdW NE€Ss machine-direction orientation of the polymer. This increases the
mechanical strength of the film. Greater dart drop impact strength is obtained.’
when high-stalk conditions are used.

By “dart drop impact strength,” we mean the impact resistance of plastic
film as measured by ASTM D1709, Method A. A dart is dropped from a height
of 66 cm and the impact resistance is derived from the mass of the dart required
to break 50% of a large number of specimens.



operating such that the bubble is blown in-the-pocket.
By "in-the-pocket,” we nean that the polyner exits the

wdizeo7ios42a4way such that the bubbl e shape is forPaeAS287/000398
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it exits the die. This typically results in a bubble
with a lower frostline and typically a | ower bl ow up
rati o than observed with the high-stal k process. The
blowup ratio is the ratio of the dianeter of the

bubble to the dianeter of the die. Preferably, when

-t he pollhetfelowing exxamplesmenely Hestirietbe ingentiodw- Those skilled in

I &hé Qrioin! r%%égﬁlgén'n&'\)l véﬁatk'ﬁ\%dtha{ Br@ withfN e &bikit of the invention

process, the polymer exits die with an ori gi nal
d?&ﬁ’ﬁcépe@éﬁifh?latﬂ‘% to that of the die. At a point
above the die, the polyner relaxes and the bubbl e
expands to a | arger di anetgxamMPitEhgugh | ess preferred,

a hi gh-stal k process ERiaferd-crtdie 0sg6lyiner bl ow t he
film High-stalk generally nmeans that a relatively .

hi gh blToe- cgpatyhen s usadd iry agresatar conwsting: 6f teadeaction zones
L?E%Fést%gllﬁ s%t)n%g Eiﬁagﬁtrlaé r lgea} %](5 ggﬁélrﬁcgﬁtﬁp o%m'u%ﬁ Qank reactor.

I ons a r ectl
oA BugraslkyhsWistituted mylymetranﬁlhors metak eemplexiade as described in

mgL8apfalnst 6898 hPls tsﬁSgéhé&norQsﬁ@aeéngafc{(mgiﬁee with methyl

[ act strength 1S obtaine
c SHINXanes BldRRPriep) comalex wﬁ*agnemhétur@waéwgtsmed to a first

Weed@an 3die | ARAG Er?es'ﬁt%\/gfﬂ%ﬁz&forpléﬂdlﬁorfs' ldAch in Table 1.
nmeasured by ASTM D1709 dart 1s dropped

f Fam*w'emgmm ofNE6 aBmagtistatifie 208pkC 9'%sblgt(aﬁtyérquethy')amme

vaiaplef frem hReo Msisel &fs ARfostat®™ AW@}uafrsdau&@ iMr&flced into the
5 % of aIargF nmber of specinens,

e leRRIieBZoREr e ’;‘PF qd,&alesaEe shewy HR/'érﬁPkeo?r Tﬁﬁofgétg’eact'on zone is
sekighdtedntheh®” aehctor.| SlurBcRami the fteaciirizeheddwstings a “flash

reV\4th|ntheS|r|tofth |nvn|ona scope of
B B v ESssie sopofitny PEeid SIDARE eBfnphedenrfte separated
ctrpoi yherrelastnasmdenatmea ITéeC remnaindnes isiriyn @f qfolymer, hexane, and
ones rat eries, Egch r

ag%%toivra? e"(?n? 8 dlgl hsﬁlekhryé umninyin an eg &%rreeaanispatlc agent into the

fbemmiatdayzhelsabsel t ut ed aryl oxy transition netal

Coﬁ'p| e¥h %goﬁé rgg l'snd at%ﬁ"th? H ret%hﬁﬁ'g 'l]hdégcondltlons

IS supported on si ca and
alnuihe&arend Pelymeengstion @Qn@@ﬁ?ISEQWWW Wah@tmyﬁluawm dime second

' Fegc%* Ishenbié %torﬁ'ﬁﬁﬁ&r lofORsEFY é@ﬁﬁ'%r operating at a pressure

yner | zation conditions shown I1n T
Tpf @Pﬁ% 0 bﬁﬁmr&rﬁthﬂﬁna@nﬂsfty&r%erhg@]ﬁepafaaﬂ from the reaction

biriixtlire. NYHE QKB M9 S BRentrifuge which separates the polymer powder,
and a dryer which evaporates the remaining volatiles leaving a dry polymer
powder.

The dry powder is compounded with 1000 ppm (by weight) calcium
stearate, 1000 ppm tetrakisimethylene(3,5-di-t-butyl-4-hydroxyhydrocinnam-
ate)lmethane (available from Ciba Specialty Chemicals Company as Irganox®
1010), and 1000 ppm tris(2,4-di-(tert)-butylphenyl)phosphite (available from Ciba
Specialty Chemicals as lrgafos® 168) in a Farrel continuous mixer at a rotor
speed of 340 RPM and a stock discharge temperature of 220°C. The melt is .
subsequently pelletized in a Farrel exiruder connected by a chute to the mixer.

10



(avail abl e from Akzo Nobel as Arnostat(r) A710), are
al so introduced into the reaction zone. The feed rates

wana7alkamm in Table 3. The first reacti on zonePCE/US2007/000398
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designated the "A" reactor. Slurry fromthe first
reactor zone flows into a "flash drum or |ow pressure
separator where ethyl ene and hydrogen are separated
fromthe reaction m xture. The remai ning slurry of

ynmer, hexane, and di ssolved octene are fed with
t thetnﬁw%nﬂemoﬁmﬁ RAYMASMBadmin beary deagienendihe prorerties of the

S B@%Qe& ?ﬁ@&uc@ iré SA6wn TH §abIRCR The AaelidrPbr 6:@@@0! ﬁ:ade in the first
deS| nated the "B" reactor. The conditjons in

gn ﬁeﬂyﬁ% ﬂﬁz‘%?'sahp%ﬁ@t af'ae BRME frPrrdbe & EeaCtOF has a melt
Slriaembff«mBQMﬁ memén@mat orgsaongi | oWe pelletizéd ptdtRict has a

PR SE D AR B S L Se ol TG Blog preon
f ﬂ90ﬂ2t’¥68 aheaﬂl? Idr?ﬁr;li‘ﬁ k&uﬁEasiﬁ’ﬁg @dwrdsmgfﬂooﬁngﬂ:\mtm B8a Condition
C :

T gR o Bt Bt SREEA i BRaP R ararrp fe e ST pTaps-oe.

a d{ly 'pbéwwymelg\Mek@rud'étE odry 1:@0V\dm? Da&ns:Slmaiandie:ﬂbwn film line
e PP ooy Blaheyke BEGE Bl BN RiactitPd R ecton.
abg Jextrateahas (wrdi(eaaibzgzg)es m;gaq;igg@gmm Thaodi188°€ for the
CFEFR g%gatgr %5@:})( 'E sr§> M Filmg of 13, 60, and
1E Eé&?@cmsgmcﬁ?&m wﬁ%m@@t glsmrg a bgmusg;g 288?5 !armd a frostiine
Fﬁé*’gﬁ{ OF% bﬁ‘luo%té'ﬂ E‘ﬁérg?tDéh r[S}BBr(Tm?jlsofne%ﬂgré@D Mecording to

a stock disch arg erature of he nel
i éSJ b Mathed 4277 Patti tir@e impagt registance)is Mmepsured accordmg to

CABTRFMREthdW D769 UtrﬂetfmntﬁP@péﬁléﬁéreT%oﬂé@ pe MabRss of
the polyner made in the reactor and the properties

of the pelletized product are shown in Table 4. The
fraction of product made Emmhegﬁiz.st reaction zone is

45 wei ght percent. ;%Ew]g é {he A reactor has

a nelt index of 10 e T8REVMPTBf 0. 938 g/ nl.

The peThetcopelgmars due tmdidks irfa meadtor rROAistig Of 430 dgactiom zones
SyEe ASTM D

T SRPB08 T e i R AR e melEo Tk TPaviastig shown in

DIrales 1e€andi ti on 190/ 21.6. The density is 0.925 g/nL

nmeasured according to ASTM D-1 505-96. The polymer is

extruded on a 100 nm Davi s-Standard blown filmline
equi pped with a 5 COMPARARYREXAMPLEE &Orew with a

Maddock m xi ng sect 'Eﬂﬂylem%u?éﬂééggél p%?sfour heati ng
zones set at 193C for zone and 1 & for th
The copolymers are made in a reactor consisting of two reaction zones

operating in series in similar fashion as in Example 1, but using 1-butene as the
comonomer. The results are shown in Tables 1-5.

COMPARATIVE EXAMPLE 10
Two linear low density polyethylene samples (50% by weight GS 707062
having a melt index of 0.7 dg/min and density of 0.918 g/mL and 50% by weight
GA 605034 having a melt index of 0.7 dg/min and density of 0.930 g/mL, both
available from Equistar Chemicals, LP) are blended to obtain a monomodal
polymer with a density of 0.924 g/mL. Properties are shown in Tables 4 and 5.

11



remai ning three zones. The screw speed is set at 4 1

RPM Films of 13, 50, and 100 m crons are bl own
woned7ve4pocket using a blowup ratio of 2.5 an#8#C&US2007/000398
frostline height of 25 cm Total Energy Dart Drop
(TEDD) is nmeasured according to ASTM Met hod D4272.
Dart drop inpact resistance is neasured according to
ASTM Met hod D1709. The film properties are reported in
Tabl e 5.. EXAMPLES 2-5 Et hyl ene-Cctene Copol ymers The
copol yners are made GQMBAREAYBEAMEBLEtTIhg of two
react i pRoZ HGSHYRALALLBIASN (5551 6P Wdlght B 307088 NaRd 75% by
as in Exanplé 1° The results are shown in Tables 1-5. ]
cmmmm%5m»¢@é§eed9d t? eptaima-manemedalRRlyyes with a density
TBrO 02P Y IFropéRieBRAE showa i Fa6le8s &RNSI sting of two
reacti on zones operating in series in simlar fashion
as in Exanple 1, but using 1l-butene as the conononer.
The results are sho@DMPARAOIYE EAMPOEMRARATI VE

EXAMPLE, 10 T Iy it | t hyl, | )
(50% by %ffg‘imﬁgsl 238%%%%5% ’§°g§ﬁ¥gizﬁéé§?&°§%%°e§?tam an
dgthylemeathttede nipbiynodr @it® 18 ngglnindar dofS50.U6 B ydgiriig RindCGlensity of

6 4 havi [t i x. 0of 0.7 m n_and depns
ey Qb BB A0E Defheting,f B Intr8 ifeliecithyhas poor
10 Lphysical fybperties and altaat drop impashsttehgthdeystinarmabbuta50 grams.
density of 0.924 g/ni. Properties are shown in Tables

4 and 5. COWPARATI VE EXAMPLE 11 Two pol yet hyl ene

.sanmpl es (25% by wei ght GS 707062 and 75% by wei ght GA
605034) are bl ended to obtain a nononodal polyner with

a density of 0.927 g/nlL Properties are shown in Tabl es

4 and 5. COWPARATI VE EXAMPLE 12 The process descri bed

in US Pat. No. 6,486,270 is followed to obtain an

et hyl ene- but ene copolyner with a nelt index of 0.057

dg/min and density of 0.938 g/niL. \Wen bl own

i n-the-pocket into a 13 mcron film the film has poor

physi cal properties and a dart drop inpact strength

| ess than about 50 grans.2 71 48 25 6.4 157 0. 0050 23

2.9 3 71 42 23 4.1 141 0.0037 2 1 3.2
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4 71 59 27 7.6 143 0.0062 25 3.1 5 71 58 28 8.8 170
0.0063 25 2.7 C6 7 1 62 25 1.0 163 0.0047 2 1 2.8 C7

WoR0ED8E542. 4 162 0.0057 22 2.8 C8 77 26 23 0. BCPAIS2007/000398

0.0066 22 4.6 C9 77 32 23 0.4 90 0.0062 22 4.6 TABLE 2
Reaction Zone B Conditi ons Exanpl e Fernp. Pressure

Et hyl ene Conobnoner Hexane H2/ C2 PE Resi dence (O
(psig) Feed Feed (Ibs/hr) Feed (nolar Production Tine
(hr) (Ibs/hr) (lbs/hr) ratio) Rate (lbs/hr) 1 77 94 30
38 68 0.001 1 25 2.0 2 77 72 27 35 65 0.00065 23 2.0 3
77 42 29 40 8 1 0.00057 28 1.9 4 76 8 1 23 40 57
0.00041 19 2.2 5 77 66 23 29 57 0.00061 20 1.9 C6 76
95 24 29 75 0.00045 2 1 1.9 C7 76 76 24 19 79 0.00043
211,8C8 7 1109 36 5.5 220 0.00050 26 1.5 90 O @ 7
1 117 36 6.3 220 0.00058 24 1.5 r-- oo OTABLE 3 Feed
Rat es Exanple "A" Reactor "A" Reactor "A' "B" Reactor
"B" Supported Triethyl al um num React or

Tri et hyl al um num React or Conpl ex/ MAO Fl ow (g/ hr) A710
Flow (g/hr) A710 Flow (g/hr) Flow Fl ow
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(g/hr) (g/hr) 1 27 1.9 0.23 9.5 1.02 25 1.8 0.22 9.6
’13241.80.239.31.04211.60.229.91.05 27
\wazan@m3ﬁ49.7 0.90 C6 24 1.6 0.22 9.5 1.0 C7 2BCLAB2007/000398

0.23 9.7 1.1 C8 25 0 0.32 13.5 0.61 C9 28 0 0.17 7.2

9.

61
0. 53 TABLE 4 Pol virer Properties Exanple Final Final
Final W %fromA AA M M20 Density Reactor reactor
reactor (dg/mn) (dg/mn) (g/nm) M Density (dg/ mn)
(g/m) 1 0.43 19 0.925 45 10 0.938 2 0.20 15 0.924 50
24093930117509234A £30.939 4 0.17 22 0.925
55
0. E%p&O A7AGRMBr C 7 OpaPdeadion U. 926050 4944 K4dorCB "B"
0.11 9.6 0.988ortR 125Tri@EiBUMEBOMO. Readidr 0.7988y!d@nidd) Reactor
0. 954 C10 QrplextfD24 -Flevehn 0.7 ATH 927 Flow(oimABLE 52710

Fi l m Pr opert'? e(sq/haol ymer Exanpl e Nurl Fil mthickness (};;"r")

(m DB Dalet—Drop 3 0o 225 1.0
2 25 1.8 0.22 9.6 1.1
3 24 1.8 0.23 9.3 1.0
4 21 1.6 0.22 9.9 1.0
5 27 2.3 0.36 9.7 0.90

Co6 24 1.6 0.22 9.5 1.0
C7 23 17 0.23 9.7 1.1
C8 25 0 0.32 13.5 0.61
C9 28 0 0.17 7.2 0.53
TABLE 4
Polymer Properties
Example Final Final Final Wt % from A A A
Mi Migg Density Reactor reactor reactor
(dg/min) (dg/min) (g/mL) MI Density
(dg/min}  (g/mL)
1 0.43 19 0.925 45 10 0.938
2 0.20 15 0.924 50 24 0.939
3 0.11 7.5 0.923 45 9.5 0.939
4 0.17 22 0.925 55 51 0.942
5 0.51 .35 0.926 54 48 0.939
Cé 0.30 23 0.925 50 47 0.949
Cc7 0.24 21 0.926 50 49 0.941
C8 0.11 2.6 0.938 48 125 0.954
C9 0.11 1" 0.939 48 140 0.954
Cc10 0.7 - 0.924 - - -
C11 0.7 - 0.927 - - -
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2 13 0.55 145 3 13 1.4 250 4 13 1.0 186 5 13 0.49 147
C6 13 0.29 <50 C7 13 0.30 <50 150 4.3 830 2 50 >

w6 20070832043 50 > 6.5 > 1950 4 50 > 6.5 > 1950 BCHWSA008/000398
760 C6 50 1.9 231 C7 50 1.7 198 1 100 > 6.5 1100 2 100
> 6.5 > 1950 3 100 > 6.5 > 1950 4 100 > 6.5 > 1950 5
100 > 6.5 1260 C6 100 3.6 541 C7 100 3.5 487 C10 100
2.9 363 Cl1 100 2.9 390 Table 5 shows the results for
films blown in-the-pocket. Superior filmproperties
are achieved for polyners made by the process of the
i nvention. The precedi ng exampies are neant only as
illustrations. The foll ow feh Bbarte def1 ne the
i nverdolymar wmplemumbeﬂ Fil; thickness vamﬂihlﬁﬁﬂiﬁr"@és Dart Drop (g) _
polyrrer|2|ng ethylene with a B-Cio alphgsleflnlfﬁg
two slurry rgactl on zones in 1

e presence 250
single-site gatal yst system cmmprising an agt i vat or 186
and a supporfed Goup 4-6 tratssition netalb48onpl ex 47
produce pol hyl ene, wherei ni¥rom about 8%t o0 abouf 3
75 wt. % of the

1 50 4.3 880
2 50 > 6.5 1320
3 50 > 6.5 > 1950
4 50 >6.5 > 1950
5 50 4.8 760
C6 50 1.9 231
Cc7 50 1.7 198
1 100 >6.5 1100
2 100 > 6.5 > 1950
3 100 >6.5 > 1850
4 100 >6.5 > 1950
5 100 >6.5 1260
Cé 100 3.6 541
Cc7 100 3.5 487
C10 100 29 363
C11 100 2.9 390

Table 5 shows the resuits for films blown in-the-pocket. Superior film
properties are achieved for polymers made by the process of the invention.
5 The preceding examples are meant only as illustrations. The following
claims define the invention.
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pol yet hyl ene is produced in a first reaction zone wth
a hydrogen to ethylene nolar ratio in the vapor phase

wohod7rosm7about 0. 00005:1 to about 0.01 : 1 to pCOASEZ®7200398

first-zone material having a nelt index of from about
1 to about 300 dg/mn which is transferred as a slurry
to a second reaction zone having a hydrogen to

ethyl ene nolar ratio in the vapor phase of from about
0. 000001 :1 to about 0.003:1 to produce polyethylene
\MVVﬁC@"brnDdal nol ecul ar wei ght distribution,

density of fr g{acaggl%h.& o fglség%lyrﬂe%n%/é%g} %me Q\Wﬁlw 8 Cg-Cqo

melt index of from about t o abou

TRIPhSrejeda dn byo éluawmefcmz@n% m@ewﬁwcmf@émgww@w catalyst

blsQ¥ar r&bhﬁmsp@cbﬁtam%axaaﬁd lams Dpyb iy @rbbbc*&%eﬁénélﬁon metal
13 mcrons, has a dart drop. inpact stren%th of

t RYRPIEOIGLPr 9660?;P‘a'afﬁthy@“eTWé‘eﬁﬁ"&fe%a%?ut 5a'i°rf=ib2>ut % Wt % of the
wipelhyethyldri isd prddudeanni amnaeﬁt reSttic ﬁbﬁe Ivfith herfidebgd &) ethylene

- 0t faith 37 362 vapor phesBratfom Sbal @%"‘?ere' bt 0111 to

10

15

20

25

30

1 pwlsm.roel a figgteahermatesial g&%]@)ahmthMeﬁbf frbm Aloddl1 to about 300
10 a-olefin.is added to the second reacti zone. .
6ol Rpheis, Bapstefter ot ARG, 5 kbR (Hason e, having
vvdaygltmgeoftoteltiwlerm alolat rat® irothe-v@pef iphpseé of érddeabdun oLoEn001:1 to

S AN n a oI
TSEB0E 6554 95 FBE8 ol fy(ene w20 iinBal Spolgeular weint
i §i8¢ﬂﬁmﬁ9ned dﬂnsaywérﬁ[wl abautc0.81 16 rabous DA g@@@(:an@ a melt index
m#}f}] F claiml wherein the
t ene’ as a nsHyc’ﬁfromabout 0.915 to
about @ 925The @ieaessoof daien Jrwhierein Hte polyeinyenghwhenrplown in-
t hge- B@él&é‘?ﬁrﬂﬁ'e@ﬁﬁn Rasing éjﬁﬂékﬁe‘és%ff 1f3r ﬁfﬁr@n@%sté’ d3rt¥H8p impact

g/cm 3 process claim 1 wherein the
tPHﬂ%Qtf‘loéIQr?ﬁiﬁmhaé'cﬁﬁﬂuéiog@l'ﬁ"ﬁﬁns at | east one bridged

i ndenytal ndofyé pro@sadof didim ENXHhBFIFARE dirt Y Mpact strength is
in the transition netal conplex incorporates a

Gp er4t gpaReHt 1 6O and at | east one aryl oxy

| i gands. The process of claim 1 wherein the Cs-C1o a-olefin is 1-octene.

5. The process of claim 1 wherein greater than 50% by weight of the
total Cs-C1o a-olefin is added to the second reaction zone.

6. The process of claim 5 wherein greater than 80% by weight of the
total Cg-C10 a-olefin is added to the second reaction zone and the Cg-C1g a-olefin
is 1-octene.

7. The process of claim 5 wherein each zone is operated at a
temperature of from about 60°C to about 100°C.

8. The process of claim 1 wherein the polyethylene has a density of
from about 0.915 to about 0.925 g/cm®.
9. The process of claim 8 wherein the polyethylene has a density of

from 0.920 to 0.925 g/cm®.

10. The process of claim 1 wherein the transition metal complex
contains at least one bridged indenylindolyl ligand.

11. The process of Claim 1 wherein the transition metal complex
incorporates a Group 4 transition metal and at least one aryloxy ligand.
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