WO 2006/ 138007 PCTI US2006/ 018746 SI NGLE CATALYST LOW MEDI UM AND HI GH

DENSI TY POLYETHYLENES FIELD OF THE I NVENTION 5 [0001] The present invention
rel ates to single-catal yst conposition production of |ow, nediumand high
density povgeddensseores Wi t hout the need to change the ¢giralsydkozofgRosi tion,
and relates particularly to the production of nmediumand high density

pol yet hyl enes using a catal yst conposition that is al so capabl e of

produci ng | ow density pol yet hyl enes, and nore particularly, to the
production in a 10 | ow pressure reactor of medium and high density

pol yet hyl enes at high roductivities under varying conditions of conononer
and hydr ogen. BACKG?@&B;@E WWEWW\IWB%M nost studi ed

net al | ocenes to date arefﬁﬁ@ﬁh;m?@dim@ i Nﬁ§ based npbno- and

bi s-cycl opent adi enyl netall ocenes. These catal ysts, in particular,
zi rconocenes, are known to produce | ow density pol yethyl enes-those having a

density of aghal 930 g/ cnB-at an advantageously high activity
b Qg TP e

under many 1Yp midi tions. However, it is known that the nost

studi ed 3ret @bd1pcendhe peeseldifvetitonlated tosiHgle-chiaBiREéonttBitioh praaattsyi hyl enes 20
t hose whose density is above 0.930 g/cnB8-at a _productivity that is

ve 0.9 A
comer ci al | §f lo¥e ssdivapprd highdengitygpolyethenes Withopinthe maed-to Frapgetticr) NS 12- 14
(J. Schei rs vV, LASK Yand AN OO hedifihr idyer nore, it
i s known th%t yshfglrﬁgg;eln r’e%llu?glgte% ﬁéﬁﬂg{rﬂo ct&%?&qg@%oé? ﬁelta {chenes. See,
e.g., J.B. Phigltdensty palyathyleries ublagiactagadyst rcoBipayitiGrOthvib/iRalREADEDIENDENG NEERI NG
131-200 (1995). .25 This is i sadvantage in.that hydrogen i.s useful (and
Tost of ton PBtERle debelly pityEnadEN a0e Atee pric hdy T Bgnoh e
pol yet hyh enpwbgirétgure’ fAbOLE Cof Riedl8T ahd highJdensith- pélyslByleaes) at” @sdhns bei ng
desirabl e for such applications as rotonolding and _injection nolding
products. | profuctiyjtics updeyivaryingcanditiensiof comapomer apd hydrogd. desirabl e to use
t he sane catal yst conposition when transitioning between high, nedium 30 and
| ow density pol yethyl ene products in a single or nultiple reactor(s), and
avoi di ng t hBACKGROUNI2 &F THEINMENIEQN change cat al yst conposition in order
to achi evemsldzﬁ ter %’rﬂg hés 'sgldﬁ)er(ioglgt%ﬁgdcnéslto date are titanium and zirconium

15 based mono- and bis-cyclopentadienyl metallocenes. These catalysts, in

particular, zirconocenes, are known to produce low density polyethylenes—those
having a density of about less than 0.930 g/cm’—at an advantageously high

- activity under many types of reactor conditions. However, it is known that the
most studied metallocenes to date do not produce higher density polyethylenes—

20 those whose density is above 0.930 g/cma—at a productivity that is comrﬁcrcially
acceptable. See, e.g., 1 METALLOCENE-BASED POLYOLEFINS 12-14 (J. Scheirs &

W. Kaminsky, eds., John Wiley & Sons 2000). Furthermore, it is known that
hydrogen reduces the productivity of most metallocenes. See, e.g., J.B.P. Soares

and A.E. Hamielec in 3(2) POLYMER REACTION ENGINEERING 131-200 (1995).

25 This is a disadvantage in that hydrogen is useful (and most often necessary) for
increasing the melt index (I;) of the polyethylene being produced, higher I, (e.g.,

5-50 dg/min) resins being desirable for such applications as rotomolding and
injection molding products. It is also a disadvantage in that it would be desirable

to use the same catalyst composition when transitioning between high, medium

30 and low density polyethylene products in a single or multiple reactor(s), and
avoiding the current need of having to change catalyst composition in order to

achieve different resin products.



WO 2006! 138007 PCT/ US2006/ 018746 [0003] Metall ocene derived resins have
many advant ageous properties that provide commercially attractive products.
What woul d be desirable is a netallocene catal yst conposition that is

capabl e ofvopoeidgdong nedi um and high 5 density poIyeth*h?ﬁ?amgﬁgﬁpnnerC|aIIy
attractive productivities, especially polyethylenes use I n rotonol di ng
and injection nolding applications. Further, it would be useful to provide
a netallocene that is capable of being used to produce a wi de nelt index
and wi de density range of polyethylene resins at comercially attractive
productivities. The inventors here have di scovered such a 10 catal yst
conposition and process for producing these resins. [0004] Background

ef er ences (g Uyl foesPALEAled Rin 30 nBAD a0, SUMBR p R JLEAVENT] O 15

[0005] One "aspect Invention 1S neri zing ol efins

conpri si ng peavide commesdidilyl atimctivet paodpenstl aNhair @usldr de odlesfrablé eiasé 1300 kPa in
one enbodlne

and ional Ly one .or e ol efins th cat al yst
Compos (1 o aAHoReTe B PR Bl corbiop e Sig melobn mtigh
pol yner iszatdefdity’ @85e@ilend R cHIASRING Qftrab®@S prédietit#iedOCspebaily wherein the
cat al yst congg ion conprises a 20 hafnocene; and i solating a polyethylene

havi ng a d@abjethylenes wsgiul mm@n@ﬂmgmﬁﬂnmugg@nq 1éing appigatipnsndurthen061 Anot her
aspect of {1 Bvﬁé"hé ?r"o%d EEARGkRE tﬂé?'lel’:ﬁge}b"ﬁif ) b%\x?f s0§ o CONPI i Si ng

combining e ene an onal' l'y one or a 25 catal yst
conpositio rpmduca apwidy:nmelt Znadexoandr wairet demsicyo nquge afnpplpathylerer repias tat cl es at a

pressure of |ess an 10, 000 .kPa; i sol ati ol.yet hyl.ene having a
density in® F‘H@“‘tlaa& fracfive P@m’ﬁ“@}fﬁ e@vgrygrsgﬁgﬁgee\%gqvgf/ ﬁéa bul k density
of the ypol Yaflyst Mﬁomﬁbﬁandﬁo&s@ﬁigfodhaﬁgﬂfésélﬁsﬁé cnB at a nolar ratio of
conononer to ethylene that " ranges from 10; and wherein the catal yst

conposition is not altered when 30 producing resins within the density

range. -2 \%3?]006l§§?g8§n$gér%§?{uﬁéﬁ7§§awh %76]9%% sanot her aspect of the

invention i's to a'ne onin single reactor froma
first polyethylene product to a second polyethylene product, conpri sing:

SUMMARY OF THE INVENTION

15  [0005] One aspect of the invention is to a method of polymerizing olefins
comprising combining ethylene, at a partial pressure of at least 1300 kPa in one
embodiment, and optionally one or more a-olefins with a catalyst composition in a
polymerization reactor, preferably a continuous polymerization reactor, at a
pressure of less than 10,000 kPa; wherein the catalyst composition comprises a

20 hafnocene; and isolating a polyethylene having a density in the range of from
0.930 to 0.975 g/cm’.
[0006] Another aspect of the invention is to a method of polymerizing olefins
comprising combining ethylene and optionally one or more a-olefins with a

25  catalyst composition in a polymerization reactor comprising polymer particles at a
pressure of less than 10,000 kPa; and isolating a polyethylene having a density in
the range of from 0.910 to 0.975 g/cm?; wherein the bulk density of the polymer
particles is greater than 0.40 g/cm3 at a molar ratio of comonomer to ethylene that
ranges from O to 0.10; and wherein the catalyst composition is not altered when

30 producing resins within the density range.



5 (a) operating the reactor at a pressure of |less than 10,000 kPa with a
first nolar ratio of hydrogen to ethylene and a first nolar ratio of
conononmer to ethylene; (b) withdrawing a first polyethyl ene product; (c)
al tering swoeeoé138@tzh of the nolar ratio of hydrogen topefp¥oiiisad 10 the
nol ar. rati.o.Qf _conpnoner_to ethylene to achieve a second nolar ratio of
hydr ogen to ethylene and a second nolar ratio of conononer to ethylene; and
(d) withdrawi ng a second pol yet hyl ene product; wherein the transition takes
pl ace using the sane catal yst conposition and 15 wherein the density of the
first polyethylene product is |less than or equal to 0,920 .g/cnB, and the
density of [0 se&ﬁﬁd‘n ?ry%?Fﬁ}l‘grfEeb‘F"Gaﬂ?ﬁ 15 © @l‘l@g}oérfofﬁ’élﬁﬂg?%ual to
0.935 g/ cn%vithﬁlpmﬁhf@&émgglbnamfshsélyaﬁﬁeﬁé profiudt @?ak%\gﬁg?gg&rh Rnd 0 @

pol yet hyl ene particles havi ng”an average partic nging fromO0. 4
to 0.8 nmm pwidsctecomprisingeast 80% of the particles are from35 to 60 nesh in
size, the particles having a bulk density of greater than 0.40 g/cn8 and a
gradient density of from0.930 to 0.975 g/cnB, and possessing from0.001 to
4 ppm of haf ni ugg)mret gleratiad thORAEbr N4l pesdur@BPlebethar IPHOD kP witkea i Nnvention is
to a catalyst conposition and use of a_ catal yst systemconprising a

cat al yst coWsanlairatio gk hydgoges to sthylege and,a first gnolar K‘}/@f FYRUIER A ng a

mol ecul ar \wgiv@at. distribution of from2 to 15 in a single reactor and

havi ng a hexgne ‘extractabl es value of less than 2 % and further, the

cat al yst conponént cwpbdshwingfa firstipolygthyleng ptddyttenes at a density range of 30
from0.91 to 0.975 g/,enB. -3 2006/ 138007 ..PCT{ US2006/ 018746 [ 00101 These
aspects may be zcénbi ﬂ‘?&n%\nofl?lo% 8€gjee q&ﬁﬁaﬂsﬁgﬁy P%e@l%seég?enﬁélp into
descri he t g mowerhtic 6f somordmidrito [EGTERERb| Lohict¥ aTddboddRAMIANGRi® of 0011] Figure
1 is a graphical representation of data from Tables 2-4 plotting the

r el at i onshihydigensesthylene apdia saegrad melapptiof Gomonamey &y ethylens 28¢m| es as a

function of 1-hgxengid@afind¥lsefmdPlyRihyleat bdud; t he reactor; [0012] Figure
2 is a graphical representation of data from Tabies 2-4, plotting

wherein the transition takes place using the same catalyst composition and

15  wherein the density of the first polyethylene product is less than or equal to 0.920
g/em’, and the density of the second polyethylene product is greater than or equal
to 0.935 g/em’.

[0008] And yet another aspect of the invention is to a polyethylene particles

20 having an average particle size ranging from 0.4 to 0.8 mm, wherein at least 80%
of the particles are from 35 to 60 mesh in size, the particles having a bulk density
of greater than 0.40 g/cm’ and a gradient density of from 0.930 to 0.975 g/cm’,
and possessing from 0.001 to 4 ppm of hafnium metal.

25  [0009] And yet another aspect of the invention is to a catalyst composition and
use of a catalyst system comprising a catalyst component that is capable of
making a polyethylene having a molecular weight distribution of from 2 to 15in a
single reactor and having a hexane extractables value of less than 2 %, and further,
the catalyst component capable of making polyethylenes at a density range of

30  from 0.91 to 0.975 g/em’,



e

10 the relationship of the catalyst productivity in the inventive exanples
as a function of 1-hexene concentration in the reactor; [0013] Figure 3 is
a graphical representation of Conparative exanples (bis-

al kyl - cyclvwpenkastoeny! ) zi r coni um di hal i de) catal yst co i oductivity
and 15 pol yet hyl ene copol ynmer density as a function O?PT@%%%QE@R#O et hyl ene
nolar ratio in the gas phase pol yneri zation reactor operated under
conditions simlar to that described in the Exanples; and [00141 Figure 4
is a graphical representation of data from Tables 2-4, plotting 20 the
relationsh%&Hbetmeen pol yet hyl ene density as a functlon of melt index (M,

12)  wher e U nunbisss aspssts @iy tberombingg With verinus sepbodineatscdischespd ¢

conposi tion, ddcdib¥ ifeinftlof e dashed line is an estimate of the
honopol yner ereng)i ty over l?ﬁégl R}?@Fr ange of 0.05 - 200 g/10m n. 25 DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0015] Aspects of the present invention are

directed t nsity (0.930 to 0.940 g/cnB) to
hi gh densit mﬁsggfl%fgﬁﬂ?ﬁlﬂmwgs in a polynerization reactor
using ascatigdiyst CPIBRASI {siaRaphital repRSSRATMOf dataFRMEAKIERD-U Yplagiagpt abl e
producti vi I%‘%V\,hen producin Iow density (0.910 to less 30 than 930 g/enl)

pol yet hy| erfBarelatgnshiphety CaéﬁlY&{ﬁ@dPPF%thmtIN%e@mP&SWéﬁ figgrction r ansi t i oni ng
fromthe pr&qqﬁe&%&%gﬁ%ﬁmj}&magmllﬁmeggicy&t hyl ene to a nedi um and/or high

density pol yet ene Is transition can take place without stopping the
-4 WD 2006/ 138007 PCT/ US2006/ 018746 poI yrrerl zation process, and/or w t hout

changing t oly fi.cl e .be |nS| q r|z ,on r.eactor.

"cat al yst g@%@o [:F‘r‘g“\pgiléﬁeg% TR ?téo (ﬁ;la ﬁtflea%ée@?tgg €known |n t he
art cap@bl andfelfdhstiyafi thgcdtdlgst @ﬂidma@ﬁtyaa&neqnv@hveémpmas afeReieRr s (and
optionally cormnorrer s) to produce polyethylene. In a preferred 5 enbodi nent,
the catal y<f é@%oﬂ?e@ﬁa%ﬁ%mesfé%ct% haf nocene; in a nost preferred
enbodi ment, the catal yst conposition conprises a catal yst conponent

consisting of a hafnocene. The various aspect of the invention can thus be
descri bed H9013kconbFigurd dirsa gfaphinal reprosemiationtof Qosipaiative ﬁml[lnle}l@ﬂs One aspect

Conbi i ng AORyRsal b TR AR R ToleG B Bl iy a0 2 et

15  polyethylene copolymer density as a function of 1-hexene to ethylene molar ratio

in the gas phase polymerization reactor operated under conditions similar to that

described in the Examples; and

[0014] Figure 4 is a graphical representation of data from Tables 2-4, plotting

20 the relationship between polyethylene density as a function of melt index (M, 1)
where the numbers for each data point represent the catalyst composition
productivity and the dashed line is an estimate of the homopolymer density over the MI
range of 0.05 - 200 g/10min.

25 DETAILED DESCRIPTION OF THE INVENTION
[0015] Aspects of the present invention are directed to methods of producing
medium density (0.930 to 0940 glem®) to high density (> 0.940 g/em®)
polyethylenes in a polymerization reactor using a catalyst composition that possesses
a commercially acceptable productivity when producing low density (0.910 to less
30  than 0.930 g/cm’) polyethylenes. Another aspect of the invention is a method of
transitioning from the production of a low density polyethylene to a medium and/or

high density polyethylene. This transition can take place without stopping the



conposition in a polynerization reactor at a pressure of |ess than 10, 000
kPa in order to produce a polyethylene having a density in the range of
from0.930 or 0.935 to 0.965 or 0.970 or 0.975 g/cnB while naintaining the
catal yst wotheeidsvoty. The 15 desired density range m"i‘cﬁﬁ%ﬁé/«gﬁ - 1)%

conmbi nation of any lower Iimt with any upper limt as described herein.
Preferably, the catal yst conposition conprises a hafnocene. Unless

ot herwi se indicated, the "density" referred to throughout is the so-called
"gradient” density (Sanpl e preparation nethod ASTM D4703-03; density test

nmet hod, gr ent. col um er AST 05 03 0017] The "hafnocene" is a
cat al yst cd’r‘?{y *L‘UOB(?F&?F mdgpr N‘h8ut° prgiug ?P‘%W‘Frsp .qbfgeﬂilﬁed{hgnyl -type
conpl exes  QolyhkiRhtioNreactdr. onec@ﬂmdb nt”tifl6ne oliRRAN Ay Bivticdlype | i gand
conpri ses cycl opent adi enyl or Ilgands i sol obal to cyclopentadienyl and

subst i t ut edPeaiesskuag ithdeeast camRblsr efs eatalyaing eheepelympériationt of Ieﬂg’éﬂnds i sol obal
to cycl oper}ltl&g

benzi ndenyl, E‘%ﬂa}ndpﬁﬁ aﬁé/r%‘gr P‘}%psé Eh?cfhﬁ&tg‘;‘?@ ’teff:1 g

cycl openst a@yrﬁioddmdemmwﬂﬁheo&ﬁpﬁshfonnﬂﬁipyikcs a3haﬂndaemzﬁﬁ humsepgefmee-
phenylfluore 8-Hc ent [ a].acenapht hyl e 7H—d|benzoflu renyl,

i ndeno[ 1, 2 e@] HWWPEH@ Cy[ak’ﬁ L?Rj‘é?’r? T15eg %%%H@FPQPS? S\ ogenat ed
versions thehgbceh€: OThe Gmﬁuﬁ asp éc?%?&ﬁé’%@nﬁ&?% R be Hédcﬁge@ bgnd
substituted 30 versions t ereof I n one enbodi nent, the hafnocehe is an
unbr i dged Isombingtjensoptiaembediments herfilocene and substituted versions t her eof .
I n anot her enbodi nent, the hafnocene excludes unsubstituted bridged and

unbri dged bis- -5 WD 2006/ 138007 PCT/ US2006/ 018746 cycl opent adi enyl
haf noceles,[0m@éd unGubaspedt of ﬁrd;inerséﬂg&tbnamdlsmnbem@tgﬁcboﬂymerlzmgdﬁefyis haf nocenes,

"unsubstitut ed" Jreani_ng t here are_onl dr| d rou bqund to the
oS and RTBRHEE CaPBURE OB ietod ooBPei n oy hot el RBER ARt i % n the
present i n\&%ﬁﬁbﬁﬁ@ p@?meﬁﬁiﬁbﬁ‘%&&b?ﬂ atpyesslh@ofhesrsrm&nqobob@@m dller 1S

haf ni um : XP (1 0O wherein nis 1or 2, p 1, 2 or 3, each Cpis

| ndependenttP)PKHlu@%/@ pdpjehulm hawipe a dangishin the range pfg&m 0.9301 as19:935t te _
190, 2550k Q0% e S S BE Sl I el 1 ane

15  desired density range may comprise any combination of any lower limit with any
upper limit as-described herein. Preferably, the catalyst composition comprises a
hafnocene. Unless otherwise indicated, the “density” referred to throughout is the
so-called “gradient” density (Sample preparation method ASTM D4703-03; density
test method, gradient column per ASTM D1505-03).

20  [oo17] The “hafnocene” is a catalyst cofnponent comprising mono-, bis- or
tris-cyclopentadienyl-type complexes of hafnium. In one embodiment, the
cyclopentadienyl-type ligand comprises cyclopentadienyl or ligands isolobal to
cyclopentadienyl and substituted versions thereof. Representative examples of
ligands isolobal to cyclopentadienyl include cyclopentaphenanthreneyl, indenyl,

25  benzindenyl, fluorenyl, octahydrofluorenyl, cyclooctatetraenyl,
cyclo;;entacyclododecene, phenanthrindenyl, 3,4-benzofluorenyl, 9-
phenylfluorenyl, 8-H-cyclopent[a]acenaphthylenyl, 7H-dibenzofluorenyl,
indeno[1,2-9]anthrene, thiophenoindenyl, thiophenofluorenyl, hydrogenated
versions thereof (e.g., 4.5,6,7-tetrahydroindenyl, or “HsInd”) and substituted

30 versions ‘thereof. In one embodiment, the hafnocene is an unbridged bis-
cyclopentadienyl hafnocene and substituted versions thereof, In another

embodiment, the hafnocene excludes unsubstituted bridged and unbridged bis-



halides, Cl to C1O alkyls and C2 to Cl12 al kenyls; and wherein when nis 2,
each Cp may be bound to one another through a bridging group A selected
fromthe group 15 consisting of Cl to C5 al kyl enes, oxygen, al kylam ne,

si |yl - hydmomzméoasso7 and si |l oxyl - hydrocarbons. An exanptfu@iooddishe C°

al kyl enes include ethylene (- CH2CH2-) bridge groups; an exanple of an

al kyl am ne bridging group includes nethylamde (--(CH3)N); an exanple of a
silyl -hydrocarbon bridging group includes dinethylsilyl (-(CH3)2Si-); and
an exanpl e of a siloxyl-hydrocarbon 20 bridgi ng group includes (-0-
(CH3)2SIi -0 )., In . a.particul ar enbodi nent. of, .t.he haf nocene represented in
fornul a (1)0?3'(:]\%%?%1%3'{15\3&05%5% a’bfllglglﬁbsbfu%él by P&s“lﬁgg?(ﬁgfséi n, the term
"substi t ut efdenpERdTRodehd] “LikEbstiafial enethOhat heren6 S855IB/IrAL dr@pst one noi ety
in place of one or nore hydrogens in any position, the 25 noieties selected
from such @eBubt theripgs agdap othgugedl-s (esp., F, O, Br), hydroxyl groups,
carbonyl groups, carboxyl groups, am ne groups, phosphine groups, al koxy
groups, phenyl groups, naphthyl groups, ClL to ClO al kyl groups, C2 to C10

al kenyl 5 grienagis, aPrefecabishi thatliafmseneh asefolf in Eheappdses mversionstart beed al kyl s

and aryls include b are not |.imi.t 1o, acyl radicals, alkylamno

radi cal s, 3G Wﬁ&aﬂ%ﬁ%g?ﬂ%99F$&J§§BSﬁ%BWH%1s, al kyl thi o radicals,

di al kyl am no radical s, al koxycarbonyl radicals, aryloxycarbonyl radicals,
car banoyl radicals, alkyl- and _dial kyl- carbanoyl radicals, acyloxy

radi cal s, acyl am no radicals, %@&ﬁgnino radi cal s, and ddnbi nati ons thereof.
-6 WO 2006/ 138007 PCT/ US2006/ 018746 [0020] Mre preferably, the hafnocene
useful in the present invention can be represented by the fornula: 5

( CpR5) 218 Xawiein nvibdrazi2; pdadh2©p 3, sach Cyy i ingependeily mydyclopgatadiemydd each is
bound to the hafni each i s iLndependent | el.ect.ed f.rom hydrides and Cr
Lo  Cl0' al kyieend b aiBepg $Bcball Sy dRerRERTTRy Yo Sad amibf Beel 577 s

sel ected f rvoihd e th@! Riuhd asD XSis Seieb@d Fond Y gr86p chiasistidg of Aydtide, C10 al kyl s
and C2 to Cl12 al kenyls, and nmore preferably i's selected fromthe group

consi st i ng 8HdesaCi tedsio alksylstagd €5 toxfieyalkenuls; ang yehersin herp intpfsCrand nost
preferably i ’ ot b St l+Qk | fluoride,
le be b?ﬁh&% &ft afnggi@}a X oG fggbu%vé [s‘&e&f:d fr6t tgé gfg)ﬁ

C to C5 al s and Q2 to enes. preferre odi nent, the
haf nocdfe iconsigsingesfeGi ¢l (hyalkydenes, oxyge), akyeuminensidildiydrogarbpess snd

siloxyl-hydrocarbons. An example of C; to Cs alkylenes include ethylene (—

CH,CH,—) bridge groups; an example of an alkylamine bridging group includes
methylamide (—(CH3)N—); an example of a silyl-hydrocarbon bridging group
includes dimethylsilyl (—(CHj3),Si—); and an example of a siloxyl-hydrocarbon
'~ 20  bridging group includes (—O— (CH3),Si—0—). In a particular embodiment of

the hafnocene represented in formula (1), whereinnis 2 and p is 1 or 2.

[0019] As used herein, the term “substituted” means that the referenced group
possesses at least one moiety in place of one or more hydrogens in any position, the
25 moieties selected from such groups as halogen radicals (esp., F, Cl, Br), hydroxyl
groups, carbonyl groups, carboxyl groups, amine groups, phosphine groups, alkoxy
groups, phenyl groups, naphthyl groups, C; to Cyg alkyl groups, C, to Cyo alkenyl
groups; and combinations thereof. Examples of substituted alkyls and aryls includes,
but are not limited to, acyl radicals, alkylamino radicals, alkoxy radicals, aryloxy
30 radicals, alkylthio radicals, dialkylamino radicals, alkoxycarbonyl radicals,
aryloxycarbonyl radicals, carbamoyl radicals, alkyl- and dialkyl- carbamoyl radicals,

acyloxy radicals, acylamino radicals, arylamino radicals, and combinations thereof.



15 one R group is an al kyl as defined above, preferably a C1 to C5 al kyl,
and the others are hydrides. In a nost preferred enbodi nent, each Cp is

i ndependently substituted with fromone two three groups selected fromthe
group conRghShdsAske®d nethyl, ethyl, propyl, butyl, angcirgesmesistdver eof. 20
[ 0021] . The pal yneri zation process is carried out in one enbodi nent such that
the catal yst conposition is heterogeneous. Thus, the catal yst conposition
conprises a support material in one enbodi ment. The support naterial can be
any material known in the art for supporting catal yst conpositions, npst
preferably an inorganic oxide, nost preferably silica, alum na,
silica-alum na, magnesium 25 chloride, graphite, magnesia, titania,

Zirconi a, i’db@o]”DntMQKe'ﬂréf@x!ﬁbl&?the%o@éne%bﬁhin &é%y&@nt%@éﬁﬁ@ﬁ"chry pphysi cal |y
nodi fied such as by fluoriding processes, calcining or other processes
known in th@r%ﬁentﬁdgﬁﬂ&fmmla!pr eferred enbodi ment the support material is a
silica material having an average particle size as determ ned by Ml vern
analysis of from1l to 60 m nost preferably 10 to 40 m 30 [0022] The

catal ys5 conposition conpri segCpRs)ddfN,vator. Any suitafdhe activator known
to activate catal yst conponents towards ol efin polynerization _7_ WO

2006/ 138007 PCT/ US2006/ 018746 nmay be suitable. In a preferred enbodi nent,
the activa i R ne such as
descri bed tgf/lfef]én%e%ﬁ é;dogr es gﬁgjﬂ%}%ﬂ Ii&%iﬁnq g{dg%aiﬁ ﬁ%@é’%ﬁ%ﬁ%&d | ON

ENG NEERI NGadBR- Botndependeily shestedafromohydrisles angr@f er £&hs wikyls, sugsport ed on t he

support mat el i . 10| tipgQ ) {,N o hafni um (A Hf ) ranging
from80:1 tpgé’fé%@.y 1}?@61@%%% ‘gtro agf yah@'gs %{n# gk %Z%?Elefeﬁ[ﬁu diﬂe 8“5"

" pol yrr}a(): z_al:bhmmgeﬁ_chlydnﬁde, f‘m}ebf:-‘ anCd %Idhﬂs taﬁcé :O@&c}(h{) alkeroyly) and rr:dng ?rt th(ﬁ)
is useful in producing. polyol efins an capafgh eng pqﬁé,ze at an
overal | pr@§§ng@Y§?13| L"§tefltf‘§wl s, BEKP PSSR P agﬁdéﬁ 2d ﬁ% &€ han 8, 000
kPa, and ewgd OyeS €, ik, ahd@Rloyt prédmblyamn éleQ@@ﬁlsEﬁhegfwB%%tﬁgw preferably
| ess than 0(50 kPa,” and nost preferably |less than 3,000 kPa. I n one

embodi ment chioride, fluoside.oF 1 tosCaatkyls rand fiwolesCs alkvlenesr Inrfemestrgjeferred mononer s

and, Cat al ¥ SbunoS TR fBfboRh s SOPHAeRNR Wy Holdhulk 05463, Yrbfih hledsf T eactor

15  one R group is an alkyl as defined above, preferably a C; to Cs alkyl, and the

others are hydrides. In a most preferred embodiment, each Cp is independently
substituted with from one two three groups selected from the group consisting of
methyl, ethyl, propyl, butyl, and isomers thereof.

20 [0021] The polymerization process is carried out in one embodiment such that
the catalyst composition is heterogeneous. Thus, the catalyst composition
comprises a support material in one embodiment. The support material can be any
material known in the art for supporting catalyst compositions, most preferably an
inorganic oxide, most preferably silica, alumina, silica-alumina, magnesium

25 chloride, graphite, magnesia, titania, zircohia, and montmorillonite, any of which
can be chemically/physically modified such as by fluoriding processes, calcining
or other processes known in the art. In a most preferred embodiment the support
material is a silica material having an average particle size as determined by
Malvern analysis of from 1 to 60 um, most preferably 10 to 40 pm.

30
[0022] The catalyst composition comprises an activator. Any suitable

activator known to activate catalyst components towards olefin polymerization



15 continually or regularly extracted fromthe reactor. Such polynerization
reactors include so called "slurry" reactors, "solution" reactors and
"fluidized bed gas phase" reactors. Such reactors are outlined by A E

Ham el ec @ufhode/Bedds Soares in  Pol ymeri zati on Reacti ONper/us2006/018746

Engi neeri ng- Met al | ocene Catal ysts, 21 PROG POLYM Sci. 651-706 (1996).

Most preferably, the polynerization reactor useful in the 20 invention is a
continuous fluidized bed gas phase reactor. Such reactors are well known in
the art and described in nore detail in US 5,352,749, 5,462,999 and WO

03/ 044061. [0024] .I.n one enmbodi ment, the "polynerization reactor” conprises
two or 25 mAyrte Suisahle.ofa prefersd; erabodiment.othe agtivatnr ds pR PNEOXARE: @B%bi nat i on of

react ors; ks @f‘eﬁf Qchy rheMRAl RO AE st b qesdﬁ%@&ﬁ)grm% Q0Ercs Gt £ | n anot her
enbodi nent pol ynerization reactor is a cdntinuous polynerization

react or corﬂ;mu@lemgn aB(i)eé’QLYMER eI%EmC@ION' CHGINEERING " 1 Ho2f) i(3993y t Whe et hyl ene
and, if preu% S egor@ u Vb of vmlllch are flovvedoonth 9us|ythrough
t he pol yne P rpé et P’CBys pprted g ‘BFF&}?P&%%@“‘-?% methe" of

conononsr, anfmlmi:ﬁscemmlum (A81fy Raging front8M1 BRE2008K Pid3s Srefbrétdy 60:Mpb ar rati o
relative tq the armunt of ethylene in the reactor. Preferably, the feed
stream or "é9é|e is provided to the reactor to maintain a -8 WO

2006/ 138007 PCT/ U82006/ 018746 continuous fl ow of nonomer and optionally
conononer, the ratio stated being a desired steady state |evel to produce a
gi ven type [@@31pol yelpolymerizdtioa 2&dctdrh cambeayoigiperefiteagpr knownuindhe ed bed

reactor, eam i.s dt y rlzatlo tion. As an

i |l ustrati (#Dtﬁ?t ltsﬁlgs%g)fny%%% P OI%SLE%fmd ﬁa&iﬁ]:‘? e e (ﬁéfa%led a reactor
in L | uilg gmvamnlplcaaim@afmstthmom@ﬁmmmre ﬁe&mwﬁﬁb thang 000 kP4, gad t anks, purge
tanks, and recycle c sors. In on nore enbo nt s e reactor

i ncl udes a SVERBIFGRAMe g‘%‘i’ i a%; 0 Q%Fﬁinrﬁnéa"c"%l’i"orwpf erggl\}'elFﬁcM reducti on
zone. The QRN add RPst ﬁ'&f 1&s vesh D00@KPI 19 ohO RPoMIRL,RAREL I Cl es,
formed pol yrer partl cles and catal yst conposition particles f1 ui di zed by

t he conti naeagtorf isow OfonsiBRgwssr reagior.c nagatingo dhat yinegorgers e afs CatabYSponent s in

the f f f d
e Lorm OlofiiindPat S8 Al EERURLS, | BN UGERARILRT, Zone
pref er dSl y centiydaliyier egalady extexsdd fene tltetﬂamtma Smbbbo%eﬁ@dimw@mo i ncl ude

include so called “slurry” reactors, “solution” reactors and “fluidized bed gas

phase” reactors. Such reactors are outlined by A.E. Hamielec and J.B.P. Soares in
Polymerization Reaction Engineering—Metallocene Catalysts, 21 PROG. POLYM.
SclL 651-706 (1996). Most preferably, the polymerization reactor useful in the

20  invention is a continuous fluidized bed gas phase reactor. Such reactors are well
known in the art and described in more detail in US 5,352,749, 5,462,999 and WO
03/044061.

[0024] In one embodiment, the “polymerization reactor” comprises two or
25 more reactors in series, those reactors being any combination of reactors;
preferably the polymerization reactor is one reactor. In another embodiment, the
polymerization reactor is a continuous polymerization reactor comprising a feed
stream or “cycle gas” comprising the ethylene and, if present, a comonomer, both
of which are flowed continuously through the polymerization reactor by any
30  suitable means. The amount of comonomer, if present in the reactor, can be
expressed as a molar ratio relative to the amount of ethylene in the reactor.

Preferably, the feed stream or “cycle gas” is provided to the reactor to maintain a



15 "condensi ng agents” as is known in the art and disclosed in, for exanple,
US 4,543,399, US 5,405,922, and US 5, 462,999. [0026] The fluidized bed has
t he general appearance of a dense mass of individually noving particles,
pref er abl ywesyedshysl ene particles, as created by the 2ErR8iwed@tdsON oOf gas
t hrough the bed. The pressure drop through the bed is equal to or slightly
greater than the weight of the bed divided by the cross-sectional area. It
is thus dependent on the geonetry of the reactor. To namintain a viable
fluidized bed in the reaction zone, the superficial gas velocity through

t he bed nust exceegl tt%e m ni rrun(}flowi'e quired for fluidization. Preferably,
the super f i OPEPIYREOYLPANOEIE §n¢ gpUfna 1 SQpoRORRsT, thergatior Hated PEHREAm f | ow

velocity. qegfrgméahysta&h@vel&Lﬁiﬂs&licbalgwengﬁ%o\f b@%ypé pdoes not exceed 1.5

m sec and usually no nore than O ft/sec s sufficient. [0027] In
general, the height to dianmeter ratio of the reaction zone can vary in 30

t he range out 2 1 t Qi of course n yary to
| ar ger or O[éor%g\b | er r?ﬁ °da‘%8 %fS%J%ndlﬁe ol?le%t 1%3Ct(c)lresa| ?‘88018?%%5{? i Bn capacity.
The cross- paesehl\@ow%@ﬂrﬁﬁaa%n%&&sm%é@ ioséatiors ef ttheo palynrfiegionf t he

velocity reduction zone is typically within the range of about 2 to about 3
mul tiplied 35§90 e @ eg%?é? eéﬁaqeaﬁwelaffw d corampRigaion witly GRE-0T MWBE28] The

vel 00l LY T CENGhigP NGk Bugls | REGEnki U5 rElBREADER. thconeT@act] on zone

and can be coni ape. name ‘suggests, the 5 velocity
reduction zlms embodgnemsemebwrt IgacluﬂeStmeaqam zboe in fluicheornmunieationd cr oss

secti onal a. re tiQon in velocity. d sth ntrained particles
into the ]gh a v&fcc re Cﬁ%n é?fé ;Ig %ﬁcg&n ér)I}'slﬁlylrIl]g%'agaf;'t| §I gsgrgwm{é flow from
t he ream or polyihétp angﬂa €otided @bl yrher pntﬁcrlénemﬂ eétalphecdnqumn patidldse recycl e

gas stream 2 The re cle st i sse .J.h a conpressor and

t hen passe u‘&‘ﬁé‘gg’é lhﬁ cHgng8 zPBR‘]’Q‘ YEngPeX Shefore it is
returned t %Jrﬁ}ﬁned%eﬂx thd BErm{1 88 naR& &P %&E‘mﬁ%@clesﬂﬁlﬁﬂh&ﬁkﬂ Yhefrel@h exchanger
whi ch can be of the horizontal or vertical | f desired, several heat
exchangers %ae bRrefamhlrybe meke-ypiead ingludese tlmbée @momn@r,cgaeaste gas stream
i n stages I SEY i1b| e t S tream from

t he heat exﬂchfg%lagle}ﬁe&gleﬂg arq flitn éél?tnégl %e;eq ‘g& % a(s?{eovgé)a heat

exchangl s. “céhdeasing @agérits¥gas isHemomacipcthe asttmﬂad"rsdlased in, for example, US
4,543,399, US 5,405,922, and US 5,462,999.

[0026] The fluidized bed has the general appearance of a denmse mass of
individually moving particles, preferably polyethylene particles, as created by the
20  percolation of gas through the bed. The pressure drop through the bed is equal to
or slightly greater than the weight of the bed divided by the cross-sectional area. It
is thus dependent on the geometry of the reactor. To maintain a viable fluidized
bed in the reaction zone, the superficial gas veloéity through the bed must exceed
the minimum flow required for fluidization. Preferably, the superficial gas
25 velocity is at least two times the minimum flow velocity. Ordinarily, the
superficial gas velocity does not exceed 1.5 m/sec and usually no more than 0.76

ft/sec is sufficient.

[0027] In general, the height to diameter ratio of the reaction zone can vary in
30 the rénge of about 2:1 to about 5:1. The range, of course, can vary to larger or

smaller ratios and depends upon the desired production capacity. The cross-



returned to the reactor through a recycle inlet Iine. The cool ed recycle
stream absorbs the heat of reaction generated by the pol ynerization
reaction. 20 [0030] Preferably, the recycle streamis returned to the
reactor gpg.do@iishe fluidized bed through a gas distrppeisfodbi®. A gas
deflector 1s preferably installed at the inlet to the reactor to prevent
contai ned polyner particles from settling out and agglonerating into a
solid mass and to prevent liquid accunulation at the bottom of the reactor
as well to facilitate easy transitions 25 between processes which contain

liquid in the cycle gas stream and those whj npt and yice versa. An
illustrati \?@3“8%%/ |age@tog?hesmthcatmr UcHen gqfieds Wﬁﬁ‘é@’ltg? tgﬁé%’cSFP aputn us
4,933, 149 ang abéat § nfd] 1173&%;, tﬂé@&%lse&{aﬁalc@éaadfxa%resaﬁa%hél on used in the

fluidized bed is preferab y stored for service in a reservoir under a
bl anket of [@28as Whiecyelodgityi wémtlmozqmaeha;tmrl@aer e diambetersthom the nit r ogen or

argon. The ¢ St ole} Itd ed tq.t act i stem or
react or a&ﬁg{n Yo i n?tn)"‘g‘s“g Bﬁg?“%épt’%%l qﬁgangs B8 € 35480 B 5058) 195007
PCTI USZeo6/v@1b&?y4&du¢1foafﬁihalsloyvsaﬁdaeloéley bihe rgaadhe antig)inéremeeictder directly
into the fluidi ed bc%gbff downst ream of the | ast he )ichangﬁ (the
exchanger fs%ﬁuf’ﬂ dfeay srP‘ih@&H?n}%ﬂszXfﬂioG’éY@’@P%Wée?‘F%% qqth Ycle line, in
whi ch case bE(Ii'ere@cch \d Qﬁadu%&eéhﬂaﬂk@ phifigles Bﬁ@ﬂ% 563 Vi Radibieryfat 0m @

di spenser. The cat l'yst corposition I's injected into the 5 bed at a point
above di st rgaperiting the avesheaprof fherredstoy is thheccyele ghsysreamonposition is injected
at a point in the bed where good m xing with polynmer particles occurs.
Injecting the catal yst conmposition at a point above the distribution plate
provi dag® gemd)sf acthergcyule stdakn iy &fm[ﬁe§sédlﬁ:dh2®d1pbesﬁbrpﬁidyﬂiem ipagtd on reactor.

10 [00321 The mers can be introduced into {he polyneriz n zone in
vari ous m;}%rovﬂ%l gﬁnt REChIpEL Eqne; ‘ﬁljwé% ¢ab i {emoaabhefaren%z ?ﬁa 'gﬁe bed or

cycle gas pell.Nghe TBR eﬂf&{bﬂg@’i&necﬁ@ ally a%‘ea%i&ﬂ@%r%ﬁ&n sdheel snf the bed
through a nozzle positioned above thé bed, which may aid in elimnnating

sone car rydwedronidl of vertieal typg. MSE%B@IC@&@C@,WW&&WMIOW&R@ up fluid
may be fed 5o r“%l% np%r(att{ﬂtre o‘fQF %Sg‘sr gt}%%nlr %P%tg%eg tl??s als§ FokMie ¢d N€

conposition o e-up's gas "anal'yzer.
15 locate the compressor downstream from the heat exchanger or at an intermediate

point between several heat exchangers. After cooling, the reéycle stream is
returned to the reactor through a recycle inlet line. The cooled recycle stream

absorbs the heat of reaction generated by the polymerization reaction.

20 [0030] Preferably, the recycle stream is returned to the reactor and to the
fluidized bed through a gas distributor plate. A gas deflector is preferably
installed at the inlet to the reactor to prevent contained polymer particles from
settling out and agglomerating into a solid mass and to prevent liquid
accumulation at the bottom of the reactor as well to facilitate easy transitions

25  between processes which contain liquid in the cycle gas stream and those which
do not and vice versa. An illustrative deflector suitable for this purpose is
described in US 4,933,149 and US 6,627,713.

[0031] The catalyst composition used in the fluidized bed is preferably stored
30 for service in a reservoir under a blanket of a gas which is inert to the stored
material, such as nitrogen or argon. The catalyst composition may be added to the

reaction system, or reactor, at any point and by any suitable means, and is

-10 -



The gas anal yzer determ nes the conposition of the recycle stream and the
conposition of the nmake-up streamis adjusted accordingly to naintain an 20
essentially steady state gaseous conposition within the reaction zone. The
gas analyg8hesisddePe a conventional gas anal yzer that pdehRbdbbifssd he recycle
stream conposition to maintain the ratios of feed stream conponents. Such
equi pnent is comercially available froma w de variety of sources. The gas
anal yzer is typically positioned to receive gas froma sanpling point

| ocat ed between the 25 velocity reduction zone and heat exchanger. [0034]

The productiqgn rate_ of polyolefin may be convenjently control|ed by

adj usting P r'r‘t&i’ég‘éﬁd r@éP%F%Em‘b&?&&iF@%ﬁmFﬁﬁé&“? i, flygized BeGPT i nj ect i on,
or both. gHh Yoft iHdad BEchhHef t a&HéEP%kﬁt?é&rﬂ nj ection
wil | changebt ﬁ%c%g ?eg‘%??agtn hr@?att e an th(gise %ﬁég%rléaét%ef at whic bheat is

gener at ed irelativiedo Bedlow)He the renysde e, irewbichtchse the agtivator 3t fedamtodhe er i ng t he

reactor is,adjusted to acco dat e ..an hange in. the. rate.of heat

Goner at | on e bR R AR MR HEGT Bdffposlon i SsB e 4607

PCT/ US2806h6d 8 4 oir 256V tlribYitdz Plaé.arFrefbRBRE tad tdtalysdtiedintpasitiesl is Conpl et e
instrunmentation of both the fluidized hed and the recycl e stream cooling
system i s, mfctedodiraseoint iadhe bed whersigepd mining Wik pRAYBEL PEUEGESi n t he bed so
as to enabl i : (- i : he:geontrol system
to make a gﬁf?%%?@?&?%é?%ﬁ?&ﬁn ét%ﬁe&l%%tggyrfcgﬂg%glg&?ggug#tpt e llroglgyg/égl e stream

[ 0035] Undeatisfactpry eperation of b flupkizedibied golymedzatioomeactorhe f 1 ui di zed bed is

mai nt ai ned at essentially a constant height by withdrawing a portion of the
bed as product at the rate of formation of the particul ate pol ymer product.
Since tibe nesy 10 OF Mesdmdsnah del BRodutediifiteCtheYypolphéiztot eotidén r at e of
product formation, a _measurenent of the tenperature rise of the fluid

acr oss t he VARustwYs ichiding direst wygction Hequebarngzale dutorthe bed qreyelegat ure and exit

fluid temaepa! ¢hehohsmdl A ald Yeaphyoh bficl it fop SFiindBid hiibRA nBLLY Tef
formati on at a const ant urd vel'oCity i f no or negligiblle vaporizable
liquid is positiened above the bed which maydid Ioeljmyipdbig sOmedéastynear pf fises parti cul at e
pol ymer pr%dlﬂ&:etc Heogg %t?e%ﬁlt or, it is desirable and preferable to separate

fluid fromrhe grodict and to return the fluid
15

[0033) | Make-up fluid may be fed to the bed through a separate line to the
reactor. The composition of the make-up stream is determined by a gas analyzer.
The gas analyzer determines the composition of the recycle stream and the
composition of the make-up stream is adjusted accordingly to maintain an
20 essentially steady state gaseous composition within the reaction zone. The gas
analyzer can be a conventional gas analyzer that determines the recycle stream |
composition to maintain the ratios of feed stream components. Such equipment is
commercially available from a wide variety of sources. The gas analyzer is
typically positioned to receive gas from a sampling point located between the

25  velocity reduction zone and heat exchanger.

[0034] The production rate of polyolefin may be conveniently controlled by
adjusting the rate of catalyst composition injection, activator injection, or both.
Since any change in the rate of catalyst composition injection will change the
30 reaction rate and thus the rate at which heat is generated in the bed, the
temperature of the recycle stream entering the reactor is adjusted to accommodate

any change in the rate of heat generation. This ensures the maintenance of an

-11 -



to the recycle line. There are nunmerous ways known to the art to acconplish
this separation. Product discharge systens which nay be alternatively
enpl oyed are 20 disclosed and clained in US 4,621, 952. Such a system

typi cal | ywpindeA¥snoRt | east one (parallel) pair of targ ool a
settling tank and a transfer tank arranged in series and having the

separ ated gas phase returned fromthe top of the settling tank to a point
in the reactor near the top of the fluidized bed. 25 [0037] In the fluidized
bed gas-phase reactor enbodinent, the reactor tenperature of the fluidized

bed process herejn ranges from 70C or 75C or 80C to 90C oqr 95C or 100C or
110C, Meréﬁ??ngﬁli’ﬁp?t |temperatyes, i the bed, Lomwlete isirpmentationRf bopifBe t enper at ure

limt combifigd,didel o880 ¥hel RWRIe SREMSIBEM §s etllisl of QRREN LR @R&LN- 1N
general, the reactor tenperature Is operated at the highest 30 tenperature

that is feasyibmperatuke phpngatio the dedirso ashto sinableeeithey the mperatiruerea of t he
pol yolefin product within the reactor .and .fouli t hat accur in the
Peattor o paplta felotlaic) e 3ipsth B anesss d sk ook 856 1 003ey
The progessemperith@ aftiRsesicld siéamt i on is suitable for the production of

honopol ynmers conpri sing ethyl ene derived units, or copol yners conprising
et hyl ene derived units and at |east one or nore other olefin(s) derived

its. Th i nal t : [ : 15 20 wt %
units € skl N3l yRREYE gwéneggrg{);agz?ﬁ%%gﬁ%ﬁﬂm 'tﬁ@ AR bk 4> or

conmononer derived units.” Pre e 1S honopol yneri zed or
copol yrer i zeantainedatzesseplially asomstamt beighithy Withdravdng e poéRiopaf Berbedtasns i n one

enbodi nent, _and from4 t 10. car.hon ato i et anot hgr enbodi nent, and
from4 to é’r%%%% ea{aben%f%mn 1on f@&aﬁﬁm@eﬂgﬁ?&ggﬂ u.CE'Eslé'ﬁe t{%F%"pref erably,
et hyl eng) i sofCho| peamraiigieds Vditebtlyl -relhfedbtst @ee raie df peodasee fortratibr i t he

pol yet hyl ene of the invention. [Q039] In order to maintain an adequate
cat al yst priBepsEenentof thefemperafretse Al the fvid serognthe reactos (the differense e t hat t he

et hyl ene i ) i r; greater than
190 pei a (TS0 RALY: Ml 1l ARE il ot Ay Bierditue) RAREBIAE obtne e 8" oy or

220 psi a ( 181Bctichlhy polymer femmatioh 2 al®nge@ fhid velochy pf 86 or megligible enbodi nent .
atany | ovePOPRRE Tipia i pRRFLG0be s Pou” Vel ghe per cent i ncor por at fon of
t he 15

[0036] On discharge of particulate polymer product from reactor, it is

desirable and preferable to separate fluid from the product and to return the fluid

to the recycle line. There are numerous ways known to the art to accomplish this

separation. Product discharge systems which may be alternatively employed are

20  disclosed and claimed in US 4,621,952. Such a system typically employs at least
one (parallel) pair of tanks compfising a settling tank and a transfer tank arranged
in series and having the separated gas phase-returned from the top of the settling

tank to a point in the reactor near the top of the fluidized bed.

25 [0037] In the fluidized bed gas-phase reactor embodiment, the reactor
temperature of the fluidized bed process herein ranges from 70°C or 75°C or 80°C
to 90°C or 95°C or 100°C or 110°C, wherein a desirable temperature range
comprises any upper temperature limit combined with any lower temperature limit
described herein. In general, the reactor temperature is operated at the highest

30 temperature that is feasible, taking into account the sintering temperature of the
polyolefin product within the reactor and fouling that may occur in the reactor or

recycle line(s).

-12 -



20 conononer into the finished polyethylene. This is expressed as a nole
rati o of conononer to ethylene as described herein, which is the ratio of
the gas concentration of conononer noles in the cycle gas to the gas

concent r afb2beAbsooet Nyl ene noles in the cycle gas. | n peiifysesibashzyent of
pol yet hyl ene production, the compnonmer is present with ethylene in the

cycle gas in a nole ratio range of 25 fromO or 0.0001 (conononer: ethyl ene)
to 0.20 or 0.10, and fromO0.001 to 0.080 in another enbodinent, and from
0.001 to 0.050 in yet another enbodinment, and from0.002 to 0.030 in yet
anot her enbodi ment, wherein a desirable range may conprise any conbi nation
of any upper limt with any lower [imt as described herein. The process of

the i nvent {(3sk; MY ThE pRdield 6UihBPrebedNAVARbL Y fldbleTof BRIprafhchbeds t he nol ar

ratio of a-olefin to'ethylene present in the reactor ranges from or is
changed wi bémepolymers reompaisingn yiameedela@dvemmt 198 eopolyimesy compidiieg i vity does

not vary % Qr % Qr 200 /1 80

PCT/ uszooe%‘?(%geﬁv%gﬂﬁ and 8 liég neg%{sm t{?ae alefiptiPagiied i P

pol yner Szalﬁtlﬂrpdlﬁﬂﬁﬂﬁfe(;&bdti@ m@mpﬁsetﬁbﬁa bitoals ¢ 2% @snonémer , | 21 and/ or
12, bulk density),. of th q et hyl ene conp05|t|on I n one enbodi nent, the
ratio of hylER¥gaRis. ontefFf%h ng ichomapghisifeized Qrappbmeratd Wiles) in t he

circul atinge ﬁas%c&ﬁ&ﬁﬁgfm Bl 92/00R af?)frnsflﬁ%me gmbB@i:rﬁ:ﬁt, hndl froff'g goodi ment
and from 0.10: 1 1 (50) in another enbodinment, and from O. 12 to

40 in yet afcutben a@mdmy%nnqthemmbbdmmt) ané from 4%0 8|qart5@gtat<am)mhaar
erbodi ot e LARAHAER, ARk Sn ERGRITRY FRTE iSCpRbinep BRI RATL | o0 of any

upper mol e escri bed herein.

The pr QOesfbutaﬁe 6ﬂ1leh¢men@m6f@mthayolyéﬂssdeﬂ&e)ﬂﬂ&rmvmbﬁrI y characterized in that
when the nolar ratio of hydrogen to ethylene present in the reactor ranges,
or is changed within, the ranges indicated above, the catalyst productivity

does not V?d'o.’is]by MR oRddr N8 Maditaitd £ ad%Qua({/e 9£ta1*}Q plodierivPGdt e F¥sent

“productivity”, what is nmeant is the nunber of grans of polyethylene
produced r évantione lttr@ nréferahlenthet the fethyleagrds pfesemtlaltly%reaetorrpbsupmt@h used,

untess ot hgfatag of BOLERL fhan 106 R FiOSLpS IPRR! i (1980 BECHH 3ig Y, can be

cal cul ated*a y the rate at
whi ch 16at @k1y$1450§<na$eﬂ moms(lﬂél ]ﬂ?a@;mh)i,les@rth:imylﬂ,mmmgnalpréfeﬁeq)r oduction

rate cal cul ate
embo! ent.

[0040] The comonomer, if present in the polymerization reactor, is present at
any level that will achieve the desired weight percent incorporation of the
20 comonomer into the finished polyethylene. This is expressed as a mole ratio of
comonomer to ethylene as described herein, which is the ratio of the gas
concentration of comonomer moles in the cycle gas to the gas concentration of
ethylene moles in the cycle gas. In one embodiment of polyethylene production,
the comonomer is present with ethylene in the cycle gas in a mole ratio range of
25 from O or 0.0001 (comonomer:ethylene) to 0.20 or 0.10, and from 0.001 to 0.080
in another embodiment, and from 0.001 to 0.050 in yet another embodiment, and
. from 0.002 to 0.030 in yet another embodiment, wherein a desirable i:ange may
comprise any combination of any upper limit with any lower limit as described
herein. The process of the invention may be particularly characterized in that
30  when the molar ratio of a-olefin to ethylene present in the reactor ranges from, or
is changed within, the ranges indicated above, the catalyst productivity does not
vary by more than 30 % or 20 % or 10 %.
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20 by the heat bal ance divided by the catalyst feed rate cal culated fromthe
feeder information (esp., rpms, fill efficiency, nunber of holes in the

di sk, volune of each hole, catalyst bulk density) ("heat bal ance"), or by

t he amuRyo9fesisebdual Hf  or A, preferably Hf, in therssiopomemposi tion.
This later method is preferred, but it is not alimting factor in the

I nvention as long as the productivity is determned 25 in a consistent
manner throughout the polynerization process under varying anounts of

hydr ogen, conononer, tenperature, etc. The anount of residual netal in the
catal yst can be determ ned by any neans known in the art. One nethod is by
using the technique of x-ray fluorescence analysis of H or Al residue: The

haf ni um anggoadjum NEYabEH ghd Gfay AEFRD biddkdi 0 th foRAleYidRIon! kRMrth e 30 cat al yst
are neasured by x-ray fluorescence (XRF), which'was calibrated to reference

st andar ds. conEol bt finelrprepesties (igarul and/opdy, duloAensivselothe mlyG@alea@ el evat ed
t t { h f -14
w0 2006/ 135000 DiOBa, BhbGutl e 865 ot hy BB 1o baibab o2, LE

net hod. SAt nwsmosnet (pprcHiGwolt% Qb) inrie cﬁrfculam gds, strearm lis mmrb@emﬂfﬁnﬂo ppm | CP- AES
woul d beas tablerre to dete m ne resj du prese in the

pol yet hyl eﬁ% 0 (Ibﬁﬂ%f“%‘?gmﬁﬁn&saé‘ﬁt ?‘Hv(émﬂo(hqp% t?hiﬁ) ggﬂ)t‘lncﬂ%o y useful for
transi ti oniehfhoditheht)@nd HBHFD. I%ero% £ ABTHEN SmBSRAG! arldSréin 0.159938lensi ty, | ow
12) to another product (e.g., P{ density, high 12), w thout the need to
change cat dfy¥st sanethep cunbodanent, whersm aadesexblnptaagsl maypeemprse @A i nvention
's a met ho%o%m@%r}’%?r g %eflrr?olé Qeft 8)1&' @zgr ?oQ{Q?'xﬂbﬂgraﬁ{> Nyhene and

optionally 'one or nore NS W T ositionin the
pol ymerloz atdesmibed dekain.; Wher gocest od that mlvyxstion mypaksotbeommmdpﬂy ses a

haf nocene, and wher.ei e rati o of olefin to ethylene
present in %ﬁéa?%zfétlﬁ Ehaft ﬂﬁﬁm@f’fmﬁlﬁ{ E?“P (5‘3’6‘:966“ fon?ihgﬁ’ieaﬁ’rﬁiefl eBfposi ti on
product i Vi tr¥acBRGangka! o & ¥hddped Witin!, RR ratigedtimlicatdd Ie, e Salgspd (b) when
the nolar ratio of the a-olefin to eth | ene present in the reactor ranges 15

from 0. 010 PFQdﬂgtlYLlWQWQHWWO@M%%QO&M%%IV| ty does not vary by
nore than 30 %or 20 %or 10 %relative to the productivity in step (a),

wherein steps (a) and (b) may take place in any order. [00441 I n anot her
aspect ,15t hgotdnvent Byn“produciivies, awhaet lhochehmtr i rth snumbeni ofg grams of

polyethylene produced relative to the number of grams of catalyst composition
used, unless otherwise indicated. The catalyst composition productivity can be
calculated any number of ways as is known in the art such as by the rate at which
catalyst is used (“mass balance”), or by looking at the production rate calculated
20 by the heat balance divided by the catalyst feed rate calculated from the feeder
information (esp., rpm’s, fill efficiency, number of holes in the disk, volume of
each hole, catalyst bulk density) (“heat balance”), or by the amount of residual Hf
or Al, preferably Hf, in the resin composition. This later method is preferred, but
it is not a limiting factor in the invention as long as the productivity is determined
25 in a consistent manner throughout the polymerization process under varying
amounts of hydrogen, comonomer, temperature, etc. The amount of residual
metal in the catalyst can be determined by any means known in the art. One
method is by using the technique of x-ray fluorescence analysis of Hf or Al
residue: The hafnium and aluminum residues remaining in the polymer from the
30 catalyst are measured by x-ray fluorescence (XRF), which was calibrated to
reference standards. The polymer resin granules were compression molded at

elevated temperature into plaques having a thickness of about 3/8 of an inch for
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20 within a single reactor froma first polyethylene product to a second.
pol yet hyl ene product, conprising: (a) operating the at a pressure of |ess
t han 3,000 or 4,000 or 6,000 or 8,000 or 10,000 kPa with a first nolar

rati o of RWydosededwet 0 ethylene and a first nolar rati @cafusseenpier to
ethylene; 25 (b) withdrawng a first polyethyl ene product; (c) altering one
or both of the nolar ratio of hydrogen to ethylene and the nolar ratio of
conononer to ethylene to achieve a second nolar ratio of hydrogen to

et hyl ene and a second nolar ratio of conononer to ethylene; and (d)

wi t hdrawi ng a second pol yet.hyl en oduct; wherein the transition takes
pl ace usi nghet ﬁ"éayswugﬂ?%ﬂ?ﬁta @ﬁﬁg‘iﬂqﬁ?ﬂ‘?‘ aég VeWn[é’iweF?PcFWéatlﬂg%é’%ty of the
first polyeiday RELaPPASWDLT ppsin, [EPARDFBuldbe@uRhblE thethod 28 det@fimifle 918 or 0. 916
or 0.912 g/cnB, and the density of the second pol yethylene -15 WO

2006/ 13800 metd1ysidupopEsept 8thepolpetbylenss i s greater than or equal to 0.935 or
0.937 or 0.940 glcnB. The nolar ratios of hydrogen to ethyl ene and conononer
to ethylene are as stated herein. This process can be carried out equally
i n revense (@a31vwel I TheRreseatriatdnyion ishtbusc@irdduyaty usefuirfoassahsiveninginahy desirabl e

catal yst conpositiopn known ip the art usef in. 5 polyneri,zi ol efi ns such
o At e SRS Babtof Rops herhsdicl B Tk dpfialo By ROt Dot eent sbl act od
f rom vanadipm &ﬁgi%@ hS B, Yitiout thé 1sd WNenRAGLOARObpoEiohd TR@, al yst s

(which may include a magnesi um conponent), Goup 4 netall ocenes, chrom um
and chrom @ SRy aspett coft tieyivendignpigss tethed o pplnesizings olefins

coor di nat | %ank%ﬁﬁc%gr%@iﬂ%ﬁ %th?rféﬁ{srp %ﬁgxo&»%oﬂal{yh Bhd! %Ptrﬁ’érg lq‘?élaﬁﬁsi demtate

am ne/irnine on’co S W Iron, p I'um ni ckel or

zi r conilm) .cathlyst copmpefidombiny thd hwlyadrzhyyai eanquoswheroin alonpoatadyss a cat al yst
conponent consisting of, a hafnocene.. [0045] In yet anqthey, aspect, the

i nvention SPLRPHRA %)%Sﬁ%a POPATY; ‘h’%ﬁ‘fln(@) w é‘ &}Fﬂlﬁq?f ré{l i°hdre reactor
froma fir glefiaOloyeth¥he pres@iit AHURS réRtoR M ol W YL DIYb.eme capilpduct ,
conprising: (a) operating the at a pressure of |ess than 000 or 4,000 or

6,000 or gowpositien prodwiyitk daes\iiof Mary byimere thag) 39 %roa 20 & er %?1% @8¢en to
ethyl ene aQﬁ) #hdd th8 tmolar ratio of the a-olefin to ethylene present in the reactor ranges
15 from 0.010 to 0.10 the catalyst composition productivity does not vary by more
than 30 % or 20 % or 10 % relative to the productivity in step (a), wherein steps
(a) and (b) may take place in any order.

[0044] In another aspect, the invention provides a methbd for transitioning
20 within a single reactor from a first polyethylene product to a second polyethylene
product, comprising:

(a) operating the at a pressure of less than 3,000 or 4,000 or 6,000 or
8,000 or 10,000 kPa with a first molar ratio of hydrogen to ethylene and a first
molar ratio of comonomer to ethylene;

25 (b)  withdrawing a first polyethylene product;

(c) altering one or both of the molar ratio of hydrogen to ethylene and
the molar ratio of comonomer to ethylene to achieve a second molar ratio of
hydrogen to ethylene and a second molar ratio of comonomer to ethylene; and

(d)  withdrawing a second polyethylene product;

30 wherein the transition takes place using the same catalyst composition and
wherein the density of the first polyethylene product is less than or equal to 0.920
or 0.918 or 0.916 or 0.912 g/cm3, and the density of the second polyethylene
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nolar ratio of comononer to ethylene; 20 (b) withdrawing a first

pol yet hyl ene product; (c) altering one or both of the nolar ratio of
hydrogen to ethylene and the nolar ratio of conmononer to ethylene to

achi eve aygepeindsdgp! ar ratio of hydrogen to ethylene @%@0&%9?%1 mol ar
rati o of conononer to ethylene; and (d) w thdrawi ng a second pol yet hyl ene
product; 25 wherein the transition takes place using the sane catal yst
conposition and wherein the 12 of the first polyethyl ene product is |ess
than or equal to 12 or 10 or 8, and the 12 of the second pol yet hyl ene
product is greater than or equal to 12 or 14 or 16,(|2 as neasured by

ASTM D- 1238rodugtggiesten dag gr equahito §935058. 7 L ar $H40 glemiv Breymalar yatiog 90/ 21. 6kg) .
30 [ 0046] . KodSs) I i he ctor is at

| east 0.4 gﬁg‘ﬁ?% ev(\)/haetfrllg;lg?é(; LCIIC‘I: ng g%?fo%%%%?%y?‘%n%%ﬂ Irﬂl:egr&ﬁ(} gi;lg%i ent density
of from - pfock¥® @O0 dBBED FutRLTAINSH) 06e0RE & 4cll. 0 PEIdraldy, theX3tlyso 0. 975

g/ cnB, and having a.conononer:ethylene ratio at an | evel i.ndi cat ed
Per o1 h. - BuFROERIIGN i CBOfALe faabaF Sampp By R tnehe B8R By oduct vi a a
718 inch dipgiyhiefifink WiHRls subl @s,duf hSCHmed tIRhék! thatd@mpeike 4QQtalwdB. The bul k
density was neasured as the weight of resin divided by 400 cn8 to 5 give a

val ue in gremponephpleriedinemm varadamn based splalysts ofitanine hasgdedieglsnNatiat o a net hod
of pol ymeri.zi i i,Si : Wl ionally one or
or o of eF et (Pth i, GRTRE «ShRBe AR o) ULiDR AR R et or
conpri si ng chomjuerandactromives ozile 1Asel patd g ucompobitibes st Hamoug B-000 kPa; and

i sol ating a pql yet hyl ene hayi ng, a densi in the.range of. fram 0.910 or
0912 or o celdmiior RSl Sty (€o aeniolh o rdRERE nKE B i dens ¢y
of the 1pol ¥6&dinRA6 | ohpfexts vattedlof] phlldiub), ARkel of . Arkoni@ing. M8 Mdst & nol ar

rati o of conmpnoner to ethylene that ranges fromO to 0.20; and wherein the
i dentity ofPrafefablyqthgcotalysiceompasition epmprischa catalysteqorpondnt sonsistagef ng 15 resins
wi thin the,qdegsk range. By the phrase "the catal yst conposition is not

al tered when producing resins within the density range", what is nmeant is
that the polynerization reactor operator nmay choose to first conbine the

ol efins an?oogﬂ In yet another aspect, the invention provides a method for transitioning
15  within a single reactor from a first polyethylene product to a second polyethylene
product, comprising:
(@) operating the at a pressure of less than 3,000 or 4,000 or 6,000 or
8,000 or 10,000 kPa with a first molar ratio of hydrogen to ethylene and a first
molar ratio of comonomer to ethylene;
20 ®) withdrawing a first polyethylene product;
©) altering one or both of the molar ratio of hydrogen to ethylene and
the molar ratio of comonomer to ethylene to achieve a second molar ratio of
hydrogen to ethylene and a second molar ratio of comonomer to ethylene; and
(d) - withdrawing a second polyethylene product;
25 wherein the transition takes place using the same catalyst composition and
wherein the I, of the first polyethylene product is less than or equal to 12 or 10 or
8, and the I, of the second polyethylene product is greater than or equal to 12 or
14 or 16 (I, as measured by ASTM-D-1238-E 190°C/2.16 kg; I,; as measured by
ASTM-D-1238-F, 190°C/21.6 kg).
30
(0046} Preferably, the bulk density of the polymer in the reactor is at least
0.400 g/cmj when producing any polyethylene having a gradient density of from

216 -



catal yst conposition under such conditions of hydrogen and conononer
concentrations that a | ow density pol yethylene (e.g., 0.915 g/cm or nedium
20 density polyethylene (e.g., 0.935 g/cn) is forned, then while injecting

into the wHBaRshiYt he sane catal yst conposition, the peaglsdfseRRed tions
al one are change such that a high density polyethylene (e.g., 0.945 g/cm

is formed, all at an advantageously high catal yst conposition productivity.
By "catal yst conposition” in this aspect of the invention, what is neant is
any catal yst 25 conposition known to be useful in producing polyethyl enes;

preferably Goup 4 netall ocene, .and nost preferably the catal yst
conposi ti oprgé%ﬁ’brorgégstoao-%gf #euermnd haypgsa Gorg I5HYeeHa e ahathe carri ed

out in theehavel §RlidleiCherdIat BhIR Iyéﬁftgl(siﬁ Mhaineaéui)édoyggﬁufmg s transition

of resin products, the bulk density stays advant ageous high as well as

t he cat al ypelymeonprogudt iviara yriochubiametern fppned dntp @dixed voluperepiindgr o4 t he desired
resin produci,t he.present inventi.on.s .suitable.for forpngsa broad range
of pol yet hff‘PenEheE%W’r'gS%‘fsg}‘r%’P%mﬁﬁamd-ai?‘Wl R R b RBED 010546
copol yn®r sgivPaeblme abpm’ t he pol yet hyl ene produced fromthe process of the

invention has a nelt index (12 as neasured by ASTM D 1238-E 190C/ 2. 16 kg) of
from0.01 to 200 dg/mn, and fromO0.01 to 50 dg/mn in anot her enbodi nent,

and 11 0m Rodn {0 oyl difeot 8 RN RonSTRO L RN ot REF BTy desi rabl e

range nmay conpri se any conbination of any upper imt-wth any lower limt
descri bed oleEnecomprising ¢embjninghethyleheyardrgptionalyneng dranae aroléfim/with (1 21 as
nmeasur ed bX AﬁTl\q OD 121 8-F, 190 dztl. 6 k?c){%) val ue. of I?élgm %rQ %o 100 in one
enbodi nent & SRS TR IO 'S FEIR" LASPHE RS ROHERT PYENES % om 12 to 30
in yet 1anoh pedssure b ds Han110,00018Piand dsolteihi raaful Rettiydeig chatiny acdeiigity se any

conbi nati on &; any 10 upper limt with any |lower |imt deisjcri RQed herein.
[ 00491 Thelhtieyaedsafdram 9%P o Qpily BSOS ) LuPl- O U HP T UBSHEY § but i on of
from2 to JRefelh SRS BIRAOLETER gg@,ﬂ{e #1ek q e (R308 86 or POdi Ment, and
from2.5to %e?ln ygot angﬁﬁgﬁ?erﬁ) di msfn?,gﬁar?d ? or?leg.S to 50irn yet anot her 15
enbodi ment glemnet eimlar rdiés pf coptamomantyecthenectbaiangss fromy 0¢0AtZ0nard on of any

upper [ im thgeinhm%qﬁerltﬂ%f tl'lei &aﬁysg%gl%%ﬁ&& ﬂeﬁ(ﬁiaﬂéregushegoﬁrxgﬁc%g enes have a

15  resins within the density range. By the phrase “the catalyst composition is not
altered when producing resins within the density range”, what is meant is that the
polymerization reactor operator may choose to first combine the olefins and a
catalyst composition under such conditions of hydrogen and comonomer
concentrations that a low density polyethylene (e.g., 0.915 g/cm®) or medium

20  density polyethylene (e.g., 0.935 g/em’) is formed, then while injecting into the
reactor the same catalyst composition, the reactor conditions alone are changed
such that a high density polyethylene (e.g., 0.945 g/cm®) is formed, all at an
advantageously high catalyst composition productivity. By “catalyst
composition” in this aspect of the invention, what is meant is any catalyst

25  composition known to be useful in producing polyethylenes; preferably a Group 4
metallocene, and most preferably the catalyst composition comprises a hafnocene.
This process of course can be carried out in the revefse also. What is useful is that
throughout this transition of resin products, the bufk density stays advantageously
high as well as the catalyst composition productivity.

30
[0048] Depending upon the desired resin product, the present invention is

suitable for forming a broad range of polyethylene homopolymers and
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hexane extractabl es value (as neasured by 21 CFR 177.1520(d)(3)(i)) of from
less than 2 %in one enbodinent, and less than 1 % in another enbodi nent.
20 [0050] As stated throughout this specification, the density of the

pol yet hyl ribed herein can range fromthose ghanRGhRihass as | ow
density, ﬁ@?ﬁ%%q&@znsi ty, and high density, preferably ra‘?%f’ ng0 %?om 0. 910 or

0.912 or 0.915 to 0.965 or 0.970 or 0.975 g/cnB density, and various ranges
t her ebet ween. 25 [0051] The inventive process is further characterized by

t he advant ageous property that the pol yethylene particles produced

t herefrom possess a narrow particle size distribution. In a preferred
enbodi ment copalpmesooPeferdiy, be whyethiflene pwwdpepdt fremethe sprecasetafiedn 35 and 60

resh 10 s1 3genflienol wl ilene, IELELAB) WIIAD b B0V SPER RAEHIGH! © Size of

fromO0.1 to nore prefeerably in e range of ro to 0.8 mMm
and nost prished.abky200dg/ e, amhiyemdt0if todM dg/min ih andhét@nmbodimehh@and esi n aver age

article size S sured, for examle, b aci ng, noni nal | 100 grans of
Pesi n on ¢ 6 [ 1o deiiah e Shafierrbcpact. Shdtng tepsle vhedmab. - 15 Wo
2006/ 13800 ofigtd 520 QGMARATASor TP Ehpe R wiRP iR} Sddhdinfh delgivea ' eens 10,

18, 35, 60, 1 mesh and the pan, wherewith the resin fines were

defined as herin. Eethstribeipalpi¢tbylensonipbave ambihdbpgomessueed bycAZEBM-and t he pan.
5 [0052] | %-?%-?%db@%%krﬁﬁe Bf‘)h%ﬁﬁlt{lyt!oelﬁﬁ iR b an@o%ﬁﬂeﬁ?aq?nd tantially no
it nt, that hi'y

chrom um 2zirconi’'um or ium conte 'S, Nno or o at woul d be
consi der ed 19y td I30sén ki lah@theri ambddimantt ,antir from a20wNBG iof ydthaseheret al s are

present, such as, for exanple, less than 0.001 m_ Preferahly, the

pol yet hyl er?@l%(?gﬁﬁnf’ verein 2 fhspatle) fangg fﬁ%ﬁ?ﬁwserﬁggrﬁ%ﬁfmaﬂ% hSPé preferably
bet ween 0. Qipperansit JitARAY lower Binitliedcdmibbdhertfl S det ernmi ned by XRF or | CP-AES as
descri bed hérein. [0053] The pol yethyl enes produced by the nethods descri bed

herein have unique properties that can be descri bed by any nunber and
conmbi nati o ervpl%g' I [ ticles
possess anq%d\a;e]r age bﬁ%ﬁ%rfee&se?egélfgﬁgiqnfgﬁs%%l?npglk%ﬁ% gﬁg—&gﬁ?ﬁ?ﬂ%v\her ein at
| east 80% dfom Reodarihiont embadiment] andrfidm 2 ¢o 60 inresither rmbodiment, adpar ti cl es
having a byl k density. of greater than 0,40 [ C and a gr.adi ent density of
from O. 930%06n %%%%tgg?‘c%a“ﬁ r ﬁgli’g‘zi?se%gmflr M o (5?)% fno%f ?)rﬁ’(ﬁ?eéf haf ni um
atons. 15 embodiment, wherein a desirable range may comprise any combination of any

upper limit with any lower limit described herein. The polyethylenes have a

hexane extractables value (as measured by 21 CFR 177.1520(d)(3)(i)) of from less

than 2 % in one embodiment, and less than 1 % in another embodiment.

20  [0050] As stated throughout this specification, the density of the polyethylenes
described herein can range from those characterized as low density, medium
density, and high density, preferably ranging from 0.910 or 0.912 or 0.915 to
0.965 or 0.970 or 0.975 g/cm3 density, and various ranges therebetween.

25  [0051] The inventive process is further characterized by the advantageous
property that the polyethylene particles produced therefrom possess a narrow
particle size distribution. In a preferred embodiment, from 80% or 90% or 95% of
the particles are between 35 and 60 mesh in size. The polyethylene preferably has
an average particle size of from 0.1 to 1.0 mm, more preferably in the range of

30 from 0.4 to 0.8 mm, and most preferably in the range of from 0.45 to 0.76 mm.
The resin average particle size was measured, for example, by placing nominally

100 grams of resin on the top screen of a standard sieve screen stack in a Ro-
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20 [0054] Yet another aspect of the invention is to the use of a catal yst
conposition conprising a catal yst conponent capable of making such a
pol yet hyl ene, in a continuous gas phase reactor operating at |ess than

10, 000 kRgg 20648565 € i n one enbodi ment, having a nol eppiak2006 B
distribution of from2 to '15 in a single reactor and having a hexane

extractabl es value of less than 2 % and 25 further, the catal yst conponent
capabl e of maki ng pol yet hyl enes at a density range of from0.91 to 0.975
g/cnB. In one enbodi nent, the catal yst corrponent is a hafnocene, such as

descri bed herejn.. [0055]. Th th rme to any useful

article of Eﬁ%ﬁtﬁﬁ&’é‘{rﬁf’%ﬂé@éogf}wé e%suqui k3 3@31135 go%ﬁﬁesg(ﬁla HeRAenes of the
invention hereRdthitheiebiatinys Wak kefisfddi & @cht tOhbiREd WHich COIRE dnthe26m article by
a rotonmol ding or injection nolding process. Such processes are well known

in the art meylygoresaland dieganl ded articles -19 WO 2006/ 138007

PCT/ US2006/ 018746 include | arge containers for conveying |iquids, druns,
agricultural tanks, and large parts such as canoes or |arge playground
toys. T§pi ab2]i nj datonermbodigedt, ali¢ pallyehylenenplefesishly hawusbsangaly hdii n wal |
containers, and lids for containers. 5 0056 Thus, . th sjtions and
processes GRIOPIM,ZICOMYM OF, FEATHYIR, FORISAL, la’e’é‘?:Pth’QH' &?‘f‘ nﬁ'(%ei’? by any of

the embodi gBRMiderddl BELBRE&ING iR iths a®ltrRe aﬁfamb %@Eﬂe%‘nféfal@ﬂ)é pedsehine
embodi ments descri bed herein. Enbodi ments of the invention, while not neant

to be |i nm sudhqshipr em;plq;éess)&an 8,004 ppy Preferablyythe pelaethlene cameprisee f ol | owi ng

XAl eS. MR OPkEDppdrd) Bt lm SATRINE DErRLADBAILRY R R4 Jlae haf nocene

can be prepa P qgues krown i n exa c4 (1.00
equi v. )10ca|ofhﬁnmdddﬂsd@erﬁhﬂedrbyé(RF&OKleAESﬁﬁ)dhsmbhdﬂterm ed 15 to give a

whi t e suspensi on. The suspension can then be recooled to -30C to 50C and
then |ithium propyl cycl opent adi enide (2.00 equiv.) added in portions. The

reaction wydoksjt Ur MHel sNeti6168 protRicOE 69 Be thiitsdds ek dibed SRedsedvsol i d on

addi ng the |jthium pr o%l cycl opent adi eni de. The reaction can then be all owed
to warm sUBI@§ Rrepertiss ningle pgse e tdgsaribad bys any puambarpag) cembingtionreé r esul t ant

brown embodiments. In one embodiment, Polyethylene particles possess an average
15  particle size ranging from 0.4 to 0.8 mm, wherein at least 80% of the particles are
- from 35 to 60 mesh in size, the particles having a bulk density of greater than 0.40
g/em® and a gradient density of from 0.930 to 0.975 g/cm’, and possessing from
0.001 to 4 ppm of hafnium atoms.

20  [0054] Yet another aspect of the invention is to the use of a catalyst
composition comprising a catalyst component capable of making such a
polyethylene, in a continuous gas phase reactor operating at less than 10,000 kPa
pressure in one embodiment, having a molecular weight distribution of from 2 to

"15 in a single reactor and having a hexane extractables value of less than 2 %, and

25 further, the catalyst component capable of making polyethylenes at a density

range of from 0.91 to 0.975 g/cm®. In one embodiment, the catalyst component is

a hafnocene, such as described herein.

[0055] The polyethylene can be formed into any useful article of manufacture
30 by any suitable means. The polyethylenes of the invention are particularly well -
suited for being formed into an article by a rotomolding or injection molding

process. Such processes are well known in the art. Typical rotomolded articles
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20 m xture can then be filtered to give brown solid and a straw yel |l ow
solution. The solid can then be washed with ether as is known in the art,
and the conbi ned ether solutions concentrated to under vacuumto give a
col d, whiwe 260dapRpei on. OFf- white solid product is thefssebeises by
filtration and dried under vacuum wth yields of from70 to 95 % 25

Cat al yst conposition preparation [0058] The catal yst conpositions were mde
at a AI/H nole ratio of from about 80:1 to 130:1 and the hafnium | oadi ng
on the finished catalyst was from about 0.6 to 0.8 w % Hf using the

foll ow ng ge rocedur 30 Net hyl, noxane in | uene was added
to a cl ean{ill G’rﬁ??@%‘g fat ogquvFﬂﬂgpét‘ﬁ? 358&”{“311 %‘}ﬁéﬂ‘gi? € from60 to
100F for a 5rtsreach&sielaxtoe@aatt: gt PHBRRE d6ys. t”l‘ﬁﬁbap Ri@aee hoMiidl #tiqkd rring. The
haf nocene can t hen be di ssol ved i'n an anournt 6 WO 2006/ 138007

PCT/ US2006ingtrdgdwuseytarasothinenal conthingrs ¢ad liinfor pentaingrsel with the MAO  The
met al | ocene/ MAO m xture can then be stirred at for from30 mn to 2 hours.
Next, an amount of silica (average particle size of from22 to 28 m
dehydr ad edi0eg6] 600 Qhus; ale hﬁnpoaitﬁdﬁdatahptoeésiwsr(ﬁdhé presan ddveatiohcanr beor nore. The
l'iquid can,then be. dec d and the cat nposj tion dried at el evated
t enper at ur SesEribedy altPigale %ﬂl 3% ‘%Béf"ﬁg% toﬁqde&‘ereﬂ rSt 2rial

Pol yneri Za&drﬂﬁlﬁatio%&%nyﬂﬁh@%ﬁ%&ﬂﬁﬁtl dé?éfﬁ)@@ heRRp! Eﬁﬁbﬁrﬂéﬁﬁ fRReduced in
accordance with the f owi ng general procedure. The catal yst conposition
conpri sed wvenionswhilempt n@mtsﬁmgfpbﬁmtmﬂ Hyi mey bebeiisy edeestapddiytrefigreaesy| ) haf ni um
di chl ori detov&l%fqu Hg ane, the Al :Hf ratio being fromabout 80:1 to
130: 1. The #%@smion was injected dry into a fluidized bed gas
phase pol ynmerization reactor. Mdre particularly, polynerization was
conduct ed h&t‘@(‘éié 4 mm di anet er gas-phase fluidized bed reactor operating
at appr oxi §68 kPa total pressure. The 15 reactor bed wei ght was

appr oxi mat ehidlvét dpohibdd ipflpédafiéh 9as was passed through the bed at a velocity
of approximately 0. '6 In per second. The fluidizing gas exiting the bed

entered a H8%in legléth@QF‘Wg caphe preperedey wehnigies kppwr ipdieatbnFer t he
reactor. example, HfCl, (1.00 equiv.) can be added to ether at —30°C to -50°C and stirred

15 to give a white suspension. The suspension can then be recooled to —30°C to -

50°C and then lithium propylcyclopentadienide (2.00 equiv.) added in portions.
The reaction will turn light brown and become thick with suspended solid on
adding the lithium propylcyclopentadienide. The reaction can then be allowed to
warm slowly to room temperature and stirred 10-20 hours. The resultant brown
20  mixture can then be filtered to give brown solid and a straw yellow solution. The
solid can then be washed with ether as is known in the art, and the combined ether
solutions concentrated to under vacuum to give a cold, white suspension. Off-
white solid product is then isolated by filtration and Qried under vacuum, with
yields of from 70 to 95 %.
25
Catalyst composition preparation
[0058] The catalyst compositions were made at a AI/Hf mole ratio of from
about 80:1 to 130:1 and the hafnium loading on the finished catalyst was from
about 06 to 08 wt% Hf using the following general procedure.
30 Methylaluminoxane (MAO) in toluene was added to a clean, dry vessel and stirred
at from 50 to 80 rpm and at from 60 to 100°F for a time. Additional toluene can

then be added while stirring. The hafnocene can then be dissolved in an amount
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The fluidizing gas then entered a recycle | oop and passed through a cycle
gas conpressor and water-cool ed heat exchanger. The shell side water
tenperature 20 was adjusted to maintain the reaction tenperature to the
speci fi edyyahjdassold hyl ene, hydrogen, 1-hexene and ni p@gRBo¥BIsessf €d t0 the
cycle gas loop just upstreamof the conpressor at quantities sufficient to
mai ntain the desire s concentrations. It should be noted that this trial
was run at |ower ethylene partial pressure (about 130 psi) than what woul d
be run at larger, comercial-scale conditions, hence, 25 resulting in
overal | pr Lyl L] t. Ly e t - o exenplify
the trend 8?qﬁgfﬁ%%#§2%&%€é 3% W@%k?ggﬁt gougw%u{ﬁg %%%ﬁ%%@bgp&ﬁydrogen and
conononer anixtee tamthenrve.stiffad atcfon dnt BAminne 2vieues. nNexgpareambyntadf on- 1 i ne

vapor fraction anal yzer. Produ ethyl en rticl oas withdrawn from
the react éﬂllqar{aff‘éi‘%e@%ﬂ%_s‘izﬁtog%@&g% 5‘? hg %é&?‘%ﬁ%@ a8t 38(3 f:\s\a\ﬁﬁ%wf’r ansferred
into a prodgaéd &) firfed fhemothépho ¥k Moret TRO HqBa ch Befbe ldBeahf2@ 2n@Si N was
deactivated in the product drumw th a wet nitrogen purge. The catal yst was

fed to thhe thegatelbyst perapasitiooudjiedaat elontedCempesiurs oder ing pHPeEEB/ 018746
stai nl ess sf 'eh@kﬁﬁ%IO” tube at a rate sufficient to maintain the desired
pol ymer pro UCb[I rat'e. There were 15 separate pol ynerization runs
conducted using this general process, each with varying conditions as

el uci dat ed Kirst Thie Podprheizatie8 herein. Table 4 summari zes t he pol yet hyl ene

properties t result fr each 5. run. [00601 "Cr./C2 flowragtiio ("FR')"
P Fhe rati®r ¢ ot BT ERRERE ferbtizafts MsHoprofessg if GeHENBL RS of

et hyl ene faﬁafdlmuﬁ:tgfegér@ﬁa:pmedumer&?@tﬂm cb@ipésdtion’ Rhripeisédsa theeilicat i o of the
gas concentration of 1-hexene noles in the cycle gas to the 10 gas

concent ¥t | APGted sy PEmpyicyelprestadipny Heafpipe dickjaride wite megalumaxgrd.o | s
obtai ned  TikoMaiad S roBtus BOACH! 23D AN Hhy e8hiyst"BiRGHoR s OO/ C2 FI ow

Ratio cone om sone asure of the mass flow. e cy gas Is the gas in
t he react oripjeshad drysinteeas finidized rhexh gast phasef polymerization rreagkaat i Morkoop ar ound

the reactor. Th atips .r rted | abl e re fraqmt concentrations
e heeL O el foely? o Be bR TS e ln D UF o 1l ReHE BRBngRNCEN L2 S
rati os are fluidineded veucwgperaligh hie agproXinmtehn 2068 RP4 yotslr prestuite0Thef et hyl ene

d 1-h i th _bis-(n- I I i 1) hafni dichlorid
ggt al ySfS%eaga%r@dt@%ﬂ%p?%mg%ﬁl ZO]?ge. I}‘ﬁu%lilzi%gygaz wasapagée%Thro{lgCh th(tgr ' ae

bed at a velocity of approximately 0.6 m per second. The fluidizing gas exiting the

bed entered a resin disengaging zone located at the upper portion of the reactor.
The fluidizing gas then entered a recycle loop and passed through a cycle gas
compressor and water-cooled heat exchanger. The shell side water temperature
20 was adjusted to maintain the reaction temperature to the specified value. Ethylene,
hydrogen, 1-hexene and nitrogen were fed to the cycle gas loop just upstream of
the compressor at quantities sufficient to maintain the desired gas concentrations.
It should be noted that this trial was run at lower ethylene partiai pressure (about
130 psi) than what would be run at larger, commercial-scale conditions, hence,
25 resulting in overall productivities that are relatively low; the 1-15 below do
exemplify the trend of maintained productivities throughout a variety of hydrogen
and comonomer concentrations. 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
30 bin. Residual catalyst and activator in the resin was deactivated in the product

drum with a wet nitrogen purge. The catalyst was fed to the reactor bed through a
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20 comononer in the reactor. C6 C2 conc. C6/C2 C2flow (g/hr) Cat. prod. Ran
No. cone (MD1% now C6lC2ratio (9/9) (nol% ratio 1 0.49 34.4 0.08 475
0.014 - 2 0.45 34.4 0.079 408 0.013 907 3 0.44 33.9 0.071 390 0.013 553 4

0.05 34. 6w Rkhsg@t 0.001 1010 5 0 35 0 593 0 1082 q,(qgs@mgm@gﬁw 1181 7
0.42 35 0.073 614 0.012 877 8 0.47 35 0.089 511 0.013 1070 9 0.76 34.9

0.085 480 0.022 874 10 0.56 35 0.131 536 0.016 831 11 0.52 35 0.14 545
0.015 922 12 0.37 34.9 0.059 478 0.011 595 13 0.31 35 0.047 551 0.009 690
14 0.24 35 0.033 429 0.007 498 15 0.17 35.1 0.022 551 0.005 645 22 WO

2006/ 13800 %Rk HISAORRLAGBAAE at Tk QuicicR® RAASEN PR de¥REd galieR Of ethyl ene

and 1- hexene with bis-(n- propgl cycl opent adi enyl ) haf ni um di chl ori de
cat al yst: podugingirateofserepyere bp separtarpolignerzgfipprung consluptsd upipgrili® 1 ow / stem

H2/ C2 rati 50 10, 4. 2 2 199 4 6486 296 8.3
574 0. adesh ilees Gadf o Barfing oo & ghéifaa 3g e Tatled 340172796 0 S
1.7 herein, Table 4 summarizes the polyethylene properties that resulted from each

5 nun

[0060] “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
10  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 reactor, and
is measured from a tap off the recirculating loop around the reactor. The ratios
reported in Table 1 are from the gas concentrations in the reactor. Samples are

15 taken every 9 min, and thus reported C¢/C; ratios are running averages.

Table 1. Gas phase polymerization of ethylene and 1-hexene with bis-(n-
propylcyclopentadienyl) hafnium dichloride catalyst: varying the amount of
20 comonomer in the reactor.

Cs C; conc. CyJ/C, Cflow (g/hr) Cat. prod.
Run No. conc (mol %) flow C4/Cyratio (gl
(mol %) ratio
1 0.49 344 0.08 475 0.014 -
2 045 344 0.079 408 0.013 907
3 0.44 33.9 0.071 390 0.013 553
4 0.05 34.6 0.001 731 0.001 © 1010
5 0 35 0 593 0 1082
6 0 35 0 623 0 1181
7 0.42 35 0.073 614 0.012 877
8 0.47 35 0.089 511 0.013 1070
9 0.76 349 0.085 480 0.022 874
10 0.56 35 0.131 536 0.016 831
11 0.52 35 0.14 545 0.015 922
12 0.37 34.9 0.059 478 0.011 595
13 0.31 35 0.047 551 0.009 690
14 0.24 35 0.033 429 0.007 498
15 0.17 35.1 0.022 551 0.005 645
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8 2.554348 184 5.18 5.3 9 7.524752 101 2.26 2.9 10 1.2043 01 4 65 14.6
13.3 11 0.44789 1161 36.99 33.1 12 2.283951 162 4.66 4.6 13 1.91358 162
5.8 4.6 14 3.692308 65 0 1.9 15 3.469388 49 0 0.14 5 Table 3. Gas phase
pol yrer i zeto 06/B800¢t hyl ene and 1-hexene with bis-(n- ps@Ryd.e050:19R8Nt adi enyl )
haf ni um di chl ori de catal yst: other reactor conditions. 10 Reactor Avg.
Production Residence C2 Avg. Catalyst Run No. tenp bedweight g/hr tinme (hr)
utilization velocity feed (C (g) gC2/gCpoly" (ftls) (9/hr) 1 80 1865 449
4.2 1.06 1.58 0.196 2 80 1873 335 5.6 1.22 1.56 0.258 3 80 1895 337 5.6

1.16 1.55 GafR3, G’as%ﬁa Zefyn%za&n%f% 0d 21 Be A with Gl 912 505 3.8 1.17
1.58 0. 3252@ ﬁgcl fhd %lﬂaéi&néﬁm%ﬁ O cdfalg b, conditioh887 487 3.9 1.26 1.6
0.387 8 78 185 1°4.3°1.19 1.6 0.281 9780 1867 374 5 1.28 1.58 0.298 10
80 1875 460 4.1 1.17 1.59 0.386 11 80 1901 475 4 1.15 1.57 0.359 12 80

1916 404 4.7 1. p8—3t—b8—0—4f—13—80—1+9721+—465—4—t~F—+F—3+—5+0—473 14 80 1933

338 5.7 1.27 1.p5 0.473 15 80 189 %(SHZILC 4.4 1.28 1.58 0.645 -123 WO
Y 2 .
2006/ 138007 PCT Ul%l%l(l) Igg.lo 18%? ratio Molppm H,flow/scem Hy/C;ratio
1 14 350 14.5 10.4
2 2.036199 221 2.5 6.4
3 1.486486 296 83 8.7
4 0.42735 117 4.96 34
5 0 196 12.8 5.6
6 0 39 0 1.1
7 7.118644 59 -0 1.7
8 2.554348 184 5.18 53
9 7.524752 101 2.26 29
10 1.204301 - 465 14.6 13.3
11 0.44789 1161 36.99 33.1
12 2.283951 162 4.66 4.6
13 1.91358 162 5.8 4.6
14 3.692308 65 0 19
15 3.469388 49 0 0.14
5
Table 3. Gas phase polymerization of ethylene and 1-hexene with bis-(n-
propylcyclopentadienyl) hafnium dichloride catalyst: other reactor conditions.
10
Reactor Avg. Production Residence C, Avg, Catalyst
Run No. temp bedweight g/hr time (hr) utilization velocity feed
O ® gCa/gCspoly  (ft/s) (g/hr)
1 80 1865 449 42 1.06 1.58 0.196
2 80 1873 335 5.6 1.22 1.56 0.258
3 80 1895 337 5.6 1.16 1.55 0425
4 85 1907 547 35 1.34 1.52 0.337
5 85 1912 505 3.8 1.17 1.58 0.325 -
6 80 1910 449 43 1.39 1.56 0.265
7 74 1887 487 39 1.26 1.6 0.387
8 74 1851 431 43 1.19 1.6 0.281
9 80 1867 374 5 1.28 1.58 0.298
10 80 1875 460 4.1 1.17 1.59 0.386
11 80 1901 475 4 1.15 1.57 0.359
12 80 1916 404 477 1.18 1.58 0473
13 80 1921 469 4.1 1.17 1.57 0473
14 80 1933 338 5.1 1.27 1.55 0473
15 80 1899 431 44 1.28 1.58 0.645
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Tabl e 4. Gas phase pol yneri zation of ethylene and 1- hexene wi th bis-(n-
propyl cycl opent adi enyl ) hafni um di chl ori de catal yst: pol yet hyl ene copol yner
properties. 5 Gradient density Bulk density Run No. 12 121 121/12 (g/cm
(g/cm 1 RY.2006/138007 0. 9247 - 2 1.52 - - 0.9213 - 3 10. Bpe1ARdectR1s29 07 0. 9248
0.4618 4 1.03 17.39 16.88 0.9515 0.4745 5 8 153.61 19.2 0.9611 0.4893 6
0.01 - - 0.9434 0.4705 7 0.01 - - 0.9121 0.4578 8 1.08 24.16 22.37 0.9152
0.454 9 1.39 23.18 16.68 0.9173 0.4445 10 8.86 177.91 20.08 0.912 0.4358
11 174.92 - - 0.9131 0.4198 12 1.2 22.91 19.09 0.9224 0.4405 13 1.73 30.35

17.54 0. 92T gh1e 4489 phdsé pBlydirization Of & ¢ene ankdl-Rexbhe Witk #isl@- 55 0. 9267 0. 4432
Second Tr i glopyleyopehtadithyl® RathRREdidn1didecaffs PR dly1enl copdiyinekb- 20 vere

pr ef or ned %113 &iconti nuous’  gas phase fluidized 'bed reactor simlar to the
one describet a ove, except the dianmeter 10 is 14 inches (355.6 mm, wth
sone vafgyi ng reactor conditions, as elucidated in Tables 5 and 6. Also, the

haf nocene i N
difluoride. [In run 19, isopentane was added as a_, cQndensi ng agent. Further
inrun 19, q "continuity additive" was added coff ‘Tqﬁ‘?.?éus%lﬁ to thgq reactor,
t hat additive 'nc#udi ng a&ﬁet hoxy| at ed ai;@qe typ gp%‘?ls @%ﬂ%ﬁﬁl and an
al um num di 4t e@"At® conpourd. The'%ane c yst dB¥Edsiti JF™)s sed.

1 20.67 - - 0.9247 -

2 1.52 - - 0.9213 -

3 10.17 204.13 20.07 0.9248 0.4618

4 1.03 17.39 16.88 0.9515 0.4745

5 8 153.61 19.2 0.9611 0.4893

6 0.01 - - 0.9434 0.4705

7 0.01 - - 0.9121 0.4578

8 1.08 24.16 22.37 0.9152 0454

9 1.39 23.18 16.68 0.9173 0.4445

10 8.86 177.91 20.08 0.912 0.4358

11 174.92 - - 0.9131 0.4198

12 1.2 2291 19.09 0.9224 0.4405

13 1.73 30.35 17.54 0.9273 0.4395

14 0.33 - - 0.9246 -

15 0.11 2.04 18.55 0.9267 0.4432

Second Trial Polymerization
[0061] This second set of rans 16-20 were preformed in a contimious gas

phase fluidized bed reactor similar to the one described above, except the diameter
10 is 14 inches (355.6 mm), with some varying reactor conditions, as elucidated in
Tables 5 and 6. Also, the hafnocene in this trial was bis(n-
propylcyclopentadienyl)hafnium difluoride. In run 19, isopentane was added as a
condensing agent. Further in run 19, a “continuity additive” was added
continuously to the reactor, that additive including an ethoxylated amine type of
15 compound and an aluminum distearaté compound. The same catalyst composition

is used.

[0062] “Ce/Cy FR” is the ratio of the 1bs of 1-hexene comonomer feed to the
pounds of ethylene feed to the reactor, whereas the C¢/C, ratio is the ratio of the
20  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
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[00621 "C6/C2 FR' is the ratio of the | bs of 1-hexene conononer feed to the
pounds of ethylene feed to the reactor, whereas the C6/C2 ratio is the ratio
of the 20 gas concentration of 1-hexene nmoles in the cycle gas to the gas
concent r aigsodizselzhy! ene noles in the cycle gas. The %,Lé% g@&g

obtained froma cycle gas -24 WD 2006/138007 PCT/11S2 1 é vapor
fraction anal yzer, whereas the C6/C2 Fl ow Ratio cones from sone neasure of
the mass flow. The cycle gas is the gas in the reactor, and is measured from
a tap off the recirculating | oop around the reactor. 5 Tabl e 5. Second
trail in a%Péé}%acﬁ&PBﬁa?k@P%vlﬂééis BRISR rf?&ﬂ@ﬁo @émgd fr&ﬁrsﬁi% méaGREt 1 on _
condi ti ons Paraneter &7 C2 partial pressure, psia
240 240 240f ttRaaess sowprBisyrcls, gapisi egasanslwregeigr,gmvls measued from @ 2. 0

Fl ui di zed BD 214 279, C2 mol % 66.2 65.4 66.1 |sopentane,
ml %0 0 ap‘g%ﬁ’ﬁoq@“%%&a‘i%b P3® dg’ﬁreaﬁ?‘rml % 0. 0298 0.0179 0.0266 06/ C2
0.0064 0.0014 0.0135 C6/C2 FR pb/lb) 0.0121 0.0001 0.077 H2 ppm 298 180
265 H2 ppniGhleR| Sckordd En’&nlzin Zﬁotﬁepconmﬁb@gdstphaﬁ 19ea5tor ai ditferént Rx Vent, pph

38 46 41 Resction coRditidhs 1 2.1 STY 8.3 6.8 8.2 Lab Hf, ppm 1.30 1.20
1.0 Lab A, ppm 23.5 20. 8 21 4 Productivity, Cat
Parameter 16 17 18
Temp, °C 77 77 77
C, partial pressure, psia 240 240 240
Reactor pressure, psig 348 352 349
SGV, fps 21 2.0 2.0
Fluidized BD (g/cm’) 0.234 0.2146 0.279
C; mol % 66.2 65.4 66.1
Isopentane, mol % : 0 0 0
Cs mol % 042 0.09 0.90
H, mol % 0.0298 0.0179 0.0266
CdC: 0.0064 0.0014 0.0135
C¢/C; FR (Ib/lb) 0.0121 0.0001 0.077
H; ppm 298 180 265
H,; ppm/C, mol % 4.52 2.76 40
Dew Point, °C 15 21 15.6
Rx Vent, pph 38 46 41
Res. Time, hr 1.8 2.0 2.1
STY 8.3 6.8 8.2
Lab Hf, ppm 1.30 1.20 1.0
Lab Al, ppm 235 20.8 . 214
Productivity, Cat
Feeder, g/g 5,807 6,023 7,631
Productivity lab Hf, g/g 5,486 5,645 6,698
Productivity lab Al, g/g 5,120 ‘ 5,793 5,681
Avg. Prod. g/lg - 5,471 3,820 6,670
I, dg/min 3.88 1.51 0.69
LyJ/I2 16.4 15.8 31.0
Density, g/cm’ 0.9369 0.9435 0.9180
APS, mm 0.604 0.617 0.597
Fines, % 0.2 04 0.8
10 Mesh, % 0.1 0.1 0.1
18 Mesh, % 2.2 238 24
35 Mesh, % 65.8 67.0 63.2
60 Mesh, % 28.3 26.8 29.8
120 Mesh, % 34 3.0 36
200 Mesh, % 0.2 0.2 04
Pan, % 0.0 0.2 04
Bulk Density, g/em® 0.393 0.343 0.469
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Feeder, g/g 5,807 6,023 7,631 Productivity |ab Hf,
g/g 5,120 5,793 5,681 Avg. Prod. 5,471 5,820 6,670
g/ cnB 0.9369 0.9435
P8 008 20 0.1 0. 1
% 28.3 26.8
%0.0 0.2 0.4

Productivity lab Al,
dg/min 3.88 1.51 0.69 121/12 16.4 15.8 31.0 Density,
0.9180 AR® 200813800604 0. 617 0. 597
%2.2 2.8 2.4 35 Mesh,
%3.4 3.0 3.6 200 Mesh,

0.1 18 Mesh,
29.8 120 Mesh,
Bul k Density,
Table 6. Second trail

reaction conditions 5 Paraneter

psia 240 24gplefe; Febotd RaiffSMidthertdhfinddR g

(glcm 0. 2&%&bﬂ%ﬁm&%§00
.148 H2 mol % 0. 0266 0.0700

cnB8 0.393 0.343 0. 469

Fi nes,

19 20 Tenp,
% 66. 0 65.6 I'sopentane,

%0.2 0.4 0.
% 65.8 67.0 63.2 60 Mesh,
%0.2 0.2 0.4 Pan,
-25 WD 2006/ 138007 PCTI US20061018746
I n anot her continuous gas phase reactor at different
C 77 8 (C2 parti al

§fah§@{eadct&5at?dlﬁ‘el?enl Fl ui di zed BD
nmol % 2 0 C6 nol

g/g 5,486 5,645 6, 698

5
Parameter 19 20
Temp, °C 77 85
C; partial pressure, psia 240 240
Reactor pressure, psig 349 351
SGV, fps 2.0 2.1
Fluidized BD (g/cm®) 0.285 0.197
C; mol % 66.0 65.6
Isopentane, mol % 2.0 0
Cs mol % 0.92 0.148
H, mol % 0.0266 0.0700
CdC, 0.0139 0.0022
Cs/C; FR (Ib/1b) -0.064 0.0012
H, ppm 265 700
H, ppm/C; mol % 4.0 10.7
Dew Point, °C 26 -14.6
Rx Vent, pph 54 51
Res. Time, hr 2.3 2.0
STY 7.9 6.0
Continuity additive in bed, ppm 35 0
Lab Hf, ppm 1.6 14
Lab Al, ppm 27 25
Productivity, Cat Feeder, g/g 5,190 4,866
Productivity lab Hf, g/g 4,198 4,869
Productivity lab AL, g/g 4,652 4,788
Avg. Prod. g/g 4,680 4,841
I, dg/min 0.51 66.5
Ly/1, 334 18.8
Density, g/cm’ 0.9176 0.9534
APS, mm 0.559 0.533
Fines, % 0.4 0.9
10 Mesh, % 0.1 0.2
18 Mesh, % 1.7 0.3
35 Mesh, % 525 54.1
60 Mesh, % 40.6 40.0
120 Mesh, % 47 4.6
200 Mesh, % 0.3 0.5
Pan, % 0.1 0.4
Bulk Density, g{gn’ 0.461 0.410

[0063] As shown in the comparative date in Figure 3, wherein MAO/silica

pr essure,

supported bis(alkyl-cyclopentadienyl) zirconocene dihalide is the catalyst

10  component, it can be seen that as the density of the polymer being produced
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CdC2 0.0139 0.0022 CdC2 FR (I'b/1b) 0.064 0.0012 H2 ppm 265 700 H2 ppni C2
nml % 4.0 10.7 Dew Point, C 26 -14.6 Rx Vent, pph 54 51 Res.
2.0 STY 7.9 6.0 Continuity additive in bed, pinn 35 0 Lab Hf,

Lab Al,
| ab Hf,

Time, hr 2.3
ppm 1.6 1.4

PO 24d6/3B00FPr oducti vity, Cat Feeder, g/g 5, 190 geB680stipdsictivity
glg 4,198 4,869 Productivity lab Al, g/g 4,652 4,738 AM Prod.

4,680 4,841 12f dg/min 0.51 66.5 121/12 33.4 18.8 Density, g/cnB8 0.9176
0.9534 APS, mm 0.559 0.533 Fines, %0.4 0.9 10 Mesh, %0.1 O.
% 1.7 0.3 35 Mesh, %52.5 54.1 60 Mesh, %40.6 40.0 120 Mesh,
200 Mesh, fctbases(héndpihe a%dﬁntloioccﬂnoxﬁﬂiek dE&éh%éé)ytheCpir&hﬁuﬁ%&of)ﬂAﬂO [ 0063] As
shown in the conparatjve date in Figu rein MAO silica supported

bi s(al kyl - E3lVYpEPRRANLOR HOFS SpyR &mwelha. ﬁé‘l‘lﬁ,d’é i §1fﬁﬁ'ét EnPEAdpe]
fggponent , pbiyeth fiBnQ%eBifieh 0380 8975 BRAGS bémefciall) ScRBlabEEhadiel N9 Pr oduced
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using common metallocenes. The present invention solves this, wherein the
catalyst composition productivity stays relatively constant in going from high
comonomer (e.g., 0.10 ratio of Cs:C5) thus producing a low density polyethylene
of, for example, 0.915 g/cm3, to low comonomer (e.g., 0.001 ratio of Cs:C5) or no
comonomer thus producing a high density polyethylene of, for example, 0.960
glem®’. This is done while also, in one embodiment, maintaining an
advantageously high bulk density and, in another embodiment, and
advantageously narrow particle size distribution having few “fines” (particles

filling in the pan or on the 200 mesh), which can cause reactor fouling.

[0064] It can also be seen in the data that transitions during the same “trial”
can occur using the same catalyst component. By “trial” what is meant is what
one skilled in the art would understand to be a production run of a given resin
composition in a given reactor over a period of hours or days. That is, the reactor
can be transitioned without changing the catalyst component from making a low
density polyethylene to making a medium or high density polyethylene while
maintaining a commercially acceptable productivity, as well as acceptable and
advantageous bulk densities and other features (such as low hexane extractables
and low residual extractables) in the polyethylene. This is advantageous in that

the resin product can be altered quickly and efficiently.
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WO 2006/ 138007 PCT/ US2006/ 018746 increases (hence, the anmount of conononer
decreases), the productivity of that catalyst conposition goes down
dramatically. Thus, it is difficult to produce polyethylenes between 0.930
to 0.975 g/cnB in a comercially acceptabl e manner using common

nmet al | ocenes. The present invention solves this, wherein the 5 catal yst
conposition productivity stays relatively constant in going from high
conmononmer (e.g., 0.10 ratio of C6:C2) thus producing a | ow density

pol yet hyl ene of, for exanple, 0.915 g/cnB, to | ow cononomer (e.g., 0.001
rati o of CBAIMS) or no conononer thus producing a high density polyethyl ene
of, for exanple, 0.960 g/cnB. This is done while also, in one enbodi nent,
mai nt ai ni ng an 10 advant ageously hi gh bul k density and, in another
enbodi meWe claammd advant ageously narrow particle size distribution having few

"fines" (partjcles filling in the pan or on the 200 nesh), which can cause
react or lg'oul i%&eﬁ'[oé(f%rifan?‘f‘%%‘&& wathiny? fiagle gaptor ﬁopwet?rafagﬁyeg % r ansi ti ons
during the Sa}ﬁ‘@dd'&{oiaaéegondm]pﬁg}iéﬁ{}léﬁf%%%duk'é'bélﬂpﬁsfﬂﬁéﬁsane cat al yst conponent. By

"trial" what 1s nmeant 1Is one skilfed i1n the art would understand to be
a production run of a given resin conposition in a given reactor over a
period of hours or days, That is, the reactor transi ti oned w thout
Ghangi ng t he (Bat SPYETEBRBERERE IR vy an 00 KEnwis Bmlting 1 ene 1o
nmeking a nedi um eftioifGdidgastiotethyRk ¥ad B ik Bl aMrhtl Pof28mdBbMEAbNI Ng a
commercially acceptable productivity, as well as acceptable and

advant ageous bul RthylERgi ti es and ot her features (such as | ow hexane
extractables and | ow residual extractables) in the polyethylene. This is
advant ageous in that the resin product can be altered quickly and
efficiently. (bR7with@laAiidds fidépayahylenelpréduegt hod for transitioning within a
single reactor froma first polyethylene product to a second pol yet hyl ene
product, conprising: (a) operating the reactor at a pressure of |ess than

10, 000 kPa with aitdringohe 6Pb&h of iRt dardht Y eHyaeRn tPetBYIBY SlaGhEMdIag fi TSt
mol ar ratio of conononer to ethylene; (b) Wwithdrawing a first polyethylene
product ; ratio of comonomer to ethylene to achieve a second molar ratio of hydrogen

to ethylene and a second molar ratio of comonomer to ethylene; and
(d) withdrawing a second polyethylene product;

wherein the transition takes place using the same catalyst composition and
wherein the density of the first polyethylene product is less than or equal to 0.920
g/cm’, and the density of the second polyethylene product is greater than or equal
to 0.935 g/em’, or

wherein the transition takes place using the same catalyst composition and
wherein the I, of the first polyethylene product is less than or equal to 8, and the I,

of the second polyethylene product is greater than or equal to 12.
2. The method of claim 1, further characterized in that when the molar ratio of o-

olefin to ethylene present in the reactor ranges from 0 to 0.20, the catalyst

productivity does not vary by more than 30%.
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(c) altering one or both of the nolar ratio of hydrogen to ethylene and the
nolar ratio of conpbnoner to ethylene to achieve a second nolar ratio of
hydrogen to ethylene and a second nolar ratio of conmononmer to ethylene; and
(d) withdrawi-ng a second pol yet hyl ene product; wherein the transition takes
pl ace using the sane catal yst conposition and wherein the density of the
first polyethylene product is less than or equal to 0.920 g/cnB, and the
density of the second pol yet hyl ene product is greater than or equal to
0.935 g/cnB, or wherein the transition takes place using the sane catal yst
conposi t3.on drie methet diclhimhe futteothatdeterized mtthgothes thehelaeragpofluct is | ess
than or equal, to 8, an l,ene product is

of, the second
greater than BA8GY E’Ietgﬂelfé’res’fn“’?’ﬁéerﬁﬁctt‘?fdang?ﬁf(?frh(? @ythl’elfﬁa F characteri zed

in that when &ﬁlcfm Oegﬁgﬂ@r}olf,yﬁm&hﬁ{go%to et hyl ene present in the reactor
ranges fromO to 0.Z20, the catalyst productivity does not vary by nore than

30% -28 3. The nethod of cIa|n11 further characterized in that when the

molar rafio of,. ful rémfiﬂeca‘?l 3 S B0hpbdidd ot easgsta ranges fromo to
60, the catalyst |vft oes no?yvar p% nor e 98°“4° The net hod
of claiml1, mhereln the catalyst conp05|t|on conpri ses a hafnocene 5. The
met hod of claim1, wherein the Knerlzatlon reactor is a continuous gas
phase f i di 48 npfé]épdr(éfé:&ngrl wbgrelnt e polymerization reactor is a continuous gas

phase fluidized bed reactor.
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