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SI NGLE CATALYST LOW MEDI UM AND HI GH DENSI TY
POLYETHYLENES FI ELD OF THE | NVENTI ON [ 0001] The

w@r@sAaBs007T nvention relates to single-catal yst PCT/US2006/018746

conposition production of |Iow, nediumand high density
pol yet hyl enes wi thout the need to change the catal yst
conposition, and relates particularly to the
production of nmedium and hi gh density pol yet hyl enes

prodcing | mmw@&s@w@a@mmm "
particul arly, CI‘d)EYE’I’HY‘LE‘N’ES” essure

reactor of ne |un1an denS|ty pol yet hyl enes at
hi gh productivities under varyi ng conditions of

Q . BACKGROUND OF THE | NVENTI ON
fﬁ%ﬁ]ﬁﬁﬂ%ﬁﬁiﬂd netal |l ocenes to date are
bé@ni UntRNeddnt GRBALUR BRERdo RRBR-caRdl¢st composition production
I s-cycl opentadi enyl netal |l ocenes. These catal ysts, in

pﬁkqw coedinm andL h@hd@éﬁ@spolmtbylﬁwlth@ltﬁh% @gedktq ghpnge the
t t |
Fagg@lstt ?V] ﬁp Y ﬁ N&E: s gﬁ?c%leg xgﬂ?lag%ous(ﬁi&lyop{?e@igﬁy tnd

Bighi dbnkity lp@li%thyl@i&y utsM@@SczQﬁlySteanhlmsumnﬂlat isoalso capable of
However, it is known that t he nost

peodaring devidentyity ppiyeshyienesnd ﬁF‘%"&lP@ét“ﬁ‘r”dirYe fo thepeedugtion in a
y t se qd t Oat h
B Vel ey, P BRANRP TR oty AP fledt0at high
@mlapmhbemﬁe earyénggronditioMEaiAtonODBNE: BmSEﬁﬂrP&nYOL EHNS

12-14 (J. Scheirs & W Kanmsky, eds., John Wley &
Sons 2000). Furthernore, it is known that hydrogen

ﬁﬁs@@ﬁeﬁwmmfm INVENTIONDSt et al | ocenes.  See,
., J.B.P. Soares and AE. Hamelec in 3(2) POLYMER

Ml ONI'ENGMNEERIdivd mt_@llgweq Toobye allfhrﬂéamlgnaand zirconium

d t .

n\éﬁcgt@:ggléﬁi nsus fcgéloF Sfi‘ fn% a#%ce,gn% ?4‘( lysts in
?Bihcﬁlh%r)’ﬁfd&bﬁb@ﬁﬁﬁs byed Img)vm Qﬂ%&?&ﬁk%e ]h»mgdi\ﬁr;ny Iibolbetlgfle;neﬁ——ﬁﬁ)se

m n) resins bein esirable for t
§V1iﬁét%>ﬁ1§mﬂ}’n 3 Ahan KpC RO S0 IR Br A iataoy high

A AP uflle ANANREE of FeabBRLohditi¥RY | HoRRvaSH & aRbRn that the

most studied metallocenes to date do not produce higher density polyethylenes—

those whose density is above 0.930 g/cm3—at a productivity that is commercially
acceptable. See, e.g., | 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).
This is a disadvantage in that hydrogen is useful (and most often necessary) for
increasing the melt index (I2) 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
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.
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to use the sane catal yst conposition when
transiti oni ng between high, nmediumand | ow density

w@oelogasseyt ene products in a single or rmultipl ePCT/US2006/018746

reactor(s), and avoiding the current need of having to
change catal yst conposition in order to achieve
different resin products. - | -[0003] Metall ocene
derived resins have many advantageous properties that
provi de commercially attractive products. \Wat woul d
be desi rable is a netall ocene catal yst conposition
Bt% &Qﬁ@éeﬁe Q{erﬂ%@‘i’ék%snﬁa%eﬁ'aﬂﬁ‘aaﬂﬁltﬁ’gééﬁs REsktics that
yeth enes at comercially attractive
pnowﬂectomntercea;lly %tp:mtnval prpdpas.y e tWildte would) def desiiable is a

FaRrae SHEAL{RD SPAPBE G AL PP Rc) RSO e FATgR A high

H&ﬁ& i 9 @ténes Ofit Q%hﬁﬁeréiﬁ hieraBtiRd U(ﬁﬁd@ctMt‘i& n&bécially
[ ndex an wi de densi tx@r ange of pol y | ene resins at
polyetbylches msy:ﬁdtm retoriolding mbumqmntm@émgmhcéﬁmm Epgher,

a3 gl B Bl e B hE s SBERRE g BinZien 10
%%fd%ﬁe ACRElel meltusideabd WAde althsilyo rar@agﬁﬁpﬂgl&hyﬁhlh/l‘i@ﬁi{s at

THE | NVENTI ON [ 0005] . One aspect of the inyention i
sompersialyoutrartive TStV ieh g Tht BVPHersdiskphas; digpovered such a

I e of at |east
A Bh K o o B B e L BRHbT ), "one or “mor e
a-olefins wth a catal yst conposition in a

o or 1 Simcetiion Edereares BOSaS R bR RBTOPRREE o

10, 000 kPa; wherein the catal yst conposition conprises

a hafnocene; and isol ating a pol yethyl ene having a
Y&FH&E&N@@N)TIQ om 0.930 to O. 975 g/ cm 3.

ot her as t v
POty ot Fiesf ST RS Bleabpid B Rabeaion sl i Bl
BhpasihE @Babining Bmy%emf?epzﬁtlﬁﬂ meisnge of ithleast Qat)alkj?stm one
conposition in a ymeri zation reactor conprising

Gmb?menp@moen@%alb{tons op s grodefigs Wighsa catplyst cppRRYtion in a
K BRI Hidid W) DrireRRYY &l BXtERBud DOIREerRatl6R Sichdfor, Nat a

pressure of less than 10,000 kPa; wherein the catalyst composition comprises a
hafnocene; and isolating a polyethylene having a density in the range of from
0.930 to 0.975 g/em’.

[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
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/cm’ at a molar ratio of comonomer to ethylene that
ranges from O to 0.10; and wherein the catalyst composition is not altered when

producing resins within the density range.
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the range of from0.910 to 0.975 g/cm 3; wherein the
bul k density of the polyner particles is greater than

w@2000/18806m at a nolar ratio of conononer to etpPyl/@R®06/018746

conposition is not altered when producing resins
within the density range.[0007] Yet another aspect of
the invention is to a nethod for transitioning within

a single reactor froma first polyethyl ene product. to.
[8002kc ond ©p BPSHREHIIPEFHEO ﬂ’&d‘&&?l}t%&l P L ME _od(égfqransnmmng

Ldi ird} d £S5&chddlyethylene
O G s e B P e g Sanaa e ™
Ebiydteroenpaisthga first nolar ratio of conononer to
ethylene; (b) withdrawing a first pol yethyl ene
product; (c) altering one or both of the nolar ratio

of hyd§ ogeghelRingtthy k&RforaR @ fréguredblesy tah A 0QI00 kPa with a
cononoirer to ethylene to achieve a second nolar ratio

fifst mpthr agiemof aydsogepl torrshenre andse Byt dnaley mkio ofcppogpmer to
nonmer to ethylene; and (d) w thdrawi ng a second

%g%lé?’hyl ene product; wherein the transition takes

pl acemysi ngithdiewseEfisapélyythileaoprdsct i on and wherein

the density of the first p{)}al yet hyl ene 8r§guct IS Iless d

than & eqiisringeng ogbothgfc e,m%lﬁ%ra{lﬂ of Budrogey togthylfpe an
c | r t ¢ tio of -

fhg @8@5@&9’ %X&Fﬂ%z}%{ RﬁAggﬁﬂéné (9" RAFE o hRBn@melaal

yet anot her aspect of the
hydregén woritiylenbana apetopdihylhentio pé comohaseriaethydengnand

aver a particle.size ranging,.from0.4 to 0.8 mm
wher e%‘ﬁ at Wita u%@/ge&pngﬂgly y{epgpgogﬁgtre from35 to
60 nesh in size, the particles having a bulk density

of greater than 0.40 g/cm 3 and a gradient density, of
fuhereirD 13 Orapsition 9Akesgplaag, usingd theo §388 ssafrly s r eamrestiipn and

to 4.ppm of .hafnju t

8 B R e b BT Bh e B a P M nal B ARkl 6 0920
aneh’UaRl @ densiFtatlts tecoyd bolyetgiope ipsodugt & grediad thad or equal
conponent ,that is capable of making a pol yethylene

ka0PAY &Ml ecul ar wei ght distribution of from2 to 15
in a

[0008] And yet another aspect of the invention is to a polyethylene particles
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 baving a bulk density
of greater than 0.40 glem® and a gradient density of from 0.930 to 0.975 g/em’,
and possessing from 0.001 to 4 ppm of hafnium metal.

[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 15 in 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
from 0.91 to 0.975 glem’.
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single reactor and having a hexane extractabl es val ue
of less than 2 % and further, the catal yst conponent
weapahb®onf maki ng pol yet hyl enes at a density PENys2008/018746
fromO0.91 to 0.975 g/cnB.[0010] These aspects may be
conbi ned with various enbodi ments discl osed herein to
describe the invention(s). BRI EF DESCRI PTION OF THE
DRAW NGS [0011] Figure 1 is a graphical representation

f dat Tabl -4, pl.otting th i '
Bapheen Thre e ey 5 cominrd, PR FRgul bbb BRI fadosed
1HRseifl td &f&eﬁb@me@ﬁveﬁﬁ&ggﬁne to ethylene nolar ratio in
t

e reactor; [0012] Figure 2 is a graphical
representation of data from Tables 2-4, plotting the

at i Ry { ctivity in the

I?ﬁu L ‘lpm%& Oll\i gﬁaiﬁ?b%wlggﬁ;f 1- hexene

O ent Fddrer i A gdpidat agireventalion bBHatkifigur Baldes Z-4aplotting
raphi cal representation of Conparative exanpl es .

leb redatiqaphip capmeatdly e RyPdustivEy HVERITE W'EE‘@) as a function

&t -ﬁ%)yeﬁg 1§ %Hﬂgﬁ% oD rRRHYRL t4tloy, and pol yet hyl ene

copol'yrmer density as a function of 1-hexene to

et hyl ene nolar ratio in the gas phase polynerization

react or erat ed under .conditjons siml.ar t hat .
R4 | bR 2 he SR Sres OO A g IR0l 7 plotting
%%Q&Qh&%hiﬂ &Rﬁ@éﬁﬁ&ﬁtﬂr@dhcﬁfvit? at thefihRmiTeabtesplds 4, a function

otting the relationship between pol yethyl ene density
af1-hefaneconentrafiomplthe isadiox, (M, 12) where the nunbers
for each data point represent the catal yst conposition
productivity and the dashed line is an estimate of the
h)@ﬂ%DO' tired® RS gyapBial répieseiMationof Confpaftidd exadPles (bis-
g/ 10m n. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 001%1 d
Akykeydopsntadicayhieconm dipbide) eAtalRitogIPOEItioR gredyictivity an

h f i ng: i it .
JFRARF S oRORAHEAE TR LAPABY it Bl o
it @elphagy palphedrtiopaedaor eppiatgd andeatcahditions similar to that

conposi tion that possesses a commercially acceptable
ﬂ?%?@b@@%ﬁh?ﬁxé\ﬁgﬁg’pﬂ“aduci ng | ow density (0.910 to |ess

[0014] Figure 4 is a graphical representation of data from Tables 2-4, plotting
the relationship between polyethylene density as a function of melt index (MI, L)
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.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Aspects of the present invention are directed to methods of producing
medium density (0.930 to 0940 g/em®) to high density (> 0.940 g/om’)
polyethylenes in a polymerization reactor using a catalyst composition that possesses
a commercially acceptable productivity when producing low density (0.910 to less
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
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than 0.930 g/cnB) polyethylenes. Another aspect of the
invention is a nethod of transitioning fromthe

w@e@dasgonon of a | ow density pol yet hyl ene to aPoEUS206/018746

and/ or high density polyethylene. This transition can
take place w thout stopping thepol ynerization process,
and/or w thout changing the polymer particle bed

i nside the polynerization reactor. A "catal yst

C onent” in one.enbogdi t . ' |
R e
RN ERAatidiRicher. Of “Edtdlydt eompommUiarone embddiaeht snay kemical
comononers) to produce polyethylene. In a pref erre(gh
prtiotliknevin, intthe astaranapler ok SaARbEINE; bR RA¥RATIZeEen of ethylene

haf hoc 1 )0: ' h
RElRGEREw, P Bk ECoERRE PR o g v
&ﬂlﬁtﬁih%‘a_éﬂtn the ofataqﬁh a(ﬁrgp@saﬁm coﬁgﬁisesa pihefcampact nodst preferred
i nvention_can thus be d i bed b ' ' f.Lh

S CHabE oIS 0B BB b FOITEED; OEAnE of

L IMEREERD ey ARIDORQ: HOMETRIvEAidND c @usNBe described by
conpri si ng conbi ni ng gthylene and optionally one or
comlginationk ef thesmbwdimentsdatesl.yst conposition in a

pol yneri zation reactor at a pressure of |ess than
10,000 kPa in order to produce a polyethyl ene having a

BN LY Ok z{sg&:t bR Eepredent mVBAtdNISA mdthédl SolrerikigHolefins
or 0.970 or 0.975 gécn1mhlle mai nt ai ni ng the cat al yst
y

P‘Pmplﬁsém% santyning pdyleee prd apirmaly oye pamge halsiieosh psatalyst
any ¢ I.nat .M i .
R

ﬁppﬂ@ﬂﬁéet 4 polyethyipd Bodnga kafisiydertke raopé ef fromt m830Ws0.935 to
i ndi cated, the "

density" referr, h I
0608 dr| GO oF G475 efom o VR Cypaing G sPRDAr ARARID. The
. 703- 03: ' . ; .
BERAT AT o et s tpipitad cgteingntin s
oppallisit as degedhehhereimnpPreiraiy,rtbe gatalysi eompgsition comprises a

ris-cyclopent adi enyl.-t.ype npl exes Q f ni I n. -
BB od O RBE BB TRE BN et glhetoll is te
SORRNddSQRadich®! ARGy ESHneIWY brePhiralio) Bt AN IA70803; density
cycl opent adi enyl and substituted versions thereof.

Respmethort giediens celvmmiee 8SIM DiL§REY- i sol obal to

o L 1 o SRR IR, v o
eNELpaGcaticngBypk, 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,
benzindenyl, fluorenyl, octahydrofluorenyl, cyclooctatetraenyl,
cycloﬁentacyclododecene, phenanthrindenyl, 3,4-benzofluorenyl, 0-
phenylfluorenyl, 8-H-cyclopent[aJacenaphthylenyl, 7TH-dibenzofluorenyl,
indeno[1,2-9)anthrene, thiophenoindenyl, thiophenofluorenyl, hydrogenated
versions thereof (e.g., 4.5,6,7-tetrahydroindenyl, or “HsInd”) and substituted
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-
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cycl opent acycl ododecene, phenant hri ndenyl,

3, 4- benzof | uorenyl, 9- phenyl fl uorenyl,
w@20d6a30bDpent [ a] acenapht hyl enyl , 7H di benzof PODUSIMYE/018746

i ndeno[ |, 2- 9] ant hrene, thi ophenoi ndenyl

t hi ophenof | uorenyl, hydrogenated versions thereof

(e.g., 4,5,6,7 -tetrahydroi ndenyl, or "H4LId") and

substituted versions thereof. In one enbodinent, t he

nocene i.s unbr i . .
SE e A Bae: ARG DUPEIEEPRARL Y unbridecd, bis
1ﬁ hABRteneh haukabsiiaaedenexthydies thers ubs balyuiyellide groups
bri dged and unbri dged bi scycl opent adi enyl haf nocenes,
lmu@dmﬁwtrmgmaurté@io T 8988- and unbri dged bi si ndenyl
haf nocenes, "unsubstituted" meaning that there are
only hydride groups bound to the rings and no other
©oBYp. [FoErBblyPriaé ehd]hxbopnetth;efdh anthee peesers efnykntion chie be

present i nyention ¢ O A ented by the formul a
l(eﬁﬁé?fée ﬂtesfoﬁ%flﬁﬁaﬂﬁre B{g Elfhﬁlﬂ MY) wherein nis 1 or
2, pis 1 2 or 3, each i s independently a

cycl opent adi enyl |i gand or a ligand isolobal to

cycl opent adi enyl or @pgid§tituted version theflof
bound to the hafnium and X is selected fromthe group
consi sting of hydride, halides, Cl to Cl1O al kyls and

GReleth 1€ 1 kenyk St, 28613, vdaek @;fhsvifﬁﬁpeﬂddnﬂy& cﬁﬂtqhn@dwnyl

nmay be bound to one anot her t hrough a bri 1@

e ooa ligmuhischbab o pCIoBMAURTIGT G SRt erdion thefeof
| kyd en e I

Bl 5T R P ag & NOAEIAF el ! ef SRS RRI nRide

haledew dE, t@t@l])j lakyB dod GHB@H, alketryls;ckapd vgfreneip wheam ie%am:dh@p

cisy RdpRBY Lo e el oneh § boi Bipe BEiR SasiPEisH T B g
9&%&5‘? ”&f* eies cﬁoxy&ta}iéssld geri di &Slsr&lrhﬁﬁ&aﬂibns and

a si hydrocar bon brid |ng roup
lsm::tybdhgéro(:m@am( CAN33281ploof .Cil 10 €5 |@ angg |11@qlude ethylene (—

el i s REEERE of 7 GROEMES gl ipetudes
RS/ Amide e {EHNTS); hgt ¢tauipel of Tieﬁl%‘»hwrabarbh@ bridging group
ref érenced group possesses at | east one noi

chiedes oﬁmgthglsdyl hnﬁféHﬁy%tm)g and anexamplendfsi ﬁlffaw,l-ht/ﬁfé’carbon
bridging group includes (—O— (CH3),8i—O—). In a particular embodiment of

the hafnocene represented in formula (1), whereinn is 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
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 Cyo 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
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.
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noi eti es selected from such groups as hal ogen radicals
(esp., F, d, Br), hydroxyl groups, carbonyl groups,

W(aa(mb/amm groups, am ne groups, phosphi ne gr oupsT/US2006/018746
- al koxy groeups, - phenyl groups, naphthyl groups, Cl to

C10 al kyl groups, C2 to ClQal kenyl groups, and

conbi nations thereof. Exanples of substituted al kyls
and aryls includes, but are not limted to, acyl

radi cal s, al kyl am no radicals, al koxy radical s,

aryl oxy radicals, alkylthio radicals, dialkylam no

roaztiical sviosd }h@feya:ba}’ hbé Mhfnbadieqakfil uiiﬂiéj ﬁééé‘ﬁ@hﬁ@ﬁﬁdm can be
radi cal éibycar banmo radi cal s, al kyl- and dial k

FeRFISSRSS DY iisformnla:  acyl oxy r adi cal s, acylanlno

radi cal s, arylan1no radi cal s, and conbinations
thereof.[OOZO] More preferably, the hafnocene useful
in the present inven(CpRs)SHfiX,be represented by2) he
formula: (CpRs) 2Hf X2 (2) wherein each Cp is a

cycl opent adi enyl |igand and each is bound to the

4
U8kpt o o AR PSS e

pachir Rdiss ingleperndentiy, seisctatl kiybms; hyadmﬂeS( and €elte c@gdalkyl@mmost

bR M9 R B0 08 o8] Gohfiols oy Segieh it serour

calsssem of egdfidlqMalibe OF IO oamfs %ha fc @m 4R, arfel
to C algléi/legnes and C1 1to 0160 al ,mgn 19 HIS, more

piedsrablyipt §s selecsedslspmacthe @rqtmoqﬁmmngg pﬁh@hdﬁ&n@z gt Caglkytenes
Eﬂ(@ {8, alfd(lk‘ b Post Sljefér el ) dc,k% ngtegq'l%mcﬁi gtr?]lg) consisting of

enes nost “pre

bldbnd«:; cherids, €epr €5 aifitydd ahy (,aoray dk{l2hesabhy & movd pidbmed
ast % rou is an al kyl as defined above,
BnbeEiint Jhehadkede oregraegneed ajoxmga EProge akerein at least

BYSIRI @8 i) aR alB$ tas RIcBh&d 59&’\762 n& C, 98 %gﬁg%l' 3nd the

[ ndependently substituted wt ne two t
gthetspare dyfindase dnfa most pmfegrequmntmdrmemt eewg ©f isvimidaydndently

Sitlnac B iom Bk s BRCebRRY R oRrihg gtoup consiting of
ﬁﬁﬂ@dilelmmprsplﬁhbdtﬂahnd RemeatiAérgkst conposition is

het er ogeneous. Thus, the catal yst conposition
conprises a support material in one enbodi nent. The

AR, TR B U R
te 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
chloride, graphite, magnesia, titania, zirconia, 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 pm, most preferably 10 to 40 pm.

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

activator known to activate catalyst components towards olefin polymerization
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i norgani ¢ oxi de, nost preferably silica, alum na,
silica-alum na, magnesi um chloride, graphite,

woR@eassoa titania, zirconia, and nontnoril | onPCEUSENY018746

of which can be chem cal |l y/ physically nodified such as
by fluoriding processes, calcining or other processes
known in the art. In a nost preferred enbodi nent the
support material is a silica material having an

, ticl [ det i.nhed by, Mal
%P5 SHLDH iy B RFCTOTS! BEOATHICH R ROTRISE 45 abrggng nd
ROt piefedatlly ThehAahokatiet sukBna08ésctibé 69MPB.IPS Soaddy and A.E.
activator.” Any suitable activator known to activate

Hamidlaesin 3¢hp EALKMER t REACTHEN OENGINEERING y hbl-200it (1 9% ay The

e itable. ln a ferr [ : clj
G35 oy Ry BBt B HEREBPE Rt i AhERRDo of
sAusihuas todesgitino@d: HYY rahgfhdPiroB@E Ee 2006, Andst pldderalslly®@0:1 to
in 3(2) POLYMER REACTI ON ENG NEERI NG 131-200 (1995).

slal unoxane i's preferably co-supported on the

support material in a nolar ratio of alum numto
haf nium (Al.H f) ranging from80:1 to 200:1, nost
002§ er alilhy “@OlyinetiaatiotOredctof 0@RHe atyetypeof yarstor kaowoin the

reactar" can. be any, ty f.reactor 0 i.n the art
it et s usaF in PR PE AR ot b b o Lo QdBEg. Hron
Q@rﬂggﬁgﬁﬁ@&ﬂ@sﬁﬁlaﬁ 10 006 k@b | mBfeqtsidrBIlesd @as 8i008KPa, and
10, 000 kPa, nore preferably | ess than '8, 000 kPa, and

exemnmaysr prefaraflie deds| than 000t kRa, agd gyen lorere paefgrabliefess than

EP0f 4Porst st prdERbly 50y ttpao0 ReadS B maggpent, e

tdaetof eRC a0 corRtiniou£ONLAAGIO Usieai@AC {0k , mvRambRg ahlatatalyst
nononers and catal yst conposition_ are contjnually or

pagppsiiqnyare saniigialllor gy fothior be peaciest Wil RelyFilylene is
g&{%ﬁmagfb} ¥effart} RIHhAEY ViR i aEcRst. fs“u%ﬂﬂpbgs?érfgaﬁ&@ feactors
uch pol ynmefr za calle

ion reactors include so
ikluder o' called ctshrrsy” teactors, i “soliitioactaotoss andl “finidizedi bed gas

eSS P Deu SRS o SRR Bopyec b

VREYi A RERESH TG iekiRk L AR cERE Bl 22 ProRPoLYM.
gg(l%lgséi. 651- 7(%@('1956%7. Most cpr ef ebrb?gﬁ’/, t he ™

Sol. yoid1708 1 99m. r Mast prefarsdy.utheipolyrheriZatior medctm yssfud in the

?l’gvgié{l(glf gsuaz?ofé’ikiﬁi%ﬁglifszﬁﬂdlggg bed %asp ;r)}?a%g rda2R¢! Yuch §elﬁ%ﬂ)rs 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
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
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
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known in the art and described in nore detail in US
5,352,749, 5,462,999 and WD 03/044061. [0024] In one
the "polynerization reactor"” conpPCHES2008/018746
or nore reactors in series, those reactors being any
conbi nation of reactors; preferably the polynerization
reactor is one reactor. In another enbodi nent, the

pol ymeri zation reactor is a continuous polymerization

reactor co ising a feed.streamor "¢ e _gas’ .
csimpree i Bharep iyt enC i RO Romey st brine »
&QtBd aEadyhitb 176l JrodRe aCidd tpOuspailydthyienah t he

pol ynmeri Zati on reactor by any suitable neans. The
anmount of conononer, if present in the reactor, can be

essed as | ar 1@ rel ati t he :
BRI enat i restaBh B BliPef b Gedcfir, B, ofom s
Phssed Y& laep@a@ierizBionr soetided A9 anhBluseativhoof tiee pelyniedization
aconti nuous flow_of nonomer and optionally cqggnoner,

pastion.dhers can ke aprludadpyreacign & Fluid copapypicationvaith gpepr pgre
' t
BERAEE B SR RS RIS B 8250 058008, o o o

atore ambodimeais st eactar peludeenirgationrzose i floil cosmanication
i I,tlhust ratjion of .the $0| ﬁﬂ?” zation sectli&an, t]%ﬁr(ﬁ can..

B h & PoaE reurlar 2R nf e TP CothfSPEREFoR Rt ¥ 8o n8
?Eélggfgf ‘g)aﬂicjﬁe%,h%r%dt ﬁcﬂ?&er PHitidRs tAAKSatal PH T @enfoRites, %agﬁdes

( conpressors. In one or nore enbodinents, t
floslizedr by nibt uetasingowse oy o  pelpimeripabie (And modifying gaseous

communi cation .wth.a vel oci ' . .
FRTRBR hofe et Ao Sl ahSHEHI APl W reaction
Bafid. | Trefrablygr thie dmpkd-Mpefeed dndliddsepolundrigatlalyeGiomer, most
conposition particles fluidized by the conti nuouls fl ow
oreferablynethylene | adaat leasti gori Aleh dselsia, @@dpwagngise jiclude
L08Rl QhediPX ey UPIIAAD iRt ERGHA! discidddh dn! R Wdhpldheus
reacti o zone. Preferably, the nake-up teed includes
Aci43 1300 Ua 514051982 0arelr US e, 99Pef er abl y et hyl ene and at

| east one other a-olefin, and nay al so incl ude
"condensing agents" as is known in the art and

Mos6! 0Sethd AuidiRd BXEAMRS Fhe YohdtalbdpheaBce UB H déR Blgs of
and 'US 5, 462, 999. [10026] The fluidized bed has the
getiedodllyappeiag pavicless peefetebly @ohigdylesk particles, as created by the

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
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 1s sufficient.

[0027] In general, the height to diameter ratio of the reaction zone can vary in
the range 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-
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i ndividual ly noving particles, preferably pol yethyl ene
particles, as created by the percol ati on of gas

wo booeasgeotr he bed. The pressure drop through theCbhes2006018746

equal to or slightly greater than the weight of the
bed di vi ded by the cross-sectional area. It is thus
dependent on the geonetry of the reactor. To maintain
a viable fluidized bed in the reaction zone, the

[ hr ou h t he bed. .nu exce
%ﬁ(ﬂ%ﬁgl a‘i‘éaaé)f ?gf\?vl\é?gg m&ru\é%}n} %c}ne 5 Lp{pdﬁ:a%lgt\ylg %he range OP about

Rrtefabsia Bl muluphai Bylmercfrd)sslsad:tlcﬂlaﬁar&@bﬂhb frdactién bnd, €ast
two tines the mnimumflow vel ocit Odinarily, the

Mﬁ@rf. clhg velesity aedustiop erneshasos sdgner, diametascthamdhe
7
lﬂﬁé&ggﬂh )é? 10 aflg hgn EQ %81&1%31?35 ta&&leﬁel shact}ea%x% 'tlge'f 1?2{11{1166 s&gg(e)szts,] the

velacity osduztiore zmmlskmfs ythé melbtiey ohttgegaafdueiouhe Znckedsed cross
gﬂgut 5:1. .The ranq%na of course, can vary to |arger or

opalargay HYE reduauien Hesid yelopibn diare theeantiaingd ipggrthe

%a@%a&cyn fﬁeequgﬁ@@%%%tfaﬁe@ m%fcgeg e AR e B!k for. That

ductlon zone is’typically within the range of &
.’gaft exitanpihe osethaid pithe eehctyy it the ranyolegas etr¢annnal  ar ea of
the reaction zone. [0028] The velocity reduction zone
has a larger inner dianeter than the reaction zone,
qovdoican e el adtlelim! BRI nfedsBd $HAPEmMpPISsdof %nﬂacﬁgn passed
suggests, the velocity reduction zone sl.ows the
Hepsegh ¢ egrexchanggong dierphedhds rovaved defpre r1101§sretumed to the

% € R0 Heaidt xg ana%tg?iloﬁe i§ Q{a'u??ahh&b%g&aﬁgé W 105 %% of the

e entral ne ucli n

dwammztly)r Wértlemlt t|yp¢ nEfdiesx&rd; bodlees hediakchdn@ersfdan mibfeH@loyed to
rleact That %éelttl ng the overhead of the reactor
{1 QWer fhe LeImpRIpty f‘gag Fysdingay BeeRy) Irpiagesec Jiciserlaq passifle to

'1&a€éqﬁ9 5 E%sdr%o@vrﬁ&% @2 thed gt E{L‘Eﬂn gdg P{l hﬁt@H}?JEllate

heat exchange zone where heat 1s r em)
|P91nt dretwesadseaveral Hheab esichaligas.heAfter xodlaryg ethet aeeycles stream is

(LAY D508 BASHRIGE MDD 680 DL NS, e

aBicy Be heat ©f FeadBore Bl ep)etby telpoVyafieriZA8od RIABESHAL Ur e Of
the cycle gas streamin stages. It is also possible to

| ocate the conpressor downstream fromthe heat

BOS°ChchroREaty, BRADNAE TRALA I8 ALtk SOIECREPLAR Ty e
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
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
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
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w@eovenagoed by the pol ynerization reaction.

returned to the reactor through a recycle inlet line.
The cool ed recycl e stream absorbs the heat of reaction

Preferably, the recycle streamis 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

oRt ai.ne r rticles fromsettlin ut. and
SR Rl R rshicle o ST Rty B B e beg or
aswibehiat bOAh@tladthBedd OdxchiAgRf (HHRe ek @RGEQT fATheWe bwhSream
facilitate easy transitions between processes i ch

redaiivaite the e 4in the rerycleylinees inywhichtaasathe sactivathiisdediite ithe

V] Vek. | ive deflectar, ..
601 Oer @1 fimiEiSRos ) e SALTHo R A st g re
bt atUS poirf 2ibovd JistfiB@3d platd) e Peefemblis tthe @ERBStE ChMPodis&S is
in the fluidize ggd is preferably stored for service
fjected, 4 epaipt i whese gaed MIBNE Vih ROMFICE Particles Repirs.

LA e 15 ST ko 4 Thi S AR RS A e
sapisfactory operatgacefor fluidizedbgd paymerizattbnlyyachory sui t abl e
nmeans, and ispreferably added to the reaction system

~either directly into the fluidized bed or downstream

pb3A he Mt mbRGheRX6dhaBE ahtrdduted aneh BRIFEIVIRLLARR! zone in
downstreamrel ative to the flo in the récycle Iine,

Vaviagsiveays dncleding direqstinjeetiasr thiagh edndzatedntontbe hed oo eycle gas

.eCy. ] r i.spenser.. The. cat t

L e et A BB BREE e tE o Bh rpraivegte

positiorict ubove fHectied, whictl mapbidyin difiging@i@boted carryover of fines
og@osition is injected at a point in the bed where

g}S ¥rleigay SH§ah pol yner particles occurs. |njecting

the catal yst conposition at a point above the

di stribution plate provides satisfactory operation of

033 ui diMda-lge flupbimayehe fedt toathe rhed chmugh [208patateThre to the

nononme can be.introduced into the pol ynerjzation
GREN i SRt GRLG/B Bk AP o s BFSTTHPER by Grgas analyzer.
Thé Qg nalyRez ak®rhke thd %OB?GsiQBn QfCthe Begclk | MRam TRRI the
nononers can al so be sprayed onto the top” of the bed

£QRPASEIPDa Of dhe | Teaksoep tstiemadisabdjusted Hascprdihgiywipcimaintain an
gﬂ;g?tgaﬂg§géag§r :%glr}n %Qse%ﬂg%o&%{){ﬂgﬁ/ (\awrith%{ tl{eI r%ggtioqyzcgn%? 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

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
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 -
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[0033] Make-up fluid may be fed to the bed through a
separate line to the reactor. The conposition of the

woleA8§p05t ream i s determ ned by a gas anal yzePCT/TE®06/018746

gas anal yzer determ nes the conposition of the recycle
stream and the conposition of the make-up streamis
adj usted accordingly to maintain an essentially steady
stat e gaseous conposition within the reaction zone.

The anal vzer can be onventional gas anal yz
enseoi Pl mpr At &y Beded; Komnlels inshRRerRot §T both the
faidiediadiane thedidcosle Qfrede %Qoﬁd}%’ SR RNPOORRES usePHICd detect
equi pment is commercially available froma w de
¥Ry jtepperafiores ghangesin fiee beth 50 aasatoy £8¢ble Sithgntheappsrator or a
o coi g5, f Aol i D0}, '
O ORE i Bl Y R EaP i) B Ao L mca, o he
eeapeeaigeraf thdR3vidle Tpeanpr oducti on rate of pol yol efin
may be conveniently controlled by adjusting the rate
of catalyst conposition injection, activator
rddkAQCt | r,b, [ nge : St f .
Ut P, ot MCoRMaRIRPRRGR, 1€, PRiifcl! bed s
nedwghinedhatr sentially at donstantieightby vethdrdwiop ahmation ef the bed as
ener at in t bed, t tenperature of the r cl
SrrEGoH Sk tols Hoformatn b B porGll PUTRE PbOte. SHARGd: Be
AnYheah aRfEration tifediredty ddlatb@alo ARNQA@E bOHrodifdt Sformation, a
ensures the mai ntenance of anessentially constant
magpuementrad thatepmerayerg. riseofphecilvidiagenss theemacion @re difference
fd Ul di d .t ream coold
30 teh el R B M U VTR B RR f ge
of pagieulan pohendrefdrmotiait at 8 conabiteflei tvetdcityhié neper adgdigible
or a,conventjonal automatic control systemto nmake a
yaparigable ligyid is presppt inghe miet fllidber at ure of the recycle
stream [0035] Under a given set of operating
conditions, the fluidized bed is maintai ned at
€93@nt i aDh ydischnoges todinpartieilgiet polymei t prddacti frgma rgeetdr dn is
f .t bed a roduct a he rate of formation of the .
BesitaPBund: ool et R th S prog e femfne ruia
4@ AR ihe THefSre! Nintefhid v sti@olvio tRd Srt 8 aﬁoﬁ%}?&ﬁ this
o

formation, a nmeasurenent of the tenperature rise
serargtion; Praduas shischprge rsgsiems whichmag ibe fablemativelly emplesred are
i1 i d, I r it fluid.te rature) i.s
id%aﬁ%%c{ I&ﬁ\ﬁeﬂgﬁé‘tﬁﬁg I?éatﬁéﬁl,@gg St a sys¥e£ typlgﬁﬁz emﬂoy at 18ast
one (parallel) pair of tanks comprising 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.

[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
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).
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w@e@sassooi n the inlet fluid.

of particular polynmer formation at a constant fluid
velocity if no or negligible vaporizable liquid is

particul ate pol yner product fromreactor, it is
desirable and preferable to separate fluid fromthe
product and to return the fluid to the recycle I|ine.
There are nunerous ways known to the art to acconplish
this separation. Product di scharge systens which may
be alternatively enployed are disclosed and clainmed in

[o638#, 621Th8520cesy O tite ?ﬁé&tn@ MinteyBbe & soitaBPtR XBe AfoduERH of
one (parallel) pair of tanks conprising a settling

homepolyraers ¢qaprstieg ctluitncaderivedeunifsn areconodymaerd ¢ranprising
: t he .t t.
L ene R UG 3R R G O R PR Lot 1o

eactor

fifial tgodyctih et pedubethay [(ORP7be Font Deof 131bflR0ed% @8monomer
%gs-ﬁhase ﬁggctor enbodi nrent, the reactor tenperature
rivef gngts. Prtcrablyp et ylspe sdwmopelyactized Ay eep ol yiBer zed Vit o-

(glgﬁﬁ; &fntﬁgﬁgt@orﬁ%ctooﬁ 2x205n Hors A Ve %Enb]oﬁg%nrt),\é“%}ﬁlr £58 £ro

esirabl e tenperature range conprises any u
1@ npbombtanes in ydttanotebemboldimienty and franovieo & earpex afonrsein a
lipt . descri.bed hgrein. In general, the reactor .
Pisfestils pbediment o By Bire el b, AR It oLV Eiged with 1
bitatie drSl-h&@sb,Rb Fornt B¢ Iﬁ!}yeﬂifyﬁéhe%? eRunbedifoa, si ntering
tenperature of the polyol efin product within the

reactor and fouling that may occur in the reactor or

{Oﬁﬁd € ﬂl icﬂ&érst)o: %g%?agrl f% :L%f;ﬁ{a?ec ggtgla/g‘{ Pl‘t(())ﬁg%;tfvrit%sl%ntﬁle present

ntion 1S suUi € pro

noemel YBr Frefopatde itfit nge ethhlehe ne peigentviadthe fedcor Ara partial
cogg%yners conpr.ising ethyl ene derived units and at
PEsYFe gner icalsh tanol Pepsia (B0 fa). ¢e0/pde (Hi80kPakmer 210

A P S AT MOl €t

enbgdimeat.i s honopol yneri zed or copol ynerized with a-
ol efins containing from3 to 12 carbon atons in one
enbodi ment, and from4 to 10 carbon atonms in yet

@oM; her TRrRbeediomBher, & prksédt Gk ﬁ&m%elg@dtfaaqe@&m bBseRt at

preferabl e enbodi ment. Even nore preferably, ethylene
iy doysb|thate Wil eathigve hthe - degirede rvecight pernenteinsorpotatioor off the

L&ﬁo&%@f%ﬂ&y&g rfﬁlis(?lfedtplagre{hgf‘l/e%@.t irfiﬂs 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
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 range 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
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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w@e@basabt e that the ethylene is present

[0039] In order to maintain an adequate catal yst
productivity in the present invention, it is

at a partial pressure at or greater than 190 psia
(1300 kPa), or 200 psia (1380 kPa), or 210 psia (1450
kPa), or 220 psia (1515 kPa); and |ess than 10,000 kPa
in a preferred enbodi nent. [0040] The conononer, if
present in the polynerization reactor, is present at
any level that wll achieve the desired wei ght percent

[oaenyr porHydrogervbad ity Ciysobe Atkded 1ot the tgogyrhératibe deactor(s) to

pol yethyl ene. This is expressed as _a nole ratio of

conE dhe fineb propeifics fe gada1 chador i Ip il dewsity) ofithe polyethylene
10 of, t LQn |

ARpRIEE o HE BB BRAETHE SO TR e

medneset (ppinin €1, cyi0l % @A sn thervironlatiegrbaditieant is f a range of from 0

BB R o B, . TG oA e

Sl R SOUISNYLBIR h Sadol 15

amayet ranetter oombodin®n) 5@hérpiny et desimablee ranmeb oy mesrhiprisen dny
from0.002 to 0.030 in. yet. another..enbodi ment, wherein .
SOELAHSH of 0y, YEDSFAGPOIE) Fsier NG e B TRW T gple raig, it
dpfReibed | KeréinW tTheaPYodeWRE thie MirdvetSortl aa&y 140 bBep@iifularly
The process of the invention may be particularly .
chareietizad; indhat whernte mlarvatipof hotleogen 4o edylsne greserifinrthe
e pr:es 4N I r. f [

ks SURERP P EEheca i, (ATl (RABSRL B, 8L celiyst
paidakctreity ¢oes aiot varyiblyyndate @amrsot%\oary %yr 1®re t han 30 %
or 20 % or 10 % [0041] Hydrogen gas nay al so be added
to the polynerization reactor(s) to control the final

Rio@fier tigy (HoQuotivicdd Ad( ag }n%antbgiktggeﬁéﬁlf)é@ oPf ol of
pol yet hyl ene conposition. In one enbodi nent, the Patio
oblykihgtengamodured gthtive th Heemenbryngngremg prfmatdlyst wotupbsition

C2),in.the _circul.at.i g streamis in.a range.af

P 51 S HYSE 5o, Y Be el afgoriBnperopgtiaty can be
clcliafedtaay Mhimbef 8DWaiasAn Rh&®A 1€ HRARM fRAtas b3k FakOFN which
0.12 to 40 in yet another enbodjment, and ffomO0.15 to
gafalyt Patsedhantie balanpd i orenit lookingrasithe produetionatateecalculated

bGP HE hERYbFHILR rdivciﬁec?gy 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
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
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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wobkooshssopnventi on may al so be particularly

conmbi nation of any upper nole ratio limt with any
lower nole ratio limt described herein. The process

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

catal yst productivity does not vary by nore than 30 %

r % 0r %, 100421 By, "pr.oducty vityi. what is.

s 250 skl P Pl R A ey o ESBhobiny of
fetahtsudle at Belotved. D pitde ICRARY woBldMe cafidbMShethod to determine
corgioslti on used, unless otherw se indicated. The

mgishrgpiduey prserdiie therpobyeduliene: vi ty can be cal cul at ed

any nunber of ways as is known in the art such as by
the rate at which catalyst is used ("mass bal ance"),
043y | dlttlei prgseat itvistiqar io dustpasiicul atyensefll Cof wdrsilioningtihehe
heat bal ance divided by the catal yst feed rate-

SR IPAPE N G PRASAL 8o 0T APBTERav i) foaoher papust (e

féi | deity, BN EY, witkEHR She Héedﬂ@lcﬁﬁn%é;gattélﬁﬁg ISt oﬁﬁ%ﬂé. hus,

each "hol'e, catal yst bul k densi eat bal ance"),

an dxpmplisy aaspecit obfthe devedtioh ibifa anethdd ofr plgmativipg Hblefins
I.n the resin.conpesition. . Thi.s later method is, . .
Stapidying, Ffhiging fetiene fnd, opligealfi, ghg £XPT frolgfias with
caugse idMmpasitioAngn athet PBlyRled@MEdH Viehdtor;S vt Mhedatalyst
a consi stent manner throughout the polynerization
FTBResEton, pRIBPriSes iy hakepcane e svisreiny(@) Biem thecmatn gatia of o-

a — | it
BB ] Bne hion IF oRTRUAY: AndSOUEHTS (ERISHo, (B s
asrhpostien pmetihailifysddey noisvang by ngort eedir 8 %eordf0 %-draly) %; and
fluarescence anal ysis of or resi due:, The haf ni um
(VA 2 oplas Bbp (ke @%ﬁ‘gfmwﬁdylﬁn? RESSER |1y sy Tepetghfanges
Hom 6.8160ky 9t i
kg 60184y l10AhE RARY ESstpeN ot Eﬁmu&wgg GRS ME ﬁaéx(y)@:)nore

ich was calibrated to reference stan
Bunyddeto areX) % o Hhii ehtive te thegrpdesivityin step da)d wlierein steps

l\ey d tenperature into plaques having a thickness
gqbagﬁilf}tm /@Spgﬁﬁquhorg%rthe X-ray neasurenment in a
preferred nmethod. At very |ow concentrations of netal,

such as below 0.1 ppm |CP-AES would be a suitable
Hetlod t18 ansther Aspeet.nibe anvensioprexidey esmethod dor fransitioning

UALEL YRSk A T3 HSERFRbe AR (i Mo
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;

(b)  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;
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/em®, and the density of the second polyethylene
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same reactor fromone product (e.g., low density, |ow
| 2) to another product (e.g., high density, high |2),

wWowaokass00t he need to change catal ysts conposi t PONES2006/018746

Thus, an exenplary aspect of the invention is a nethod
of polymerizing olefins conprising conbining ethyl ene
and optionally one or nore a-olefins with a catal yst

conmposition in the polynerization reactor; wherein the

RS BTRE A ETESS 5o B0 S5 50, AHoae s
(ﬁtl%\bdr SR for &EfBhe hild b&ﬁoﬁ@ﬁ&tt@remﬁ&gseéref 4sOyMatld herein. This
10, the cat aI yst conposition productivity does not
RFaRSPS sgn ther earripdiouBequallyrin2gverse s welby Peaferably) theneatalyst
(% %@ao@% o is" 8{3, ﬁescfxfabiehgatﬁ%& %Shébgitgmlkg%\%e 1L é%f’te ngeﬁ!ll in

react or " rranges alys

Eotymeszihg @leffsodidh tas v bitynad d2siteidto, \thesy thyr ¢oMiriseaBatdyst
% or 20 %or 10 %relative to the roduct|V|tX in_step

qeRyponghetelicieds ramsvapadiummased Fatphsts  HRRIUB) base gém;Natta
t

0, (LR Mo R FlgASRE ol i GR  eplcsnes,

¢lEamimim dndochranfium six1chaobaysed hyxtaéyma qmnqnhsxtmns; oaral éhe«nmwd 10

ol duct, conpri operatlng t he .aft
S Bty 08 St e oo, Bientbber ghogipe apme/itine
&)og&ﬁat%n 1Ok ek Rt fréh, 2pdliadfifm,MBlcRE] fodt hﬁ:oﬁfum) Most

rogen to ethylene and a flrst ‘ol ar ratio of
fmﬁgnethe catabshearepasitioplepmpirisérds eatplysi eonfionent consisting of
| ene product; (c) altering one or both of the
€§#%§&$%tlo of hydrogen to ethylene and the nol ar
rati o of cononomer to ethylene to achieve a second
nol ar ratlo of hydrogen to ethylene and a _second npl ar

0edST 0 ofln gehEnothAE ASREG! dheniph ention mapddesy MRFhoH dpifnsiioning
PRERNFSRR BN £ TS Aot MOR! FloBucc 16 o SR fol Mhylene
wioduaj conopresimensi ty of the first polyethylene product

is le than or equal to 0.92

0" 01508 cpberaling B &t admesriy Qi SisHBan 400 fr %080 or 8,000 or
9000 hmloaoq@raowﬁta firSt SORALTHo bh ﬁ?d@?er?w&hyfeﬁe Bn®3irst

or 0.937 or 0.940 g/cnB. The nol ar i 0S
molar ratio of comonomer to ethylene;

(@)

(b) 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;
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).

[0046] Preferably, the bulk density of the polymer in the reactor is at least
0.400 g/cm3 when producing any polyethylene having a gradient density of from
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of hydrogen to ethylene and conononer to ethylene are
as stated herein. This process can be carried out

we@owal1Bspoi n reverse as well. Preferably, the cBtBU§EDG6/018746

conposition is any desirable catal yst conposition
known in the art useful in polynerizing ol efins such
as, but not limted to, those that conprise a catal yst
conmponent sel ected from vanadi um based catal yst s,

4017 B YDA oF kol ST Y BoriRhSruCh T Bilio as any

lehéloiiﬁ Utdicutell tbredin lB’ﬁllQDdil@ltj@é(Bm was dheasiired by pouring the
onposi tions, and, G oup 3-10 coordi nation-ty

ROAYI&PS/@P@%W@& @k incB dipmeter; fyanpl dnte aofﬁqurwoagm @xltnder of 400
r

B B PR ek s AR RO R G It ol g by 400 g’ 0
gia¢ alvglie icgfopdsi ti on conprises a catal yst conponent
consi sting of a hafnocene. [0045] In yet another
aspect, the invention provides a net hod for

Siti n ' [
ot hy o e Aafbcf of IRFL PR 10 & R Tod o poBimertine
ngﬁm ccsnpngsmg ac)mbpmgathsdglet dnd qitionalpy esds or mof (x—lohtsfms wnh

, 8, 000 or. 10,.000
§ AR @fheBlighine ofinetiogion o G Sp Sring RyVRRL aRgenat
4 pfes$ur8ofF adss ftidnl 10,000 kml“@fi@ﬁﬁ%lat e daf)(ﬁlyétﬁﬂ@ne ﬁ@ln% a density
w thdrawing a first po I)l/ethylene product; ering,

igntde gangsoefhirem Q.Ht0 %08 2 10810:Y 5010 hYet 6789 Qdﬂe& A glem’;
r
@H F%{jglegﬂglgcdghgw 8{ §&?Hl@9 g?ftﬁ:ie § g%¥4t$ &13{1(3) 1{0 or 0.41
g/mﬂl at aemﬂaﬁramnloﬁrcomahmmem‘o aby’lﬁm?ﬂﬁt rdngeﬁfrbiyﬂ ® \Aftﬁo 26;I’l£hd
wi t hdraw ng a. seco et .hyl ene product ere| n
\ﬂ'ﬂéwtnr tesideniy qfark%ataryak éOIBE?%mt e Delapered ey producing
n « t

SOFROPRIR: BNEIR ol 16 bl “HBSR comopyicn by o
dterg@l when ptddaecing mésmsmaﬂsaabmdlerpttyyatgepyl winat i 1p nedotds thas the
ﬁgeat er .than or

glgla%agmgyreagw 't gnaé’ %‘g{?@y% ]fgstk&omélge fl?eaglefms and a
SRAFH @BmPYsition under such conditions of hydrogen and comonomer

concentrations that a low density polyethylene (e.g., 0.915 g/cm3) or medium
density polyethylene (e.g., 0.935 g/cm’) 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
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 reverse also. What is useful is that
throughout this transition of resin products, the buli{ density stays advantageously

high as well as the catalyst composition productivity.

[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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ASTM D-1238-F, 190C/ 21.6 kg). [0046] Preferably, the
bul k density of the polyner in the reactor is at |east

wa@2000035906Tm when produci ng any pol yet hyl ene har€TgSH06/018746

gradi ent density of fron0D.910 or 0.930 to 0.975 g/cnB,
and having a conononer: ethylene ratio at any |level as
i ndi cated herein. Bulk Density (BD) was neasured by
pouring the polyner product via a 7/8 inch dianeter

| int fi | li nd f.400.cnB. Th
D! Py tab S AR B0l 80 R Gt e
fhiventitethde déPinasB(T, B SeNird] MRASTM-D- 973808 190994 1§ kg) of
Thus, anot her aspect of the invention is to a method
Bemdbo L 2004 ghginlaad fiem @8 S idenisonBetherpreddjmenteand
' |}y - ' B t.al yst
AR O 30300l Sy L, A POk
Euhpyiger amyacémbinesorfof anprgpst leniofwitie asy toeer Lit0@&cribed
Pa; d.iso] ating, a pol yethylene having a density in
Hey AitEchine pelyribylgae my heve 22 ly/h floasmessugedbs ASYTM-
B 58-181199°8/8 (S Biuc¥etdih riOtﬁg gog lﬁggnég ?xﬁg&ﬁ}fe&f ahd from

polymer particles”is greater t g/ cm at
80 ol 89 matyeto andthero eorbodimnent.0 aed hiydbmn &2 t toaBO r mngets another

from.0 to 0.20; and.wherein the identity of the
BB Pt HFBL 4 TOHATE HBE FVcrabR e progRiiEitng of any
{Siser MignitMvithiafly fohRr HeRSddstribeN@einBy the phrase "the
catal yst conposition is not altered when producing
resins within the density range", what is neant is

th 0 ' [ cior _operat.or may.choose.to
0%, " CoHB TERER] oRétREBRChR, PR v SR ER G ot
frone? ts U6 Hn 0ae dirbodingenqfandyfisraed aMth ewRRGodiment, and
oncgntrations that a | ow density pol yethyl ene (e.qg.,
%9@11 SglrRsi ¥t Fother rrekadament. 3¢ Ryl -2rie Y én gret another

OmBEAnRhe Wherdia 9535@?1!&: fh %nn;{)gé/'sél:ctﬁrll%%ye%' QhotlifdtRont §E any

reactor the sanme catalyst e reactor
uppred i limhio ngitta laoy dowerelimitadegedbali bbrefrhatTha gulgithylenesi haye a

BNl X ot i mapsaworLoy 2L LERC 1T ina3ib of broppless
Bvin 2082 bYS EmBAITRGS, hhPRss thAn 1V $n ASPRG lenbodinist.

i nvention, what is nmeant is any catal yst conposition
known to be useful in producing poly ethyl enes;

fb[)?ﬂﬁ erably stﬁeﬁlﬁ&?gh%ut 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.

[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
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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wa@omeassoean be carri ed out

net al | ocene, and nost preferably the catal yst
conposition conprises a hafnocene. This process of

useful is that throughout this transition of resin
products, the bulk density stays advantageously high
as well as the catal yst conposition productivity.

[ 0048] Dependi ng upon the desired resin product the

f

P it ot SR E T Rty 8 T 0f ik 3ha e pen,
Rihefesvithlthy resifféneg aveye tiétiedns tinit @bBEMd WA ¢dIRCRIGAGES 300
of the invention has a nelt index (12 as nmeasured by
meihpqreen adhepamoc 2. 16 kg) of from0.01 to 200
dg/mn, and fromO0.01 to 50 dg/mn in another
enbodi nent, and fromO0.1 to 50 dg/mn in yet another
o5 di melnt Qnevéraredimenst, dﬂspwlyﬂhy?lenalpﬁem’aw lmmbhtﬁﬁtlaﬂyyno
glg nmbi.nat i on of anlyﬁﬁgf [imt than lower Jimt

OB Be A HINER RO UL COnieRG ?ePﬁy‘Preﬂ%lyn‘H?ath‘é(%ld be
ééhsic?e%éd Bg tHode lklﬂéd 'i'i?ﬂﬁa“ir? C{ri&ﬁ aﬁ%ﬁk@'of]tﬁgs% H talégzge l}])resent

21.6 kg) value of from10 to 100 I n one e
&mhl : ' fﬂmemnplg, le® than §.801 apmt Wetfembbo therpotyethdent domaprises

é%& r aélpéo '?é% agt llglg’:‘rﬁfelfqb rgr%;e 8%%5‘9’?%68?1 apd 3 ppm

. uPdhiun, Ahib dw:frhlmadlb x®esr IOPIAES G d6dckiBedh&i8inei N.

[0049] The polyethylene preferably has a nol ecul ar
wei ght distribution of from2 to 15 in one enbodi nent,
fro 5
PRy s bOgyieReCpRkELs RYNRE HERL, BOabEE By have
yeikluarmblbﬁfneseﬂiaoduandm dezwintbe@lby anylemintbabladd r eorglsiniioh of
co I se_any conbi natjon o n pper Limt with any
FORBAER 1 T3 ARG IR PAD SR oyl Peviess thpcrage
SXRRGIRRhARE HRLES. \tébtseln&@%vﬁé?a
?77 15.5_0(c|)%q %(.)) of from Iess ﬁgfmﬁg“@pf%ﬁ"flth%&‘des are
et medinid sizesthe phdicles I%lmlg aghdit tiemtgmﬁgrhatme man 0.40
st.ated t hroughou |f|g:at|on
%@n&%ﬂ oFradizar %%]Isﬂ%f)ﬁgﬁ QSQEQ Iﬂeragferoé%?ﬁsmg from
0804 € ﬂlpgmdfmﬁﬁﬁmﬁhwlﬂg:t eri zed as I ow 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

oS denglt YnoRdadREd Q¥ SthE ARYERIdNH SHEHYEED: 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

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
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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[ 0051] The inventive process is further characterized
by the advant ageous property that the pol yethyl ene

w@a0obi1ad0es produced therefrom possess a narr oOW@EBUB2006/@18746

size distribution. In a preferred enbodi nent, from 80%
or 90% or 95% of the particles are between 35 and 60
mesh in size. The pol yethyl ene preferably has an
average particle size of from0.1 to 1.0 nm nore

nr.ef [y in th of ..fr. .4 to .0, nd
A e W RO
Pans SUEs iaf) cAMRE ag GarB@ playSiolng it VBRI agjEtRHh mbRIed articles
exanpl.e, by placing nomnally 100 granms of resin on

ipplade.dipuseyases thin vallsenisinery asd Bdelos cprigimest ack in a
RoTap(tm shaker consisting of the screens 10, 18, 35,
60, 120, 200 nesh and the pan, wherewith the resin
esses wdihes,dbé icomgosiBornshaid proodsseresf thBipedsenioinhetiich @n be

he . 200 sh screen and_the pan. .| 0052] In one .
iﬁ%ﬁ%‘&dﬂe{ﬂ%n e ol 4B 71 Bie cpiefncaty ittlosed herein, or a
ShANH & by Bpt}féhé}ﬂ%dﬁ%?ﬁ'(fe &[HeHrﬁeFegn.t Bt dinis of the
content, that is, no or only at wou be consi der ed
inyentions whid& not| recint o behlémiting byt may be hettaninderstbod hg seference

a are present, such as, for exanple, less than
mﬁﬁmﬂgf&l@?%?'abl y, the pol yethyl ene conprises from
0.001 to 4 ppmof hafnium and nore preferably between

0.001 and 3 ppmof hafnium this determ ned by XRF or
EXAMPEESs described herein. [0053] The pol yet hyl enes

@&gﬂg{:&%@ﬁ@(}qﬁ&[&&ds descri bed herein have uni que

propertres that camn pe descri bed by any nunber and
[asTpi natTherhafifocemboai be pieparedrbyoteehsiqiditdoenii in the art. For

Pol yet n articles possess an average partjicle .

"s’ﬁa?é’?‘?’%ﬁhé-‘for D) 96 b @f@dﬁﬁ\eﬁ%ﬁﬁ &SR CoD PRS ncheiged
f . - . ar . : :

O S08 i Aopenidl {4 STRERSOCAPIERIR AIAER 5

)°Enugl thed lghigmapioppicydepsitadierdfle {2.80nequi®30added Gn $oBions.

B B0l L Py By M e fick SR Spetie o0 on
ddiindh@ieURBuAT prapFliaidbyitadi@RROSThd RACER & théd e allowed to
cata {St conmponent capabl e of rrakl_g(%hsuch a

ety slonly émeoom fempesdite FdotisTedald-phhewrsy dihstigpultant brown
APELA A& bd Bitsted &aﬁvé gro%'ps&ﬁaand 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 dried under vacuum, with
yields of from 70 to 95 %.

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 0.6 to 0.8 wt% Hf using the following general procedure.
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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whawicnggoa’ hexane extractabl es val ue of

pressure in one enbodi ment, having a nol ecul ar wei ght
distribution of from2 to 15 in a single reactor and
| ess t hB@T/BS24P6/018746
and further, the catal yst conponent capabl e of naking
pol yet hyl enes at a density range of fromO0.91 to 0.975
g/cnB. i one enbodi nent, the catal yst conponent is a

haf nocene, such as described herein. [0055] The

R tyRihy | Repiaada he teoveBe WthomanVIAS ef the #idihifdcEndMAO
manuf acture by any suitable nmeans. The pol yet hyl enes
oixtuR ciun ieent beostirsadeat far fioouB@mpin tag) howesi tNedt,fapramount of

bei d i. . ti b | di o

A ST Bl o B2 oA BTRLETE Bl con e
lad@yhandstirhed Rk bnotisttioudlor hRir@MThe SiduRll danGh@Sh@ddARd and
| arge contai ners for conveyi n% [ i quids, druns,

dlg ccatalyst camposiies drigdhdit |elgvgtedpigmpsraiigreunger Elgmdrg nigrogen
[ al: und toys. Typical injection nolded
3???§F§§ﬁ¥%%@Ude, housewares, thin wall containers,

and |ids for containers. [0056] Thus, the conpositions
dingt Prislddd wmerizdtionhe present inventi on can be

d ribed, alternately by any of the enbodi pents )

B ool eialee/ dhekene A wATD OHF o Prelie R derdance with

SRORMORERS s Prokadrch el d&tal%‘ﬂ*é@ﬂipﬁﬁﬁbﬁ cQhpfifdd a the silica
whi | e | may be

i nventi on, € not neant to be limting by,
isuppasted higerpsopideychapenieflienphieadniven diebloride vathi mgthalumoxane,

T MBS bR ol ¥811 GPLRENS HrgYafR R ShinRsition was
kitjewead | dryt BiRo ad tfluidiosd esangdse ghi%CbOI‘ﬂ'H(eﬂizQQme%abt()r_) More

can_ be added to ether at -30 0C. to -50 OC and stirred
tpgrtiulaslys nRbrpeizatien avas | corducterd i @s bEivd ivep dameten gps-please

: ' T S

R M

peadiordred. weigle wasappioaimatellyl2 gl Finitlizgiy gds mampassed through the
thick with suspended solid o ddi ng .t he .

e B B of b e RTL0 oh pesccaith TRE AStTGhe Baneitig the

hRdanteMed rtdn ‘Gﬁéﬂga%h%‘é\icﬂietleca}'té@ m e :@%E@ﬁéﬂiﬁn B ¢he reactor.

stirred 10-20 hours. e resultant brown m xture can
tHhenflydizing ges thententaged/a roeyshn lanpl andl pasdedh thsoughna cycle gas

%%Hp?ggsgrogrllj& W3 e‘r-c-cl;&gd heat exchanger. The shell side water temperature

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 partial pressure (about
130 psi) than what would be run at larger, commercial-scale conditions, hence,
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
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

-21 -



10

15

20

solid can then be washed with ether as is known in the
art, and the conbi ned ether solutions concentrated to

wan@enssparuum t o gi ve a col d, white suspensi onPCT/US2006/018746

Ofwhite solid product is then isolated by filtration
and dried under vacuum wth yields of from70 to 95
% Catalyst conposition preparation [0058] The
catal yst conpositions were nade at a AI/H nole ratio
sdinfesosteal injecti®O nibet # 2l duffitidnt fvemanikaih uhe desiedd iwlyner
the finished catal yst was from about 0.6 to (S).S wt % Hf |
pradurgion mates AheeWerg 1gepraale pehweeaiatign runs conducted using this
I j j . en . 13
QLAY bR, MR ValShnd BolhuifnR URBIGBRACH ER, Bibles 13
ledreifir APub&04 tsomi3ized Gre polydtingenerpidipertion dlat treduited éroompach
then be added while stirring. The hafnocene can then
B8 di ssol ved in an anount of toluene and placed in the
vessel with the MAO The netal |l ocene/ MAO m xture can
then be stirred at for from30 mmto 2 hours. Next, an
moadlint OFs/€h | flow (aticer(AR)Paist ihel eatin 2 die lbormi22-hegene

28 dehydr at ed at, 6Q0QC) ¢ e added. and,stirre
&onSrdst T b Poflas R Sl e B TER sk B uc,
A66 athe Fatad6f thBeas ablel@itionuTNORdxeh® mollisiif théddycle gas to the
el evated tenperature under flow ng nitrogen while

grsi qegeastiatipr of cttiviene mplenin theloypergasatheohdCp uinls optained
B 8L o DERSERBACLIBES WIS, RROCUREILN, Raig comes

frafmadopetmenuieasithe amse fopr ithedyeletgae issthe igaairsthppeactadand
bi s(n-propyl cycl o t adi enyl ) haf ni um di.chl oride wi.th .
irntREHGIRE 5P G He quéadn@isgp ﬁboupiig}ﬁ? SIGF- el atios
feBottdPinl TatlBa SRR She EARAREA VYA tHeWeGbL A SHhYles are
Into a fluidized bed gaS phase pol ynerization reactor.
lsereeyeay O ingin] and thys pebytedkCi/Catdtion aayneiogdueeges. i n a
152. 4 mm di anet er gas- phase fl ui di zed bed reactor
operating at approximately 2068 kPa total pressure.

The reactor bed wei ght was approxinmately 2 )

bl 5argapiooieaionar b oain st yi his-o
pepleyelpparadiprpilbhalrredighloride patglast: suyBrdhe smgunt of
tomontinzr iy thgarsacdsd.- t i ng t he

Cs C, conc. C¢C,  C,flow (g/hr) Cat. prod.
Run No. conc (mol %) flow C¢/Cyratio (glg)
(mol %) 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 34.6 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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bed entered a resin di sengagi ng zone | ocated at the
upper portion of the reactor. The fluidizing gas then
wenicenssHa recycle | oop and passed through a cRCT/ESHas018746
conpressor and water-cool ed heat exchanger. The shel
side water tenperature was adjusted to maintain the
reaction tenperature to the specified value. Ethylene,
hydrogen, 1-hexene and nitrogen were fed to the cycle
"Bibsle RO GRS phisse poBahdrRATE b éthFletOml BR&®he aliththisuii-i t i es
;%Hf»ﬁbﬂl@ﬂéhtaﬁfén?ﬁ 'h@hﬁt'l didiBorstRsdafaBbt-0Rscop@neapt r at i ons.

shoul’d be noted that this trial was run at | ower
etherne parti al pressure (about 130 psi) than what
woul . L

hence, resultrng in over roductivities that are

of ol i Mo pFeHGER t‘gg PIvh oGO ch a5 P

hydrogen and conmononer concentrations.

fractlon énalyzer 1®roductf€Bolyethyﬂéﬁe partlcﬂ% )
was w t hdPawn f roPRal reactdr in bat%ﬁ node |nt
pur gi hg vassel bﬁ%ﬁ§6|t werso transfer into ad
pr odugt bi4n ResPddal> cat al gt and a 6vator migze

resi n| was3deactivated in t product dBum wi t h
ni trogen Purge. Thé catalys?gmas fed fb the rea

bed throudh astal-hi&4¢ steefPinjectiof tube at dTate
suffigien® to na@ﬁ?ﬁﬁ% t he ¥ésired pé ner prodd% i on
rate. ThePe V\/ere7§%‘1 parat%’polynerl i on run
conduft ed!Q S|ng ¥Pener rocess,#@ach with 33
varyi hg c d|t|o eIucré ed in B Tabl es f3$
herei h. Thble 4 %¢$afati zes Fﬁe pol yet ene propertieg

("FR')" i ¥the raf?B8%f the®bs of 1-Hexene co ner
feed to the Im)un?l& 88 et hyl AP feed td the reac
whereas the C6/C2 ratio is the ratio of the gas
concentration of 1-hexene noles in the cycle gas to
the gas concentration of ethylene noles in the cycle
Fable 3 hGasHHaspdl fineAzatPonaiTtediyled ahd QMeRemywitk ba®-
)é%fcyﬁl%ﬁéﬂtbdl&hﬁﬁﬁdfﬂﬁlﬁ{ dicHideide agallybre ofkbf fedctbl emidiadso

s“from sone neasure of the mass flow The cycle

that fesulled frddlddch runl®2[0060] "€TB/ C2 f|0ﬁ%$ tio
4

—gasS ~s—t-ire Uas mthe-Teactor ) ard— TS TTEasured - TonT a

tap off l{ea&o YXI [ cul at IIfll'gducﬁgﬁj ?{e&f&l%et l&? react or 'Avg.he Catalyst

lk?m 1\?0 temp bedwelght g/hr time (hr)  utilization velocity feed

O ® gCr/gCypoly  (ft/s) (g/hr)

1 80 1865 449 42 1.06 1.58 0.196
2 80 1873 335 5.6 122 1.56 0.258
3 80 1895 337 5.6 1.16 1.55 0.425
4 85 1907 547 3.5 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 3.9 1.26 1.6 0.387
8 74 1851 431 4.3 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 30 1901 475 4 1.15 1.57 0.359
12 80 1916 404 4.7 1.18 1.58 0.473
13 80 1921 469 4.1 1.17 1.57 0473
14 80 1933 338 57 1.27 1.55 0.473
15 80 1899 431 4.4 1.28 1.58 0.645
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reported in Table 1 are fromthe gas concentrations in
the reactor. Sanples are taken every 9 mn, and thus
w0 epossd? C6 C rati os are running averages. TabCBUS$2006/018746
Gas phase pol ynerization of ethylene and 1-hexene with
bi s- (npropyl cycl opent adi enyl ) hafni um di chl ori de
catal yst: varying the anount of conononer in the
reactor. CCi cone. C6 C2 C 2flow (gzhr) Cat. prod.
Table Mo Gas phase (pobiibrizbtliavo ety tedridol -hexégy withdi®4n-r at i o
142 1cpenthden9B hafhul dthforideZafdlykb ethylerR Apdi§ther
ﬁ%ﬁg 7 3 0. ?191 33.9 0.071 390 0#0%53?@31 0. 85934. 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

5 H—6—643—40+0—9—0—F6—34—5—0—085—480—6—022—84++0—6-56
33?0. 131 536 0.016 831 11 0.52 35 0.14 %45 .0.015 922
12 0.37 34.9 0.059 478 0.011 595 13 0.3 drg%{ o] 03;7 55‘1 .
0 0%6§0 14 0.24 35 0. 01§3 429 0.007 49838ty 1 depisity
0] 022589 0. 005 BasTabl €2 Gas e pol ! zat | &89
et nd-l.hevene W th.
bi s-(n%ropyl cyctMent adi enyl ) hafni um di 8RR i de -
catal y$t: H condiPtjons. H cone. Run No. B82H 2 ratjo
Ml ppi H2 1 owdlTseemd®B-1E2 1 2987 0.9248 0.461
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 17791 20.08 0912 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 runs 16-20 were preformed in a continuous gas
phase fluidized bed reactor similar to the one described above, except the diameter
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
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
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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1 1.4 350 14.5 10.4 2 2.036199 221 2.5 6.4 3 1.486486

296 8.3 8.7 4 0.42735 117 4.96 3.4 5 0 196 12.8 5.6 6
wQ@239/188007 1 7 7.118644 59 0 1.7 8 2.554348 184PGI/LB2086/@18746

9 7.524752 101 2.26 2.9 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 1.9 15 3.469388

49 0 0. 14 Table 3. Gas phase polymnerization of

\Etbbﬁ/f(r@dlﬁnamldlykcﬁj MRS \éﬁd @6/?2 Fllgw Ratio comes from some measure

i s-(npropyl cycl opent adi en hafnium dichloride
ety How Fide PElECBS o1 i1 IR i mgggured from a

' [ al yst Run No. tenp
%EgagﬁéEgﬂgﬁﬁikgﬁﬁ@%TﬁéfﬁﬁgFﬁﬁgétion vel ocity feed
(00 (g) gCgColy (ft/s) (g/hr) 1 80 1865 449 4.2
Takle 51 SeCoridl M iR aBOthe8 éOnthdious gas phask reabior Gt dfBerant30

AR%Gomadnditibns. 16 1.55 0.425 4 85 1907 547 3.5 1.34
1.52 0.337 5 85 1912 505 3.8 1.17 1.58 0.325 6 80 1910

i IPgrajm-e?e? 75070 25516 17 18
Temp, °C 77 77 77
C, partial pressure, psia 240 240 240
Reactor pressure, psig 348 352 349
SGV, fps 2.1 20 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
Cs/C: 0.0064 0.0014 0.0135
C4¢/C, FR (Ib/lb) 0.0121 0.0001 0.077
H, ppm 298 180 265
H, ppm/C, mol % 452 2.76 4.0
Dew Point, °C 1.5 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 235 208 214
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/g 5471 5,820 6,670
I, dg/min 3.88 1.51 0.69
| 0%7) 03 16.4 15.8 31.0
Density, g/cm’ 0.9369 0.9435 0.9180
APS, mm 0.604 0.617 0.597
Fines, % 02 0.4 0.8
10 Mesh, % 0.1 0.1 0.1
18 Mesh, % 2.2 2.8 2.4
35 Mesh, % 65.8 67.0 63.2
60 Mesh, % 28.3 26.8 20.8
120 Mesh, % 34 3.0 3.6
200 Mesh, % 02 0.2 04
Pan, % 0.0 0.2 04
Bulk Density, g/cm’ 0.393 0.343 0.469
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7 74 1887 487 3.9 1.26 1.6 0.387 8 74 1851 431 4.3
1.19 1.6 0.281 9 80 1867 374 5 1.28 1.58 0.298 10 80

wagns/13%07 4. 1 1.17 1.59 0.386 11 80 1901 475 4rQT/1IS2006/018746

1.57 0.359 12 80 1916 404 4.7 1.18 1.58 0.473 13 80
1921 469 4.1 1.17 1.57 0.473 14 80 1933 338 5.7 1.27
1.55 0.473 15 80 1899 431 4.4 1.28 1.58 0.645Tabl e 4.
Gas phase pol ynerization of ethylene and 1-hexene with
bi s- (npropyl cycl opent adi enyl ) hafni um di chl ori de

Tabla by Secondirii ihxhether Esitinuoie gapphasertactor atliffbrantt

48880 Yorditidnsdensi ty Run No.

12 121 12 12 (g/cra3)

(g/cm3) 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—051+5—0—4745—5—8—+53—6+3 920 96F+06-489 g0t
| 7001 004250457 810&m
22.37 0. 5932, €. 454 9 1.{39 23 19 16.68 /0. 9173 OI8 445 10
8. 8&2 partiabpressyro@sig. 912 0. 435841 174.(92 - 0. 9f¥1
0. 41Bgactor pressure, psig 349
V, 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
Cd/Cy 0.0139 0.0022
C¢/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
/1, 334 18.8
Density, g/cm® 0.9176 0.9534
APS, mm 0.559 0.533
Fines, % 0.4 09
10 Mesh, % 0.1 0.2
18 Mesh, % 1.7 0.3
35 Mesh, % 52.5 54.1
60 Mesh, % 40.6 40.0
120 Mesh, % 4.7 4.6
200 Mesh, % 0.3 0.5
Pan, % 0.1 0.4
Bulk Density, g/cm’ 0.461 0.410
[0063] As shown in the comparative date in Figure 3, wherein MAO/silica

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

component, it can be seen that as the density of the polymer being produced
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12 1.2 22.91 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

wW0288638007 4432 Second Trial Polynerization [00BQT/USI06&018746

second set of runs 16-20 were preforned in a

conti nuous gas phase fluidized bed reactor simlar to

the one descri bed above, except the dianeter is 14

i nches (355.6 mm), with sonme varying reactor

inaosket i(bake, te ahomi dAtemonomdiaddorsnsss)athe Bodwdtiviy of Hbat

haf nocene in this trial was. s qeces

fakysh SOBRPRIEPR| s958 SoXd SapRsicalyr niThHs-qit i (ifficglt o produce
S HRREELI BB D. AN BF AcERAERNSIYHIcAIIM manner

é%#%%égk%n run 19, a "con??nuity adt;litive'ly was added

ity comows| petaflocdnes.r Bt presenthmvertih solves ihis| whieraip the

hoxyl ated ami,ne. f d . | ug]
R e SRRV TR e TR DR i dofte R en
deRhordeP062), 0'106/68 oF R5: 0,5 tHuk §rédicin® #fovi Bensitypobfethylene

1-hexene conononer feed to the pounds of ethylene feed
efofarieaamples OGS sigie’s kalowt epamapogrep (-4 DHOL satithef Fatp)pr no

of the C ti. - | @S¢
gt dhpC BRREALE Y hiER heily, BRSEGIERE ofCfdr brklie, 0.960
#/Bmf.he Thel 65 odme Thile CAKO, riat ionei smbbdiaiened niaintaining an
cycl e gasvapor fraction anal yzer, whereas th | C2
FeaEBr cBitbs MibmASey nikbUrE JROTRE FHDSORIGR, and
T ) o . ’ i S s
aﬁﬁﬁ%‘ﬁ%ﬁ%‘%}f g%«rgét %%&%? ﬁztéh Eeilsﬁrg%liu?g ul at ign E@f] 0 g%ésa r gpuaﬁtélde
filtiag e theet fan. or Dalthe2®). mSdd.omtich cai cavse reapior famling.
conti nuous gas phase reactor at different reaction
conditionsTabl e 6. Second trail in another continuous
?a@ phage cafarb Ok saén B thbatatnthat GacditianR dweindithé oase “wial”
0063] As shown in the conparative date in Figure 3,
Qivepesiun uningY the bame cafalyplopanenpnent. By “trial” what is meant is what

bi s kyl. - cyc ' i i lddeklén .
PSR B LA S BSIRLR  ghsrsn
eqnpoésityordin 4 Sieeptlayeovdral prgiofrof oasdir daye ables iy, ieneector
t he anount of conmonoper ,de&r eases). t he Bt duct iaﬁj y

eAn bq, gansitioned 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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catal yst conposition goes down dramatically. Thus, it

is difficult to produce pol yethyl enes between 0.930 to
w@20683890tm 3 in a comercially accept abl e manPEr/USR061018746

common netal | ocenes. The present invention sol ves

this, wherein the catal yst conposition productivity

stays relatively constant in going from hi gh conononer

(e.g., 0.10 ratio of C6:C2) thus producing a | ow

OEAIMS/ pol yethyl ene of, for exanple, 0.915 g/cm, to

| ow, conmononer (e.g., 0.001 ratio of C6:C2) or no

Weit®er thus producing a high density pol yethyl ene

of, for exanple, 0.960 g/cnB. This is done while also,

in one enbodi ment, maintaining an advant ageously high

bul k Aemethbg drmlymnrlang)tdh@mseqmqmsmpomgwmg ethylene at a

advant ageousl n e sjze.di tr|

v e pa oo P 900 EoF pRd Pl oR et piite grolgfns
the 2Qfh 'ﬁeédﬁlyst\’\@rﬁﬁbsﬁﬁﬁ B4 $BntiRDAS PolynttlZanon rERME4: a
It can also bé seen in the data that tran3|t|ons

dur i neresstize wfniess ttham| 10,0089n kBeic wherpsn rfe t grsalyngomposition
gﬁteals{ rﬁqrfs%@%?ﬂ&e(:eg?% and! {S{)lg{l g’gﬁﬁﬁ&%&é@gﬂ%ﬁ% aMaditity in

pr odugkirgiperoffront 093Qity 0975 g&intl. conposition in a given
reactor over a period of hours or days. That is, the
reactor can be transitioned w thout changing the

gatal Tﬁé Pféﬁigaod}%ta o rloﬁlrfﬁgl‘bWa@eﬂz‘éW n‘ii%{h% hil¥n the molar ratio
polyet ene to na ing a medi um or high en3|tg
pol yebhylrodnfm toh ethglema i presaitninndie geatomeangesafrom 0 to 0.20, the

dvantageT oS ke o e R ol nf R o (Sucr

as | ow hexane extractabl es and | ow resi dual
extractables) in the polyethylene. This is

ddvanThgemiizod of emapf theepre ¢l drthes ehpgcteriged ythat
kI f
0 ol SHEPS AP gt o PR e

at a pent b &) 6QrescialgstpiodictivViepddes hdOOark By raord than 30 %.
optionally one or nore a-olefins with a catal yst
conmposition in a continuous polynerization reactor at

3. Pregadngadfa i ? of B Hrd QBRI ARR; wibleitthe bhlt&ensity of the

cat al yst conposi t
polymer in the reactor is at least 0.400 g/cm throughout the range of

gradient densities of polyethylenes produced and isolated.

5. The method of any of the preceding claims, wherein the polyethylene has a
melt index I, of from 0.01 to 200 dg/min.

6. The method of any of the preceding claims, wherein the polyethylene has

an I51/I value of from 10 to 50.

7. The method of any of the preceding claims, wherein the polyethylene has a

molecular weight distribution of from 2 to 15.
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conpri ses a hafnocene; and isolating a pol yethyl ene

having a density in the range of fromO0.930 to 0.975
w@Lr@aB38027 The method of Claim 1, further charBCT/E8102€018746

in that when the nolar ratio of a-olefin to ethyl ene

present in the reactor ranges fromO to 0.20, the

catal yst productivity does not vary by nore than 30 %

3. The nethod of any of the preceding clains, further

Shar adihemetketl ofranylrdthepreceditg claivhg whesdin thedfafiiydhi®BR the

to et glqle present in the reactor ranges fromO to

60, t R ?alyst productivity does not vary by nore

than 30 % 4. The nmethod of any of the preceding

clainms, wherein the bulk density of the polyner in the

reactor is at |east ©pdbdfXg/cm throughout the range of

gradi ent densities of polyethyl enes produced and

i solated. 5. The nmethod of any of the preceding

cl ai mwhendiereiin X e pobyet hyl2enre hasach 0 is iHeéndeAty a

of fromO0.01 to 200 dg/mn. 6. The nethod of any of

the pFEdersaigicnyvhiligand hospdita thachaspinmephyl Bgandhisldbal to

20112 : . . T 't of an f

the prboopffudicny] B Wil vefior! BERE H01 e oReq from

ol ec theagronpiaghsistitigs of hipdiideo thatifle,f €0 2,4 Qlk¥B. &id Theo Cy

met hod oflan of. the preceding clajnms, wherein the

haf noB &Y A Whereig vHhpnn ISc?grﬂafF&Spvmw@ Roynd; te opeginother

2, p tifodgh 2bRdgid M GBedtsa FRde %fgﬁ&p} i
cyclopeh%%dieny% %?§§%d boand to tﬁ% a H%ﬁ%?%?ggfclu)cs
| i gandlkylsapsbadxygen.cy elkyparnadi silgtthydrocarbengst aridit @toxyl-
ver si f; and X is selected fromthe group
consiggéﬁgﬁ%&%hydride, halide, ClL to ClO al kyls and C2
to Cl12 al kenyls; and wherein when n is 2, each Cp may

e boynd to one anot her through a bridging group A
g‘el ec#gﬂ methadh of ik S l‘}ﬁleéf‘é?@q istsplegted froguthegra consisting of
al ky! eede, MUHRE.C b 4 AP Gia &) lo¥s dyflLgar bons, and

si | oxyl hydrocar bons.

10. The method of any of the preceding claims, wherein the combining takes
place in one or more slurry reactors, one or more gas phase reactors, or a

combination thereof.,

11.  The method of any of the preceding claims, wherein the polyethylene is

formed into an article by a rotomolding or injection molding process.

12. A method of polymerizing olefins comprising combining ethylene and
optionally one or more o-olefins with a catalyst composition in a
polymerization reactor comprising polymer particles at a pressure of less
than 10,000 kPa; and isolating polyethylene polymer particles 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/cm® at a molar ratio

of comonomer to ethylene that ranges from 0 to 0.10; and wherein the
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9. The method of claim8, wherein X is selected from

the group consisting of chloride, fluoride, Cl1L to C5
w@bkdoghssoand C2 to C6 al kyl enes. 10. The net hodrOf/Us2¥96/018746

of the preceding clains, wherein the conbining takes

place in one or nore slurry reactors, one or nore gas

phase reactors, or a conbination thereof. 11. The

nmet hod of any of the preceding clains, wherein the

pol yetchplyeheompofitioneid mnott dteaed awhiencpodbsing resins within the

rotomale[??gn or injection nolding process. 12. A nethod

of poly i ?I?g?g ol efins conprising conbini ng et hyl ene
and optionally one or nore a-olefins with a catal yst

conmposition in a polynerization reactor conprising
gé1 ymihe mathadofeslaim 13, furtberschamctstized ssthatraherl e Gffar ratio

kPa; A [ al yet hyl ene pol ymer particles

et g &1 % WBRIAR Eledt yE G ALt FneBS o 05120, the
g/ cnBcatalyst odudtivitylilokeknetensy by mete thhe 3065,y mer

particles is greater than 0.40 g/cnB at a nolar ratio

of conononer to ethylene that ranges fromO to 0. 10;

d ' & : il | ' . alt d
ahen prs diod A ORRPE A8 bRl men e
The netdlrdand ofhpdmpdiRto dthyleteepreshalbdt eédctdangdes [t 0 to
when gae rmlta# rati,o of a-olefin to ethylene present
in t h&0ythe Cetalyst RRdRuctivity Seponqt yary Baymorefhar 30 H-y st
productivity does not vary by nore than 30 % 14. The
met hod of any of Clains 12-13, further characterized
ilA- t hdhe wethod 196 amp| ofr Cladmsi d 20i4, whireinethe toatabtshybmpesition
present i 0 eactor ranges fromO to 60, the
cat al %’Pi”gsre% 318 Illo\%lg %7 does not vary by nore than 30 %
15. The nethod of any of C ains 12-14, wherein the

t al i,}slt conposi tion conprises a hafnocene. 16. The
t hod 2o Mmedhind frangyodiGlaimsol21 55, whieeie the pahemerization reactor is

ol i ' ‘ ' I.AUO0 a hase
PI uiygigEggﬁ%ﬂggp%ésgg%gogﬁuff%ea,k&?rg%ah%g’ ;er gt ?aﬁsi ?i oni ng

wthin a single reactor froma first polyethyl ene

17. A method for transitioning within a single reactor from a first polyethylene

product to a second polyethylene product, comprising:

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

(b) 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;

wherein the transition takes place using the same catalyst composition and

wherein the density of the first polyethylene product is less than or
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product to a second pol yet hyl ene product, conprising:

(a) operating the reactor at a pressure of |ess than
waoeassokPa with a first nolar ratio of hydroge@I/Us2006/018746

et hyl ene and a first nolar ratio of conmononer to

ethylene; (b) withdrawing a first pol yethyl ene

product; (c) altering one or both of the nolar ratio

of hydrogen to ethylene and the nolar ratio of

conpnoner  tequaltthyl.¥0eg/cm’ aatdl theadeasise ob i swobmt polgtthglene

of hydrogen_t t hyl ene,_and a sec lay ratio of

conononer tpso@gﬁvlgﬁ%ge’r?% r(eﬁyawmj%fﬂg% second

pol yet hyl ene product; wherein the transition takes

pl ace using the same catal yst conposition and wherein

t he devisraiy thertrangisionitakes plase yeingythe samecasalysttcoimpobitien and

t han orequ 2 / ng, t.he density of the

second pol 3’%3 eLey? gIr?gIz g? %&&E“?‘f Ra yeglll%lglgeepro?%ﬁsv l55s tgwar equal

to 0.935 ghesBandiheVihef diesechbRl polgomiylcho Brddakes %‘i’éa’i‘&ethan

usi ng the sanme catal yst conposition and wherein the |2

of the fir§fe‘ﬂ%’$ Jyl ene product is less than or

equal to 8, and the 12 of the second pol yet hyl ene

product is greater than or equal to 12. 18. The net hod

@8. C dihmnlethodf of iGlhiax 17 Harthat dmiacedizedin that whdbetie tdigar ratio

nol ar Fatio.of a-olefin to ethylene present in

t he
react 8f SFURGRLC FIGIFRG Aresept Shtite; eactenfanggs from O to 0.20, the
pr odughth 'scpfomﬁi(t:?gbesv@at» Rbfe hldgo ¢ % 19. The

nmet hod of any of aims 17-18,” further characterized
in that when the nolar ratio of hydrogen to ethyl ene

ese [ .ra fxom O.to 60, the
00t ol e oo eF CiabRdHER T2 hyRaeriedindhes sthopythe
20. Thelaettiodf kidregen tofetiFl@icfestht #ohe iR ihdel &rom 0 to
cat al gat conposi tion conprises a hafnocene. 21.” The

.conp
met hoBUdhe saplysfpreductivity doesumt vagrydnemarethan 30 %.
pol ynmeri zation reactor is
20.  The method of any of Claims 17-19, wherein the catalyst composition

comprises a hafnocene.

21.  The method of any of Claims 17-20, wherein the polymerization reactor is

a continuous gas phase fluidized bed reactor.

22.  Polyethylene particles of 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/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, produced by the method of any of the

preceding claims.

23.  The polyethylene of claim 22, wherein the polyethylene has an Ipi/I, value
of from 10 to 50.
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a continuous gas phase fluidized bed reactor. 22.
Pol yet hyl ene particles of an average particle size

wo agi1ss9of rom 0.4 to 0.8 mm wherein at | east BORWSL006/018746
the particles are from35 to 60 nesh in size, the
particles having a bulk density of greater than 0.40
g/cnB and a gradient density of from0.930 to 0.975
g/ cnB, and possessing from0.001 to 4 ppm of hafnium
attons Thprmethod cofbanyt o€ Gleiniso22-G8, shgredd thd@opetstadicrighs a
clainmg. 23. Th ol hyl. ene of_ claim 22, wherein the
pol ygﬁﬁﬁngﬁétrﬁégﬁg%gfgrﬁ%ﬂ?sm %ffrom |0 to 50. 24.
The nethod of any of Cains 22-23, wherein the
pal yet hyl ene has a hexane extractables of fromless
£2Ran Zho, method THeanse ofi §daiofs 3P4 ofwherein riee 2Rly2thylene has a
wher ei l.vethyl.ene h a | ecul ar wei ght
di stri &%c!lﬁgaﬁ% éll}%rdcl)s\rfﬁﬂgﬂfogcgio%g?orﬁe nmet hod of any of
G ains 22-25, wherein the polyethylene is fornmed into
gg article by a rotonDIdin%Qor i nj ection nol ding

0

cedde methodrofyany, gt Cltimp 3R 9p mibiereiny ths palyetbylene is formed

conpr i iy Ma) { pna Qne or
ror e oA pRRTPEY Rtofblat S RO B BBt
conti nuous pol ynerization reactor at a pressure of

l,ess t.han 10, 000 kPa; . wherei.n the catal yst conposition
rpr PR BT, aF ﬁstyeﬁ‘éfzu@naleﬁ% CYEPRENE (osnieingAtaylene and
havi ngp@ord@RSbhy drn nidp€ §-81GRs ith ' 0 it i
g/chB;pvvhergi n thg hafno%g%glﬁis?}%p?&agﬂygdcé)@p%gg&l ma
f or nuFeRtinuoPREPIHIEKZatidrereattar ete lpr@suiesofaess than 10,000 kPa;

o i SRS Rty s FBfprih EBpobizs ¢ solung o

hydri gelyedyitnChatiag Gl@nsitkil the ofPfr8ie0.98 ¥ 0.975 g/cm’;
hydrides and Cl1 to C al kyls; and is selected from

the gPoGEEtsdatiocers sremigenicddy thaforasla:Cl to C10
alkyls and C to Cl12 al kenyls; wherein at |east one R
group is an al kyl.

(CpRs)HIX,

wherein each Cp is a cyclopentadienyl ligand and each is bound to the
hafnium; each R is independently selected from hydrides and C; to Cjg
alkyls, most preferably hydrides and C; to Cs alkyls; and X is selected
from the group consisting of hydride, halide, C; to Cy alkyls and C, to Cy»

alkenyls; wherein at least one R group is an alkyl.
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